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Each	AND	gate	is	connected	to	two	different	input	lines	to	generate	a	unique	product	of	the	input	variables.	OEC	=	0,	IEC	=	1;	OEB	=	OEA	=	1;	IEB	=	IEA	=	0;	apply	a	clock	pulse.	■	■	■	■	EXAMPLE	12-1A	Memory	Cell.	Why	do	some	RAM	chips	have	common	input/output	pins?	The	total	capacity	of	the	block	of	ROM	is	8192	bytes.	Lines	11–15	use
the	selected	signal	assignment	statement	to	“connect”	the	appropriate	input	to	the	output,	depending	on	the	value	on	the	select	inputs.	example,	if	we	want	to	read	the	data	stored	at	location	0111	of	the	ROM	in	Figure	12-6,	we	must	apply	A3A2A1A0		0111	to	the	address	inputs	and	then	apply	a	LOW	to	CS.	x=A•A=A	A	A	(a)	A	INVERTER	x	=	AB	AB	1
A	2	B	B	AND	(b)	A	A	1	x=AB=A+B	A	3	2	FIGURE	3-29	B	B	B	(c)	NAND	gates	can	be	used	to	implement	any	Boolean	function.	The	major	digital	system	categories	are	standard	logic,	applicationspecific	integrated	circuits	(ASICs),	and	microprocessor/digital	signal	processing	(DSP)	devices.	The	nominal	full-scale	input	is	255	*	19.53	=	4.98	V,	which
should	produce	an	output	of	11111111.	(a)	Uses	a	counter	that	is	never	reset	to	0	(b)	Uses	a	large	number	of	comparators	(c)	Uses	a	VCO	(d)	Is	used	in	noisy	industrial	environments	(e)	Uses	a	capacitor	(f)	Is	relatively	insensitive	to	temperature	SECTIONS	11-14	AND	11-15	T	C,	D	11-45.*	Refer	to	the	sample-and-hold	circuit	of	Figure	11-24.	The
decoder	outputs	are	monitored	with	an	oscilloscope	(or	a	logic	analyzer)	as	the	counter	is	continuously	pulsed	by	a	1-MHz	clock.	(a)	x	is	HIGH	only	when	A,	B,	and	C	are	all	HIGH.	This	brings	the	user	I/O	pin	total	for	an	EPM7128SLC84	(an	EPM7128S	in	an	84-pin	PLCC	package)	down	to	64	pins.	(a)	00000000	(b)	500	mV	(c)	510	mV	(d)	255	mV	(e)
01101110	(f)	0.2°F;	2	mV	11-45.	PROCESS	(digital_value)	BEGIN	IF	(digital_value	6	10)	THEN	z	6	=	‘1’;	ELSE	z	6	=	‘0’;	END	IF;	END	PROCESS	4-65.	It	is	used	to	clock	all	registers	synchronously	in	a	design.	SET	State	The	Q		1	state	of	a	flip-flop.	A	third	approach	uses	a	checksum,	a	special	code	placed	in	the	last	one	or	two	locations	of	the	ROM	chip
when	it	is	programmed.	The	address	multiplexer	takes	the	22-line	CPU	address	bus	and	changes	it	to	an	11-line	address	bus	for	the	DRAM	chips.	The	flip-flop	used	to	implement	the	register	in	the	macrocell	can	often	be	configured	for	D,	JK,	T	(toggle),	or	SR	operation.	9-29.	(a)	NAND	and	NOR	latch	(b)	J-K	(c)	D	latch	(d)	D	flip-flop	5-59.	Problem	+10
V	10	in	Lever	VP	0	in	Differential	amp	+	P.A.	–	Servomotor	Error	signal	VP	–	VA	VP	VA	D/A	converter	+10	V	F.S.	Digital	input	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	773	773	PROBLEMS	B	11-18.	Your	car’s	automatic	braking	system	and	engine	controller,	your	cell	phone,	your	digital	camcorder,	your	microwave	oven,	and	many	other
products	have	a	microcontroller	for	a	brain.	Mode	2	(shift	left)	performs	a	similar	operation	in	the	opposite	direction.	In	this	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	91	91	SECTION	3-14/WHICH	GATE	REPRESENTATION	TO	USE	equivalent	representation,	the	Z	output	is	taken	from	a	NAND	gate	that	has	an	active-LOW	output.	11-4.
Outputs	K0	to	K3	will	be	inactive,	and	so	none	of	the	RAM	modules	will	be	enabled.	+5	V	VIN	(+)	VIN	(–)	(6)	(11)	VCC	(7)	(12)	(8)	(13)	Analog	ground	Vref/2	CLK	OUT	CLK	IN	CS	RD	WR	(14)	(9)	(19)	(4)	ADC0804	8-bit	SAC	(1)	■	■	(16)	(17)	(18)	(2)	(3)	D5	D4	D3	Digital	outputs	D2	D1	D0	INTR	(5)	(10)	■	(15)	D7	(MSB)	D6	Digital	ground	than	that
described	in	Figure	11-19	in	order	to	make	transitions	between	output	values	occur	at	the	nominal	value	12	LSB.	Theorem	(14)	can	also	be	proved	by	factoring	and	using	theorems	(6)	and	(2)	as	follows:	x	+	xy	=	x(1	+	y)	=	x#1	=	x	[using	theorem	(6)]	[using	theorem	(2)]	All	of	these	Boolean	theorems	can	be	useful	in	simplifying	a	logic	expression—
that	is,	in	reducing	the	number	of	terms	in	the	expression.	Multiplexing	Process	of	selecting	one	of	several	input	data	sources	and	transmitting	the	selected	data	to	a	single	output	channel.	9-33.	VHDL	MUX	AND	DEMUX	Figure	9-64	shows	the	code	that	creates	a	four-channel	MUX	with	four	bits	per	channel.	Digital	signal	processor	Cumulative	adder
Arithmetic	logic	unit	Barrel	shifter	A/D	Σ	D/A	Multiplier	Data	memory	Program	memory	Oldest	sample	Filter	weight	constants	•	•	•	•	•	•	New	sample	TOCCMC11_0131725793.QXD	16/01/2006	768	FIGURE	11-29	Inserting	an	interpolated	data	point	into	a	digital	signal	to	reduce	noise.	The	final	VAX	can	be	different	from	VA	by	as	much	as	one	step
size.	Because	of	the	response	time	of	the	op-amp	current-tovoltage	converter	SECTION	11-8	1.	Some	items	will	correspond	to	more	than	one	memory	type.	Solution	(a)	With	two	digits	you	can	enter	values	up	to	99	(1001	1001BCD).	11-48.	Monotonicity	Property	whereby	the	output	of	a	digital-to-analog	converter	increases	as	the	binary	input	is
increased.	(a)	Memory	cell	(b)	Memory	word	(c)	Address	(d)	Byte	(e)	Access	time	2.	This	book	was	written	so	that,	for	the	most	part,	each	chapter	builds	on	previous	material,	but	it	is	possible	to	alter	the	chapter	sequence	somewhat.	Simulator	Computer	program	that	calculates	the	correct	output	states	of	a	logic	circuit	based	on	a	description	of	the
logic	circuit	and	on	the	current	inputs.	x	=	=	=	=	=	=	=	[D	+	(A	+	B)C]	#	E	[1	+	(0	+	0)	#	1]	#	1	[1	+	0	#	1]	#	1	[1	+	0]	#	1	[1	+	1]	#	1	1#1	1	In	general,	the	following	rules	must	always	be	followed	when	evaluating	a	Boolean	expression:	1.	Data	Distributors	See	Demultiplexer.	12-35.	12-44.	Access	time	is	described	graphically	by	the	waveforms	in
Figure	12-8.	Battery	backup	for	CMOS	RAM;	flash	memory	2.	BCD-to-7-Segment	Decoder/Driver	Digital	circuit	that	takes	a	four-bit	BCD	input	and	activates	the	required	outputs	to	display	the	equivalent	decimal	digit	on	a	7-segment	display.	One	SECTION	2-8	1.	Thus,	if	the	program	in	the	PROM	is	faulty	or	must	be	changed,	the	PROM	must	be
thrown	away.	IF/THEN	A	control	structure	that	evaluates	a	condition	and	performs	an	action	if	the	condition	is	true	or	bypasses	the	action	and	continues	on	if	the	condition	is	false.	RAM:	Access	time	is	the	same	for	any	address	location.	Memory	devices	are	often	used	along	with	a	microprocessor	CPU	that	generates	the	addresses	and	control	signals
and	either	provides	the	data	to	be	stored	or	uses	the	data	from	the	memory.	Address	lines	A13–A11	(blue	font)	are	connected	to	decoder	inputs	C–A,	respectively.These	three	bits	are	decoded	and	used	to	select	one	of	the	memory	ICs.	Notice	in	the	bit	map	of	Figure	12-37(b)	that	all	the	addresses	that	are	contained	in	PROM-0	have	A13,	A12,	A11		0,	0,
0;	PROM-1	is	selected	when	these	bits	have	a	value	of	0,	0,	1;	PROM-2	when	0,	1,	0;	and	PROM-3	when	0,	1,	1.	R/2R	Ladder	DAC	Type	of	digital-to-analog	converter	whose	internal	resistance	values	span	a	range	of	only	2	to	1.	Many	general-purpose	computers	and	most	specialpurpose	computers	(such	as	microprocessor-based	controllers	and
processcontrol	computers)	also	use	some	form	of	ROM.	These	signals	are	used	to	start	each	new	A/D	conversion	and	to	read	(transfer)	the	ADC	data	output	into	the	microcomputer	over	the	data	bus.	Digital	electronics—Textbooks.	Then,	you	can	dedicate	some	space	to	explaining	who	you	are	and	tie	the	internship	into	your	broader	career
goals.Proofread	Your	ApplicationBefore	you	send	off	your	application,	read	through	it	carefully,	and	if	possible,	get	a	friend	or	family	member	to	quickly	give	it	a	double	check.	Carry	Digit	or	bit	that	is	generated	when	two	numbers	are	added	and	the	result	is	greater	than	the	base	for	the	number	system	being	used.	In	order	to	relieve	the	computer’s
CPU	from	some	of	these	burdens,	a	special	chip	called	a	dynamic	RAM	(DRAM)	controller	is	often	used.	In	a	distributed	refresh	mode,	the	row	refreshing	is	interspersed	with	the	normal	operations	of	the	memory.	For	the	code	group	1000011,	the	parity	bit	would	be	a	0.	Increases	by	20	percent	2.	Four	3.	Data	bus	To	ADC	0804	in	Figure	11-20	..
Logic-Symbol	Interpretation	Each	of	the	logic-gate	symbols	of	Figure	3-33	provides	a	unique	interpretation	of	how	the	gate	operates.	Change	the	NOR	gate	of	Figure	3-24	to	a	NAND	gate,	and	change	the	NAND	to	a	NOR.	FIGURE	3-3	Symbol	and	truth	table	for	a	three-input	OR	gate.	(c)	If	a	CD	can	typically	store	5	billion	bits,	how	many	seconds	of
audio	can	be	recorded	when	ten-bit	numbers	are	used?	Since	these	inputs	are	making	their	transitions	at	approximately	the	same	time,	and	since	these	transitions	take	a	certain	amount	of	time,	there	is	a	short	interval	when	these	OR	gate	inputs	are	both	in	the	undefined	range	between	0	and	1.	Without	an	expansion	feature	like	the	carry	chain,	the
propagation	delays	can	become	quite	long	for	larger	circuits.	The	timing	parameter,	tCO,	is	the	time	it	takes	for	the	RAM	output	to	go	from	Hi-Z	to	a	valid	data	level	once	CS	is	activated.	(b)	Use	arrangement	of	Figure	5-41.	There	are	several	intermediate	nodes	in	this	circuit	that	are	neither	inputs	nor	outputs	to	the	circuit.	The	digital	system	can	use
these	data	tables	to	“look	up”	the	correct	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	813	813	SECTION	12-9/ROM	APPLICATIONS	value.	With	CS	HIGH,	the	digital	outputs	are	in	the	Hi-Z	state,	and	no	conversions	can	take	place.	(b)	What	is	the	normal	analog	input	voltage	range?	0	to	1023;	-512	to	511	6-9.	Connect	(S3	+	S2	+	S1	+	S0)	to
the	D	input	of	the	0	FF;	C4	to	the	D	input	of	the	carry	FF;	and	S3	to	the	D	input	of	the	sign	FF.	Enable	Action	in	which	a	circuit	is	allowed	to	perform	its	normal	function,	such	as	passing	an	input	signal	through	to	its	output.	The	treatment	of	each	new	topic	or	device	typically	follows	these	steps:	the	principle	of	operation	is	introduced;	thoroughly
explained	examples	and	applications	are	presented,	often	using	actual	ICs;	short	review	questions	are	posed	at	the	end	of	the	section;	and	finally,	in-depth	problems	are	available	at	the	end	of	the	chapter.	11-36.*A	certain	eight-bit	successive-approximation	converter	has	2.55	V	full	scale.	The	logical	expression	might	be	door	is	closed,	button	is
pressed,	or	fuel	is	low.	One	4.	This	has	led	to	the	development	of	a	class	of	PLDs	called	programmable	array	logic	(PAL).	TOCCMF01_0131725793.QXD	12/22/2005	xii	09:07	PM	Page	xii	PREFACE	FIGURE	P-4	The	icon	denotes	a	corresponding	simulation	file	on	the	CD-ROM.	How	many	address	inputs	would	there	be	on	a	1M	*	1	DRAM	chip?	(See	also
Asserted	levels)	HIGH	decoding,	390–391	logic	levels,	88–89	LOW	decoding,	391	Actuator,	721	Addend,	306,	318	Adders	full,	319	parallel,	318–320	Addition	in	BCD,	312–314	binary,	298–299	hexadecimal,	314–315	OR,	58–62	2’s-complement	system,	306–307,	328	addition	equal	and	opposite	numbers,	307	positive	number	and	larger	negative	number,
307	positive	number	and	smaller	negative	number,	306	two	negative	numbers,	307	two	positive	numbers,	306	Address,	788	bus,	794,	836	code,	254	decoders,	ROM,	797–798	incomplete	decoding,	841–843	inputs,	599,	790–791	multiplexing	(in	DRAM),	825–829	pointer	registers,	845	setup	time,	820	unidirectional,	794	922	Advanced	CMOS,
74AC/ACT,	524	high	speed	CMOS,	74AHC,	525	low	power	Schottky	TTL,	74ALS	Series	(ALS-TTL),	507	low	voltage	BiCMOS	(74ALVT/ALB),	531–532	low	voltage	CMOS	(74ALVC),	531	Schottky	TTL,	74AS	Series	(AS-TTL),	507	ultra-low-power	(74AUP),	531	ultra-low-voltage	CMOS	(74AUC),	531	very-low-voltage	CMOS	(AVC),	531	Advantages	of	digital
techniques,	6	AHDL,	98–99,	409–410	adder,	342	adder/subtractor,	344–345	BCD-to-binary	code	converter,	654–655	BEGIN,	103	behavioral	description	of	a	counter	in,	410	bit	array	declarations,	178–179	Boolean	description	using,	103	buried	nodes,	105–106	cascading	BCD	counters,	421–423	CASE,	190,	417,	458–459,	639,	649	code	converter,	654–
655	comments,	105–106	comparator,	652	concurrent	assignment	statement,	103	CONSTANT,	344	converter,	654–655	counter,	277–278,	409–410,	459–461	decoder(s),	639–641	driver,	642–643	full-step	sequence,	683	decoding	the	MOD-5	counter,	417–418	D	latch,	271	DEFAULTS,	639,	650	demultiplexers,	649–650	design	file,	182
TOCCMI02_0131725793.QXD	12/21/05	10:27	PM	Page	923	INDEX	digital	clock	project	(HDL),	693–710	(see	also	HDL)	ELSE,	413	ELSIF,	189,	413	Encoder,	646–647	END,	103	essential	elements	in,	103	flip-flops,	272–273	four-bit	adder,	342	frequency	counter	project,	710–714	(see	also	HDL)	full-featured	counter,	412–414	function	prototype,	338
IF/THEN/ELSE,	186,	646–647,	702	INCLUDE,	707	INPUT,	103	intermediate	variables	in,	107	JK	flip-flop,	273	keypad	encoder	project,	687–693	(see	also	HDL)	simulation,	693	solution,	689–691	literals,	181	MACHINE,	426–427	magnitude	comparator,	652	multiplexers,	649–650	MOD-5	counter,	406–407,	418	MOD-6	counter,	698–699,	707	MOD-8
counter,	682	MOD-10	counter,	421–422,	700,	707	graphic	block	symbols,	705	MOD-12	counter,	702–703	MOD-60	counter,	707	MOD-100	BCD	counter,	421–423	module	integration,	707–708	NAND	latch,	270	NODE,	AHDL,	106,	339	nonretriggerable	one-shot,	462	one-shots,	simple,	462	OUTPUT,	103	PISO	register,	455–456	primitive	port	identifiers,
272	retriggerable,	edge-triggered	one-shot,	465	ring	counter,	460	ripple-up	counter	(MOD-8),	277–278	SISO	register,	453–454	state	descriptions	in,	406–407	state	machines,	simple	426–427	stepper	driver,	684	simulation	testing,	686	stepper	motor	driver	project,	679–686	(see	also	HDL)	SUBDESIGN,	103,	105–106,	178,	273,	341,	406,	413,	417–418
TABLE,	640,	642–643,	646	traffic	light	controller,	430–432	truth	tables,	181–182	VARIABLE,	105,	272,	339,	406,	689	Aliasing,	747–748	Alphanumeric	codes,	39–41	ALTERA	cyclone	family,	894–895	EPM7128S	CPLD,	885–889	FLEX10K	family,	890–894	function	prototype,	338	graphic	description	file	of	an	8-bit	ALU,	338	hardware	description	language,
98–99	logic	array	blocks	(LABs),	885	logic	elements	(LEs),	890	macrofunction,	337	923	MAX+PLUS	II,	99	MAX7000S,	885–889	primitive	port	identifiers,	272	programmable	interconnect	array	(PIA),	885	using	TTL	library	functions	with,	337–338	Alternate	logic-gate	representation,	86–89	ALU	integrated	circuits,	317–318,	331–335,	767	expanding	the
ALU,	334	Operations	add,	332	AND,	333	clear,	332	EX-OR,	333	OR,	333	PRESET,	333	subtract,	332	other	ALUs,	335	American	Standard	Code	for	Information	Interchange	(ASCII),	39–41	Analyzing	synchronous	counters,	393–396	Analog	quantity,	719	representation,	4	systems,	5–6	Analog-to-digital	(ADC)	accuracy,	742–744	conversion,	737,	739–740
conversion	time,	744,	750–751	converter	(ADC),	7,	720	data	acquisition,	745–748	digital	amplitude	control,	737	digital-ramp,	740–745	dual-slope,	757–758	flash,	755–757	IC,	8-bit	successive	approximation	(ADC0804),	751–755	an	application,	754	Chip	Select	(CS),	752	Clk	In,	753	Clk	Out,	753	differential	inputs,	751	Interrupt	(INTR),	753	READ	(RD),
753	Vref/2,	753	WRITE	(WR),	753	multiplexing,	762–764	other	conversion	methods,	757–761	quantization	error,	743	resolution,	742–744	sample-and-hold	circuit,	761–762	sigma/delta	modulation,	758–761	successive	approximation,	749–755	(see	also	Digital	to	analog	converter)	tracking,	757	up/down	digital-ramp,	757	voltage-to-frequency,	758
Analog	voltage	comparators,	554–556	AND	gate,	62–65	(see	also	Combinational	logic	circuits)	alternate	logic-gate	representation,	86–89	Boolean	description,	62	Boolean	theorems,	76–80	counter	decoding,	389–393	defined,	63	implementing	from	Boolean	expressions,	71–73	summary	of	operation,	63	symbol,	63	which	representation	to	use,	89–95
TOCCMI02_0131725793.QXD	924	12/22/2005	11:34	AM	Page	924	INDEX	AND	operation,	57,	62–65	summary,	63	Answers	to	selected	problems,	911–918	Application-specific	integrated	circuits	(ASICs),	870–871	ARCHITECTURE,	104,	179	Arithmetic	circuits,	317–318	Arithmetic/logic	unit	(ALU),	20,	317–318,	331–335	functional	parts	of	an,	318
Arithmetic	overflow,	308–309	Array,	register,	796–797	ASCII	code,	39–41	ASICs,	870–871	Asserted	levels,	94	Associative	laws,	78	Astable	multivibrators,	260–262	555	timer	used	as,	261–263	Asynchronous	active	pulse	width,	239	Asynchronous	inputs,	233–236	designations	for,	234–235	Asynchronous	(ripple)	counters,	362–365	MOD	number,	363–364
propagation	delay,	365–367	Asynchronous	systems,	221	Asynchronous	transfer,	245	Augend,	306,	318	Automatic	circuit	testing	(using	DACs),	736	Auxiliary	memory,	786	Auxiliary	storage,	814	B	B	register,	318	Back-lit	LCDs,	587	Backplane,	LCD,	587	Barrell	shifter,	767	Base-10	system,	10	Basic	characteristics	of	digital	ICs,	153–160	Basic	counters
using	HDL,	405–411	BCD	to	decimal	decoder,	581–582	to	decimal	decoder/driver,	582	to	7	segment	decoder/driver,	584–587	subtraction,	314	BCD	addition,	312–314	sum	equals	9	or	less,	312	sum	greater	than	9,	313–314	BCD	(binary-coded-decimal)	code,	33–35	advantage,	35	comparison	with	binary,	35	forbidden	codes,	34	BCD	counters,	375–376
decoding,	391–392	displaying	two	multidigit,	605	Behavioral	description,	409	level	of	abstraction,	409	BiCMOS	5-volt	logic,	525,	531–532	Bidirectional	busing,	637–638	data	lines,	637	Bilateral	switch,	546–548	Binary	addition,	298–299	arithmetic	and	number	circles,	309	BCD,	33–35	coded	decimal	(see	also	BCD	code)	counter,	251	counting	sequence,
13	digit,	12	division,	311–312	multiplication,	310–311	parity	method	for	error	detection,	41–44	point,	12	quantities,	representation	of,	13–15	Binarily	weighted,	730	Binary	system,	11–13	binary	to	decimal	conversion,	26	binary	to	gray	conversion,	36	binary	to	hex	conversion,	31	conversions,	summary,	33	decimal	to	binary	conversion,	26–29	gray	to
binary	conversion,	36	hex	to	binary	conversion,	31	negation,	303	parallel	and	serial	transmission,	17–18	representing	quantities,	13–15	signed	numbers,	representing,	299–306	Bipolar	DACs,	728	Bipolar	digital	ICs,	155–156	ECL,	543–546	Bistable	multivibrators,	211,	260–263	(see	also	Flip-flops)	Bit,	12	arrays,	177–178,	344	carry,	319	vectors,	177–
178	Block	diagram	(digital	clock	using	HDL),	694	Boolean	algebra,	57	alternate	logic-gate	representation,	86–89	AND	operation,	62–65	constants	and	variables,	57	DeMorgan’s	theorems,	80–83	description	of	logic	circuits,	66–68	evaluation	of	logic-circuit	outputs,	68–71	implementing	circuits	from	expressions,	71–73	NAND	gate,	73–76	NOR	gate,	73–
76	NOT	operation,	57,	65–66	summary,	66	OR	operation,	57–62	summary,	60	simplifying	logic	circuits,	121	theorems,	76–80	truth	tables,	57–58	which	representation	to	use,	89–95	Bootstrap	memory,	812	program,	812	Bubbles,	88–89	placement	of,	91	Buffer(s)/	circular,	846	driver,	536–537	inverting,	539	linear,	846	noninverting,	539	open	collector,
536–537	output,	ROM,	796–797	tristate,	539–540	TOCCMI02_0131725793.QXD	12/21/05	10:27	PM	Page	925	INDEX	Building	the	blocks	from	the	bottom	up	(digital	clock	using	HDL),	698	Bulk	erase,	809	Bundle	method,	637	Buried	nodes,	AHDL,	105–106	Bus	address,	794	clock	cycles,	845	clock	rate,	845	contention,	540	control,	794	data,	794
drivers,	635	expanding,	634–635	high	speed	interface	logic,	541–542	representation,	simplified,	635–637	signals,	633–634	termination	techniques,	542	Busing,	bidirectional,	637–638,	794	Byte,	37–39,	787	C	Cache	memory,	845	Capacity,	memory	defined,	787	expansion,	838–841	Carry,	298,	318	bit,	319	look–ahead,	326	propagation,	325–326	ripple,
325	Cascading	parallel	adders,	326–328	CASE	using	AHDL,	190–191	VHDL,	191–192	CD	player,	block	diagram,	174	Central	processing	unit	(CPU),	20	(see	also	Microprocessor)	Checker,	parity,	149–151	Checksum,	852	Chip,	153	Chip	select,	795,	816	Circuit	excitation	table,	399	Circuits,	digital,	15–17	(see	also	Logic	circuits)	clock	generator,	263
enable/disable,	151–153	Circular	buffers,	846	Circulating	shift	register,	445	CLEAR,	234–235	Cleared	State,	213	Clock	crystal-controlled,	263	defined,	221	edges,	222	frequency,	222	generator	circuits,	260–263	period,	222	pulse	HIGH	tw(H),	239	pulse	LOW	tw(L),	239	signals,	221–224	skew,	266–268	transition	times,	239	Clocked	flip-flops,	221–224
asynchronous	inputs,	233–236	D,	230–231	D	latch	(transparent	latch),	232–233,	271	925	J-K,	227–229	S-R,	224–227	CML	(current-mode	logic),	543	CMOS	logic	family,	16,	155–158,	521–530	4000/14000	series,	156–157,	524	74AC	series,	156–157,	524	74ACT	series,	156,	524	74AHC	series,	525	74AHCT	series,	525	74ALB,	532	74ALVC	series,	531
74ALVT	series,	531	74AUP	series,	531	74AVC	series,	531	74C	series,	156	74HC	series,	156,	524	74HCT	series,	156,	524	74LV	series,	531	74LVC	series,	530–531	74LVT	series,	531	74VME	series,	532	advanced	low-voltage,	531	BiCMOS	5-Volt,	525	bilateral	switch,	546–548	characteristics,	523–530	driving	TTL,	551	in	the	HIGH	state,	551	in	the	LOW
state,	551–552	electrically	compatible,	156,	524	electrostatic	discharge	(ESD),529	fan-out,	527–528	flash	memory	(28F256A),	809–811	functionally	equivalent,	524	ground,	157	input	voltages,	526	INVERTER	circuit,	155,	521–522	latch	up,	529	logic	level	voltage	ranges,	157	low	voltage	BiCMOS,	531	low	voltage	levels,	525–526	NAND	gate,	522	noise
margins,	526	NOR	gate,	522–523	open-drain	outputs,	533–538	output	voltages,	526	outputs	shorted	together,	533	PD	increases	with	frequency,	526–527	pin	compatible,	524	power	dissipation,	526	power	supply	voltage,	157,	525	series	characteristics,	523–530	SET-RESET	FF,	523	static	sensitivity,	528–529	switching	speed,	528	transmission	gate,
546–548	tristate	outputs,	538–541	TS	switch,	531	unconnected	inputs,	157–158	unused	inputs,	528	voltage	levels,	525–526	Code	alphanumeric,	39–41	BCD,	33–35	defined,	33	gray,	35–36	putting	it	all	together,	37	TOCCMI02_0131725793.QXD	926	12/22/2005	11:34	AM	Page	926	INDEX	Code	converters,	624–627,	653–655	basic	idea,	624–625	circuit
implementation,	626–627	conversion	process,	625–626	other	implementations,	627	Column	address	strobe	(CAS),	827	Combinational	logic	circuits,	118–207	algebraic	simplification,	121–126	complete	design	procedure,	128–133	complete	simplification	process,	138–141	designing,	127–133	exclusive-NOR,	144–149	exclusive-OR,	144–149	Karnaugh
map	method,	133–144,	322	parity	generator	and	checker,	149–151	product-of-sums,	120–121	simplifying,	121–126	sum	of	products	form,	120–121	summary,	193	Combining	DRAM	chips,	843	Command	register,	810	Common	control	block,	237	input/output	pins	(in	RAM),	816–817	Commutative	laws,	78	Complementation,	65.	12-21	TESTING	ROM	The
ROM	circuitry	in	a	computer	is	very	similar	to	the	RAM	circuitry	(compare	Figures	12-37	and	12-42).	A	code	placed	in	the	last	one	or	two	ROM	locations	that	represents	the	sum	of	the	expected	ROM	data	from	all	other	locations.	The	logic	modules	also	contain	programmable	registers.	Use	the	weights	0.1,	0.2,	0.3,	and	0.4.	OUT[n]	=	0.1(IN[n	-	3])	+
0.2(IN[n	-	2])	+	0.3(IN[n	-	1])	+	0.4(IN[n])	OUT[5]	=	0.1(IN[2])	+	0.2(IN[3]	+	0.3(IN[4]	+	0.4(IN[5])	=	4	11-51.	Thus,	the	required	address	will	be	A3A2A1A0		0111.	12-17.*	Figure	12-47	shows	a	28F256A	flash	memory	chip	connected	to	a	CPU	over	a	data	bus	and	an	address	bus.	When	the	OR	gate	with	inverted	inputs	is	used	to	represent	the	NAND
function,	it	is	usually	drawn	as	shown	in	Figure	3-27(b),	where	the	circles	again	represent	inversion.	A	digital	system	family	tree	(see	Figure	13-1)	showing	most	of	the	hardware	choices	that	are	currently	available	can	be	useful	in	sorting	out	the	many	categories	of	digital	devices.	3-14.	(a)	x	=	D	#	1AB	+	C)	+	E	3-16.	The	TSMUX	controls	the	tristate
buffer’s	enable	input.	Repeat	the	previous	problem	using	a	weighted	average	of	the	last	four	samples.	Address	lines,	data	lines,	control	lines	2.	(a)	6	(e)	4	(i)	9	(m)	0	(b)	7	(f)	3	(j)	A	(n)	8	(c)	5	(g)	C	(k)	2	(o)	D	(d)	1	(h)	B	(l)	F	(p)	9	2-15.*	Convert	the	binary	numbers	in	Problem	2-1	to	hexadecimal.	The	OR	gate	inputs	A	and	B	are	varying	according	to	the
timing	diagrams	shown.	Figure	12-51(a)	shows	a	circuit	that	generates	the	RAS,	CAS,	and	MUX	signals	needed	for	proper	operation	of	the	circuit	of	Figure	12-28(b).	We	have	learned	how	to	represent	each	of	the	basic	logic	functions	using:	Logical	statements	in	our	own	language	Truth	tables	Traditional	graphic	logic	symbols
TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	97	97	SECTION	3-16/SUMMARY	OF	METHODS	TO	DESCRIBE	LOGIC	CIRCUITS	IEEE/ANSI	standard	logic	symbols	Boolean	algebra	expressions	Timing	diagrams	EXAMPLE	3-24	The	following	English	expression	describes	the	way	a	logic	circuit	needs	to	operate	in	order	to	drive	a	seatbelt
warning	indicator	in	a	car.	These	little	computers	have	their	program	instructions	stored	in	nonvolatile	memory—in	other	words,	in	a	ROM.	Low-Power	Schottky	TTL	(LS-TTL)	TTL	subfamily	that	uses	the	identical	Schottky	TTL	circuit	but	with	larger	resistor	values.	(c)	Describe	the	functions	of	the	CS,	WR,	and	RD	inputs.	State	Machines	A	sequential
circuit	that	advances	through	several	defined	states.	E9E,	E9F,	EA0,	EA1	SECTION	2-4	1.	101100102;	000101111000	(BCD)	2.	The	two	grounds	are	tied	together	at	a	point	that	is	very	close	to	the	A/D	converter.	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	■	Page	869	OBJECTIVES	Upon	completion	of	this	chapter,	you	will	be	able	to:	■	Describe



the	different	categories	of	digital	system	devices.	How	many	bits	are	needed?	NAND	gate	2	is	used	as	an	INVERTER	to	change	AB	to	AB	=	AB,	which	is	the	desired	AND	function.	State	control	logic	examines	the	contents	of	the	command	register	and	generates	logic	and	control	signals	to	the	rest	of	the	chip’s	circuits	to	carry	out	the	steps	in	the
operation.	Full-custom	ASICs	are	considered	the	ultimate	ASIC	choice.	9-50.	(a)	x	=	A	C	+	BC	+	ACD	CD	CD	CD	CD	AB	1	1	1	1	AB	1	1	&	B	AB	&	C	≥1	AB	X	D	E	1	3-43.	Put	INVERTERs	on	the	A7,	A5,	A4,	A2	inputs	to	the	74HC30.	At	t3,	the	CAS	input	is	driven	LOW	to	load	the	column	address	into	the	column	address	register.	A	major	use	for	ROMs	is
in	the	storage	of	programs	in	microcomputers.	EXAMPLE	11-17	Compare	the	maximum	conversion	times	of	a	10-bit	digital-ramp	ADC	and	a	10-bit	successive-approximation	ADC	if	both	utilize	a	500-kHz	clock	frequency.	Up	to	36	signals	can	feed	each	LAB	from	the	PIA.	For	example,	a	three-input	AND	gate	and	its	accompanying	truth	table	are	shown
in	Figure	3-8.	(All	of	the	HDL	solutions	are	available	to	instructors	in	the	Instructor’s	Resource	Manual.)	Solutions	for	Chapter	7	problems	include	some	large	graphic	and	HDL	files	that	are	not	published	in	the	back	of	the	book	but	are	available	on	the	enclosed	CD-ROM.	By	applying	a	high	voltage	(21	V)	between	the	MOSFET’s	gate	and	drain,	a
charge	can	be	induced	onto	the	floating	gate,	where	it	will	remain	even	when	power	is	removed;	reversal	of	the	same	voltage	causes	a	removal	of	the	trapped	charges	from	the	floating	gate	and	erases	the	cell.	Together,	CPLDs	and	FPGAs	are	often	referred	to	as	high-capacity	programmable	logic	devices	(HCPLDs).	Solution	(a)	Since	4	bits	convert	to
a	single	hex	digit,	16/4		4	hex	digits	are	needed.	It	has	separate	ground	connections	for	digital	and	analog	voltages.	SUM		A	{	B;	CARRY		AB	6-21.	Only	one	of	the	RAM	chips	can	be	selected	(enabled)	at	one	time	so	that	there	will	be	no	buscontention	problems.This	is	ensured	by	driving	the	respective	CS	inputs	from	different	logic	signals.	The	octal
number	system	has	been	removed	and	the	Gray	code	has	been	added.	Show	how	to	connect	two	of	the	6264	RAM	chips	symbolized	in	Figure	12-23	to	produce	a	16K	*	8	RAM	module.	Here,	the	FIFO	accepts	keyboard	data	at	the	slow	and	asynchronous	rate	of	human	fingers	and	stores	them.	Now,	since	X	and	Y	each	appear	at	the	output	of	NAND
symbols	having	active-LOW	outputs,	we	can	say	that	X	will	go	LOW	only	if	A		B		1,	and	Y	will	go	LOW	only	if	C		D		1.	Only	signals	needed	to	produce	the	required	functions	for	any	LAB	are	fed	into	that	LAB.	Decoder	Digital	circuit	that	converts	an	input	binary	code	into	a	corresponding	single	active	output.	Sixteen	different	data	words	are	stored	at	the
16	different	address	locations.	These	words	have	addresses	FIGURE	12-19	Internal	organization	of	a	64	*	4	RAM.	The	FLEX10K	family	contains	several	different	sizes	of	parts,	as	shown	in	Table	13-3.	Address	Decoders	The	applied	address	code	A3A2A1A0	determines	which	register	in	the	array	will	be	enabled	to	place	its	eight-bit	data	word	onto	the
bus.	Both	versions	operate	from	a	single	5-V	power	source	during	normal	operation.	The	RAM’s	data	output	is	also	shown;	we	will	assume	that	this	particular	RAM	has	one	data	output.	In	1854,	a	mathematician	named	George	Boole	wrote	An	Investigation	of	the	Laws	of	Thought,	in	which	he	described	the	way	we	make	logical	decisions	based	on	true
or	false	circumstances.	The	old	devices	could	handle	a	few	inputs	and	a	few	outputs	with	limited	logic	capabilities.	When	the	parity	method	is	being	used,	the	transmitter	and	the	receiver	must	have	agreement,	in	advance,	as	to	whether	odd	or	even	parity	is	being	used.	Reading	and	writing	are	always	done	from	the	CPU’s	perspective.	With	all	of	the
links	initially	intact,	each	OR	output	will	be	a	constant	1.	The	SAC	always	produces	a	final	VAX	that	is	at	the	step	below	VA.	If	the	symbol	for	the	circuit	includes	a	bubble,	the	circuit	is	active-LOW.	Visit	the	Digital	Systems:	Principles	and	Applications	Companion	Web	Site	at	for	the	link	to	this	article.	Simple	PLD	(SPLD)	A	PLD	with	a	few	hundred	logic
gates	and	possibly	a	few	programmable	macrocells	available.	7-61.	The	table	in	Figure	11-22(b)	shows	the	responses	for	all	possible	values	of	analog	input.	Its	main	drawback	is	that	it	does	not	program	the	latest	devices.	In	addition	to	its	low	cost,	another	advantage	of	the	dual-slope	ADC	is	its	low	sensitivity	to	noise	and	to	variations	in	its	component
values	caused	by	temperature	changes.	In	other	words,	the	data	bit	in	a	memory	cell	is	refreshed	each	time	it	is	read.	Each	of	the	four	OR	gates	can	produce	an	output	that	is	a	function	of	the	two	input	variables,	A	and	B.	We	will	describe	the	more	recent	convention,	but	you	should	be	aware	of	this	change	as	you	investigate	older	systems.	Of	course,
the	value	of	tC	will	still	depend	on	the	value	of	VA,	and	so	it	will	not	be	constant.	FIGURE	3-43	Decision	process	of	a	computer	program.	Wouldn’t	the	two	English	language	descriptions	of	what	is	being	done	sound	very	similar?	We	will	be	using	Boolean	algebra	first	to	describe	and	analyze	these	basic	logic	gates,	then	later	to	analyze	and	design
combinations	of	logic	gates	connected	as	logic	circuits.	True	or	false:	All	ROMs	are	nonvolatile.	EXAMPLE	3-20	The	logic	circuit	in	Figure	3-37(a)	is	being	used	to	activate	an	alarm	when	its	output	Z	goes	HIGH.	D	Figure	11-36	shows	one	way	the	address	decoding	logic	could	be	implemented.	For	example,	when	VA	is	between	3	and	4	V,	outputs	C1,
C2,	and	C3	will	be	LOW	and	all	others	will	be	HIGH.	For	example,	consider	the	requirements	of	a	digital	dashboard	system	on	an	automobile.	The	Cyclone	LE,	for	example,	has	been	enhanced	to	more	efficiently	create	TOCCMC13_0131725793.QXD	12/22/2005	9:19	AM	Page	895	895	SUMMARY	TABLE	13-4	Altera	Cyclone	family	device	features.	Fan-
Out	Maximum	number	of	standard	logic	inputs	that	the	output	of	a	digital	circuit	can	reliably	drive.	The	programmable	sum	of	product	circuit	looks	very	much	like	that	found	in	a	GAL	chip.	A	similar	analysis	can	be	used	to	determine	the	address	ranges	for	each	of	the	other	RAM	modules.	Digital	Signal	Processing	(DSP)	Method	of	performing
repetitive	calculations	on	an	incoming	stream	of	digital	data	words	to	accomplish	some	form	of	signal	conditioning.	at	bit	at	bit	7	7	7	7	7	Examine	these	messages	and	list	the	possible	faults.	Each	word	can	be	thought	of	as	being	stored	in	an	eight-bit	register,	and	there	are	4096	registers	connected	to	a	common	data	bus	internal	to	the	chip.	Digital
Computer	System	of	hardware	that	performs	arithmetic	and	logic	operations,	manipulates	data,	and	makes	decisions.	TOCCMC02_0131725793.QXD	12/22/05	4:46	AM	Page	49	49	PROBLEMS	SECTIONS	2-8	AND	2-9	2-24.	In	HDL,	the	circuits	that	are	generated	by	sequential	statements	behave	differently,	depending	on	the	order	of	the	statements	in
the	code.	Chapter	4.	ANSWERS	TO	SECTION	REVIEW	QUESTIONS	SECTION	13-1	1.	ACKNOWLEDGMENTS	We	are	grateful	to	all	those	who	evaluated	the	ninth	edition	and	provided	answers	to	an	extensive	questionnaire:	Ali	Khabari,	Wentworth	Institute	of	Technology;	Al	Knebel,	Monroe	Community	College;	Rex	Fisher,	Brigham	Young	University;
Alan	Niemi,	LeTourneau	University;	and	Roger	Sash,	University	of	Nebraska.	The	cell-based	functions	have	been	designed	to	be	much	smaller	than	equivalent	functions	in	gate	arrays,	which	allows	for	generally	higher-speed	operation	and	cheaper	manufacturing	costs.	The	first	entry	in	the	table	shows	that	when	A	and	B	are	both	at	the	0	level,	the
output	x	is	at	the	1	level	or,	equivalently,	in	the	1	state.	(ISBN	0-13-172665-X)	Lab	Solutions	Manual.	Logic	Array	Block	(LAB)	A	term	Altera	Corporation	uses	to	describe	building	blocks	of	their	CPLDs.	Each	LAB	is	similar	in	complexity	to	an	SPLD.	Figure	12-19	shows	the	simplified	architecture	of	a	RAM	that	stores	64	words	of	four	bits	each	(i.e.,	a
64	*	4	memory).	Students	can	load	these	into	the	Altera	software	and	test	them.	Circular	buffers	are	addressed	by	a	MOD-n	address	counter.	To	do	this,	it	must	be	possible	to	disconnect	the	CPU	easily	from	these	signal	lines.	(g)	How	many	write	operations	can	be	performed	per	second?	The	255	comparator	outputs	would	feed	a	priority	encoder
circuit	that	would	produce	an	eight-bit	code	corresponding	to	the	highest-order	comparator	output	that	is	LOW.	Figure	13-5(b)	shows	how	the	PROM	would	be	programmed	to	generate	four	specified	logic	functions.	The	major	components	of	the	GAL	devices	are	the	input	term	matrix;	the	AND	gates,	which	generate	the	products	of	input	terms;	and
the	output	logic	macrocells	(OLMCs).	The	data	retrieved	from	the	optical	system	come	one	bit	at	a	time	in	a	serial	data	stream.	With	a	DSP-based	audio	equalizer,	the	oscillation	frequency	can	be	detected	and	the	filters	dynamically	adjusted	to	tune	it	out.	We	will	see	how	this	is	done	through	several	examples	that	illustrate	the	important	ideas	that
are	used	when	memory	chips	are	interfaced	to	a	microprocessor.	3F	63	_	5F	95	Delete	7F	127	The	ASCII	code	is	used	for	the	transfer	of	alphanumeric	information	between	a	computer	and	the	external	devices	such	as	a	printer	or	another	computer.	The	up/down	counter	replaces	the	up	counter	that	feeds	the	DAC.	In	other	words,	the	access	time	is
the	same	for	any	address	in	memory.	For	example,	in	a	chemical	process	it	may	be	desired	that	an	alarm	be	activated	whenever	the	process	temperature	exceeds	a	maximum	value	or	whenever	the	pressure	goes	above	a	certain	limit.	(a)	How	many	registers	are	in	the	array?	Repeat	Problem	12-11	if	the	address	inputs	are	changed	70	ns	prior	to	the
TRANSFER	pulse.	The	memory	cell	complexity	and	the	on-chip	support	circuitry	place	EEPROMs	far	behind	an	EPROM	in	bit	capacity	per	square	millimeter	of	silicon;	a	1-Mbit	EEPROM	requires	about	twice	as	much	silicon	as	a	1-Mbit	EPROM.	Some	examples	of	the	types	of	commands	that	can	be	sent	to	the	flash	are	shown	here	to	give	you	an	idea
of	why	they	are	necessary.	This	process	is	called	configuring	the	PLD.	Therefore,	any	expression	can	be	implemented	using	combinations	of	OR	gates,	AND	gates,	and	INVERTERs.	It	is	possible,	however,	to	implement	any	logic	expression	using	only	NAND	gates	and	no	other	type	of	gate.	12	6.	Serial	In/Serial	Out	Type	of	register	that	can	be	loaded
with	data	serially	and	has	only	one	serial	output.	K3	will	be	LOW	for	CBA		011.	What	is	the	biggest	address	possible?	PROMs	are	programmed	one	time	by	the	user.	Apply	desired	address	inputs;	activate	control	input(s);	data	appear	at	data	outputs.	Clock	Digital	signal	in	the	form	of	a	rectangular	pulse	train	or	a	square	wave.	Cache	A	high-speed
memory	system	that	can	be	loaded	from	the	slower	system	DRAM	and	accessed	quickly	by	the	high-speed	CPU.	What	is	a	power-up	self-test?	The	expression	for	the	OR	gate	output	is	simply	A	+	B.	Each	time	the	row	line	crosses	a	column	represents	a	separate	input	to	the	AND	gate.	Solution	First,	look	up	the	ASCII	codes	for	each	character	in	the
message.	It	is	vital	that	the	user	of	this	ROM	understands	the	format	in	which	the	data	are	stored.	See	Prob9_65.tdf	and	Prob9_65.vhd	on	the	enclosed	CD.	Thus,	you	can	find	those	time	intervals	during	which	the	inputs	are	all	HIGH,	and	make	the	NAND	output	LOW	for	those	intervals.	VARIABLE	A	keyword	in	AHDL	used	to	begin	a	section	of	the
code	that	defines	the	names	and	types	of	data	objects	and	library	primitives.	A	second	state	machine	option	that	is	available	is	the	ability	for	the	designer	to	define	a	binary	value	for	each	state.	This	book	offers	a	strategic	advantage	for	teaching	the	vital	new	topic	of	hardware	description	languages	to	beginners	in	the	digital	field.	5.	4.	The	row-select
decoder	activates	one	of	the	enable	inputs	of	all	registers	in	the	selected	row.	It	allows	you	to	easily	double-check	your	work.	Thus,	the	parity	bit	is	treated	just	like	any	other	bit	in	the	code.	Automatically	programs	data	into	memory	cells	one	address	at	a	time	7.	It	uses	a	three-bit	select	input	code	to	determine	which	analog	input	is	connected	to	the
ADC.	Word	sizes	in	modern	computers	typically	range	from	8	to	64	bits,	depending	on	the	size	of	the	computer.	The	letter	x	could	represent	the	light	is	on.	The	basic	scheme	is	illustrated	in	Figure	11-25	for	a	four-channel	acquisition	system.	Similarly,	the	address	inputs	must	remain	stable	for	the	address	hold	time	interval,	tAH,	after	t2.
TOCCMC03_0131725793.QXD	12/2/05	58	8:18	PM	Page	58	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	FIGURE	3-1	Example	truth	tables	for	(a)	twoinput,	(b)	three-input,	and	(c)	four-input	circuits.	(a)	[F]	CN4	OVR	1001	0	1	6-35.	IMPORTANT	TERMS	main	memory	auxiliary	memory	memory	cell	memory	word	byte	capacity	density	address	read
operation	write	operation	access	time	volatile	memory	random-access	memory	(RAM)	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	855	855	PROBLEMS	sequential-access	memory	(SAM)	read/write	memory	(RWM)	read-only	memory	(ROM)	static	RAM	(SRAM)	dynamic	RAM	address	bus	data	bus	control	bus	programming	chip	select	power-
down	fusible	link	electrically	erasable	PROM	(EEPROM)	flash	memory	bootstrap	program	refresh	JEDEC	address	multiplexing	strobing	row	address	strobe	(RAS)	column	address	strobe	(CAS)	latency	RAS-only	refresh	refresh	counter	DRAM	controller	memory	foldback	memory	map	cache	FIFO	data-rate	buffer	linear	buffer	circular	buffer	power-up
self-test	checksum	PROBLEMS	SECTIONS	12-1	TO	12-3	B	B	B	B	12-1.*	A	certain	memory	has	a	capacity	of	16K	*	32.	If	a	function	requires	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	880	Page	880	CHAPTER	13/PROGRAMMABLE	LOGIC	DEVICE	ARCHITECTURES	D	C	B	OR	array	(hard-wired)	A	B	A	1	AB	2	2	CD	3	3	0	4	4	0	5	5	ABC	6	6	0	7	7	0	8
8	0	9	9	ABCD	10	10	ABCD	11	11	0	12	12	0	13	13	A	14	14	BD	15	15	CD	16	16	0	2	1	0	O3	O2	O1	O0	(a)	C	1	3	AND	array	(programmable)	D	Outputs	O3	=	AB	+	CD;	O2	=	ABC	O1	=	ABCD	+	ABCD;	O0	=	A	+	BD	+	CD	3	2	1	0	O3	O2	O1	O0	(b)	FIGURE	13-6	(a)	Typical	PAL	architecture;	(b)	the	same	PAL	programmed	for	the	given	functions.	Ring	counter
8-36.	A	very	important	attribute	of	the	conditional	signal	assignment	statement	is	the	sequential	evaluation.	Differential	Inputs	Method	of	connecting	an	analog	signal	to	an	analog	circuit’s		and	-	inputs,	neither	of	which	is	ground,	such	that	the	analog	circuit	acts	upon	the	voltage	difference	between	the	two	inputs.	The	analog	input,	VA,	is	connected
to	the	other	input	of	each	comparator.	Steps	2	and	3	are	repeated	with	the	digital	equivalent	of	VA3	now	present	at	the	ADC	outputs.	A	certain	memory	stores	8K	16-bit	words.	Indeterminate	Of	a	logic	voltage	level,	outside	the	required	range	of	voltages	for	either	logic	0	or	logic	1.	■	Distinguish	among	the	various	types	of	ROMs	and	cite	some
common	applications.	The	table	shows	that	x	is	a	logic	1	only	when	both	A	and	B	are	at	the	logic	1	level.	What	is	the	main	advantage	of	a	SAC	over	a	digital-ramp	ADC?	The	table	in	Figure	12-9	shows	the	data	for	each	address.	Note:	You	can	find	all	the	Boolean	theorems	on	the	inside	back	cover.	24	10-3.	Hold	the	output	data	coming	from	memory
during	a	read	operation.	Chip	Select	Most	memory	chips	have	one	or	more	CS	inputs	that	are	used	to	enable	the	entire	chip	or	disable	it	completely.	Worked-out	lab	results	for	both	lab	manuals	are	featured	in	this	manual.	Solution	Address	inputs:	01101	Data	inputs:	1110	R>W:	LOW	MEMORY	ENABLE:	HIGH	Data	outputs:	xxxx	(not	used;	usually	Hi-
Z)	EXAMPLE	12-4	A	certain	memory	has	a	capacity	of	4K	*	8.	Although	it	is	not	necessary	to	use	a	separate	analog	ground,	doing	so	ensures	that	the	noise	from	digital	ground	is	prevented	from	causing	premature	switching	of	the	analog	comparator	inside	the	ADC.	When	expressed	this	way,	the	first	number	(4096)	is	the	number	of	words,	and	the
second	number	(20)	is	the	number	of	bits	per	word	(word	size).	RAM	and	ROM	(to	be	defined	shortly)	make	up	main	memory.	Moss	Purdue	University	Upper	Saddle	River,	New	Jersey	Columbus,	Ohio	TOCCMF01_0131725793.QXD	12/22/2005	09:07	PM	Page	iv	Library	of	Congress	Cataloging-in-Publication	Data	Tocci,	Ronald	J.	What	are	the	main
drawbacks	of	dynamic	RAM	compared	with	static?	This	description	can	be	translated	to	truth-table	form	by	setting	Z		1	for	those	cases	where	A		B		1	and	for	those	cases	where	C		D		1.	Objects	Various	ways	of	representing	data	in	the	code	of	any	HDL.	It	is	customary	to	label	such	signals	so	that	both	active	states	are	apparent.	These	two
representations	are	equivalent	and	are	illustrated	in	Figure	3-26(a).	TOCCMC03_0131725793.QXD	12/21/05	70	FIGURE	3-16	Analysis	of	a	logic	circuit	using	truth	tables.	The	“	Ú”	inside	the	OR	gate	means	that	the	output	will	go	to	its	active	state	(HIGH)	whenever	one	or	more	inputs	are	in	their	active	state	(HIGH).	Byte	Group	of	eight	bits.	For	this
type	of	system,	even	if	the	memory	chip	had	separate	input	and	output	pins,	they	would	be	connected	together	on	the	same	data	bus.	The	same	contents	of	the	EEPROM	will	also	appear	at	addresses	6800–6FFF,	7000–77FF,	and	7800–7FFF.	It	should	be	clear	that	when	A4		1,	the	roles	of	RAM-0	and	RAM-1	are	reversed.	9-18.	A	computer’s	main
memory—	also	called	its	working	memory—is	in	constant	communication	with	the	central	processing	unit	(CPU)	as	a	program	of	instructions	is	being	executed.	The	output	buffers	pass	the	data	from	the	internal	data	bus	to	the	ROM	output	pins	when	the	CS	input	is	activated.	Figure	12-52(a)	shows	the	displayed	signals.	Repeat	Problem	12-40	for	the
decoder	outputs	shown	in	Figure	12-52(b).	Control	Bus	Set	of	signal	lines	that	are	used	to	synchronize	the	activities	of	the	CPU	and	the	separate	mC	elements.	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	SUBDESIGN	fig7_85	(	clk	:INPUT;	q[3..0]	:OUTPUT;	)	VARIABLE	ff[3..0]	:DFF;	ser_in	:NODE;	BEGIN	ff[].clk	=	clk;	IF	ff[3..1].q	==	B"000"	THEN	ser_in	=
VCC;	--	self	start	ELSE	ser_in	=	GND;	END	IF;	ff[3..0].d	=	(ser_in,	ff[3..1].q);	--	shift	right	q[]	=	ff[];	END;	2.0us	clk	1	q3	0	q2	0	q1	0	q0	0	4.0us	6.0us	8.0us	10.0us	12.0us	14.0us	VHDL	RING	COUNTER	The	VHDL	code	shown	in	Figure	7-87	should	look	familiar	by	now.	Flash	memories	are	so	called	because	of	their	rapid	erase	and	write	times.	Its	8192
registers	are	arranged	in	an	array	of	256	rows	*	32	registers.	In	an	audio	CD,	the	audio	voltage	signal	is	typically	sampled	about	44,000	times	per	second,	and	the	value	of	each	sample	is	recorded	on	the	CD	surface	as	a	binary	number.	4-to-10	Decoder	See	BCD-to-Decimal	Decoder.	In	Figure	9-65,	the	inputs	and	outputs	are	declared	as	usual	on	lines
3–5.	Flash	ADC	Type	of	analog-to-digital	converter	that	has	the	highest	operating	speed	available.	(a)	Refer	to	Table	2-4.	■	Describe	the	concept	of	active-LOW	and	active-HIGH	logic	signals.	The	node	v	should	be	HIGH	when	A	(node	u)	is	HIGH	AND	B	is	HIGH.	The	second	entry	shows	that	when	input	B	is	changed	to	the	1	state,	so	that	A	=	0	and	B	=
1,	the	output	x	becomes	a	0.	Solution	4K	is	actually	4	*	1024	=	4096,	and	so	this	ROM	holds	4096	eight-bit	words.	Examples	For	the	situation	depicted	in	Figure	3-6,	determine	the	waveform	at	the	OR	gate	output.	Half	Adder	Logic	circuit	with	two	inputs	and	two	outputs.	Note	that	the	word	any	is	used	when	the	operation	symbol	is	an	OR	symbol	and
the	word	all	is	used	when	it	includes	an	AND	symbol.	What	are	the	various	ways	to	handle	the	possible	loss	of	critical	data	when	power	is	interrupted?	What	is	a	major	application	of	DSP?	■	Explain	the	advantages	of	constructing	a	logic-circuit	diagram	using	the	alternate	gate	symbols	versus	the	standard	logic-gate	symbols.	Draw	the	circuit	diagram
for	the	expression	y	=	AC	+	BC	+	ABC.	TOCCMC03_0131725793.QXD	12/2/05	88	8:18	PM	Page	88	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	3.	Instead,	several	memory	chips	must	be	combined	to	provide	the	capacity	and/or	the	word	size.	During	the	discharge	interval,	a	digital	reference	frequency	is	fed	to	a	counter	and	counted.	Schottky	TTL
TTL	subfamily	that	uses	the	basic	TTL	standard	circuit	except	that	it	uses	a	Schottky	barrier	diode	(SBD)	connected	between	the	base	and	the	collector	of	each	transistor	for	faster	switching.	(a)	What	register	is	enabled	by	input	address	1011?	The	third	major	digital	system	category	is	called	application-specific	integrated	circuits	(ASICs).	Negative-
Going	Transition	When	a	clock	goes	from	1	to	0.	The	pattern	in	the	bit	stream	is	not	periodic.	ROMs	are	used	to	store	data	and	information	that	are	not	to	change	during	the	normal	operation	of	a	system.	A	keyword	used	in	VHDL	to	declare	a	local	data	object	within	a	PROCESS.	The	term	latency	is	often	used	to	describe	the	time	required	to	perform
these	operations.	Digital	still	cameras	digitize	each	pixel	and	store	the	data	on	a	solid-state	memory	card.	The	same	idea	is	employed	in	some	speech	synthesizers,	where	the	digitized	speech	waveform	values	are	stored	in	the	ROM.	Some	examples	are	the	trigonometric	tables	(i.e.,	sine,	cosine,	etc.)	and	code-conversion	tables.	CD-ROM	A	CD-ROM	is
packaged	with	each	copy	of	the	text.	Look	at	Figure	11-26.	Figure	12-28(a)	shows	this	for	a	small	computer	memory	that	has	a	capacity	of	64K	words	and	therefore	requires	a	16-line	address	bus	going	directly	from	the	CPU	to	the	memory.	Each	memory	cell	must	be	refreshed	periodically	(typically,	every	4	to	16	ms,	depending	on	the	device)	or	its
data	will	be	lost.	For	example,	the	letter	A	might	represent	a	certain	digital	circuit	input	or	output,	and	at	any	time	we	must	have	either	A	=	0	or	A	=	1:	if	not	one,	then	the	other.	Memory	Enable	Many	memory	systems	have	some	means	for	completely	disabling	all	or	part	of	the	memory	so	that	it	will	not	respond	to	the	other	inputs.	it	contains	a
certain	degree	of	noise	superimposed	on	the	original	signal.	Answers	to	a	majority	of	the	problems	immediately	follow	the	Glossary.	If	the	D/A	output	reads	50	mA	for	a	digital	input	of	00000001,	is	this	within	the	specified	range	of	accuracy?	TOCCMC13_0131725793.QXD	12/20/05	888	6:52	PM	Page	888	CHAPTER	13/PROGRAMMABLE	LOGIC
DEVICE	ARCHITECTURES	I/O	I/O	I/O	I/O	GND	I/O	I/O	I/O	VCCINT	INPUT/OE2/GCLK2	INPUT/GCLRn	INPUT/OE1	INPUT/GCLK1	GND	I/O	I/O	I/O	VCCIO	I/O	I/O	I/O	FIGURE	13-12	Pin-out	for	EPM7128SLC84.	For	example,	in	a	certain	digital	system,	the	Boolean	value	of	0	might	be	assigned	to	any	voltage	in	the	range	from	0	to	0.8	V,	while	the
Boolean	value	of	1	might	be	assigned	to	any	voltage	in	the	range	2	to	5	V.*	Thus,	Boolean	0	and	1	do	not	represent	actual	numbers	but	instead	represent	the	state	of	a	voltage	variable,	or	what	is	called	its	logic	level.	+5	V	Logic	level	1	(true)	when	pressed	(false	when	button	is	not	pressed).	Repeat	for	eight	bits	and	ten	bits.	This	active-LOW	input	can
control	the	asynchronous	clear	on	any	macrocell	register.	SRAM	8K	x	8	I/O5	MCM	6264C	Mode	I/O2	READ	WRITE	Output	disable	I/O1	I/O0	Not	selected	(power	down)	I/O4	I/O3	&	Inputs	WE	1	0	1	X	X	CS1	CS2	0	0	X	1	X	1	1	X	X	0	OE	I/O	pins	0	X	1	X	X	DATAOUT	DATA	IN	High	Z	High	Z	X	=	don’t	care	Most	of	the	devices	that	have	been	discussed	in
this	chapter	are	available	from	several	different	manufacturers.	What	would	output	O1	be	in	Figure	13-3	if	fuses	1	and	2	were	blown?	Figure	12-12(a)	is	the	logic	symbol	for	the	27C64.	Note	that	the	results	for	cycle	are	given	twice,	since	it	will	be	displayed	differently	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30
31	32	33	34	35	36	37	38	ENTITY	PORT	(	fig7_57	IS	clock,	start,	full,	timesup,	dry	:IN	BIT;	water_valve,	ag_mode,	sp_mode	:OUT	BIT);	END	fig7_57;	ARCHITECTURE	vhdl	OF	fig7_57	IS	TYPE	state_machine	IS	(idle,	fill,	agitate,	spin);	BEGIN	PROCESS	(clock)	VARIABLE	cycle	:state_machine;	BEGIN	IF	(clock'EVENT	AND	clock	=	'1')	THEN	CASE	cycle
IS	WHEN	idle	=>	IF	start	=	'1'	THEN	cycle	:=	fill;	ELSE	cycle	:=	idle;	END	IF;	WHEN	fill	=>	IF	full	=	'1'	THEN	cycle	:=	agitate;	ELSE	cycle	:=	fill;	END	IF;	WHEN	agitate	=>	IF	timesup	=	'1'	THEN	cycle	:=	spin;	ELSE	cycle	:=	agitate;	END	IF;	WHEN	spin	=>	IF	dry	=	'1'	THEN	cycle	:=	idle;	ELSE	cycle	:=	spin;	END	IF;	END	CASE;	END	IF;	CASE
cycle	IS	WHEN	idle	=>	water_valve	mach	:=	tsidegrn	-	1;	--	set	time	for	side's	green	WHEN	"11"	=>	mach	:=	5	-	1;	--	set	time	for	side's	yellow	END	CASE;	ELSE	mach	:=	mach	-	1;	--	decrement	timer	counter	END	IF;	END	IF;	FIGURE	7-61	VHDL	design	for	traffic	light	controller.	Microcontrollers	have	taken	over	many	applications	that	once	were
implemented	by	digital	circuits,	and	DSP	has	been	used	to	replace	many	analog	circuits.	10	9	8	7	6	5	4	3	2	1	ISBN:	0-13-173969-7	TOCCMF01_0131725793.QXD	12/22/2005	09:07	PM	Page	i	Digital	Systems	Principles	and	Applications	TOCCMF01_0131725793.QXD	12/22/2005	09:07	PM	Page	ii	TOCCMF01_0131725793.QXD	12/22/2005	09:07	PM
Page	iii	TENTH	EDITION	Digital	Systems	Principles	and	Applications	Ronald	J.	This	general	principle	is	the	same	for	OR	gates	with	any	number	of	inputs.	For	each	possible	input	combination,	we	can	determine	the	logic	state	at	every	point	(node)	in	the	logic	circuit	including	the	output.	How	many	different	addresses	are	required	by	the	memory	of
Problem	12-1?	Figure	12-40	shows	how	to	combine	eight	TMS44100	DRAM	chips	to	form	a	4M	*	8	module.	VHDL	is	undisputedly	an	industry	standard	language	at	this	time,	but	it	is	also	very	complex	and	has	a	steep	learning	curve.	Initially,	RAS	and	CAS	are	both	HIGH.	Also	called	chip	enable.	Multistage	Counter	Counter	in	which	several	counter
stages	are	connected	so	that	the	output	of	one	stage	serves	as	the	clock	input	of	the	next	stage	to	achieve	greater	counting	range	or	frequency	division.	For	example,	suppose	that	the	character	“A”	is	being	transmitted	and	odd	parity	is	being	used.	2-8.	These	data	pins	float	to	the	Hi-Z	state	when	the	chip	is	deselected	(CE	=	HIGH)	or	when	the
outputs	are	disabled	(OE	=	HIGH)	The	write	enable	input	(WE)	is	used	to	control	memory	write	operations.	Now	that	you	understand	all	the	circuitry	inside	the	black	box,	it	is	time	to	turn	the	lights	on	in	there	and	look	at	how	it	works.	z	=	BC	+	ABD	4-21.	This	is	SAM	because	you	have	to	sequence	through	all	intervening	information	until	you	find
what	you	are	looking	for.	Figure	12-32	illustrates	how	RAS-only	refresh	is	used	for	a	burst	refresh	of	the	TMS44100.	Likewise,	a	single	column	is	selected	by	what	is	effectively	a	1-of2048	decoder.	The	extra	pins	are	necessary	because	DIMMs	are	connected	to	64-bit	data	buses	such	as	those	found	in	modern	PCs.	Both	3.3-V	and	5-V	versions	are
available.	Typical	bipolar	ROMs	will	have	access	times	in	the	range	from	30	to	90	ns;	access	times	of	NMOS	devices	will	range	from	35	to	500	ns.	A	1	A	Output	=	A	+	B	0	B	1	B	0	1	Output	0	t0	t1	t2	t3	t4	t5	t6	t7	Time	Solution	The	OR	gate	output	will	be	HIGH	whenever	any	input	is	HIGH.	Is	it	a	single	bit	from	a	toggle	switch?	Solution	The	logic
symbol	is	shown	in	Figure	12-20(b).	Because	there	is	no	room	left	in	the	ROM	for	these	changes,	we	need	a	larger	ROM.	At	t5,	A	goes	HIGH,	sending	OUTPUT	back	HIGH,	where	it	stays	for	the	rest	of	the	shown	time	span.	This	AND	output	is	connected	as	an	input	to	the	OR	gate	along	with	C,	another	input.	FIGURE	12-10	Logic	symbol	for	a	32K	*	8
MROM.	Many	explanations	covering	digital/analog	issues	have	been	updated	and	improved.	There	are	several	earlier	generation	boards	similar	to	Altera’s	UP2	that	contain	MAX7000	family	CPLDs.	A	more	recent	example	of	an	available	board	is	the	UP3	board	from	Altera’s	university	program	(see	Figure	P-l),	which	contains	a	larger	FPGA	from	the
Cyclone	family.	Bidirectional	Data	Line	Term	used	when	a	data	line	functions	as	either	an	input	or	an	output	line	depending	on	the	states	of	the	enable	inputs.	DRILL	QUESTION	Fill	in	the	blanks	in	the	following	description	of	the	ADC	of	Figure	11-13.	(Assume	no	offset	error.)	11-17.*The	control	of	a	positioning	device	may	be	achieved	using	a
servomotor,	which	is	a	motor	designed	to	drive	a	mechanical	device	as	long	as	an	error	signal	exists.	(Reprinted	by	permission	of	Texas	Instruments)	diagrams	you	will	find	in	data	books.	This	device	is	said	to	be	insystem	programmable	(ISP).	This	inhibit	operation	is	an	important	application	of	AND	gates,	which	will	be	encountered	later.	9-23.	This
tells	the	receiver	that	there	must	be	an	error	in	the	code	because	presumably	the	transmitter	and	receiver	have	agreed	to	use	odd	parity.	Note	that	as	each	new	byte	is	written	into	location	1,	the	other	bytes	move	to	the	next	location.	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	Page	881	SECTION	13-4/THE	GAL	16V8	(GENERIC	ARRAY	LOGIC)
881	Likewise,	the	second	term,	C	D,	is	obtained	by	leaving	intact	only	the	fuses	that	connect	inputs	C	and	D	to	AND	gate	2.	It	can	also	be	used	as	a	tool	to	create	a	logic	circuit	that	will	produce	the	desired	input/output	relationship.	This	school	received	102,242	applications	in	2017	and	had	an	acceptance	rate	of	16	percent,	one	of	the	lowest	in	the	UC
system.CC-BY/Prayitno/Flicker	University	of	California-San	DiegoThe	University	of	California-San	Diego	sits	on	1,976	acres	next	to	the	Pacific	Ocean	in	the	city’s	La	Jolla	neighborhood.	The	sigma/delta	approach,	like	the	voltage-to-frequency	approach,	does	not	directly	produce	a	multibit	*An	excellent	article	published	on	the	web	by	Jim	Thompson,
University	of	Washington,	served	as	a	basis	for	this	description.	A	computer	also	uses	ASCII	internally	to	store	the	information	that	an	operator	types	in	at	the	computer’s	keyboard.	By	combining	two	16	*	4	chips	as	shown	in	Figure	12-36,	we	can	produce	the	desired	memory.	Parallel	In/Serial	Out	Register	Type	of	register	that	can	be	loaded	with
parallel	data	and	has	only	one	serial	output.	Examine	each	of	the	code	groups	below,	and	assume	that	each	one	has	just	been	transferred	from	one	location	to	another.	The	programming	software	takes	care	of	these	details	in	a	user-friendly	manner.	Because	RAM	must	be	written	to	and	read	from,	testing	RAM	is	generally	more	complex	than	testing
ROM.	In	order	to	read	a	data	word	from	ROM,	we	need	to	do	two	things:	(1)	apply	the	appropriate	address	inputs	and	then	(2)	activate	the	control	inputs.	Only	the	column	address	must	be	latched.	The	inputs	A	and	B	are	logic	voltage	levels,	and	the	output	x	is	a	logic	voltage	level	whose	value	is	the	result	of	the	OR	operation	on	A	and	B;	that	is,	x	=	A
+	B.	Another:	x	=	AB	+	B	C	+	BC.	For	example,	a	creature	is	either	alive	or	dead,	a	light	is	either	on	or	off,	a	door	is	locked	or	unlocked,	and	it	is	either	raining	or	it	is	not.	(b)	What	is	the	total	possible	error	in	volts?	Change	the	operation	symbol	from	AND	to	OR,	or	from	OR	to	AND.	Describe	the	functions	of	each	of	the	following	architectural
structures	found	in	the	Altera	MAX7000S	family:	*Answers	to	problems	marked	with	an	asterisk	can	be	found	in	the	back	of	the	text.	This	serves	a	purpose	for	timing	but	has	no	effect	on	the	address	of	the	ADC.	FIGURE	3-21	Example	3-9.	Analog	System	Combination	of	devices	designed	to	manipulate	physical	quantities	that	are	represented	in	analog
form.	■	Create	an	HDL	file	for	combinational	circuits	with	intermediate	variables.	Bilateral	Switch	CMOS	circuit	that	acts	like	a	singlepole,	single-throw	(SPST)	switch	controlled	by	an	input	logic	level.	Writing	puts	data	into	the	memory,	and	reading	gets	data	out	of	the	memory.	Volatility	refers	to	whether	a	PLD	(or	memory	device)	loses	stored
information	when	it	is	powered-down.	To	read	data	from	memory,	the	address	is	applied,	the	control	signals	are	manipulated,	and	the	data	value	appears	on	the	output	pins.	The	cells	must	be	refreshed	within	4	ms	for	data	to	be	retained.	Now	the	circuit	has	all	bubble	outputs	connected	to	bubble	inputs	of	gate	2.	You	may	have	noticed	that	this	DRAM
does	not	have	a	chip	select	(CS)	input.	x=A+A=A	A	A	(a)	INVERTER	A+B	A	A+B	1	A	2	B	B	OR	(b)	A	1	A	x	=	A	+	B	=	AB	3	B	B	A	B	2	(c)	FIGURE	3-30	AND	NOR	gates	can	be	used	to	implement	any	Boolean	operation.	How	often	should	CAS-before-	RAS	cycles	be	applied	in	order	for	all	of	the	data	to	be	retained?	5-30.	At	this	point,	the	DAC	output,
VAX,	is	_____	and	EOC	is	_____.	Know	the	Operation	The	RAM	memory	system	shown	in	Figure	12-42	will	be	used	in	our	examples.	The	time	delay	between	t1,	when	the	new	address	becomes	valid,	and	t3,	when	the	data	outputs	become	valid,	is	the	access	time	tACC.	What	is	an	SDRAM	synchronized	to?	With	the	help	of	these	tutorials,	anyone	can
learn	to	modify	and	test	all	the	examples	presented	in	this	text,	as	well	as	develop	his	or	her	own	designs.	How	many	hex	digits	are	required	to	represent	decimal	numbers	up	to	20,000?	The	presence	or	absence	of	these	source	connections	determines	whether	a	cell	is	storing	a	1	or	a	0,	respectively.	We	will	use	the	TMS44100	4M	*	1	DRAM	from
Texas	Instruments	to	illustrate	the	operation	of	DRAM	chips	today.	For	example,	to	read	ROW	0,	the	A1A0	inputs	are	set	to	00.	Remember,	the	single	equals	()	operator	assigns	(i.e.,	connects)	one	object	to	another.	In	general,	N	address	inputs	are	required	for	a	memory	that	has	a	capacity	of	2N	words.	(b)	REVIEW	QUESTIONS	1.	Chapter	13.	When
processing	an	analog	signal,	the	output	may	be	distorted	due	to:	(a)	Quantization	error	when	converting	analog	to	digital	(b)	Not	sampling	the	original	signal	frequently	enough	(c)	Temperature	variation	in	the	processor	components	(d)	The	high-frequency	components	associated	with	sudden	changes	in	voltage	out	of	the	DAC	(e)	Electrical	noise	on
the	power	supply	(f)	Alias	signals	introduced	by	the	digital	system	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	781	781	ANSWERS	TO	SECTION	REVIEW	QUESTIONS	ANSWERS	TO	SECTION	REVIEW	QUESTIONS	SECTION	11-1	1.	FPGAs	also	have	a	few	fundamental	characteristics	that	are	shared.	Many	laboratory	hardware	options	are
available	to	users	of	this	book.	Synchronous	design	techniques	now	also	include	the	use	of	D	flip-flop	registers	that	best	represent	the	way	sequential	circuits	are	implemented	in	modern	PLD	technology.	(Reprinted	with	permission	of	Lattice	Semiconductor.)	From	adjacent	OLMC	output	TOCCMC13_0131725793.QXD	12/20/05	884	6:52	PM	Page	884
CHAPTER	13/PROGRAMMABLE	LOGIC	DEVICE	ARCHITECTURES	Exclusive-OR	INPUT	A	CONTROL	INPUT	A	OUTPUT	X	0	0	0	0	1	1	1	0	1	1	1	0	OUTPUT	X	CONTROL	Buffer/Invert	FIGURE	13-9	Not	inverted	(buffered)	Inverted	Using	XOR	to	complement	selectively.	Edge-Detector	Circuit	Circuit	that	produces	a	narrow	positive	spike	that	occurs
coincident	with	the	active	transition	of	a	clock	input	pulse.	Interfacing	Joining	of	dissimilar	devices	in	such	a	way	that	they	are	able	to	function	in	a	compatible	and	coordinated	manner;	connection	of	the	output	of	a	system	to	the	input	of	a	different	system	with	different	electrical	characteristics.	Whenever	the	CPU	wants	to	read	data	from	a	specific
memory	location,	the	following	steps	must	occur:	Read	Operation	1.	Voltage-to-Frequency	ADC	The	voltage-to-frequency	ADC	is	simpler	than	other	ADCs	because	it	does	not	use	a	DAC.	We	will	employ	the	traditional	symbols	in	most	of	the	circuit	diagrams	throughout	this	book.	■	Write	the	Boolean	expression	for	the	logic	gates	and	combinations	of
logic	gates.	Economics	3.	TABLE	11-11	T	Input	Code	Output	00000000	8	mV	00000001	18.2	mV	00000010	28.5	mV	00000100	48.3	mV	00001111	158.3	mV	10000000	1.289	V	11-21.*Repeat	Problem	11-20	using	the	measured	data	given	in	Table	11-12.	As	the	name	implies,	all	components	(transistors,	resistors,	and	capacitors)	and	the
interconnections	between	them	are	custom-designed	by	the	IC	designer.	Clearly,	the	terms	asserted	and	unasserted	are	synonymous	with	active	and	inactive,	respectively:	asserted		active	unasserted		inactive	Both	sets	of	terms	are	in	common	use	in	the	digital	field,	so	you	should	recognize	both	ways	of	describing	a	logic	signal’s	active	state.
Sequential	Circuit	A	logic	circuit	whose	outputs	can	change	states	in	synchronism	with	a	periodic	clock	signal.	In	a	Cyclone	device,	logic	functions	are	implemented	in	LEs	(logic	elements)	that	contain	a	four-input	LUT	(look-up	table)	and	a	programmable	register	(D	flip-flop)	similar	to	those	found	in	FLEX10K	devices.	A15	A14	A13	A12	A11	A10	A9	A8
A7	A6	A5	A4	A3	A2	A1	A0	0	0	0	0	0	0	0	0	1	1	1	1	0	0	1	1	0	0	0	0	0	0	1	1	1	1	1	1	0	1	0	1	→	0C0016	→	0FFF16	Finally,	this	gives	us	0C00	to	0FFF	as	the	range	of	hex	addresses	stored	in	module-3.	The	OR	gate	output	is	determined	by	realizing	that	it	will	be	TOCCMC03_0131725793.QXD	12/2/05	62	8:18	PM	Page	62	CHAPTER	3/DESCRIBING	LOGIC
CIRCUITS	HIGH	whenever	any	of	the	three	inputs	is	at	a	HIGH	level.	The	light	inside	the	oven	should	turn	on	if	either	the	oven	light	switch	is	on	OR	if	the	door	is	opened.	Robertson,	Purdue	University,	for	providing	his	magnetic	levitation	system	as	an	example;	and	Professors	Russ	Aubrey	and	Gene	Harding,	Purdue	University,	for	their	technical
review	of	topics	and	many	suggestions	for	improvements.	This	command	(FF	Hex)	causes	the	memory	IC	to	check	all	of	its	memory	locations	to	verify	that	all	bits	are	HIGH.	Common	auxiliary	memory	devices	are	magnetic	disk	and	compact	disk	(CD).	If	an	expression	has	a	bar	over	it,	perform	the	operations	inside	the	expression	first	and	then	invert
the	result.	The	other	eight	PROM	chips	can	be	selected	by	adding	another	74ALS138	decoder	and	enabling	it	only	when	A15		0	and	A14		1.	A9	to	A0	can	be	any	combination	ranging	from	0000000000	to	1111111111,	depending	on	which	word	in	module-3	is	being	accessed.	This	ASIC	choice	for	the	designer	is	very	different	from	the	other	three
subcategories.	At	t0,	the	CPU	applies	a	new	address	to	the	RAM	inputs;	this	is	the	address	of	the	location	to	be	read.	Don’t-Care	Situation	when	a	circuit’s	output	level	for	a	given	set	of	input	conditions	can	be	assigned	as	either	a	1	or	a	0.	Parallel	In/Parallel	Out	Register	Type	of	register	that	can	be	loaded	with	parallel	data	and	has	parallel	outputs
available.	14,	12,	12	2.	SAC:	b,	c,	d,	e,	g,	h	11-36.	(f)	What	is	the	purpose	of	VIN(-)?	Read	Command.	An	intact	fuse	4.	Hex	data:	5E,	BA,	05,	2F,	99,	FB,	00,	ED,	3C,	FF,	B8,	C7,	27,	EA,	52,	5B	12-20.	The	measured	result	should	fall	within	the	expected	range	specified	by	the	digital-to-analog	converter’s	manufacturer.	The	chip	enable	performs	more
than	just	enabling	the	address	decoder.	RAS	is	used	to	latch	the	row	address	into	the	DRAM’s	row	address	register.	Asynchronous	Transfer	Data	transfer	performed	without	the	aid	of	the	clock.	60	cycles/sec	*	60	sec/min	*	60	min/hr	*	24	hr/day		5,184,000	cycles/day.	TOCCMC12_0131725793.QXD	12/20/05	846	FIGURE	12-41	In	FIFO,	data	values	are
read	out	of	memory	(b)	in	the	same	order	that	they	were	written	into	memory	(a).	RIMM	stands	for	Rambus	In-line	Memory	Module.	(b)	Three	digits	can	represent	up	to	999	(1001	1001	1001).	These	are	always	shown	on	any	logic-circuit	wiring	diagram.	Notice	that	if	the	input	data	were	plotted,	it	would	represent	a	simple	step	function	like	the	rising
edge	of	a	digital	signal.	In	other	words,	each	decoder	output	is	activated	by	8192	(8K)	different	addresses.	A	digital	design	can	be	described	using	a	schematic	drawing	with	pre-created	building	blocks	that	are	equivalent	to	conventional	standard	parts,	which	can	be	compiled	and	then	programmed	directly	into	a	target	PLD	with	the	added	capability
of	easily	simulating	the	design	within	the	same	development	tool.	Input	and	output	pins	for	some	CPLD	architectures	are	associated	with	a	specific	macrocell,	and	typically	additional	macrocells	are	buried	(that	is,	not	connected	to	a	pin).	Likewise,	(B	+	D)	can	be	simplified:	z	=	(A	+	C)	+	(B	+	D)	=	(A	#	C)	+	B	#	D	Here	we	have	broken	the	larger
inverter	signs	down	the	middle	and	replaced	the	()	with	a	(·).	■	INTRODUCTION	A	major	advantage	of	digital	over	analog	systems	is	the	ability	to	store	easily	large	quantities	of	digital	information	and	data	for	short	or	long	periods.	The	total	capacity	is	4K	*	8	and	is	made	up	of	four	1K	*	8	RAM	modules.	Converts	digital	data	to	their	analog
representation	5.	11-35.	Every	memory	system	requires	several	different	types	of	input	and	output	lines	to	perform	the	following	functions:	1.	Then	write	the	expression	for	x.	For	each	PRESENT	state	value	of	ring,	the	output	of	the	row	encoder	data(3	DOWNTO	2)	is	defined.	A	program	is	made	up	of	an	orderly	sequence	of	instructions.	For	example,
it	can	be	proved	that	x	+	y	+	z	=	x#y#z	x#y#z	=	x	+	y	+	z	Here,	we	see	that	the	large	inverter	sign	is	broken	at	two	points	in	the	expression	and	the	operator	sign	is	changed	to	its	opposite.	Figure	12-33(a)	shows	the	signals	used	to	execute	a	CAS-before-	RAS	refresh	cycle.	Computers	operate	by	following	a	laundry	list	of	tasks	(i.e.,	instructions,	or
“the	program”),	each	of	which	must	be	done	in	sequential	order.	When	an	I/O	pin	is	configured	as	an	input,	the	associated	macrocell	can	be	used	for	buried	logic.	Outputs	D3	and	D1	will	go	HIGH	because	Q0	and	Q2	are	connected	to	their	respective	columns.	Moore	Model	A	state-machine	model	in	which	the	output	signals	are	controlled	only	by	the
sequential	circuit	outputs.	PLDs	are	the	least	expensive	type	of	ASIC	to	develop.	These	tutorials	are	available	in	PDF	and	PPT	(Microsoft®	PowerPoint®	presentation)	formats	and	have	been	adapted	to	teach	Quartus	II	as	well.	x	=	(A	+	B)	#	1B	+	C)	x		0	only	when	A		B		0,	C		1.	Nonretriggerable	One-Shot	Type	of	one-shot	that	will	not	respond	to	a
trigger	input	signal	while	in	its	quasi-stable	state.	The	lever	arm	is	moved	vertically	by	the	servomotor.	Because	memory	consists	of	thousands	of	identical	circuits	acting	as	storage	locations,	any	tests	of	its	operation	must	involve	checking	to	see	exactly	which	locations	are	working	and	which	are	not.	A	FIFO	can	also	be	used	as	a	data-rate	buffer
between	a	slow	device,	such	as	a	keyboard,	and	a	high-speed	computer.	The	value	of	VP	increases	at	the	rate	of	1	V/inch	until	the	lever	is	at	its	highest	point	(10	inches)	and	VP		10	V.	All	registers	in	the	device	will	be	reset	automatically	at	power-up.	(c)	What	is	the	hex	address	of	the	256th	memory	location?	What	is	the	advantage	of	this	multiplexing
scheme?	Parity	Generator	Circuit	that	takes	a	set	of	data	bits	and	produces	the	correct	parity	bit	for	the	data.	The	multiplexing	clock	increments	the	select	address	to	10,	and	VA2	is	connected	to	the	ADC.	Programmable	logic	devices,	gate	arrays,	standard	cells,	full	custom	5.	Field	Programmable	Logic	Array	(FPLA)	A	PLD	that	uses	both	a
programmable	AND	array	and	a	programmable	OR	array.	+VCC	A12	+VPP	EPROM	8K	x	8	D7	D6	A11	Address	inputs	•	•	•	•	•	Window	for	UV	erasing	D5	A1	D4	27C64	D3	A0	(b)	Data	outputs	D2	OE	Control	inputs	Inputs	D1	CE	D0	PGM	(a)	Mode	Read	Output	Disable	Standby	Program	CE	OE	PGM	0	0	1	0	1	1	1	0	X	1	X	0	PGM	Verify	0	0	1	(c)	FIGURE
12-12	(a)	Logic	symbol	for	27C64	EPROM;	(b)	typical	EPROM	package	showing	ultraviolet	window;	(c)	27C64	operating	modes.	If	you	understand	how	each	element	works	and	how	the	elements	are	connected	to	each	other,	you	can	understand	how	the	circuit	operates.	FIGURE	12-34	The	4	lowerorder	bits	of	each	word	are	stored	in	RAM-1.	With	the
development	of	the	ultraviolet	erasable	PROM	came	the	EPROM-based	PLDs	in	the	mid	1980s,	followed	soon	by	PLDs	using	electrically	erasable	(EEPROM)	technology.	EXAMPLE	2-15	Computers	often	communicate	with	other	remote	computers	over	telephone	lines.	Solution	Address	inputs:	00100	Data	inputs:	xxxx	(not	used)	R>W:	HIGH	MEMORY
ENABLE:	HIGH	Data	outputs:	0001	EXAMPLE	12-3	Describe	the	conditions	at	each	input	and	output	when	the	data	word	1110	is	to	be	written	into	address	location	01101.	MICROCOMPUTER	APPLICATION	C,	N,	D	11-47.*	Figure	11-21	shows	how	the	ADC0804	is	interfaced	to	a	microcomputer.	Bus	Drivers	Circuits	that	buffer	the	outputs	of	devices
connected	to	a	common	bus;	used	when	a	large	number	of	devices	share	a	common	bus.	The	truth	table	in	Figure	3-7(a)	shows	what	happens	when	two	logic	inputs,	A	and	B,	are	combined	using	the	AND	operation	to	produce	output	x.	Generally,	an	event	means	a	signal	changed	state.	These	are	the	steps:	1.	11-42.	Another	ROM	application	is	the
generation	of	timing	and	control	signals.	Buffer/Driver	Circuit	designed	to	have	a	greater	output	current	and/or	voltage	capability	than	an	ordinary	logic	circuit.	First,	we	must	express	this	output	as	the	OR	sum	of	four	terms	because	the	OR	gates	have	four	inputs.	Erasable	Programmable	ROM	(EPROM)	An	EPROM	can	be	programmed	by	the	user,
and	it	can	also	be	erased	and	reprogrammed	as	often	as	desired.	EXAMPLE	3-13	Simplify	the	expression	y	=	ABD	+	AB	D.	Unfortunately,	the	frequency	that	causes	the	squeal	changes	with	the	number	of	people	in	the	room,	the	clothes	they	wear,	and	many	other	factors.	Will	the	new	value	of	RF	change	the	percentage	resolution?	Input	Term	Matrix
Part	of	a	programmable	logic	device	that	allows	inputs	to	be	selectively	connected	to	or	disconnected	from	internal	logic	circuitry.	Prescaler	A	counter	circuit	that	takes	base	reference	frequency	and	scales	it	by	dividing	the	frequency	down	to	a	rate	required	by	the	system.	Convert	these	decimal	values	to	hex.	The	flash	ADC	of	Figure	11-22	has	a
resolution	of	1	V	because	the	analog	input	must	change	by	1	V	in	order	to	bring	the	digital	output	to	its	next	step.	RAM	pattern	testing	is	usually	done	automatically	either	by	having	the	CPU	run	a	memory	test	program	or	by	connecting	a	special	test	instrument	to	the	RAM	system	buses	in	place	of	the	CPU.	To	represent	the	positive	portions	of	a
waveform,	a	stream	of	bits	with	a	high	density	of	1s	is	generated	by	the	modulator	(e.g.,	01111101111110111110111).	When	a	logic	signal	is	not	in	its	active	state,	it	is	said	to	be	unasserted.	If	any	of	these	setup	time	or	hold	time	requirements	are	not	met,	the	write	operation	will	not	take	place	reliably.	What	is	the	number	of	bits	per	word?	Cite	two
advantages	and	one	disadvantage	of	the	dual-slope	ADC.	Sample-and-Hold	Circuit	Type	of	circuit	that	utilizes	a	unity-gain	buffer	amplifier	in	conjunction	with	a	capacitor	to	keep	the	input	stable	during	an	analog-todigital	conversion	process.	In	some	ROM	ICs,	one	of	the	control	inputs	(usually	the	CE)	is	used	to	place	the	ROM	in	a	low-power	standby
mode	when	it	is	not	being	used.This	reduces	the	current	drain	from	the	system	power	supply.	The	OR	operation	is	similar	to	ordinary	addition	except	for	the	case	where	A	and	B	are	both	1;	the	OR	operation	produces	1	+	1	=	1,	not	1	+	1	=	2.	Many	types	of	memory	can	be	classified	as	having	random	access,	but	when	the	term
TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	815	815	SECTION	12-11/RAM	ARCHITECTURE	RAM	is	used	with	semiconductor	memories,	it	is	usually	taken	to	mean	read/write	memory	(RWM)	as	opposed	to	ROM.	Mode	The	attribute	of	a	port	in	a	digital	circuit	that	defines	it	as	input,	output,	or	bidirectional.	Proper	use	of	the	alternate	gate
symbols	in	the	circuit	diagram	can	make	the	circuit	operation	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	90	90	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	FIGURE	3-36	(a)	Original	circuit	using	standard	NAND	symbols;	(b)	equivalent	representation	where	output	Z	is	active-HIGH;	(c)	equivalent	representation	where	output	Z	is
activeLOW;	(d)	truth	table.	In	this	chapter,	we	will	study	the	most	basic	logic	circuits—	logic	gates—which	are	the	fundamental	building	blocks	from	which	all	other	logic	circuits	and	digital	systems	are	constructed.	How	does	the	up/down	digital-ramp	ADC	improve	on	the	digital-ramp	ADC?	Replace	four-input	NAND	with	a	three-input	NAND	driving
all	FF	CLRs	whose	inputs	are	Q5,	Q4,	and	Q1	7-13.	FIGURE	12-22	Typical	timing	for	static	RAM:	(a)	read	cycle;	(b)	write	cycle.	Bits	0	and	1	are	reversed.	This	is	the	way	the	count	enable	is	implemented	in	this	design.	TOCCMC11_0131725793.QXD	12/20/05	776	5:35	PM	Page	776	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	SECTION
11-10	N	11-30.	30	Stock	value	25	Daily	stock	price	20	30-day	moving	average	15	10	5	0	0	50	Days	100	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	767	767	SECTION	11-17/DIGITAL	SIGNAL	PROCESSING	(DSP)	The	most	difficult	part	of	this	form	of	DSP	is	determining	the	correct	weighting	constants	for	the	averaging	calculation	in	order
to	achieve	the	desired	filter	characteristics.	How	many	hex	digits	are	required	to	represent	decimal	numbers	up	to	1	million?	A	successive-approximation	converter	has	a	constant	conversion	time	and	is	probably	the	most	common	general-purpose	converter.	11:12	AM	Page	70	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	A	u=A	B	v	=	AB	x	w	=	BC	C
(a)	A	B	0	0	0	0	1	1	1	1	0	0	1	1	0	0	1	1	C	u=	v=	A	AB	0	1	1	1	0	1	1	1	0	0	1	0	0	0	1	0	w=	x=	BC	v+w	A	B	0	0	0	0	1	1	1	1	0	0	1	1	0	0	1	1	(b)	A	B	0	0	0	0	1	1	1	1	0	0	1	1	0	0	1	1	C	u=	v=	A	AB	0	1	0	1	1	0	0	1	1	1	1	1	0	0	0	1	0	0	0	0	0	1	0	0	(d)	C	u=	v=	A	AB	0	1	0	1	1	0	0	1	1	1	1	1	0	0	0	1	0	0	0	0	0	1	0	0	w=	x=	BC	v+w	(c)	w=	x=	BC	v+w	0	0	0	1	0	0	0	1	A	B	0	0	0
0	1	1	1	1	0	0	1	1	0	0	1	1	C	u=	v=	A	AB	0	1	0	1	1	0	0	1	1	1	1	1	0	0	0	1	0	0	0	0	0	1	0	0	w=	x=	BC	v+w	0	0	0	0	0	1	1	1	0	0	0	0	0	0	1	1	(e)	The	next	step	is	to	fill	in	the	values	for	column	v	as	shown	in	Figure	3-16(c).	■	Explain	the	difference	between	an	HDL	and	a	computer	programming	language.	In	this	configuration,	the	NAND	simply	acts	as	INVERTER
because	its	output	is	x	=	A	#	A	=	A.	Maximum	deviation	of	DAC	output	from	its	ideal	value,	expressed	as	percentage	of	full	scale	2.	In	order	to	make	this	counter	self-start	without	using	asynchronous	inputs,	we	control	the	ser_in	line	VHDL	TOCCMC07_0131725793.QXD	TOCCMC07_0131725793.QXD	12/12/2005	460	10:50	PM	Page	460	CHAPTER
7/COUNTERS	AND	REGISTERS	AHDL	of	the	shift	register	using	an	IF/ELSE	construct.	The	large	number	of	comparators	has	limited	the	size	of	flash	converters.	905	NAND	Gate	Logic	circuit	that	operates	like	an	AND	gate	followed	by	an	INVERTER.	This	can	be	done	by	adding	a	fixed	voltage	equal	to	1⁄2	LSB	(1⁄2	step)	to	the	value	of	VA.	Sign-
Magnitude	System	A	system	for	representing	signed	binary	numbers	where	the	most	significant	bit	represents	the	sign	of	the	number	and	the	remaining	bits	represent	the	true	binary	value	(magnitude).	The	code	within	the	VHDL	TOCCMC09_0131725793.QXD	TOCCMC09_0131725793.QXD	12/20/05	644	5:29	PM	Page	644	CHAPTER	9/MSI	LOGIC
CIRCUITS	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	ENTITY	fig9_56	IS	PORT	(	bcd	:IN	INTEGER	RANGE	0	TO	15;	lt,	bi,	rbi	:IN	BIT;	a,b,c,d,e,f,g,rbo	:OUT	BIT	);	END	fig9_56	;	ARCHITECTURE	vhdl	OF	fig9_56	IS	BEGIN	PROCESS	(bcd,	lt,	bi,	rbi)	VARIABLE	segments
:BIT_VECTOR	(0	TO	6);	BEGIN	IF	bi	=	’0’	THEN	segments	:=	“1111111”;	rbo	segments	:=	“0000110”;	WHEN	4	=>	segments	:=	“1001100”;	WHEN	5	=>	segments	:=	“0100100”;	WHEN	6	=>	segments	:=	“1100000”;	WHEN	7	=>	segments	:=	“0001111”;	WHEN	8	=>	segments	:=	“0000000”;	WHEN	9	=>	segments	:=	“0001100”;	WHEN	OTHERS
=>	segments	:=	“1111111”;	END	CASE;	END	IF;	a	B”11110XXXXX”	=>	B”1110XXXXXX”	=>	B”110XXXXXXX”	=>	B”10XXXXXXXX”	=>	B”0XXXXXXXXX”	=>	END	TABLE;	buffer[].oe	=	oe;	d[]	=	buffer[].out;	END;	:INPUT;	:OUTPUT;	:TRI;	buffer[].in;	B”1111”;	-B”0000”;	-B”0001”;	-B”0010”;	-B”0011”;	-B”0100”;	-B”0101”;	-B”0110”;	-B”0111”;	-
B”1000”;	-B”1001”;	--	no	input	active	0	1	2	3	4	5	6	7	8	9	--	hook	up	enable	line	--	hook	up	outputs	The	next	illustration	(Figure	9-59)	uses	the	IF/ELSE	construct	to	establish	priority,	very	much	like	the	method	demonstrated	in	the	7-segment	decoder	example.The	first	IF	condition	that	evaluates	TRUE	will	THEN	cause	the	corresponding	value	to	be
applied	to	the	tristate	buffer	inputs.	Sampling	Interval	Time	window	during	which	a	frequency	counter	samples	and	thereby	determines	the	unknown	frequency	of	a	signal.	Control	register	MSB	LSB	•	•	•	•	•	•	•	•	No	DAC	Go	to	next	lower	bit	No	Have	all	bits	been	checked?	If	it	is	an	even	number,	attach	a	0	as	the	TOCCMC02_0131725793.QXD
11/26/05	44	1:14	AM	Page	44	CHAPTER	2/NUMBER	SYSTEMS	AND	CODES	MSB.	This	is	a	fully	functional,	professional-quality,	integrated	development	environment	for	TOCCMF01_0131725793.QXD	12/22/2005	09:07	PM	Page	xv	PREFACE	■	■	■	■	■	■	xv	digital	systems	that	has	been	used	for	many	years	and	is	still	supported	by	Altera.	For
example,	a	ROM	can	be	used	to	store	the	sine	function	for	angles	from	0°	to	90°.	For	example,	for	the	code	group	1000001,	the	assigned	parity	bit	would	be	a	1.	The	following	discussion	of	RAM	will	draw	on	some	of	the	material	covered	in	our	treatment	of	ROM	because	many	of	the	basic	concepts	are	common	to	both	types	of	memory.	Carry
Propagation	Intrinsic	circuit	delay	of	some	parallel	adders	that	prevents	the	carry	bit	(COUT)	and	the	result	of	the	addition	from	appearing	at	the	output	simultaneously.	(Note:	In	digital	systems,	Mega	means	220.)	2-41.	The	built-in	error	caused	by	the	fact	that	VAX	does	not	continuously	increase	but	goes	up	in	steps	equal	to	the	DAC’s	resolution.
Typically,	these	data	will	be	transferred	to	a	computer	over	a	data	bus.	Most	likely	faults:	faulty	ground	or	VCC	on	Z1;	Z1	plugged	in	backwards;	Z1	internally	damaged	4-49.	The	JTAG	signals	are	named	TDI	(test	data	in),	TDO	(test	data	out),	TMS	(test	mode	select),	and	TCK	(test	clock).	Attach	an	even-parity	bit	to	the	BCD	code	for	decimal	69.
DeMorgan’s	theorems	are	extremely	useful	in	simplifying	expressions	in	which	a	product	or	sum	of	variables	is	inverted.	With	CE	=	HIGH,	the	chip	is	in	its	low-power	standby	mode,	in	which	no	operations	are	being	performed	on	any	memory	location	and	the	data	pins	are	in	the	Hi-Z	state.	This	bidirectional	bus	carries	data	between	the	CPU	and	the
memory	ICs.	Control	Bus.	Solution	A3A2		11	will	cause	the	column	decoder	to	activate	the	column	3	select	line,	and	A1A0		01	will	cause	the	row	decoder	to	activate	the	row	1	select	line.	Notice	that	seven	of	the	products	are	unconditionally	connected	to	the	OR	VCC	11	10	01	00	T	S	M	U	X	To	adjacent	OLMC	FMUX	in	AC0	AC1	(n)	0	1	P	T	M	U	X	From
AND	array	0	Q	XOR	=1	Feedback	D	Q	F	M	U	X	10	11	0X	1	O	M	U	X	I/O	(n)	AC0	AC1	(n)	CLK	OE	FIGURE	13-8	Output	logic	macrocell	for	the	GAL	16V8.	Data	Acquisition	Process	by	which	a	computer	acquires	digitized	analog	data.	Its	AND	array	is	programmable,	whereas	its	OR	array	is	hard-wired.	Some	of	its	important	characteristics	are	as	follows:
■	■	It	has	two	analog	inputs,	VIN(+)	and	VIN(-),	to	allow	differential	inputs.	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	59	59	SECTION	3-3/OR	OPERATION	WITH	OR	GATES	FIGURE	3-2	(a)	Truth	table	defining	the	OR	operation;	(b)	circuit	symbol	for	a	two-input	OR	gate.	Notice	the	use	of	the	double	equals	()	operator	on	line	11.	Circular
Buffer	A	memory	system	that	always	contains	the	last	n	data	values	that	have	been	written.	Altera’s	latest	software	development	system	is	Quartus	II.	Assume	that	a	5	V	precision	supply	voltage	is	available.	What	are	the	three	major	categories	of	digital	systems?	Each	memory	location	has	a	unique	address.	A	look-up	table	is	typically	a	16-word	by	1-
bit	SRAM	array	used	to	store	the	desired	output	logic	levels	for	a	simple	logic	function.	TOCCMG01.0131725793.QXD	12/20/05	4:18	PM	Page	909	GLOSSARY	SUBDESIGN	Keyword	in	AHDL	used	to	begin	a	circuit	description.	Before	we	can	demonstrate	these	interpretations,	we	must	first	establish	the	concept	of	active	logic	levels.	For	the	flexibility
to	serve	the	diverse	needs	of	the	many	different	schools,	an	introduction	to	this	topic	is	presented	as	a	convenient	bridge	between	a	digital	systems	course	and	an	introduction	to	microprocessors/microcontrollers	course.	Since	mega		220,	how	many	bits	of	data	can	a	CD-ROM	hold?	Eight	911	TOCCMN01_0131725793.QXD	912	12/20/05	4:45	PM	Page
912	ANSWERS	TO	SELECTED	PROBLEMS	3-3.	Standard	signal-tracing	techniques	can	be	used	to	isolate	any	faults	in	the	decoding	logic.	0000000001001001;	1111111110101110	CHAPTER	7	Note:	Solutions	to	some	problems	in	Chapter	7	are	provided	in	a	document	file	(Chapter	7	solutions.doc)	on	the	enclosed	CD.	NOR	gate	2	is	used	as	an
INVERTER	to	change	A	+	B	to	A	+	B	=	A	+	B,	which	is	the	desired	OR	function.	NOT	A	0	1	x=A	1	0	(a)	A	NOT	1	0	x=A	A	x	Presence	of	small	circle	always	denotes	inversion	(b)	1	0	(c)	TOCCMC03_0131725793.QXD	12/2/05	66	8:18	PM	Page	66	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	NOT	Circuit	(INVERTER)	Figure	3-11(b)	shows	the	symbol	for
a	NOT	circuit,	which	is	more	commonly	called	an	INVERTER.	Now	consider	theorem	(17):	x#y	=	x	+	y	The	left	side	of	the	equation	can	be	implemented	by	a	NAND	gate	with	inputs	x	and	y.	The	next	step	occurs	at	t4,	where	the	control	logic	sets	the	next	lower	bit	Q1	so	that	[Q]		1010	and	VAX		10	V.	It	could	be	organized	as	a	128	*	8	with	seven
address	inputs	and	eight	data	outputs.	Life	is	full	of	examples	of	circumstances	that	are	in	one	state	or	another.	(a)	22	(c)	2313	(e)	255	(g)	983	2-2.	FIGURE	3-17	Constructing	a	logic	circuit	from	a	Boolean	expression.	Analysis	Using	a	Table	Whenever	you	have	a	combinational	logic	circuit	and	you	want	to	know	how	it	works,	the	best	way	to	analyze	it
is	to	use	a	truth	table.	This	term	is	ANDed	with	A	and	B,	and	the	result	is	inverted;	this,	of	course,	is	the	NAND	operation.	Explain	the	difference	between	the	read	(fetch)	and	write	(store)	operations.	In	fact,	both	representations	are	used	to	represent	the	NAND	function.	The	programmable	signal	routing	resources	within	the	chip	tend	to	be	quite
varied,	with	many	different	path	lengths	available.	To	reduce	pin	count	3.	To	categorize	these	methods,	we	could	say	that	Boolean	algebra	is	a	mathematic	tool,	truth	tables	are	data	organizational	tools,	schematic	symbols	are	drawing	tools,	timing	diagrams	are	graphing	tools,	and	language	is	the	universal	description	tool.	The	problem	typically	can
be	traced	to	a	bad	memory	IC;	a	bad	decoder	IC,	logic	gate,	or	signal	buffer;	or	a	problem	in	the	circuit	connections	(i.e.,	shorts	or	open	connections).	The	INVERTER	already	has	a	bubble	output.	This	decoder	divides	the	entire	memory	space	(assuming	16	address	bits)	into	8K	address	blocks.	In	reality,	there	is	a	very	small	output	voltage	for	this
situation.	(b)	Conversion	from	decimal	to	binary	requires	repeated	division	by	_____.	The	analog	voltage	that	is	to	be	converted	is	applied	to	the	VCO	to	generate	an	output	frequency.	Parallel	Adder	Digital	circuit	made	from	full	adders	and	used	to	add	all	of	the	bits	from	the	addend	and	the	augend	together	simultaneously.	Figure	12-11	shows	the
inner	workings	of	how	this	is	done.	For	example,	with	input	address	1000000	(representing	approximately	45°)	the	data	outputs	will	be	10110101.	Note	that	there	are	4	table	entries	for	the	two-input	truth	table,	8	entries	for	a	three-input	truth	table,	and	16	entries	for	the	four-input	truth	table.	(b)	How	long	will	output	data	remain	valid	after	CS
returns	HIGH?	JTAG	Joint	Test	Action	Group,	which	created	a	standard	interface	that	allows	access	to	the	inner	workings	of	an	IC	for	testing,	controlling,	and	programming	purposes.	Observation/Analysis	Process	used	to	troubleshoot	circuits	or	systems	in	order	to	predict	the	possible	faults	before	ever	picking	up	a	troubleshooting	instrument.	+5	V
Problem	CS	A3	MOD-16	counter	CLK	100-kHz	D	FIGURE	12-49	12-19.	This	output	signal	will	go	HIGH	at	the	start	of	a	conversion	and	will	return	LOW	to	signal	the	end	of	conversion.	These	continuously	variable	voltage	or	current	signals	are	called	analog	signals.	9-48.	TOCCMC02_0131725793.QXD	12/22/05	46	4:46	AM	Page	46	CHAPTER
2/NUMBER	SYSTEMS	AND	CODES	APPLICATION	2-5	When	ASCII	characters	must	be	transmitted	between	two	independent	systems	(such	as	between	a	computer	and	a	modem),	there	must	be	a	way	of	telling	the	receiver	when	a	new	character	is	coming	in.	Logic	Primitive	A	circuit	description	of	a	fundamental	component	that	is	built	into	the
MAXPLUS	II	system	of	libraries.	AND	Gate	The	logic	symbol	for	a	two-input	AND	gate	is	shown	in	Figure	3-7(b).	The	control	circuit	generates	a	START	pulse	to	initiate	the	conversion	of	VA0	to	its	digital	equivalent.	Some	FPGAs	include	large	blocks	of	RAM	memory;	others	do	not.	Static	Memory	Devices.	EXAMPLE	12-2	Describe	the	conditions	at
each	input	and	output	when	the	contents	of	address	location	00100	are	to	be	read.	VAX	COMP	VA	=	10.4	V	–	To	Control	Logic	From	Control	Logic	+	•	•	•	•	•	•	•	•	•	•	•	R	E	G	I	S	T	E	R	Q3	Q2	Q1	Q0	Conversion	completed	12	11	10	9	8	MSB	Volts	DAC	step	size	=1V	VAX	0	t0	t1	t2	t3	t4	t5	t6	Time	At	the	next	step	(time	t1),	the	control	logic	sets	the	MSB
of	the	register	to	1	so	that	[Q]		1000.	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	63	63	SECTION	3-4/AND	OPERATION	WITH	AND	GATES	FIGURE	3-7	(a)	Truth	table	for	the	AND	operation;	(b)	AND	gate	symbol.	First,	we	define	some	of	the	common	terms	used	in	memory	systems.	It	is	synchronous	because	it	is	within	the	IF	structure	(lines
19–30)	that	detects	the	active	clock	edge.	True	or	false:	When	memory	chips	are	combined	for	a	larger	capacity,	each	chip	is	connected	to	the	same	data	bus	lines.	For	this	modified	converter,	determine	the	digital	output	for	the	following	VA	values.	(c)	A	byte	is	eight	bits.	What	messages	would	be	printed	out	when	a	power-up	self-test	is	performed	on
the	RAM	system	of	Figure	12-42	if	there	is	a	short	between	the	decoder’s	K2	and	K3	outputs?	As	you	recall	from	Chapter	11,	digital	filtering	and	other	DSP	operations	perform	calculations	using	a	group	of	recent	samples.	It	is	designed	to	count	up	whenever	the	comparator	output	indicates	that	VAX	6	VA	and	to	count	down	whenever	VAX	7	VA.	20
bits	TOCCMC02_0131725793.QXD	52	12/22/05	4:46	AM	Page	52	CHAPTER	2/NUMBER	SYSTEMS	AND	CODES	SECTION	2-3	1.	This	word	is	followed	by	a	name	for	the	block	and	the	definitions	of	its	input/output	ports.	When	the	error	is	large,	the	sigma	changes	by	large	increments.	(e)	A	transmitter	attaches	a	_____	to	a	code	group	to	allow	the
receiver	to	detect	_____.	Digital	Integrated	Circuits	Self-contained	digital	circuits	made	by	using	one	of	several	integrated-circuit	fabrication	technologies.	After	this,	a	normal	read	cycle	can	be	used	to	access	data	stored	at	any	address.	Pull-Up	Transistor	See	Current-Sourcing	Transistor.	Digital-Ramp	ADC	Type	of	analog-to-digital	converter	in	which
an	internal	staircase	waveform	is	generated	and	utilized	for	the	purpose	of	accomplishing	the	conversion.	The	use	of	modern	design	tools,	CPLDs,	and	FPGAs	allows	engineers	to	progress	from	concept	to	functional	silicon	very	quickly.	Another	major	concern	when	interfacing	digital	and	analog	signals	is	noise.	The	DSO	uses	both	of	these	devices	to
digitize,	store,	and	display	analog	waveforms.	Pearson	Education	Ltd.	Static	RAM	(SRAM)	Semiconductor	RAM	that	stores	information	in	flip-flop	cells	that	do	not	have	to	be	periodically	refreshed.	SRAM	programs	faster	and	has	a	higher	logic	cell	density	than	EEPROM.	To	select	row	3,	the	A1A0	inputs	must	be	at	11,	and	to	select	column	1,	the	A3A2
inputs	must	be	at	01.	Address	bus	Memory	IC	CPU	Data	bus	Control	bus	Memory	IC	TOCCMC12_0131725793.QXD	12/20/05	794	5:37	PM	Page	794	CHAPTER	12/MEMORY	DEVICES	When	a	computer	is	executing	a	program	of	instructions,	the	CPU	continually	fetches	(reads)	information	from	those	locations	in	memory	that	contain	(1)	the	program
codes	representing	the	operations	to	be	performed	and	(2)	the	data	to	be	operated	upon.	The	language	has	been	standardized	by	the	IEEE,	making	it	universally	appealing	for	engineers	as	well	as	the	makers	of	software	tools	that	translate	designs	into	the	bit	patterns	used	to	program	actual	devices.	At	the	same	time,	you	have	learned	about	all	the
building	blocks	of	digital	systems.	EXAMPLE	12-7	Describe	the	internal	architecture	of	a	ROM	that	stores	4K	bytes	and	uses	a	square	register	array.	However,	in	cases	such	as	A	+	B	the	inversion	bars	do	not	cancel.	This	is	the	ASCII	character	“C.”	The	code	group	has	three	1s.	Encode	these	decimal	numbers	in	BCD.	(a)	AHDL:	gadgets[7..0]
:OUTPUT;	VHDL:	gadgets	:OUT	BIT_VECTOR	(7	DOWNTO	0);	4-57.	An	odd-parity	bit	is	also	included	at	the	end	of	each	code	group.	SECTION	11-3	D	D	11-13.*The	step	size	of	the	DAC	of	Figure	11-5	can	be	changed	by	changing	the	value	of	RF.	The	motor	stops	when	the	P.A.	output	is	0.	Combining	DRAM	Chips	DRAM	ICs	often	come	with	word	sizes
of	one	or	four	bits,	so	it	is	necessary	to	combine	several	of	them	to	form	larger	word	size	modules.	The	result	of	the	AND	operation	will	be	HIGH	(logic	level	1)	only	if	all	variables	are	HIGH.	If	the	design	requires	the	state	machine	also	to	be	connected	to	an	output	port,	then	line	6	can	be	changed	to:	cycle:	MACHINE	OF	BITS	(st	[1..0])	and	the	output
port	st[1..0]	can	be	added	to	the	SUBDESIGN	section.	johnson_ahdl	johnson_vhdl	7-87.	Microcomputer	Newest	member	of	the	computer	family,	consisting	of	microprocessor	chip,	memory	chips,	and	I/O	interface	chips.	Because	this	charge-transport	mechanism	requires	very	low	currents,	the	erasing	and	programming	of	an	EEPROM	can	be	done	in
circuit	(i.e.,	without	a	UV	light	source	and	a	special	PROM	programmer	unit).	g	segment	or	decoder	output	transistor	would	burn	out.	7-69.	Data	Converter	The	data-converter	circuit	takes	data	expressed	in	one	type	of	code	and	produces	an	output	expressed	in	another	type.	(c)	How	many	bytes	does	it	take	to	make	up	a	24-bit	word?	(a)*74	(c)*8884
(e)*165	(b)	38	(d)	275	(f)	9201	2-28.*	In	a	certain	digital	system,	the	decimal	numbers	from	000	through	999	are	represented	in	BCD	code.	At	that	point,	the	computer	begins	executing	the	operating	system	program	and	is	ready	to	respond	to	the	user	commands.	In	many	systems,	it	is	not	economical	to	use	high-speed	memory	devices	for	all	of	the
internal	memory.	AB		CD		FG	8-29.	Trigger	Input	signal	to	a	flip-flop	or	one-shot	that	causes	the	output	to	change	states	depending	on	the	conditions	of	the	control	signals.	Multiply	each	of	the	256	samples	by	their	corresponding	weight	constant.	This	manual,	written	by	Jim	DeLoach	and	Frank	Ambrosio,	is	presented	with	an	analysis	and
troubleshooting	approach	and	is	fully	updated	for	this	edition	of	the	text.	With	the	growth	of	complex	programmable	logic	devices	in	digital	systems,	VHDL	has	evolved	into	one	of	the	primary	high-level	hardware	description	languages	for	designing	and	implementing	digital	circuits	(synthesis).	It	provides	row	addresses	to	the	DRAM	during	refresh
cycles.	The	CPU	places	4016	on	the	data	bus	and	pulses	CE	and	WE	LOW	while	holding	OE	HIGH.	Parity	Bit	Additional	bit	that	is	attached	to	each	code	group	so	that	the	total	number	of	1s	being	transmitted	is	always	even	(or	always	odd).	The	special	DSP	hardware	must	perform	the	following	operations:	Read	the	newest	sample	(one	new	number)
from	A/D.	EVENT	A	VHDL	keyword	used	as	an	attribute	attached	to	a	signal	to	detect	a	transition	of	that	signal.	However,	computers	are	complex	digital	systems	that	are	made	up	of	logic	circuits.	Looping	Combining	of	adjacent	squares	in	a	Karnaugh	map	containing	1s	for	the	purpose	of	simplification	of	a	sum-of-products	expression.	These	boards,
along	with	powerful	educational	software,	offer	an	excellent	way	to	teach	and	demonstrate	the	practical	implementation	of	the	concepts	presented	in	this	text.	Digital	data	(1s	and	0s)	are	stored	on	the	disk	one	bit	at	a	time	by	burning	or	not	burning	a	pit	into	the	reflective	coating.	Q	128K	array	10	(a)	Address	inputs	Row	address	Column	address	RAS
t	RS	t	CS	CAS	t0	t2	t1	t3	(b)	FIGURE	12-27	(a)	Simplified	architecture	of	the	TMS44100	4M	*	1	DRAM;	(b)	RAS>CAS	timing.	The	following	is	a	step-by-step	description	of	the	events	that	occur	at	the	times	indicated	on	the	diagram.	Add	four	more	PROMs	(PROM-4	through	PROM-7)	to	the	circuit.	Memory	Foldback	Redundant	enabling	of	a	memory
device	at	more	than	one	address	range	as	a	result	of	incomplete	address	decoding.	Each	manufacturer	may	offer	different	devices	of	the	same	dimension	(e.g.,	32K	*	8)	but	with	different	specifications	or	features.	CLK	Input	data	Q	5-16.	The	inputs	are	a	bit	from	the	augend	and	a	bit	from	the	addend.	While	many	different	patterns	can	be	used,	one	of
the	most	widely	used	is	the	“checkerboard	pattern.”	In	this	pattern,	1s	and	0s	are	alternated	as	in	01010101.	Memory	Ability	of	a	circuit’s	output	to	remain	at	one	state	even	after	the	input	condition	that	caused	that	state	is	removed.	The	logic	array	blocks	in	Cyclone	devices	consist	of	10	LEs	and	a	local	interconnect.	(a)	101;011;000	5-33.	Widmer
Purdue	University	Gregory	L.	The	time	you	spend	will	be	well	worth	it	because	you	will	see	your	skills	improve	and	your	confidence	grow.	Address	Number	that	uniquely	identifies	the	location	of	a	word	in	memory.	Addend	Number	to	be	added	to	another.	9-61.	If	the	grounded	input	is	selected,	the	tristate	output	of	the	inverter	is	always	in	its	high-
impedance	state	(allowing	the	I/O	pin	to	be	used	as	an	input).	An	alphanumeric	code	is	one	that	uses	groups	of	bits	to	represent	all	of	the	various	characters	and	functions	that	are	part	of	a	typical	computer’s	keyboard.	What	is	the	value	(in	binary)	of	the	least	significant	nibble	of	this	byte?	At	outputs	of	register	3.	Percentage	resolution	can	also	be
defined	as	the	reciprocal	of	the	maximum	number	of	steps	of	a	digital-to-analog	converter.	The	counter	is	incremented	and	the	process	is	repeated	up	to	address	1111111111	(row	1023).	Many	hardware	design	tools	even	provide	an	easy-to-use	design	entry	technique	that	will	employ	the	functionality	of	conventional	standard	parts	with	the	flexibility
of	programmable	logic	devices.	This	saves	physical	space	on	the	system	board	as	opposed	to	using	a	2864	in	a	28-pin,	wide-DIP	package.	Use	theorems	(13)	and	(14)	to	simplify	y	=	AC	+	ABC.	MAX7000S	devices	have	a	power-saving	option	that	allows	the	designer	to	program	each	individual	macrocell	for	either	high-speed	(turbo	bit	turned	on)	or	low-
power	(turbo	bit	turned	off)	operation.	Mode	0	(hold	data)	uses	a	direct	parallel	transfer	from	the	current	state	to	the	same	bit	positions	to	produce	the	identical	NEXT	state.	They	are	nonvolatile,	fast,	reliable,	small,	and	low-power.	The	Multiply	and	Accumulate	(MAC)	unit	5.	REVIEW	QUESTIONS	Sample	(n)	Digital	IN	1	5	2	5	3	5	4	5	5	6	7	8	Delta
Sigma	Bit	Stream	Out	Analog	OUT	Feedback	3	5	0	1	8	3	2	0	1	8	13	1	1	1	8	3	12	0	1	8	5	3	9	0	1	8	5	3	6	0	1	8	5	3	3	0	1	8	5	13	0	1	1	8	9	5	3	13	0	1	8	10	5	3	10	0	1	8	11	5	3	7	0	1	8	12	5	3	4	0	1	8	13	5	3	1	0	1	8	14	5	13	2	1	1	8	15	5	3	11	0	1	8	16	5	3	8	0	1	8	17	5	3	5	0	1	8	18	5	3	2	0	1	8	1.	A	refresh	counter	supplies	the	sequential	row	addresses	from	row	0	to
row	1023	(for	a	4M	*	1	DRAM).	■	INTRODUCTION	Chapters	1	and	2	introduced	the	concepts	of	logic	levels	and	logic	circuits.	What	is	a	checksum?	FIGURE	3-24	Examples	3-11	and	3-12.	Fourteen	address	inputs	are	needed	to	select	one	of	the	cells	(214		16,384);	the	lower	address	bits,	A0	to	A6,	select	the	column,	and	the	higher-order	bits,	A7	to
A13,	select	the	row.	Notice	that	there	are	only	11	address	lines	and	that	they	go	to	both	the	row	and	the	column	address	registers.	Digital	cameras	store	many	pictures	on	removable	memory	media.	EXAMPLE	3-19	Give	the	interpretation	of	the	two	OR	gate	symbols.	If	the	logic	state	for	an	intermediate	node	is	incorrect,	the	problem	must	be	to	the
left	of	that	node	(or	that	node	is	shorted	to	something).	The	Altera	FLEX10K	and	Cyclone	families	of	devices	use	a	look-up	table	(LUT)	architecture	in	an	SRAM	technology.	An	example	is	the	PAL16R8,	which	has	up	to	eight	registered	outputs	(which	can	also	serve	as	inputs)	plus	eight	dedicated	inputs.	(a)	(b)	(c)	Volatile	Density	Read	Write	What	are
the	three	buses	in	a	computer	memory	system?	True	or	false:	A	dynamic	memory	will	hold	its	data	as	long	as	electrical	power	is	applied.	What	does	an	X	represent	on	a	PLD	diagram?	It	is	true	that	the	easiest	way	to	become	bilingual,	and	fluent	in	both	languages,	is	to	be	raised	in	an	environment	where	both	languages	are	spoken	routinely.
Functionally	Equivalent	When	the	logic	functions	performed	by	two	different	ICs	are	exactly	the	same.	A	redundant	contact	point	on	each	side	of	the	board	offers	some	assurance	that	a	good,	reliable	contact	is	made.	How	would	the	address	counter	be	changed	if	there	were	eight	analog	inputs?	For	the	erase	and	programming	operations	5.	Also
referred	to	as	mass	storage	because	it	stores	massive	amounts	of	information	external	to	the	main	memory.	Each	cell	is	an	N-channel	MOSFET	transistor	connected	in	the	common-drain	configuration	(input	at	gate,	output	at	source).	What	is	its	capacity	in	bytes?	The	key	strategy	in	this	solution	involves	the	concatenation	of	the	three	enable	bits	(e3,
e2bar,	e1bar)	with	the	binary	input	a	on	line	11.	Read/Write	Memory	(RWM)	Any	memory	that	can	be	read	from	and	written	into	with	equal	ease.	7-1.	The	flash	converter	in	Figure	11-22(a)	has	a	three-bit	resolution	and	a	step	size	of	1	V.	for	students.	Write	Operation	To	write	a	new	four-bit	word	into	the	selected	register	requires	R>W	=	0	and	CS	=
0.	Clocked	Flip-Flops	Flip-flops	that	have	a	clock	input.	This	is	much	too	fast	for	any	DRAM	chip.	Sampling	Frequency	The	rate	at	which	an	analog	signal	is	digitized	(samples	per	second).	Moss,	Gregory	L.	NOT	Operation	Boolean	algebra	operation	in	which	–	the	overbar	(	)	or	the	prime	(	¿	)	symbol	is	used	to	indicate	the	inversion	of	one	or	more	logic
variables.	Instead,	numbers	are	simply	changed	in	the	calculations	to	adapt	the	dynamic	response	of	the	filter.	Programmable	Array	Logic	(PAL)	Class	of	programmable	logic	devices.	Simple	ripple	counters	are	still	introduced	to	provide	a	basic	understanding	of	the	concept	of	counting	and	asynchronous	cascading.	Convert	each	hex	number	to	its
decimal	equivalent.	When	this	is	done,	the	reduced	expression	will	produce	a	circuit	that	is	less	complex	than	the	one	that	the	original	expression	would	have	produced.	The	four	PROMs	are	to	maintain	the	same	hex	address	ranges.	See	diagram	on	CD.	The	circuit	is	to	be	implemented	with	a	minimum	number	of	ICs.	The	TTL	integrated	circuits	shown



in	Figure	3-31	are	available.	From	the	diagram	we	can	see	that	v	=	AB.	As	you	look	at	the	various	memory	devices	that	have	been	described	in	this	chapter,	you	will	notice	some	similarities.	242.5	mV	is	not	within	specifications.	As	an	example	of	the	use	of	AND	logic,	consider	a	typical	clothes	dryer.	The	latter	operation	is	called	a	refresh	operation.	A
X=A⊕B	B	CHAPTER	4	4-1.	12-38.	The	standard	SSI	and	MSI	parts	that	have	served	as	“bricks	and	mortar”	in	the	building	of	digital	systems	for	nearly	40	years	are	now	nearing	obsolescence.	That	is,	0	=	1	because	0	is	not	1	1	=	0	because	1	is	not	0	and	The	NOT	operation	is	also	referred	to	as	inversion	or	complementation,	and	these	terms	will	be
used	interchangeably	throughout	the	book.	With	separate	input	and	output	pins,	a	total	of	18	pins	is	required	(including	ground	and	power	supply).	Therefore,	some	kind	of	refresh	control	logic	is	needed	either	external	to	the	DRAM	chip	or	as	part	of	its	internal	circuitry.	R2	=	1.5	kÆ,	R1	=	18	kÆ	8-49.	In	Boolean	algebra,	there	are	no	fractions,
decimals,	negative	numbers,	square	roots,	cube	roots,	logarithms,	imaginary	numbers,	and	so	on.	(In	the	special	case	of	the	INVERTER,	the	operation	symbol	is	not	changed.)	FIGURE	3-33	Standard	and	alternate	symbols	for	various	logic	gates	and	inverter.	An	ISP	PLD	device	is	in-system	programmable,	which	means	that	it	can	be	programmed	while
connected	in	the	circuit.	No	memory	test	can	catch	all	possible	RAM	faults	with	100	percent	accuracy,	even	though	it	may	show	that	each	cell	can	store	and	read	a	0	or	a	1.	CLK	PRE	CLR	Q	5-23.	IC	TECHNOLOGY	This	new	edition	continues	the	practice	begun	with	the	last	three	editions	of	giving	more	prominence	to	CMOS	as	the	principal	IC
technology	in	small-	and	medium-scale	integration	applications.	Pearson	Education	Canada,	Ltd.	Look	and	see	if	your	favorites	or	potential	submission	selections	from	your	college	top	25	made	the	list.University	of	California-Los	AngelesUCLA	is	located	in	the	Westwood	neighborhood	of	Los	Angeles,	about	five	miles	from	the	Pacific	Ocean.	The
material	on	PLDs	and	HDLs	is	distributed	throughout	the	text,	with	examples	that	emphasize	key	features	in	each	application.	See	simulation	on	CD.	Convert	each	of	the	following	decimal	numbers	to	hex.	You	already	knew	that	a	PROM	is	programmable	and	it	is	a	logic	device.	Memory	chips	can	be	combined	to	implement	any	desired	configuration,
whether	your	system	needs	more	bits	per	location	or	more	total	word	capacity.	For	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	79	79	SECTION	3-10/BOOLEAN	THEOREMS	now,	the	following	examples	will	serve	to	illustrate	how	the	Boolean	theorems	can	be	applied.	(Courtesy	of	Altera	Corporation.)	Dedicated	inputs	and	global	signals	(1)
LAB	local	interconnect	(2)	6	4	Carry-in	and	Cascade-in	2	4	LE1	4	LE2	4	LE3	4	LE4	4	LE5	4	LE6	4	LE7	4	LE8	8	892	16	4	4	LAB	control	signals	FIGURE	13-17	Row	interconnect	2	8	24	Column-to-row	interconnect	Column	interconnect	8	Carry-out	and	Cascade-out	FLEX10K	logic	array	block.	Programmable	Logic	Device	(PLD)	IC	that	contains	a	large
number	of	interconnected	logic	functions.	Hybrid	System	System	that	employs	both	analog	and	digital	techniques.	Two	more	examples	are	given	below.	(g)	Is	erased	electrically.	TOCCMC09_0131725793.QXD	12/20/05	650	FIGURE	9-63	Four-bit	*	four-channel	DEMUX	in	AHDL.	11-3.*Determine	the	weight	of	each	input	bit	for	the	DAC	of	Problem	11-
2.	As	we	stated	earlier,	unlike	static	RAMs,	which	store	information	in	FFs,	dynamic	RAMs	store	1s	and	0s	as	charges	on	a	small	MOS	capacitor	(typically	a	few	picofarads).	ANSWERS	TO	SECTION	REVIEW	QUESTIONS	SECTION	12-1	1.	For	all	other	cases,	Z	is	made	a	1.	It	is	every	educator’s	responsibility	to	find	the	best	way	to	prepare	graduates
for	the	work	they	will	encounter	in	their	professional	lives.	Analog	Representation	Representation	of	a	quantity	that	varies	over	a	continuous	range	of	values.	t3:	CAS	goes	LOW	to	load	the	column	address	into	the	DRAM.	(a)*47	(d)	6727	(g)*89,627	(b)	962	(e)*13	(h)	1024	(c)*187	(f)	529	2-20.	Within	each	OLMC,	the	products	are	ORed	together	to
generate	the	sum	of	products	(SOP).	For	example,	assume	an	applied	address	code	of	A5A4A3A2A1A0		011010	Because	0110102		2610,	decoder	output	26	will	go	high,	selecting	register	26	for	either	a	read	or	a	write	operation.	12.	Chapter	5.	This	is	the	way	that	the	OLMC	configuration	can	be	altered	by	the	programmer.	Multiplexer	(MUX)	Logic
circuit	that,	depending	on	the	status	of	its	select	inputs,	will	channel	one	of	several	data	inputs	to	its	output.	The	HDL	sections	have	been	improved	to	demonstrate	the	implementation	of	synchronous/asynchronous	loading,	clearing,	and	cascading.	EXAMPLE	3-23	FIGURE	3-40	Example	3-23.	The	nature	of	the	syntax,	the	subtle	distinctions	in	object
types,	and	the	higher	levels	of	abstraction	can	pose	obstacles	for	a	beginner.	Supply	the	input	data	to	be	stored	in	memory	during	a	write	operation.	This	inverts	the	output	of	the	OR	gate,	which	is	inverted	again	when	it	passes	through	the	tristate	inverting	buffer	on	the	output.	In	this	way,	the	computer	can	perform	other	tasks	while	the	FIFO	is
slowly	being	filled	with	data.	General	Improvements	The	tenth	edition	of	Digital	Systems	reflects	the	authors’	views	of	the	direction	of	modern	digital	electronics.	(a)	40	(b)	33	8-8.	Repeat	Problem	12-28	for	Figure	12-31.	(b)	In	actual	operation,	the	lever	arm	might	oscillate	slightly	around	the	desired	position,	especially	if	a	wire-wound	potentiometer
is	used.	The	definition	of	a	master/slave	flip-flop	has	been	removed	as	well.	Read	Operation	Operation	in	which	a	word	in	a	specific	memory	location	is	sensed	and	possibly	transferred	to	another	device.	The	Read	Operation	Let’s	assume	that	the	ROM	has	been	programmed	with	the	data	shown	in	the	table	of	Figure	12-6(b).	The	CS	signal	that
activates	the	ADC0804	is	developed	from	the	eight	high-order	address	lines	of	the	MPU	address	bus.	12-16	DRAM	REFRESHING	A	DRAM	cell	is	refreshed	each	time	a	read	operation	is	performed	on	that	cell.	When	START	returns	_____,	the	AND	gate	is	_____,	and	the	counter	is	allowed	to	_____.	12-41.	This	is	done	by	adding	bubbles	(small	circles)	on
input	and	output	lines	that	do	not	have	bubbles	and	by	removing	bubbles	that	are	already	there.	Combining	two	16	*	4	RAMs	for	a	16	*	8	module.	(f),	(g)	False	11-3.	The	DAC	that	is	available	has	10	input	bits	and	has	a	fullscale	output	of	10	V.	The	default	condition	for	each	channel	is	specified	after	the	keyword	DEFAULTS,	which	tells	the	compiler	to
generate	a	circuit	that	will	have	HIGHs	on	the	outputs	unless	specifically	assigned	a	value	elsewhere	in	the	code.	Power	consumption	may	be	decreased	by	slowing	down	macrocells.	Up/Down	Digital-Ramp	ADC	Type	of	analog-to-digital	converter	that	uses	an	up/down	counter	to	step	up	or	step	down	the	voltage	from	a	digital-to-analog	converter	until
it	intersects	the	analog	input.	Process	of	converting	different	points	on	an	analog	signal	to	digital	and	storing	the	digital	data	for	later	use	2.	The	test	instrument	is	then	programmed	to	read	the	contents	of	each	location	of	the	test	ROM	and	compare	it	with	the	contents	of	the	reference	ROM.	After	this	code	is	written	to	the	command	register,	the	next
read	operation	will	produce	the	contents	of	the	last	location	that	was	written	to,	and	these	data	can	be	compared	with	the	intended	value.	The	data	word	stored	in	the	last	address	is	the	eight-bit	sum	of	the	other	seven	data	words	(ignoring	carries	from	the	MSB).	Pin	2	on	this	device	is	GCLK2	(secondary	global	clock).	The	results	are	as	follows:	■	■	■
■	Module-0:	0000–03FF	Module-1:	0400–07FF	Module-2:	0800–0BFF	Module-3:	0C00–0FFF	Note	that	the	four	modules	combine	for	a	total	address	range	of	0000	to	0FFF.	The	precedence	of	these	statements	is	established	by	the	order	in	which	they	are	listed.	At	this	point	the	two	parts	of	the	address	are	in	their	respective	registers,	the	decoders
have	decoded	them	to	select	the	one	cell	corresponding	to	the	row	and	column	address,	and	a	read	or	a	write	operation	can	be	performed	on	that	cell	just	as	in	a	static	RAM.	In	industry	today,	we	see	the	importance	of	getting	a	product	to	market	very	quickly.	Figure	3-11(c)	shows	how	the	INVERTER	affects	an	input	signal.	A15	0	A14	0	A13	0	A12	0
A11	0	A10	1	A9	A8	A7	A6	A5	A4	A3	A2	A1	A0	1	0	1	0	1	0	0	0	1	1	You	should	be	able	to	verify	that	levels	A15	to	A10	will	activate	decoder	output	K1	to	select	RAM	module-1.	When	one	computer	is	transmitting	a	message	to	another,	the	information	is	usually	encoded	in	ASCII.	The	maximum	rate	is	determined	by	the	delay	time	of	the	switches	and	the
conversion	time	of	the	ADC.	They	also	come	in	buffered	and	unbuffered	versions.	True	2.	Sensitivity	List	The	list	of	signals	used	to	invoke	the	sequence	of	statements	in	a	PROCESS.	Some	DRAM	chips	have	built-in	refresh	control	circuitry	that	does	not	require	extra	external	hardware	but	does	require	special	timing	of	the	chip’s	input	control	signals.
(f)	Is	erased	with	UV	light.	AHDL	text-based	language	is	contained	in	a	set	of	statements	that	follow	the	circuit	input/output	(I/O)	definition.	Auxiliary	memory—also	called	mass	storage—has	the	capacity	to	store	massive	amounts	of	data	without	the	need	for	electrical	power.	It	is	drying	clothes	(heating,	tumbling)	only	if	the	timer	is	set	above	zero
AND	the	door	is	closed.	Any	memory	that	can	be	read	from	or	written	into	with	equal	ease.	With	four	common	I/O	pins,	only	14	pins	are	required.	Programming	The	act	of	storing	1s	and	0s	in	a	programmable	logic	device	to	configure	its	behavioral	characteristics.	It	is	instructive,	however,	to	look	at	a	simplified	diagram	of	the	internal	architecture,
such	as	that	shown	in	Figure	12-7,	for	the	16	*	8	ROM.	(a)	16	(c)	909	(e)	FF	(g)	3D7	2-16.	The	MAX7000S	family	of	CPLDs	is	in-system	programmable	(ISP).	The	many	different	building	blocks	of	digital	systems	are	still	covered	in	this	chapter	and	demonstrated	using	HDL.	11-27.*	An	ADC	has	the	following	characteristics:	resolution,	12	bits;	fullscale
error,	0.03%	F.S.;	full	scale	output,	5	V.	80	ms	11-38.	FIGURE	3-46	HDL	files.	The	OR	operation	produces	a	result	(output)	of	1	whenever	any	input	is	a	1.	The	following	examples	will	show	how	this	rule	can	be	applied.	Each	EAB	Embedded	array	block	(EAB)	I/O	element	(IOE)	IOE	IOE	IOE	IOE	IOE	IOE	IOE	IOE	IOE	IOE	IOE	••	•	IOE	IOE	••	•	IOE
Column	interconnect	Logic	array	EAB	Logic	array	block	(LAB)	IOE	••	•	IOE	IOE	••	•	IOE	Logic	element	(LE)	Row	interconnect	EAB	Local	interconnect	Logic	array	IOE	IOE	IOE	IOE	IOE	IOE	IOE	IOE	IOE	IOE	Embedded	array	FIGURE	13-18	FLEX10K	device	block	diagram.	The	other	four	address	lines	A0	to	A3	are	used	to	select	the	one	memory
location	out	of	16	from	the	selected	RAM	chip.	This	averaging	calculation	is	processing	(filtering)	the	audio	signal.	In	other	words,	the	data	placed	on	the	data	bus	by	the	CPU	will	not	be	accepted	by	any	of	the	RAMs.	EXAMPLE	12-18	Determine	the	range	of	addresses	for	each	module	in	Figure	12-42.	If	the	driver	is	present	AND	the	driver	is	NOT
buckled	up	AND	the	ignition	switch	is	on,	THEN	turn	on	the	warning	light.	A	D/A	converter	with	n	bits	divides	a	range	of	analog	values	(voltage	or	current)	into	2n	-	1	pieces.	Sigma	(π)	Greek	letter	that	represents	addition	and	is	often	used	to	label	the	sum	output	bits	of	a	parallel	adder.	It	inverts	(complements)	the	input	signal	at	all	points	on	the
waveform	so	that	whenever	the	input		0,	output		1,	and	vice	versa.	(a)	BEN	SMITH	2-27.	(h)	Uses	fusible	links.	■	Describe	the	difference	between	read/write	memory	and	read-only	memory.	This	will	place	HIGHs	at	both	enable	inputs	of	register	13,	thereby	causing	its	data	outputs	to	be	placed	on	the	bus.	Do	all	of	the	examples,	exercises,	and
problems,	even	the	ones	your	instructor	doesn’t	assign.	This	logic	device	was	based	on	the	fuse	links	in	PROM	memory	technology	(see	Section	12-7)	and	was	most	commonly	referred	to	as	a	programmable	logic	array	(PLA).	Fill	in	the	column	for	v	by	complementing	all	entries	in	column	u.	Of	course,	the	exact	location	of	the	error	cannot	be
determined.	The	computers	can	be	used	to	simplify	and	translate	between	these	various	forms	of	description	and	ultimately	provide	an	output	in	the	form	necessary	to	implement	a	digital	system.	They	automatically	generate	the	refresh	sequence	often	enough	to	maintain	the	memory,	multiplex	the	address	bus,	generate	the	RAS	and	CAS	signals,	and
arbitrate	control	of	the	DRAM	between	the	CPU	read/write	cycles	and	local	refresh	operations.	Pearson®	is	a	registered	trademark	of	Pearson	plc	Prentice	Hall®	is	a	registered	trademark	of	Pearson	Education,	Inc.	Output	the	resulting	sum	of	products	(1	number)	to	the	D/A.	Change	the	OR	gate	to	an	AND	gate.	For	example,	if	we	blow	fuses	1	and	4
at	OR	gate	1,	the	O1	output	becomes	O1	=	0	+	A	B	+	AB	+	0	=	A	B	+	AB	We	can	program	each	of	the	OR	outputs	to	any	desired	function	in	a	similar	manner.	Theorems	(11)	and	(12)	are	the	associative	laws,	which	state	that	we	can	group	the	variables	in	an	AND	expression	or	OR	expression	any	way	we	want.	(a)	2N	-	1	=	15	and	N		4;	therefore,	four
lines	are	required	for	parallel	transmission.	Note	especially	the	use	of	two	separate	sets	of	parentheses	in	Figure	3-15(b).	When	VA	is	greater	than	7	V,	C1	to	C7	will	all	be	LOW,	and	the	encoder	will	produce	CBA		111	as	the	digital	equivalent	of	VA.	35	FIGURE	11-27	Digital	filtering	of	stock	market	activity.	Figure	12-26	is	a	symbolic	representation	of
a	dynamic	memory	cell	and	its	associated	circuitry.	In	most	memory	systems,	R>W	is	normally	kept	in	the	HIGH	state	except	when	it	is	driven	LOW	during	a	write	cycle.	First,	consider	theorem	(16):	x	+	y	=	x#y	The	left-hand	side	of	the	equation	can	be	viewed	as	the	output	of	a	NOR	gate	whose	inputs	are	x	and	y.	Toggling	Process	of	changing	from
one	binary	state	to	the	other.	So	despite	its	operational	superiority,	the	EEPROM’s	shortcomings	in	density	and	cost-effectiveness	have	TOCCMC12_0131725793.QXD	12/20/05	806	5:37	PM	Page	806	CHAPTER	12/MEMORY	DEVICES	kept	it	from	replacing	the	EPROM	in	applications	where	density	and	cost	are	paramount	factors.	Magnetic	Tape
Memory	Mass	storage	memory	that	stores	data	as	magnetized	spots	on	a	magnetically	coated	plastic	tape.	This	characteristic	means	less	board	space,	less	power	required,	greater	reliability,	less	inventory,	and	overall	lower	cost	in	manufacturing.	It	contains	the	LUT	and	programmable	register,	as	well	as	cascade-	and	carryexpansion	circuitry,
programmable	control	functions,	and	local	and	global	bus	interconnections.	Can	you	explain	why?	Connect	AB13	to	C	input	of	decoder,	and	connect	decoder	outputs	4	through	7	to	CS	inputs	of	PROMs	4	through	7,	respectively.	Once	again,	note	that	the	gate	output	is	1	only	for	the	case	where	A	=	B	=	C	=	1.	Whenever	you	see	the	OR	symbol,	it	means
that	the	output	will	go	HIGH	when	any	input	is	HIGH.	Show	how	to	combine	two	6206	RAM	chips	(Figure	12-20)	to	produce	a	32K	*	16	module.	CE	is	the	chip	enable	input	that	is	used	to	place	the	device	in	a	standby	mode	where	its	power	consumption	is	reduced.	In	singleended	measurements,	the	analog	input	is	applied	to	VIN(+),	while	VIN(-),	is
connected	to	analog	ground.	The	total	number	for	the	circuit	using	separate	decoder/drivers	is	66.	The	block	diagram	for	this	family	is	shown	in	Figure	13-10.	With	programmable	devices,	the	same	functionality	can	be	obtained	with	one	IC	rather	than	using	several	individual	logic	chips.	A	more	likely	fault	is	an	open	between	A10	and	the	A	input	of
the	decoder	because	this	would	act	as	a	logic	HIGH	and	prevent	any	even-numbered	decoder	output	from	being	activated.	2-17.*	List	the	hex	numbers	in	sequence	from	280	to	2A0.	We	thank	the	staffs	at	Prentice	Hall	and	TechBooks/GTS	for	their	help	to	make	this	publication	a	success.	Each	input	channel	has	a	specific	address	code	that,	when
present,	connects	that	channel	to	the	ADC.	Thus,	the	DAC	output	is	always	being	stepped	in	the	direction	of	the	VA	value.	(a)	0.7	V;	0.3	V	(b)	0.5	V;	0.4	V	(c)	0.5	V;	0.3	V	8-6.	Fan-out	of	74HC00	is	exceeded;	disconnect	pin	3	of	7402	and	tie	it	to	ground.	For	example,	let’s	apply	them	to	the	expression	(AB	+	C)	as	shown	below:	(AB	+	C)	=	(AB)	#	C	Note
that	we	used	theorem	(16)	and	treated	AB	as	x	and	C	as	y.	They	suffer	from	lower	density	and	much	higher	cost	than	EPROMs.	The	challenge	for	semiconductor	engineers	was	to	fabricate	a	nonvolatile	memory	with	the	EEPROM’s	in-circuit	electrical	erasability,	but	with	densities	and	costs	much	closer	to	those	of	EPROMs,	while	retaining	the	high-
speed	read	access	of	both.	Your	CD	player	probably	uses	a	sigma/delta	D/A	converter	that	operates	in	this	fashion.	The	output	of	any	OR	gate,	then,	can	be	expressed	as	the	OR	combination	of	its	various	inputs.	It	then	acquires	the	ADC	output	data	by	generating	the	CS	and	RD	signals	after	detecting	an	NGT	at	INTR,	indicating	the	end	of	conversion.
This	final	circuit	is	more	efficient	than	the	one	in	Figure	3-32(a)	because	it	uses	three	two-input	NAND	gates	that	can	be	implemented	from	one	IC,	the	74LS00.	Write	the	number	that	results	when	each	of	the	following	is	incremented.	An	AND	gate	output	will	be	1	only	for	the	case	when	all	inputs	are	1;	for	all	other	cases,	the	output	will	be	0.	13-5
THE	ALTERA	EPM7128S	CPLD	We	will	investigate	the	architecture	of	the	EPM7128S,	an	EEPROM-based	device	in	the	Altera	MAX7000S	CPLD	family.	Figure	12-21	shows	for	comparison	a	typical	bipolar	static	memory	cell	and	a	typical	NMOS	static	memory	cell.	What	system	advantage	is	achieved	by	slowing	down	selected	macrocells	in	a
MAX7000S	device?	Use	the	same	type	of	PROM	chips.	What	is	the	benefit	of	address	multiplexing?	Address.	Each	of	DeMorgan’s	theorems	can	readily	be	proven	by	checking	for	all	possible	combinations	of	x	and	y.	Examination	of	this	truth	table	shows	again	that	the	output	will	be	1	for	every	case	where	one	or	more	inputs	are	1.	For	this	reason,	flash
converters	have	extremely	short	conversion	times.	Next,	the	analog	output	goes	through	a	circuit	called	a	low-pass	filter	that	smoothes	out	the	sudden	changes	and	produces	a	smoothly	changing	voltage	that	is	the	average	value	of	the	bit	stream.	Rambus	is	a	company	that	has	invented	some	revolutionary	new	approaches	to	memory	technology.
Figure	13-16	shows	the	block	diagram	for	a	FLEX10K	logic	element.	The	priority	is	established	by	the	order	in	which	we	list	the	IF	conditions.	The	#	sign	is	usually	omitted	so	that	the	expression	simply	becomes	x	=	AB.	At	t1,	the	new	address	is	valid;	that	is,	each	address	input	is	at	a	valid	logic	level.	We	will	take	a	look	at	one	of	the	more	popular
devices	to	get	an	idea	of	what	is	actually	used	in	system	applications.	The	layout	of	the	memory	array	in	this	diagram	may	appear	complicated	at	first	glance,	but	it	can	be	thought	of	as	just	a	bigger	version	of	the	16K	*	1	DRAM	in	Figure	12-25.	Which	family	is	nonvolatile?	Input	Unit	Part	of	a	computer	that	facilitates	the	feeding	of	information	into	the
computer’s	memory	unit	or	ALU.	The	condition	of	each	source	connection	is	controlled	during	production	by	the	photographic	mask	based	on	the	customer-supplied	data.	The	most	common	numbers	of	data	outputs	for	ROMs	are	four,	eight,	and	16	bits,	with	eight-bit	words	being	the	most	common.	The	only	case	where	x	is	a	0	is	when	both	inputs	are
0.	The	multiplexing	clock	increments	the	select	address	to	11,	and	VA3	is	connected	to	the	ADC.	The	first	step	after	listing	all	the	input	combinations	is	to	create	a	column	in	the	truth	table	for	each	intermediate	signal	(node)	as	shown	in	Figure	3-16(b).	A	DSP	can	insert	interpolated	data	points	into	the	digital	signal.	898	Alphanumeric	Codes	Codes
that	represent	numbers,	letters,	punctuation	marks,	and	special	characters.	Altera	Hardware	Description	Language	(AHDL)	A	proprietary	HDL	developed	by	Altera	Corporation	for	programming	their	programmable	logic	devices.	It	stores	instructions	and	data	the	CPU	is	currently	working	on.	The	address	inputs	are	driven	by	a	12-bit	counter.	To
illustrate,	suppose	that	the	VCO	generates	a	frequency	of	10	kHz	for	each	volt	of	input	(i.e.,	1	V	produces	10	kHz,	1.5	V	produces	15	kHz,	2.73	V	produces	27.3	kHz).	What	is	the	checkerboard	test?	Examples	of	memory	cells	include	a	flip-flop,	a	charged	capacitor,	and	a	single	spot	on	magnetic	tape	or	disk.	Compare	it	with	the	original	signal,	and
discuss	what	could	be	done	to	make	it	a	more	accurate	representation.	Central	Processing	Unit	(CPU)	Part	of	a	computer	that	is	composed	of	the	arithmetic/logic	unit	(ALU)	and	the	control	unit.	With	all	of	the	transistors	in	the	row	conducting,	Vdd	will	be	switched	on	to	each	transistor’s	source	lead.	(a)	Conversion	from	decimal	to	_____	requires
repeated	division	by	16.	Most	flash	chips	use	a	bulk	erase	operation	in	which	all	cells	on	the	chip	are	erased	simultaneously;	this	bulk	erase	process	typically	requires	hundreds	of	milliseconds	compared	to	20	minutes	for	UV	EPROMs.	Some	newer	flash	memories	offer	a	sector	erase	mode,	where	specific	sectors	of	the	memory	array	(e.g.,	512	bytes)
can	be	erased	at	one	time.	The	eight-bit	word	to	be	written	is	placed	on	the	data	bus	(usually	by	the	CPU).	Tells	us	when	conversion	is	complete	and	digital	equivalent	of	VA	is	at	register	outputs	SECTION	11-9	1.	Each	RAM	and	ROM	IC	that	is	part	of	a	computer’s	internal	memory	typically	contains	thousands	of	memory	cells.	Thus,	the	complete
range	of	addresses	for	module-3	is	determined	by	using	all	0s,	and	then	all	1s	for	the	x’s.	Current-Sourcing	Logic	Logic	family	in	which	the	output	of	a	logic	circuit	sources,	or	supplies,	current	to	the	input	of	the	logic	circuit	that	it	is	driving.	On	the	other	hand,	in	an	84-pin	PLCC	package,	which	is	included	on	the	above-mentioned	development	boards,
there	are	eight	I/Os	per	LAB	plus	the	four	extras,	for	a	total	of	68	I/O	pins.	■	■	■	■	■	■	■	■	FIGURE	12-31	Signal	activity	for	a	write	operation	on	a	dynamic	RAM.	Addresses	000	Word	0	001	Word	1	010	Word	2	011	Word	3	100	Word	4	101	Word	5	110	Word	6	111	Word	7	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	789	SECTION	12-
1/MEMORY	TERMINOLOGY	■	■	■	■	■	■	■	789	from	or	write	into	that	location.	Steps	2	and	3	are	repeated	with	the	digital	equivalent	of	VA1	now	present	at	the	ADC	outputs.	Solution	Writing	out	the	address	in	binary,	we	can	see	that	A12		1.	Other	digitized	values	must	be	stored	to	represent	oil	pressure,	engine	temperature,	battery	voltage,	and
so	on.	Each	14-bit	address	selects	a	unique	cell	to	be	written	into	or	read	from.	Determine	the	following	values.	These	devices	are	referred	to	as	registered	PLDs	because	the	outputs	pass	through	a	register.	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	761	761	SECTION	11-14/SAMPLE-AND-HOLD	CIRCUITS	TABLE	11-9	Sigma/delta
modulator	with	an	input	of	-5.	COMPONENT	A	VHDL	keyword	used	at	the	top	of	a	design	file	to	provide	information	about	a	library	component.	In	some	cases,	all	of	the	aforementioned	are	in	one	single	IC.	TABLE	12-2	tRC(min)	(ns)	tWC(min)	(ns)	CMOS	MCM6206C,	32K		8	15	15	NMOS	2147H,	4K		1	35	35	8	8	Device	BiCMOS	MCM6708A,	64K		4
Actual	SRAM	Chip	An	example	of	an	actual	SRAM	IC	is	the	MCM6264C	CMOS	8K	*	8	RAM	with	read-cycle	and	write-cycle	times	of	12	ns	and	a	standby	power	consumption	of	only	100	mW.	An	understanding	of	these	basic	ideas	will	help	in	our	study	of	individual	memory	devices.	3.	Yes	Clear	bit	back	to	0	TOCCMC11_0131725793.QXD	12/20/05	750
5:35	PM	Page	750	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	FIGURE	11-19	Illustration	of	four-bit	SAC	operation	using	a	DAC	step	size	of	1	V	and	VA		10.4	V.	There	are	many	other	ways	in	which	we	could	represent	the	logic	of	this	decision.	Assume	that	the	analog	signal	in	Figure	11-34(a)	is	to	be	digitized	by	performing	continuous
A/D	conversions	using	an	eight-bit	digitalramp	converter	whose	staircase	rises	at	the	rate	of	1	V	every	25	ms.	These	applications	are	generally	familiar	to	most	students	studying	electronics,	and	the	primary	example	of	a	digital	clock	is	familiar	to	everyone.	13-8.*How	is	the	programming	of	SRAM-based	PLDs	different	from	other	programming
technologies?	3-14	WHICH	GATE	REPRESENTATION	TO	USE	Some	logic-circuit	designers	and	some	textbooks	use	only	the	standard	logicgate	symbols	in	their	circuit	schematics.	Design	costs	for	TOCCMC13_0131725793.QXD	872	12/20/05	6:52	PM	Page	872	CHAPTER	13/PROGRAMMABLE	LOGIC	DEVICE	ARCHITECTURES	standard-cell	ASICs
are	even	higher	than	for	MPGAs	because	all	IC	fabrication	masks	that	define	the	components	and	interconnections	must	be	custom	designed.	907	Random-Access	Memory	(RAM)	Memory	in	which	the	access	time	is	the	same	for	any	location.	How	many	memory	cells	does	it	contain?	TOCCMG01.0131725793.QXD	12/20/05	4:18	PM	Page	905
GLOSSARY	Mealy	Model	A	state-machine	model	in	which	the	output	signals	are	controlled	by	combinational	inputs	as	well	as	the	state	of	the	sequential	circuit.	The	chip	set	of	most	computer	systems	also	controls	an	external	bank	of	static	RAM	(SRAM)	that	implements	a	level	2	or	L2	cache	(64	Kbytes	to	2	Mbytes).	(a)	E3E2E1		100;	[A]		110	(b)
E3E2E1		100;	[A]		011	9-5.	Smaller	IC	die	sizes	allow	for	many	more	die	to	fit	on	a	silicon	wafer,	which	significantly	lowers	the	manufacturing	cost	for	each	IC.	Again,	each	table	lists	all	possible	combinations	of	input	logic	levels	on	the	left,	with	the	resultant	logic	level	for	output	x	on	the	right.	Access	Time.	Requires	six	2-input	NAND	gates.	Logic
Function	Generation	Implementation	of	a	logic	function	directly	from	a	truth	table	by	means	of	a	digital	IC	such	as	a	multiplexer.	(a)	No	(b)	No	(c)	Yes	5-56.	What	is	the	main	advantage	of	flash	memory	over	EEPROMs?	-1610	to	1510	6-6.	This	input	must	be	in	its	active-LOW	state	for	RD	or	WR	inputs	to	have	any	effect.	(a)	20	mA/0.4	mA	8-9.	Thus,	A	+
B	Z	A	+	B.	The	round	dots	represent	the	digitally	recorded	data	on	your	CD.	(c)	Is	volatile.	In	other	words,	when	an	output	is	not	being	used	for	data	(not	selected),	do	we	want	it	to	have	all	bits	HIGH,	all	bits	LOW,	or	the	tristate	disabled?	The	definition	of	what	goes	into	it	and	what	comes	out	of	it	(i.e.,	input/output	specs)	2.	The	input	binary	number,
x,	is	represented	by	the	address	A1A0.	Most	Significant	Digit	(MSD)	Digit	that	carries	the	most	weight	in	a	particular	number.	Addresses	always	exist	in	a	digital	system	as	a	binary	number,	although	octal,	hexadecimal,	and	decimal	numbers	are	often	used	to	represent	the	address	for	convenience.	Although	a	background	in	basic	electronics	is	helpful,
most	of	the	material	requires	no	electronics	training.	It	is	vitally	important	that	we	have	a	method	to	describe	the	logical	decisions	made	by	these	circuits.	CD-ROM	A	very	prominent	type	of	read-only	storage	used	today	in	computer	systems	is	the	compact	disk	(CD).	How	many	bits	are	required	to	represent	the	decimal	numbers	in	the	range	from	0	to
999	using	(a)	straight	binary	code?	The	encoding	of	the	column	value	is	described	on	lines	41–47.	FFFF	1111	1111	1111	1111	16	bits	Solution	(a)	ASCII	codes	are	3A	(for	:)	and	31	(for	1)	00111010	even	parity	bit	(b)	10	hex	=	1	*	16	+	0	*	1	=	16	decimal	bytes	10110001	(c)	FFFF	is	the	biggest	possible	value.	The	first	part	of	Chapter	6	(arithmetic
operations)	can	be	covered	right	after	Chapter	2	(number	systems),	although	this	will	lead	to	a	long	interval	before	the	arithmetic	circuits	of	Chapter	6	are	encountered.	Another	item	of	interest	in	this	illustration	is	the	use	of	bit	array	notation	to	describe	individual	inputs.	Figure	12-41(b)	shows	the	sequence	of	reading	the	data	out	of	the	FIFO	block.
In	the	sections	throughout	this	book	that	cover	the	HDLs,	we	will	present	both	AHDL	and	VHDL	in	a	format	that	allows	you	to	skip	over	one	language	and	concentrate	on	the	other	without	missing	important	information.	As	the	acronym	implies,	an	integrated	circuit	is	designed	to	implement	a	specific	desired	application.	Output:	Frequency:	Duty
cycle:	QA	3	MHz	50%	QB	1.5	MHz	50%	QC	750	kHz	50%	QD	375	kHz	50%	RCO	375	kHz	6.25%	TOCCMN01_0131725793.QXD	916	12/20/05	4:45	PM	Page	916	ANSWERS	TO	SELECTED	PROBLEMS	7-31.	Notice	that	the	bit	stream	output	alternates	between	1	and	0,	and	the	average	value	of	the	analog	output	is	0	volts.	Another	expansion	option,
available	in	each	LAB,	is	called	shared	logic	expanders.	RAS	(Row	Address	Strobe)	Signal	used	to	latch	the	row	address	into	a	DRAM	chip.	Most	Significant	Bit	(MSB)	Leftmost	binary	bit	(largest	weight)	of	a	binary	expressed	quantity.	Many	trade-offs	between	the	various	types	of	hardware	have	to	be	weighed	to	design	a	digital	system.	Thus,	the
NAND	operates	like	an	AND	gate	followed	by	an	INVERTER,	so	that	the	circuits	of	Figure	3-22(a)	and	(b)	are	equivalent,	and	the	output	expression	for	the	NAND	gate	is	x	=	AB.	As	erase/programming	flexibility	increases	(from	base	to	apex	of	the	triangle),	so	do	device	complexity	and	cost.	(a)	74HCT	(b)	Converts	logic	voltages	(c)	CMOS	cannot	sink
TTL	current.	The	decoder	outputs	are	monitored	as	the	counter	repetitively	cycles	through	all	six-bit	codes.	They	require	students	to	demonstrate	comprehension	of	the	principles	by	applying	them	to	different	situations.	Three	control	inputs	determine	the	operating	mode	according	to	the	+5	V	A12	I/O7	A11	•	•	•	•	A1	Address	inputs	A0	Control	inputs
I/O6	I/O5	EEPROM	8K	x	8	2864	I/O4	Data	I/O3	Inputs	I/O2	Mode	I/O1	WE	I/O	pins	HIGH	LOW	X	DATAOUT	OE	LOW	LOW	READ	LOW	HIGH	WRITE	X	STANDBY	HIGH	I/O0	OE	CE	CE	WE	(b)	(a)	Standby	Mode	Write	Mode	Standby	1	ADDRESS	ADDRESS	STABLE	0	1	CE	0	1	WE	0	OE	1	1	DATA	VALID	DATA	I/O	0	0	t1	t2	t3	t4	typically	200	ns	t5	Erase
and	store	operations;	typically	5	ms.	This	lab	manual,	written	by	Gregory	Moss,	contains	topical	units	with	lab	projects	that	emphasize	simulation	and	design.	Voltage-to-Frequency	ADC	Type	of	analog-to-digital	converter	that	converts	the	analog	voltage	to	a	pulse	frequency	that	is	then	counted	to	produce	a	digital	output.	gray_ahdl	gray_vhdl	7-53.
The	EEPROM	serves	as	a	nonvolatile	backup	to	the	RAM.	In	other	words,	the	OR	gate	operates	so	that	its	output	is	HIGH	(logic	1)	if	either	input	A	or	B	or	both	are	at	a	logic	1	level.	The	symbol	tACC	is	used	for	access	time.	Whenever	we	refer	to	a	specific	word	location	in	memory,	we	use	its	address	code	to	identify	it.	In	order	to	make	full	use	of	the
eight-bit	resolution,	the	A/D	must	be	matched	to	the	analog	signal	specifications.	The	size	of	each	binary	word	(number	of	bits)	that	is	stored	varies	depending	on	the	memory	device.	(c)	With	4	hex	digits,	the	total	number	of	addresses	is	164		65,536.	Binary	Counter	Group	of	flip-flops	connected	in	a	special	arrangement	in	which	the	states	of	the	flip-
flops	represent	the	binary	number	equivalent	to	the	number	of	pulses	that	have	occurred	at	the	input	of	the	counter.	SRAM	is	volatile	and	must	be	reconfigured	upon	power-up	of	the	device.	Electrostatic	Discharge	(ESD)	The	often	detrimental	act	of	the	transfer	of	static	electricity	(i.e.,	an	electrostatic	charge)	from	one	surface	to	another.	One
possibility	is	R	=	1	kÆ	and	C		80	nF.	It	is	intended	to	be	used	for	programming	complex	digital	systems	into	Altera	PLDs	in	a	language	that	is	generally	perceived	to	be	easier	to	learn	yet	very	similar	to	VHDL.	Each	has	an	even	parity	bit	appended	as	the	most	significant	bit.	Electrically	Erasable	PROM	(EEPROM)	The	disadvantages	of	the	EPROM
were	overcome	by	the	development	of	the	electrically	erasable	PROM	(EEPROM)	as	an	improvement	over	the	EPROM.	The	hi-Z	state	is	latched.	An	IC	that	contains	a	large	number	of	gates	whose	interconnections	can	be	modified	by	the	user	to	perform	a	specific	function.	2-21.	mod16_ahdl	mod16_vhdl	7-59.	Each	output	function	is	programmed	with
the	fuses	located	between	the	AND	gates	and	each	of	the	OR	gates.	Along	with	some	new	practical	examples	of	logic	functions,	the	major	improvement	in	Chapter	3	is	a	new	analysis	technique	using	tables	that	evaluate	intermediate	points	in	the	logic	circuit.	The	single-output	bit	is	declared	with	the	mode	:OUTPUT;.	For	example,	module-3	will	be
selected	when	decoder	input	K3	is	LOW	(Figure	12-43).	Cyclone	devices	have	the	capability	to	interface	with	other	digital	circuits	using	multiple	I/O	standards,	but	they	do	not	support	5-V	I/O.	The	overall	operation	is	controlled	and	synchronized	by	the	circuits	in	the	CONTROL	block,	which	usually	contains	a	microprocessor	executing	a	control
program	stored	in	ROM	(read-only	memory).	True	7.	256	rows	*	256	columns	2.	AHDL	and	VHDL	solutions	are	on	the	enclosed	CD.	By	forcing	CAS	LOW	before	RAS	and	then	holding	them	both	LOW	for	at	least	100	ms,	an	internal	oscillator	clocks	the	row	address	counter	until	all	cells	are	refreshed.	The	result	is	drawn	in	Figure	3-18.	Dual-Slope
Integrating	ADC	The	dual-slope	converter	has	one	of	the	slowest	conversion	times	(typically	10	to	100	ms)	but	has	the	advantage	of	relatively	low	cost	because	it	does	not	require	precision	components	such	as	a	DAC	or	a	VCO.	Low	density;	high	cost	9.	The	cache	memory	is	filled	with	a	sequence	of	instruction	words	from	the	system	memory.The	CPU
(many	operating	at	over	2	GHZ	clock	rates)	can	access	the	cache	contents	at	very	high	speed.	z	=	x1x0y1y0	+	x1x0y1y0	+	x1x0y1y0	+	x1x0y1y0	No	pairs,	quads,	or	octets	4-40.	The	right-hand	side	of	the	equation,	on	the	other	TOCCMC03_0131725793.QXD	12/2/05	82	8:18	PM	Page	82	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	FIGURE	3-26	(a)
Equivalent	circuits	implied	by	theorem	(16);	(b)	alternative	symbol	for	the	NOR	function.	This	transfer	must	occur	at	the	much	slower	bus	clock	rate,	which	may	be	from	66	MHz	to	800	MHz	depending	on	your	system.	(k)	Requires	a	special	supply	voltage	for	reprogramming.	BCD	Counter	Binary	counter	that	counts	from	00002	to	10012	before	it
recycles.	2-18.	See	also	Bit	Array.	3-6.	(a)	146	(c)	14,333	(e)	15	(g)	704	2-12.	The	S/H	circuit	contains	a	unity-gain	buffer	amplifier	A1	that	presents	a	high	impedance	to	the	analog	signal	and	has	a	low	output	impedance	that	can	rapidly	charge	the	hold	capacitor,	Ch.	The	capacitor	will	be	connected	to	the	output	of	A1	when	the	digitally	controlled
switch	is	closed.	AHDL:	ovr		c[4]	$	c[3)];	VHDL:	ovr		c(4)	XOR	c(3);	6-48.	12-19	SPECIAL	MEMORY	FUNCTIONS	We	have	seen	that	RAM	and	ROM	devices	are	used	as	a	computer’s	highspeed	internal	memory	that	communicates	directly	with	the	CPU	(e.g.,	microprocessor).	It	can	be	tested	by	applying	signals	to	the	six	most	significant	address	lines
and	E	and	by	monitoring	the	decoder	outputs.	The	inputs	are	considered	logic	variables	whose	logic	levels	at	any	time	determine	the	output	levels.	The	checksum	method	can	also	be	used	by	a	computer	or	microprocessorbased	equipment	during	an	automatic	power-up	self-test	to	check	out	the	contents	of	the	system	ROMs.	Again,	as	in	the	self-test
used	for	RAM,	the	CPU	would	execute	a	program	on	power-up	that	would	do	a	checksum	test	on	each	ROM	chip	and	would	print	out	some	type	of	status	message.	(b)	In	the	burst	refresh	mode,	the	entire	array	is	refreshed	by	one	RAS	pulse.	Implement	the	expression	x		(A		B)(C		D)	using	OR	and	AND	gates.	The	few	pins	that	are	different	among	the
various	devices	are	connected	to	circuitry	that	can	easily	be	modified	to	configure	the	system	for	the	proper	size	and	type	of	memory	device.	It	cannot	be	erased	or	reprogrammed.	The	expression	for	the	output	is	x	=	ABC.	Flash	ADC,	voltage-to-frequency	ADC,	and	dual-slope	ADC	5.	(b)	What	voltage	must	be	applied	to	Vin(-)?	Note	that	all	of	the	R>W
and	CS	inputs	are	wired	together,	and	the	10-line	address	bus	is	connected	to	the	address	inputs	of	each	chip.	■	Appreciate	the	potential	of	Boolean	algebra	to	simplify	complex	logic	circuits.	FIGURE	3-18	Example	3-7.	Parity	Method	Scheme	used	for	error	detection	during	the	transmission	of	data.	In	order	to	read	the	data,	a	much	less	powerful	laser
beam	is	focused	onto	the	surface	of	the	disk.	Sigma/Delta	Modulation*	Another	approach	to	representing	analog	information	in	digital	form	is	called	sigma/delta	modulation.	MUX	must	be	LOW	when	RAS	is	pulsed	LOW	so	that	address	lines	A8	to	A15	from	the	CPU	will	reach	the	DRAM	address	inputs	to	be	loaded	on	the	NGT	of	RAS.	In	order	to
expand	into	this	area	of	the	memory	map,	more	decoding	logic	would	be	needed.	SUMMARY	1.	It	is	the	amount	of	time	required	to	perform	a	read	operation.	Downloading	Process	of	transferring	output	files	to	a	programming	fixture.	3-47.	It	is	slower	in	speed	than	main	memory	and	is	always	nonvolatile.	The	comparator	output,	TH,	is	normally	a	low
voltage	(logic	0),	but	it	switches	to	a	high	voltage	(logic	1)	when	VT	exceeds	VTR,	indicating	that	the	process	temperature	is	too	high.	ZIF	Zero-insertion-force	IC	socket.	Stores	it;	performs	calculation	or	some	other	operation	on	it	4.	Encode	the	following	message	in	ASCII	code	using	the	hex	representation:	“COST		$72.”	2.	The	process	is	relatively
slow,	and	the	amount	of	time	required	depends	on	where	on	the	tape	the	desired	song	is	recorded.	(e)	What	is	the	minimum	time	that	input	data	must	remain	valid	for	a	reliable	write	operation	to	occur?	I15	•	•	•	I12	S3	I11	•	•	•	I8	S	E	S2	S1	S0	I7	•	•	•	I4	S2	S1	S0	E	I3	•	•	•	I0	S	74157	E	74157	74151	Z	9-32.	These	states	are	labeled	s1–s4	and	have
their	bit	patterns	assigned	to	them	so	that	one	bit	of	the	four	is	LOW	for	each	state,	like	an	active-LOW	ring	counter.	Thus,	you	can	examine	the	input	waveforms,	find	those	time	intervals	where	they	are	all	LOW,	and	make	the	NOR	output	HIGH	for	those	intervals.	TABLE	11-12	Input	Code	Output	00000000	20.5	mV	00000001	30.5	mV	00000010	20.5
mV	00000100	60.6	mV	00001111	150.6	mV	10000000	1.300	V	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	774	Page	774	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	T	11-22.*A	technician	connects	a	counter	to	the	DAC	of	Figure	11-3	to	perform	a	staircase	test	using	a	1-kHz	clock.	The	programming	technologies	used	in	FPGA
devices	include	SRAM,	flash,	and	antifuse,	with	SRAM	being	the	most	common.	Five	lines	9-46.	The	unique	feature	of	this	structure	is	the	command	register,	which	is	used	to	manage	all	of	the	chip	functions.	However,	it	is	offset	from	ground	by	0.5	V.	Parallel	Counter	See	Synchronous	Counter.	They	help	to	solidify	concepts	such	as	binary	inputs	and
outputs,	physical	device	operation,	and	practical	limitations,	using	a	very	simple	platform.	The	carry	chain	provides	a	fast	carry-forward	function	between	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	Page	892	Carry-in	Cascade-in	Data1	Data2	Data3	Data4	Look-up	table	(LUT)	Carry	chain	Register	bypass	Cascade	chain	Programmable	register	To
fast	track	interconnect	PRN	D	Q	ENA	CLRN	To	LAB	local	interconnect	Labctrl1	Labctrl2	Clear/	preset	logic	Chip-wide	reset	Clock	select	Labctrl3	Labctrl4	Carry-out	Cascade-out	FIGURE	13-16	FLEX10K	logic	element.	(a)*92	(d)	ABCD	(g)*2C0	(b)	1A6	(e)*	000F	(h)	7FF	(c)*37FD	(f)	55	*Answers	to	problems	marked	with	an	asterisk	can	be	found	in	the
back	of	the	text.	The	fuses	that	were	left	intact	in	these	one-time	programmable	(OTP)	devices	provided	the	electrical	connections	for	the	AND/OR	circuits	to	produce	the	desired	functions.	True	or	false:	An	MROM	can	be	programmed	by	the	user.	The	tDS	interval	is	called	the	data	setup	time,	and	tDH	is	called	the	data	hold	time.	(b)	Define	R/2R
ladder	network.	10	9	8	7	6	5	4	3	2	1	ISBN:	0-13-172579-3	TOCCMF01_0131725793.QXD	12/22/2005	09:07	PM	Page	v	To	you,	Cap,	for	loving	me	for	so	long;	and	for	the	million	and	one	ways	you	brighten	the	lives	of	everyone	you	touch.	Some	CMOS	RAMs,	however,	use	such	small	amounts	of	power	in	the	standby	mode	(no	read	or	write	operations
taking	place)	that	they	can	be	powered	from	batteries	whenever	the	main	power	is	interrupted.	(a)	False	(b)	True	(c)	False	(d)	True	(e)	False	(f)	False	(g)	True	(h)	False	(i)	True	(j)	True	3-45.	(a)	[B]		40	(hex);	[C]		80	(hex)	(b)	[B]		55	(hex);	[C]		AA	(hex)	(c)	15,360	Hz	(d)	28.6	MHz	(e)	27.9	kHz	12-24.	This	will	be	illustrated	in	the	following	examples—
which,	incidentally,	use	circuit	diagrams	taken	from	the	logic	schematics	of	an	actual	microcomputer.	In	this	section,	we	will	explore	some	of	the	basic	differences	in	architecture.	Write	Operation	Operation	in	which	a	new	word	is	placed	into	a	specific	memory	location.	We	will	attempt	to	discuss	the	general	characteristics	for	each	of	the	types,	but	be
forewarned:	the	differences	are	not	always	clear-cut.	when	the	oe	pin	is	activated	and	one	of	the	inputs	is	activated.	The	important	point	here	is	that	we	need	ways	to	describe	and	communicate	the	operation	of	digital	systems.	In	either	case,	you	can	see	that	some	macrocells	will	not	be	connected	directly	to	user	I/O	pins.	Resistors	are	250	Æ	.	How
many	address	lines	does	it	have?	11-31.*	On	the	sine	wave	of	Figure	11-34(b),	mark	the	points	where	samples	are	taken	by	a	flash	A/D	converter	at	intervals	of	75	ms	(starting	at	the	origin).	Uses	fewer	different	R	values	11-17.	p.	Each	address	location	is	shown	containing	four	memory	cells	that	hold	1s	and	0s	that	make	up	the	data	word	stored	at	that
location.	Repeat	question	1	for	the	alternate	AND	gate	symbol.	Pulse-Steering	Circuit	A	logic	circuit	that	can	be	used	to	select	the	destination	of	an	input	pulse,	depending	on	the	logic	levels	present	at	the	circuit’s	inputs.	In	this	application	of	the	ADC0804,	the	input	signal	is	varying	over	a	range	of	0.5	to	3.5	V.	The	complete	table	is	shown	in	Table
12-1.	Convert	the	following	decimal	numbers	to	BCD	code	and	then	attach	an	odd	parity	bit.	This	average	value	is	plotted	as	shown	in	Figure	11-27,	and	the	resulting	graph	is	used	to	make	decisions.	The	defining	difference	between	microcomputer/DSP	systems	and	other	digital	systems	is	that	the	former	follow	a	programmed	sequence	of	instructions
that	the	designer	specifies.	A	group	of	bits	(cells)	in	a	memory	that	represents	instructions	or	data	of	some	type.	This	is	called	an	enumerated	type	in	VHDL,	in	which	the	designer	lists	by	symbolic	names	all	possible	values	that	a	signal,	variable,	or	port	that	is	declared	to	be	of	that	type	is	allowed	to	have.	See	gate	symbols	on	CD.	We	will	continue	our
study	of	Boolean	algebra	by	investigating	the	various	Boolean	theorems	(rules)	that	can	help	us	to	simplify	logic	expressions	and	logic	circuits.	The	order	in	which	they	are	listed	makes	no	difference.	In	this	case,	the	full-scale	range	is	3.0	V.	Writing	these	expressions	is	very	tedious,	and	so	we	tend	to	substitute	symbols	such	as	A,	B,	and	C.	For	this
illustration,	segment	a	is	bit	0	(on	the	left),	segment	b	is	bit	1	(moving	to	the	right),	and	so	on.	In	other	words,	we	must	describe	how	they	operate.	Notice	that	the	keyword	SUBDESIGN	is	capitalized.	Data	Binary	representations	of	numerical	values	or	nonnumerical	information	in	a	digital	system.	Thus,	y	=	AB	#	1	=	AB	EXAMPLE	3-14	[using	theorem
(2)]	Simplify	z	=	(A	+	B)(A	+	B).	This	occurs	frequently	in	systems	where	there	is	an	abundance	of	address	space	and	a	need	to	minimize	decoding	logic.	When	the	system	address	of	4000	or	more	is	on	the	address	bus,	none	of	the	PROMs	will	be	enabled.	The	address	bus	is	at	000016.	We	are	coming	from	the	perspective	of	digital	systems,	so	it	is
easiest	to	understand	the	latter	of	these	two	circuits	because	it	consists	of	all	digital	components	that	we	have	studied.	Figure	12-46	shows	a	simple	circuit	for	manually	programming	a	2732	EPROM.	Serial	Data	Transfer	Transfer	of	data	from	one	place	to	another	one	bit	at	a	time.	Each	register	has	two	enable	inputs	(E);	both	must	be	HIGH	in	order
for	the	register’s	data	to	be	placed	on	the	bus.	Electrically	Compatible	When	two	ICs	from	different	logic	series	can	be	connected	directly	without	any	special	measures	taken	to	ensure	proper	operation.	It	received	85,102	applicants	in	fall	2017	and	had	an	acceptance	rate	of	37	percent.CC-BY/Allyunion/Wikimedia	Commons	University	of	California-
BerkeleyLocated	near	the	San	Francisco	Bay,	the	University	of	California-Berkeley	is	the	oldest	in	the	UC	system.	11-12	FLASH	ADCs	The	flash	converter	is	the	highest-speed	ADC	available,	but	it	requires	much	more	circuitry	than	the	other	types.	It	is	also	wise	to	route	the	positive	supply	lines	separately	TOCCMC11_0131725793.QXD	12/20/05	5:35
PM	Page	755	SECTION	11-12/FLASH	ADCS	755	to	digital	and	analog	devices	and	make	extensive	use	of	decoupling	capacitors	(0.01	mF)	from	very	near	each	chip’s	supply	connection	to	ground.	(Courtesy	of	Altera	Corporation.)	I/O	pins	in	the	MAX7000S	family	are	connected	to	specific	macrocells.	The	conversion	time	for	VA		1	V	is	80	ms.	This	same
operation	can	be	extended	to	NOR	gates	with	more	than	two	inputs.	Y	will	be	HIGH	when	either	W	or	V	is	HIGH.	Figure	12-48	shows	a	16	*	8	ROM	with	its	address	inputs	driven	by	a	MOD-16	counter	so	that	the	ROM	addresses	are	incremented	with	TOCCMC12_0131725793.QXD	12/22/05	9:55	PM	Page	859	859	PROBLEMS	FIGURE	12-48	12-18.
Many	of	the	circuit	details	are	not	shown,	but	this	simplified	diagram	can	be	used	to	describe	the	essential	ideas	involved	in	Column	address	inputs	FIGURE	12-25	Cell	arrangement	in	a	16K	*	1	dynamic	RAM.	True	or	false:	A	volatile	memory	will	lose	its	stored	data	when	electrical	power	is	interrupted.	PLDs	didn’t	really	gain	widespread	acceptance
with	digital	designers	until	the	late	1970s,	when	a	device	called	a	programmable	array	logic	(PAL)	was	introduced.	This	process	also	takes	about	5	ms.	Which	family	contains	more	logic	resources?	We	will	see	how	the	operation	of	the	different	logic	gates	and	the	more	complex	circuits	formed	from	combinations	of	logic	gates	can	be	described	and
analyzed	using	Boolean	algebra.	To	illustrate,	all	of	the	signals	in	Figure	3-39	are	active-LOW,	and	so	they	can	be	labeled	as	follows:	RD,	ROM-A,	ROM-B,	RAM	,	MEM	Remember,	the	overbar	is	simply	a	way	to	emphasize	that	these	are	activeLOW	signals.	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	763	763	SECTION	11-14/SAMPLE-AND-
HOLD	CIRCUITS	FIGURE	11-25	Conversion	of	four	analog	inputs	by	multiplexing	through	one	ADC.	Each	logic	block	(often	called	a	macrocell)	can	typically	handle	many	input	variables,	and	the	internal	programmable	logic	signal	routing	resources	tend	to	be	very	uniform	throughout	the	chip,	producing	consistent	signal	delays.	Here,	it	is	shown	as
an	active-HIGH	input	that	enables	the	memory	to	operate	normally	when	it	is	kept	HIGH.	CLK	OUT.	The	CPU	can	take	the	data	from	the	data	bus	at	any	point	during	this	interval.	Draw	the	circuit	diagram	that	implements	the	expression	x	=	ABC(A	+	D)	using	gates	with	no	more	than	three	inputs.	The	primary	problem	in	the	personal	computer
industry	is	providing	a	memory	system	that	is	fast	enough	to	keep	up	with	the	ever-increasing	clock	speeds	of	the	microprocessors	while	keeping	the	cost	at	an	affordable	level.	SDRAM	Synchronous	DRAM	is	designed	to	transfer	data	in	rapid-fire	bursts	of	several	sequential	memory	locations.	The	figure	shows	the	structure	of	OLMC(n),	where	n	is	a
number	from	12	to	19.	It	also	simplifies	the	hardware	interface	between	the	CPU	and	the	EEPROM.	The	disk	technology	and	the	hardware	necessary	to	retrieve	the	information	are	the	same	as	those	used	in	audio	systems.	The	74185	is	a	TTL	ROM	that	stores	the	binary-to-BCD	code	conversion	for	a	six-bit	binary	input.	Writing	a	code	of	00	hex	into
the	command	register	prepares	the	memory	IC	for	the	read	operation.	For	a	four-input	AND	gate,	the	output	is	x	=	ABCD,	and	so	on.	A	certain	DAC	has	the	following	specifications:	eight-bit	resolution,	full	scale		2.55	V,	offset	…	2	mV;	accuracy	=	0.1%	F.S.	A	static	test	on	this	DAC	produces	the	results	shown	in	Table	11-11.	The	INVERTER	output	is
therefore	equal	to	(A	+	B)	because	it	inverts	the	complete	input	expression.	What	does	volatility	refer	to?	A	B	C	3-17(a)	3-19.	An	EEPROM	can	be	electrically	erased	and	reprogrammed	without	removal	from	its	circuit,	and	it	is	byte	erasable.	A	very	low-resistance	path	ties	this	point	directly	to	the	negative	terminal	of	the	power	supply.	This	limits	each
output	function	to	four	product	terms.	Floating	Bus	When	all	outputs	connected	to	a	data	bus	are	in	the	Hi-Z	state.	We	also	are	greatly	indebted	to	Professor	Frank	Ambrosio,	Monroe	Community	College,	for	his	usual	high-quality	work	on	the	indexes	and	the	Instructor’s	Resource	Manual;	and	Professor	Thomas	L.	X	will	go	HIGH	when	E		1,	or	D		0,	or
B		C		0,	or	when	B		1	and	A		0.	(b)	What	is	the	range	of	addresses	in	hex?	It	is	important	to	realize	that	this	is	not	the	case	because	the	single	row	line	represents	multiple	inputs	to	the	AND	gate.	The	expression	x	=	A	+	B	is	read	as	“x	equals	A	OR	B.”	EXAMPLE	3-1	FIGURE	3-4	Example	of	the	use	of	an	OR	gate	in	an	alarm	system.	Over	the	years,
numerous	semiconductor	advances	have	created	different	SPLD	types.	How	many	words	can	be	stored	on	this	chip?	Semiconductor	memory	devices	in	which	the	stored	data	will	not	remain	permanently	stored,	even	with	power	applied,	unless	the	data	are	periodically	rewritten	into	memory.	6-44.	Supplements	An	extensive	complement	of	teaching
and	learning	tools	has	been	developed	to	accompany	this	textbook.	In	general,	any	application	that	requires	every	input	combination	to	be	available	is	a	good	candidate	for	a	PROM.	All	we	have	to	do	to	create	any	desired	function	(of	up	to	four	input	variables)	is	to	store	the	appropriate	set	of	0s	and	1s	in	the	LUT’s	flip-flops.	As	a	very	simple	example,
a	DSP	can	be	programmed	to	take	in	an	analog	waveform,	such	as	the	output	from	an	audio	preamplifier,	and	pass	to	the	output	only	those	frequency	components	that	are	below	a	certain	frequency.	The	PLD	implementations	of	digital	circuits	up	to	this	point	have	been	presented	as	869	TOCCMC13_0131725793.QXD	12/20/05	870	6:52	PM	Page	870
CHAPTER	13/PROGRAMMABLE	LOGIC	DEVICE	ARCHITECTURES	a	“black	box.”	We	have	not	been	concerned	with	what	was	going	on	inside	the	PLD	to	make	it	work.	2-10	APPLICATIONS	Here	are	several	applications	that	will	serve	as	a	review	of	some	of	the	concepts	covered	in	this	chapter.	Notice	that	only	combinations	that	begin	with	100	follow
the	WHEN	clause	on	lines	13–20.	The	final	step	occurs	at	t5,	where	the	control	logic	sets	the	next	lower	bit	Q0	so	that	[Q]		1011	and	VAX		11	V.	Function	Prototype	A	text	description	that	contains	all	the	essential	defining	attributes	of	a	library	function	or	module.	Logic	Pulser	Testing	tool	that	generates	a	shortduration	pulse	when	actuated	manually.
(b)	A	16-bit	number?	Pearson	Education—Japan	Pearson	Education	Australia	Pty.	The	IEEE/ANSI	standard	uses	rectangular	symbols	to	represent	all	logic	gates	and	circuits.	Each	programmable	register	can	be	clocked	in	three	different	modes:	(1)	with	a	global	clock	signal,	(2)	with	a	global	clock	signal	when	the	flip-flop	is	enabled,	or	(3)	with	an	array
clock	signal	produced	by	a	buried	macrocell	or	a	(nonglobal)	input	pin.	The	four	data	I/O	pins	of	each	RAM	are	connected	to	a	common	four-line	data	bus.	We	will	put	this	to	use	when	we	subsequently	analyze	logic	circuits.	Other	new	terms	will	be	defined	as	they	appear	in	the	chapter.	SECTION	11-17	11-49.	CD	players	use	DSP	to	filter	the	digital
data	being	read	from	the	disk	to	minimize	the	quantization	noise	that	is	unavoidably	caused	by	digitizing	the	music.	In	actual	practice,	all	these	configuration	decisions	are	made	by	the	software.	Semiconductor	memories	are	used	as	the	main	memory	of	a	computer	(Figure	12-1),	where	fast	operation	is	important.	For	this	reason,	the	refresh	counter
addresses	must	be	multiplexed	with	the	CPU	addresses,	so	that	the	proper	source	of	DRAM	addresses	is	activated	at	the	proper	times.	This	makes	it	very	useful	in	generating	all	sorts	of	combinational	logic.	Obviously,	we	have	attempted	to	appeal	to	the	diverse	interests	of	our	market,	but	we	believe	we	have	created	a	book	that	can	be	used	in
multiple	courses	and	will	serve	as	an	excellent	reference	after	graduation.	Therefore,	we	will	add	a	parity	bit	of	1	to	make	the	total	number	of	1s	an	even	number.	Of	course,	at	Indy,	there	is	an	entire	pit	crew	that	swarms	the	car,	and	each	member	of	the	crew	does	his	or	her	task	while	the	others	do	theirs.	The	output	multiplexer	(OMUX)	is	a	two-
input	MUX	that	selects	between	the	combinational	output	(OR	gate)	and	the	registered	output	(the	D	flip-flop).	5.12	mA	3.	Four	XNORs	feeding	an	AND	gate	4-26.	The	output	of	the	AND	gate	in	Figure	3-7	is	connected	to	the	input	of	an	INVERTER.	The	goal	of	DRAM	technology	is	to	put	more	bits	on	a	smaller	piece	of	silicon	so	that	it	consumes	less
power	and	responds	faster.	The	techniques	that	are	presented	can	be	extended	to	larger	memory	chips.	True	or	false:	(a)	In	the	RAS-only	refresh	method,	the	CAS	signal	is	held	LOW.	The	GAL	16V8	is	an	inexpensive	and	versatile	PLD	chip,	but	what	if	a	design	requires	more	hardware	resources	than	is	contained	in	the	16V8?	In	much	the	same	way
that	you	learned	the	English	language,	we	will	start	by	expressing	simple	things	and	gradually	learn	the	more	complicated	aspects	of	these	languages.	Some	of	these	problems	are	applications	that	show	how	the	logic	devices	presented	in	the	chapter	are	used	in	a	typical	microcomputer	system.	Notice	that	in	addition	to	the	address	lines,	a	timing	and
control	signal	(ALE)	is	connected	to	the	E2	enable	input.	This	gives	the	RAM’s	address	decoders	time	to	respond	to	the	new	address.	For	example,	a	binary-to-decimal	conversion	may	be	done	directly,	or	it	may	be	done	as	a	binary-to-hex	conversion	followed	by	a	hex-todecimal	conversion.	(b)	Draw	the	logic	symbol	for	an	MCM6249,	a	CMOS	static
RAM	organized	as	a	1M	*	4	with	common	I/O,	an	active-LOW	chip	enable,	and	an	active-LOW	output	enable.	In	other	words,	the	first	word	written	into	the	memory	block	is	the	first	word	that	is	read	out	of	the	memory	block:	hence	the	name	FIFO.	What	standard	device	interface	is	used	for	in-system	programming	in	the	MAX7000S	family?	In	all	our
work	to	follow,	we	shall	use	letter	symbols	to	represent	logic	variables.	It	saves	pins	on	the	chip.	OR	TOCCMC03_0131725793.QXD	12/2/05	84	8:18	PM	Page	84	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	First,	in	Figure	3-29(a),	we	have	a	two-input	NAND	gate	whose	inputs	are	purposely	connected	together	so	that	the	variable	A	is	applied	to	both.
Any	statements	(there	is	only	one	in	this	example)	between	BEGIN	and	END	are	evaluated	constantly	and	concurrently.	Standard	Logic	The	large	assortment	of	basic	digital	IC	components	available	in	various	technologies	as	MSI,	SSI	chips.	The	Cyclone	LE	contains	advanced	features	to	provide	more	efficient	logic	utilization	than	with	the	FLEX10K.
What	is	an	ISP	device?	Because	64		26,	the	decoder	requires	a	six-bit	input	code.	SRAM-based	PLDs	must	be	configured	(programmed)	upon	power-up.	However,	tutorials	have	been	included	on	the	accompanying	CD-ROM	that	make	it	easy	to	learn	either	software	package.	TOCCMC12_0131725793.QXD	12/20/05	824	5:37	PM	Page	824	CHAPTER
12/MEMORY	DEVICES	The	main	internal	memory	of	most	personal	microcomputers	(e.g.,Windowsbased	PCs	or	Macs)	uses	DRAM	because	of	its	high	capacity	and	low	power	consumption.	And	finally,	we	want	to	let	our	wives	and	our	children	know	how	much	we	appreciate	their	support	and	their	understanding.	The	parity	bit	is	issued	to	detect	any
single-bit	errors	that	occur	during	the	transmission	of	a	code	from	one	location	to	another.	AC	BC	ABC	y	=	AC	+	BC	+	ABC	(a)	A	AC	C	B	B	BC	y	=	AC	+	BC	+	ABC	C	C	A	ABC	B	C	(b)	Each	OR	gate	input	is	an	AND	product	term,	which	means	that	an	AND	gate	with	appropriate	inputs	can	be	used	to	generate	each	of	these	terms.	Top-Down	A	design
method	that	starts	at	the	overall	system	level	and	then	defines	a	hierarchy	of	modules.	The	decoder’s	active-HIGH	outputs	provide	the	ROW	enable	lines	that	are	the	gate	inputs	for	the	various	rows	of	cells.	The	testing	and	troubleshooting	of	memory	systems	involves	the	use	of	techniques	that	are	not	often	used	on	other	parts	of	the	digital	system.
Notice	that	the	generation	of	the	freeze	signal	in	this	design	does	not	follow	the	diagram	of	Figure	10-11	exactly.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	835	SECTION	12-17/DRAM	TECHNOLOGY	835	that	have	identical	upper	address	bit	values.	2.	You	can	source	these	from	the	job	description	and	strategically	place	them	in	your
resume	and	cover	letter	to	explain	how	you’d	be	well	suited	to	the	role.See	Things	From	the	Employer’s	Point	of	ViewIt’s	all	well	and	good	to	show	enthusiasm	for	an	internship,	but	potential	employers	are	more	concerned	with	finding	someone	that	will	fit	in	with	the	rest	of	the	team	and	benefit	the	company.	How	many	total	bits	can	this	chip	store?
For	this	converter	the	resolution	is	calculated	as	VREF/256;	with	VREF		5.00	V,	the	resolution	is	19.53	mV.	(a)	16,384	(b)	Four	(c)	Two	1-of-128	decoders	12-11.	Programmable	Array	Logic	(PAL)	The	PROM	architecture	is	well	suited	for	those	applications	where	every	possible	input	combination	is	required	to	generate	the	output	functions.
Consequently,	we	need	some	nonvolatile	ROM	to	store	the	program	instructions.	1011011001	3.	The	AD1154	is	a	sample-and-hold	integrated	circuit	that	has	an	internal	hold	capacitor	with	an	acquisition	time	of	3.5	ms.	7-19.	X	will	be	LOW	when	either	IN	or	OUT	is	HIGH.	Page	685	ENTITY	fig10_9	IS	PORT	(	step,	dir	m	cin	q	cout	END	fig10_9;	:IN
BIT;	:IN	BIT_VECTOR	(1	DOWNTO	0);	:IN	BIT_VECTOR	(3	DOWNTO	0);	:OUT	INTEGER	RANGE	0	TO	7;	:OUT	BIT_VECTOR	(3	DOWNTO	0));	ARCHITECTURE	vhdl	OF	fig10_9	IS	BEGIN	PROCESS	(step)	VARIABLE	count	:INTEGER	RANGE	0	TO	7;	BEGIN	IF	(step'EVENT	AND	step	=	'1')	THEN	IF	dir	=	'1'	THEN	count	:=	count	+	1;	ELSE	count	:=
count	-	1;	END	IF;	END	IF;	q	--	FULL	STEP	CASE	count	IS	WHEN	0	=>	cout	cout	cout	cout	cout	cout	cout	cout	--	WAVE	DRIVE	CASE	count	IS	WHEN	0	=>	cout	cout	cout	cout	cout	cout	cout	cout	--	HALF	STEP	CASE	count	IS	WHEN	0	=>	cout	cout	cout	cout	cout	cout	cout	cout	cout	self-correcting	BEGIN	ring.CLK	=	clk;	ring.ENA	=	!freeze;
data_avail.CLK	=	clk;	data_avail.D	=	freeze;	dav	=	data_avail.Q;	ts[].OE	=	oe	&	freeze;	ts[].IN	=	data[];	d[]	=	ts[].OUT;	CASE	ring	IS	WHEN	s1	=>	ring	=	WHEN	s2	=>	ring	=	WHEN	s3	=>	ring	=	WHEN	s4	=>	ring	=	WHEN	OTHERS	=>	ring	END	CASE;	CASE	col[]	IS	WHEN	B”1110”	WHEN	B”1101”	WHEN	B”1011”	WHEN	B”0111”	WHEN
OTHERS	END	CASE;	END;	FIGURE	10-14	=>	=>	=>	=>	=>	s2;	s3;	s4;	s1;	=	s1;	data[3..2]	data[3..2]	data[3..2]	data[3..2]	data[1..0]	data[1..0]	data[1..0]	data[1..0]	data[1..0]	AHDL	scanning	keypad	encoder.	Critical	operating	parameters	for	graphics	terminals,	intelligent	terminals,	and	printers.	Sigma/Delta	Modulation	Method	of	sampling	ananalog
signal	and	converting	its	data	points	into	a	bit	stream	of	serial	data.	With	a	little	thought,	you	can	see	that	the	two	interpretations	for	the	NAND	symbols	in	Figure	3-34	are	different	ways	of	saying	the	same	thing.	13-11.	A	Boolean	variable	is	a	quantity	that	may,	at	different	times,	be	equal	to	either	0	or	1.	SSI	Small-scale	integration	(fewer	than	12
gates).	In	a	burst	refresh	mode,	the	normal	memory	operation	is	suspended,	and	each	row	of	the	DRAM	is	refreshed	in	succession	until	all	rows	have	been	refreshed.	Simple	PLDs	(SPLDs)	contain	the	equivalent	of	600	or	fewer	gates	and	are	programmed	with	fuse,	EPROM,	or	EEPROM	technology.	Each	memory	location	holds	an	eight-bit	data	value
that	can	be	placed	on	the	data	lines	D7–D0	when	the	chip	is	enabled	and	the	outputs	are	enabled.	In	addition,	the	CHIP	SELECT	(CS)	input	must	be	activated	(a	0	in	this	case).	Because	all	the	transfer	operations	need	to	take	place	in	response	to	a	rising	clock	edge,	a	PROCESS	is	used,	with	clock	specified	in	the	sensitivity	list.
TOCCMC12_0131725793.QXD	12/20/05	830	5:37	PM	Page	830	CHAPTER	12/MEMORY	DEVICES	FIGURE	12-30	Signal	activity	for	a	read	operation	on	a	dynamic	RAM.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	857	857	PROBLEMS	SECTIONS	12-7	AND	12-8	B	B	D	FIGURE	12-46	12-16.	Read	the	following	example	and	draw	a	rough
diagram	for	what	the	system	will	look	like	before	looking	at	the	solution.	Figure	11-28	shows	the	basic	architecture	of	a	DSP.	Unlike	the	16V8,	however,	each	OR	gate	in	the	22V10	does	not	combine	the	same	number	of	product	terms.	60	ns;	38	ns	8-14.	More	on	PLDs	This	chapter	is	mainly	about	PLDs,	so	we	will	look	a	little	further	down	that	branch
of	the	family	tree.	SET	An	input	to	a	latch	or	FF	used	to	make	Q		1.	The	timing	is	shown	in	Figure	12-27(b).	At	t1,	input	A	goes	HIGH	while	B	remains	LOW.	To	illustrate,	a	binary	address	input	of	100110	(decimal	38)	will	produce	a	data	output	of	00111000,	which	is	the	BCD	code	for	decimal	38.	During	a	write	operation,	the	I/O	pins	act	as	data	inputs
to	which	the	data	to	be	written	are	applied.	The	decoder	in	this	system	can	only	be	enabled	when	A15	and	A14	are	LOW	and	E	is	HIGH.	Yes	VAX	Conversion	is	complete	and	result	is	in	REGISTER	(a)	END	(b)	FIGURE	11-18	Successive-approximation	ADC:	(a)	simplified	block	diagram;	(b)	flowchart	of	operation.	The	total	number	of	bits	is	therefore
2048	*	8	=	16,384	bits	EXAMPLE	12-1B	Which	memory	stores	the	most	bits:	a	5M	*	8	memory	or	a	memory	that	stores	1M	words	at	a	word	size	of	16	bits?	The	major	shift	in	the	field	is	a	greater	need	to	understand	the	description	methods,	rather	than	focusing	on	the	architecture	of	an	actual	device.	divide_by50_ahdl	divide_by50_vhdl	7-55.	SECTION
12-20	1.	To	interpret	the	logic-gate	operation,	first	note	which	logic	state,	0	or	1,	is	the	active	state	for	the	inputs	and	which	is	the	active	state	for	the	output.	Antifuse	devices	are	programmed	in	a	device	programmer	either	by	the	end-user	or	by	the	factory	or	distributor.	Parallel	Data	Transfer	Operation	by	which	several	bits	of	data	are	transferred
simultaneously	into	a	counter	or	a	register.	piso8_ahdl	piso8_vhdl	7-83.	Burst	6.	Data-Rate	Buffer	Application	of	FIFOs	in	which	sequential	data	are	written	into	the	FIFO	at	one	rate	and	read	out	at	a	different	rate.	Notice	that	the	x	waveform	is	0	whenever	B	is	0,	regardless	of	the	signal	at	A.	A	LOW	pulse	is	applied	to	this	input	to	signal	the	start	of	a
new	conversion.	DATAIN	High	Z	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	807	SECTION	12-7/TYPES	OF	ROMS	807	table	given	in	Figure	12-13(b).	Solution	It	is	possible,	but	highly	unlikely,	that	K0	and	K2	could	both	be	stuck	HIGH	due	to	either	an	internal	or	an	external	short	to	VCC.	(a)	Indeterminate	(b)	1.4–1.8	V	(c)	See	below.	,	and
7	V	(full	scale).	■	Describe	the	different	types	of	PLDs.	■	Interpret	PLD	data	book	information.	Checksum		11101010.	The	AND	operation	can	be	implemented	with	NOR	gates	as	shown	in	Figure	3-30(c).	The	exact	procedure	that	is	followed	when	an	error	is	detected	depends	on	the	particular	system.	FIGURE	P-2	Altera’s	DE2	development	board.
Solution	For	the	digital-ramp	converter,	the	maximum	conversion	time	is	(2N	-	1)	*	(1	clock	cycle)	=	1023	*	2	ms	=	2046	ms	For	a	10-bit	successive-approximation	converter,	the	conversion	time	is	always	10	clock	periods	or	10	*	2	ms	=	20	ms	Thus,	it	is	about	100	times	faster	than	the	digital-ramp	converter.	Traditional	or	IEEE/ANSI?	Each	of	these
eight	words	has	a	specific	address	represented	as	a	three-bit	number	ranging	from	000	to	111.	7-43.	(b)	The	binary	range	is	00000000000000002	to	11111111111111112.	Because	VAX	7	VA,	the	COMP	output	goes	LOW.	(a)	straight	binary	(b)	BCD	(c)	hex	(d)	ASCII	(i.e.,	treat	each	digit	as	a	character)	2-32.*Fill	in	the	blanks	with	the	correct	word	or
words.	(d)	The	value	of	the	first	data	byte	is	F7.	In	other	words,	the	AND	gate	is	a	circuit	that	operates	so	that	its	output	is	HIGH	only	when	all	its	inputs	are	HIGH.	What	is	the	typical	source	of	digital	data	for	a	DSP	to	process?	It	cannot	be	erased	and	reprogrammed.	3-10	BOOLEAN	THEOREMS	We	have	seen	how	Boolean	algebra	can	be	used	to	help
analyze	a	logic	circuit	and	express	its	operation	mathematically.	We	also	believe	that	graduates	will	be	involved	with	projects	using	state-of-the-art	design	tools	and	hardware	solutions.	While	this	method	would	work,	it	would	require	a	lot	more	work	than	is	necessary.	Problems	for	which	solutions	are	printed	in	the	back	of	the	text	or	on	the	enclosed
CD-ROM	are	marked	with	an	asterisk	(see	Figure	P-3).	In	this	mode,	the	contents	of	the	memory	are	unaffected.	wash_mach_delux	wash_mach_delux	7-65.	What	does	FIFO	mean?	The	conversion	time	for	this	type	of	analog-to-digital	converter	is	always	the	same	regardless	of	the	value	of	the	input	analog	signal.	In	a	similar	manner,	application	of	the
other	address	codes	will	produce	data	outputs	from	the	corresponding	register.	Using	this	fact,	we	can	determine	the	x	waveform	as	shown	in	the	figure.	If	we	consider	the	case	where	all	three	inputs	are	1,	we	have	x	=	1	+	1	+	1	=	1	The	expression	x	=	A	+	B	is	read	as	“x	equals	A	OR	B,”	which	means	that	x	will	be	1	when	A	or	B	or	both	are	1.	Put
INVERTERs	on	A8,	A11,	and	A14.	10-2.	If	six-bit	numbers	are	used,	black	is	000000,	white	is	111111,	and	all	grays	are	between	the	two.	Logic	cell	in	MAX7000S	is	AND/OR	circuit	versus	look-up	table	in	FLEX10K;	EEPROM	(MAX7000S)	and	SRAM	(FLEX10K);	MAX7000S	is	nonvolatile;	FLEX10K	has	greater	logic	resources.	There	are	also	various
types	of	packaging	available	such	as	DIP,	PLCC,	and	various	forms	of	gull-wing	and	surface-mount.	CAS	is	used	to	latch	the	column	address	into	the	column	address	register.	The	low-pass	filter	smooths	out	the	steps	in	the	DAC	output	to	produce	a	smooth	waveform.	Any	one	of	the	16	words	is	selected	by	applying	the	appropriate	address	code	to	the
four-line	address	bus	(A3,	A2,	A1,	A0).	MOSFET	Metal-oxide-semiconductor	field-effect	transistor.	It	is	understood	that	the	read	operation	occurs	for	a	HIGH.	EXAMPLE	3-5B	What	will	happen	to	the	x	output	waveform	in	Figure	3-10	if	the	B	input	is	kept	at	the	0	level?	Before	we	can	discuss	the	testing	of	this	RAM	system,	we	should	first	analyze	it
carefully	so	that	we	fully	understand	its	operation.	Within	the	OLMC,	the	SOP	output	may	be	routed	to	the	output	pin	to	implement	a	combinational	circuit,	or	it	may	be	clocked	into	a	D	flip-flop	to	implement	a	registered	output	circuit.	Nonvolatile	RAM	Combination	of	a	RAM	array	and	an	EEPROM	or	flash	on	the	same	IC.	Synchronous	Systems
Systems	in	which	the	circuit	outputs	can	change	states	only	on	the	transitions	of	a	clock.	Note	that	the	bar	is	over	the	A	alone,	indicating	that	A	is	first	inverted	and	then	ORed	with	B.	The	macrocells	in	a	single	LAB	can	share	logic	resources	such	as	common	product	terms	or	unused	AND	gates.	1	1	1	4-14.	The	“&”	inside	the	AND	symbol	means	that
the	output	will	go	to	its	active-HIGH	state	when	all	of	the	inputs	are	in	their	active-HIGH	state.	SECTION	2-4	2-4.	Connection	‘f’	from	decoder/driver	to	XOR	gate	is	open.	Presettable	Counter	Counter	that	can	be	preset	to	any	starting	count	either	synchronously	or	asynchronously.	This	expression	is	read	as	“x	equals	NOT	A”	or	“x	equals	the	inverse	of
A”	or	“x	equals	the	complement	of	A.”	Each	of	these	is	in	common	usage,	and	all	indicate	that	the	logic	value	of	x	=	A	is	opposite	to	the	logic	value	of	A.	After	the	MSB,	a	parity	bit	is	appended	to	check	for	transmission	errors.	AND	Operation	Boolean	algebra	operation	in	which	the	symbol	is	used	to	indicate	the	ANDing	of	two	or	more	logic	variables.
The	type	refers	to	the	number	of	bits	and	how	those	bits	are	grouped	and	interpreted.	(a)	13	(b)	-3	(c)	123	(d)	-103	(e)	127	6-5.	7-21.	The	R>W	input	(not	shown)	is	assumed	to	be	HIGH.	The	upper	address	line	A4	is	used	to	select	one	RAM	or	the	other	(via	the	CS	inputs)	as	the	one	that	will	be	read	from	or	written	into.	The	LOW	at	RAS	also	enables
this	decoder	so	that	it	can	decode	the	row	address	and	select	one	row	of	the	array.	Priority	Encoder	Special	type	of	encoder	that	senses	when	two	or	more	inputs	are	activated	simultaneously	and	then	generates	a	code	corresponding	to	the	highest-numbered	input.	The	user	can	program	the	IC	for	a	specific	function	by	selectively	breaking	the
appropriate	interconnections.	They	are	generally	faster	than	dynamic	RAMs	and	require	no	refresh	operation.	The	definition	of	how	the	outputs	respond	to	the	inputs	(i.e.,	its	operation)	FIGURE	3-45	A	schematic	diagram	description.	How	many	address	bus	lines	are	required?	13-3.	The	same	is	true	for	NOR	gates.	In	2017,	88,428	prospective	students
applied	to	this	school,	and	its	acceptance	rate	was	34	percent.CC-BY/O	Palsson/Flickr	University	of	California-IrvineThe	University	of	California-Irvine	is	a	research	university	near	the	Pacific	Ocean	that	specializes	in	scientific	fields,	such	as	neuroscience.	For	this	reason,	PLD	manufacturers	have	adopted	a	simplified	symbolic	representation	of	the
internal	circuitry	of	these	devices.	A	signed	binary	number	is	negated	by	the	2’s-complement	operation.	In	a	one-term	course,	limits	on	available	class	hours	might	require	omitting	some	topics.	The	need	for	refreshing	is	a	drawback	of	dynamic	RAM	compared	to	static	RAM	because	it	may	require	external	support	circuitry.	Since	the	charge	is	trapped
on	the	floating	gate	and	has	no	discharge	path,	the	0	will	be	stored	until	it	is	erased.	Before	discussing	the	reasons	for	using	an	alternate	symbol	for	a	logic	gate,	we	will	present	the	alternate	symbols	for	each	gate	and	show	that	they	are	equivalent	to	the	standard	symbols.	Determine	the	minimum	duration	of	the	TRANSFER	pulse	for	reliable	transfer
of	data.	Pin	8	is	the	analog	ground	that	is	connected	to	the	common	reference	point	of	the	analog	circuit	that	is	generating	the	analog	voltage.	The	EEPROM	retains	the	same	floating-gate	structure	as	the	EPROM,	but	with	the	addition	of	a	very	thin	oxide	region	above	the	drain	of	the	MOSFET	memory	cell.This	modification	produces	the	EEPROM’s
major	characteristic—	its	electrical	erasability.	True	5.	The	same	idea	can	be	applied	to	the	use	of	any	of	these	theorems.	12-11	RAM	ARCHITECTURE	As	with	the	ROM,	it	is	helpful	to	think	of	the	RAM	as	consisting	of	a	number	of	registers,	each	storing	a	single	data	word,	and	each	having	a	unique	address.	Thereafter,	the	data	values	are	clocked	out
by	the	bus	system	clock	(instead	of	the	CAS	control	line)	in	bursts	of	memory	locations	within	the	same	page.	Because	all	ROMs	are	nonvolatile,	these	programs	are	not	lost	when	electrical	power	is	turned	off.	Digital	control	input*	–	VA	t0	A2	–	V0	A1	+	To	ADC	input	Output	+	Ch	Analog	input	*Control	=	1	Control	=	0	switch	closed	sample	mode
switch	open	hold	mode	the	conversion	time	of	the	ADC,	and	so	the	ADC	will	essentially	receive	a	dc	input	voltage	V0.	Canceling	out	the	double	inversions,	we	have	finally	z	=	AC	+	BD	Example	3-16	points	out	that	when	using	DeMorgan’s	theorems	to	reduce	an	expression,	we	may	break	an	inverter	sign	at	any	point	in	the	expression	and	change	the
operator	sign	at	that	point	in	the	expression	to	its	opposite	(	is	changed	to	·,	and	vice	versa).	Why	are	flash	memory	modules	a	feasible	alternative	to	auxiliary	disk	storage?	Invert	each	input	and	output	of	the	standard	symbol.	The	rectangular	symbols	use	a	small	right	triangle	(	)	in	place	of	the	small	bubble	of	the	traditional	symbols	to	indicate	the
inversion	of	the	logic	level.	Contact	Bounce	The	tendency	of	all	mechanical	switches	to	vibrate	when	forced	to	a	new	position.	This	feature	gives	the	GAL	16V8	the	ability	to	implement	sequential	circuits	such	as	the	cross-coupled	NAND	gate	latch	circuit	described	in	Chapter	5.	800	Æ;	no	11-15.	The	following	bytes	(shown	in	hex)	represent	a	person’s
name	as	it	would	be	stored	in	a	computer’s	memory.	This	says	that	the	output	will	be	in	its	active	state	whenever	any	of	the	inputs	is	in	its	active	state.	(a)	MPN	+	M	PN	3-26.	Make	y	LOW	Yes	Make	y	HIGH	Jump	back	and	repeat	REVIEW	QUESTIONS	1.	The	WE	input	is	the	same	as	the	R>W	input	that	we	have	been	using.	(c)	Use	this	new	value	of
RF,	and	determine	the	proportionality	factor,	K,	in	the	relationship	VOUT	=	K(VREF	*	B).	t4:	The	DRAM	responds	by	placing	valid	data	from	the	selected	memory	cell	onto	the	DATA	OUT	line.	(a)	What	is	its	resolution	in	bits?	If	the	memory	has	a	tRC	of	50	ns,	the	CPU	can	read	one	word	every	50	ns,	or	20	million	words	per	second;	with	tRC		10	ns,	the
CPU	can	read	100	million	words	per	second.	Putting	this	all	together,	MEM	will	go	LOW	only	when	RD		0	and	at	least	one	of	the	three	inputs	ROM-A,	ROM-B,	or	RAM	is	LOW.	A	relatively	small	program,	called	a	bootstrap	program,	is	stored	in	ROM.	Describe	each	of	the	following	four	ASIC	subcategories:	(a)	PLDs	(b)	Gate	arrays	(c)	Standard-cell	(d)
Full-custom	13-6.*What	are	the	major	advantages	and	disadvantages	of	a	full-custom	ASIC?	The	multiplexing	clock	increments	the	select	address	to	01,	which	connects	VA1	to	the	ADC.	This	theorem	also	indicates	that	we	can	factor	an	expression.	REVIEW	QUESTIONS	A	B	C	D	t		ABC	uAD	vA		D	x		tv	0	0	0	0	0	0	1	0	0	0	0	1	0	1	0	0	0	0	1	0	0	0	1	0	0	0	1
1	0	1	0	0	0	1	0	0	0	0	1	0	0	1	0	1	0	1	0	0	0	1	1	0	1	0	1	1	0	1	1	1	1	1	0	0	1	0	0	0	0	1	0	0	1	0	0	1	0	1	0	0	1	0	1	0	0	1	0	0	1	0	1	1	0	1	0	0	1	1	0	0	0	1	0	0	1	1	0	1	0	1	0	0	1	1	1	0	0	1	0	0	1	1	1	1	0	1	0	0	1.	What	is	meant	by	programming	or	burning	a	ROM?	It	involves	latching	the	two	halves	of	a	complete	address	into	the	IC	in	separate	steps.	Ripple	Counter	See
Asynchronous	Counter.	This	makes	the	description	easy	to	read	and	allows	the	compiler	more	freedom	to	minimize	the	circuitry.	Weighted	Average	An	average	calculation	of	a	group	of	samples	that	assigns	a	different	weight	(between	0.0	and	1.0)	to	each	sample.	The	FMUX	selects	the	signal	that	is	fed	back	into	the	input	matrix.	The	data	are	held
there	while	other	circuitry	on	the	chip	performs	an	erase	operation	on	the	selected	address	location	in	the	EEPROM	array,	after	which	the	data	byte	is	transferred	from	the	buffer	to	the	EEPROM	array	and	stored	at	that	location.	11-5.*What	is	the	resolution	in	volts	of	a	10-bit	DAC	whose	F.S.	output	is	5	V?	(b)	ALARM	TOCCMC03_0131725793.QXD
12/2/05	92	8:18	PM	Page	92	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	Solution	Because	Z		1	will	activate	the	alarm,	Z	is	to	be	active-HIGH.	The	RAS	and	CAS	signals	perform	the	chip	select	function	because	they	must	both	be	LOW	for	the	decoders	to	select	a	cell	for	reading	or	writing.	Percentage	Resolution	Ratio	of	the	step	size	to	the	full-scale



value	of	a	digital-to-analog	converter.	A	fourth	MUX	selects	the	logic	signal	that	is	fed	back	to	the	input	matrix.	Minor	improvements	have	been	made	in	the	second	half	of	Chapter	7	also.	Theorem	(3)	can	be	proved	by	trying	each	case.	LSB		20	mV	11-5.	Data	Transfer	See	Parallel	Data	Transfer	or	Serial	Data	Transfer.	The	style	guide	provided	with	the
Altera	compiler	for	VHDL	suggests	using	capital	letters	for	the	keywords	in	the	language.Variables	that	are	named	by	the	designer	should	be	lowercase.	Regardless	of	the	state	to	which	the	counter	is	initialized,	it	eventually	fills	with	zeros;	at	which	time,	our	logic	shifts	in	a	HIGH	to	start	the	ring	sequence.	(a)	W		1	when	T		1	and	either	P		1	or	R		0.
These	circuits	can	then	be	modified	as	desired	to	expand	on	topics	or	create	assignments	and	tutorials	FIGURE	P-3	Letters	denote	categories	of	problems,	and	asterisks	indicate	that	corresponding	solutions	are	provided	at	the	end	of	the	text.	Chapter	8.	10-16.	Sketch	the	reconstructed	signal	using	the	data	obtained	during	the	digitizing	process.	8-19.
The	designation	“giga”	refers	to	230		1,073,741,824.	At	this	point,	you	may	be	wondering	why	we	have	spent	so	much	effort	in	describing	such	familiar	concepts.	This	can	be	accomplished	by	connecting	an	inverter	between	A14	and	E1	while	connecting	A15	directly	to	E2.	Occasionally,	the	noise	is	large	enough	in	amplitude	that	it	will	alter	the	logic
level	of	the	signal,	as	it	does	at	point	x.	In	large	memory	systems,	for	a	given	memory	operation,	one	or	more	memory	chips	will	be	selected	while	all	others	are	deselected.	The	capacity	of	the	module	depends	on	the	DRAM	chips	that	are	mounted	on	it;	and	as	DRAM	capacity	increases,	the	capacity	of	the	DIMMs	will	increase.	Logic	block	LUT	MUX
D0	Data1	Data2	Data3	Y	Out	D	SET	Q	D1	SEL	Data4	CLR	Q	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	Page	891	891	SECTION	13-6/THE	ALTERA	FLEX10K	FAMILY	Out	D	Q	Q0	D	Q	Q4	Address	0	D	Q	Q1	Q	D	Q2	Q	Q	Q3	D	Q	Address	5	D	Q	Q	Q6	D	Q	Q9	Q	D	Q10	D	Address	7	Q	Q	Q	Q14	Address	14	D	Address	11	Q13	Address	13	D	Q11	Q12
Address	12	Address	10	Q7	Address	3	D	Address	9	Address	6	D	Q8	Address	8	Q5	Address	2	D	Q	Address	4	Address	1	D	D	Q	Q15	Address	15	Decoder	Data1	Data2	Data3	Data4	FIGURE	13-15	A	B	C	D	Y0	Y1	Y2	Y3	Y4	Y5	Y6	Y7	Y8	Y9	Y10	Y11	Y12	Y13	Y14	Y15	Address	Address	Address	Address	Address	Address	Address	Address	Address	Address	Address
Address	Address	Address	Address	Address	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	Functional	block	diagram	for	an	LUT.	This	transistor	is	turned	on	when	the	output	logic	level	is	LOW.	Boolean	Algebra	Algebraic	process	used	as	a	tool	in	the	design	and	analysis	of	digital	systems.	Notice	that	in	this	illustration,	the	first	condition	being	tested	(line	14)	is
the	enabling	of	the	tristate	outputs.	In	the	discussions	that	follow,	we	will	be	describing	the	order	in	which	the	address	is	multiplexed	into	the	DRAM	chips.	Boolean	algebra	is	not	only	used	as	a	tool	for	analysis	and	simplification	of	logic	systems.	What	must	be	done	with	pin	26	and	pin	27	if	a	27256	is	replaced	with	a	2764?	The	process	of	entering
data	is	called	programming	or	burning-in	the	ROM.	Design	files	from	the	textbook	figures.	What	is	the	function	of	the	28F256A’s	command	register?	A	list	of	sections	and	chapters	that	can	be	deleted	with	minimal	disruption	follows:	■	■	■	■	■	■	■	■	Chapter	1:	All	Chapter	2:	Section	6	Chapter	3:	Sections	15–20	Chapter	4:	Sections	7,	10–13
Chapter	5:	Sections	3,	23–27	Chapter	6:	Sections	5–7,	11,	13,	16–23	Chapter	7:	Sections	9–14,	21–24	Chapter	8:	Sections	10,	14–19	TOCCMF01_0131725793.QXD	12/22/2005	09:07	PM	Page	xi	PREFACE	■	■	■	■	■	xi	Chapter	9:	Sections	5,	9,	15–20	Chapter	10:	All	Chapter	11:	Sections	7,	14–17	Chapter	12:	Sections	17–21	Chapter	13:	All	PROBLEM
SETS	This	edition	includes	six	categories	of	problems:	basic	(B),	challenging	(C),	troubleshooting	(T),	new	(N),	design	(D),	and	HDL	(H).	You	need	a	DAC	that	can	span	12	V	with	a	resolution	of	20	mV	or	less.	X	RD	MEM	ROM-A	W	ROM-B	Y	RAM	V	Solution	One	way	to	do	this	would	be	to	write	the	expression	for	MEM	in	terms	of	the	inputs	RD,	ROM-A,
ROM-B,	and	RAM,	and	to	evaluate	it	for	the	16	possible	combinations	of	these	inputs.	(a)*0111	(b)	010011	(c)	1011	2-34.	Figure	11-31	shows	a	simple	servo-controlled	system	that	is	controlled	by	a	digital	input	that	could	be	coming	directly	from	a	computer	or	from	an	output	medium	such	as	magnetic	tape.	In	VHDL,	this	means	that	element	0	appears
on	the	left	end	of	the	binary	bit	pattern	and	element	6	appears	on	the	right	end.	If	the	address	(in	hex)	of	this	EEPROM	is	intended	to	range	from	6000	to	67FF,	it	will	respond	to	these	addresses	as	intended.	Those	columns	that	have	a	logic	1	(e.g.,	Q0)	have	Vpp	on	one	side	of	the	fuse	and	Vdd	on	the	other	side,	drawing	much	less	current	and	leaving
the	fuse	intact.	The	contents	of	this	register	control	all	internal	chip	functions.	Thus,	at	t3,	the	register	contents	are	back	to	1000	and	VAX	is	back	to	8	V.	For	those	who	are	interested	in	the	details	of	the	control	logic,	many	manufacturers’	data	books	should	provide	sufficient	detail.	You	have	available	a	10-bit	SAC	A/D	converter	(AD	573),	but	your
system	requires	only	eight	bits	of	resolution	and	you	have	only	eight	port	bits	available	on	your	microprocessor.	Widmer,	Neal	S.	Example	3-4.	For	some	of	them,	you	may	want	to	try	several	methods	to	see	which	one	works	best	for	you.	Row	0	+Vdd/V	pp	+Vdd/V	pp	Q0	Q1	High	current	Fusible	link	Melting	fuse	Data	lines	(columns)	Vdd	“1”	Stored
data	0V	“0”	All	of	the	transistors	in	the	selected	row	(row	0)	are	turned	on,	and	Vpp	is	applied	to	their	drain	leads.	If	it	is	raining	OR	the	newspaper	says	that	it	could	rain,	then	I	will	take	my	umbrella.	Circulating	Shift	Register	Shift	register	in	which	one	of	the	outputs	of	the	last	flip-flop	is	connected	to	the	input	of	the	first	flip-flop.	Regardless	of
whether	even	parity	or	odd	parity	is	used,	the	parity	bit	becomes	an	actual	part	of	the	code	word.	Solution	With	the	C	input	HIGH	at	t1,	the	OR	gate	output	will	remain	HIGH,	regardless	of	what	is	occurring	at	the	other	inputs,	because	any	HIGH	input	will	keep	an	OR	gate	output	HIGH.	CLEAR	An	input	to	a	latch	or	FF	used	to	make	Q		0.	Describe
how	a	computer	uses	a	bootstrap	program.	An	A/D	converter	3.	APPLICATION	2-2	In	order	to	program	many	microcontrollers,	the	binary	instructions	are	stored	in	a	file	on	a	personal	computer	in	a	special	way	known	as	Intel	Hex	Format.	The	R/W	Input	This	input	controls	which	memory	operation	is	to	take	place:	read	(R)	or	write	(W).	A1	Note:	All
gates	are	CMOS	A2	A3	A4	W	74HC30	Y	A5	74HC32	74HC02	A6	A7	A0	IN	X	74HC02	OUT	DRIVE	TOCCMC03_0131725793.QXD	94	12/2/05	8:18	PM	Page	94	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	Solution	Once	again,	we	will	interpret	the	diagram	in	a	step-by-step	fashion:	1.	They	do	not	lose	their	data	when	power	is	removed	from	the	device.
An	eight-bit	DAC	produces	an	output	voltage	of	2.0	V	for	an	input	code	of	01100100.	They	do,	however,	require	removal	from	their	circuit/system	to	be	erased	and	reprogrammed.	MOD	Number	Number	of	different	states	that	a	counter	can	sequence	through;	the	counter’s	frequency	division	ratio.	Theorem	(8)	can	be	proved	similarly,	or	we	can	just
reason	that	at	any	time	either	x	or	x	must	be	at	the	1	level	so	that	we	are	always	ORing	a	0	and	a	1,	which	always	results	in	1.	Linear	Buffer	A	first-in,	first-out	memory	system	that	fills	at	one	rate	and	empties	at	another	rate.	What	inputs	are	required	to	assert	the	alarm	output	in	Figure	3-37(b)?	Many	semiconductor	memories	are	volatile,	while	all
magnetic	memories	are	nonvolatile,	which	means	that	they	can	store	information	without	electrical	power.	12-27.	Quartus	II	Web	Version	software	from	Altera.	Verify	that	the	correct	fuses	are	blown	for	the	O2,	O1,	and	O0	functions	in	Figure	13-5(b).	Although	you	may	find	that	some	circuit	diagrams	still	use	these	TOCCMC03_0131725793.QXD
12/2/05	8:18	PM	Page	87	87	SECTION	3-13/ALTERNATE	LOGIC-GATE	REPRESENTATIONS	standard	symbols	exclusively,	it	has	become	increasingly	more	common	to	find	circuit	diagrams	that	utilize	alternate	logic	symbols	in	addition	to	the	standard	symbols.	2-39.*A	black-and-white	digital	camera	lays	a	fine	grid	over	an	image	and	then	measures
and	records	a	binary	number	representing	the	level	of	gray	it	sees	in	each	cell	of	the	grid.	1.	Adjacent	LUTs	can	be	paralleled	together,	with	each	additional	LUT	providing	four	more	input	variables.	Chapter	Organization	It	is	a	rare	instructor	who	uses	the	chapters	of	a	textbook	in	the	sequence	in	which	they	are	presented.	Digital	Representation
Representation	of	a	quantity	that	varies	in	discrete	steps	over	a	range	of	values.	TABLE	3-1	Logic	0	Logic	1	False	True	Off	On	Low	High	No	Yes	Open	switch	Closed	switch	As	we	said	in	the	introduction,	Boolean	algebra	is	a	means	for	expressing	the	relationship	between	a	logic	circuit’s	inputs	and	outputs.	A	macrocell	is	the	programmable	logic	block
in	MAX7000S	CPLDs	consisting	of	a	programmable	AND/OR	circuit	and	a	programmable	register	(flip-flop).	Instead	of	flowery	language,	use	keywords	to	draw	attention	to	your	skills	and	qualities.	Each	IC	is	a	quad,	which	means	that	it	contains	four	identical	gates	on	one	chip.	A	section	has	also	been	added	to	improve	the	coverage	of	state	machines
and	the	HDL	features	used	to	describe	them.	To	illustrate,	when	A4		0,	the	CS	of	RAM-0	enables	this	chip	for	read	or	write.	Decoding	Act	of	identifying	a	particular	binary	combination	(code)	in	order	to	display	its	value	or	recognize	its	presence.	The	style	guide	that	is	provided	with	the	Altera	compiler	for	AHDL	suggests	the	use	of	capital	letters	for
the	keywords	in	the	language.	While	the	refresh	counter	idea	seems	easy	enough,	we	must	realize	that	the	row	addresses	from	the	refresh	counter	cannot	interfere	with	the	addresses	coming	from	the	CPU	during	normal	read/write	operations.	The	output	expression	from	the	standard	NAND	symbol	is	AB	=	A	+	B,	which	is	the	same	as	the	output
expression	for	the	alternate	symbol.	The	CONTROL	block	synchronizes	the	display	operation	by	incrementing	the	memory	ADDRESS	COUNTER	and	the	TIME-BASE	COUNTER	at	the	same	time	so	that	each	horizontal	step	of	the	electron	beam	is	accompanied	by	a	new	data	value	from	memory	to	the	vertical	DAC.	It	is	monitoring	all	inputs
concurrently	(at	the	same	time)	and	responding	to	any	changes.	6-39.	Parallel-to-Serial	Conversion	Process	by	which	all	data	bits	are	presented	simultaneously	to	a	circuit’s	input	and	then	transmitted	one	bit	at	a	time	to	its	output.	A	PROM	has	a	hard-wired	_____	array	and	a	programmable	_____	array.	Product-of-Sums	Form	Logic	expression
consisting	of	two	or	more	OR	terms	(sums)	that	are	ANDed	together.	Each	macrocell	consists	of	a	programmable	AND/OR	circuit	and	a	programmable	register	(flip-flop).	0	to	65,535	4.	Using	either	expander	option	does	incur	a	small	amount	of	additional	propagation	delay.	Furthermore,	certain	situations	are	easier	to	describe	using	one	method	over
another.	The	UP3	educational	development	board	from	Altera	contains	a	Cyclone	EP1C6	device.	TOCCMC03_0131725793.QXD	12/2/05	104	8:18	PM	Page	104	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	VHDL	BOOLEAN	DESCRIPTION	USING	VHDL	Refer	to	Figure	3-48.	An	eight-bit	DAC	has	a	full-scale	error	of	0.2%	F.S.	If	the	DAC	has	a	full-scale
output	of	10	mA,	what	is	the	most	that	it	can	be	in	error	for	any	digital	input?	When	this	input	is	unconnected,	it	sits	at	2.5	V	(VCC/2)	because	VCC	is	being	used	as	the	reference	voltage.	What	appears	between	BEGIN	and	END?	The	role	of	the	hardware	description	language	is	to	provide	a	concise	and	convenient	way	for	the	designer	to	describe	the
operation	of	the	circuit	in	a	format	that	a	personal	computer	can	handle	and	store	conveniently.	The	statement	that	can	replace	lines	17	and	18	is:	WHEN	1	>	ff	:	ser_in	&	ff(3	DOWNTO	1);	Lines	19	and	20	can	also	be	replaced	by:	WHEN	2	>	ff	:	ff(2	DOWNTO	0)	&	ser_in;	REVIEW	QUESTIONS	1.	We	will	also	get	a	glimpse	of	how	Boolean	algebra	can
be	used	to	simplify	a	circuit’s	Boolean	expression	so	that	the	circuit	can	be	rebuilt	using	fewer	logic	gates	and/or	fewer	connections.	O1	=	ABC	D	+	A	B	CD	+	A	BCD	=	ABC	D	+	ACD	SECTION	13-4	1.	How	many	are	needed	for	a	64K	*	16	module?	Antifuse	devices	are	one-time	programmable	and	are	therefore	nonvolatile.	The	new	state	of	an	output
may	depend	on	its	current	state	as	well	as	the	current	states	of	other	outputs.	A	B	C	x=A+B+C	A	0	0	0	0	1	1	1	1	B	0	0	1	1	0	0	1	1	C	0	1	0	1	0	1	0	1	x=A+B+C	0	1	1	1	1	1	1	1	*The	term	gate	comes	from	the	inhibit/enable	operation	discussed	in	Chapter	4.	The	RAM	counterpart	to	this	would	be	an	audio	CD,	where	you	can	quickly	select	any	song	by
punching	in	the	appropriate	code,	and	it	takes	approximately	the	same	time	no	matter	what	song	you	select.	Memory	Cell	Device	that	stores	a	single	bit.	MUX	RAS	CAS	ROW	Address	COLUMN	DATA	VALID	DATA	OUT	t0	t1	t2	t3	t4	t5	Dram	Write	Cycle	Figure	12-31	shows	typical	signal	activity	during	a	DRAM	write	operation.	The	result	is	shown	in
Figure	3-32(b).	The	inputs	to	each	of	the	OR	gates	are	also	designated	by	a	single	line	representing	all	four	inputs.	It	is	the	same	as	the	AND	gate	symbol	except	for	the	small	circle	on	its	output.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	847	SECTION	12-20/TROUBLESHOOTING	RAM	SYSTEMS	REVIEW	QUESTIONS	847	1.	With	CE
returned	HIGH	at	t4,	the	chip	is	back	in	the	standby	mode	while	the	internal	erase	and	store	operations	are	completed.	Calling	a	PROM	a	PLD	is	really	just	a	semantics	issue.	(1)	Logic	blocks:	programmable	AND/fixed-OR	CPLD	versus	look-up	table	FPGA	(2)	Signal	routing	resources:	uniform	CPLD	versus	varied	FPGA	7.	Frequency	The	number	of
cycles	per	unit	time	of	a	periodic	waveform.	A	PDA	(personal	digital	assistant)	stores	appointment	information,	email,	addresses,	and	even	entire	books.	After	examining	the	limitations	of	ripple	counters	in	Section	2,	synchronous	counters	are	introduced	in	Section	3	and	used	in	all	subsequent	examples	throughout	the	text.	The	memory	request	signal
(MEMR)	is	generated	by	the	CPU	in	synchronism	with	the	master	clock,	as	shown	in	part	(b)	of	the	figure.	Figure	3-12	shows	a	typical	application	of	the	NOT	gate.	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	ENTITY	fig9_54	IS	PORT(	a	:IN	BIT_VECTOR	(2	DOWNTO	0);	e3,	e2bar,	e1bar	:IN	BIT;	y	:OUT	BIT_VECTOR	(7	DOWNTO	0)	);
END	fig9_54	;	ARCHITECTURE	truth	OF	fig9_54	IS	SIGNAL	inputs:	BIT_VECTOR	(5	DOWNTO	0);	--combine	enables	w/	binary	in	BEGIN	inputs	a,b,c,d,e,f,g,rbo;	0	=>	0,0,0,0,0,0,1,1;	1	=>	1,0,0,1,1,1,1,1;	2	=>	0,0,1,0,0,1,0,1;	3	=>	0,0,0,0,1,1,0,1;	4	=>	1,0,0,1,1,0,0,1;	5	=>	0,1,0,0,1,0,0,1;	6	=>	1,1,0,0,0,0,0,1;	7	=>	0,0,0,1,1,1,1,1;	8	=>
0,0,0,0,0,0,0,1;	9	=>	0,0,0,1,1,0,0,1;	END	TABLE;	END	IF;	END;	FIGURE	9-55	AHDL	7-segment	BCD	display	decoder.	In	fact,	most	complex	digital	designs	include	a	mix	of	different	hardware	categories.	The	internal	circuitry	is	slightly	more	complex	TOCCMC11_0131725793.QXD	12/20/05	752	5:35	PM	Page	752	CHAPTER	11/INTERFACING	WITH
THE	ANALOG	WORLD	FIGURE	11-20	ADC0804	eight-bit	successiveapproximation	ADC	with	tristate	outputs.	This	IC	is	designed	to	be	easily	interfaced	to	a	microprocessor	data	bus.	CD	ROMs	are	used	for	mass	storage	of	information	that	does	not	need	to	change.	For	this	example,	digital	output	for	VA		10.4	V	is	[Q]		1010.	What	is	the	cause	of	the
negative-going	spikes	on	the	VOUT	waveform	of	Figure	11-30?	Using	the	simulator	to	verify	our	HDL	designs	produces	the	results	given	in	Figure	7-58.	The	R/W	input	controls	the	function	of	these	I/O	pins.	Synchronous	Counter	Counter	in	which	all	of	the	flipflops	are	clocked	simultaneously.	The	fourth	term	is	also	0,	so	the	input	fuses	to	AND	gate	4
are	also	left	intact.	Standard	logic,	ASICs,	microprocessor	2.	(a)	All	HIGH	(b)	O0	=	LOW	9-2.	Why	were	the	digital	outputs	the	same	for	parts	(a)	and	(b)	of	Problem	11-24?	Steps	2	and	3	are	repeated	with	the	digital	equivalent	of	VA2	now	present	at	the	ADC	outputs.	When	the	CAS	input	is	driven	LOW	and	held	there	as	RAS	is	pulsed	LOW,	an	internal
refresh	operation	is	performed	at	the	row	address	given	by	the	on-chip	refresh	counter.	Attach	an	odd-parity	bit	to	the	ASCII	code	for	the	$	symbol,	and	express	the	result	in	hexadecimal.	Note	that	the	R>W	line	is	HIGH	prior	to	t0	and	stays	HIGH	throughout	the	read	cycle.	Why	have	PLDs	taken	over	so	much	of	the	market?	See	answer	on	CD.	A0	–
A7	latched	into	DRAM	column	address	register	Describe	the	array	structure	of	a	64K	*	1	DRAM.	Line	16	implements	the	shift	right	action	that	we	described	in	the	previous	section.	In	both	documents,	always	keep	the	most	important	information	at	the	top,	as	many	hiring	managers	skim	piles	of	resumes	and	only	read	ones	they	find	interesting	in
detail.	Suppose	we	wanted	to	distinguish	among	254	different	levels	of	gray	within	each	cell	of	the	grid.	Then	realize	that	the	output’s	active	state	is	produced	by	having	all	of	the	inputs	in	their	active	state	(if	an	AND	symbol	is	used)	or	by	having	any	of	the	inputs	in	its	active	state	(if	an	OR	symbol	is	used).	A	new	address	is	applied	at	that	time.	Note
that	the	other	registers	in	column	3	will	have	only	one	enable	input	activated;	the	same	is	true	for	the	other	row	1	registers.	The	back	endsheets	provide	tables	of	the	most	often	used	Boolean	algebra	theorems,	logic	gate	summaries,	and	flip-flop	truth	tables	for	quick	reference	when	doing	problems	or	working	in	the	lab.	A	special	term	used	for	a
group	of	eight	bits.	The	staircase	always	begins	at	0	V	and	steps	its	way	up	to	the	“switching	point”	where	VAX	exceeds	VA	and	the	comparator	output	switches	LOW.	The	complete	write-cycle	time,	tWC,	extends	from	t0	to	t4,	when	the	CPU	changes	the	address	lines	to	a	new	address	for	the	next	read	or	write	cycle.	Figure	2-4	is	a	simple	illustration
of	a	type	of	transmission	error.	Parallel	Load	See	Parallel	Data	Transfer.	It	sets	Q2	to	1	to	produce	[Q]		1100	and	VAX		12	V	at	time	t2.	The	address	inputs	represent	the	angle	in	increments	of	approximately	0.7°.	Alternate	Logic	Symbol	A	logically	equivalent	symbol	that	indicates	the	active	level	of	the	inputs	and	outputs.	The	primary	tristate	enable,
OE1,	is	located	on	pin	84.	Applications	of	DSP	are	growing	right	now	at	the	same	rate	that	microprocessor	applications	grew	in	the	early	1980s.	as	3.0	V.	A3A2A1A0		1001	2.	Type	The	attribute	of	a	variable	in	a	computer-based	language	that	defines	its	size	and	how	it	can	be	used.	In	current	personal	computers,	the	DRAM	controller	and	other	high-
level	controller	circuits	are	integrated	into	a	set	of	VLSI	circuits	that	are	referred	to	as	a	“chip	set.”	As	newer	DRAM	technologies	are	developed,	new	chip	sets	are	designed	to	take	advantage	of	the	latest	advances.	5:29	PM	Page	650	CHAPTER	9/MSI	LOGIC	CIRCUITS	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	SUBDESIGN	fig9_63	(
ch0[3..0],	ch1[3..0],	ch2[3..0],	ch3[3..0]	s[1..0]	din[3..0]	)	BEGIN	DEFAULTS	ch0[]	=	B”1111”;	ch1[]	=	B”1111”;	ch2[]	=	B”1111”;	ch3[]	=	B”1111”;	END	DEFAULTS;	CASE	S[]	IS	WHEN	0	WHEN	1	WHEN	2	WHEN	3	END	CASE;	END;	=>	=>	=>	=>	ch0[]	ch1[]	ch2[]	ch3[]	=	=	=	=	:OUTPUT;	:INPUT;	:INPUT;	din[];	din[];	din[];	din[];	VHDL	circuit
should	connect	the	channel	0	input	to	the	data	output.	This	combination	of	e3,	e2bar,	and	e1bar	is	necessary	to	make	each	of	the	enables	active.	Similarly,	Figure	3-40	has	active-HIGH	inputs	A1	to	A7,	and	active-LOW	input	A0.	Outline	the	steps	that	occur	when	the	CPU	writes	to	memory.	Bipolar	ICs	Integrated	digital	circuits	in	which	NPN	and	PNP
transistors	are	the	main	circuit	elements.	Each	DEMUX	output	goes	LOW,	one	at	a	time	in	sequence.	Whenever	the	MPU	wants	to	communicate	with	the	ADC0804,	it	places	the	address	of	the	ADC0804	onto	the	address	bus,	and	the	decoding	logic	drives	the	CS	signal	LOW.	The	expression	x	=	AB	is	read	as	“x	equals	A	AND	B.”
TOCCMC03_0131725793.QXD	12/2/05	64	8:18	PM	Page	64	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	EXAMPLE	3-4	FIGURE	3-9	Determine	the	output	x	from	the	AND	gate	in	Figure	3-9	for	the	given	input	waveforms.	6:52	PM	Page	874	CHAPTER	13/PROGRAMMABLE	LOGIC	DEVICE	ARCHITECTURES	FPGA	I/O	I/O	I/O	I/O	I/O	I/O	Logic	block
Logic	block	Logic	block	clk	clk	clk	Logic	block	Logic	block	Logic	block	clk	clk	clk	Logic	block	Logic	block	Logic	block	clk	clk	clk	I/O	I/O	I/O	Programmable	interconnect	Connecting	segment	Interconnect	path	NOTE:	Clock	inputs	may	have	special	low-skew	interconnect	paths.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	837	837	SECTION
12-18/EXPANDING	WORD	SIZE	AND	CAPACITY	A3	A2	Address	bus	A1	A0	R/	W	CS	A3	A2	A1	A0	R/	W	CS	A3	A2	A1	A0	R/	W	RAM-0	16	×	4	CS	I	/O3	I	/O2	I	/O1	I	/O0	RAM-1	16	×	4	I	/O3	I	/O2	I	/O1	I	/O0	D7	D6	D5	Data	bus	D4	D3	D2	D1	D0	Address	range	0000	to	1111	(16	words)	Word	size	8	bits	The	4	higherorder	bits	of	each	word	are	stored	in	RAM-
0.	Solution	First	write	out	the	address	in	binary.	NAND	and	NOR	gates	are	inverting	gates,	and	so	both	the	standard	and	the	alternate	symbols	for	each	will	have	a	bubble	on	either	the	input	or	the	output.	x	=	=	=	=	=	AB(C	+	D)	1	#	1	#	(1	+	0)	1	#	1	#	(1)	1#1#0	0	=	1	In	the	second	method,	we	write	down	the	input	logic	levels	on	the	circuit	diagram
(shown	in	color	in	Figure	3-24)	and	follow	these	levels	through	each	gate	to	the	final	output.	What	term	is	used	for	accessing	several	consecutive	memory	locations?	Convert	each	of	the	hex	values	from	Problem	2-4	to	binary.	Once	all	locations	have	been	tested	using	this	pattern,	the	pattern	is	reversed	(i.e.,	10101010),	and	each	location	is	tested
again.	(d)	Define	full	scale.	Magnetic	Disk	Memory	Mass	storage	memory	that	stores	data	as	magnetized	spots	on	a	rotating,	flat	disk	surface.	†	Diagrams	of	the	MAX7000S	and	FLEX10K	family	devices	presented	in	this	chapter	have	been	reproduced	through	the	courtesy	of	Altera	Corporation,	San	Jose,	California.	The	standard	and	alternate	symbols
for	each	gate	represent	the	same	physical	circuit;	there	is	no	difference	in	the	circuits	represented	by	the	two	symbols.	True	SECTION	12-19	1.	The	topics	that	are	uniquely	suited	to	applying	the	old	technology	but	do	not	contribute	to	an	understanding	of	the	new	technology	must	be	removed	from	vii	TOCCMF01_0131725793.QXD	viii	12/22/2005
09:07	PM	Page	viii	PREFACE	the	curriculum.	Libraries	A	collection	of	descriptions	of	commonly	used	hardware	circuits	that	can	be	used	as	modules	in	a	design	file.	The	data	signal	is	used	to	combine	the	row	and	column	encoder	data	to	make	a	four-bit	value	representing	the	key	that	was	pressed.	■	Discuss	the	difference	between	volatile	and
nonvolatile	memory.	C3		A2B2		(A2		B2)	{A1B1		(A1		B1)[A0B0		A0C0		B0C0]}	6-27.	To	take	advantage	of	the	extra	terms,	you	must	assign	the	larger	Boolean	expressions	to	the	correct	output	pin.	For	any	given	input	combination,	the	corresponding	row	is	activated	(goes	HIGH).	A	PROM	is	programmed	using	the	same	equipment	and	process
described	in	Chapter	4	for	programming	a	PLD.The	TMS27PC256	is	a	very	popular	CMOS	PROM	with	a	capacity	of	32K	*	8	and	a	standby	power	dissipation	of	only	1.4	mW.	We	will	examine	ROM	testing	in	the	next	section.	Dual-Slope	Analog-to-Digital	Converter	Type	of	analog-to-digital	converter	that	linearly	charges	a	capacitor	from	a	current
proportional	to	VA	for	a	fixed	time	interval	and	then	increments	a	counter	as	the	capacitor	is	linearly	discharged	to	0.	For	example,	if	four-bit	numbers	are	used,	the	value	of	black	is	set	to	0000	and	the	value	of	white	to	1111,	and	any	level	of	gray	is	somewhere	between	0000	and	1111.	The	CPU	will	also	store	(write)	data	into	memory	locations	as
dictated	by	the	program	instructions.	Each	cell	occupies	a	unique	row	and	column	position	within	the	array.	The	time	between	t0	and	t1	is	the	RAM’s	access	time,	tACC,	and	is	the	time	between	the	application	of	the	new	address	and	the	appearance	of	valid	output	data.	Tocci	Monroe	Community	College	Neal	S.	Use	DeMorgan’s	theorem	to	break	the
large	inversion	sign:	z	=	A	+	B	+	C	Cancel	the	double	inversions	over	C	to	obtain	z	=	A	+	B	+	C	REVIEW	QUESTIONS	1.	The	74190	and	’191	are	used	as	an	example	of	a	synchronous	up/down	counter	IC,	further	reinforcing	the	techniques	required	for	synchronous	cascading.	Only	RAM	modules	1	and	3	are	getting	tested.	However,	decoder	outputs
4–7	can	be	used	to	enable	more	memory	chips	if	we	wish	to	expand	the	capacity	of	the	memory	system.	(a)	[A]		1011;	CS		1	(b)	[A]		0111;	CS		0	12-8.	Schematic	Capture	A	computer	program	that	can	interpret	graphic	symbols	and	signal	connections	and	translate	them	into	logical	relationships.	TOCCMC02_0131725793.QXD	11/26/05	1:14	AM	Page	53
TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	54	C	H	A	P	T	E	R	3	DESCRIBING	LOGIC	CIRCUITS	■	OUTLINE	3-1	Boolean	Constants	and	Variables	Truth	Tables	OR	Operation	with	OR	Gates	AND	Operation	with	AND	Gates	NOT	Operation	Describing	Logic	Circuits	Algebraically	Evaluating	Logic-Circuit	Outputs	Implementing	Circuits	from
Boolean	Expressions	NOR	Gates	and	NAND	Gates	Boolean	Theorems	DeMorgan’s	Theorems	3-2	3-3	3-4	3-5	3-6	3-7	3-8	3-9	3-10	3-11	3-12	3-13	3-14	3-15	3-16	3-17	3-18	3-19	3-20	Universality	of	NAND	Gates	and	NOR	Gates	Alternate	Logic-Gate	Representations	Which	Gate	Representation	to	Use	IEEE/ANSI	Standard	Logic	Symbols	Summary	of
Methods	to	Describe	Logic	Circuits	Description	Languages	Versus	Programming	Languages	Implementing	Logic	Circuits	with	PLDs	HDL	Format	and	Syntax	Intermediate	Signals	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	■	Page	55	OBJECTIVES	Upon	completion	of	this	chapter,	you	will	be	able	to:	■	Perform	the	three	basic	logic	operations.
For	this	reason,	we	have	included	Altera’s	AHDL	as	the	recommended	introductory	language	for	freshman	courses.	From	our	previous	discussions,	we	can	determine	that	this	ROM	is	storing	16	words	because	it	has	24		16	possible	addresses,	and	each	word	contains	eight	bits	because	there	are	eight	data	outputs.	This	is	essentially	an	enable	input
that	enables	or	disables	the	ROM	outputs.	The	number	of	input	combinations	will	equal	2N	for	an	N-input	truth	table.	A	hard-wired	connection	SECTION	13-3	2.	A	A+B	Output	goes	HIGH	when	any	input	is	HIGH.	(a)	CA	+	CB	(b)	QR	+	QR	(c)	C	+	A	(d)	R	S	T	(e)	BC	+	B(C	+	A)	(f)	BC	+	B(C	+	A)	or	BC	+	B	C	+	AC	(g)	D	+	AB	C	+	A	BC	(h)	x	=	ABC	+
ABD	+	ABD	+	B	C	D	4-3.	Copyright	©	2007	by	Pearson	Education,	Inc.,	Upper	Saddle	River,	New	Jersey	07458.	Nibble	A	group	of	four	bits.	S=!P#Q&R	4-68.	3-7.	Simple	circuit;	relatively	long	conversion	time	that	changes	with	VA	6.	Throughout	this	book,	we	have	described	both	standard	logic	devices	as	well	as	how	programmable	logic	devices	can
be	used	to	create	the	same	functional	blocks.	Determine	what	will	have	happened	to	the	flash	memory	at	the	completion	of	the	sequence.	Solution	Each	module	stores	1024	eight-bit	words.	To	illustrate,	suppose	that	we	have	a	memory	that	can	store	4096	20-bit	words.	Pearson	Education	Singapore,	Pte.	This	is	illustrated	(for	theorem	14)	by	creating
an	analysis	table	for	the	equation	x		xy	as	follows:	x	y	xy	x		xy	0	0	0	0	0	1	0	0	1	0	0	1	1	1	1	1	Notice	that	the	value	of	the	entire	expression	(x		xy)	is	always	the	same	as	x.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	832	Page	832	CHAPTER	12/MEMORY	DEVICES	RAS	Address	ROW	0	ROW	1	ROW	2	ROW	1023	*	R/W	and	CAS	lines	held	HIGH
FIGURE	12-32	The	RAS-only	refresh	method	uses	only	the	RAS	signal	to	load	the	row	address	into	the	DRAM	to	refresh	all	cells	in	that	row.	2-10.	How	many	pins	are	saved	by	using	address	multiplexing	for	this	DRAM?	Interpolation	refers	to	intermediate	values	inserted	into	the	digital	signal	to	smooth	out	the	waveform.	Syntax	The	rules	defining
keywords	and	their	arrangement,	usage,	punctuation,	and	format	for	a	given	language.	To	describe	this	circuit	in	the	English	language	we	could	say	that	x	is	true	(1)	WHEN	A	is	true	(1)	OR	B	is	true	(1)	OR	C	is	true	(1).	TOCCMC12_0131725793.QXD	802	12/20/05	5:37	PM	Page	802	CHAPTER	12/MEMORY	DEVICES	TABLE	12-1	y	=	x2	+	3	x	A1	A0	D3
D2	D1	D0	0	0	0	0	1	1	0	1	0	1	0	0	1	0	0	1	1	1	1	1	1	1	0	0	Solution	The	first	step	is	to	set	up	a	table	showing	the	desired	output	for	each	set	of	inputs.	Each	of	the	samples	is	multiplied	by	a	fractional	number	(between	0	and	1)	before	adding	them	together.	This	is	accomplished	by	a	D/A	converter.	In	any	case,	all	cells	must	be	refreshed	within	the	allotted
time	or	data	will	be	lost.	13-13.	B	Active	-LOW	HIGH	state	is	the	active	state.	Unlike	most	FPGAs,	however,	Altera	has	chosen	to	utilize	a	programmable	signal	routing	design	for	the	FLEX10K	family	that	looks	more	like	an	enhanced	version	of	the	PIA	found	in	the	CPLD	MAX7000S	family.	Because	X	and	Y	are	active-HIGH	outputs,	we	can	say	that	X
will	be	HIGH	when	either	A	or	B	is	LOW,	and	Y	will	be	HIGH	when	either	C	or	D	is	LOW.	The	overbar	serves	as	another	indication	that	the	signal	is	active-LOW;	of	course,	the	absence	of	an	overbar	means	that	the	signal	is	active-HIGH.	Logic	Level	State	of	a	voltage	variable.	5-27.	JA	=	KA	=	1,	JB	=	C	A	+	D	A,	KB	=	A,	JC	=	D	A,	KC	=	B	A,	JD	=	C	B	A,
KD	=	A	7-47.	As	new	types	of	memory	have	been	developed,	the	same	technology	has	been	applied	to	the	creation	of	new	types	of	PLD	devices.	Nonvolatile	Memory	Memory	that	will	keep	storing	its	information	without	the	need	for	electrical	power.	DRDRAM	Direct	Rambus	DRAM	is	a	proprietary	device	developed	and	marketed	by	Rambus,	Inc.	12-
31.*	Study	the	functional	block	diagram	of	the	TMS44100	DRAM	in	Figure	12-27.	Bootstrap	Program	Program,	stored	in	ROM,	that	a	computer	executes	on	power-up.	In	the	same	way	we	use	symbols	such	as	x	and	y	to	represent	unknown	numerical	values	in	regular	algebra,	Boolean	algebra	uses	symbols	to	represent	a	logical	expression	that	has	one
of	two	possible	values:	true	or	false.	The	data	go	away	(hi-Z)	before	the	DAV	goes	LOW.	12-34.	t3:	The	NGT	at	CAS	loads	the	column	address	into	the	DRAM.	A/D	and	D/A	conversion	methods	and	hardware	along	with	data	acquisition	and	sampling	concepts	are	vital.	The	table	lists	all	possible	*Voltages	between	0.8	and	2	V	are	undefined	(neither	0	nor
1)	and	should	not	occur	under	normal	circumstances.	In	a	similar	manner,	it	can	be	shown	that	NOR	gates	can	be	arranged	to	implement	any	of	the	Boolean	operations.	Solution	A	2864	EEPROM	chip	can	simply	be	substituted	into	one	of	the	RAM	sockets.	Multivariable	Theorems	The	theorems	presented	below	involve	more	than	one	variable:	(9)	(10)
xyyx	x#y	=	y#x	TOCCMC03_0131725793.QXD	78	12/2/05	8:18	PM	Page	78	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	(11)	(12)	(13a)	(13b)	(14)	(15a)	(15b)	x		(y		z)		(x		y)		z		x		y		z	x(yz)		(xy)z		xyz	x(y		z)		xy		xz	(w		x)(y		z)		wy		xy		wz		xz	x		xy		x	x	+	xy	=	x	+	y	x	+	xy	=	x	+	y	Theorems	(9)	and	(10)	are	called	the	commutative	laws.	At	t2,	the	CS	input	is
activated	to	enable	the	output	buffers.	3;	7	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	783	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	784	C	H	A	P	T	E	R	1	2	MEMORY	DEVICES	■	OUTLINE	12-1	12-2	12-3	12-4	12-5	12-6	12-7	12-8	12-9	12-10	12-11	12-12	Memory	Terminology	General	Memory	Operation	CPU–Memory
Connections	Read-Only	Memories	ROM	Architecture	ROM	Timing	Types	of	ROMs	Flash	Memory	ROM	Applications	Semiconductor	RAM	RAM	Architecture	Static	RAM	(SRAM)	12-13	Dynamic	RAM	(DRAM)	12-14	Dynamic	RAM	Structure	and	Operation	12-15	DRAM	Read/Write	Cycles	12-16	DRAM	Refreshing	12-17	DRAM	Technology	12-18	Expanding
Word	Size	and	Capacity	12-19	Special	Memory	Functions	12-20	Troubleshooting	RAM	Systems	12-21	Testing	ROM	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	■	Page	785	OBJECTIVES	Upon	completion	of	this	chapter,	you	will	be	able	to:	■	Understand	and	correctly	use	the	terminology	associated	with	memory	systems.	Summary	of	Boolean
Operations	The	rules	for	the	OR,	AND,	and	NOT	operations	may	be	summarized	as	follows:	OR	0	+	0	+	1	+	1	+	REVIEW	QUESTIONS	0	1	0	1	=	=	=	=	0	1	1	1	AND	0#0	=	0#1	=	1#0	=	1#1	=	0	0	0	1	NOT	0	=	1	1	=	0	1.	Variables	that	are	named	by	the	designer	should	be	lowercase.	(a)*1110	(b)	101000	(c)	1110	2-35.	Rotary	switch	S	is	used	to	switch
each	analog	signal	to	the	input	of	the	ADC,	one	at	a	time	in	sequence.	Use	the	CMOS	4016	IC	(Section	8-16)	to	implement	the	switching	in	Figure	11-25,	and	design	the	necessary	control	logic	so	that	each	analog	input	is	converted	to	its	digital	equivalent	in	sequence.	Many	memory	ICs	are	designed	to	consume	much	less	power	when	they	are
deselected.	The	configuration	for	the	memory	of	Example	12-14	is	similar	to	the	32	*	4	memory	of	Figure	12-36.	A	common	example	is	the	read/write	signal,	RD/WR,	which	is	interpreted	as	follows:	when	this	signal	is	HIGH,	the	read	operation	(RD)	is	performed;	when	it	is	LOW,	the	write	operation	(WR)	is	performed.	Figure	13-4	shows	the	same	PLD
circuit	as	Figure	13-3	using	the	simplified	symbols.	Title.	We	appreciate	the	cooperation	of	Mike	Phipps	and	the	Altera	Corporation	for	their	support	in	granting	permission	to	use	their	software	package	and	their	figures	from	technical	publications.	It	is	derived	from	the	addition	of	all	other	data	words	in	the	ROM,	and	it	is	used	for	errorchecking
purposes.	Clearly	the	tools	described	here	are	invaluable	tools	in	describing,	analyzing,	designing,	and	implementing	digital	circuits.	3-5	NOT	OPERATION	The	NOT	operation	is	unlike	the	OR	and	AND	operations	because	it	can	be	performed	on	a	single	input	variable.	Putting	this	all	together,	DRIVE	will	be	HIGH	when	A1		A2		A3		A4		A5		A6		A7		1
and	A0		0,	and	either	IN	or	OUT	or	both	are	1.	It	takes	a	sample	of	an	analog	voltage	signal	and	stores	it	on	a	capacitor.	CASE	A	control	structure	that	selects	one	of	several	options	when	describing	a	circuit’s	operation	based	on	the	value	of	a	data	object.	Whenever	possible,	use	examples	of	past	work	experience,	coursework	and	volunteer	projects	to
show	how	you	can	support	the	team.	Since	any	of	the	Boolean	operations	can	be	implemented	using	only	NAND	gates,	any	logic	circuit	can	be	constructed	using	only	NAND	gates.	FPLAs	are	used	mostly	in	state-machine	design	where	a	large	number	of	product	terms	are	needed	in	each	SOP	expression.	Solution	The	enable	inputs	of	this	register	are
connected	to	the	row	3	and	column	1	select	lines,	respectively.	Digitization	Process	by	which	an	analog	signal	is	converted	to	digital	data.	A4	A3	Address	bus	A2	A1	A0	R/	W	A3	A2	A1	A0	RAM-0	16	×	4	CS	A3	A2	A1	A0	RAM-1	16	×	4	CS	R/	W	R/	W	I	/O3	I	/O2	I	/O1	I	/O0	I	/O3	I	/O2	I	/O1	I	/O0	D3	D2	Data	bus	D1	D0	Address	ranges:	Total	EXAMPLE	12-
14	00000	to	01111	–	RAM-0	10000	to	11111	–	RAM-1	00000	to	11111	–	(32	words)	We	want	to	combine	several	2K	*	8	PROMs	to	produce	a	total	capacity	of	8K	*	8.	Address	multiplexing	and	the	refresh	operation	4.	(f)	All	analog	voltages	on	Vin()	are	measured	with	reference	to	this	pin.	An	Actual	IC:	The	ADC0804	Successive-Approximation	ADC	ADCs
are	available	from	several	IC	manufacturers	with	a	wide	range	of	operating	characteristics	and	features.	OR	Gate	In	digital	circuitry,	an	OR	gate*	is	a	circuit	that	has	two	or	more	inputs	and	whose	output	is	equal	to	the	OR	combination	of	the	inputs.	When	a	logic	signal	is	in	its	active	state,	it	can	be	said	to	be	asserted.	9-12.	At	this	point,	a	detailed
discussion	of	these	requirements	would	probably	cause	more	confusion	than	enlightenment.	Define	the	following	terms.	TOCCMC03_0131725793.QXD	12/2/05	100	8:18	PM	Page	100	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	EXAMPLE	3-25	Compare	the	operation	of	a	computer	and	a	logic	circuit	in	performing	the	simple	logical	operation	of	y		AB.
The	contents	of	many	RAM	address	locations	will	be	read	from	and	written	to	as	the	computer	executes	a	program.	The	major	downfall	with	this	digital	system	category	is	speed.	Labeling	Bistate	Signals	Very	often,	an	output	signal	will	have	two	active	states;	that	is,	it	will	have	one	important	function	in	the	HIGH	state	and	another	in	the	LOW	state.	A
transducer	can	be	used	to	translate	these	quantities	into	an	electrical	signal	of	voltage	or	current	that	fluctuates	in	proportion	to	the	physical	variable.	When	you	want	to	get	to	a	particular	song,	you	have	to	rewind	or	fastforward	the	tape	until	you	find	it.	However,	NAND	gates	3	and	5	are	connected	as	INVERTERs	in	series	and	can	be	eliminated
from	the	circuit	because	they	perform	a	double	inversion	of	the	signal	out	of	NAND	gate	1.	This	connects	the	stored	capacitor	voltage	to	the	sense	amplifier.	The	VHDL	selected	signal	assignment	is	used	to	assign	a	value	to	a	signal	when	a	specific	combination	of	inputs	is	present.	(a)	1.2	mV	(b)	2.7	mV	11-28.	The	answer	to	this	question	depends	on
the	particular	function	being	performed	by	the	circuit	output.	2-9	PARITY	METHOD	FOR	ERROR	DETECTION	The	movement	of	binary	data	and	codes	from	one	location	to	another	is	the	most	frequent	operation	performed	in	digital	systems.	5	ms	Q1	Q	j	20	ms	Q2	10	ms	Q3	TOCCMN01_0131725793.QXD	12/20/05	4:45	PM	Page	915	915	ANSWERS	TO
SELECTED	PROBLEMS	5-43.	12-6	ROM	TIMING	There	will	be	a	propagation	delay	between	the	application	of	a	ROM’s	inputs	and	the	appearance	of	the	data	outputs	during	a	read	operation.	(c)	FIGURE	12-13	(a)	Symbol	for	the	2864	EEPROM;	(b)	operating	modes;	(c)	timing	for	the	write	operation.	11-29.	In	Figure	3-29(b),	we	have	two	NAND	gates
connected	so	that	the	AND	operation	is	performed.	We	also	need	some	nonvolatile	read/write	storage	(EEPROM)	for	the	odometer	readout	because	it	would	not	be	good	to	have	this	number	reset	to	0	or	assume	a	random	value	whenever	the	car	battery	is	disconnected.	The	read-cycle	time,	tRC,	and	write-cycle	time,	tWC,	are	what	essentially
determine	how	fast	a	memory	chip	can	operate.	Another	popular,	general-purpose	PLD	is	the	GAL	22V10.	A	certain	memory	has	a	capacity	of	8K	*	16.	For	NGT	FF:	Q	will	go	HIGH	on	first	NGT	of	CLK,	LOW	on	second	NGT,	and	HIGH	again	on	fourth	NGT.	VLSI	Very	large-scale	integration	(10,000	to	99,999	gates).	Thus,	it	has	an	active-LOW	output
and	active-HIGH	inputs.	Contention	Two	(or	more)	output	signals	connected	together	trying	to	drive	a	common	point	to	different	voltage	levels.	It	is	used	because	it	will	detect	any	shorts	or	interactions	between	adjacent	cells.	There	were	60,697	applicants	in	fall	2017,	and	the	school	had	an	acceptance	rate	of	35	percent.CC-BY/aherbias0/Pixabay
MORE	FROM	QUESTIONSANSWERED.NET	1,027	169	0	An	internship	can	be	a	great	way	to	get	your	foot	in	the	door	in	a	competitive	field.	2V	Problems	3-bit	ripple	counter	D/A	converter	VOUT	0V	1	kHz	Spikes	CLOCK	C	B	11-8.	To	summarize	the	address	scheme	of	this	system,	the	top	two	bits	are	used	to	select	this	decoder,
TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	840	A	15	A	14	A	13	A	12	A	11	A	10	•	•	•	•	•	A0	Address	bus	[16]	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	3-line-to-8-line	0	decoder	1	C	2	B	74ALS138	3	A	1-of-8	4	decoder	5	E3	6	E2	7	E1	Control	bus	E	•	•	•	•	•	•	•	•	[11]	•	•	•	•	•	CS	Decoder	selects	one	PROM	chip	determined	by	A11	and	A12.	(a)	JA	=	B	C,	KA
=	1,	JB	=	C	A	+	C	A,	KB	=	1,	JC	=	B	A,	KC	=	B	+	A	(b)	JA	=	B	C,	KA	=	1,	JB	=	KB	=	1,	JC	=	KC	=	B	7-45.	Open-Collector	Output	Type	of	output	structure	of	some	TTL	circuits	in	which	only	one	transistor	with	a	floating	collector	is	used.	(a)	141710		_____	2	(b)	25510		_____	2	(c)	110100012		_____	10	(d)	11101010001001112		_____	10
TOCCMC02_0131725793.QXD	50	11/26/05	1:14	AM	Page	50	CHAPTER	2/NUMBER	SYSTEMS	AND	CODES	(e)	249710		_____	16	(f)	51110		_____	(BCD)	(g)	23516		_____	10	(h)	431610		_____	16	(i)	7A916		_____	10	(j)	3E1C16		_____	10	(k)	160010		_____	16	(l)	38,18710		_____	16	(m)	86510		_____	(BCD)	(n)	100101000111	(BCD)		_____	10	(o)	46516		_____	2
(p)	B3416		_____	2	(q)	01110100	(BCD)		_____	2	(r)	1110102		_____	(BCD)	2-31.*Represent	the	decimal	value	37	in	each	of	the	following	ways.	They	also	offer	features	such	as	the	ability	to	read/write	data	while	a	block	of	memory	is	being	erased.	What	does	EDO	stand	for?	FIGURE	3-8	Truth	table	and	symbol	for	a	threeinput	AND	gate.	Whenever	a	new
data	value	is	stored,	it	overwrites	the	oldest	value	in	the	buffer.	All	memory	devices	operate	in	the	same	general	way.	The	priority	encoder	will	respond	only	to	the	LOW	at	C3	and	will	produce	a	binary	output	CBA		011,	which	represents	the	digital	equivalent	of	VA,	within	the	resolution	of	1	V.	Line	12	(WITH	inputs	SELECT)	indicates	that	we	are	using
the	value	of	the	intermediate	signal	inputs	to	determine	which	value	is	assigned	to	y.	For	the	ML2035	of	Figure	12-18,	assume	that	a	value	of	038E	(hex)	in	the	latch	will	produce	the	desired	frequency.	Explain	the	difference	between	RWM	and	ROM.	Of	course,	this	setup	means	there	will	be	some	redundant	information	presented	if	you	choose	to	read
about	both	languages.	This	procedure	is	continued	until	the	expression	is	reduced	to	one	in	which	only	single	variables	are	inverted.	Figure	11-20	is	the	pin	layout	for	the	ADC0804,	which	is	a	20-pin	CMOS	IC	that	performs	A/D	conversion	using	the	successive-approximation	method.	Erasable	and	reprogrammable;	has	an	OLMC	2.	For
TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	796	Page	796	CHAPTER	12/MEMORY	DEVICES	A3	Address	inputs	16	x	8	ROM	A2	A1	A0	D7	D6	D5	D4	D3	D2	D1	D0	Data	outputs	=	tristate	CS	(chip	select)	Control	input	(a)	Word	Address	Data	A3	A2	A1	A0	D7	D6	D5	D4	D3	D2	D1	D0	0	1	2	3	4	5	6	7	0	0	0	0	0	0	0	0	0	0	0	0	1	1	1	1	0	0	1	1	0	0	1	1	0	1	0	1
0	1	0	1	1	0	1	1	0	0	0	1	1	0	0	0	0	1	0	1	0	1	0	1	0	1	0	1	1	1	0	0	1	1	0	0	1	1	0	1	1	1	0	1	1	0	1	1	0	0	0	1	1	1	0	1	0	1	0	0	0	0	1	1	1	1	0	1	8	9	10	11	12	13	14	15	1	1	1	1	1	1	1	1	0	0	0	0	1	1	1	1	0	0	1	1	0	0	1	1	0	1	0	1	0	1	0	1	0	1	1	1	0	0	1	0	0	1	0	1	0	1	1	1	1	1	1	0	1	1	0	0	1	1	1	0	0	0	1	1	1	1	1	0	0	1	0	1	1	1	0	1	1	0	0	0	0	1	0	1	1	1	1	1	0	1	0	1	1	0	0	1	Address	Data	Word	A3
A2	A1	A0	D7	–D0	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	0	1	2	3	4	5	6	7	8	9	A	B	C	D	E	F	DE	3A	85	AF	19	7B	00	ED	3C	FF	B8	C7	27	6A	D2	5B	(c)	(b)	FIGURE	12-6	(a)	Typical	ROM	block	symbol;	(b)	table	showing	binary	data	at	each	address	location;	(c)	the	same	table	in	hex.	The	amount	of	logic	resources	available	is	the	major	distinguishing	feature
between	SPLDs	and	HCPLDs.	Today,	SPLDs	are	devices	that	typically	contain	the	equivalent	of	600	or	fewer	gates,	while	HCPLDs	have	thousands	and	hundreds	of	thousands	of	gates	available.	True	or	false:	A	LOW	at	OE	will	enable	the	output	buffers	of	an	MCM6264C	provided	that	both	chip	select	inputs	are	active.	Computer	programs	were
developed	to	take	the	VHDL	language	files	and	simulate	the	operation	of	the	circuits.	Determine	the	input	conditions	necessary	to	turn	on	the	motor.	(Courtesy	of	Altera	Corporation.)	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	894	Page	894	CHAPTER	13/PROGRAMMABLE	LOGIC	DEVICE	ARCHITECTURES	TABLE	13-3	Altera	FLEX10K	family
device	features.	MROMs	are	programmed	during	the	manufacturing	process.	It	is	an	inherent	error	of	the	device.	Typical	values	for	tOE	are	10	to	20	ns	for	bipolar,	25	to	100	ns	for	NMOS,	and	12	to	50	ns	for	CMOS	ROMs.	This	timing	parameter	is	important	in	situations	where	FIGURE	12-8	Typical	timing	for	a	ROM	read	operation.	Antifuse	memory
technology	is	not	currently	used	for	memory	devices	but,	as	its	name	implies,	it	is	the	opposite	of	fuse	technology.	11-14.	Format	of	Documentation	I/O	definitions	Functional	description	In	a	text-based	language,	the	circuit	being	described	must	be	given	a	name.	These	memory	systems	are	used	to	store	the	last	n	values	entered,	where	n	is	the	number
of	memory	locations	in	the	buffer.	Look-Up	Table	(LUT)	A	way	to	implement	a	single	logic	function	by	storing	the	correct	output	logic	state	in	a	memory	location	that	corresponds	to	each	particular	combination	of	input	variables.	As	shown	in	Table	13-2,	the	EPM7128S	has	128	macrocells	arranged	in	eight	LABs.	Logic	signals	are	routed	between	LABs
via	the	PIA.	(Hint:	Note	that	the	counter	is	a	ripple	counter	and	that	the	spikes	occur	on	every	other	step.)	11-9.*Assuming	a	12-bit	DAC	with	perfect	accuracy,	how	close	to	250	rpm	can	the	motor	speed	be	adjusted	in	Figure	11-4?	The	configuration	circuitry	can	be	as	simple	as	movable	jumpers	or	DIP	switches	that	the	user	sets	up	and	as
complicated	as	an	in-circuit	programmable	logic	device	that	the	computer	can	set	up	or	modify	to	meet	the	system	requirements.	(a)	IIH	(b)	ICCL	(c)	tPHL	(d)	VNH	(e)	Surface-mount	(f)	Current	sinking	(g)	Fan-out	(h)	Totem-pole	(i)	Sinking	transistor	(j)	4.75	to	5.25	V	(k)	2.5	V;	2.0	V	(l)	0.8	V;	0.5	V	(m)	Sourcing	8-5.	What	will	be	the	conversion	time
for	VA		1.5	V?	For	instance,	the	first	row	in	the	table	indicates	that	the	connections	to	the	source	of	Q0	and	Q1	will	be	left	unconnected,	while	the	connections	to	Q2	and	Q3	will	be	made.	The	operation	whereby	a	new	word	is	placed	into	a	particular	memory	location.	What	is	the	most	significant	nibble	of	the	ASCII	code	for	the	letter	X?	Also	notice	that
whenever	B	is	1,	the	x	waveform	is	the	same	as	A.	This	is	shown	symbolically	in	Figure	12-28(b).	Incorporate	the	necessary	logic	in	this	ADC	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	775	775	PROBLEMS	B	C,	N	so	that	an	“overscale”	indication	will	be	generated	whenever	VA	is	too	large.	How	many	bits	are	read	from	a	CD-ROM	disk	at
any	point	in	time?	Determine	the	name	of	each	person.	For	compact	applications,	such	as	laptop	computers,	a	small-outline,	dual-in-line	memory	module	is	available	(SODIMM).	Nested	To	have	one	control	structure	embedded	within	another	control	structure.	SUBDESIGN	and_gate	(	a,	b	:INPUT;	y	:OUTPUT;	)	BEGIN	y		a	&	b;	END;	The	SUBDESIGN
section	defines	the	inputs	and	outputs	of	the	logic	circuit	block.	These	devices	are	not	like	microcomputers	or	microcontrollers	that	“run”	the	program	of	instructions.	The	16	bytes	of	data	are	then	transferred	to	the	EEPROM	array	for	storage	at	these	locations.	This	frequency	is	fed	to	a	counter	to	be	counted	for	a	fixed	time	interval.	A	better
approach	is	to	feed	the	analog	signal	to	a	VCO,	which	generates	a	digital	signal	whose	output	frequency	changes	according	to	the	analog	input.	2-40.	LOW	state	is	active	state.	11-22.	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	Page	897	897	ANSWERS	TO	SECTION	REVIEW	QUESTIONS	(a)	LAB	(b)	PIA	(c)	Macrocell	13-10.*	What	two	ways	can
be	used	to	program	the	MAX7000S	family	devices?	Advantages:	low	cost,	temperature	immunity;	disadvantage:	slow	conversion	time	4.	Periodic	A	cycle	that	repreats	itself	regularly	in	time	and	form.	The	output	will	be	HIGH	at	all	other	times.	What	function	is	performed	by	PROM	and	EPROM	programmers?	Thus,	the	range	of	addresses	representing
locations	in	RAM-0	is	A4A3A2A1A0		00000	to	01111	Note	that	when	A4		0,	the	CS	of	RAM-1	is	high,	so	that	its	I/O	lines	are	disabled	(Hi-Z)	and	cannot	communicate	with	(give	data	to	or	take	data	from)	the	data	bus.	All	of	these	features	have	made	flash	memory	the	predominant	solid-state	nonvolatile	memory	technology	in	use	today.
TOCCMG01.0131725793.QXD	908	12/20/05	4:18	PM	Page	908	GLOSSARY	Selected	Signal	Assignment	A	VHDL	statement	that	allows	a	data	object	to	be	assigned	a	value	from	one	of	several	signal	sources	depending	on	the	value	of	an	expression.	When	the	set	input	is	active,	bypass	the	prescaler	and	feed	the	60-Hz	clock	directly	into	the	units	of
seconds	counter.	Control	Unit	Part	of	a	computer	that	provides	decoding	of	program	instructions	and	the	necessary	timing	and	control	signals	for	the	execution	of	such	instructions.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	797	797	SECTION	12-5/ROM	ARCHITECTURE	A0	A1	ROW	SELECT	0	1-of-4	1	decoder	2	MSB	3	Column	0	Column
1	Column	2	Column	3	Register	0	E	E	Register	4	E	E	Register	8	E	E	Register	12	E	E	Register	1	E	E	Register	5	E	E	Register	9	E	E	Register	13	E	E	Register	2	E	E	Register	6	E	E	Register	10	E	E	Register	14	E	E	Register	3	E	E	Register	7	E	E	Register	11	E	E	Register	15	E	E	Row	0	Row	1	Row	2	Row	3	COLUMN	SELECT	A2	A3	1-of-4	decoder	0	1	2	MSB	3
Column	0	Column	1	Column	2	[8]	Column	3	CS	E	Output	buffers	D7	D6	D5	D4	D3	D2	D1	D0	FIGURE	12-7	Architecture	of	a	16	*	8	ROM.	DRILL	QUESTION	(a)	Define	binary-weighted	resistor	network.	We	will	assume	that	the	numbers	that	can	be	placed	on	this	circuit’s	input	range	from	-8	to	8.	That	is,	tC	for	SAC	=	N	*	1	clock	cycle	This	conversion
time	will	be	the	same	regardless	of	the	value	of	VA	because	the	control	logic	must	process	each	bit	to	see	whether	or	not	a	1	is	needed.	At	time	t2,	the	CS	is	returned	HIGH,	and	the	RAM	output	returns	to	its	Hi-Z	state	after	a	time	interval,	tOD.	D	Latch	Circuit	that	contains	a	NAND	gate	latch	and	two	steering	NAND	gates.	FPM	DRAM	Fast	page
mode	(FPM)	allows	quicker	access	to	random	memory	locations	within	the	current	“page.”	A	page	is	simply	a	range	of	memory	addresses	*This	topic	may	be	omitted	without	affecting	the	continuity	of	the	remainder	of	the	book.	ANSWERS	TO	SECTION	REVIEW	QUESTIONS	SECTION	2-1	1.	Figure	12-17	shows	how	a	ROM	look-up	table	and	a	DAC
are	used	to	generate	a	sine-wave	output	signal.	Or	is	it	a	four-bit	number	coming	from	a	keypad?	Figure	3-3	shows	a	three-input	OR	gate	and	its	truth	table.	(a)	1	A	4-11.	Again,	the	bar	indicates	that	the	write	operation	occurs	when	the	input	is	LOW.	All	ROM	is	nonvolatile	and	will	store	data	when	electrical	power	is	removed.	Widmer,	Gregory	L.
(a)*1001011101010010	(d)	0111011101110101	(b)	000110000100	(e)*	010010010010	(c)*011010010101	(f)	010101010101	SECTION	2-7	2-22.*(a)	How	many	bits	are	contained	in	eight	bytes?	Data	are	retained	in	a	RAM	device	only	as	long	as	power	is	applied.	Thus,	this	is	a	16	*	8	ROM.	The	word	any	is	used	because	of	the	OR	symbol.	On	the	other
hand,	if	the	circuit	is	being	used	to	cause	some	action	when	Z	goes	to	the	0	state,	then	Z	is	to	be	activeLOW,	and	the	diagram	of	Figure	3-36(c)	should	be	used.	In	a	computer-controlled	data	acquisition	system	such	as	the	one	discussed	earlier,	the	sample-and-hold	switch	would	be	controlled	by	a	digital	signal	from	the	computer.	When	in	its	active
state,	this	input	enables	the	memory	to	perform	the	read	or	the	write	operation	selected	by	the	R>W	input.	The	answers	are	x	=	0	and	x	=	1,	respectively.	They	typically	consist	of	many	relatively	small	and	independent	programmable	logic	modules	that	can	be	interconnected	to	create	larger	functions.	The	arithmetic	logic	unit	and	barrel	shifter	(shift
register)	provide	the	necessary	support	to	deal	with	the	binary	number	system	while	processing	signals.	Twice	the	highest	frequency	in	the	input	signal	4.	MROM	and	PROM	are	the	simplest	and	cheapest	devices,	but	they	cannot	be	erased	and	reprogrammed.	Programmable	logic	devices	(PLDs)	are	the	key	technology	in	the	future	of	digital	systems.
The	OR	gate	output	will	be	LOW	(logic	0)	only	if	all	its	inputs	are	at	logic	0.	The	R>W	=	0	also	disables	the	output	buffers,	which	are	tristate,	so	that	the	data	outputs	are	in	their	Hi-Z	state	during	a	write	operation.	In	this	situation,	the	AND	gate	is	used	as	an	inhibit	circuit.	OR	Gate	Digital	circuit	that	implements	the	OR	operation.	The	ring	counter	is
implemented	using	a	PROCESS	that	responds	to	the	clk	input.	Totem-Pole	Output	Term	used	to	describe	the	way	in	which	two	bipolar	transistors	are	arranged	at	the	output	of	most	TTL	circuits.	This	feedback	option	also	allows	an	I/O	pin	to	be	used	as	a	dedicated	input	as	opposed	to	an	output.	Assume	that	no	more	than	two	errors	have	occurred	for
each	group.	address	0FFE	faulty	address	0FFF	faulty	T	at	at	at	.	This	represents	a	total	capacity	of	81,920	bits.	The	digital	information	is	arranged	on	the	disk	as	a	continuous	spiral	of	data	points.	Among	all	specific	hardware	description	languages,	VHDL	is	clearly	the	industry	standard	and	is	most	likely	to	be	used	by	graduates	in	their	careers.
mod10_ahdl	mod5_ahdl	mod50_vhdl	mod10_vhdl	mod5_vhdl	7-63.	What	actual	bit	strings	would	a	computer	transmit	to	send	the	message	HELLO,	using	ASCII	with	even	parity?	Even	minor	spelling	and	grammar	errors	can	stand	out,	and	not	in	a	good	way.	Solution	The	arrangement	is	shown	in	Figure	12-35,	where	eight	2125A	chips	are	used	for	a	1K
*	8	module.	DDRSDRAM	Double	Data	Rate	SDRAM	offers	an	improvement	of	SDRAM.	The	result	is	shown	in	Figure	11-32.	The	word	size	depends	on	the	system.	This	leads	to	the	following	general	rule	for	preparing	logic-circuit	schematics:	Whenever	possible,	choose	gate	symbols	so	that	bubble	outputs	are	connected	to	bubble	inputs,	and	nonbubble
outputs	to	nonbubble	inputs.	As	the	counter	cycles	through	the	256	different	addresses,	the	ROM	outputs	the	256	data	points	to	the	DAC.	The	display	operation	uses	two	DACs	to	provide	the	vertical	and	horizontal	deflection	voltages	for	the	CRT.	This	module	internally	decodes	the	address	lines	A9	to	A0	to	select	the	location	whose	data	are	to	be
placed	on	the	data	bus.	Driver	Technical	term	sometimes	added	to	an	IC’s	description	to	indicate	that	the	IC’s	outputs	can	operate	at	higher	current	and/or	voltage	limits	than	a	normal	standard	IC.	Frequency	at	D		100	Hz	(see	diagram	on	CD)	7-11.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	823	SECTION	12-13/DYNAMIC	RAM	(DRAM)
REVIEW	QUESTIONS	823	1.	Use	DeMorgan’s	theorems	to	convert	the	expression	z	=	(A	+	B)	#	C	to	one	that	has	only	single-variable	inversions.	(a)	True	(b)	False	(c)	False	(d)	True	2.	TOCCMC11_0131725793.QXD	782	12/20/05	5:35	PM	Page	782	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	SECTION	11-12	1.	Z2-6	and	Z2-11	shorted
together	4-48.	Chapter	7	and	subsequent	examples	have	been	rewritten	to	emphasize	synchronous	counter	ICs	and	include	techniques	for	analysis,	cascading,	and	using	HDL	to	describe	them.	Compiler	A	program	that	translates	a	text	file	written	in	a	high-level	language	into	a	binary	file	that	can	be	loaded	into	a	programmable	device	such	as	a	PLD
or	a	computer’s	memory.	The	SAC	has	a	shorter	conversion	time	that	doesn’t	change	with	VA.	(a)	57FA	(b)	5000	to	57FF	(c)	9000	to	97FF	(d)	no	9-65.	P-MOS	(P-channel	Metal	Oxide	Semiconductor)	Integrated-circuit	technology	that	uses	P-channel	MOSFETs	as	the	principal	circuit	element.	A	VARIABLE	can	be	thought	of	as	a	piece	of	scrap	paper
used	to	write	down	some	numbers	that	will	be	needed	later.	In	most	computers,	the	CPU	will	use	the	PGT	of	the	CS	signal	at	t2	to	latch	these	data	into	one	of	its	internal	registers.	This	school	received	70,214	applications	in	2017	and	had	an	acceptance	rate	of	44	percent.New	York	UniversityNew	York	University	is	a	private	university	located	in
Manhattan’s	Greenwich	Village	neighborhood.	All	rights	reserved.	■	Use	the	test	results	on	a	RAM	or	ROM	system	to	determine	possible	faults	in	the	memory	system.	Another	term	for	capacity.	Pearson	Prentice	Hall.	Latency	The	inherent	delay	associated	with	reading	data	from	a	DRAM.	Concatenate	A	term	used	to	describe	the	arrangement	or
linking	of	two	or	more	data	objects	into	ordered	sets.	The	Altera	UP2	educational	development	board	also	contains	an	EPF10K70	device	in	a	240-pin	package.	Other	labels	are	often	used	for	this	input.	The	design	engineering	decisions	must	take	into	account	many	factors,	including	the	necessary	speed	of	operation	for	the	circuit,	cost	of
manufacturing,	system	power	consumption,	system	size,	amount	of	time	available	to	design	the	product,	etc.	What	waveform	would	appear	at	the	D/A	output?	TOCCMC12_0131725793.QXD	816	12/20/05	5:37	PM	Page	816	CHAPTER	12/MEMORY	DEVICES	ranging	from	0	to	6310.	Note	that	the	“&”	symbol	is	used	to	denote	that	both	must	be	active.
Staircase	Waveform	Type	of	waveform	generated	at	the	output	of	a	digital-to-analog	converter	as	its	digital	input	signal	is	incrementally	changed.	Capacity.	The	digital	input	to	a	DAC	is	incremented	until	the	DAC	staircase	output	exceeds	the	analog	input.	When	EN	is	in	its	active-LOW	state,	the	conditions	at	the	address	inputs	determine	which	row
(register)	will	be	enabled	so	that	its	data	can	be	read	at	the	data	outputs.	Read-Only	Memory	(ROM).	This	same	procedure	is	followed	to	determine	the	status	of	the	fuses	at	the	other	OR	gate	inputs.	(c)	In	the	BCD	code,	each	_____	is	converted	to	its	four-bit	binary	equivalent.	Also	referred	to	as	the	computer’s	working	memory.	Static	Accuracy	Test
Test	in	which	a	fixed	binary	value	is	applied	to	the	input	of	a	digital-to-analog	converter	and	the	analog	output	is	accurately	measured.	Each	word	stored	in	a	memory	device	or	system	has	a	unique	address.	Noise	Margin	Quantitative	measure	of	noise	immunity.	12-8	FLASH	MEMORY	EPROMs	are	nonvolatile,	offer	fast	read	access	times	(typically	120
ns),	and	have	high	density	and	low	cost	per	bit.	In	the	previous	chapters	you	have	become	familiar	with	the	process	of	programming	a	PLD	using	either	AHDL	or	VHDL.	See	also	Bus	Contention.	The	logic	blocks	themselves	are	programmable	AND/fixedOR	logic	circuits	with	fewer	product	terms	available	than	most	PAL	devices.	The	early	devices
contained	the	equivalent	of	a	few	hundred	gates,	and	now	we	have	parts	available	that	contain	a	few	million	gates.	This	is	called	the	sample	operation.	Transducer	Device	that	converts	a	physical	variable	to	an	electrical	variable	(for	example,	a	photocell	or	a	thermocouple).	FOR	Loop	See	Iterative	Loop.	Adder/Subtractor	An	adder	circuit	that	can
subtract	by	complementing	(negating)	one	of	the	operands.	The	27C512	is	a	common	64K	*	8	EPROM	that	operates	very	much	like	the	27C64	but	offers	more	storage	capacity.	Example	1	z	=	A	+	B#C	=	A	#	(B	#	C)	=	A	#	(B	+	C)	=	A	#	(B	+	C)	Example	2			1A	+	BC2		1D	+	EF2	=	(A	+	BC)	+	(D	+	EF)	=	(A	#	BC)	+	(D	#	EF)	=	[A	#	(B	+	C)]	+	[D	#	(E
+	F)]	=	AB	+	AC	+	DE	+	DF	DeMorgan’s	theorems	are	easily	extended	to	more	than	two	variables.	The	rectangular	symbols	for	the	NAND	and	the	NOR	are	the	same	as	those	for	the	AND	and	the	OR,	respectively,	with	the	addition	of	the	small	inversion	triangle	on	the	output.	2-7.	The	first	bit	must	always	be	a	start	bit	(logic	0).
TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	777	777	PROBLEMS	B	(a)	Produces	a	staircase	signal	at	its	DAC	output	(b)	Has	a	constant	conversion	time	independent	of	VA	(c)	Has	a	shorter	average	conversion	time	(d)	Uses	an	analog	comparator	(e)	Uses	a	DAC	(f)	Uses	a	counter	(g)	Has	complex	control	logic	(h)	Has	an	EOC	output	11-34.	A
more	efficient	method	is	to	interpret	the	circuit	diagram	using	the	ideas	we	have	been	developing	in	the	last	two	sections.	When	a	large	decimal	number	is	to	be	converted	to	binary,	it	is	sometimes	easier	to	convert	it	first	to	hex,	and	then	from	hex	to	binary.	The	LUT	is	the	portion	of	the	programmable	logic	block	that	produces	a	combinational
function	(see	Figure	13-14).	Bus	Group	of	wires	that	carry	related	bits	of	information.	Instructions	Binary	codes	that	tell	a	computer	what	operation	to	perform.	SECTIONS	12-13	TO	12-17	D	12-25.	They	are	simply	connections	between	one	gate’s	output	and	another	gate’s	input.	How	many	PROM	chips	are	needed?	[A]		1111,	or	[A]		000	(if	C0		1)	6-25.
This	is	often	called	checking	the	parity	of	the	data.	Thus,	the	AND	gate	2	symbol	does	not	have	to	be	changed.	Optical	Disk	Memory	Class	of	mass	memory	devices	that	uses	a	laser	beam	to	write	onto	and	read	from	a	specially	coated	disk.	In	addition	to	the	slower	clock	rate,	the	DRAM	access	time	(latency)	is	much	greater.	Thus,	a	memory	that	has	a
capacity	of	2M	*	8	is	actually	one	with	a	capacity	of	2,097,152	*	8.	The	ROM	chips,	however,	must	be	tested	differently	from	RAM	chips	because	we	cannot	write	patterns	into	ROM	and	read	them	back	as	we	can	for	RAM.	TOCCMC02_0131725793.QXD	11/26/05	1:14	AM	Page	43	SECTION	2-9/PARITY	METHOD	FOR	ERROR	DETECTION	43	the	seven-
bit	ASCII	code	produces	an	eight-bit	code.	In	order	to	read	the	contents	of	the	selected	register,	the	READ/WRITE	(R>W)*	input	must	be	a	1.	Assume	the	sample	frequency	FS	is	20	kHz.	Determine	the	output	frequency	that	will	be	heard	for	each	of	the	following	input	frequencies.	FIGURE	3-34	Interpretation	of	the	two	NAND	gate	symbols.	Data	in
A11	A10	A9	A8	A7	A6	A5	A4	A3	A2	A1	A0	RAM	4K	x	1	A14	A13	2147H	A1	A0	•	•	•	•	•	•	•	•	•	•	•	RAM	32K	x	8	I/O7	I/O6	I/O5	MCM	6206C	I/O3	I/O2	I/O1	CE	OE	R/W	CS	R/W	I/O4	I/O0	Data	out	(a)	EXAMPLE	12-10	(b)	The	MCM6206C	is	a	CMOS	RAM	with	32K	*	8	capacity,	common	I/O	pins,	an	active-LOW	chip	enable,	and	an	active-LOW	output
enable.	Fortunately,	Altera	offers	AHDL,	a	less	demanding	language	that	uses	the	same	basic	concepts	as	VHDL	but	is	much	easier	for	beginners	to	master.	The	counter	is	incremented	after	each	refresh.	This	system	containing	the	block	of	memory	has	an	address	bus	of	16	bits,	which	is	typical	of	a	small	microcontroller-based	system.	(a)	SUM		0111
6-32.	It	is	located	on	pin	83	on	an	EPM7128SLC84	(see	Figure	13-12).	Recall	from	Chapter	4	that	any	logic	function	can	be	expressed	in	SOP	form.	How	many	data	input	and	data	output	lines	does	it	have?	(a)	6E24	(b)	100D	(c)	18AB	6-15.	As	we	mentioned,	a	very	important	point	of	this	illustration	is	the	method	of	describing	precedence	for	the	inputs.
Binary	Digit	Bit.	The	output	binary	number	is	the	desired	value	of	y.	This	erase	and	store	operation	typically	takes	5	ms.	In	this	way,	the	PLD	is	reprogrammed	by	changing	the	bootstrap	ROM,	rather	than	changing	the	PLD	chip	itself.	The	technique	of	using	a	MUX	to	implement	SOP	expressions	has	been	explained	in	a	more	structured	way	as	an
independent	study	exercise	in	the	end-of-the-chapter	problems.	We	will	employ	this	convention	for	labeling	logic	signals	whenever	appropriate.	Auxiliary	memory	operates	at	a	much	slower	speed	than	main	memory,	and	it	stores	programs	and	data	that	are	not	currently	being	used	by	the	CPU.	(g)*True	or	false:	A	10-bit	DAC	with	full-scale	output	of
10	V	has	a	smaller	percentage	resolution	than	a	10-bit	DAC	with	12	V	full	scale.	Advances	in	LSI	and	VLSI	technology	have	made	it	possible	to	obtain	large	numbers	of	785	TOCCMC12_0131725793.QXD	12/20/05	786	5:37	PM	Page	786	CHAPTER	12/MEMORY	DEVICES	FFs	on	a	single	chip	arranged	in	various	memory-array	formats.	Electrically
erasable	and	programmable	in	circuit	2.	11-40.*	Design	the	ADC	interface	to	a	digital	thermostat	using	an	LM34	temperature	sensor	and	the	ADC0804.	RWM	is	memory	that	can	be	read	from	or	written	to	with	equal	ease.	INTEGER	In	VHDL,	the	data	object	type	representing	a	numeric	value.	Each	theorem	is	accompanied	by	a	logic-circuit	diagram
that	demonstrates	its	validity.	The	input	is	labeled	R>W;	there	is	no	bar	over	the	R,	which	indicates	that	the	read	operation	occurs	when	R>W	=	1.	One-Time	Programmable	(OTP)	A	broad	category	of	programmable	components	that	are	programmed	by	permanently	altering	the	connections	(e.g.,	melting	a	fuse	element).	Special	hardware,	like	you	will
study	in	Chapter	12,	is	used	to	implement	the	memory	system	that	stores	the	data	samples	and	weight	values.	At	this	point,	the	internal	ROM	circuitry	begins	to	decode	the	new	address	inputs	to	select	the	register	that	is	to	send	its	data	to	the	output	buffers.	11-47.	Inhibit	Circuits	Logic	circuits	that	control	the	passage	of	an	input	signal	through	to
the	output.	The	disks	are	manufactured	with	a	highly	reflective	surface.	We	hope	the	reasons	will	become	clear	after	reading	the	next	section.	As	we	will	see	later,	the	word	capacity	and	the	word	size	can	be	expanded	by	combining	memory	chips.	GENERATE	A	VHDL	keyword	used	with	the	FOR	construct	to	iteratively	define	multiple	similar
components	and	to	interconnect	them.	Maximum	Clocking	Frequency	(fMAX)	Highest	frequency	that	may	be	applied	to	the	clock	input	of	a	flip-flop	and	still	have	it	trigger	reliably.	(Courtesy	of	MicroLinear	Corp.)	8-bit	D/A	Crystal	osc.	What	is	the	word	size?	Recall	that	in	the	digital-ramp	method,	the	digital	output	was	always	equivalent	to	a	voltage
that	was	on	the	step	above	VA.	DRAMs	with	a	four-bit	(or	greater)	word	size	have	a	cell	arrangement	similar	to	that	of	Figure	12-25	except	that	each	position	in	the	array	contains	four	cells,	and	each	applied	address	selects	a	group	of	four	cells	for	a	read	or	a	write	operation.	How	many	pins	are	required	for	the	MCM6208C	64K	*	4	RAM	with	one	CS
input	and	common	I/O?	If	this	default	section	is	not	specified,	the	output	values	would	default	automatically	to	all	LOW.	00100001112		13510	for	both	cases	SECTION	11-10	1.	The	RAM	section	requires	a	single	8K	*	8	device.	Desired	address	applied	to	address	inputs;	R>W	=	1;	CS	or	CE	activated	2.	If	the	decoder’s	enable	input,	EN,	is	held	HIGH,	all
of	the	decoder	outputs	will	be	in	their	inactive	LOW	state,	and	all	of	the	transistors	in	the	array	will	be	off	because	of	the	absence	of	any	gate	voltage.	E1	E2	E3	74LS138	A2	A1	A0	..	Figure	11-29	shows	how	4X	oversampling	interpolation	filtering	smoothes	out	the	waveform	and	makes	final	filtering	possible	FIGURE	11-28	Digital	signal	processor
architecture.	This	output	serves	as	an	input	to	the	AND	gate	along	with	another	input,	C.	(a)	No	(b)	No	5-55.	SECTION	12-11	1.	(c)	Modify	the	diagram	of	Figure	11-36	to	place	the	ADC0804	at	address	FFXX	hex.	12-26.	For	example,	the	Intel	27C64	is	a	CMOS	ROM	that	stores	8192	eight-bit	words.	The	eight	data	input/output	pins	(	DQ0–DQ7)	are
used	as	inputs	during	memory	write	operations	and	as	outputs	during	memory	read	operations.	In	general,	an	N-bit	flash	converter	would	require	2N	-	1	comparators,	2N	resistors,	and	the	necessary	encoder	logic.	What	is	the	output	state	of	the	four-input	circuit	represented	in	Figure	3-1(c)	when	all	inputs	except	B	are	1?	What	is	the	resolution	in	°F?
While	this	is	fewer	than	was	found	in	the	simpler	GAL	chips	discussed	earlier,	it	is	often	sufficient	for	most	logic	functions.	It	received	85,057	applicants	in	2017	and	is	one	of	the	most	selective	in	the	state	with	an	acceptance	rate	of	17	percent.CC-BY/sarangib/Pixabay	University	of	California-Santa	BarbaraThe	University	of	California-Santa	Barbara
sits	on	a	cliff	overlooking	the	Pacific	Ocean,	about	100	miles	north	of	Los	Angeles.	This	is	one	of	the	major	ways	of	sending	and	receiving	information	on	the	Internet.	Then,	by	looking	at	the	pattern	of	good	and	bad	locations	along	with	the	organization	of	the	memory	circuitry,	one	can	determine	the	possible	causes	of	the	memory	malfunction.	Clearly,
this	row-refreshing	feature	makes	it	easier	to	keep	all	DRAM	cells	refreshed.	Asynchronous	Inputs	Flip-flop	inputs	that	can	affect	the	operation	of	the	flip-flop	independent	of	the	synchronous	and	clock	inputs.	The	truth	table	in	Figure	3-2(a)	shows	what	happens	when	two	logic	inputs,	A	and	B,	are	combined	using	the	OR	operation	to	produce	the
output	x.	The	GAL	16V8	is	one	of	the	simplest	PLDs	available	but	is	still	widely	used	and	demonstrates	the	basic	principles	behind	all	PLDs.	11.	The	extensive	troubleshooting	coverage	is	spread	over	Chapters	4	through	12	and	includes	presentation	of	troubleshooting	principles	and	techniques,	case	studies,	25	troubleshooting	examples,	and	60	real
troubleshooting	problems.	Refreshing	Process	of	recharging	the	cells	of	a	dynamic	memory.	CMOS	(Complementary	Metal-Oxide-Semiconductor)	Integrated-circuit	technology	that	uses	MOSFETs	as	the	principal	circuit	element.	The	representation	of	Figure	3-36(c)	is	obtained	from	the	original	circuit	diagram	by	replacing	NAND	gates	1	and	2	by
their	alternate	symbols.	Note	that	each	address	bus	line	is	connected	to	the	corresponding	address	input	of	each	chip.	An	even	TOCCMF01_0131725793.QXD	12/22/2005	09:07	PM	PREFACE	Page	ix	ix	FIGURE	P-1	Altera’s	UP3	development	board.	TOCCMC12_0131725793.QXD	12/20/05	844	REVIEW	QUESTIONS	5:37	PM	Page	844	CHAPTER
12/MEMORY	DEVICES	1.	That	is	essentially	what	is	done	to	program	this	type	of	PLD.	The	push	button	is	wired	to	produce	a	logic	1	(true)	when	it	is	pressed.	What	does	a	dot	represent	on	a	PLD	diagram?	Auxiliary	Memory	The	part	of	a	computer’s	memory	that	is	separate	from	the	computer’s	main	working	memory.	The	advantage	of	DSP	over
resistors	and	capacitors	is	the	flexibility	of	being	able	to	change	the	critical	frequency	without	switching	any	components.	Programmable	logic	devices	(PLDs),	sometimes	referred	to	as	fieldprogrammable	logic	devices	(FPLDs),	can	be	custom-configured	to	create	any	desired	digital	circuit,	from	simple	logic	gates	to	complex	digital	systems.	The	chip
set	and	motherboard	design	that	is	used	in	any	given	system	determines	which	type	of	DIMM	can	be	used.	Each	file	has	some	way	of	demonstrating	the	operation	of	the	circuit	or	reinforcing	a	concept.	6-43.	An	AND	gate	is	a	logic	circuit	that	performs	the	AND	operation	on	the	circuit’s	inputs.	An	INVERTER	has	only	one	input,	and	its	output	logic
level	is	always	the	opposite	of	this	input’s	logic	level.	Sixteen	2.	What	is	the	programming	technology	used	by	each	family?	(e)	What	is	the	maximum	frequency	of	the	output	waveforms?	For	example,	with	10mV	resolution,	the	A/D	output	would	switch	from	0	to	1	at	5	mV,	from	1	to	2	at	15	mV,	and	so	on.	Undesignated	problems	are	considered	to	be	of
intermediate	difficulty,	between	basic	and	challenging.	Here’s	the	proof:	O1	=	A	B	+	A	B	+	AB	+	AB	=	A(B	+	B)	+	A(B	+	B)	=	A	+	A	=	1	Each	of	the	four	outputs	O1,	O2,	O3,	and	O4	can	be	programmed	to	be	any	function	of	A	and	B	by	selectively	blowing	the	appropriate	fuses.	Data	from	memory	produce	the	vertical	deflection	of	the	electron	beam,
while	the	TIME-BASE	COUNTER	provides	the	horizontal	deflection	in	the	form	of	a	staircase	sweep	signal.	For	example,	notice	how	many	fuses	were	required	in	Figure	13-5	to	program	the	simple	SOP	expressions	and	how	many	product	terms	are	often	not	used.	Each	of	these	buses	consists	of	several	lines	(note	that	they	are	represented	by	a	single
line	with	a	slash),	and	the	number	of	lines	in	each	bus	will	vary	from	one	computer	to	the	next.	SECTION	12-21	T	12-46.*	Consider	the	16	*	8	ROM	in	Figure	12-6.	In	other	words,	the	actual	analog	input,	VIN,	is	the	difference	in	the	voltages	applied	to	these	pins	[analog	VIN	=	VIN(+)	-	VIN(-)].	The	AND	output	goes	HIGH	only	when	all	inputs	are
HIGH,	while	the	NAND	output	goes	LOW	only	when	all	inputs	are	HIGH.	These	are	shown	in	Figure	12-5	as	the	address	lines	or	address	bus,	the	data	lines	or	data	bus,	and	the	control	lines	or	control	bus.	Figure	12-4(b)	shows	the	data	word	1101	being	read	from	address	11110.	Clock	Skew	Arrival	of	a	clock	signal	at	the	clock	inputs	of	different	flip-
flops	at	different	times	as	a	result	of	propagation	delays.	The	advantages	of	this	method	are:	It	allows	you	to	analyze	one	gate	or	logic	combination	at	a	time.	BIT	In	VHDL,	the	data	object	type	representing	a	single	binary	digit	(bit).	FIGURE	3-47	Essential	elements	in	AHDL.	Thus,	we	can	say	that	Z	will	go	LOW	only	when	X		Y		1.	The	stability	of	the
conversion	process	can	be	improved	by	using	a	sample-and-hold	(S/H)	circuit	to	hold	the	analog	voltage	constant	while	the	A/D	conversion	is	taking	place.	&	When	used	inside	an	IEEE/ANSI	symbol,	an	indication	of	an	AND	gate	or	AND	function.	Dynamic	Memory	Devices.	The	repeated-division	method	is	used	to	convert	decimal	numbers	to	binary	or
hexadecimal.	Consequently,	bipolar	and	NMOS	devices	are	rarely	produced	in	newer	(larger)	ROMs.	Another	important	timing	parameter	is	the	output	enable	time	(tOE),	which	is	the	delay	between	the	CS	input	and	the	valid	data	output.	If	CS	is	HIGH,	the	output	buffers	are	in	the	Hi-Z	state,	and	D7	through	D0	will	be	floating.	(a)	Draw	the	logic
symbol	for	an	MCM101514,	a	CMOS	static	RAM	organized	as	a	256K	*	4	with	separate	data	in	and	data	out,	and	an	active-LOW	chip	enable.	The	pins	that	are	common	for	all	of	the	devices	are	hardwired	to	the	system	buses.	The	digital	outputs	are	to	remain	stable	for	100	ms	after	the	conversion	is	complete	before	switching	to	the	next	analog	input.
CHAPTER	2	2-1.	Memory	Word.	A	new	type	of	package	called	the	RIMM	has	entered	the	market.	The	complete	logic	diagram	of	the	GAL	16V8	is	shown	in	Figure	13-7.	Your	MP-3	player	is	loaded	up	with	music	and	runs	all	day	on	batteries.	When	deselected,	the	device	is	in	its	low-power	mode,	and	none	of	the	other	inputs	have	any	effect.	As	you	can
see	in	the	table,	this	device	has	a	lot	of	logic	resources	available!	REVIEW	QUESTIONS	1.	The	precision	with	which	an	A/D	converter	can	perform	this	conversion	depends	on	how	many	different	numbers	it	can	assign	and	how	wide	the	analog	range	is.	Time	it	takes	DAC	output	to	settle	to	within	12	step	size	of	its	full-scale	value	when	the	digital	input
changes	from	0	to	full	scale	3.	13-12.*	What	are	the	four	input-only	pins	on	the	EPM7128SLC84	(by	pin	number	and	function)?	13-7.	If	the	type	of	input	is	a	single	bit,	then	it	can	have	only	two	possible	values:	0	and	1.	ROM	capacities	range	from	256	*	4	to	8M	*	8.	It	also	allows	you	to	develop	building	blocks	using	schematic	entry,	AHDL,	VHDL,	and
other	methods	and	then	interconnect	them	to	form	a	complete	system.	The	cascade-chain	expansion	allows	the	FLEX10K	architecture	to	create	functions	with	more	than	four	input	variables.	Full-Custom	An	application-specific	integrated	circuit	(ASIC)	that	is	completely	designed	and	fabricated	from	fundamental	elements	of	electronic	devices	such	as
transistors,	diodes,	resistors,	and	capacitors.	TOCCMC12_0131725793.QXD	854	12/20/05	5:37	PM	Page	854	CHAPTER	12/MEMORY	DEVICES	2.	Figure	11-33	shows	this	symbolically	for	a	converter	that	has	a	resolution	of	10	mV/step.	78,	A0,	BD,	A0,	33,	AA,	F9	2-26.	True	or	false:	There	is	no	way	to	erase	only	a	portion	of	an	EPROM’s	memory.	Also
called	a	field	programmable	logic	array	(FPLA).	Density	A	relative	measure	of	capacity	to	store	bits	in	a	given	amount	of	space.	How	many	address	inputs,	data	inputs,	and	data	outputs	are	required	for	a	16K	*	12	memory?	H	E	L	L	O	REVIEW	QUESTIONS						attached	even-parity	bits	↓	0	1	0	0	1	0	0	0	1	1	0	0	0	1	0	1	1	1	0	0	1	1	0	0	1	1	0	0	1	1	0	0	1	1	0



0	1	1	1	1	1.	The	three	buses	play	a	necessary	part	in	allowing	the	CPU	to	write	data	into	memory	and	to	read	data	from	memory.	Hold	Time	(tH)	Time	interval	immediately	following	the	active	transition	of	the	clock	signal	during	which	the	control	input	must	be	maintained	at	the	proper	level.	APPLICATION	2-3	A	small	process-control	computer	uses
hexadecimal	codes	to	represent	its	16-bit	memory	addresses.	A	+	B	+	C	3-32.	FIGURE	12-23	Symbol	and	mode	table	for	the	CMOS	MCM6264C.	7-39.	Each	shape	in	the	flowchart	shown	in	Figure	3-43	represents	one	instruction.	7-73.	So	ROMs	are	taken	to	include	all	semiconductor,	nonvolatile	memory	devices,	and	they	are	used	in	applications
where	nonvolatile	storage	of	information,	data,	or	program	codes	is	needed	and	where	the	stored	data	rarely	or	never	change.	9-25.	A15	A14	A13	A12	A11	A10	E	0	0	0	0	0	1	1	1	1	+5	V	B	A	E	1	0	E3	C	74ALS138	E1	3	2	1	0	E2	K3	RAM	module-3	0	K2	K1	K0	CS	The	x’s	under	A9	through	A0	indicate	don’t	care	because	these	address	lines	are	not	used	by
the	decoder	to	select	module-3.	These	data	fill	up	a	FIFO	memory	in	the	printer.	Determine	the	output	waveform	of	a	NAND	gate	having	the	inputs	shown	in	Figure	3-23.	The	look-up	table	produces	logic	functions	by	storing	the	function’s	output	results	in	an	SRAM-based	memory.	(c)	Should	switch	bounce	have	any	effect	on	the	circuit	operation?
RAS-Only	Refresh	Method	for	refreshing	DRAM	in	which	only	row	addresses	are	strobed	into	the	DRAM	using	the	RAS	input.	Modify	the	circuit	diagram	to	represent	the	circuit	operation	more	effectively.	We	believe	that	graduates	will	actually	apply	the	concepts	presented	in	this	book	using	higher-level	description	methods	and	more	complex
programmable	devices.	The	other	twelve	states	are	specified	by	an	arbitrary	label	that	starts	with	f	to	indicate	they	are	not	valid	states.	Each	component	provides	a	unique	function,	and	each	can	be	used	independently	or	in	conjunction	with	the	others.	For	information	regarding	permission(s),	write	to:	Rights	and	Permissions	Department.	Notice	that
the	digital	and	analog	ground	paths	are	separated.	This	requires	five	address	bus	lines.	Pearson	Prentice	Hall™	is	a	trademark	of	Pearson	Education,	Inc.	The	place	(location)	in	the	memory	device	where	any	data	value	is	stored	is	identified	by	another	binary	number	referred	to	as	an	address.	An	IC	index	is	provided	at	the	back	of	the	book	to	help
readers	locate	easily	material	on	any	IC	cited	or	used	in	the	text.	Notice	that	they	start	with	input	9,	the	highest-order	input.	The	diagram	shows	that,	at	that	instant	of	time,	input	A	is	going	from	HIGH	to	LOW	while	input	B	is	going	from	LOW	to	HIGH.	All	HDLs	use	the	format	shown	in	Figure	3-46.	As	the	CPU	executes	SELF-TEST,	it	will	write	test
patterns	to	and	read	test	patterns	from	each	RAM	location	and	will	display	some	type	of	message	to	the	user.	Repeat	question	1	for	the	expression	y	=	RST	+	Q.	DSP	is	being	integrated	into	many	common	systems	that	you	are	familiar	with.	Generally,	PLDs	can	be	described	as	being	one	of	three	different	types:	simple	programmable	logic	devices
(SPLDs),	complex	programmable	logic	devices	(CPLDs),	or	field	programmable	gate	arrays	(FPGAs).	The	saving	in	pin	count	translates	to	a	significant	decrease	in	the	size	of	the	IC	packages.	Circular	Buffers	Data	rate	buffers	(FIFOs)	are	often	referred	to	as	linear	buffers.	Standard	look-up-table	ROMs	for	functions	such	as	these	were	at	one	time
readily	available	TTL	chips.	As	we	will	see,	the	languages	used	to	describe	digital	hardware	(HDL)	are	very	similar	to	languages	that	describe	computer	programs	(e.g.,	BASIC,	C,	JAVA),	even	though	the	resulting	implementation	operates	quite	differently.	The	slow	conversion	times,	however,	are	not	a	problem	in	applications	such	as	digital	voltmeters
or	multimeters,	and	this	is	where	they	find	their	major	application.	Circular	buffers	“wrap	around”	from	the	highest	address	to	the	lowest,	and	the	newest	datum	always	overwrites	the	oldest.	Flash	drives	connect	to	a	computer’s	USB	port	and	store	gigabytes	of	information.	Complement	See	Invert.	Switch	is	stuck	closed;	switch	is	stuck	open,	or
capacitor	is	shorted.	W	will	be	LOW	only	when	A1	through	A7	are	all	HIGH.	For	example,	when	x		A1A0		102		210,	the	output	should	be	22		3		710		01112.	Modify	the	circuit	diagram	so	that	it	represents	the	circuit	operation	more	effectively.	The	desired	position	of	the	lever	is	provided	as	a	digital	code	from	the	computer	and	is	then	fed	to	a	DAC,
producing	VA.	Whichever	way	the	inputs	are	declared,	the	outputs	must	be	of	the	same	type.	EXAMPLE	12-19	A	dynamic	test	is	performed	on	the	decoding	logic	of	Figure	12-43	by	keeping	E		1	and	connecting	the	outputs	of	a	six-bit	counter	to	the	address	inputs	A10	through	A15.	If	we	take	the	overall	bit	density,	however,	and	calculate	the	average
value	of	the	analog	output	over	16	samples,	we	will	find	that	it	is	equal	to	-0.625.	This	allows	the	memory	controller	to	be	outputting	the	next	address	at	the	same	time	that	the	current	word	is	being	read.	Use	theorems	(13)	and	(15b)	to	simplify	y	=	AD	+	ABD.	A	fast	data	input	path	from	an	I/O	pin	to	the	registers,	bypassing	the	PIA,	is	also	available.
Intensive	use	of	carry	and	cascade	chains	can	reduce	routing	flexibility	and	should	therefore	be	limited	to	speed-critical	portions	of	a	design.	Sample	n	1	2	IN[n]	(V)	0	OUT[n]	(V)	0	3	4	5	6	7	8	9	10	0	0	0	10	10	10	10	10	10	0	0	In/Out	10	(volts)	8	6	4	2	0	1	2	3	4	5	6	7	8	9	10	n	Sample	calculations:	OUT[n]	=	(IN[n	-	3]	+	IN[n	-	2]	+	IN[n	-	1]	+	IN[n])/4	=	0
OUT[4]	=	(IN[1]	+	IN[2]	+	IN[3]	+	IN[4])/4	=	0	OUT[5]	=	(IN[2]	+	IN[3]	+	IN[4]	+	IN[5])/4	=	2.5	(Notice	that	this	calculation	is	equivalent	to	multiplying	each	sample	by	1⁄4	and	summing.)	11-50.	A	new	emphasis	is	placed	on	simulation	and	testing	of	HDL	modules.	The	output	of	a	NOR	gate	is	LOW	(logic	level	0)	when	any	or	all	inputs	are	HIGH
(logic	level	1).	Because	two	banks	are	lined	up	in	the	same	row,	both	banks	can	be	refreshed	at	the	same	time,	effectively	making	it	the	same	as	if	there	were	only	1024	rows.	The	logic	circuit	in	Figure	3-40	is	used	to	control	the	drive	spindle	motor	for	a	floppy	disk	drive	when	the	microcomputer	is	sending	data	to	or	receiving	data	from	the	disk.
Active	Logic	Level	Logic	level	at	which	a	circuit	is	considered	active.	This	accounts	for	the	32	input	variables	(columns	in	the	input	matrix)	that	can	be	programmed	as	connections	to	the	64	multiple-input	AND	gates.	This	data	word	would	have	been	applied	to	the	memory’s	data	input	lines,	and	it	replaces	the	data	previously	stored	at	address	00011.
Supercomputers	Computers	with	the	greatest	speed	and	computational	power.	Exclusive-NOR	(XNOR)	Circuit	Two-input	logic	circuit	that	produces	a	HIGH	output	only	when	the	inputs	are	equal.	If	the	VCC	input	is	selected,	the	output	is	always	enabled,	like	a	standard	combinational	logic	gate.	A	new	calculator	hint	simplifies	negation	of	binary
numbers	represented	in	hex.	The	74ALS138	decoder	and	the	four-input	OR	gate	combine	to	decode	the	six	high-order	address	lines	to	generate	the	chip	select	signals	K0,	K1,	K2,	and	K3.	We	simply	need	to	connect	two	more	address	lines	(A13	and	A14)	to	the	ROM	socket	and	replace	the	old	chip	with	a	27C256	chip.	Data	Transfer	and	Portability	The
need	to	store	and	transfer	large	sets	of	binary	information	is	a	requirement	of	many	low-power	battery-operated	systems	today.	(b)	The	total	number	of	connections	in	the	circuit	using	MUXes	is	63,	not	including	VCC	and	GND,	and	not	including	the	connections	to	counter	clock	inputs.	VCC	Bipolar	cell	VDD	Q3	Q4	Q1	Q2	NMOS	cell
TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	819	819	SECTION	12-12/STATIC	RAM	(SRAM)	of	the	CPU.	The	OR	gate	output	thus	goes	HIGH	(1)	for	either	alarm	condition	and	will	activate	the	alarm.	This	manual	contains	worked-out	solutions	for	all	end-of-chapter	problems	in	this	textbook.	Constants	Symbolic	names	that	can	be	used	to
represent	fixed	numeric	(scalar)	values.	If	you	choose	to	use	any	old	scavenged	EPROM	as	a	PLD,	you	may	need	to	generate	your	own	bit	map	(like	they	used	to	do	it),	which	is	very	tedious.	You	will	find	any	of	these	languages	easy	to	use	after	learning	the	basics	of	AHDL	or	VHDL	as	covered	in	this	text.	11-10.	SECTION	12-12	12-24.*	A	certain	static
RAM	has	the	following	timing	parameters	(in	nanoseconds):	tRC	tACC	tCO	tOD	tWC	=	=	=	=	=	100	100	70	30	100	tAS	tAH	tW	tDS	tDH	=	=	=	=	=	20	not	given	40	10	20	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	861	861	PROBLEMS	(a)	How	long	after	the	address	lines	stabilize	will	valid	data	appear	at	the	outputs	during	a	read	cycle?
Determine	the	output	expression	for	the	circuit	of	Figure	3-28	and	simplify	it	using	DeMorgan’s	theorems.	The	borrowed	gates	are	no	longer	usable	by	the	macrocell	from	which	they	are	borrowed.	One	of	these	methods,	shown	in	Figure	12-33(a),	is	called	CAS-before-RAS	refresh.	True	or	false:	A	flash	ADC	does	not	contain	a	DAC.	For	example,	look
at	the	chips	in	Figure	12-24	and	take	note	of	the	pin	assignments.The	fact	that	the	same	function	is	assigned	to	the	same	pins	on	all	of	these	diverse	devices,	manufactured	TOCCMC12_0131725793.QXD	12/20/05	822	5:37	PM	Page	822	CHAPTER	12/MEMORY	DEVICES	FIGURE	12-24	JEDEC	standard	memory	packaging.	The	DAC	output	will	be	a
waveform	that	steps	through	the	256	different	analog	voltage	values	corresponding	to	the	data	points.	False;	they	are	unity-gain	buffers	with	high	input	impedance	and	low	output	impedance.	The	basic	design	of	the	signal	routing	resources	can	affect	how	much	of	the	PLD’s	logic	resources	can	be	utilized.	The	NOR	output	will	be	LOW	for	all	other
time	intervals.	The	third	step	is	to	predict	the	values	at	node	w	which	is	the	logical	product	of	BC.	How	are	the	circuits	reconfigured	electronically	in	a	PLD?	Embedded	Microcontroller	Microcontroller	that	is	embedded	in	a	marketable	product	such	as	a	VCR	or	an	appliance.	You	probably	noticed	that	each	description	method	in	Figure	3-42	offers
challenges	to	computer	entry,	whether	it	is	due	to	overbars,	symbols,	formatting,	or	line-drawing	issues.	State	the	major	advantage	and	disadvantage	of	a	flash	converter.	Show	how	to	expand	the	system	of	Figure	12-42	to	an	8K	*	8	with	addresses	ranging	from	0000	to	1FFF.	11-15	MULTIPLEXING	When	analog	inputs	from	several	sources	are	to	be
converted,	a	multiplexing	technique	can	be	used	so	that	one	ADC	may	be	time-shared.	EXAMPLE	12-17	Which	RAM	module	will	have	data	written	into	it	when	the	CPU	executes	a	write	operation	to	address	1C65?	Pull-Down	Transistor	See	Current-Sinking	Transistor.	The	subtractor	determines	how	far	the	input	number	is	from	its	maximum	or
minimum	value.	The	control	inputs	(CE,	OE,	and	WE)	control	what	happens	at	the	data	pins	in	much	the	same	way	as	for	the	2864	EEPROM,	as	the	table	in	Figure	12-15(b)	shows.	The	presence	or	absence	of	the	triangle	also	signifies	whether	an	input	or	output	is	active-LOW	or	active-HIGH.	The	first	byte	read	is	the	same	as	the	first	byte	that	was
written,	and	so	on.	The	microprocessor/digital	signal	processing	(DSP)	category	is	a	much	different	approach	to	digital	system	design.	(a)	Parallel	(b)	Binary	(c)	MOD-8	down	(d)	MOD-10,	BCD,	decade	(e)	Asynchronous,	ripple	(f)	Ring	(g)	Johnson	(h)	All	(i)	Presettable	(j)	Up/down	(k)	Asynchronous,	ripple	(l)	MOD-10,	BCD,	decade	(m)	Synchronous,
parallel	CHAPTER	8	8-1.	Repeat	question	1	for	the	circuit	of	Figure	3-38(b).	The	process	uses	a	“mask”	to	deposit	metals	on	the	silicon	that	determine	where	the	connections	form	in	a	way	similar	to	using	stencils	and	spray	paint	but	on	a	much	smaller	scale.	For	applications	such	as	these,	SRAM	is	normally	used.	Because	4096		642,	the	registers	are
arranged	in	a	64	*	64	array;	that	is,	there	are	64	rows	and	64	columns.	A	sigma/delta	A/D	converter	works	in	a	very	similar	way	but	converts	the	analog	voltage	into	the	modulated	bit	stream.	TMS44100	Refresh	n	RAS	CAS	Hi-Z	Data	out	(a)	CAS-before-RAS	Memory	read	Refresh	n	Refresh	n+1	RAS	CAS	Data	out	Hi-Z	Valid	data	(b)	Hidden	refresh
Refresh	all	100	μs/min	RAS	CAS	Data	out	Hi-Z	(c)	Self–refresh	However,	if	this	will	slow	the	program	execution	down	too	much,	it	may	require	some	distributed	refreshing	using	CAS-before-RAS	or	hidden	refresh	cycles.	(a)	255	2-4.	(a)	NOR	(b)	AND	(c)	NAND	3-35.	SLDRAM	Synchronous-Link	DRAM	is	an	evolutionary	improvement	over	DDRSDRAM.
This	is	exactly	opposite	of	the	way	most	examples	in	this	text	have	presented	variables,	but	it	is	important	to	realize	the	significance	of	the	declaration	statement	in	VHDL.	The	reason	for	having	CS	inputs	will	become	clear	when	we	combine	memory	chips	to	obtain	larger	memories.	At	that	point,	the	reader	can	interpret	a	logic	block’s	input	and
output	characteristics	and	“fit”	it	properly	into	a	complete	system.	In	those	examples,	we	took	care	of	invalid	states	by	including	them	under	“others.”	This	method	also	works	for	ring	counters.	In	modern	DRAM	chips,	each	memory	cell	must	be	refreshed	typically	every	2,	4,	or	8	ms,	or	its	data	will	be	lost.	Data	inputs	Memory	cells	Addresses	I3	MSB
I2	I1	I0	A4	Address	inputs	A3	A2	Read/write	command	32	x	4	Memory	A1	R/W	Memory	enable	ME	0	1	1	0	00000	1	0	0	1	00001	1	1	1	1	00010	1	0	0	0	00011	0	0	0	1	00100	0	A0	O3	O2	O1	O0	0	0	0	1	1	0	1	00101	••	••	•	•	11101	1	1	0	1	11110	0	1	1	1	11111	••	•	••	•	••	•	••	•	••	•	Data	outputs	(a)	(b)	of	the	memory	locations	for	a	read	or	a	write
operation,	the	five-bit	address	code	for	that	particular	location	is	applied	to	the	address	inputs.	Instead,	their	internal	hardware	is	configured	by	electronically	connecting	and	disconnecting	points	in	the	circuit.	When	supplemented	with	hands-on	lab	exercises,	this	material	can	help	foster	the	development	of	good	troubleshooting	skills.	The	output	of	a
NAND	gate	is	LOW	(logic	level	0)	only	if	all	inputs	are	HIGH	(logic	level	1).	7-27.	A	number	of	CPLD	and	FPGA	development	boards	are	available	for	students	to	use	in	the	laboratory.	Of	course,	even	with	their	low	power	consumption,	these	CMOS	RAMs	will	eventually	drain	the	batteries	if	power	is	out	for	prolonged	periods,	and	data	will	be	lost.	This
same	characteristic	is	true	of	NAND	gates	having	more	than	two	inputs.	In	Section	12-13,	we	will	describe	dynamic	RAM,	which	stores	data	as	charges	on	capacitors.	Topics	such	as	signed	binary	number	representations	(including	fractions),	signed	binary	addition	and	multiplication	(covered	in	Chapter	6),	and	shift	registers	(Chapter	7)	are	necessary
to	understand	the	hardware	and	programming	of	a	DSP.	We	do	not	recommend	trying	to	cover	both	languages	in	the	same	course.	What	is	the	major	disadvantage	of	a	microprocessor/DSP	design?	A	resistor	is	connected	to	this	pin	to	use	the	internal	clock.	This	control	input	is	usually	labeled	OE	(for	output	enable).	(a)	Which	chip	is	the	byte	stored
in?	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	93	93	SECTION	3-14/WHICH	GATE	REPRESENTATION	TO	USE	FIGURE	3-39	Example	3-22.	Four	states		four	steps	*	15°/step		60°	of	rotation	10-5.	Instead,	they	are	configured	electronically,	and	their	internal	circuits	are	“wired”	together	electronically	to	form	a	logic	circuit.	Standard-cell
ASICs	use	predefined	logic	function	building	blocks	called	cells	to	create	the	desired	digital	system.	D0	FIGURE	11-36	CS	..	■	Use	DeMorgan’s	theorems	to	simplify	logic	expressions.	The	early	EEPROMs,	such	as	Intel’s	2816,	required	appropriate	support	circuitry	external	to	the	memory	chips.	This	allows	the	input	range	to	be	offset	from	ground.	In
a	more	efficient	approach,	the	test	instrument	has	the	correct	data	stored	in	its	own	reference	ROM	chip.	EPROMs	are	just	like	PROMs	but	can	be	erased	using	UV	light.	9-26.	(c)	Define	DAC	settling	time.	ROMs	are	also	used	for	program	and	data	storage	in	microprocessor-controlled	equipment	such	as	electronic	cash	registers,	appliances,	and
security	systems.	The	process	for	programming	an	EPROM	is	the	same	as	that	for	a	PROM.	The	CASE	construct	selects	a	different	transfer	configuration	for	each	value	of	the	mode	inputs.	This	is	illustrated	in	Figure	3-17(a),	where	a	three-input	OR	gate	is	drawn	with	inputs	labeled	as	AC,	BC,	and	ABC.	The	most	common	FPGA	programming
technology	is	SRAM,	which	is	volatile.	Hardware	Description	Language	(HDL)	A	text-based	method	of	describing	digital	hardware	that	follows	a	rigid	syntax	for	representing	data	objects	and	control	structures.	What	is	the	advantage	of	using	one	of	the	global	clock	inputs	for	registered	operation?	(a)	and	(e)	are	digital;	(b),	(c)	and	(d)	are	analog	1-3.
(a)	A;	B	(b)	A	(c)	A	8-2.	You	can	imagine	how	difficult	it	would	be	to	try	to	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	101	SECTION	3-18/IMPLEMENTING	LOGIC	CIRCUITS	WITH	PLDS	FIGURE	3-44	Configuring	hardware	connections	with	programmable	logic	devices.	It	functions	essentially	like	the	truth	table	for	the	logic	function.	Only
the	format	of	the	data	is	different.	As	a	result,	the	FLEX10K	family	has	architectural	characteristics	that	are	a	combination	of	the	two	HCPLD	classifications.	We	also	know	that	the	output	of	an	AND	gate	will	be	0	whenever	any	input	is	0,	regardless	of	the	level	on	the	other	input.	Some	ROMs	cannot	have	their	data	changed	once	they	have	been
programmed;	others	can	be	erased	and	reprogrammed	as	often	as	desired.	Because	the	charge	on	the	capacitors	must	be	refreshed	regularly,	DRAMs	are	more	complicated	to	use	than	SRAMs.	Extra	circuitry	is	often	added	to	DRAM	systems	to	control	the	reading,	writing,	and	refreshing	cycles.	Other	portions	of	the	device	are	also	programmed	in	the
same	fashion	using	other	SRAM	memory	bits	to	store	the	programming	information.	The	operation	whereby	the	binary	word	stored	in	a	specific	memory	location	(address)	is	sensed	and	then	transferred	to	another	device.	This	characteristic	of	NAND	and	NOR	gates	can	be	very	useful	in	logic-circuit	design,	as	Example	3-18	illustrates.
TOCCMC03_0131725793.QXD	12/2/05	60	8:18	PM	Page	60	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	Using	the	language	of	Boolean	algebra,	the	output	x	can	be	expressed	as	x	=	A	+	B	+	C,	where	again	it	must	be	emphasized	that	the		represents	the	OR	operation.	(d)	When	LOW,	it	signals	the	end	of	a	conversion.	The	programming	technologies
for	PLD	devices	are	actually	based	on	the	various	types	of	semiconductor	memory.	To	do	this,	the	charge	on	the	floating	electrode	is	neutralized	by	exposing	the	silicon	to	high-intensity	ultraviolet	(UV)	light	for	several	minutes.	What	RAM	timing	parameters	determine	its	operating	speed?	Most	FPGA	logic	modules	utilize	a	look-up	table	(LUT)
approach	to	create	the	desired	logic	functions.	Random-Access	Memory	(RAM).	Individually,	these	devices	are	less	expensive	than	PLDs	of	comparable	gate	count,	but	the	custom	programming	process	by	the	chip	manufacturer	is	very	expensive	and	requires	a	great	deal	of	lead	time.	For	example,	when	we	say	that	input	A0	is	asserted,	we	are	saying
that	it	is	in	its	active-LOW	state.	(a)	100101	(c)	10111101	(e)	1001101	(g)	11001101	(i)	111111111	2-3.	The	programming	technologies	used	in	CPLD	devices	are	all	nonvolatile	and	include	EPROM,	EEPROM,	and	flash,	with	EEPROM	being	the	most	common.	Except	for	low-capacity	ROM	chips,	this	process	can	be	very	time-consuming.	(f)	The	_____
code	is	the	most	common	alphanumeric	code	used	in	computer	systems.	For	example,	if	we	have	AB(AB),	we	can	invoke	theorem	(4)	by	letting	x	=	AB.	Some	of	the	more	advanced	PLDs	also	load	the	programming	information	that	configures	their	logic	circuits	from	an	external	ROM	into	a	RAM	area	inside	the	PLD.	Synchronous	Control	Inputs	See
Control	Inputs.	(c)	What	is	the	largest	BCD-encoded	decimal	value	that	can	be	represented	in	three	bytes?	New	material	on	framing	ASCII	characters	for	asynchronous	data	transfer	has	also	been	added.	Y	will	be	LOW	only	when	W		0	and	A0		0.	With	VA	6	1	V,	all	of	the	comparator	outputs	C1	through	C7	will	be	HIGH.	This	is	shown	in	Figure	12-29.
Thus,	the	NOR	gate	operates	like	an	OR	gate	followed	by	an	INVERTER,	so	that	the	circuits	in	Figure	3-19(a)	and	(b)	are	equivalent,	and	the	output	expression	for	the	NOR	gate	is	x	=	A	+	B.	Most	modern	digital	equipment	is	designed	to	be	relatively	error-free,	and	the	probability	of	errors	such	as	the	one	shown	in	Figure	2-4	is	very	low.	A
generalpurpose	logic	compiler	designed	to	program	SPLDs	has	a	list	of	PROM	devices	that	it	can	support.	This	family	also	contains	blocks	of	4K	bits	of	RAM	memory	that	can	be	configured	as	dual-port	or	singleport	memory	with	words	up	to	36	bits	wide.	4096	5.	(This	final	expression	could	also	be	written	as	x	=	C	+	A	#	B	because	it	does	not	matter
which	term	of	the	OR	sum	is	written	first.)	Operator	Precedence	Occasionally,	there	may	be	confusion	about	which	operation	in	an	expression	is	performed	first.	Boolean	Theorems	Rules	that	can	be	applied	to	Boolean	algebra	to	simplify	logic	expressions.	The	conversion	time	for	this	type	of	analog-to-digital	converter	varies	depending	on	the	value	of
the	input	analog	signal.	REVIEW	QUESTION	1.	A	digital	logic	circuit,	on	the	other	hand,	is	limited	in	its	speed	only	by	how	quickly	the	circuitry	can	change	the	outputs	in	response	to	changes	in	the	inputs.	We	must	be	able	to	combine	these	logic	functions	and	implement	a	decisionmaking	system.	The	list	of	variables	used	for	inputs	to	this	block	are
separated	by	commas	and	followed	by	:INPUT;.	The	small	circle	represents	the	inversion	operation.	SECTION	11-13	1.	Up/Down	Digital-Ramp	ADC	(Tracking	ADC)	As	we	have	seen,	the	digital-ramp	ADC	is	relatively	slow	because	the	counter	is	reset	to	0	at	the	start	of	each	new	conversion.	Use	DeMorgan’s	theorems	to	convert	y		A	+	B	+	CD	to	an
expression	containing	only	single-variable	inversions.	The	capacitor,	of	course,	is	the	actual	storage	cell.	At	any	given	time,	a	maximum	of	one	transistor	in	a	column	will	ever	be	turned	on	due	to	the	row	decoder.	What	is	the	resolution	of	the	DAC	of	Problem	11-2?	Thus,	a	total	of	12	address	inputs	is	required.	Thus,	the	RAM	data	will	be	on	the	data
bus	between	t1	and	t3.	The	set	of	statements	that	describe	the	operation	of	the	AHDL	circuit	are	contained	in	the	logic	section	between	the	keywords	BEGIN	and	END.	Pearson	Educación	de	Mexico,	S.A.	de	C.V.	Pearson	Education	Malaysia,	Pte.	B	Active-HIGH	HIGH	state	is	active	state.	(a)	2	kÆ	8-15.	The	small	analog	signals	can	be	drastically
affected	by	noise	if	they	are	directly	transmitted	to	the	control	computer.	x	=	AB(C	{	D)	4-30.	(a)	Sequencing	stops	after	actuator	3	is	activated.	(a)	How	many	hex	digits	are	required?	E	CS	K2	R/	W	1K	×	8	RAM	module-1	+5	V	CS	K1	K0	R/	W	CS	1K	×	8	RAM	module-0	5:37	PM	FIGURE	12-42	CPU	E3	E1	E2	7	6	5	4	3	2	1	0	B	C	74ALS138	12/20/05	A9
A15	A14	A13	A12	A11	A10	A	TOCCMC12_0131725793.QXD	Page	848	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	849	849	SECTION	12-20/TROUBLESHOOTING	RAM	SYSTEMS	so	that	the	decoder	is	enabled	only	while	E	is	HIGH.	=	=	=	=	=	B”00”;	B”01”;	B”10”;	B”11”;	B”00”;	=	=	=	=	=	B”0111”,	=	B”0100”,	=	B”1001”,	=	B”0000”);
design	%	B”00”;	B”01”;	B”10”;	B”11”;	freeze	freeze	freeze	freeze	freeze	=	=	=	=	=	VCC;	VCC;	VCC;	VCC;	GND;	12/19/2005	2:13	PM	Page	691	SECTION	10-3/KEYPAD	ENCODER	PROJECT	691	Lines	15–20	demonstrate	a	powerful	feature	of	AHDL	that	allows	us	to	define	a	state	machine,	with	each	state	made	up	of	the	bit	pattern	we	need.	(a)	No
single-bit	error	(b)	Single-bit	error	(c)	Double	error	(d)	No	single-bit	error	2-30.	VHDL	DECODER/DRIVER	The	VHDL	code	for	this	circuit	is	shown	in	Figure	9-56.	Refresh	Counter	Counter	that	keeps	track	of	row	addresses	during	a	DRAM	refresh	operation.	FIGURE	13-14	Simplified	logic	block	diagram	for	FLEX10K	device.	For	each	PRESENT	state
value	of	ring,	the	NEXT	state	is	defined	as	well	as	the	proper	output	of	the	row	encoder	(data[3..2]).	SECTIONS	11-8	AND	11-9	B	B	D	11-23.	The	sense	amplifier	compares	the	voltage	with	some	reference	value	to	determine	if	it	is	a	logic	0	or	1,	and	it	produces	a	solid	0	V	or	5	V	for	the	data	output.	This	memory	capability	is	what	makes	digital	systems
so	versatile	and	adaptable	to	many	situations.	This	chapter	will	lay	the	groundwork	for	further	study	of	these	vital	tools	for	synthesis	and	analysis	of	digital	systems.	5-66.	For	all	other	states	(valid	and	invalid),	we	shift	in	a	LOW.	000,	001,	010,	011,	100,	101,	110,	111	1-7.	For	example,	the	output	MEM	in	Figure	3-39	is	active-LOW,	and	the	output
DRIVE	in	Figure	3-40	is	active-HIGH	because	these	are	the	output	states	that	cause	something	to	happen.	The	name	of	the	file	must	also	be	and_gate.tdf.	Address	Inputs	Because	this	memory	stores	32	words,	it	has	32	different	storage	locations	and	therefore	32	different	binary	addresses	ranging	from	00000	to	11111	(0	to	31	in	decimal).	During	a
read	operation,	the	I/O	pins	act	as	data	outputs	that	reproduce	the	contents	of	the	selected	address	location.	At	a	minimum,	this	chip	will	perform	address	multiplexing	and	refresh	count	sequence	generation,	leaving	the	generation	of	the	timing	for	RAS,	CAS,	and	MUX	signals	up	to	some	other	logic	circuitry	and	the	person	who	programs	the
computer.	We	can	easily	prove	that	this	alternate	symbol	is	equivalent	to	the	standard	symbol	by	using	DeMorgan’s	theorems	and	recalling	that	the	bubble	represents	an	inversion	operation.	The	IEEE/ANSI	standard	has	not	yet	been	widely	accepted	for	use	in	the	digital	field,	although	you	will	run	across	it	in	some	newer	equipment	schematics.	The
final	count	is	proportional	to	the	value	of	the	analog	voltage.	Manually	testing	thousands	of	RAM	locations	by	storing	and	reading	checkerboard	patterns	would	take	hundreds	of	hours	and	is	obviously	not	feasible.	Assume	that	the	counter	starts	at	0000.	Chapter	10.	The	signal	delays	produced	for	a	design	depend	on	the	actual	signal	routing	selected
by	the	programming	software.	ASCII	Code	(American	Standard	Code	for	Information	Interchange)	Seven-bit	alphanumeric	code	used	by	most	computer	manufacturers.	These	modules	use	5-V-only	DRAM	chips	that	vary	in	capacity	from	1	to	16	Mbits	in	surface-mount	gull-wing	or	J-lead	packages.	The	letter	A	could	be	used	to	represent	the	oven	light
switch	is	on	and	B	could	represent	door	is	opened.	These	macrocells	can	be	utilized	by	the	compiler	for	internal	(buried)	logic.	SRAM-based	devices	are	volatile	and	therefore	require	the	FPGA	to	be	reconfigured	(programmed)	when	it	is	powered-up.	Full-Scale	Output	Maximum	possible	output	value	of	a	digital-to-analog	converter.	Define	a	ROM’s
access	time.	The	temperature	transducer	circuit	produces	an	output	voltage	proportional	to	the	process	temperature.	Power-Down	Operating	mode	in	which	a	chip	is	disabled	and	draws	much	less	power	than	when	it	is	fully	enabled.	Asynchronous	Counter	Type	of	counter	in	which	each	flip-flop	output	serves	as	the	clock	input	signal	for	the	next	flip-
flop	in	the	chain.	Calculate	the	simple	average	of	the	four	most	recent	data	points,	starting	with	OUT[4]	TOCCMC11_0131725793.QXD	12/20/05	780	5:35	PM	Page	780	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	and	proceeding	through	OUT[10].	Knowledge	of	any	of	these	computer	programming	languages	is	not	necessary	to
understand	HDL.	Fortunately,	manufacturers	have	designed	DRAM	chips	so	that	whenever	a	read	operation	is	performed	on	a	cell,	all	of	the	cells	in	that	row	will	be	refreshed.	Current-Sinking	Transistor	Name	given	to	the	output	transistor	(Q4)	of	a	TTL	circuit.	SECTION	12-9	N	12-18.	TOCCMC12_0131725793.QXD	12/20/05	792	5:37	PM	Page	792
CHAPTER	12/MEMORY	DEVICES	FIGURE	12-4	Simplified	illustration	of	the	read	and	write	operations	on	the	32	*	4	memory:	(a)	writing	the	data	word	0100	into	memory	location	00011;	(b)	reading	the	data	word	1101	from	memory	location	11110.	It	is	slightly	more	complex,	however,	because	it	requires	a	decoder	circuit	for	generating	the	CS	input
signals.	BCD-to-Decimal	Decoder	Decoder	that	converts	a	BCD	input	into	a	single	decimal	output	equivalence.	1.22	V;	0	V	8-37.	True	4.	TOCCMC02_0131725793.QXD	12/22/05	4:46	AM	Page	51	ANSWERS	TO	SECTION	REVIEW	QUESTIONS	51	CHALLENGING	EXERCISES	2-37.*	In	a	microcomputer,	the	addresses	of	memory	locations	are	binary
numbers	that	identify	each	memory	circuit	where	a	byte	is	stored.	Many	of	the	important	concepts	that	you	need	to	understand	in	order	to	move	on	to	DSP	have	been	presented	in	this	and	previous	chapters.	The	checksum	idea	is	illustrated	in	Figure	12-44(a)	for	a	very	small	ROM.	How	are	waveforms	“stored”	in	a	DSO?	1-of-10	Decoder	See	BCD-to-
Decimal	Decoder.	MUX	multiplexes	the	full	address	into	the	row	and	column	addresses	for	input	to	the	DRAM.	This	broad	category	represents	the	modern	hardware	design	solution	for	digital	systems.	When	this	occurs,	the	OR	gate	output	also	becomes	a	value	in	this	range,	as	evidenced	by	the	glitch	or	spike	on	the	output	waveform	at	t1.	Straight
Binary	Coding	Representation	of	a	decimal	number	by	its	equivalent	binary	number.	This	is	most	often	done	on	a	“clean”	EPROM,	one	that	has	previously	been	erased	with	UV	light	so	that	all	cells	are	1s.	7-41.	Once	the	three-bit	converter	is	understood,	it	should	be	easy	to	extend	the	basic	idea	to	higherbit	flash	converters.	Override	Inputs
Synonymous	with	“asynchronous	inputs.”	Oversampling	Inserting	data	points	between	sampled	data	in	a	digital	signal	to	make	it	easier	to	filter	out	the	rough	edges	of	the	waveform	coming	out	of	the	DAC.	CMOS	3.	The	microcomputer	controls	when	a	conversion	is	to	take	place	by	generating	the	CS	and	WR	signals.	The	normal	resting	state	of	the
transmission	line	is	logic	1.	Describe	the	functions	of	the	ADC	and	DACs	that	are	part	of	the	DSO.	An	EPM7128S	in	a	160-pin	PQFP	package	has	12	I/Os	per	LAB	plus	four	additional	input-only	pins,	for	a	total	of	100	pins.	When	the	receiver	examines	the	data	that	it	has	received	from	the	transmitter,	it	checks	each	code	group	to	see	that	the	total
number	of	1s	(including	the	parity	bit)	is	consistent	with	the	agreedupon	type	of	parity.	555	Timer	TTL-compatible	IC	that	can	be	wired	to	operate	in	several	different	modes,	such	as	a	one-shot	and	an	astable	multivibrator.	The	CPU	(central	processing	unit)	continually	performs	read	and	write	operations	on	this	memory	at	a	very	fast	rate	that	is
determined	by	the	limitations	FIGURE	12-21	Typical	bipolar	and	NMOS	staticRAM	cells.	Notice	on	lines	16–19	that	the	input	signal	is	assigned	conditionally	to	one	of	the	output	channels.	Preprocessor	Commands	Compiler	commands	that	are	processed	before	the	main	program	code	in	order	to	control	how	the	code	is	interpreted.	INVERTER	Also
referred	to	as	the	NOT	circuit;	logic	circuit	that	implements	the	NOT	operation.	Now,	suppose	that	because	of	some	noise	or	malfunction	the	receiver	actually	receives	the	following	code:	1	1	0	0	0	0	0	0	The	receiver	will	find	that	this	code	has	an	even	number	of	1s.	For	example,	if	the	switch	is	closed	at	time	t0,	the	A1	output	will	quickly	charge	Ch	up
to	a	voltage	V0.	The	RAM	responds	by	placing	the	data	from	the	addressed	location	onto	the	data	output	line	at	t1.	A	block	diagram	of	a	DSO	is	shown	in	Figure	11-26.	Checksum	Special	data	word	stored	in	the	last	ROM	location.	It	uses	only	two	different	sizes	of	resistors.	t5:	R>W	is	pulsed	LOW	to	write	the	data	into	the	selected	cell.	siso8_ahdl
siso8_vhdl	7-81.	TOCCMC12_0131725793.QXD	788	12/20/05	5:37	PM	Page	788	CHAPTER	12/MEMORY	DEVICES	■	■	■	■	■	■	■	Density.	Pin-Compatible	When	the	corresponding	pins	on	two	different	ICs	have	the	same	functions.	The	distinction	between	CPLDs	and	FPGAs	is	often	a	little	fuzzy,	with	the	manufacturers	constantly	designing	new,
improved	architectures	and	frequently	muddying	the	waters	for	marketing	purposes.	During	a	write	operation,	data	are	transferred	over	the	bus—usually	from	the	microprocessor—and	into	the	chip.	CAS	(Column	Address	Strobe)	Signal	used	to	latch	the	column	address	into	a	DRAM.	(a)	Best	solution:	x	=	BC	+	AD	4-17.	The	data	are	typically	digitized
samples	of	an	analog	signal.	When	EOC	goes	LOW,	it	signals	the	computer	that	the	conversion	is	complete.	A	A•B	x=A•B+C	B	C	(a)	A	A+B	x	=	(	A	+	B)	•	C	B	C	(b)	the	circuit	in	Figure	3-13(a).	Convert	the	binary	numbers	in	Problem	2-1	to	hex.	NOT	x	A	A	1	x	&	x	≥1	x	&	x	≥1	x	AND	A	A	x	B	B	OR	A	A	x	B	B	NAND	A	A	x	B	B	NOR	A	A	x	B	B	(a)	(b)
TOCCMC03_0131725793.QXD	12/2/05	96	8:18	PM	Page	96	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	2.	WRITE	Term	used	to	describe	the	condition	when	the	CPU	is	sending	data	to	another	element.	Compare	your	table	with	Table	2-3.	Embedded	array	blocks	provide	RAM	storage	on	the	PLD.	(b)	How	many	address	lines	does	it	have?	Take	each
hex	digit	and	write	its	four-bit	binary	value	without	performing	any	calculations	by	hand	or	by	calculator.	12-12	STATIC	RAM	(SRAM)	The	RAM	operation	that	we	have	been	discussing	up	to	this	point	applies	to	a	static	RAM—one	that	can	store	data	as	long	as	power	is	applied	to	the	chip.	Discuss	how	a	flash	ADC	with	a	conversion	time	of	1	ms	would
work	for	the	situation	of	Problem	11-30.	(a)	AHDL:	H”98”	B”10011000”	152	VHDL:	X”98”	B”10011000”	152	4-58.	What	is	the	purpose	of	a	computer	programming	language?	Many	applications	require	faster	response	than	a	microcomputer/DSP	architecture	can	accommodate	and	in	these	cases,	a	conventional	digital	circuit	must	be	used.	Write	the
binary	number	that	results	when	each	of	the	following	numbers	is	incremented	by	one.	This	logic	family	belongs	to	the	category	of	unipolar	digital	ICs.	Combinational	Logic	Circuits	Circuits	made	up	of	combinations	of	logic	gates,	with	no	feedback	from	outputs	to	inputs.	(a)	1000	2-34.	Acquisition	Time	Time	required	for	a	sample-andhold	circuit	to
capture	the	analog	value	that	is	present	on	its	input.	All	three	technologies	are	erasable	and	reprogrammable.	This	is	done	in	Figure	12-6(c).	If	VA	increases,	it	will	take	more	steps	before	VAX	can	reach	the	step	that	first	exceeds	VA.	What	are	EABs?	8-46.	Each	register	contains	several	memory	cells	equal	to	the	word	size.	This	data	word	would
appear	at	the	memory’s	data	output	lines.	If	the	OR	input	is	connected	to	that	row,	a	HIGH	appears	at	the	OR	output.	For	now,	however,	this	straightforward	method	will	be	used	to	minimize	the	number	of	new	items	that	are	to	be	learned.	Each	hex	digit	is	4	bits,	so	we	need	16	bits.	Standard	logic	devices	are	still	available	to	the	digital	designer,	but
if	the	application	is	very	complex,	a	lot	of	SSI/MSI	chips	will	be	needed.	Enable	(or	disable)	the	memory	so	that	it	will	(or	will	not)	respond	to	the	address	inputs	and	read/write	command.	x	=	AB	A	AND	NAND	AB	0	0	0	1	AB	1	1	1	0	B	(a)	A	AB	B	0	1	0	1	A	0	0	1	1	Denotes	inversion	AB	(c)	B	(b)	The	truth	table	in	Figure	3-22(c)	shows	that	the	NAND	gate
output	is	the	exact	inverse	of	the	AND	gate	for	all	possible	input	conditions.	How	many	bits	would	we	need	to	use	to	represent	these	levels?	This	is	very	important	in	largecapacity	memory	boards,	where	you	want	to	maximize	the	amount	of	memory	that	can	fit	on	one	board.	In	AHDL,	the	single-bit	type	is	assumed	unless	the	variable	is	designated	as
multiple	bits.	Pearson	Education—Japan	Pearson	Education,	Upper	Saddle	River,	New	Jersey	Pearson	Education	Australia	Pty.	Just	two	of	many	examples	of	this	are:	1.	Another	input	to	the	MUX	that	may	be	selected	comes	from	the	OE	input,	which	is	pin	11.	None	of	the	standard	symbols	have	bubbles	on	their	inputs,	and	all	the	alternate	symbols	do.
This	command	(40	hex)	puts	the	memory	IC	in	a	mode	that	allows	subsequent	write	cycles	to	store	data	at	a	specified	address,	one	byte	at	a	time.	Notice	that	when	assigning	connections,	the	destination	(output)	of	the	signal	is	on	the	left	of	the	=	sign	and	the	source	(input)	is	on	the	right.	3-8.	Table	11-9	shows	the	resulting	output.	Ronald	J.	DRILL
QUESTION	For	each	statement,	indicate	what	type(s)	of	ADC	is	(are)	being	described.	Counter,	ROM,	DAC,	low-pass	filter	4.	Determine	the	step	size,	the	percentage	resolution,	and	the	value	of	VOUT	for	an	input	code	of	011010010101.	Which	is	one-time	programmable?	(a)	Determine	the	address	of	the	ADC0804.	Most	of	the	DRAM	chips	in
production	today	have	on-chip	refreshing	capability	that	eliminates	the	need	to	supply	external	refresh	addresses.	ELSIF	A	control	structure	that	can	be	used	multiple	times	following	an	IF	statement	to	select	one	of	several	options	in	describing	a	circuit’s	operation	based	on	whether	the	associated	expressions	are	true	or	false.	Describe	what	occurs	at
each	of	the	labeled	time	points.	In	binary	this	value	is	1111100111	(10	bits).	(d)	What	is	the	source	of	data	on	the	data	bus	during	a	write	operation?	Low-voltage	differential	signaling	(LVDS)	is	introduced	as	well.	The	ML2035,	illustrated	in	Figure	12-18,	is	a	programmable	sine-wave	generator	chip	that	incorporates	this	basic	strategy	to	generate	a
sine	wave	of	fixed	amplitude	and	a	frequency	that	can	be	selected	from	dc	to	50	kHz.	The	number	that	is	shifted	into	the	16-bit	shift	register	is	used	to	determine	the	clocking	frequency	for	the	counter	that	drives	the	address	inputs	on	the	ROM	look-up	table.	Clocked	S-R	Flip-Flop	Type	of	flip-flop	in	which	the	inputs	SET	and	RESET	are	the
synchronous	inputs.	(d)	Define	full-scale	error.	That	is,	A¿	=	A	Both	should	be	recognized	as	indicating	the	inversion	operation.	To	access	one	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	791	791	SECTION	12-2/GENERAL	MEMORY	OPERATION	FIGURE	12-3	(a)	Diagram	of	a	32	*	4	memory;	(b)	virtual	arrangement	of	memory	cells	into	32
four-bit	words.	The	only	exception	to	this	is	the	EEPROM,	which	has	only	11	address	lines	for	its	2-Kbyte	capacity.	Parity	Bit	A	parity	bit	is	an	extra	bit	that	is	attached	to	a	code	group	that	is	being	transferred	from	one	location	to	another.	NAND	Gate	Latch	Flip-flop	constructed	from	two	cross-coupled	NAND	gates.	Comments	Text	added	to	any	HDL
design	file	or	computer	program	to	describe	the	purpose	and	operation	of	the	code	in	general	or	of	individual	statements	in	the	code.	0.5	V	SECTION	11-4	1.	The	AND	outputs	are	called	the	product	lines.	As	you	can	see,	there	are	several	operations	that	must	be	performed	before	the	data	that	is	stored	in	the	DRAM	can	actually	appear	on	the	outputs.
The	AND	operation	is	performed	the	same	as	ordinary	multiplication	of	1s	and	0s.	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	57	57	SECTION	3-2/TRUTH	TABLES	3-1	BOOLEAN	CONSTANTS	AND	VARIABLES	Boolean	algebra	differs	in	a	major	way	from	ordinary	algebra	because	Boolean	constants	and	variables	are	allowed	to	have	only
two	possible	values,	0	or	1.	SECTION	11-3	1.	(a)	00100000	(including	sign	bit)	(b)	11110010	(c)	00111111	(d)	10011000	(e)	01111111	(f)	10000001	(g)	01011001	(h)	11001001	6-3.	In	many	industrial	control	systems,	it	is	required	to	activate	an	output	function	whenever	any	one	of	several	inputs	is	activated.	TOCCMC02_0131725793.QXD	12/22/05
4:46	AM	Page	47	47	PROBLEMS	IMPORTANT	TERMS	hexadecimal	number	system	straight	binary	coding	binary-coded-decimal	(BCD)	code	Gray	code	byte	nibble	word	word	size	alphanumeric	code	American	Standard	Code	for	Information	Interchange	(ASCII)	parity	method	parity	bit	PROBLEMS	SECTIONS	2-1	AND	2-2	2-1.	The	last	step	in	the
manufacturing	process	is	to	form	all	these	conducting	paths	or	connections.	See	diagrams	on	CD.	Microcomputers	and	DSP	systems	can	also	often	be	applied	with	the	necessary	sequence	of	instructions	(i.e.,	the	application’s	program)	to	produce	the	desired	circuit	function.	The	ROM	has	the	following	timing	parameters:	tACC		250	ns	and	tOE		120
ns.	TABLE	11-13	FIGURE	11-37	Graph	format	for	Problems	11-49	and	11-50.	Which	type	of	RAM	would	you	expect	to	find	on	the	main	memory	modules	of	your	PC?	Demultiplexer	(DEMUX)	Logic	circuit	that,	depending	on	the	status	of	its	select	inputs,	will	channel	its	data	input	to	one	of	several	data	outputs.	(b)	Define	step	size	of	a	DAC.	Literals	In
VHDL,	a	scalar	value	or	bit	pattern	that	is	to	be	assigned	to	a	data	object.	This	input	is	used	to	enable	the	digital	output	buffers.	Improved	Flash	Memory	The	core	architecture	of	flash	memory	today	and	the	basic	set	of	command	codes	are	very	similar	to	those	of	the	first-generation	devices.	In	logic,	only	two	possible	conditions	exist	for	any	input	or
output:	true	and	false.	See	HDL	files	on	CD.	One	line	of	an	Intel	Hex	Format	file	is	shown	below:	:10002000F7CFFFCF1FEF2FEF2A95F1F71A95D9F7EA	The	first	character	sent	is	the	ASCII	code	for	a	colon,	followed	by	a	1.	This	is	called	the	feedback	multiplexer	(FMUX).	Lines	11	and	12	control	the	serial	input	using	the	strategy	we	just	described.
13-5.	Then	determine	the	resultant	digital	output.	TOCCMG01.0131725793.QXD	12/20/05	4:18	PM	Page	907	GLOSSARY	PROCESS	A	VHDL	keyword	that	defines	the	beginning	of	a	block	of	code	that	describes	a	circuit	that	must	respond	whenever	certain	signals	(in	the	sensitivity	list)	change	state.	Lines	23	through	30	essentially	connect	all	the
components	as	shown	in	the	circuit	drawing	of	Figure	10-11.	A	typical	clock	frequency	is	606	kHz	using	R	=	10	kÆ	and	C		150	pF.	0	V	to	-11.25	V	and	back	up	to	-6	V	CHAPTER	9	9-1.	To	decide	when	to	buy	and	sell,	you	need	to	know	what	the	market	is	doing.	x	x	xy	y	y	x	y	x	+	y	=	xy	(a)	x	x	+	y	=	xy	y	(b)	EXAMPLE	3-17	FIGURE	3-28	Example	3-17.
TOCCMC13_0131725793.QXD	12/20/05	874	FIGURE	13-2	architecture.	The	CPU	places	the	data	to	be	stored	on	the	data	bus	lines.	Before	introducing	any	more	theorems,	we	should	point	out	that	when	theorems	(1)	through	(8)	are	applied,	the	variable	x	may	actually	represent	an	expression	containing	more	than	one	variable.	The	NOR	gate	symbol
should	be	changed	to	the	alternate	symbol	with	a	nonbubble	(active-HIGH)	output	to	match	the	nonbubble	input	of	AND	gate	2,	as	shown	in	Figure	3-37(b).	The	simplicity	of	the	storage	cell	allows	DRAMs	to	store	a	great	deal	of	data.	7-15.	J-K	Excitation	Table	Table	showing	the	required	J	and	K	input	conditions	for	each	possible	state	transition	for	a
single	J-K	flip-flop.	(b)	Only	one	line	is	required	for	serial	transmission.	(a)	10110001001	(b)	11111111	(c)	209	(d)	59,943	(e)	9C1	(f)	010100010001	(g)	565	(h)	10DC	(i)	1961	(j)	15,900	(k)	640	(l)	952B	(m)	100001100101	(n)	947	(o)	10001100101	(p)	101100110100	(q)	1001010	(r)	01011000	(BCD)	2-31.	During	a	write	operation,	these	lines	act	as	input
lines	for	the	memory	to	accept	CPU-generated	data	from	the	data	bus	for	writing	into	the	selected	location.	The	CPU	repeats	step	1.	•	•	•	•	•	A0	Select	A10	A0	A10	A0	A10	A0	A10	A0	A10	•	•	•	•	•	A10	A0	•	•	•	•	•	44100	4M	×	1	A10	A0	•	•	•	•	•	A10	A0	•	•	•	•	•	CPU	timing/	control	bus	•	•	•	•	•	A0	•	•	•	•	•	MUX	Multiplexed	address	bus	[11]	Address
Multiplexer	•	•	•	•	•	[22]	A21	•	•	•	•	•	CPU	address	bus	44100	44100	44100	44100	44100	44100	44100	RAS	DRAM	control	circuitry	CAS	WE	IN	OUT	IN	OUT	IN	OUT	IN	OUT	IN	OUT	IN	OUT	IN	OUT	IN	OUT	D7	D6	D5	From	CPU	data	bus	D4	D3	D2	D1	D0	FIGURE	12-40	module.	(b)	Is	there	any	other	address	in	this	system	that	can	access	this	data
byte?	So,	instructors	can	opt	to	use	AHDL	to	teach	introductory	students	or	VHDL	for	more	advanced	classes.	Solution	The	straightforward	method	for	implementing	the	given	expression	uses	two	AND	gates	and	an	OR	gate,	as	shown	in	Figure	3-32(a).	(a)	see	timing	on	CD	(b)	MOD-10	(c)	10	down	to	1	(d)	Can	produce	MOD-10,	but	not	same	sequence
7-25.	The	up/down	digital-ramp	ADC	uses	an	up/down	counter	to	reduce	this	wasted	time.	(a)	What	clock	frequency	will	result	in	a	100-Hz	sine	wave	at	the	output?	12-5	ROM	ARCHITECTURE	The	internal	architecture	(structure)	of	a	ROM	IC	is	very	complex,	and	we	need	not	be	familiar	with	all	of	its	detail.	For	our	purposes,	most	logic	diagrams	will
not	show	pin	numbers	unless	they	are	needed	in	the	description	of	circuit	operation.	The	discussion	of	Schmitt	trigger	applications	has	been	improved	to	emphasize	their	role	in	eliminating	the	effects	of	noise.	Putting	this	all	together,	we	can	describe	the	circuit	operation	as	follows:	Output	Z	will	go	LOW	only	when	A	or	B	is	LOW	and	C	or	D	is	LOW.
Resolution	In	a	digital-to-analog	converter,	smallest	change	that	can	occur	in	the	output	for	a	change	in	digital	input;	also	called	step	size.	The	newer	devices,	such	as	the	Intel	2864,	have	integrated	this	support	circuitry	onto	the	same	chip	with	the	memory	array,	so	that	it	requires	only	a	single	5-V	power	pin.	An	example	of	a	sequential-access
memory	device	is	a	magnetic	tape	backup.	The	unity-gain	buffer	amplifier	A2	presents	a	high	input	impedance	that	will	not	discharge	the	capacitor	voltage	appreciably	during	TOCCMC11_0131725793.QXD	12/20/05	762	5:35	PM	Page	762	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	FIGURE	11-24	Simplified	diagram	of	a	sample-
andhold	circuit.	Instead,	these	programs	are	stored	in	external	mass	memory,	usually	magnetic	disk.	Chapter	12.	(a)	11101000011	(c)	11011111111101	(e)	101100101	(g)	011111111111	2-7.	To	take	advantage	of	the	powerful	benefits	of	computer	software,	we	must	first	fully	understand	the	acceptable	ways	for	describing	these	systems	in	terms	the
computer	can	understand.	Figure	11-23	shows	a	circuit	that	takes	a	five-bit	signed	digital	value	as	its	input	and	converts	it	into	a	sigma/delta	bit	stream.	Study	the	diagram	until	you	understand	how	it	operates	and	then	answer	the	following:	(a)	If	counter	A	is	initially	loaded	with	0,	what	values	must	be	loaded	into	counters	B	and	C	so	that	A	lags	B	by
90°	and	A	lags	C	by	180°?	Output	Buffers	The	register	that	is	enabled	by	the	address	inputs	will	place	its	data	on	the	data	bus.	The	clock	signal	appears	on	this	pin.	True	or	false:	When	memory	chips	are	combined	to	form	a	module	with	a	larger	word	size	or	capacity,	the	CS	inputs	of	each	chip	are	always	connected	together.	RAM	module	3,	output	7
is	open	or	stuck	HIGH.	The	complete	read	cycle	time,	tRC,	extends	from	t0	to	t4,	when	the	CPU	changes	the	address	inputs	to	a	different	address	for	the	next	read	or	write	cycle.	The	28F256A	CMOS	Flash	Memory	IC	Figure	12-15(a)	shows	the	logic	symbol	for	Intel	Corporation’s	28F256A	CMOS	flash	memory	chip,	which	has	a	capacity	of	32K		8.
Summary	of	the	OR	Operation	The	important	points	to	remember	concerning	the	OR	operation	and	OR	gates	are:	1.	12M/8		1.5M	1.5M>	10		150k	1.5M>	15		100k	See	diagram	on	CD	7-35.	Replace	the	data	word	stored	at	address	location	1111	with	a	checksum	calculated	from	the	other	15	data	words.	More	than	40	design	files	in	each	language	are
presented	in	figures	throughout	the	text.	Repeat	question	1	for	the	following	input	conditions:	A	=	1,	B	=	0,	C	=	1,	D	=	0.	This	is	easy	to	remember	because	the	AND	operation	is	just	like	ordinary	multiplication,	where	we	know	that	anything	multiplied	by	0	is	0.	This	can	be	illustrated	by	considering	the	example	shown	in	Figure	3-36.
TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	95	95	SECTION	3-15/IEEE/ANSI	STANDARD	LOGIC	SYMBOLS	REVIEW	QUESTIONS	1.	(a)*The	digital	output	for	VA	=	6.000	V	(b)	The	digital	output	for	6.035	V	(c)	The	maximum	and	average	conversion	times	for	this	ADC	11-25.	Process	of	entering	data	into	ROM	SECTION	12-5	1.	APPLICATION
2-1	A	typical	CD-ROM	can	store	650	megabytes	of	digital	data.	If	we	assume	that	8	is	full	scale,	this	represents	48	=	0.5.	The	output	is	HIGH	for	three	samples	and	LOW	for	one	sample,	a	pattern	that	repeats	every	four	samples.	For	example,	the	Analog	Devices	AD9020	is	a	10-bit	flash	converter	with	a	conversion	time	under	17	ns.	The	latter	four
address	lines	can	range	from	0000	to	1111	to	select	the	desired	location.	A	newer	version	of	the	22V10—the	ispGAL	22V10—is	now	available.	This	section	explains	some	of	the	current	terms	used	regarding	RAM	technology.	First-In,	First-Out	Memory	(FIFO)	In	FIFO	memory	systems,	data	that	are	written	into	the	RAM	storage	area	are	read	out	in	the
same	order	that	they	were	written	in.	This	device	has	10	output	pins	and	12	input	pins	in	an	architecture	that	is	similar	but	not	identical	to	the	GAL	16V8.	If	all	64K	of	the	memory	is	DRAM,	it	will	have	only	eight	address	inputs.	A		0,	B		C		1	4-23.	Converts	a	nonelectrical	physical	quantity	to	an	electrical	quantity	2.	The	actual	multiplexing	and	timing
circuitry	will	not	be	shown	here	but	will	be	left	to	the	end-of-chapter	problems	(Problems	12-26	and	12-27).	Power-Up	Self-Test	Program	stored	in	ROM	and	executed	by	the	CPU	on	power-up	to	test	RAM	and/or	ROM	portions	of	the	computer	circuitry.	8-13.	7-85.	The	Glossary	provides	concise	definitions	of	all	terms	in	the	text	that	have	been
highlighted	in	boldface	type.	What	is	the	central	hardware	feature	of	a	DSP?	We	will	examine	this	idea	later.	SECTION	2-5	1.	10-22.	Some	of	the	groups	contain	errors.	Other	techniques	have	been	used	in	the	analysis,	synthesis,	and	documentation	of	logic	systems	and	circuits	including	truth	tables,	schematic	symbols,	timing	diagrams,	and—last	but
by	no	means	least—language.	As	the	changing	numbers	come	into	the	converter,	the	average	value	of	the	analog	out	changes	accordingly.	(b)	How	many	bits	are	there	per	register?	In	binary	this	value	is	01100011,	which	will	fit	into	an	eight-bit	memory	location.	Parity	Checker	Circuit	that	takes	a	set	of	data	bits	(including	the	parity	bit)	and	checks	to
see	if	it	has	the	correct	parity.	Both	its	AND	and	its	OR	arrays	are	programmable.	In	this	case,	there	are	three	possible	selections.	Programmable	Output	Polarity	Feature	of	many	PLDs	whereby	an	XOR	gate	with	a	polarity	fuse	gives	the	designer	the	option	of	inverting	or	not	inverting	a	device	output.	Not	all	RAMs	have	the	same	timing
characteristics,	but	most	of	them	are	similar,	and	so	we	will	use	a	typical	set	of	characteristics	for	illustrative	purposes.	(a)	Hex	(b)	2	(c)	Digit	(d)	Gray	(e)	Parity;	single-bit	errors	(f)	ASCII	(g)	Hex	(h)	byte	2-33.	The	parity	bit	is	made	either	0	or	1,	depending	on	the	number	of	1s	that	are	contained	in	the	code	group.	How,	then,	do	these	computers	know
what	to	do	when	they	are	powered	on?	In	this	section,	however,	we	look	at	a	more	intuitive	way	to	describe	shift	counters.	NOR	Gate	Latch	Flip-flop	constructed	from	two	crosscoupled	NOR	gates.	Assume	that	the	command	register	is	holding	0016.	Local	Signal	See	Buried	Node.	What	is	its	principal	disadvantage	compared	with	the	digital-ramp
converter?	The	circuit	will	turn	on	the	motor	when	DRIVE		1.	13-7	THE	ALTERA	CYCLONE	FAMILY	New	families	of	HCPLD	devices	are	continually	being	developed.	Moss	TOCCMF01_0131725793.QXD	12/23/05	3:11	AM	Page	xvii	BRIEF	CONTENTS	CHAPTER	1	Introductory	Concepts	2	CHAPTER	2	Number	Systems	and	Codes	24	CHAPTER	3
Describing	Logic	Circuits	54	CHAPTER	4	Combinational	Logic	Circuits	118	CHAPTER	5	Flip-Flops	and	Related	Devices	208	CHAPTER	6	Digital	Arithmetic:	Operations	and	Circuits	296	CHAPTER	7	Counters	and	Registers	360	CHAPTER	8	Integrated-Circuit	Logic	Families	488	CHAPTER	9	MSI	Logic	Circuits	576	CHAPTER	10	Digital	System	Projects
Using	HDL	676	CHAPTER	11	Interfacing	with	the	Analog	World	718	CHAPTER	12	Memory	Devices	786	CHAPTER	13	Programmable	Logic	Device	Architectures	868	Glossary	898	Answers	to	Selected	Problems	911	Index	of	ICs	919	Index	922	xvii	TOCCMF01_0131725793.QXD	12/22/2005	09:07	PM	Page	xviii	TOCCMF01_0131725793.QXD	12/23/05
3:11	AM	Page	xix	CONTENTS	CHAPTER	1	1-1	1-2	1-3	1-4	1-5	1-6	1-7	1-8	2	Numerical	Representations	4	Digital	and	Analog	Systems	5	Digital	Number	Systems	10	Representing	Binary	Quantities	13	Digital	Circuits/Logic	Circuits	15	Parallel	and	Serial	Transmission	17	Memory	18	Digital	Computers	19	CHAPTER	2	2-1	2-2	2-3	2-4	2-5	2-6	2-7	2-8	2-9	2-
10	Introductory	Concepts	Number	Systems	and	Codes	24	Binary-to-Decimal	Conversions	26	Decimal-to-Binary	Conversions	26	Hexadecimal	Number	System	29	BCD	Code	33	The	Gray	Code	35	Putting	It	All	Together	37	The	Byte,	Nibble,	and	Word	37	Alphanumeric	Codes	39	Parity	Method	for	Error	Detection	41	Applications	44	xix
TOCCMF01_0131725793.QXD	xx	12/22/2005	09:07	PM	Page	xx	CONTENTS	Chapter	3	3-1	3-2	3-3	3-4	3-5	3-6	3-7	3-8	3-9	3-10	3-11	3-12	3-13	3-14	3-15	3-16	3-17	3-18	3-19	3-20	54	Boolean	Constants	and	Variables	57	Truth	Tables	57	OR	Operation	with	OR	Gates	58	AND	Operation	with	AND	Gates	62	NOT	Operation	65	Describing	Logic	Circuits
Algebraically	66	Evaluating	Logic-Circuit	Outputs	68	Implementing	Circuits	from	Boolean	Expressions	71	NOR	Gates	and	NAND	Gates	73	Boolean	Theorems	76	DeMorgan’s	Theorems	80	Universality	of	NAND	Gates	and	NOR	Gates	83	Alternate	Logic-Gate	Representations	86	Which	Gate	Representation	to	Use	89	IEEE/ANSI	Standard	Logic	Symbols
95	Summary	of	Methods	to	Describe	Logic	Circuits	96	Description	Languages	Versus	Programming	Languages	98	Implementing	Logic	Circuits	with	PLDs	100	HDL	Format	and	Syntax	102	Intermediate	Signals	105	Chapter	4	4-1	4-2	4-3	4-4	4-5	4-6	4-7	4-8	4-9	4-10	4-11	4-12	4-13	4-14	4-15	4-16	4-17	Describing	Logic	Circuits	Combinational	Logic
Circuits	Sum-of-Products	Form	120	Simplifying	Logic	Circuits	121	Algebraic	Simplification	121	Designing	Combinational	Logic	Circuits	127	Karnaugh	Map	Method	133	Exclusive-OR	and	Exclusive-NOR	Circuits	144	Parity	Generator	and	Checker	149	Enable/Disable	Circuits	151	Basic	Characteristics	of	Digital	ICs	153	Troubleshooting	Digital	Systems
160	Internal	Digital	IC	Faults	162	External	Faults	166	Troubleshooting	Case	Study	168	Programmable	Logic	Devices	170	Representing	Data	in	HDL	177	Truth	Tables	Using	HDL	181	Decision	Control	Structures	in	HDL	184	118	TOCCMF01_0131725793.QXD	12/22/2005	09:07	PM	Page	xxi	xxi	CONTENTS	Chapter	5	5-1	5-2	5-3	5-4	5-5	5-6	5-7	5-8	5-9
5-10	5-11	5-12	5-13	5-14	5-15	5-16	5-17	5-18	5-19	5-20	5-21	5-22	5-23	5-24	5-25	5-26	5-27	208	NAND	Gate	Latch	211	NOR	Gate	Latch	216	Troubleshooting	Case	Study	219	Digital	Pulses	220	Clock	Signals	and	Clocked	Flip-Flops	221	Clocked	S-R	Flip-Flop	224	Clocked	J-K	Flip-Flop	227	Clocked	D	Flip-Flop	230	D	Latch	(Transparent	Latch)	232
Asynchronous	Inputs	233	IEEE/ANSI	Symbols	236	Flip-Flop	Timing	Considerations	238	Potential	Timing	Problem	in	FF	Circuits	241	Flip-Flop	Applications	243	Flip-Flop	Synchronization	243	Detecting	an	Input	Sequence	244	Data	Storage	and	Transfer	245	Serial	Data	Transfer:	Shift	Registers	247	Frequency	Division	and	Counting	250	Microcomputer
Application	254	Schmitt-Trigger	Devices	256	One-Shot	(Monostable	Multivibrator)	256	Clock	Generator	Circuits	260	Troubleshooting	Flip-Flop	Circuits	264	Sequential	Circuits	Using	HDL	268	Edge-Triggered	Devices	272	HDL	Circuits	with	Multiple	Components	277	Chapter	6	6-1	6-2	6-3	6-4	6-5	6-6	6-7	6-8	6-9	6-10	6-11	Flip-Flops	and	Related	Devices
Digital	Arithmetic:	Operations	and	Circuits	Binary	Addition	298	Representing	Signed	Numbers	299	Addition	in	the	2’s-Complement	System	306	Subtraction	in	the	2’s-Complement	System	307	Multiplication	of	Binary	Numbers	310	Binary	Division	311	BCD	Addition	312	Hexadecimal	Arithmetic	314	Arithmetic	Circuits	317	Parallel	Binary	Adder	318
Design	of	a	Full	Adder	320	296	TOCCMF01_0131725793.QXD	xxii	12/22/2005	09:07	PM	Page	xxii	CONTENTS	6-12	6-13	6-14	6-15	6-16	6-17	6-18	6-19	6-20	6-21	Complete	Parallel	Adder	with	Registers	323	Carry	Propagation	325	Integrated-Circuit	Parallel	Adder	326	2’s-Complement	System	328	ALU	Integrated	Circuits	331	Troubleshooting	Case
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7-20	7-21	7-22	7-23	7-24	Synchronous	(Parallel)	Counters	367	Counters	with	MOD	Numbers	3E	62	^	5E	94	~	7E	126	Unit	Separator	1F	31	?	Determine	the	answers	to	Questions	1	and	2	by	finding	the	logic	levels	present	at	each	gate	output	using	a	table	as	in	Figure	3-16.	Now	imagine	that	instead	of	sampling	stock	prices,	a	digital	system	is	sampling
an	audio	(analog)	signal	from	a	microphone	using	an	A/D	converter.	Chapter	7.	In	this	section,	we	will	look	at	some	common	procedures	for	testing	the	RAM	portion	of	memory	and	interpreting	the	test	results.	This	requires	the	CPU	to	have	to	rewrite	a	large	block	of	data	even	when	only	a	few	bytes	need	to	be	changed.	Figure	12-3(a)	illustrates	these
basic	functions	in	a	simplified	diagram	of	a	32	*	4	memory	that	stores	32	four-bit	words.	They	are	declared	as	0	TO	6.	These	applications	should	give	a	sense	of	how	the	various	number	systems	and	codes	are	used	in	the	digital	world.	An	example	can	be	found	in	the	kitchen	oven.	Convert	them	to	decimal.	A	number	that	identifies	the	location	of	a	word
in	memory.	The	program	mode	is	used	to	write	new	data	into	the	EPROM	cells.	Why	is	“page	mode”	faster?	The	complete	diagram	for	this	8192	*	8	memory	is	shown	in	Figure	12-37(a).	Hard-wired	OR;	programmable	AND	3.	Several	points	should	be	stressed	regarding	the	logic	symbol	equivalences:	1.	Anyone	who	does	not	have	Multisim	software
and	wishes	to	purchase	it	in	order	to	use	the	circuit	files	may	do	so	by	ordering	it	from	www.prenhall.com/ewb.	This	parallel	logic	expander	option	can	provide	a	total	of	20	product	terms.	When	an	input	or	output	line	on	a	logic	circuit	symbol	has	no	bubble	on	it,	that	line	is	said	to	be	active-HIGH.	AHDL:	outbits[3]		inbits[1];	outbits[2]		inbits[3];
outbits[1]		inbits[0];	outbits[0]		inbits[2];	VHDL:	outbits(3)	inbits(1);		outbits(2)	inbits(3);		outbits(1)	inbits(0);		outbits(0)	inbits(2);		4-60.	Vref	Q7	Q6	Q5	8-bit	Q4	counter	Q3	Q2	Q1	CLK	Q0	A7	A6	A5	A4	ROM	A3	256	x	8	A2	A1	A0	D7	D6	D5	D4	D3	D2	D1	D0	8-bit	DAC	VA	TOCCMC12_0131725793.QXD	12/20/05	814	5:37	PM	Page	814	CHAPTER
12/MEMORY	DEVICES	FIGURE	12-18	The	ML2035	programmable	sine-wave	generator.	Memory	systems	require	a	wide	variety	of	different	configurations.	Other	CPLD	architectures	may	have	independent	I/O	blocks	with	built-in	registers	that	can	be	used	to	latch	incoming	or	outgoing	data.	The	ADC	is	a	10-bit,	successive-approximation	type	using	a
50-kHz	clock	signal,	and	it	requires	a	10-ms-duration	start	pulse	to	begin	each	conversion.	(e)	Why	does	it	have	two	separate	grounds?	The	ROM	stores	256	different	eight-bit	values,	each	one	corresponding	to	a	different	waveform	value	(i.e.,	a	different	voltage	point	on	the	sine	wave).	FIGURE	3-48	Essential	elements	in	VHDL.	For	example,	if	the
variable	A	is	subjected	to	the	NOT	operation,	the	result	x	can	be	expressed	as	x	=	A	where	the	overbar	represents	the	NOT	operation.	(a)	At	t3,	each	register	holds	1001.	In	this	section,	we	examine	some	code	that	implements	both	the	multiplexer	and	the	demultiplexer.	The	ADC	digitizes	the	points	on	the	input	waveform	for	storage	in	memory;	the
vertical	DAC	converts	the	stored	data	points	back	to	analog	voltages	to	produce	the	vertical	deflection	of	the	electron	beam;	the	horizontal	DAC	produces	a	staircase	sweep	voltage	that	provides	the	horizontal	deflection	of	the	electron	beam.	What	special	control	functions	are	provided	with	the	four	input-only	pins	on	a	MAX7000S	device?	When	an
input	or	output	line	does	have	a	bubble	on	it,	that	line	is	said	to	be	active-LOW.	We	hope	this	format	provides	you	with	the	opportunity	to	learn	one	language	now	and	then	use	this	book	as	a	reference	later	in	your	career	should	you	need	to	pick	up	the	second	language.	3-49.	5:29	PM	Page	648	CHAPTER	9/MSI	LOGIC	CIRCUITS	1	2	3	4	5	6	7	8	9	10	11
12	13	14	15	16	17	18	19	20	21	22	23	24	25	LIBRARY	ieee;	USE	ieee.std_logic_1164.ALL;	ENTITY	fig9_60	IS	PORT(	sw	:IN	BIT_VECTOR	(9	DOWNTO	0);	--	standard	logic	not	needed	oe	:IN	BIT;	--	standard	logic	not	needed	d	:OUT	STD_LOGIC_VECTOR	(3	DOWNTO	0)	--	std	logic	for	hi-Z	);	END	fig9_60;	ARCHITECTURE	a	OF	fig9_60	BEGIN	d	dout[]	=
ch0[];	WHEN	1	=>	dout[]	=	ch1[];	WHEN	2	=>	dout[]	=	ch2[];	WHEN	3	=>	dout[]	=	ch3[];	END	CASE;	END;	AHDL	one	point	to	the	other.	Three	state	transitions	*	15°/step		45°	of	rotation	10-10.	The	memory	modules	vary	in	capacity	from	1	to	32	Mbytes.	However,	during	the	normal	operation	of	the	system	in	which	a	DRAM	is	functioning,	it	is
unlikely	that	a	read	operation	will	be	performed	on	each	row	of	the	DRAM	within	the	required	refresh	time	limit.	This	allows	us	to	refer	to	it	by	its	decimal	channel	number	in	the	code,	making	it	easier	to	understand.	The	HDL	material	can	be	skipped	entirely	without	affecting	the	continuity	of	the	text.	Calculate	the	sample	frequency,	the	sine	input
frequency,	and	the	difference	between	them.	Because	the	internal	process	of	storing	a	data	value	in	an	EEPROM	is	quite	slow,	the	speed	of	the	data	transfer	operation	can	also	be	slower.	Carry	Ripple	See	Carry	Propagation.	The	programming	process	writes	one	eight-bit	word	into	one	address	location	at	one	time	as	follows:	(1)	the	address	is	applied
to	the	address	pins;	(2)	the	desired	data	are	placed	at	the	data	pins,	which	function	as	inputs	during	the	programming	process;	(3)	a	higher	programming	voltage	of	12.75V	is	applied	to	VPP;	(4)	CE	is	held	LOW;	(5)	PGM	is	pulsed	LOW	for	100	ms	and	the	data	are	read	back.	If	the	electrical	power	is	removed,	all	information	stored	in	the	memory	will
be	lost.	(a)	Explain	how	this	circuit	can	be	used	to	program	the	EPROM	memory	locations	sequentially	with	the	desired	data.	Consequently,	there	must	be	a	control	input	to	enable	and	disable	the	tristate	outputs.	Some	CMOS	SRAMs	actually	include	a	small	lithium	battery	right	on	the	chip.	13-2	FUNDAMENTALS	OF	PLD	CIRCUITRY	A	simple	PLD
device	is	shown	in	Figure	13-3.	APPLICATION	3-1	FIGURE	3-12	A	NOT	gate	indicating	a	button	is	not	pressed	when	its	output	is	true.	The	number	of	bits	that	make	up	an	address	depends	on	how	many	memory	locations	there	are.	When	CE	is	disabled,	all	functions	of	the	chip	are	disabled,	including	the	tristate	outputs,	and	the	entire	circuit	is	placed
in	a	power-down	mode	that	draws	much	less	current	from	the	power	supply.	In	the	disabled	mode,	all	data	inputs	and	data	outputs	are	disabled	(Hi-Z)	so	that	neither	a	read	nor	a	write	operation	can	take	place.	If	a	bubble	is	present,	the	input	or	output	is	said	to	be	active-LOW.	What	is	the	function	of	a	refresh	counter?	t0:	The	LOW	at	MUX	places	the
row	address	at	the	DRAM	inputs.	These	signals	enable	a	specific	RAM	module	for	a	read	or	a	write	operation.	This	Boolean	algebra	equation	is	referred	to	as	a	concurrent	assignment	statement.	An	open	source	connection	stores	a	“0”;	a	closed	source	connection	stores	a	“1.”	D0	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	801	SECTION	12-
7/TYPES	OF	ROMS	801	column.	TOCCMC03_0131725793.QXD	12/21/05	11:12	AM	Page	61	61	SECTION	3-3/OR	OPERATION	WITH	OR	GATES	EXAMPLE	3-2	FIGURE	3-5	Example	3-2.	In	Chapter	8,	the	reader	is	introduced	to	the	internal	IC	circuitry.	This	table	is	supplied	to	the	MROM	manufacturer	for	developing	the	mask	that	will	make	the
appropriate	connections	within	the	memory	cells	during	the	fabrication	process.	Register	Group	of	flip-flops	capable	of	storing	data.	The	expression	A	#	B	+	C	can	be	interpreted	in	two	different	ways:	(1)	A	#	B	is	ORed	with	C,	or	(2)	A	is	ANDed	with	the	term	B	+	C.	Recall	that	the	RAM’s	data	output	is	connected	to	the	CPU	data	bus	(Figure	12-5).
The	inputs	are	declared	as	bit	arrays	on	line	3.	Step	Size	See	Resolution.	Thus,	if	multiple	keys	in	the	same	row	were	pressed,	the	encoder	would	not	recognize	any	as	a	valid	key	press	and	would	not	activate	dav.	Magnitude	Comparator	Digital	circuit	that	compares	two	input	binary	quantities	and	generates	outputs	to	indicate	whether	the	inputs	are
equal	or,	if	not,	which	is	greater.	The	methods	he	described	are	referred	to	today	as	Boolean	logic,	and	the	system	of	using	symbols	and	operators	to	describe	these	decisions	is	called	Boolean	algebra.	Clocked	J-K	FLip-Flop	Type	of	flip-flop	in	which	inputs	J	and	K	are	the	synchronous	inputs.	EXAMPLE	3-16	Simplify	the	expression	z	=	(A	+	C)	#	(B	+
D)	to	one	having	only	single	variables	inverted.	Most	digital	IC	data	books	include	both	the	traditional	and	IEEE/ANSI	symbols,	and	it	is	possible	that	the	newer	standard	might	eventually	become	more	widely	used.	Each	of	these	multiplexers	is	controlled	by	programmable	bits	(AC1	and	AC0)	in	the	EEPROM	matrix.	Clearly,	the	logic	expression	for	x
will	be	x		AB		CD.	We	check	this	for	both	values	of	x:	0		1		1	and	1		1		1.	(b)	If	ten-bit	numbers	are	used,	how	many	bits	will	be	recorded	on	the	CD	in	1	second?	Groups	of	product	terms	are	logically	summed	with	an	OR	gate,	which	feeds	an	OLMC.	Notice	that	the	eight	inputs	(pins	2–9)	are	each	connected	directly	to	a	column	of	the	input	term	matrix.
Theorem	(5)	is	straightforward,	since	0	added	to	anything	does	not	affect	its	value,	either	in	regular	addition	or	in	OR	addition.	All	of	the	examples	in	this	text	will	use	the	Altera	MAXPLUS	II	or	Quartus	II	software	to	develop	both	AHDL	and	VHDL	design	files.	The	following	examples	will	show	how	to	determine	the	addresses	that	correspond	to	each
module.	See	also	Parallel/Adder.	11-38.*Refer	to	Figure	11-21.	In	Figure	9-63,	the	inputs	and	outputs	are	declared	as	usual	on	lines	3–5.	For	example,	in	a	digital	computer,	the	internal	main	memory	stores	instructions	that	tell	the	computer	what	to	do	under	all	possible	circumstances	so	that	the	computer	will	do	its	job	with	a	minimum	amount	of
human	intervention.	-1	and	-2	8-39.	(a)	What	is	the	quantization	error	in	volts?	This	allows	the	output	to	be	enabled	or	disabled	by	an	external	logic	signal	applied	to	pin	11.	List	the	advantages	of	dynamic	RAM	compared	with	static	RAM.	This	can	be	accomplished	in	this	example	by	changing	line	7	to:	WITH	STATES	(idle		B”00”,	fill		B”01”,	agitate	
B”11”,	spin		B”10”);	TOCCMC07_0131725793.QXD	428	12/13/05	4:51	AM	Page	428	CHAPTER	7/COUNTERS	AND	REGISTERS	VHDL	SIMPLE	VHDL	STATE	MACHINE	The	VHDL	code	in	Figure	7-57	shows	the	syntax	for	declaring	a	counter	with	named	states.	How	would	the	equation	for	the	output	of	O1	in	Figure	13-5(b)	change	if	all	the	fuses	from
AND	gate	14	were	left	intact?	Output	A	0	0	0	0	1	1	1	1	Inputs	A	0	0	1	1	B	0	1	0	1	x	1	0	1	0	B	0	0	1	1	0	0	1	1	C	0	1	0	1	0	1	0	1	x	0	1	1	0	0	0	0	1	(b)	A	?	This	chapter	will	take	a	look	at	the	various	types	of	hardware	available	to	design	digital	systems.	Tocci	Neal	S.	Based	on	the	high-density	architecture	of	the	logic	cells,	the	FLEX10K	devices	are	generally
classified	as	FPGAs.	Let	us	examine	the	concept	of	a	look-up	table.	Use	the	method	of	Examples	3-22	and	3-23	to	determine	the	input	conditions	needed	to	activate	the	output	of	the	circuit	in	Figure	3-37(b).	Another	approach	stores	all	critical	system	data	in	nonvolatile	flash	memory.	This	impulse	of	current	can	destroy	electronic	devices.	Construct	a
table	showing	the	binary,	hex,	and	BCD	representations	of	all	decimal	numbers	from	0	to	15.	This	can	usually	be	handled	by	changing	the	program	of	the	microcomputer	that	is	using	the	memory	device.	In	order	to	provide	all	of	the	features	and	the	flexibility	needed	for	this	type	of	DRAM	to	work	with	a	wide	variety	of	system	requirements,	the
circuitry	within	the	SDRAM	has	become	more	complex.	Four	subcategories	of	ASIC	devices	are	available	to	create	digital	systems:	programmable	logic	devices,	gate	arrays,	standard-cell,	and	full-custom.	Each	can	be	proved	by	trying	all	possible	cases	for	x	and	y.	This	data	output	is	also	connected	to	C	(SW2	and	SW4	are	closed)	and	refreshes	the
capacitor	voltage	by	recharging	or	discharging.	As	we	emphasized	in	earlier	discussions,	successful	troubleshooting	of	a	relatively	complex	circuit	or	system	begins	with	a	thorough	knowledge	of	its	operation.	This	design	effort	requires	a	significant	amount	of	time	and	expense,	but	it	can	result	in	ICs	that	can	operate	at	the	highest	possible	speed	and
require	the	smallest	die	(individual	IC	chip)	area.	TOCCMG01.0131725793.QXD	902	12/20/05	4:18	PM	Page	902	GLOSSARY	Dual-in-Line	Package	(DIP)	A	very	common	IC	package	with	two	parallel	rows	of	pins	intended	to	be	inserted	into	a	socket	or	through	holes	drilled	in	a	printed	circuit	board.	Field	Programmable	Gate	Array	(FPGA)	Class	of
PLDs	that	contain	an	array	of	more	complex	logic	cells	that	can	be	very	flexibly	interconnected	to	implement	high-level	logic	circuits.	These	changeable	parameters	determine	the	operating	modes	and	attributes	that	will	be	in	effect	upon	power-up.	Describe	the	function	of	a	sample-and-hold	circuit.	Synchronous	Transfer	Data	transfer	performed	by
using	the	synchronous	and	clock	inputs	of	a	flipflop.	Clock	Transition	Times	Minimum	rise	and	fall	times	for	the	clock	signal	transitions	used	by	a	particular	IC,	specified	by	the	IC	manufacturer.	Students	can	open	and	work	interactively	with	approximately	100	circuits	to	increase	their	understanding	of	concepts	and	prepare	for	laboratory	activities.
14.	Show	how	the	MROM	in	Figure	12-9	can	be	used	to	store	the	function	y		x2		3,	where	the	input	address	supplies	the	value	for	x,	and	the	value	of	the	output	data	is	y.	5-45.	That	is,	x	=	(A	+	B	+	C)	=	(A	+	B	+	C)	Whenever	two	inversion	bars	are	over	the	same	variable	or	quantity,	they	cancel	each	other	out,	as	in	the	example	above.	t2:	MUX	goes
HIGH	to	place	the	column	address	at	the	DRAM	inputs.	The	number	of	words	in	a	memory	is	often	a	multiple	of	1024.	The	ASCII	code	is	the	most	widely	used	alphanumeric	code.	For	instance,	a	RAM	may	be	able	to	store	and	read	01010101	and	10101010,	but	it	may	fail	when	11100011	is	stored.	The	look-up	table	itself	consists	of	a	set	of	flip-flops
that	store	the	desired	truth	table	for	our	function.	Whenever	information	is	transmitted	from	one	device	(the	transmitter)	to	another	device	(the	receiver),	there	is	a	possibility	that	errors	can	occur	such	that	the	receiver	does	not	receive	the	identical	information	that	was	sent	by	the	transmitter.	For	the	TMS44100,	a	burst	refresh	can	be	completed	in
just	over	113	ms	and	must	be	repeated	every	16	ms	or	less.	In	a	PLD	programmer	or	in-system	(via	JTAG	interface)	13-12.	In	this	example,	the	outputs	are	programmed	as	O1	O2	O3	O4	=	=	=	=	A	B	+	AB	AB	0	1	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	Page	877	877	SECTION	13-3/PLD	ARCHITECTURES	FIGURE	13-4	Simplified	PLD
symbology.	All	of	the	logic	blocks	and	input/output	blocks	can	be	programmed	to	implement	almost	any	logic	circuit.	(a)	5	V	(b)	RS		110	Æ	for	LED	current	of	20	mA	8-30.	It	is	easier	to	understand	this	by	looking	at	the	memory	map	of	Figure	12-37(b).	I.	What	advantage	does	SRAM	programming	technology	have	over	EEPROM?	A	PROCESS	is
employed	here	in	order	to	allow	us	to	use	the	IF/ELSE	constructs	to	establish	the	precedence	of	one	input	over	the	other.	Application-Specific	Integrated	Circuit	(ASIC)	An	IC	that	has	been	specifically	designed	to	meet	the	requirements	of	an	application.	Note	that	the	circuit	now	has	nonbubble	outputs	connected	to	the	nonbubble	inputs	of	gate	2.
Voltage-Controlled	Oscillator	(VCO)	Circuit	that	produces	an	output	signal	with	a	frequency	proportional	to	the	voltage	applied	to	its	input.	What	device	places	data	on	the	data	bus	during	a	read	cycle?	EXAMPLE	3-22	The	logic	circuit	in	Figure	3-39	generates	an	output,	MEM,	that	is	used	to	activate	the	memory	ICs	in	a	particular	microcomputer.	In
this	diagram,	output	Z	is	taken	from	a	NAND	gate	symbol	that	has	an	active-HIGH	output.	A	logic	1	at	the	data	input	charges	C,	and	a	logic	0	discharges	it.	The	hexadecimal	information	is	encoded	into	ASCII	characters	so	it	can	be	displayed	easily	on	the	PC	screen,	printed,	and	easily	transmitted	one	character	at	a	time	over	a	standard	PC’s	serial
COM	port.	3-8	IMPLEMENTING	CIRCUITS	FROM	BOOLEAN	EXPRESSIONS	When	the	operation	of	a	circuit	is	defined	by	a	Boolean	expression,	we	can	draw	a	logic-circuit	diagram	directly	from	that	expression.	The	method	of	transfer	is	called	asynchronous	data	communication.	Substrate	Piece	of	semiconductor	material	that	is	part	of	the	building
block	of	any	digital	IC.	What	is	the	decimal	number	of	bytes	being	loaded?	What	is	VPP	needed	for?	To	illustrate	the	difference	between	SAM	and	RAM,	consider	the	situation	where	you	have	recorded	60	minutes	of	songs	on	an	audio	tape	cassette.	Advantages:	highest	speed	and	smallest	die	area;	Disadvantages:	design/development	time	and	expense
13-8.	This	results	in	the	lowest	power	consumption	but	increases	the	chip	complexity.	This	Boolean	expression	contains	three	terms	(AC,	BC,	ABC),	which	are	ORed	together.	The	hexadecimal	number	system	is	used	in	digital	systems	and	computers	as	an	efficient	way	of	representing	binary	quantities.	(Courtesy	of	Intel	Corporation)	262,144	bit	cell
matrix	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	811	SECTION	12-9/ROM	APPLICATIONS	811	Set-Erase/Erase	Command.	R>W	and	CS	are	held	LOW	for	a	time	interval	tW,	called	the	write	time	interval.	For	lower-volume	applications,	manufacturers	have	developed	fusiblelink	PROMs	that	are	user-programmable;	that	is,	they	are	not
programmed	during	the	manufacturing	process	but	are	custom-programmed	by	the	user.	The	PIA	is	a	global	bus	that	connects	any	signal	source	to	any	destination	within	the	device.	This	is	accomplished	by	an	A/D	converter.	Macrofunctions	A	term	used	by	Altera	Corporation	to	describe	the	predefined	hardware	descriptions	in	their	libraries	that
represent	standard	IC	parts.	(a)*37	(d)	1000	(g)*205	(b)	13	(c)*189	(e)*77	(h)	2133	(f)	390	(i)*	511	2-3.	If	the	A	input	in	Figure	3-6	is	permanently	kept	at	the	1	level,	what	will	the	resultant	output	waveform	be?	This	produces	VAX		8	V.	*Some	manufacturers	use	the	symbol	WE	(write	enable)	or	W	instead	of	R>W.	Chip	Select	Input	to	a	digital	device
that	controls	whether	or	not	the	device	will	perform	its	function.	In	a	write	operation,	a	new	word	is	placed	in	a	memory	location	and	replaces	the	one	previously	stored	there.	Figure	12-22	shows	the	timing	diagrams	for	a	complete	read	cycle	and	a	complete	write	cycle	for	a	typical	RAM	chip.	500-Hz	square	wave	5-21.	MUX	SECTION	12-16	1.	When



CS	goes	LOW	to	enable	the	outputs,	the	delay	will	be	tOE.	Figure	12-14	illustrates	the	trade-offs	for	the	various	semiconductor	nonvolatile	memories.	This	unidirectional	bus	carries	the	binary	address	outputs	from	the	CPU	to	the	memory	ICs	to	select	one	memory	location.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	833	833	SECTION	12-
16/DRAM	REFRESHING	FIGURE	12-33	refresh	modes.	CS	•	•	•	PROM-1	2K	×	8	•	•	•	•	•	K3	A0	–A10	CS	•	[11]	K2	A0	–A10	PROM-0	2K	×	8	•	[11]	K1	A0	–A10	•	•	•	[11]	K0	•	A0	–A10	PROM-2	2K	×	8	CS	PROM-3	2K	×	8	O7	–O0	O7	–O0	O7	–O0	O7	–O0	[8]	[8]	[8]	[8]	D7	•	•	•	•	•	Data	bus	[8]	D0	A15	A14	(a)	A13	A12	A11	A8	A7	A6	A5	A4	A3	A2	A1	A0	0	0
0	0	0	A10	A9	0	0	0	0	0	0	0	0	0	0	0	0000	0	0	0	0	0	1	1	1	1	1	1	1	1	1	1	1	07FF	0	0	0	0	1	0	0	0	0	0	0	0	0	0	0	0	0800	Address	0	0	0	0	1	1	1	1	1	1	1	1	1	1	1	1	0FFF	0	0	0	1	0	0	0	0	0	0	0	0	0	0	0	0	1000	0	0	0	1	0	1	1	1	1	1	1	1	1	1	1	1	17FF	0	0	0	1	1	0	0	0	0	0	0	0	0	0	0	0	1800	System	Map	PROM-0	2K	PROM-1	2K	PROM-2	2K	PROM-3	2K	0	0	0	1	1	1	1	1	1	1	1	1	1	1	1
1	1FFF	0	0	1	0	0	0	0	0	0	0	0	0	0	0	0	0	2000	1	0	1	O5	Decoded	1	1	0	O6	Expansion	0	0	1	1	1	1	1	1	1	1	1	1	1	1	1	1	3FFF	0	1	0	0	0	0	0	0	0	0	0	0	0	0	0	0	4000	O4	O7	Available	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	FFFF	(b)	FIGURE	12-37	(a)	Four	2K	*	8	PROMs	arranged	to	form	a	total	capacity	of	8K	*	8.	(a)	25.6	kHz	(b)	Adjust	Vref.	With	dynamic	RAMs,	the	stored
data	will	gradually	disappear	because	of	capacitor	discharge,	so	it	is	necessary	to	refresh	the	data	periodically	(i.e.,	recharge	the	capacitors).	The	EPM7128SLC84	can	have	up	to	68	inputs	and	outputs.	Can	you	use	this	A/D	converter,	and	if	so,	which	of	the	10	data	lines	will	you	attach	to	the	port?	A	full	eightbit	word	is	available	at	the	RAM	outputs
connected	to	the	data	bus.	FIGURE	12-5	Three	groups	of	lines	(buses)	connect	the	main	memory	ICs	to	the	CPU.	Digital	One-Shot	A	one-shot	that	uses	a	counter	and	clock	rather	than	an	RC	circuit	as	a	time	base.	Sequential-Access	Memory	(SAM)	Memory	in	which	the	access	time	will	vary	depending	on	the	storage	location	of	the	data.	Assume	that
the	output	of	the	DAC	in	Figure	11-7(a)	is	connected	to	the	op-amp	of	Figure	11-7(b).	Determine	which	of	the	code	groups	have	a	single	error	and	which	of	them	definitely	have	a	double	error.	Write	the	interpretation	of	the	operation	performed	by	the	standard	NOR	gate	symbol	in	Figure	3-33.	In	order	to	distinguish	this	tristate	enable	input	from	the
address	decoder	enable	input,	the	latter	is	usually	referred	to	as	a	chip	enable	(CE).	FIGURE	11-31	11-17.	Common	Input/Output	Pins	In	order	to	conserve	pins	on	an	IC	package,	manufacturers	often	combine	the	data	input	and	data	output	functions	using	common	input/output	pins.	Feature	EPF10K10	EPF10K20	EPF10K30	EPF10K40	EPF10K50
EPF10K70	EPF10K100	EPF10K120	EPF10K250	Typical	number	of	gates	10,000	20,000	30,000	40,000	50,000	70,000	100,000	120,000	250,000	Maximum	number	of	gates	31,000	63,000	69,000	93,000	116,000	118,000	158,000	211,000	310,000	576	1,152	1,728	2,304	2,880	3,744	4,992	6,656	12,160	LABs	72	144	216	288	360	468	624	832	1,520	EABs
3	6	6	8	10	9	12	16	20	150	189	246	189	310	358	406	470	470	LEs	Maximum	number	of	I/O	pins	provides	a	flexible	block	of	2048	bits	of	RAM	storage	for	various	internal	memory	applications.	The	number	of	I/O	pins	available	to	the	user	depends	on	the	device	package.	Byte.	In	practice,	the	parity	method	is	used	only	in	situations	where	the	probability
of	a	single	error	is	very	low	and	the	probability	of	double	errors	is	essentially	zero.	(a)	False	(b)	True	SECTION	12-17	1.	Logic	Circuit	Any	circuit	that	behaves	according	to	a	set	of	logic	rules.	At	first	glance,	this	new	circuit	looks	as	if	it	requires	seven	NAND	gates.	bits	bits	4–7	4–7	4–7	.	The	Boolean	expression	for	the	AND	operation	is	x	=	A#B	In	this
expression,	the	#	sign	stands	for	the	Boolean	AND	operation	and	not	the	multiplication	operation.	I3	Data	inputs	I2	I1	I0	Address	inputs	Input	buffers	E	A5	A4	A3	A2	A1	A0	Selects	one	register	0	Register	0	1	Register	1	2	Register	2	Decoder	6-line-to64-line	R/W	0	=	write	1	=	read	Chip	select	(CS)	62	Register	62	63	Register	63	Output	buffers	E	O3	O2
O1	O0	Data	outputs	CS	=	0	enables	entire	chip	for	READ	or	WRITE.	The	result	is	an	OR	symbol	with	bubbles	on	its	inputs.	Many	examples	of	PLD	designs	have	been	given	in	earlier	chapters.	You	can	imagine	how	messy	the	diagram	would	be	for	PLDs	with	many	more	inputs.	Because	8K	=	8	*	1024	=	8192	=	213,	thirteen	address	lines	are	needed.
However,	we	must	realize	that	digital	systems	often	transmit	thousands,	even	millions,	of	bits	per	second,	so	that	even	a	very	low	rate	of	occurrence	of	errors	can	produce	an	occasional	error	that	might	prove	to	be	bothersome,	if	not	disastrous.	1	1	Address	inputs	Old	address	New	address	valid	0	0	tACC	CS	0	tOE	Hi-Z	Data	outputs	1	Data	outputs
valid	0	t0	t1	t2	t3	Time	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	800	Page	800	CHAPTER	12/MEMORY	DEVICES	the	address	inputs	are	already	set	to	their	new	values,	but	the	ROM	outputs	have	not	yet	been	enabled.	Limited	Pearson	Education	North	Asia	Ltd.	TOCCMC03_0131725793.QXD	12/2/05	74	8:18	PM	Page	74	CHAPTER
3/DESCRIBING	LOGIC	CIRCUITS	EXAMPLE	3-8	FIGURE	3-20	Example	3-8.	The	SPLD	classification	includes	the	earliest	PLD	devices.	Represent	the	statement	“X	=	3	*	Y”	in	ASCII	code.	Boolean	expression	warning_light	=	driver_present	•	buckled_up	•	ignition_on	(a)	Schematic	diagram	driver_present	buckled_up	warning_light	ignition_on	(b)	Truth
table	driver_present	buckled_up	ignition_on	warning_light	0	0	0	0	0	0	1	0	0	1	0	0	0	1	1	0	1	0	0	0	1	0	1	1	1	1	0	0	1	1	1	0	(c)	Timing	diagram	Name	Val	ignition_on	0	buckled_up	0	1.0	ms	2.0	ms	3.0	ms	4.0	ms	5.0	ms	6.0	ms	driver_present	1	warning_light	0	(d)	FIGURE	3-42	Methods	of	describing	logic	circuits:	(a)	Boolean	expression;	(b)	schematic
diagram;	(c)	truth	table;	(d)	timing	diagram.	After	the	10-ms	counting	interval,	the	counter	will	hold	the	count	of	454,	which	is	the	digital	representation	of	4.54	V.	Sample-and-hold	circuits	can	be	used	to	“freeze”	a	rapidly	changing	analog	signal	while	the	conversion	is	taking	place.	The	following	example	illustrates	this.	See	timing	on	CD.	How	many
interpolated	data	points	are	inserted	between	samples	when	performing	4X	oversampled	digital	filtering?	An	automatic	test	of	RAM	performed	by	a	computer	on	power-up	SECTION	12-21	1.	In	this	way,	several	sequential	memory	locations	are	accessed	as	fast	as	the	system	clock	can	oscillate,	without	the	overhead	of	generating	each	address.	There
is	no	advantage	of	one	over	the	other,	although	even	parity	seems	to	be	used	more	often.	The	phase	relationship	among	the	three	output	channels	is	controlled	by	the	values	initially	loaded	into	the	three	counters.	Once	all	address	locations	have	been	programmed	in	this	manner,	the	data	are	permanently	stored	in	the	PROM	and	can	be	read	over	and
over	again	by	accessing	the	appropriate	address.	The	table	shows	that	x	is	a	logic	1	for	every	combination	of	input	levels	where	one	or	more	inputs	are	1.	It	has	four	control	inputs.	The	RAM	chip	with	data	outputs	4	through	7	in	module	2	is	not	functioning	properly.	Chapter	11.	Word	Group	of	bits	that	represent	a	certain	unit	of	information.	The	OR
operation	can	be	implemented	using	NAND	gates	connected	as	shown	in	Figure	3-29(c).	Period	The	amount	of	time	required	for	one	complete	cycle	of	a	periodic	event	or	waveform.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	864	Page	864	CHAPTER	12/MEMORY	DEVICES	T	12-43.*	Assume	that	the	1K	*	8	modules	used	in	Figure	12-42	are
formed	from	two	1K	*	4	RAM	chips.	■	Describe	the	operation	of	and	construct	the	truth	tables	for	the	AND,	NAND,	OR,	and	NOR	gates,	and	the	NOT	(INVERTER)	circuit.	No	2.	6-54.	3-13	ALTERNATE	LOGIC-GATE	REPRESENTATIONS	We	have	introduced	the	five	basic	logic	gates	(AND,	OR,	INVERTER,	NAND,	and	NOR)	and	the	standard	symbols
used	to	represent	them	on	logic-circuit	diagrams.	It	consists	of	16	memory	cells	arranged	in	four	rows	of	four	cells.	What	is	the	only	set	of	input	conditions	that	will	produce	a	HIGH	output	from	a	three-input	NOR	gate?	Barrel	Shifter	A	shift	register	that	can	very	efficiently	shift	a	binary	number	left	or	right	by	any	number	of	bit	positions.	10.	We	have
tried	to	show	what	this	tool	can	do,	rather	than	train	the	reader	how	to	use	it.	(b)	See	Prob5_66b.vhd	on	the	enclosed	CD.	This	HIGH	tells	the	control	logic	that	the	setting	of	the	MSB	did	not	make	VAX	exceed	VA,	so	that	the	MSB	is	kept	at	1.	The	programmable	fuse	links	in	a	PAL	are	used	to	determine	the	input	connections	to	a	set	of	AND	gates	that
are	wired	to	fixed	OR	gates.	At	all	other	times,	one	or	more	of	the	inputs	are	0,	thereby	producing	a	LOW	output.	A	A	Z	2	B	C	Z	ALARM	2	B	C	1	1	D	D	(a)	FIGURE	3-37	Example	3-20.	Major	advantage	is	its	conversion	speed;	disadvantage	is	the	number	of	required	circuit	components	for	a	practical	resolution.	The	quantization	error	of	an	ADC	such	as
the	one	in	Figure	11-13	is	always	positive	because	the	VAX	value	must	exceed	VA	in	order	for	the	comparator	output	to	switch	states.	It	contains	the	following	material:	■	MAXPLUS®	II	Educational	Version	software	from	Altera.	Note	that	it	shows	13	address	inputs	(because	213		8192)	and	eight	data	outputs.	(e)	Individual	words	can	be	erased	and
rewritten.	The	amount	of	logic	resources	contained	in	the	early	PLDs	may	be	relatively	small	by	today’s	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	Page	873	SECTION	13-1/DIGITAL	SYSTEMS	FAMILY	TREE	873	standards,	but	they	represented	a	significant	technological	step	in	their	ability	to	create	easily	a	custom	IC	that	can	replace	several
standard	logic	devices.	Present	State–Next	State	Table	A	table	which	lists	each	possible	present	state	of	a	sequential	(counter)	circuit	and	identifies	the	corresponding	next	state.	If	x		0,	then	0	#	0	=	0;	if	x		1,	then	1	#	1	=	1.	The	counters	are	continuously	recycled	so	that	the	stored	data	points	are	repetitively	replotted	on	the	CRT	screen.	This	is	a	way
of	filtering	the	digital	signal	(sequence	of	data	samples)	that	represents	the	stock	market	activity.	Bubble	Placement	Refer	to	the	circuit	representation	of	Figure	3-36(b)	and	note	that	the	symbols	for	NAND	gates	1	and	2	were	chosen	to	have	active-LOW	outputs	to	match	the	active-LOW	inputs	of	NAND	gate	3.	(b)	A	digital	signal	is	a	sequence	of
numbers	that	represent	an	analog	signal.	Therefore,	for	the	case	of	VA		2.17	V,	the	digital	result	would	be	10810		011011002.	The	right	side	can	be	implemented	by	first	inverting	inputs	x	and	y	and	then	putting	them	through	an	OR	gate.	DSP	is	responsible	for	many	of	the	recent	advances	in	high-fidelity	audio,	high-definition	TV,	and
telecommunications.	A	computer	is	just	an	assortment	of	processed	beach	sand	and	wire	that	has	no	idea	what	you	“meant”	to	say,	so	you	must	present	the	instructions	using	the	exact	syntax	that	the	computer	language	expects	and	understands.	The	output	of	the	INVERTER	of	Figure	3-11	is	connected	to	the	input	of	a	second	INVERTER.	Each
operation	takes	a	certain	amount	of	time,	and	this	amount	of	time	determines	the	maximum	rate	at	which	we	can	access	data	in	the	memory.	In	this	design,	rather	than	NANDing	the	columns,	the	CASE	structure	activates	freeze	only	when	one	(and	only	one)	column	is	LOW.	The	operation	of	a	DEMUX	is	described	most	easily	using	several	conditional
signal	assignment	TOCCMC09_0131725793.QXD	12/20/05	5:29	PM	Page	651	651	SECTION	9-18/HDL	MULTIPLEXERS	AND	DEMULTIPLEXERS	FIGURE	9-64	Four-bit	*	four-channel	MUX	in	VHDL.	This	allows	the	user	to	reconfigure	the	hardware	without	needing	to	cut	or	solder	on	the	board.	One	SECTION	11-14	1.	On	the	left	side	of	the	diagram	is
the	set	of	inputs,	and	on	the	right	is	the	set	of	outputs.	Perform	an	AND	operation	before	an	OR	operation	unless	parentheses	indicate	otherwise.	Supplemental	material	introducing	microprocessors	and	microcontrollers.	Solution	Twelve	address	inputs	are	used	instead	of	24;	RAS	and	CAS	are	added;	no	CS	is	required.	3-39.	Which	bus	is	used	by	the
CPU	to	select	the	memory	location?	Several	methods	are	used	to	check	the	contents	of	a	ROM	IC.	Digital	signal	processing	is	an	exciting	new	growth	field	in	electronics.	It	has	three	sets	of	signals:	address	inputs,	control	input(s),	and	data	outputs.	To	illustrate,	Figure	3-34(a)	shows	the	standard	symbol	for	a	NAND	gate.	Internal	programmable	signal
interconnect	resources	are	much	more	limited	with	SPLDs.	SPLDs	are	generally	much	less	complicated	and	much	cheaper	than	HCPLDs.	Many	small	digital	applications	need	only	the	resources	of	an	SPLD.	The	eight	MSBs:	PORT[7..0]	Q	DAC[9..2]	11-13.	For	example,	if	we	have	the	expression	ABC	+	A	B	C,	we	can	factor	out	the	B	variable:	ABC	+	A
B	C	=	B(AC	+	A	C)	As	another	example,	consider	the	expression	ABC		ABD.	(a)	9752	(c)	695	(e)	492	2-22.	Thus	you	cannot	use	a	single	byte;	you	need	two	bytes.	A	complete	standard	ASCII	code	table	has	been	included,	along	with	new	examples	that	relate	ASCII	characters,	hex	representation,	and	computer	object	code	transfer	files.	EEPROM	is	the
most	complex	and	expensive	because	it	can	be	erased	and	reprogrammed	in	circuit	on	a	byte-by-byte	basis.	Although	a	RAM	may	have	many	address	inputs	coming	from	the	CPU’s	address	bus,	for	clarity	the	diagram	shows	only	two.	1	A	0	B	A	1	0	B	1	C	C	A+B+C	0	1	OUT	0	OUT	t1	Time	Solution	The	three	OR	gate	inputs	A,	B,	and	C	are	varying,	as
shown	by	their	waveform	diagrams.	Once	again,	examine	this	diagram	and	see	what	you	can	determine	from	it	before	reading	on.	These	devices	are	called	programmable	logic	devices	(PLDs).	A	voltage	in	a	digital	circuit	is	said	to	be	at	the	logic	0	level	or	the	logic	1	level,	depending	on	its	actual	numerical	value.	When	we	study	grammar	in	school,	we
learn	conventions	such	as	the	order	of	words	as	elements	in	a	sentence	and	proper	punctuation.	This	publication	is	protected	by	Copyright	and	permission	should	be	obtained	from	the	publisher	prior	to	any	prohibited	reproduction,	storage	in	a	retrieval	system,	or	transmission	in	any	form	or	by	any	means,	electronic,	mechanical,	photocopying,
recording,	or	likewise.	(a)	What	are	the	actual	dimensions	of	the	DRAM	cell	array?	The	specification	of	7-2-2-2	or	5-1-1-1	for	a	memory	system	refers	to	the	number	of	bus	clock	cycles	necessary	to	transfer	a	burst	of	four	64-bit	words	from	DRAM	to	the	L2	cache.	The	self-refresh	mode	of	Figure	12-33(c)	fully	automates	the	process.
TOCCMF01_0131725793.QXD	x	12/22/2005	09:07	PM	Page	x	PREFACE	Our	approach	to	HDL	and	PLDs	gives	instructors	several	options:	1.	Thus,	when	we	say	that	DRIVE	is	unasserted,	we	mean	that	it	is	in	its	inactive	state	(low).	■	Use	either	of	the	universal	gates	(NAND	or	NOR)	to	implement	a	circuit	represented	by	a	Boolean	expression.	The
angular	rotation	of	the	disk	is	controlled	to	maintain	a	constant	rate	of	incoming	data	points.	Memory	Word	Group	of	bits	in	memory	that	represents	instructions	or	data	of	some	type.	Accumulator	Principal	register	of	an	arithmetic/logic	unit	(ALU).	(a)*75	(d)	24	(g)*25,619	(b)	314	(e)*	7245	(h)	4095	(c)*2048	(f)	498	2-13.	The	15	address	lines	(A0–A14)
can	identify	215	memory	locations	(32,	767,	or	32K).	(c)	Define	resolution	of	a	DAC.	BU	received	60,825	applications	and	had	an	acceptance	rate	of	25	percent	in	2017.CC-BY/Fletcher6/Wikimedia	Commons	San	Diego	State	UniversitySan	Diego	State	University	is	located	about	15	miles	west	of	the	city’s	downtown.	TOCCMC12_0131725793.QXD	834
12/20/05	5:37	PM	Page	834	CHAPTER	12/MEMORY	DEVICES	12-17	DRAM	TECHNOLOGY*	In	selecting	a	particular	type	of	RAM	device	for	a	system,	a	designer	has	some	difficult	decisions.	This	urban	university	received	64,007	applicants	in	2017.	12-29.	7-23	HDL	RING	COUNTERS	In	Section	7-20	we	used	a	shift	register	to	make	a	counter	that
circulates	a	single	active	logic	level	through	all	of	its	flip-flops.	The	circuit	should	not	require	any	additional	logic.	This	code	can	be	shortened	by	combining	lines	17	and	18	into	a	single	statement	that	concatenates	the	ser_in	with	the	three	data	bits	and	groups	them	as	a	set	of	four	bits.	The	comparator	outputs	are	fed	into	an	active-LOW	priority
encoder	that	generates	a	binary	output	corresponding	to	the	highest-numbered	comparator	output	that	is	LOW.	Expanding	Word	Size	Suppose	that	we	need	a	memory	that	can	store	16	eight-bit	words	and	all	we	have	are	RAM	chips	that	are	arranged	as	16	*	4	memories	with	common	I/O	lines.	You	can	see	that	the	top	two	MSBs	(in	red)	are	always
LOW	for	addresses	under	4000	hex.	You	should	refer	to	this	diagram	as	needed	during	the	following	discussion.	(Hint:	This	can	be	done	by	adding	the	necessary	memory	modules	and	modifying	the	existing	decoding	logic.)	12-40.*	A	dynamic	test	is	performed	on	the	decoding	logic	of	Figure	12-42	by	keeping	E		1	and	connecting	the	outputs	of	a	six-bit
counter	to	address	inputs	A10	to	A15.	Write	the	Boolean	expression	for	a	six-input	OR	gate.	Current-Sourcing	Transistor	Name	given	to	the	output	transistor	(Q3)	of	most	TTL	circuits.	Likewise,	the	expression	x	=	A	+	B	+	C	is	read	as	“x	equals	A	OR	B	OR	C,”	which	means	that	x	will	be	1	when	A	or	B	or	C	or	any	combination	of	them	are	1.	The	I/O
control	blocks	(see	Figure	13-10)	configure	each	I/O	pin	for	input,	output,	or	bidirectional	operation.	(a)	What	should	the	binary	bit	pattern	(including	parity)	look	like?	Choice	(b)	9-20.	This	difference	will	always	be	less	than	12	FS.	Main	Memory	High-speed	portion	of	a	computer’s	memory	that	holds	the	program	and	data	the	computer	is	currently
working	on.	It	has	a	thinner	gate-oxide	layer	that	allows	electrical	erasability	but	can	be	built	with	much	higher	densities	than	EEPROMs.	The	cost	of	flash	memory	is	considerably	less	than	for	EEPROM.	As	discussed	in	Chapter	8,	there	are	three	major	families	of	standard	logic	devices:	TTL,	CMOS,	and	ECL.	This	causes	the	RAM	I/O	lines	to	act	as
outputs.	This	requirement	would	appear	to	be	extremely	difficult,	if	not	impossible,	to	meet	for	largecapacity	DRAMs.	For	example,	a	1M	*	1	DRAM	has	1020		1,048,576	cells.	ROM	Block	Diagram	A	typical	block	diagram	for	a	ROM	is	shown	in	Figure	12-6(a).	Again,	realize	that	the	variables	can	themselves	be	expressions	rather	than	single	variables.
These	connectors	receive	a	small	printed	circuit	card	with	contact	points	on	both	sides	of	the	edge	of	the	card.	(a)	01000111	(c)	000110000111	(e)	00010011	(g)	10001001011000100111	2-21.	The	output	of	this	circuit	is	HIGH	(logic	level	1)	if	any	or	all	of	its	inputs	are	HIGH.	One	possibility	is	shown	below.	A	great	deal	of	flexibility	can	be	achieved
with	microcomputer/DSP	systems	because	all	you	have	to	do	is	change	the	program.	This	LOW	signals	the	control	logic	that	the	value	of	VAX	is	too	large,	and	the	control	logic	then	clears	Q2	back	to	0	at	t3.	Use	three	74HC85s	9-55.	The	higher	four	bits	will	be	written	into	the	selected	location	of	RAM-0,	and	the	lower	four	bits	will	be	written	into
RAM-1.	All	crew	members	operate	concurrently,	like	the	elements	of	a	digital	circuit.	Generally	has	high	density	and	high	capacity,	such	as	magnetic	disk.	CC-BY/Pactovisual/Pixabay	When	it’s	time	to	apply	for	college,	the	first	thing	you	need	to	do	is	make	a	list	of	schools	that	interest	you.	A	simplified	illustration	of	the	read	and	write	operations	is
shown	in	Figure	12-4.	This	allows	the	LUT	and	the	register	in	one	LE	to	be	used	for	unrelated	functions.	For	OR	gate	inputs,	blown	fuses	(unconnected	inputs)	are	assumed	to	be	LOW,	and	for	AND	gate	inputs,	blown	fuses	are	HIGH.	Also	note	that	the	ADC	output	data	lines	are	in	their	Hi-Z	state	until	the	microcomputer	activates	CS	and	RD;	at	that
point	the	ADC’s	data	buffers	are	enabled	so	that	the	ADC	data	are	sent	to	the	microcomputer	over	the	data	bus.	The	duration	of	the	discharge	interval	will	be	proportional	to	the	initial	capacitor	voltage.	■	Combine	memory	ICs	to	form	memory	modules	with	larger	word	size	and/or	capacity.	PACKAGE	A	VHDL	keyword	used	to	define	a	set	of	global
elements	that	are	available	to	other	modules.	This	is	especially	true	for	lower	capacities	(5	Mbytes	or	less),	where	flash	is	cost-competitive	with	magnetic	disk.	There	are	several	approaches	to	providing	storage	of	critical	data	in	power-down	situations.	STUDENT	RESOURCES	■	■	■	Lab	Manual:	A	Design	Approach.	The	IC	layout	of	each	cell	has
been	designed	previously,	and	a	library	of	available	cells	is	stored	in	a	computer	database.	It	is	beyond	the	scope	of	this	text	to	explain	the	mathematics	that	allow	a	DSP	to	process	these	data	values,	but	suffice	it	to	say	that	for	each	new	data	point	that	comes	in,	a	calculation	is	performed	(very	quickly).	Firmware	Computer	programs	stored	in	ROM.
In	this	condition,	every	transistor	stores	a	1.	The	transmitter	must	attach	an	appropriate	parity	bit	to	each	unit	of	information	that	it	transmits.	(d)	How	long	should	R>W	and	CS	be	kept	HIGH	after	the	new	address	stabilizes	during	a	write	cycle?	x=A+B	A	B	Denotes	inversion	(a)	A+B	A	x=A+B	B	(b)	A	0	0	1	1	B	0	1	0	1	OR	NOR	A+B	0	1	1	1	A+B	1	0	0
0	(c)	The	truth	table	in	Figure	3-19(c)	shows	that	the	NOR	gate	output	is	the	exact	inverse	of	the	OR	gate	output	for	all	possible	input	conditions.	At	first	glance,	it	looks	like	the	input	variables	are	connected	to	each	other.	■	Understand	and	describe	the	organization	and	operation	of	static	and	dynamic	RAMs.	■	Compare	the	relative	advantages	and
disadvantages	of	EPROM,	EEPROM,	and	flash	memory.	As	another	example,	digital	video	cameras	digitize	an	image	one	picture	element	(pixel)	at	a	time	and	store	the	information	on	magnetic	tape	or	DVD.	For	example,	consider	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	67	67	SECTION	3-6/DESCRIBING	LOGIC	CIRCUITS
ALGEBRAICALLY	FIGURE	3-13	(a)	Logic	circuit	with	its	Boolean	expression;	(b)	logic	circuit	whose	expression	requires	parentheses.	A	A	B	C	ABC	x	=	ABC	(	A	+	D)	A+D	A	A+D	D	(a)	A	A+B	(	A	+	B)	C	B	(	A	+	B)	C	C	D	+	(	A	+	B)C	D	E	x	=	[D	+	(	A	+	B)	C]	•	E	(b)	FIGURE	3-15	REVIEW	QUESTIONS	More	examples.	12-21.	First,	perform	all	inversions
of	single	terms;	that	is,	0	=	1	or	1	=	0.	The	transmitted	code	would	be	1	1	0	0	0	0	0	1	When	the	receiver	circuit	receives	this	code,	it	will	check	that	the	code	contains	an	odd	number	of	1s	(including	the	parity	bit).	Cell	phones	store	photos	and	video	clips.	In	a	read	operation,	a	word	is	taken	from	a	memory	location	and	is	transferred	to	another	device.
Sequential-access	memories	are	used	where	the	data	to	be	accessed	will	always	come	in	a	long	sequence	of	successive	words.Video	memory,	for	example,	must	output	its	contents	in	the	same	order	over	and	over	again	to	keep	the	image	refreshed	on	the	CRT	screen.	What	are	HCPLDs?	12-7	TYPES	OF	ROMs	Now	that	we	have	a	general
understanding	of	the	internal	architecture	and	external	operation	of	ROM	devices,	we	will	look	at	the	various	types	of	ROMs	to	see	how	they	differ	in	the	way	they	are	programmed,	erased,	and	reprogrammed.	(b)	How	many	nibbles	can	be	stored	in	a	16-bit	word?	These	computers,	however,	sometimes	use	some	small	amounts	of	SRAM	for	functions
requiring	maximum	speed,	such	as	video	graphics,	look-up	tables,	and	cache	memory.	SRAM	cells	are	flip-flops;	DRAM	cells	use	capacitors.	O1		A	3.	gate	inputs.	This	circuitry	is	used	to	perform	efficiently	the	weighted	moving	average	calculations	that	are	used	to	implement	digital	filters	and	other	DSP	functions.	Enter	the	following	command	to	the
computer:	Display	from	0400	to	07FF	Then	place	the	logic	probe	on	the	K1	output.	We	can	combine	two	of	these	16	*	4	chips	to	produce	the	desired	memory.	The	basic	format	of	any	hardware	circuit	description	(in	any	language)	involves	two	vital	elements:	1.	Computer	generates	START	signal	to	begin	an	A/D	conversion	of	the	analog	signal.	(a)	1859
(c)	14333	(e)	357	(g)	2047	2-5.	A	base	address	is	latched	into	the	memory	and	then	the	contents	of	this	location	are	transferred	on	the	clock	edge,	which	also	increments	the	address	to	the	next	location.	4	Voltage	3	(a)	2	1	(b)	0	0	50	100	150	200	250	300	350	400	Time	(μs)	FIGURE	11-34	C	Problems	11-30,	11-31,	and	11-41.	These	gates	actually
combine	the	basic	AND,	OR,	and	NOT	operations,	so	it	is	a	relatively	simple	matter	to	write	their	Boolean	expressions.	It	would	become	a	MOD-8	counter.	A4	2.	Binary-Coded-Decimal	Code	(BCD	Code)	Four-bit	code	used	to	represent	each	digit	of	a	decimal	number	by	its	four-bit	binary	equivalent.	C	A	+VCC	4-24.	This	same	operation	is	characteristic
of	AND	gates	with	more	than	two	inputs.	If	Vdd	is	not	connected	to	the	column	line,	the	output	will	be	held	at	a	LOW	logic	level	by	the	pull-down	resistor.	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	72	Page	72	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	Suppose	that	we	wanted	to	construct	a	circuit	whose	output	is	y	=	AC	+	BC	+	ABC.	in
Figure	13-11.	If	we	needed	a	circuit	that	was	defined	by	x	=	A	+	B,	we	would	use	a	two-input	OR	gate	with	an	INVERTER	on	one	of	the	inputs.	SW4	+	DATA	IN	SW1	SW2	SW3	DATA	OUT	–	C	VREF	Sense	amplifier	writing	to	and	reading	from	a	DRAM.	For	example,	if	the	transmitter	is	sending	ASCII-coded	data,	it	will	attach	a	parity	bit	to	each	seven-
bit	ASCII	code	group.	This	produces	access	times	that	are	much	longer	than	those	of	random-access	memories.	The	CPU	supplies	the	binary	address	of	the	memory	location	from	which	data	are	to	be	retrieved.	HDL	can	be	taught	as	a	separate	topic	by	skipping	the	material	initially	and	then	going	back	to	the	last	sections	of	Chapters	3,	4,	5,	6,	7,	and
9	and	then	covering	Chapter	10.	Positional-Value	System	System	in	which	the	value	of	a	digit	depends	on	its	relative	position.	The	register	(flip-flop)	contained	in	a	macrocell	will	be	bypassed	to	produce	a	combinational	output.	VHDL	TOCCMC10_0131725793.QXD	TOCCMC10_0131725793.QXD	12/19/2005	692	FIGURE	10-15	VHDL	scanning	1
keypad	encoder.	Instead	of	adding	more	product	terms,	this	option	allows	a	common	product	term	to	be	produced	once	and	then	used	by	several	macrocells	within	the	LAB.	How	many	output	data	bits	does	a	sigma/delta	modulator	use?	The	Altera	simulator	allows	us	to	also	simulate	intermediate	nodes	in	our	design	modules.The	“buried”	state
machine	named	cycle	has	been	included	in	the	simulation	in	order	to	confirm	that	it	operates	correctly.	Whenever	you	see	the	AND	symbol	on	a	logic-circuit	diagram,	it	tells	you	that	the	output	will	go	HIGH	only	when	all	inputs	are	HIGH.	Exclusive-OR	(XOR)	Circuit	Two-input	logic	circuit	that	produces	a	HIGH	output	only	when	the	inputs	are
different.	Also	note	that	the	list	of	all	possible	input	combinations	follows	the	binary	counting	sequence,	and	so	it	is	an	easy	matter	to	write	down	all	of	the	combinations	without	missing	any.	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	778	Page	778	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	SECTION	11-12	B	D	11-41.	A	DSP	is	a
very	specialized	form	of	microprocessor	that	has	been	optimized	to	perform	repetitive	calculations	on	streams	of	digitized	data.	This	chapter	remains	a	very	technical	description	of	the	technology	available	in	standard	logic	families	and	digital	components.	During	a	read	operation,	the	word	being	read	from	memory	appears	at	the	data	output	lines.
Bootstrap	Memory	Many	microcomputers	and	most	larger	computers	do	not	have	their	operating	system	programs	stored	in	ROM.	False;	by	the	manufacturer	2.	64K	*	4	12-7.	mod13_ahdl	mod13_vhdl	7-51.	Address	Data	Address	Data	000	00000110	000	00000110	001	10010111	001	10010111	010	00110001	010	00110001	011	11111111	011
11111110	100	00000000	100	00000000	101	10000001	101	10000001	110	01000110	110	01000110	111	10010100	111	10010100	Checksum	Error	Checksum	(a)	(b)	those	containing	the	checksum).	Figure	12-41(a)	shows	the	sequence	of	writing	three	data	bytes	into	the	memory	block.	Figure	3-2(b)	is	the	logic	symbol	for	a	two-input	OR	gate.	PGM	is
the	program	enable	input	that	is	activated	to	store	data	at	the	selected	address.	(a)	Seven	11-19.	Down	Counter	Counter	that	counts	from	a	maximum	count	downward	to	0.	Note	that	the	bar	covers	the	entire	expression	(A		B).	RESET	Term	synonymous	with	“CLEAR.”	RESET	State	The	Q		0	state	of	a	flip-flop.	Conversely,	B		1	is	the	enable	condition,
which	enables	A	to	reach	the	output.	Note	that	many	manufacturers	call	these	inputs	CHIP	ENABLE	(CE).	t5:	MUX,	RAS,	CAS,	and	DATA	OUT	return	to	their	initial	states.	(a)	777A	(c)	1000	(e)	A00	2-36.	Then	change	the	AND	symbol	to	an	OR	symbol.	Any	D/A	converter	can	be	used	with	other	circuitry	such	as	analog	multiplexers	that	select	one	of
several	analog	signals	to	be	converted,	one	at	a	time.	Analog-to-Digital	Converter	(ADC)	Circuit	that	converts	an	analog	input	to	a	corresponding	digital	output.	To	achieve	finer	resolutions,	we	would	have	to	increase	the	number	of	input	voltage	levels	(i.e.,	use	more	voltage-divider	resistors)	and	the	number	of	TOCCMC11_0131725793.QXD	12/20/05
756	5:35	PM	Page	756	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	FIGURE	11-22	(a)	Threebit	flash	ADC;	(b)	truth	table.	This	makes	the	EEPROM	as	easy	to	use	as	the	read/write	memory	we	will	be	discussing	shortly.	The	capacity	(as	large	as	possible),	the	speed	(as	fast	as	possible),	the	power	needed	(as	little	as	possible),	the	cost	(as
low	as	possible),	and	the	convenience	(as	easy	to	change	as	possible)	must	all	be	kept	in	a	reasonable	balance	because	no	single	type	of	RAM	can	maximize	all	of	these	desired	features.The	semiconductor	RAM	market	is	constantly	trying	to	produce	the	ideal	mix	of	these	characteristics	in	its	products	for	various	applications.	11-52.	Many	texts	talk
about	top-down	design,	but	this	text	demonstrates	the	key	features	of	this	approach	and	how	to	use	the	modern	tools	to	accomplish	it.	(a)	Address	is	EAxx.	What	is	the	purpose	of	an	HDL?	Monostable	Multivibrator	See	One-Shot.	Expanding	Capacity	Suppose	that	we	need	a	memory	that	can	store	32	four-bit	words	and	all	we	have	are	the	16	*	4	chips.
This	difference	is	often	called	the	error	signal.	11-52.*DRILL	QUESTIONS	True	or	false:	(a)	A	digital	signal	is	a	continuously	changing	voltage.	In	Boolean	algebra,	1	is	as	high	as	we	go,	so	we	can	never	have	a	result	greater	than	1.	Using	an	N-bit	binary	number,	we	can	represent	decimal	values	from	0	to	2N	-	1.	A	dot	means	that	this	connection	to	the
AND	gate	input	is	hard-wired	(i.e.,	one	that	cannot	be	changed).	Ernsberger	Cover	Designer:	Jason	Moore	Cover	Art:	Getty	One	Production	Manager:	Matt	Ottenweller	Marketing	Manager:	Ben	Leonard	This	book	was	set	in	TimesEuropa	Roman	by	TechBooks/GTS	York,	PA	Campus.	Capacity	Amount	of	storage	space	in	a	memory	expressed	as	the
number	of	bits	or	number	of	words.	The	other	form	converts	a	sequence	of	digital	samples	into	the	modulated	bit	stream	(D/A).	The	inputs	to	the	other	AND	gates	are	programmed	similarly	to	generate	the	other	output	functions.	Figure	12-4(a)	shows	the	data	word	0100	being	written	into	the	memory	register	at	address	location	00011.	For	this
TOCCMC12_0131725793.QXD	12/20/05	852	5:37	PM	Page	852	CHAPTER	12/MEMORY	DEVICES	reason,	if	a	RAM	system	passes	the	checkerboard	test,	you	can	conclude	that	it	is	probably	good;	if	it	fails	the	test,	then	it	definitely	contains	a	fault.	12-36.	A	total	of	13	clock	cycles	are	necessary	to	get	the	four	words	out	of	memory.	What	is	E’s	function
in	the	RAM	circuit	of	Figure	12-42?	We	have	also	included	VHDL	as	the	recommended	language	for	more	advanced	classes	or	introductory	courses	offered	to	more	mature	students.	If	the	circuit	is	being	used	to	cause	some	action	(e.g.,	turn	on	an	LED	or	activate	another	logic	circuit)	when	output	Z	goes	to	the	1	state,	then	we	say	that	Z	is	to	be
active-HIGH,	and	the	circuit	diagram	of	Figure	3-36(b)	should	be	used.	It	will	count	until	the	staircase	crosses	VA	again	to	end	the	conversion.	(a)	0111110110	11-31.	If	I	get	my	paycheck	today	AND	I	make	it	to	the	bank,	then	I	will	have	money	to	spend	this	evening.	Read-	and	write-cycle	times	6.	STOP	SECTION	2-9	1.	Glitch	Momentary,	narrow,
spurious,	and	sharply	defined	change	in	voltage.	(a)	10101	(b)	10010	(c)	1111.0101	6-2.	4-46.	Their	comments,	critiques,	and	suggestions	were	given	serious	consideration	and	were	invaluable	in	determining	the	final	form	of	the	tenth	edition.	Therefore,	the	glitch	will	not	appear	in	the	output.	Labeling	Active-LOW	Logic	Signals	It	has	become	common
practice	to	use	an	overbar	to	label	active-LOW	signals.	(f)	How	long	must	the	address	inputs	remain	stable	after	R>W	and	CS	return	HIGH?	The	critical	timing	parameters	are	tpd(ck-Q	and	OE-Q	max),	counters		10	ns,	latches		5	ns,	and	tACC	ROM		20	ns.	The	MAXPLUS	II	or	Quartus	II	Timing	Analyzer	calculates	these	added	delays	for	a	given	design.
When	the	MSB	of	sigma	goes	negative,	it	feeds	back	the	maximum	negative	value	(-8).	Programmable	Interconnect	Array	(PIA)	A	term	Altera	Corporation	uses	to	describe	the	resources	used	to	connect	the	LABs	with	each	other	and	also	with	the	input/output	modules.	For	example,	the	data	word	stored	at	location	0011	is	10101111.	SECTION	13-2	1.
Node	u	has	been	filled	in	as	the	complement	of	A.	Fill	in	the	column	for	x	by	entering	a	1	for	all	entries	where	t		l	and	v		1.	If	more	product	terms	are	needed,	the	compiler	will	automatically	program	a	macrocell	to	borrow	up	to	five	product	terms	from	each	of	three	adjacent	macrocells	in	the	same	LAB.	Outputs	VPP	D7	–	D0	0–5V	DATAout	0–5V	High	Z
X	High	Z	12.75	DATAin	V	12.75	DATAout	V	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	805	SECTION	12-7/TYPES	OF	ROMS	805	The	27C64	has	several	operating	modes	that	are	controlled	by	the	CE,	OE,	VPP,	and	PGM	pins,	as	presented	in	Figure	12-12(c).	Finally,	recall	that	the	TMS44100	has	on-chip	refresh	control	circuitry,	so	there	is
no	need	for	an	external	refresh	counter.	Schmitt	Trigger	Digital	circuit	that	accepts	a	slowchanging	input	signal	and	produces	a	rapid,	oscillation-free	transition	at	the	output.	In	your	headphones,	this	changing	analog	signal	sounds	just	like	the	original	recording.	The	last	component	compares	the	running	total	from	the	accumulator	with	a	fixed
threshold,	which	in	this	case	is	zero.	Prior	to	t1,	the	device	is	in	the	standby	mode.	The	Altera	EPM7128S	CPLD	contains	128	macrocells,	each	of	which	contains	a	programmable	AND/OR	circuit	and	a	programmable	register.	Thus,	at	the	end	of	this	fixed	charging	interval,	the	capacitor	voltage	will	be	TOCCMC11_0131725793.QXD	758	12/20/05	5:35
PM	Page	758	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	proportional	to	VA.	How	many	of	these	chips	are	needed	to	form	a	1M	*	4	module?	See	Prob10_22.tdf	and	Prob10_22.vhd	on	the	enclosed	CD.	Portions	of	the	text	that	use	electronics	concepts	can	be	skipped	without	adversely	affecting	the	comprehension	of	the	logic	principles.
Many	of	the	techniques	that	have	been	taught	over	that	time	have	focused	on	optimizing	circuits	that	are	built	from	these	outmoded	devices.	Notice	that	the	sensitivity	list	contains	all	the	inputs.	The	PROM	can	generate	any	possible	logic	function	of	the	input	variables	because	it	generates	every	possible	AND	product	term.	RAM-1	is	now	enabled,	and
the	lines	A3	to	A0	select	one	of	its	locations.	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	751	SECTION	11-11/SUCCESSIVE-APPROXIMATION	ADC	751	The	processing	of	each	bit	takes	one	clock	cycle,	so	that	the	total	conversion	time	for	an	N-bit	SAC	will	be	N	clock	cycles.	Solution	The	results	are	shown	in	Figure	3-35.	(d)	False	8-41.	In
this	section,	we	briefly	describe	some	of	the	special	functions	that	semiconductor	memory	devices	perform	in	computers	and	other	digital	equipment	and	systems.The	discussion	is	not	intended	to	provide	details	of	how	these	functions	are	implemented	but	to	introduce	the	basic	ideas.	A	FIFO	used	to	transfer	data	between	devices	with	widely	different
operating	speeds	5.	This	method	employs	the	use	of	qualifying	symbols	embedded	near	the	top	center	or	geometric	center	of	a	symbol	element.	The	MCM6209C	is	a	64K	*	4	static-RAM	chip.	(a)	100	ns	(b)	30	ns	(c)	10	million	(d)	20	ns	(e)	30	ns	(f)	40	ns	(g)	10	million	12-30.	Finally,	at	t3,	the	outputs	change	from	the	Hi-Z	state	to	the	valid	data	that
represent	the	data	stored	at	the	specified	address.	A	VCO	3.	The	eighth	product	term	also	connects	to	one	input	of	a	four-input	multiplexer	(TSMUX).	The	CPU	can	also	write	to	the	chip’s	command	register	(Figure	12-16)	by	generating	the	appropriate	control	signals	and	sending	the	desired	command	code	over	the	data	bus.	The	INVERTER	is	used	to
invert	the	CPU-generated	Enable	signal	(E)	848	D0	D7	R/	W	E	A0	R/	W	DATA	I	/O	1K	×	8	RAM	module-3	CS	K3	1K	×	8	RAM	module-2	R/	W	4K	*	8	RAM	memory	connected	to	a	CPU.	What	input	address	code	is	required	if	we	want	to	read	the	data	from	register	9	in	Figure	12-7?	9999	3.	A	memory	map	of	this	system	(see	Figure	12-39)	FIGURE	12-39	A
memory	map	of	a	digital	dashboard	system.	Recall	that	a	truth	table	lists	all	the	possible	input	combinations	in	numerical	order.	Describe	the	function	of	the	row-select	decoder,	the	column-select	decoder,	and	the	output	buffers	in	the	ROM	architecture.	In	this	diagram	they	have	been	labeled	u,	v,	and	w.	In	any	case,	when	power	is	turned	back	on,	the
CPU	executes	a	power-up	program	(from	ROM)	that	transfers	the	critical	data	from	the	backup	storage	memory	to	the	system	RAM	so	that	the	system	can	resume	operation	where	it	left	off	when	power	was	interrupted.	Of	course,	there	will	be	situations	where	both	output	states	are	used	to	produce	different	actions	and	either	one	can	be	considered
to	be	the	active	state.	For	this	reason,	they	are	often	referred	to	as	mask-programmed	gate	arrays	(MPGAs).	How	does	a	circular	buffer	differ	from	a	linear	buffer?	The	ML2035	is	intended	for	telecommunications	applications	that	require	precise	tones	of	various	frequencies	to	be	generated.	CLK	IN.	The	digitized	data	are	usually	being	fed	to	the	DSP
from	an	A/D	converter.	O1	O2	O3	O4	What	is	a	PLD?	Whenever	ALE	is	HIGH,	it	means	that	the	address	is	potentially	in	transition,	so	the	decoder	should	be	disabled	until	ALE	goes	LOW	(at	which	time	the	address	will	be	valid	and	stable).	The	IOEs	each	contain	a	bidirectional	I/O	buffer	and	a	register	that	can	be	used	for	either	input	or	output	data
storage.	Then	draw	the	reconstructed	output	from	the	D/A	converter	(connect	the	sample	points	with	straight	lines	to	show	filtering).	The	logic	probe	should	show	pulses	during	the	time	the	data	values	are	being	displayed.	In	an	analog-to-digital	converter,	smallest	amount	by	which	the	analog	input	must	change	to	produce	a	change	in	the	digital
output.	Can	it	be	erased	and	reprogrammed?	The	BCD	code	for	a	decimal	number	is	formed	by	converting	each	digit	of	the	decimal	number	to	its	four-bit	binary	equivalent.	Power-Supply	Decoupling	Connection	of	a	small	RF	capacitor	between	ground	and	VCC	near	each	TTL	integrated	circuit	on	a	circuit	board.	11-12.	PORT	MAP	A	VHDL	keyword
that	precedes	the	list	of	connections	specified	between	components.	What	is	the	main	advantage	of	flash	memory	over	EPROMs?	Quasi-Stable	State	State	to	which	a	one-shot	is	temporarily	triggered	(normally	Q		1)	before	returning	to	its	stable	state	(normally	Q		0).	Remember,	this	main	memory	is	in	constant	communication	with	the	central
processing	unit	(CPU).	A	3-Megapixel	digital	camera	stores	an	eight-bit	number	for	the	brightness	of	each	of	the	primary	colors	(red,	green,	blue)	found	in	each	picture	element	(pixel).	Typical	messages	might	be:	RAM	module-3	test	OK	ALL	RAM	working	properly	Location	027F	faulty	in	bit	positions	6	and	7	With	messages	like	these	and	a	knowledge
of	the	RAM	system	operation,	the	troubleshooter	can	determine	what	additional	action	is	needed	to	isolate	the	fault.	(b)	During	a	write	operation,	CAS	is	activated	before	RAS.	During	normal	operation,	no	new	data	can	be	written	into	a	ROM,	but	data	can	be	read	from	ROM.	Binary	Point	Mark	that	separates	the	integer	from	the	fractional	portion	of	a
binary	quantity.	Note	that	the	chip	requires	two	power-supply	voltages:	VCC	is	the	standard	5	V	used	for	the	logic	circuitry;	VPP	is	the	erase/programming	power-supply	voltage,	nominally	12	V,	which	is	needed	for	the	erase	and	programming	(write)	operations.	Even	for	a	small	RAM	system,	it	would	take	a	prohibitively	long	time	to	try	storing	and
reading	every	possible	pattern	in	each	location.	This	illustration	adds	another	feature	of	putting	the	outputs	into	the	high-impedance	state	when	no	input	is	being	activated.	Figures	3-1(b)	and	(c)	show	samples	of	truth	tables	for	three-	and	fourinput	logic	circuits.	.	EXAMPLE	12-13	The	2125A	is	a	static-RAM	IC	that	has	a	capacity	of	1K	*	1,	one	active-
LOW	chip	select	input,	and	separate	data	input	and	output.	Such	a	system	is	typically	implemented	using	a	microprocessor.	All	higher	frequencies	are	attenuated	by	the	filter.	(ISBN	0-13-172664-1)	PowerPoint®	presentations.	With	VAX	6	VA,	COMP	is	HIGH	and	tells	the	control	logic	to	keep	Q1	set	at	1.	This	startup	process	is	often	called	“booting	up
the	system.”	Many	of	the	digital	signal	processing	chips	load	their	internal	program	memory	from	an	external	bootstrap	ROM	when	they	are	powered	on.	TOCCMC12_0131725793.QXD	866	12/20/05	5:37	PM	Page	866	CHAPTER	12/MEMORY	DEVICES	SECTION	12-13	1.	Assume	that	the	offset	error	has	not	been	zeroed	out.	This	can	be	extended	to
any	number	of	variables.	Some	of	the	more	common	ones	are	shown	in	Table	3-1.	Static-RAM	Timing	RAM	ICs	are	most	often	used	as	the	internal	memory	of	a	computer.	newer	board	from	Altera	is	called	the	DE2	board	(see	Figure	P-2),	which	has	a	powerful	new	672-pin	Cyclone	II	FPGA	and	a	number	of	basic	features	such	as	switches,	LEDs,	and
displays	as	well	as	many	additional	features	for	more	advanced	projects.	An	IF/THEN/ELSE	always	performs	one	of	two	actions.	24,	including	VCC	and	ground	SECTION	12-12	1.	This	means	that	every	AND	gate	can	be	programmed	to	generate	any	desired	product	of	the	four	input	variables	and	their	complements.	Index	Another	name	for	the	element
number	of	any	given	bit	in	a	bit	array.	MORE	FROM	QUESTIONSANSWERED.NET	Solution	Manual	Digital	System-Tocci	10th	edition.pdf	Principles	and	Applications	of	Geochemistry	Ethnobotany	Principles	and	Applications	PDF	Spread	Spectrum	and	CDMA:	Principles	and	Applications	Principles	and	Applications	of	Tribology	Principles	and
Applications	of	Geochemistry	Rheology	Principles	Measurements	and	Applications	Principles	and	Applications	of	Geochemistry	Polymeric	Dispersions	Principles	and	Applications	NMR	Logging	Principles	and	Applications	Principles	and	Applications	of	Geochemistry	Drying:	Principles,	Applications,	and	Design	Business	Systems	and	Applications	(BSA)
Robust	Systems	Theory	and	Applications	Digital	Principles	and	System	Design	Digital	Principles	and	Logic	Design	Digital	and	Analog	Communication	Systems	TOCCMF01_0131739697.QXD	12/22/2005	09:09	PM	Page	iii	TENTH	EDITION	Digital	Systems	Principles	and	Applications	Ronald	J.	module-0	test	OK	module-1	test	OK	module-2	test	OK
address	0C00	faulty	address	0C01	faulty	address	0C02	faulty	.	The	data	on	the	data	bus	are	transferred	to	the	selected	memory	location.	TOCCMC07_0131725793.QXD	12/13/05	4:51	AM	Page	461	461	SECTION	7-24/HDL	ONE-SHOTS	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	ENTITY	PORT	(	fig7_87	clk	q	END	fig7_87;	IS	:IN	BIT;	:OUT
BIT_VECTOR	(3	DOWNTO	0));	ARCHITECTURE	vhdl	OF	fig7_87	IS	SIGNAL	ser_in	:BIT;	BEGIN	PROCESS	(clk)	VARIABLE	ff	:BIT_VECTOR	(3	DOWNTO	0);	BEGIN	IF	(ff(3	DOWNTO	1)	=	"000")	THEN	ser_in	y0	=	GND;	WHEN	1	=>	y1	=	GND;	WHEN	2	=>	y2	=	GND;	WHEN	3	=>	y3	=	GND;	WHEN	4	=>	y4	=	GND;	WHEN	5	=>	y5	=	GND;	WHEN	6
=>	y6	=	GND;	WHEN	7	=>	y7	=	GND;	END	CASE;	END	IF;	END;	SUBDESIGN	fig9_53	(	a[2..0]	e3,	e2bar,	e1bar	y[7..0]	)	VARIABLE	inputs[5..0]	:INPUT;	:INPUT;	:OUTPUT;	--	decoder	inputs	--	enable	inputs	--	decoded	outputs	:NODE;	--	all	6	inputs	combined	BEGIN	inputs[]	=	(e3,	e2bar,	e1bar,	a[]);	--	concatenate	the	inputs	TABLE	inputs[]	=>	y[];
B”0XXXXX”	=>	B”11111111”;	--	el	not	enabled	B”X1XXXX”	=>	B”11111111”;	--	e2bar	disabled	B”XX1XXX”	=>	B”11111111”;	--	e3bar	disabled	B”100000”	=>	B”11111110”;	--	Y0	active	B”100001”	=>	B”11111101”;	--	Y1	active	B”100010”	=>	B”11111011”;	--	Y2	active	B”100011”	=>	B”11110111”;	--	Y3	active	B”100100”	=>	B”11101111”;	--	Y4
active	B”100101”	=>	B”11011111”;	--	Y5	active	B”100110”	=>	B”10111111”;	--	Y6	active	B”100111”	=>	B”01111111”;	--	Y7	active	END	TABLE;	END;	TOCCMC09_0131725793.QXD	12/23/05	4:27	AM	Page	641	SECTION	9-15/DECODERS	USING	HDL	641	VHDL	DECODERS	The	VHDL	solution	presented	in	Figure	9-54	essentially	uses	a	truth	table
approach.	EEPROM	10.	The	newer,	168-pin,	dual-in-line	memory	module	(DIMM)	has	84	functionally	unique	contacts	on	each	side	of	the	card.	The	27C64	is	an	example	of	a	small	8K	*	8K	memory	IC	that	is	available	as	a	“one-time-programmable”	(OTP)	PROM	or	as	an	erasable	UV	EPROM.The	obvious	difference	in	the	two	ICs	is	the	EPROM’s	clear
quartz	“window,”	shown	in	Figure	12-12(b),	which	allows	the	UV	light	to	shine	on	the	silicon.	Use	the	expression	for	x	to	determine	the	output	of	the	circuit	in	Figure	3-15(b)	for	the	conditions	A	=	B	=	E	=	1,	C	=	D	=	0.	DRAM	chips	are	currently	available	in	various	configurations.	For	example,	the	7-2-2-2	system	would	require	7	clocks	to	obtain	the
first	64-bit	word,	and	each	of	the	next	three	64bit	words	would	require	2	clock	cycles	each.	x	=	S1S2	+	S1S3	+	S3S4	+	S2S3	+	S2S4	4-18.	It	must	also	ensure	that	the	outputs	are	all	HIGH	when	they	are	not	selected.	Circuits	Containing	INVERTERs	Whenever	an	INVERTER	is	present	in	a	logic-circuit	diagram,	its	output	expression	is	simply	equal	to
the	input	expression	with	a	bar	over	it.	DRIVE	is	active-HIGH,	and	it	will	go	HIGH	only	when	X		Y		0.	AHDL	is	a	language	that	the	Altera	Corporation	developed	to	provide	a	convenient	way	to	configure	the	logic	devices	that	they	offer.	The	same	basic	idea	for	expanding	word	size	will	work	for	many	different	situations.	Why	is	a	microprocessor/DSP
system	called	a	software	solution	for	a	design?	Data	are	applied	to	the	I/O	pins	at	t3	and	are	written	into	the	address	location	on	the	rising	edge	of	WE	at	t4.	TTL	is	a	mature	technology	consisting	of	numerous	subfamilies	that	have	been	developed	over	many	years	of	use.	Now	there	are	PLDs	that	can	handle	hundreds	of	inputs	and	outputs.	0000	8000
PROM-0	1FFF	2000	3FFF	4000	5FFF	6000	67FF	6800	6FFF	7000	77FF	7800	7FFF	PROM-1	RAM	EEPROM	EEPROM	foldback	EEPROM	foldback	EEPROM	foldback	FFFF	Available	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	843	843	SECTION	12-18/EXPANDING	WORD	SIZE	AND	CAPACITY	clearly	shows	the	addresses	that	each	device	is
assigned	to	as	well	as	the	memory	space	that	is	available	for	expansion.	A14	must	be	removed,	and	pin	27	must	be	connected	to	5	V.	To	store	data	on	the	disks,	a	very	intense	laser	beam	is	focused	on	a	very	small	point	on	the	disk.	9-39.	Here	is	another	example.	(b)	What	method	could	be	used	to	vary	the	peak-to-peak	amplitude	of	the	sine	wave?	12-
37.	Then	compare	to	the	resulting	reconstructed	waveform	frequency.	The	last	of	the	four	global	control	signals	is	GCLRn	on	pin	1.	O3	t28	t30	9-7.	PLDs	can	reduce	parts	inventory,	simplify	prototype	circuitry,	shorten	the	development	cycle,	reduce	the	size	and	power	requirements	of	the	product,	and	allow	the	hardware	of	a	circuit	to	be	upgraded
easily.	The	switch	will	be	closed	long	enough	for	Ch	to	charge	to	the	present	value	of	the	analog	input.	The	examples	of	systems	that	use	counters	have	all	been	updated	to	synchronous	operation.	That	is,	ABC		ABD		AB(C		D)	Theorems	(9)	to	(13)	are	easy	to	remember	and	use	because	they	are	identical	to	those	of	ordinary	algebra.	The	10-MHz	master
clock	signal	provides	the	basic	timing	for	the	computer.	11-46.	All	sequential	statements	must	occur	inside	a	process.	Complex	PLD	(CPLD)	Class	of	PLDs	that	contain	an	array	of	PAL-type	blocks	that	can	be	interconnected.	Then	you	use	a	formula	to	calculate	the	average	of	the	last	30	days’	prices.	VHDL	FIGURE	7-86	Simulation	of	HDL	ring	counter.
We	will	use	the	abbreviation	MROM	whenever	we	refer	to	mask-programmed	ROMs.	Figure	12-9	shows	the	structure	of	a	small	MOS	MROM.	Many	other	HDL	techniques,	such	as	tristate	outputs	and	various	HDL	control	structures,	are	also	introduced.	Figure	12-2	illustrates	a	small	memory	consisting	of	eight	words.	(b)	Modify	the	diagram	of	Figure
11-36	to	place	the	ADC0804	at	address	E8XX	hex.	(b)	AND,	NAND	(c)	Unconnected	inputs	8-7.	10-18.	Boolean	variables	are	often	used	to	represent	the	voltage	level	present	on	a	wire	or	at	the	input/output	terminals	of	a	circuit.	State	machines	are	now	presented	as	a	topic,	the	traditional	Mealy	and	Moore	models	are	defined,	and	a	new	traffic	light
control	system	is	presented	as	an	example.	As	soon	as	the	total	goes	positive,	the	MSB	goes	LOW	and	feeds	back	to	the	delta	section	the	maximum	positive	value	(8).	12-43.	In	the	event	that	it	detects	an	error,	the	receiver	may	send	a	message	back	to	the	transmitter	asking	it	to	retransmit	the	last	set	of	data.	A	RAM	having	separate	input	and	output
pins	is	referred	to	as	dual-port	RAM.	In	either	case,	there	are	two	refresh	modes:	a	burst	refresh	and	a	distributed	refresh.	Typically,	data	can	be	programmed	or	“burned	into”	a	PROM	by	selecting	a	row	by	applying	the	desired	address	to	the	address	inputs,	placing	the	desired	data	on	the	data	pins,	and	then	applying	a	pulse	to	a	special
programming	pin	on	the	IC.	Here	NAND	gates	1	and	2	are	used	as	INVERTERs	to	invert	the	inputs,	so	that	the	final	output	is	x	=	A	#	B,	which	can	be	simplified	to	x		A		B	using	DeMorgan’s	theorem.	12-14	DYNAMIC	RAM	STRUCTURE	AND	OPERATION	The	dynamic	RAM’s	internal	architecture	can	be	visualized	as	an	array	of	single-bit	cells,	as
illustrated	in	Figure	12-25.	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	753	SECTION	11-11/SUCCESSIVE-APPROXIMATION	ADC	■	■	■	■	■	■	TABLE	11-6	753	RD	(READ).	To	avoid	this	confusion,	it	will	be	understood	that	if	an	expression	contains	both	AND	and	OR	operations,	the	AND	operations	are	performed	first,	unless	there	are
parentheses	in	the	expression,	in	which	case	the	operation	inside	the	parentheses	is	to	be	performed	first.	Both	the	ring	count	sequence	and	the	encoding	of	the	row	value	are	described	on	lines	32–38.	Note	that	the	NAND	gate	first	ANDs	the	A,	B,	and	(C	+	D)	terms,	and	then	it	inverts	the	complete	result.	The	result	can	be	further	simplified	because
we	have	a	product	AB	that	is	inverted.	A	clean	EPROM	can	be	programmed	in	less	than	a	minute	once	the	desired	data	have	been	entered,	transferred,	or	downloaded	into	the	EPROM	programmer.	Determine	the	OR	gate	output	in	Figure	3-5.	6-37.	Self-Correcting	Counter	A	counter	that	always	progresses	to	its	intended	sequence,	regardless	of	its
initial	state.	..	A	full	understanding	of	all	the	details	of	these	languages	is	beyond	the	scope	of	this	text	and	can	really	be	mastered	only	by	regular	use.	In	binary	this	would	be	0111.	How	many	bits	would	it	take	to	represent	this	address?	Function	Generator	The	function	generator	is	a	circuit	that	produces	waveforms	such	as	sine	waves,	sawtooth
waves,	triangle	waves,	and	square	waves.	When	an	address	is	applied	to	the	ROM,	the	data	outputs	will	represent	the	approximate	sine	of	the	angle.	These	data	pins	are	normally	connected	to	a	data	bus.	12-20	TROUBLESHOOTING	RAM	SYSTEMS	All	computers	use	RAM.	Problem	+5	V	RESET	SW7	12-bit	counter	A11	D7	A10	D6	D5	A1	A0	CLK	2732
4K	×	8	EPROM	D4	D3	D2	D1	+5	V	One-shot	50	ms	PROGRAM	PULSE	+5	V	SW0	D0	CE	PROGRAM	*	OE/	VPP	+21	V	*	Same	switch	arrangement	for	each	data	pin	*	TOCCMC12_0131725793.QXD	12/20/05	858	5:37	PM	Page	858	CHAPTER	12/MEMORY	DEVICES	N	(b)	Show	how	74293s	and	a	74121	can	be	used	to	implement	this	circuit.	To	write
data	to	the	cell,	signals	from	the	address	decoding	and	read/write	logic	will	close	switches	SW1	and	SW2,	while	keeping	SW3	and	SW4	open.	The	CPU	places	3C16	on	the	data	bus	and	230016	onto	the	address	bus,	and	it	pulses	CE	and	WE	LOW	while	holding	OE	HIGH.	A	typical	flash	memory	has	a	write	time	of	10	ms	per	byte	compared
TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	809	809	FIGURE	12-14	Trade-offs	for	semiconductor	nonvolatile	memories	show	that	complexity	and	cost	increase	as	erase	and	programming	flexibility	increases.	SAM:	Access	time	is	not	constant	but	depends	on	the	physical	location	of	the	word	being	accessed.	Solution	Factoring	out	the
common	variables	CD,	we	have	x	=	CD(A	+	AB)	Utilizing	theorem	(15a),	we	can	replace	A	+	AB	by	A		B,	so	x	=	CD(A	+	B)	=	ACD	+	BCD	TOCCMC03_0131725793.QXD	12/2/05	80	8:18	PM	Page	80	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	REVIEW	QUESTIONS	1.	(b)	The	alternate	symbol	for	a	NAND	gate	shown	in	Figure	3-34(b)	has	an	active-
HIGH	output	and	active-LOW	inputs,	and	so	its	operation	can	be	stated	as	follows:	The	output	goes	HIGH	when	any	input	is	LOW.	What	is	the	main	element	of	a	voltage-to-frequency	ADC?	Concurrent	Assignment	Statement	A	statement	in	AHDL	or	VHDL	that	describes	a	circuit	that	works	concurrently	with	all	other	circuits	that	are	described	by
concurrent	statements.	EXAMPLE	3-3B	What	would	happen	to	the	glitch	in	the	output	in	Figure	3-6	if	input	C	sat	in	the	HIGH	state	while	A	and	B	were	changing	at	time	t1?	7.	The	“1”	inside	the	INVERTER	symbol	denotes	a	device	with	only	one	input;	the	triangle	on	the	output	indicates	that	the	output	will	go	to	its	active-LOW	state	when	that	one
input	is	in	its	active-HIGH	state.	(a)	x	=	BC	+	B	C	+	AC;	or	x	=	BC	+	B	C	+	AB	(c)	One	possible	looping:	x	=	ABD	+	ABC	+	ABD	+	B	C	D;	another	one	is:	x	=	ABC	+	ABD	+	AC	D	+	B	C	D	4-15.	The	system	clock	SECTION	12-18	1.	The	programming	information	that	defines	how	each	logic	block	functions,	which	I/O	blocks	are	inputs	and	outputs,	and
how	the	blocks	are	interconnected	is	stored	in	some	type	of	external	memory	that	is	downloaded	to	the	SRAM-based	FPGA	when	power	is	applied.	FIGURE	3-19	(a)	NOR	symbol;	(b)	equivalent	circuit;	(c)	truth	table.	This	voltage,	VT,	is	compared	with	a	temperature	reference	voltage,	VTR,	in	a	voltage	comparator	circuit.	The	screen	display	consists	of
discrete	dots	representing	the	various	data	points,	but	the	number	of	dots	is	usually	so	large	(typically	1000	or	more)	that	they	tend	to	blend	together	and	appear	to	be	a	smooth,	continuous	waveform.	11-16	DIGITAL	STORAGE	OSCILLOSCOPE	As	a	final	example	of	the	application	of	D/A	and	A/D	converters,	we	will	take	a	brief	look	at	the	digital
storage	oscilloscope	(DSO).	What	is	the	probable	cause	of	the	incorrect	staircase	signal?	11-26.	(b)	After	the	sequence	above	has	been	executed,	the	CPU	executes	the	following	sequence.	The	configuration	for	doing	so	is	shown	in	Figure	12-34.	True	or	false:	(a)	In	most	DRAMs,	it	is	necessary	to	read	only	from	one	cell	in	each	row	in	order	to	refresh
all	cells	in	that	row.	EEPROMs	and	flash	memory	devices	are	electrically	erasable	and	can	have	their	contents	altered	after	programming.	TOCCMG01.0131725793.QXD	904	12/20/05	4:18	PM	Page	904	GLOSSARY	Latch	Type	of	flip-flop;	also,	the	action	by	which	a	logic	circuit	output	captures	and	holds	the	value	of	an	input.	x	=	A3A2	+	A3A1A0	4-16.
Industry	standards	created	by	the	Joint	Electronic	Device	Engineering	Council	(JEDEC)	have	led	to	memory	devices	that	are	interchangeable.	A	PROM	comes	from	the	manufacturer	with	a	thin,	fuse	link	connection	in	the	source	leg	of	every	transistor.	Figure	13-6(b)	shows	how	this	PAL	is	programmed	to	generate	four	specified	logic	functions.	5-11.	8.
List	the	hex	numbers	in	sequence	from	19516	to	28016.	In	HDL,	the	circuits	generated	by	concurrent	statements	are	not	affected	by	the	order	or	sequence	of	the	statements	in	the	code.	The	conversion	takes	place	continuously.	Connect	A	to	J,	A	to	K.	Serial	Transmission	Transfer	of	binary	information	from	one	place	to	another	a	bit	at	a	time.	How
many	for	8X	oversampling?	Yes:	(c),	(e),	(f).	The	ADC0808,	for	example,	can	multiplex	eight	different	TOCCMC11_0131725793.QXD	12/20/05	764	5:35	PM	Page	764	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	analog	inputs	into	one	ADC.	Standard,	low-density	PALs	are	one-time	programmable.	(a)	1001	(e)	1111	(i)	1011	(m)	0001	(b)
1101	(f)	0010	(j)	1100	(n)	0101	(c)	1000	(g)	1010	(k)	0011	(o)	0111	(d)	0000	(h)	1001	(l)	0100	(p)	0110	2-14.	The	desired	circuit	functionality	can	generally	be	achieved	by	using	several	different	types	of	digital	hardware.	SECTION	13-5	13-9.	Mode	3	(parallel	load)	transfers	the	value	on	the	parallel	data	inputs	to	the	NEXT	state	of	the	register.	This
would	require	256	resistors	and	255	comparators	(there	is	no	comparator	for	the	0-V	level).	Although	this	is	a	simple	method	of	conversion,	it	is	difficult	to	achieve	a	high	degree	of	accuracy	because	of	the	difficulty	in	designing	VCOs	with	accuracies	of	better	than	0.1	percent.	The	only	functional	difference	is	the	much	longer	write-cycle	time
requirements	of	the	EEPROM.	X	will	be	HIGH	only	when	RD		0.	The	eight-bit	counter	is	continuously	pulsed	by	a	clock	signal	to	provide	sequential	address	inputs	to	the	ROM.	■	Define	PLD	terminology.	7.0	ms	8.0	ms	9.0	ms	10	ms	TOCCMC03_0131725793.QXD	12/2/05	98	8:18	PM	Page	98	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	Figure	3-42
shows	four	different	ways	of	representing	the	logic	circuit	that	was	described	in	English	as	the	problem	statement	of	Example	3-24.	The	computer	runs	a	special	software	application	called	a	compiler	to	translate	from	the	hardware	description	language	into	the	grid	of	1s	and	0s	that	can	be	loaded	into	the	PLD.	Frequency	Counter	Circuit	that	can
measure	and	display	a	signal’s	frequency.	Name	two	advantages	of	GAL	devices	over	PAL	devices.	TOCCMC12_0131725793.QXD	12/20/05	818	REVIEW	QUESTIONS	5:37	PM	Page	818	CHAPTER	12/MEMORY	DEVICES	1.	TOCCMG01.0131725793.QXD	906	12/20/05	4:18	PM	Page	906	GLOSSARY	Offset	Error	Deviation	from	the	ideal	0	V	at	the	output
of	a	digital-to-analog	converter	when	the	input	is	all	0s.	TOCCMG01.0131725793.QXD	900	12/20/05	4:18	PM	Page	900	GLOSSARY	CAS-before-RAS	Method	for	refreshing	DRAMs	that	have	built-in	refresh	counters.	t1:	The	NGT	at	RAS	loads	the	row	address	into	the	DRAM.	Vref/2	Analog	Input	Range	(V)	Resolution	(mV)	Open	0–5	19.5	2.25	0–4.5	17.6
2.0	0–4	15.6	1.5	0–3	11.7	Figure	11-21(a)	shows	a	typical	connection	of	the	ADC0804	to	a	microcomputer	in	a	data	acquisition	application.	Johnson	Counter	Shift	register	in	which	the	inverted	output	of	the	last	flip-flop	is	connected	to	the	input	of	the	first	flip-flop.	It’s	very	selective,	having	an	acceptance	rate	of	28	percent.CC-BY/Travis
Grathwell/Flickr	California	State	University-Long	BeachCalifornia	State	University-Long	Beach	has	a	scenic	322-acre	campus	that	overlooks	the	Pacific	Ocean.	Memory	Modules	With	many	companies	manufacturing	motherboards	for	personal	computer	systems,	standard	memory	interface	connectors	have	been	adopted.	What	is	the	only	set	of	input
conditions	that	will	produce	a	LOW	output	for	any	OR	gate?	The	terminology	used	for	latch	circuit	inputs	has	been	changed	from	Clear	to	Reset	in	order	to	be	compatible	with	Altera	component	descriptions.	Although	the	FPLA	is	more	flexible	than	the	PAL	architecture,	it	has	not	been	as	widely	accepted	by	engineers.	Generally	slower	speed;	need	to
be	refreshed	lower	cost	per	bit	3.	Consequently,	we	have	chosen	to	continue	to	introduce	the	conceptual	descriptions	of	digital	circuits	and	to	offer	examples	using	conventional	standard	logic	parts.	The	microcomputer	can	then	read	(fetch)	this	digital	data	value	over	the	system	data	bus.	This	type	of	input	is	useful	when	several	memory	modules	are
combined	to	form	a	larger	memory.	On	power-up,	the	computer	executes	a	small	bootstrap	program	from	ROM	to	initialize	the	system	hardware	and	to	load	the	operating	system	from	mass	storage	(disk).	CLEAR	State	The	Q		0	state	of	a	flip-flop.	Altera	was	one	of	the	first	companies	to	introduce	logic	devices	that	can	be	reconfigured	*All	sections
covering	hardware	description	languages	may	by	skipped	without	loss	of	continuity	in	the	balance	of	Chapters	1–12.	That	is,	if	we	have	a	sum	of	two	(or	more)	terms,	each	of	which	contains	a	common	variable,	the	common	variable	can	be	factored	out	just	as	in	ordinary	algebra.	Octal	Number	System	Number	system	that	has	a	base	of	8;	digits	from	0
to	7	are	used	to	express	an	octal	number.	The	expression	(A	+	B)	means	that	A	is	ORed	with	B	and	then	their	OR	sum	is	inverted,	whereas	the	expression	(A	+	B)	indicates	that	A	is	inverted	and	B	is	inverted	and	the	results	are	then	ORed	together.	(a)*59	(d)	1024	(g)*65,536	(b)	372	(e)*	771	(h)	255	(c)*919	(f)	2313	2-6.	Most	computer	systems	used	for
development	have	a	program	stored	in	a	ROM	that	allows	the	user	to	display	and	change	the	contents	of	any	memory	location.	What	does	a	compiler	do?	The	printer	then	reads	out	the	data	from	the	FIFO	at	a	much	slower	rate,	say,	one	byte	every	5	ms,	and	prints	out	the	corresponding	characters	in	the	same	order	as	sent	by	the	computer.	CAS	also
enables	the	column	decoder	so	that	it	can	decode	the	column	address	and	select	one	column	of	the	array.	When	the	capacitor	voltage	reaches	0,	the	linear	discharging	is	terminated.	The	computer	can	then	read	all	of	the	recently	stored	keystrokes	very	quickly	at	a	convenient	point	in	its	program.	Determine	what	this	does	to	the	flash	memory	chip.	9-
47.	The	data	in	Table	11-13	are	input	samples	taken	by	an	A/D	converter.	Let’s	follow	the	procedure	for	output	O3	=	AB	+	C	D.	In	these	functions,	the	upper	bits	depend	on	the	lower	bits.	The	motor	rotates	clockwise	or	counterclockwise,	depending	on	whether	the	voltage	from	the	power	amplifier	(P.A.)	is	positive	or	negative.	A	12-bit	DAC	has	a	full-
scale	output	of	15.0	V.	(The	term	bootstrap	comes	from	the	idea	of	pulling	oneself	up	by	one’s	own	bootstraps.)	When	the	computer	is	powered	on,	it	will	execute	the	instructions	that	are	in	this	bootstrap	program.	12-39.	Dynamic	RAM	(DRAM)	uses	capacitors	to	store	data	by	charging	or	discharging	them.	When	more	product	terms	are	needed,	gates
may	be	shared	between	logic	blocks,	or	several	logic	blocks	can	be	combined	to	implement	the	expression.	DRILL	QUESTION	(a)	What	is	the	expression	relating	the	output	and	inputs	of	a	DAC?	3-42.	TOCCMC07_0131725793.QXD	12/22/05	434	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95
96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	10:08	PM	Page	434	CHAPTER	7/COUNTERS	AND	REGISTERS	IF	mach	=	1	THEN	change	ff	:=	ff;	--	hold	data	WHEN	1	=>	ff(2	DOWNTO	0)	:=	ff(3	DOWNTO	1);	--	shift	right	ff(3)	:=	ser_in;	WHEN	2	=>	ff(3	DOWNTO	1)	:=	ff(2	DOWNTO	0);	--	shift	left	ff(0)
:=	ser_in;	WHEN	3	=>	ff	:=	din;	--	parallel	load	END	CASE;	END	IF;	q	ff[	].d		(ser_in,	ff[3..1].q);	Lines	17	and	18	can	also	be	replaced	by:	WHEN	2	>	ff[	].d		(ff[2..0].q,ser_in);	12/12/2005	10:50	PM	Page	459	SECTION	7-23/HDL	RING	COUNTERS	459	VHDL	SOLUTION	The	VHDL	solution	of	Figure	7-84	defines	an	internal	variable	by	the	name	ff	on
line	12,	representing	the	current	state	of	the	register.	The	more	common	A/D	converter	accuracy	specification	in	the	form	of	/	LSB	is	explained	in	this	edition.	Each	RAM	module	has	its	address	inputs	connected	to	the	CPU	address	bus	lines	A0	through	A9.The	high-order	address	lines	A10	through	A15	select	one	of	the	RAM	modules.	Macrocell	A
circuit	made	up	of	a	group	of	basic	digital	components	such	as	AND	gates,	OR	gates,	registers,	and	tristate	control	circuits	that	can	be	interconnected	within	a	PLD	via	a	program.	A0	and	B0	are	probably	reversed.	It	is	also	referred	to	as	a	store	operation.	MEMR	(from	CPU)	D	10-MHz	master	CLOCK	SET	Q0	D	CLK	SET	Q1	D	CLK	RAS	Q2	CAS	CLK
Q1	Q0	SET	Q2	MUX	(a)	Master	CLOCK	MEMR	(b)	FIGURE	12-51	D	Problem	12-26.	One	form	of	a	sigma/delta	modulator	circuit	is	designed	to	convert	a	continuous	analog	signal	into	a	modulated	bit	stream	(A/D).	The	CS	input	shown	in	Figure	12-6(a)	is	active-LOW;	therefore,	it	must	be	in	the	LOW	state	to	enable	the	ROM	data	to	appear	at	the	data
outputs.	SBD	Schottky	barrier	diode	used	in	all	Schottky	TTL	series.	Determine	the	waveform	at	the	output	of	a	NOR	gate	for	the	input	waveforms	shown	in	Figure	3-20.	However,	it	can	also	be	reasoned	that	at	any	time	either	x	or	its	inverse	x	must	be	at	the	0	level,	and	so	their	AND	product	always	must	be	0.	(a)	See	Prob5_66a.tdf	on	the	enclosed
CD.	(Note	the	different	symbols	used	for	the	different	grounds.)	The	digital	ground	is	inherently	noisy	because	of	the	rapid	current	changes	that	occur	as	digital	devices	change	states.	CPLDs	are	devices	that	typically	combine	an	array	of	PAL-type	devices	on	the	same	chip.	W	will	be	HIGH	when	either	ROM-A	or	ROM-B		0.	A	A	1	1	B	B	C	Z	C	Z	2	2	D	D
E	E	(a)	(b)	Solution	Because	Z	is	to	be	active-LOW,	the	symbol	for	OR	gate	2	must	be	changed	to	its	alternate	symbol,	as	shown	in	Figure	3-38(b).	This	idea	is	illustrated	in	Figure	12-41.	In	line	12,	the	keyword	VARIABLE	is	used	to	declare	segments	as	a	bit	vector	with	seven	bits.	Many	also	have	an	area	of	EEPROM	that	offers	the	features	of	byte
erasure	and	nonvolatile	storage.	By	exposure	to	UV	light	5.	The	primary	architectural	feature	of	a	DSP	is	a	hardware	multiplier	and	adder	circuit	that	can	multiply	pairs	of	numbers	together	and	accumulate	the	running	total	(sum)	of	these	products.	In	Figure	3-15(b),	change	each	AND	gate	to	an	OR	gate,	and	each	OR	gate	to	an	AND	gate.	JEDEC
Joint	Electronic	Device	Engineering	Council,	which	established	standards	for	IC	pin	assignments	and	PLD	file	format.	(g)	_____	is	often	used	as	a	convenient	way	to	represent	large	binary	numbers.	NOR	Gate	The	symbol	for	a	two-input	NOR	gate	is	shown	in	Figure	3-19(a).	This	definition	is	necessary	to	allow	the	use	of	high-impedance	states	(tristate)
on	the	outputs	and	also	explains	the	need	for	the	LIBRARY	and	USE	statements	on	lines	1	and	2.	This	approach	also	helps	students	to	develop	confidence	and	expand	their	knowledge	of	the	material.	Propagation	Delays	(tPLH/tPHL)	Delay	from	the	time	a	signal	is	applied	to	the	time	when	the	output	makes	its	change.	This	is	the	basic	programming
technique	for	the	logic	blocks,	called	logic	elements	(LEs),	found	in	the	FLEX10K	devices.	The	output	of	this	circuit	is	HIGH	(logic	level	1)	only	if	all	of	its	inputs	are	HIGH.	Any	type	of	memory	that	requires	the	application	of	electrical	power	in	order	to	store	information.	2-23.	12-33.	(a)	0110	2-35.	Each	command	is	stored	in	the	command	register	by
using	the	same	write	cycle	as	described	for	the	EEPROM	in	Figure	12-13(c).	Flash	Memory	Nonvolatile	memory	IC	that	has	the	highspeed	access	and	in-circuit	erasability	of	EEPROMs	but	with	higher	densities	and	lower	cost.	What	does	the	term	MAC	stand	for?	It	uses	four	256-point	look-up	tables	in	a	1-Kbyte	ROM	to	store	one	cycle	each	of	a	sine
wave	(address	000–0FF),	a	positive	slope	ramp	(address	100–1FF),	a	negative	slope	ramp	(200–2FF),	and	a	triangle	wave	(300–3FF).	Refer	to	Figure	3-33;	the	left	side	of	the	illustration	shows	the	standard	symbol	for	each	logic	gate,	and	the	right	side	shows	the	alternate	symbol.	In	this	example,	the	operation	of	the	hardware	is	described	by	a	very
simple	Boolean	algebra	equation	that	states	that	the	output	(y)	is	assigned	()	the	logic	level	produced	by	a	AND	b.	The	logic	symbol	for	this	IC	is	shown	in	Figure	12-23.	A	device	or	an	electrical	circuit	used	to	store	a	single	bit	(0	or	1).	VHDL	and	AHDL	VHDL	is	not	a	new	language.	Instead,	each	I/O	pin	is	connected	to	a	programmable	input/output
block	that,	in	turn,	is	connected	to	the	logic	modules	with	selected	routing	lines.	(a)	A1	or	A2	must	be	LOW	when	a	PGT	occurs	at	B.	Only	a	few	are	still	in	production.	2’s-Complement	Form	Result	obtained	when	a	1	is	added	to	the	least	significant	bit	position	of	a	binary	number	in	the	1’s-complement	form.	The	CPU	drives	the	R>W	and	CS	lines	LOW
after	waiting	for	a	time	interval	tAS,	called	the	address	setup	time.	The	bits	that	make	up	this	ring	counter	machine	are	the	four	row	bits	that	were	defined	on	line	6.	Erase	Verify	Command.	Once	again,	this	small	circle	denotes	the	inversion	operation.	The	column	address	strobe	(CAS)	clocks	the	11-bit	column	address	register.	(e)	Define	offset	error.
(b)	What	if	you	needed	to	be	able	to	enter	three	digits?	Bus	Contention	Situation	in	which	the	outputs	of	two	or	more	active	devices	are	placed	on	the	same	bus	line	at	the	same	time.	Push	button	Pressed	NOT	Pressed	Logic	level	1	(true)	when	not	pressed	(false	when	button	is	pressed).	Each	register	may	also	be	cleared	with	the	active-LOW	global
clear	pin	(GCLRn).	DRAM	2.	(a)	No	(b)	Yes	5-51.	(a)	0.9	V	8-4.	11-28.	A	A	B	B	x	=	AB	x	Solution	One	way	is	to	draw	first	the	output	waveform	for	an	AND	gate	and	then	invert	it.	Because	the	RAM’s	chip	select	is	not	active,	it	will	not	respond	to	its	“old”	address.	Related	Applications	The	same	sequence	of	operations	performed	in	a	DSO—data
acquisition/digitizing/storage/data	outputting—is	used	in	other	applications	of	DACs	and	ADCs.	For	example,	heart	monitors	that	can	be	found	in	any	hospital	are	similar	to	DSOs	but	are	constantly	displaying	a	waveform	showing	the	patient’s	heart	activity	over	the	past	several	seconds.	(a)	10010010	(c)	0011011111111101	(e)	1111	(g)	1011000000	2-
17.	What	is	the	probable	cause	of	the	malfunction?	OE	is	the	output	enable	and	is	used	to	control	the	device’s	data	output	tristate	buffers	so	that	the	device	can	be	connected	to	a	microprocessor	data	bus	without	bus	contention.	An	added	feature	of	this	particular	PAL	is	that	six	of	the	eight	outputs	are	fed	back	into	the	AND	array,	where	they	can	be
connected	as	inputs	to	any	AND	gate.	How	many	words	are	being	stored?	Buffer	Register	Register	that	holds	digital	data	temporarily.	Assume	that	the	new	address	inputs	have	been	applied	to	the	ROM	500	ns	before	the	occurrence	of	the	TRANSFER	pulse.	An	input	of	0.5	V	will	produce	a	digital	value	of	00000000,	and	an	input	of	3.5	V	(or	any	value
over	3.482)	will	produce	11111111.	In	fact,	in	Boolean	algebra	there	are	only	three	basic	operations:	OR,	AND,	and	NOT.	899	Binary	System	Number	system	in	which	there	are	only	two	possible	digit	values,	0	and	1.	The	last	possible	input	selection	is	a	product	term	from	the	eighth	AND	gate.	One	solution:	x	=	BC	+	ABC.	The	voltage	droop	within	the
sampling	interval	should	be	less	than	the	weight	of	the	LSB.	A6	A5	A4	A3	A2	A1	A0	Selects	1-of-128	rows	Selects	1-of-128	columns	Memory	cell	1-of-128	decoder	A7	A8	A9	A10	A11	A12	A13	Row	address	inputs	1-of-128	decoder	128	rows	128	columns	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	825	825	SECTION	12-14/DYNAMIC	RAM
STRUCTURE	AND	OPERATION	FIGURE	12-26	Symbolic	representation	of	a	dynamic	memory	cell.	Theorem	(13)	is	the	distributive	law,	which	states	that	an	expression	can	be	expanded	by	multiplying	term	by	term	just	the	same	as	in	ordinary	algebra.	The	data	can	later	be	transferred	digitally	and	then	output	to	a	display	device,	where	the	data	is
converted	to	an	analog	“brightness”	signal	for	each	pixel	and	reassembled	to	form	an	image	on	the	display.	This	is	actually	a	start	conversion	input.	During	this	write	time	interval,	at	time	t1,	the	CPU	applies	valid	data	to	the	data	bus	to	be	written	into	the	RAM.	11-15.*	What	is	the	advantage	of	the	DAC	of	Figure	11-8	over	that	of	Figure	11-7,
especially	for	a	larger	number	of	input	bits?	The	HDL	coverage	of	SR	and	D	latches	has	been	rewritten	to	use	a	more	intuitive	behavioral	description,	and	the	coverage	of	counters	has	been	modified	to	focus	on	structural	techniques	to	interconnect	flip-flop	blocks.	Digital	Storage	Oscilloscope	Instrument	that	samples,	digitizes,	stores,	and	displays
analog	voltage	waveforms.	To	program	a	0,	a	high-voltage	pulse	is	used	to	leave	a	net	charge	on	the	floating	gate.	An	X	represents	an	intact	fuse	connecting	a	product	line	to	one	input	of	the	OR	gate.	All	inputs	to	the	MAX7000S	device	and	all	macrocell	outputs	feed	the	PIA.	When	the	CS	or	CE	inputs	are	in	their	active	state,	the	memory	chip	is	said	to
be	selected;	otherwise,	it	is	said	to	be	deselected.	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	759	759	SECTION	11-13/OTHER	A/D	CONVERSION	METHODS	number	for	each	sample.	All	of	these	design	files	are	available	on	the	enclosed	CD-ROM.	For	practice,	determine	the	outputs	of	both	circuits	in	Figure	3-15	for	the	case	where	all
inputs	are	1.	Field	Programmable	Logic	Array	(FPLA)	The	field	programmable	logic	array	(FPLA)	was	developed	in	the	mid-1970s	as	the	first	nonmemory	programmable	logic	device.	C2D;	110000101101	3.	(a)	Consider	the	following	sequence	of	CPU	operations.	The	graphical	representation	in	the	figure	does	not	show	all	the	details—some	of	the
more	complex	device	types	have	many	additional	subcategories,	and	older,	obsolete	device	types	have	been	omitted	for	clarity.	Because	VAX	7	VA,	COMP	goes	LOW	to	signal	that	VAX	is	too	large,	and	the	control	logic	clears	Q0	back	to	0	at	t6.	Line	37	ensures	that	this	counter	will	self-start	by	sending	it	to	s1	from	any	state	other	than	s1–s4.	Solution
5M	*	8	=	5	*	1,048,576	*	8	=	41,943,040	bits	1M	*	16	=	1,048,576	*	16	=	16,777,216	bits	The	5M	*	8	memory	stores	more	bits.	MUX	0	1	RAS	1	CAS	A8	–	A15	latched	into	DRAM	row	address	register	REVIEW	QUESTIONS	1.	The	numbers	in	parentheses	are	the	IC’s	pin	numbers.	Subsequent	data	are	clocked	out	in	a	burst	that	takes	much	less	time.
Transmission	Gate	See	Bilateral	Switch.	The	data	are	erased	by	restoring	all	cells	to	a	logic	1.	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	779	779	PROBLEMS	Decoding	logic	MPU	A15	A14	A13	A12	A11	A10	A9	A8	A7	..	We	will	take	a	detailed	look	at	the	characteristics	of	the	most	common	memory	devices	used	as	the	internal	memory	of	a



computer.	The	PAL	family	also	contains	devices	with	variations	of	the	basic	SOP	circuitry	we	have	described.	The	multiplexing	clock	controls	the	rate	at	which	the	analog	signals	are	sequentially	switched	into	the	ADC.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	865	865	ANSWERS	TO	SECTION	REVIEW	QUESTIONS	SECTION	12-2	1.	As
in	ordinary	algebra,	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	69	SECTION	3-7/EVALUATING	LOGIC-CIRCUIT	OUTPUTS	69	the	value	of	x	can	be	found	by	“plugging”	the	values	of	the	variables	into	the	expression	and	performing	the	indicated	operations	as	follows:	x	=	=	=	=	=	=	ABC(A	+	D)	0	#	1	#	1	#	(0	+	1)	1	#	1	#	1	#	(0	+	1)	1	#	1
#	1	#	(1)	1#1#1#0	0	As	another	illustration,	let	us	evaluate	the	output	of	the	circuit	in	Figure	3-15(b)	for	A	=	0,	B	=	0,	C	=	1,	D	=	1,	and	E	=	1.	The	speed	of	operation	is	determined	by	how	fast	the	computer	can	execute	each	instruction.	Their	inputs	look	very	much	like	a	static	RAM	or	ROM.	This	is	because	NAND	gates,	in	the	proper	combination,
can	be	used	to	perform	each	of	the	Boolean	operations	OR,	AND,	and	INVERT.	What	is	the	step	size	if	the	top	step	is	2	V?	11-39.	Appending	HDL	onto	this	acronym	was	too	much,	even	for	the	military,	and	so	the	language	was	abbreviated	to	VHDL.	(c)	What	size	decoders	does	it	require?	12-22.	11-32.	These	are	the	fastest	converters	because	the	only
delays	involved	are	propagation	delays.	A	1	B	3	Z	C	2	D	(a)	A	1	X	B	3	C	Z	Active-HIGH	2	Y	D	(b)	A	X	1	A	0	0	0	0	0	0	0	0	1	1	1	1	1	1	1	1	B	0	0	0	0	1	1	1	1	0	0	0	0	1	1	1	1	C	0	0	1	1	0	0	1	1	0	0	1	1	0	0	1	1	D	0	1	0	1	0	1	0	1	0	1	0	1	0	1	0	1	Z	0	0	0	1	0	0	0	1	0	0	0	1	1	1	1	1	(d	)	B	3	Z	C	2	D	Y	Active-LOW	(c)	much	clearer.	(c)	The	number	0020	is	a	four-digit	hex
value	representing	the	address	where	the	first	byte	is	to	be	stored.	The	equivalences	can	be	extended	to	gates	with	any	number	of	inputs.	12-42.*	Consider	the	RAM	system	of	Figure	12-42.	An	example	of	an	actual	PAL	integrated	circuit	is	the	PAL16L8,	which	has	10	logic	inputs	and	eight	output	functions.	Some	faulty	RAMs	can	be	pattern-sensitive.
This	technology	is	still	battling	with	the	other	standards	to	find	its	niche	in	the	market.	TOCCMF01_0131725793.QXD	xvi	12/23/05	1:51	AM	Page	xvi	PREFACE	INSTRUCTOR	RESOURCES	■	■	■	■	Instructor’s	Resource	Manual.	DRAM	Controller	IC	used	to	handle	refresh	and	address	multiplexing	operations	needed	by	DRAM	systems.	First,	notice
that	the	input	buffers	are	represented	as	a	single	buffer	with	two	outputs,	one	inverted	and	one	noninverted.	Clocked	D	Flip-Flop	Type	of	flip-flop	in	which	the	D	(data)	input	is	the	synchronous	input.	Because	of	the	error,	the	calculated	checksum	will	be	10010011.	Ideally,	C	would	retain	its	charge	indefinitely,	but	there	is	always	some	leakage	path
through	the	off	switches,	so	that	C	will	gradually	lose	its	charge.	The	ROM	decoding	logic	can	be	tested	in	the	same	manner	described	in	the	preceding	section	for	the	RAM	system.	In	fall	2017,	these	10	United	States	colleges	and	universities	received	the	most	applications,	as	stated	by	U.S.	News	&	World	Report.	The	AHDL	and	VHDL	examples	are
compatible	with	either	Quartus	or	MAXPLUS	systems.	This	allows	an	AND	combination	of	terms	from	the	input	matrix	to	enable	or	disable	the	output.	11010100100111	6.	In	a	third	approach,	the	CPU	stores	all	data	in	high-speed,	volatile	RAM	during	normal	system	operation.	This	same	general	approach	can	always	be	followed,	although	we	shall	find
that	there	are	some	clever,	more	efficient	techniques	that	can	be	employed.	9-57.	The	principle	of	operation	will	be	described	for	a	three-bit	flash	converter	in	order	to	keep	the	circuitry	at	a	workable	level.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	851	SECTION	12-20/TROUBLESHOOTING	RAM	SYSTEMS	851	If	you	do	not	have	access
to	the	system	address	lines	or	do	not	have	a	convenient	way	of	generating	the	static	logic	signals,	it	is	often	possible	to	force	the	system	to	generate	a	sequence	of	addresses.	Something	must	enclose	the	circuit	that	we	are	trying	to	describe,	much	the	same	way	that	a	block	diagram	encloses	everything	that	makes	up	that	part	of	the	design.	Note	that
this	sequence	of	tests	will	check	each	cell	for	the	ability	to	store	and	read	both	a	1	and	a	0.	11-19.*A	particular	six-bit	DAC	has	a	full-scale	output	rated	at	1.260	V.	A	AB	Output	goes	LOW	only	when	all	inputs	are	HIGH.	Because	many	SACs	are	available	as	ICs,	it	is	rarely	necessary	to	design	the	control	logic	circuitry,	and	so	we	will	not	cover	it	here.
Line	14	implements	the	shift	right	action	that	we	described	in	the	previous	section.	2-16.*	Convert	the	hex	values	in	Problem	2-11	to	binary.	Information	is	stored	by	either	connecting	or	disconnecting	the	source	of	a	transistor	to	the	output	+Vdd	Row	0	Rowenable	line	Q0	Q1	Q2	Q3	Q4	Q5	Q6	Q7	Q8	Q9	Q10	Q11	Q12	Q13	Q14	Q15	Row	1	0	A1	1	1-of-4
decoder	A0	2	Row	2	3	EN	Row	3	Address	Data	A1	A0	D3	D2	D1	D0	0	0	1	1	0	1	0	1	1	1	1	0	0	0	1	1	1	0	1	1	0	1	0	1	D3	D2	D1	Data	outputs	FIGURE	12-9	Structure	of	a	MOS	MROM	shows	one	MOSFET	used	for	each	memory	cell.	VPP	A12	A11	A10	A9	A8	O7	A7	O6	A6	O5	A5	O4	A4	O3	A3	O2	A2	O1	A1	O0	A0	CE	OE	PGM	2764	U3	U2	U1	1	2	23	21	24	25	3
4	5	6	7	8	9	10	20	22	27	19	18	17	16	15	13	12	11	10	9	8	7	6	5	4	3	25	24	21	23	2	27	26	22	20	A0	A1	A2	A3	A4	A5	A6	A7	A8	A9	A10	A11	A12	I/O0	I/O1	I/O2	I/O3	I/O4	I/O5	I/O6	I/O7	WE	CS2	OE	CS1	6264	11	12	13	15	16	17	18	19	2	23	21	24	25	3	4	5	6	7	8	9	10	20	22	27	U4	A12	A11	A10	A9	A8	A7	A6	A5	A4	A3	A2	A1	A0	I/O8	19	I/O7	18	I/O6	17	I/O5	I/O4
I/O3	I/O2	CE	OE	WE	I/O1	16	15	13	12	11	27	26	2	23	21	24	25	3	4	5	6	7	8	9	10	20	22	1	A14	VPP	A13	A12	A11	A10	A9	A8	A7	A6	A5	A4	A3	A2	A1	A0	CE	OE	O7	19	O6	18	O5	17	O4	O3	O2	O1	O0	16	15	13	12	11	27256	2864	by	different	companies,	is	no	coincidence.	2-25.*	Attach	an	even-parity	bit	to	each	of	the	ASCII	codes	for	Problem	2-24,	and	give	the
results	in	hex.	Thus,	there	are	five	address	inputs,	A0	to	A4.	Notice	that	there	is	no	R>W	(read/write)	input	because	the	ROM	cannot	be	written	into	during	normal	operation.	How	many	table	entries	are	needed	for	a	five-input	circuit?	No	10-15.	The	HDL	code	figures	are	set	in	a	color	to	match	the	color-coded	text	explanation.The	reader	can	focus
only	on	the	language	of	his	or	her	choice	and	skip	the	other.	How	does	a	PROM	differ	from	an	MROM?	A	single	faulty	memory	cell	can	cause	a	complete	system	failure	(commonly	referred	to	as	a	“system	crash”)	or,	at	the	least,	unreliable	system	operation.	Differences	in	architecture	between	CPLDs	and	FPGAs,	among	different	HCPLD
manufacturers,	and	among	different	families	of	devices	from	a	single	manufacturer	can	affect	the	efficiency	of	design	implementation	for	a	particular	application.	Because	SACs	have	relatively	fast	conversion	times,	their	use	in	data	acquisition	applications	will	permit	more	data	values	to	be	acquired	in	a	given	time	interval.	This	is	referred	to	as	the
syntax	of	language.	Embedded	Microcontroller	Program	Memory	Microcontrollers	are	prevalent	in	most	consumer	electronic	products	on	the	market	today.	13-4	THE	GAL	16V8	(GENERIC	ARRAY	LOGIC)	The	GAL	16V8,	introduced	by	Lattice	Semiconductor,	has	an	architecture	that	is	very	similar	to	the	PAL	devices	described	in	the	previous	section.
Read/Write	Memory	(RWM).	These	two	equivalent	representations	are	shown	in	Figure	3-27(a).	The	first	PLD	type	to	gain	the	interest	of	circuit	designers	was	programmed	by	literally	burning	open	selected	fuses	in	the	programming	matrix.	During	a	write	operation,	internal	circuitry	automatically	erases	all	of	the	cells	at	an	address	location	prior	to
writing	in	the	new	data.	Bit	Array	A	way	to	represent	a	group	of	bits	by	giving	it	a	name	and	assigning	an	element	number	to	each	bit’s	position.	(f)*True	or	false:	A	10-bit	DAC	will	have	a	smaller	resolution	than	a	12bit	DAC	for	the	same	full-scale	output.	Determine	the	output	level	in	Figure	3-24	for	A		B		1,	C		D		0.	Fill	in	the	column	for	u	by	entering
a	1	for	all	entries	where	A		1	or	D		1.	Memory	locations	with	same	upper	address	(same	row)	3.	12-34.*	Describe	how	to	modify	the	circuit	of	Figure	12-37	so	that	it	has	a	total	capacity	of	16K	*	8.	The	final	step	is	to	logically	combine	columns	v	and	w	to	predict	the	output	x.	The	data	are	removed	at	t5.	Shift	Register	Digital	circuit	that	accepts	binary
data	from	some	input	source	and	then	shifts	these	data	through	a	chain	of	flip-flops	one	bit	at	a	time.	1	Analog	out	TOCCMC11_0131725793.QXD	12/20/05	760	TABLE	11-7	Sigma/delta	modulator	with	an	input	of	0.	Try	this	procedure	for	213310	and	compare	it	with	the	procedure	used	in	Problem	2-2(h).	Connect	X0	to	D	input	of	X2.	You	now	know
how	the	building	blocks	of	digital	systems	work	and	can	combine	them	to	solve	a	wide	variety	of	digital	problems.	What	is	the	only	input	combination	that	will	produce	a	HIGH	at	the	output	of	a	five-input	AND	gate?	The	Altera	system	makes	circuit	development	very	easy	and	contains	all	the	necessary	tools	to	translate	from	the	HDL	design	file	to	a	file
ready	to	load	into	an	Altera	PLD.	Theorem	(1)	states	that	if	any	variable	is	ANDed	with	0,	the	result	must	be	0.	It	is	not	likely,	however,	that	it	would	ever	be	necessary	to	hold	the	sample	for	such	a	long	time	in	the	conversion	process.	Name	the	six	PLD	programming	technologies.	A	constant	0	is	produced	at	the	output	of	AND	gate	3	by	leaving	all	of
its	input	fuses	intact.	A	special	notation	inside	each	rectangular	symbol	describes	the	logic	relation	between	inputs	and	output.	The	input	combination	that	is	applied	will	determine	which	of	the	16	flip-flops	will	be	selected	to	feed	the	output	via	the	tristate	buffers.	13-4.	A	major	disadvantage	of	RAM	is	that	it	is	volatile	and	will	lose	all	stored
information	if	power	is	interrupted	or	turned	off.	Theorems	(14)	and	(15),	on	the	other	hand,	do	not	have	any	counterparts	in	ordinary	algebra.	What	is	the	new	expression	for	x?	EXAMPLE	12-8	MROMs	can	be	used	to	store	tables	of	mathematical	functions.	Another	way	to	describe	this	ROM’s	capacity	is	to	say	that	it	stores	16	bytes	of	data.	While	this
practice	is	not	incorrect,	it	does	nothing	to	make	the	circuit	operation	easier	to	follow.	The	answer	can	be	summed	up	in	two	key	points:	1.	The	computer	signal	would	close	the	switch	in	order	to	charge	Ch	to	a	new	sample	of	the	analog	voltage;	the	amount	of	time	the	switch	would	have	to	remain	closed	is	called	the	acquisition	time,	and	it	depends	on
the	value	of	Ch	and	the	characteristics	of	the	S/H	circuit.	Set-Up	Program/Program	Command.	This	simply	means	that	several	addresses	in	a	row	can	be	accessed	very	rapidly,	providing	a	burst	of	data	transfer.	Here	are	some	logical	examples.	A	global	clock	network	with	eight	global	clock	lines	provides	clocks	for	all	I/O	elements,	LEs,	and	memory
blocks.	Special	features	are	being	added	to	the	basic	DRAM	devices	to	enhance	their	total	bandwidth.	Chapter	6.	Because	1024		210,	the	chip	needs	10	address	inputs.	Many	microprocessorcontrolled	instruments	and	appliances	have	very	small	memory	capacity	requirements.	It	is	not	necessary	to	be	familiar	with	the	detailed	operation	of	a	CPU	at
this	point,	and	so	the	following	simplified	treatment	of	the	CPU–memory	interface	will	provide	the	perspective	needed	to	make	our	study	of	memory	devices	more	meaningful.	The	general	procedure	is	to	test	the	circuit	under	each	combination	of	inputs.	11-6.	The	computer	then	loads	the	ADC	output	into	memory.	What	type	of	ROM	can	erase	one	byte
at	a	time?	08:56	PM	Page	768	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	Stored	data	points	Interpolated	data	points	Original	analog	signal	with	simpler	analog	circuitry.	Ring	Counter	Shift	register	in	which	the	output	of	the	last	flip-flop	is	connected	to	the	input	of	the	first	flipflop.	The	third	option,	selecting	the	output	from	the	D	flip-
flop,	allows	the	present	state	of	the	flip-flop	(which	can	be	used	to	determine	the	next	state)	to	be	fed	back	to	the	input	matrix.	This	approach,	of	course,	requires	the	availability	of	a	preprogrammed	reference	ROM.	This	can	be	reasoned	in	two	different	ways.	A	byte	is	a	string	of	eight	bits.	When	the	CPU	wants	to	access	a	particular	memory	location,
it	generates	the	complete	address	and	places	it	on	address	lines	that	make	up	an	address	bus.	Chapter	9.	7-71.	It	is	common	to	use	the	designation	“1K”	to	represent	1024		210	when	referring	to	memory	capacity.	The	value	preceding	WHEN	will	then	be	assigned	to	d.	The	presence	or	absence	of	a	bubble,	then,	determines	the	active-HIGH/active-LOW
status	of	a	circuit’s	inputs	and	output,	and	is	used	to	interpret	the	circuit	operation.	When	this	ROM	is	programmed,	the	checksum	is	placed	in	the	last	location.	Subcategories	include	PLDs,	gate	arrays,	standard	cells,	and	full-custom	ICs.	TOCCMG01.0131725793.QXD	12/20/05	4:18	PM	Page	899	GLOSSARY	ARCHITECTURE	Keyword	in	VHDL	used
to	begin	a	section	of	code	that	defines	the	operation	of	a	circuit	block	(ENTITY).	Solution	See	Figure	3-42.	CMOS	is	the	most	popular	standard	logic	device	family	today,	primarily	due	to	its	low	power	consumption.	The	switch	delay	time	can	be	minimized	by	using	semiconductor	switches	such	as	the	CMOS	bilateral	switch	described	in	Chapter	8.	HDL
and	the	use	of	PLDs	can	be	covered	as	the	course	unfolds—	chapter	by	chapter—and	woven	into	the	fabric	of	the	lecture/lab	experience.	To	read	the	contents	of	a	memory	location,	the	desired	address	is	applied	to	the	address	pins;	CE	is	driven	LOW;	and	the	output	enable	pin,	OE,	is	driven	LOW	to	enable	the	chip’s	output	data	buffers.	Note	the
following	points:	1.	001101001	3.	High-capacity	programmable	logic	device	6.	The	first	is	the	use	of	tristate	outputs	in	VHDL,	and	the	second	is	a	new	method	of	describing	priority.	Two	types	of	high-speed	data	paths—	cascade	chains	and	carry	chains—connect	adjacent	LEs	without	using	local	interconnects.	The	data	bus	then	contains	the	full
selected	eight-bit	word,	which	can	now	be	transmitted	to	some	other	device	(usually	a	register	in	the	CPU).	The	following	padded	ASCII-coded	message	is	stored	in	successive	memory	locations	in	a	computer:	01010011	01010100	01001111	01010000	What	is	the	message?	The	top	row	of	cells	(ROW	0)	constitutes	a	four-bit	register.	These	are	used	in
applications	where	speed	is	very	important	and	the	data	in	comes	from	a	different	device	than	the	data	out	is	going	to.	Go	to	www.prenhall.com,	click	the	Instructor	Resource	Center	link,	and	then	click	Register	Today	for	an	instructor	access	code.Within	48	hours	after	registering,	you	will	receive	a	confirming	e-mail	including	an	instructor	access
code.	VA0	Analog	inputs	VA1	S	VA	A/D	converter	VA2	Digital	outputs	VA3	A/D	clock	Start	EOC	Control	circuitry	A1	A0	Select	address	MOD-4	Multiplexing	clock	The	operation	proceeds	as	follows:	1.	A	B	A	B	A	Intact	fuse	B	Blown	fuse	AB	AB	AB	AB	AB	AB	AB	AB	Hard-wired	connection	No	connection	REVIEW	QUESTIONS	1.	The	flexibility	of	the	GAL
16V8	lies	in	its	programmable	output	logic	macrocell.	One-Shot	Circuit	that	belongs	to	the	flip-flop	family	but	that	has	only	one	stable	state	(normally	Q		0).	■	Use	several	methods	to	describe	the	operation	of	logic	circuits.	PLD	Symbology	The	example	in	Figure	13-3	has	only	two	input	variables	and	the	circuit	diagram	is	already	quite	cluttered.
Determine	the	output	level	of	the	second	INVERTER	for	each	level	of	input	A.	Another	advantage	of	the	EEPROM	over	the	EPROM	is	the	ability	to	erase	and	rewrite	individual	bytes	(eight-bit	words)	in	the	memory	array	electrically.	For	applications	where	speed	and	reduced	complexity	are	more	critical	than	cost,	space,	and	power	considerations,
static	RAMs	are	still	the	best.	TTL	(Transistor/Transistor	Logic)	Integrated-circuit	technology	that	uses	the	bipolar	transistor	as	the	principal	circuit	element.	Six	inputs,	64	outputs	9-3.	False	4.	As	we	will	see	later,	larger	word	sizes	can	also	be	attained	by	combining	several	chips	in	the	appropriate	arrangement.	Other	DRAM	controllers	are	fully
automatic.	Additionally,	as	we	shall	see,	the	address	inputs	to	a	DRAM	must	be	handled	in	a	less	straightforward	way	than	SRAM.	The	low	power	consumption	of	flash	memory	makes	it	particularly	attractive	for	laptop	and	notebook	computers	that	use	battery	power.	(a)	0EFE	(b)	229	(c)	02A6	6-17.	EXAMPLE	3-21	FIGURE	3-38	Example	3-21.	Repeat
Problem	11-34	for	VA		16	V.	9.	Another	programmable	bit	is	the	input	to	the	XOR	gate.	This	way,	none	of	the	“old”	information	is	lost.	Once	programmed,	the	EPROM	is	a	nonvolatile	TOCCMC12_0131725793.QXD	12/20/05	804	5:37	PM	Page	804	CHAPTER	12/MEMORY	DEVICES	memory	that	will	hold	its	stored	data	indefinitely.	On	line	15,	the	name
ring	was	given	to	this	state	machine	because	it	acts	like	a	ring	counter.	The	circuit	representations	given	in	Figures	3-36(b)	and	(c),	however,	can	be	analyzed	more	easily	to	determine	the	circuit	operation.	As	a	result,	the	EEPROM	will	also	respond	to	the	other	6K	of	addresses	in	this	TOCCMC12_0131725793.QXD	12/20/05	842	5:37	PM	Page	842
CHAPTER	12/MEMORY	DEVICES	A15	A14	A13	A12	A10	A0	Address	bus	[16]	•	•	•	•	•	•	3-line-to-8-line	decoder	0	C	1	B	74ALS138	2	3	1-of-8	A	4	decoder	E3	5	6	E2	7	E1	Control	bus	E	[13]	K0	[13]	K1	A0–A12	CS	PROM-0	8K	×	8	Decoder	selects	one	memory	chip	determined	by	A13–A15.	Selecting	the	MUX	input	that	is	connected	to	an	adjacent	stage
or	the	MUX	input	connected	to	its	own	OLMC	I/O	pin	allows	an	existing	output	state	to	be	fed	back	to	the	input	matrix	in	some	of	the	modes	of	operation.	903	IEEE/ANSI	Institute	of	Electrical	and	Electronics	Engineers/American	National	Standards	Institute,	both	professional	organizations	that	establish	standards.	The	material	in	this	text	does	not
attempt	to	teach	a	particular	hardware	platform	or	the	details	of	using	a	software	development	system.	True	or	false:	A	PROM	stores	a	logic	1	when	its	fusible	link	is	intact.	Analog	Voltage	Comparator	Circuit	that	compares	two	analog	input	voltages	and	produces	an	output	that	indicates	which	input	is	greater.	Then	implement	the	expression	using
only	NOR	gates	by	converting	each	OR	and	AND	gate	to	its	NOR	implementation	from	Figure	3-30.	Figure	12-16	is	a	diagram	of	the	28F256A	showing	its	major	functional	blocks.	Simple,	complex,	registered	SECTION	13-5	1.	Using	a	hardware	solution	for	your	digital	system	design	is	always	faster	than	a	software	solution.	One	example	is	the	transfer
of	data	from	a	computer	to	a	printer.	When	the	control	bit	is	a	logic	1,	the	XOR	will	invert	the	signal	so	that	X	=	A.	Where	does	the	word	flash	come	from?	The	occurrence	of	this	glitch	and	its	size	(amplitude	and	width)	depend	on	the	speed	with	which	the	input	transitions	occur.	A	broad	class	of	semiconductor	memories	designed	for	applications
where	the	ratio	of	read	operations	to	write	operations	is	very	high.	Very	High	Speed	Integrated	Circuit	(VHSIC)	Hardware	Description	Language	(VHDL)	A	hardware	description	language	developed	by	the	Department	of	Defense	to	document,	simulate,	and	synthesize	complex	digital	systems.	There	is	often	a	need	to	detect	errors	in	the	transmission
as	well.	The	mechanical	position	of	the	lever	is	converted	to	a	dc	voltage	by	the	potentiometer	arrangement	shown.	After	it	is	full,	no	data	can	be	stored	until	data	is	read	from	the	buffer.	The	flip-flop	control	signals	(clock,	clear,	and	preset)	can	be	driven	selectively	by	global	inputs,	general-purpose	I/O	pins,	or	any	internally	created	functions.	ULSI
Ultra-large-scale	integration	(100,000	or	more	gates).	9-63.	At	that	point,	_____	goes	LOW	to	_____	further	pulses	from	_____.	+10	V	3	k	C7	–	7V	I7	+	1	k	C6	–	6V	I6	+	1	k	C5	–	5V	I5	+	1	k	C4	–	4V	I4	+	1	k	1	k	A	C1	–	1V	Digital	output	I2	+	1	k	B	C2	–	2V	Priority	encoder	I3	+	1	k	C	C3	–	3V	MSB	I1	+	Analog	input	VA	Resolution	=	1	V	(a)	Analog	in	VA	0–1
1–2	2–3	3–4	4–5	5–6	6–7	>7	V	V	V	V	V	V	V	V	Comparator	outputs	Digital	outputs	C1	C2	C3	C4	C5	C6	C7	C	B	A	1	0	0	0	0	0	0	0	1	1	0	0	0	0	0	0	1	1	1	0	0	0	0	0	1	1	1	1	0	0	0	0	1	1	1	1	1	0	0	0	1	1	1	1	1	1	0	0	1	1	1	1	1	1	1	0	0	0	0	0	1	1	1	1	0	0	1	1	0	0	1	1	0	1	0	1	0	1	0	1	(b)	comparators.	The	amount	of	current	that	flows	is	proportional	to	the	binary	weight	of
each	input	bit.	This	chapter,	which	was	new	to	the	ninth	edition,	has	been	updated	to	introduce	the	new	Cyclone	family	of	PLDs.	TOCCMF01_0131725793.QXD	xiv	12/23/05	1:51	AM	Page	xiv	PREFACE	Retained	Features	This	edition	retains	all	of	the	features	that	made	the	previous	editions	so	widely	accepted.	TOCCMC11_0131725793.QXD	12/20/05
5:35	PM	Page	771	771	PROBLEMS	B	B	B	B	FIGURE	11-30	11-7	and	11-8.	The	architecture	of	a	PAL	differs	slightly	from	that	of	a	PROM,	as	shown	in	Figure	13-6(a).	In	conversions	between	hex	and	binary,	each	hex	digit	corresponds	to	four	bits.	If	the	programmer	allows	it	to	store	one	more	byte	at	address	6800,	what	will	be	the	effect	on	the	first
2048	bytes?	(a)	101110100	(parity	bit	on	the	left)	(c)	11000100010000100	(e)	0000101100101	2-28.	We	will	learn	the	proper	way	to	describe	other	types	of	inputs,	outputs,	and	variables	as	we	need	to	use	them.	Decimal	System	Number	system	that	uses	10	different	digits	or	symbols	to	represent	a	quantity.	Describe	the	procedure	for	reading	from
ROM.	WR	(WRITE).	Notice	that	the	upper	three	address	lines	control	the	decoder.	TOCCMG01.0131725793.QXD	12/20/05	4:18	PM	Page	898	GLOSSARY	Access	Time	Time	between	the	memory’s	receiving	a	new	input	address	and	the	output	data’s	becoming	available	in	a	read	operation.	x	y	z	Q	5-6.	SRAM	technology	for	PLDs	programs	much	faster
than	EEPROM-based	devices,	and	it	also	results	in	a	very	high	density	of	storage	cells	that	are	used	to	program	the	larger	PLDs.	SRAMbased	PLDs	that	use	the	LUT	architecture	are	generally	classified	in	the	industry	as	field	programmable	gate	arrays.	These	conditions	are	monitored	and	reflected	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page
85	85	SECTION	3-12/UNIVERSALITY	OF	NAND	GATES	AND	NOR	GATES	by	the	states	of	four	logic	signals	as	follows:	signal	A	will	be	HIGH	whenever	the	conveyor	belt	speed	is	too	fast;	signal	B	will	be	HIGH	whenever	the	collection	bin	at	the	end	of	the	belt	is	full;	signal	C	will	be	HIGH	when	the	belt	tension	is	too	high;	signal	D	will	be	HIGH	when
the	manual	override	is	off.	Each	macrocell	can	produce	either	a	combinational	or	a	registered	output.	■	Determine	the	capacity	of	a	memory	device	from	its	inputs	and	outputs.	Today,	most	systems	that	need	to	look	up	equivalent	values	involve	a	microprocessor,	and	the	“look-up”	table	data	are	stored	in	the	same	ROM	that	holds	the	program
instructions.	The	other	connections	are	the	same	as	in	the	existing	decoder.	APPLICATION	2-4	Numbers	are	entered	into	a	microcontroller-based	system	in	BCD,	but	stored	in	straight	binary.	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	ENTITY	fig9_64	IS	PORT	(	ch0,	ch1,	ch2,	ch3	s	dout	);	END	fig9_64;	:IN	BIT_VECTOR
(3	DOWNTO	0);	:IN	INTEGER	RANGE	0	TO	3;	:OUT	BIT_VECTOR	(3	DOWNTO	0)	ARCHITECTURE	selecter	OF	fig9_64	BEGIN	WITH	s	SELECT	dout	cout[]	=	B"1001";	WHEN	B"110"	=>	cout[]	=	B"0101";	WHEN	B"111"	=>	cout[]	=	B"0110";	END	CASE;	WHEN	1	=>	CASE	count[]	IS	--	WAVE	DRIVE	WHEN	B"000"	=>	cout[]	=	B"1000";	WHEN
B"001"	=>	cout[]	=	B"0001";	WHEN	B"010"	=>	cout[]	=	B"0100";	WHEN	B"011"	=>	cout[]	=	B"0010";	WHEN	B"100"	=>	cout[]	=	B"1000";	WHEN	B"101"	=>	cout[]	=	B"0001";	WHEN	B"110"	=>	cout[]	=	B"0100";	WHEN	B"111"	=>	cout[]	=	B"0010";	END	CASE;	WHEN	2	=>	CASE	count[]	IS	--	HALF	STEP	WHEN	B"000"	=>	cout[]	=	B"1010";
WHEN	B"001"	=>	cout[]	=	B"1000";	WHEN	B"010"	=>	cout[]	=	B"1001";	WHEN	B"011"	=>	cout[]	=	B"0001";	WHEN	B"100"	=>	cout[]	=	B"0101";	WHEN	B"101"	=>	cout[]	=	B"0100";	WHEN	B"110"	=>	cout[]	=	B"0110";	WHEN	B"111"	=>	cout[]	=	B"0010";	END	CASE;	WHEN	3	=>	cout[]	=	cin[];	--	Direct	Drive	END	CASE;	END;
TOCCMC10_0131725793.QXD	12/19/2005	2:13	PM	FIGURE	10-9	VHDL	stepper	driver.	What	does	PLD	stand	for?	The	connections	from	the	input	variable	lines	to	the	AND	gate	inputs	are	indicated	as	dots.	The	structure	in	Figure	12-25	is	a	16K	*	1	DRAM	chip.	A	32K	*	8	ROM	(27C256)	has	basically	the	same	pin-out	as	a	2764.	Notice	that	the
keyword	ENTITY	is	capitalized	but	and_gate	is	not.	The	speed	of	operation	can	be	enhanced	by	using	a	burst	mode.	Then	perform	all	operations	within	parentheses.	3-18	IMPLEMENTING	LOGIC	CIRCUITS	WITH	PLDs	Many	digital	circuits	today	are	implemented	using	programmable	logic	devices	(PLDs).	The	TMS44100	also	offers	“hidden	refresh,”
which	allows	a	row	to	be	refreshed	while	holding	data	on	the	output.	Thus,	the	resulting	eight-bit	codes	(bytes)	will	all	have	an	even	number	of	1s	(including	parity).	SECTION	12-18	D	D	D	D	C	D	12-32.	For	example	refer	to	Figure	3-16(a).	The	remaining	statements	(lines	31–52)	do	not	depend	on	the	active	clock	edge	but	describe	what	the	circuit	will
do	on	either	edge	of	the	clock.	Advantage:	ease	of	conversion.	Let’s	assign	A	to	represent	timer	is	set,	B	to	represent	door	is	closed,	and	x	can	represent	the	heater	and	motor	are	on.	Memory	4.	The	four	input-only	pins	found	on	devices	in	the	MAX7000S	family	can	be	configured	as	specific	high-speed	control	signals	or	as	general	user	inputs.
Therefore,	650	megabytes	is	650	*	220	*	8	=	5,452,595,200	bits.	Convert	these	hex	values	to	decimal.	This	is	read	as	“x	equals	A	AND	B	AND	C,”	which	means	that	x	will	be	1	only	when	A	and	B	and	C	are	all	1.	Special	effects	boxes	for	guitars	and	other	instruments	perform	echo,	reverb,	phasing,	and	other	effects	using	DSP.	Bit	1	of	DAC	is	open	or
stuck	HIGH.	Determine	the	address	range	for	each	RAM	module.	FIGURE	3-35	Interpretation	of	the	two	OR	gate	symbols.	Because	of	its	slow	conversion	times,	the	dual-slope	ADC	is	not	used	in	any	data	acquisition	applications.	ISBN	0-13-172579-3	1.	As	you	narrow	down	your	college	top	25,	one	thing	you	may	ask	is	whether	the	school	gets	many
applications.	These	inexpensive	devices	can	still	be	useful	if	our	design	is	not	very	complex.	A	HIGH	at	WE	will	produce	the	read	operation,	provided	that	the	device	is	selected	and	the	output	buffers	are	enabled	by	OE	=	LOW.	Cascading	Connecting	logic	circuits	in	a	serial	fashion	with	the	output	of	one	circuit	driving	the	input	of	the	next,	and	so	on.
Director	of	Development:	Vern	Anthony	Editorial	Assistant:	Lara	Dimmick	Production	Editor:	Stephen	C.	Volatile	Memory.	t2:	MUX	goes	HIGH	to	place	the	column	address	(A0	to	A7)	at	the	DRAM	address	inputs.	Plot	the	values	for	IN	and	OUT	against	the	sample	number	n	as	shown	in	Figure	11-37.	3-33.	TOCCMC11_0131725793.QXD	12/20/05	5:35
PM	772	Page	772	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	SECTIONS	11-4	TO	11-6	C,	N	11-16.	TOCCMC03_0131725793.QXD	12/2/05	86	8:18	PM	Page	86	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	FIGURE	3-32	Possible	implementations	for	Example	3-18.	In	some	cases,	a	picture	is	worth	a	thousand	words,	and	in	other	cases
words	are	concise	enough	and	are	more	easily	communicated	to	others.	EXAMPLE	3-3A	FIGURE	3-6	3-3A	and	B.	MROMs	typically	have	tristate	outputs	that	allow	them	to	be	used	in	a	bus	system,	as	we	discussed	in	Chapter	9.	(a)	T,	(b)	T,	(c)	F,	(d)	F,	(e)	T	4-54.	SECTION	2-5	2-19.	12-13.	Incomplete	Address	Decoding	In	many	instances,	it	is	necessary
to	use	various	memory	devices	in	the	same	memory	system.	Assume	that	the	ROM	is	programmed	as	in	Figure	126,	and	sketch	the	waveforms	at	each	ROM	output	as	the	pulses	are	applied.	The	logic	array	block	for	the	FLEX10K	family	contains	eight	logic	elements	and	the	local	interconnect	for	that	LAB	(see	Figure	13-17).	Each	module	can	usually
handle	only	up	to	four	or	five	input	variables.	By	repeatedly	sampling	the	incoming	analog	signal,	converting	it	to	digital,	and	storing	the	digital	values	in	a	memory	device,	an	analog	waveform	can	be	captured.	1.92	V	VAX	1.28	V	0V	t0	FIGURE	11-35	B	D	C,	D	t1	t2	t3	t4	t5	t	Problem	11-37.	Eight	of	the	10	are	based	in	California,	while	the	other	two
are	in	the	Northeast.	It	is	assumed	that	R>W	is	in	its	HIGH	state	throughout	the	operation.	Divide-and-Conquer	Troubleshooting	technique	whereby	tests	are	performed	that	will	eliminate	half	of	all	possible	remaining	causes	of	the	malfunction.	The	major	structures	in	the	MAX7000S	are	the	logic	array	blocks	(LABs)	and	the	programmable
interconnect	array	(PIA).	This	will	be	left	as	an	end-of-chapter	exercise.	Here	is	a	description	of	the	sequence	of	events.	Look-Ahead	Carry	Ability	of	some	parallel	adders	to	predict,	without	having	to	wait	for	the	carry	to	propagate	through	the	full	adders,	whether	or	not	a	carry	bit	(COUT)	will	be	generated	as	a	result	of	the	addition,	thus	reducing	the
overall	propagation	delays.	The	process	is	repeated	for	the	next	point	on	the	analog	signal.	See	Prob5_61.tdf	and	prob5_61.vhd	on	the	enclosed	CD.	The	outputs	are	the	sum	bit	produced	by	the	addition	of	the	bit	from	the	addend	with	the	bit	from	the	augend	and	the	resulting	carry	(COUT)	bit,	which	will	be	added	to	the	next	stage.	t7:	MUX,	RAS,
CAS,	and	R>W	are	returned	to	their	initial	states.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	799	799	SECTION	12-6/ROM	TIMING	REVIEW	QUESTIONS	1.	The	result	of	the	OR	operation	will	be	HIGH	(logic	level	1)	if	one	or	more	variables	are	HIGH.	A	byte	always	consists	of	eight	bits.	Sum-of-Products	Form	Logic	expression	consisting
of	two	or	more	AND	terms	(products)	that	are	ORed	together.	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	769	SUMMARY	769	SUMMARY	1.	It	utilizes	the	Altera	MAXPLUS	II	or	Quartus	II	software	in	its	programmable	logic	exercises	and	features	both	schematic	capture	and	hardware	description	language	techniques.	Note	the	use	of
INVERTERs	to	produce	the	A	and	C	terms	required	in	the	expression.	(a)	If	the	binary	numbers	are	six	bits	in	length,	how	many	different	voltage	values	can	be	represented	by	a	single	binary	number?	(a)	00	to	EF	CHAPTER	5	5-1.	Instead,	programmable	logic	devices,	which	contain	the	circuitry	necessary	to	create	logic	functions,	are	being	used	to
implement	digital	systems.	Because	of	the	tendency	for	these	charges	to	leak	off	after	a	period	of	time,	dynamic	RAMs	require	periodic	recharging	of	the	memory	cells;	this	is	called	refreshing	the	dynamic	RAM.	5-61.	Cascade-chain	and	carry-chain	logic	can	be	created	automatically	by	the	compiler	software	or	manually	by	the	designer	during	design
entry.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	829	829	SECTION	12-15/DRAM	READ/WRITE	CYCLES	FIGURE	12-29	Timing	required	for	address	multiplexing.	The	first	step	is	to	construct	a	truth	table	showing	the	desired	O3	output	level	for	all	possible	input	combinations	(Table	13-1).	It	is	also	very	easy,	however,	to	confuse	details,	so
we	will	keep	the	specific	examples	separate	and	independent.	Circuitry	in	the	control	computer	will	count	the	digital	pulses	(i.e.,	perform	a	frequency-counting	function)	to	produce	a	digital	value	equivalent	to	the	original	analog	input.	Another	implementation	can	be	accomplished	by	taking	the	circuit	of	Figure	3-32(a)	and	replacing	each	AND	gate
and	OR	gate	by	its	equivalent	NAND	gate	implementation	from	Figure	3-29.	A	similar	memory	system	is	called	a	circular	buffer.	The	switches	SW1	through	SW4	are	actually	MOSFETs	that	are	controlled	by	various	address	decoder	outputs	and	the	R>W	signal.	The	truth	table	in	Figure	3-11(a)	clarifies	this	for	the	two	cases	A		0	and	A		1.	Temperature
transducer	VT	Comparator	TH	Alarm	VTR	Pressure	transducer	VP	PH	Comparator	Chemical	process	VPR	Since	we	want	the	alarm	to	be	activated	when	either	temperature	or	pressure	is	too	high,	it	should	be	apparent	that	the	two	comparator	outputs	can	be	fed	to	a	two-input	OR	gate.	True	or	false:	An	AND	gate	output	will	always	differ	from	an	OR
gate	output	for	the	same	input	conditions.	A	LAB	contains	a	set	of	16	macrocells	and	looks	very	similar	to	a	single	SPLD	device.	Solution	A	32K	capacity	will	require	16	of	the	2K	PROM	chips.	This	beam	burns	a	light-diffracting	pit	at	that	point	on	the	disk	surface.	For	the	ADC	of	Figure	11-33,	determine	the	range	of	analog	input	values	that	will
produce	a	digital	output	of	0100011100.	Following	the	steps	outlined	above,	remove	the	bubble	from	the	output,	and	add	a	bubble	to	each	input.	FF	registers	are	high-speed	memory	elements	that	are	used	extensively	in	the	internal	operations	of	a	digital	computer,	where	digital	information	is	continually	being	moved	from	one	location	to	another.
32768	SECTION	2-2	1.	IMPORTANT	TERMS	digital	quantity	analog	quantity	transducer	analog-to-digital	converter	(ADC)	digital-to-analog	converter	(DAC)	full-scale	output	resolution	step	size	staircase	full-scale	error	linearity	error	offset	error	settling	time	monotonicity	digitization	digital-ramp	ADC	quantization	error	sampling	sampling	frequency,
FS	alias	undersampling	successiveapproximation	ADC	differential	inputs	WRITE	flash	ADC	up/down	digital-ramp	ADC	dual-slope	ADC	voltage-to-frequency	ADC	sigma/delta	modulation	sample-and-hold	(S/H)	circuit	acquisition	time	digital	signal	processing	(DSP)	weighted	average	MAC	arithmetic	logic	unit	barrel	shifter	oversampling	interpolation
filtering	PROBLEMS	SECTIONS	11-1	AND	11-2	B	B	B	11-1.	Some	CMOS	RAM	chips	have	very	low	standby	power	requirements	(as	low	as	0.5	mW)	and	are	particularly	well	suited	for	this	task.	Command	codes	are	written	into	this	register	to	control	which	operations	take	place	inside	the	chip	(e.g.,	erase,	erase-verify,	program,	program-verify).	2-11.
Using	theorem	(17),	the	expression	becomes	AB	#	C	=	(A	+	B)	#	C	Notice	that	we	can	replace	B	by	B,	so	that	we	finally	have	(A	+	B)	#	C	=	A	C	+	BC	This	final	result	contains	only	inverter	signs	that	invert	a	single	variable.	The	result	of	the	calculation	produces	a	new	output	data	point,	which	is	usually	sent	to	a	D/A	converter.	Microprocessor	(MPU)
LSI	chip	that	contains	the	central	processing	unit	(CPU).	Digital	systems	:	principles	and	applications	/	Ronald	J.	14	13	VCC	12	11	10	9	8	2	3	4	5	6	GND	7	14	13	VCC	12	11	10	9	8	2	3	4	5	6	GND	7	74LS00	1	14	13	VCC	12	11	10	9	8	74LS08	74LS32	1	FIGURE	3-31	2	3	4	5	6	GND	7	1	ICs	available	for	Example	3-18.	Then	any	address	location	in	RAM-0
can	be	accessed	by	A3	through	A0.	Frequency	at	fout1		500	kHz,	at	fout2		100	kHz	7-33.	Positive-Going	Transition	(PGT)	When	a	clock	signal	changes	from	a	logic	0	to	a	logic	1.	The	transmitter	sends	a	relatively	noise-free	serial	digital	signal	over	a	signal	line	to	a	receiver.	It	is	performed	by	strobing	in	a	row	address	with	RAS	while	CAS	and	R>W
remain	HIGH.	The	write	enable	pin,	WE,	is	held	HIGH	during	a	read	operation.	Figure	3-41	shows	the	IEEE/ANSI	symbols	alongside	the	traditional	symbols	for	the	basic	logic	gates.	12-10	SEMICONDUCTOR	RAM	Recall	that	the	term	RAM	stands	for	random-access	memory,	meaning	that	any	memory	address	location	is	as	easily	accessible	as	any
other.	(Courtesy	of	Altera	Corporation.)	For	registered	functions,	each	macrocell	flip-flop	can	be	programmed	individually	to	implement	D,	T,	JK,	or	SR	operation.	SECTION	11-11	1.	Write	Operation.	We	will	concentrate	on	the	basic	timing	sequence	for	the	read	and	write	operations	for	a	small	DRAM	system	like	that	of	Figure	12-28(b).	DeMorgan’s
Theorems	(1)	Theorem	stating	that	the	complement	of	a	sum	(OR	operation)	equals	the	product	(AND	operation)	of	the	complements,	and	(2)	theorem	stating	that	the	complement	of	a	product	(AND	operation)	equals	the	sum	(OR	operation)	of	the	complements.	Write	the	truth	table	showing	the	INVERTER	output,	y,	for	each	combination	of	inputs	A
and	B.	X	is	HIGH	for	all	cases	where	E		1	except	for	EDCBA		10101,	10110,	and	10111.	After	allowing	time	for	the	address	signals	to	stabilize,	the	CS	line	is	activated.	This	adding	of	an	extra	bit	is	called	padding	with	0s.	K0	1	K1	1	K2	1	0	K3	1	0	1	μs	60	μs	(a)	K0	K1	K2	K3	1	μs	4	μs	(b)	FIGURE	12-52	C,	T	C,	D	Problems	12-40	and	12-41.	Today’s
students	must	be	exposed	to	these	modern	tools,	even	in	an	introductory	course.	For	example,	this	is	how	dial-up	communication	over	the	internet	takes	place.	Programmer	A	fixture	used	to	apply	the	proper	voltages	to	PLD	and	PROM	chips	in	order	to	program	them.	—NSW	To	my	family,	Marita,	David,	and	Ryan.	(d)	What	is	the	maximum	frequency
of	the	CLK	input?	(e)	It	separates	the	usually	noisy	digital	ground	from	the	analog	ground	so	as	not	to	contaminate	the	analog	input	signal.	12-30.*	The	21256	is	a	256K	*	1	DRAM	that	consists	of	a	512	*	512	array	of	cells.	Up	to	four	input	variables	in	our	example	LUT	will	be	connected	to	the	data	inputs	on	the	decoder	block	using	programmable
interconnects.	Structural	Level	of	Abstraction	A	technique	for	describing	a	digital	circuit	that	focuses	on	connecting	ports	of	modules	with	signals.	9422	2.	What	is	programming	or	burning-in	a	ROM?	Of	course,	the	actual	values	for	x	will	depend	on	the	type	of	logic	circuit.	See	table	on	CD.	What	is	a	“page”	of	memory?	A	command	sequence	is
necessary	to	tell	the	SDRAM	which	options	are	needed,	such	as	burst	length,	sequential	or	interleaved	data,	and	CAS-before-	RAS	or	selfrefresh	modes.	These	bipolar	and	MOS	semiconductor	memories	are	the	fastest	memory	devices	available,	and	their	cost	has	been	continuously	decreasing	as	LSI	technology	improves.	In	addition	to	the	logic	array
blocks	and	FastTrack	interconnects	that	we	have	already	described,	the	devices	contain	I/O	elements	(IOEs)	and	embedded	array	blocks	(EABs).	The	memory	ICs	decode	the	binary	address	to	determine	which	location	is	being	selected	for	the	store	operation.	Nine	bits	1-11.	Low-Voltage	Technology	New	line	of	logic	devices	that	operate	from	a
nominal	supply	voltage	of	3.3	V	or	less.	You	should	now	have	the	basic	knowledge	of	the	various	types	and	technologies	necessary	to	interpret	PLD	data	sheets	and	learn	more	about	them.	One	of	the	simplest	and	most	widely	used	schemes	for	error	detection	is	the	parity	method.	This	causes	OUTPUT	to	go	HIGH	at	t1	and	stay	HIGH	until	t4	because,
during	this	interval,	one	or	both	inputs	are	HIGH.	Original	devices	could	be	programmed	only	once	and,	if	the	design	changed,	the	old	PLD	would	have	to	be	removed	from	the	circuit	and	a	new	one,	programmed	with	the	updated	design,	would	have	to	be	inserted	in	its	place.	We	refer	to	this	combination	as	a	16	*	8	memory	module.	The	CPU	activates
the	appropriate	control	signal	lines	for	the	memory	write	operation.	Read	Term	used	to	describe	the	condition	when	the	CPU	is	receiving	data	from	another	element.	It	reduces	the	conversion	time	by	using	an	up/down	counter	that	allows	VAX	to	track	VA	without	starting	from	0	for	each	conversion.	For	example,	with	A1A0		00,	the	switch	connects
VA0	to	the	ADC	input;	A1A0		01	connects	VA1	to	the	ADC	input;	and	so	on.	This	chapter	has	been	heavily	revised	to	emphasize	synchronous	counter	circuits.	(b)	multiplexer	circuit	that	will	transmit	eight	address	bits	at	a	time	to	the	memory	address	inputs.	When	those	run	out,	make	up	your	own.	It	is	also	possible	that	the	decoder’s	A	input	is	shorted
to	VCC,	but	this	is	also	unlikely	because	this	short	would	have	probably	affected	the	operation	of	the	counter	that	is	supplying	the	address	inputs.	To	obtain	the	alternate	symbol	for	a	logic	gate,	take	the	standard	symbol	and	change	its	operation	symbol	(OR	to	AND,	or	AND	to	OR),	and	change	the	bubbles	on	both	inputs	and	output	(i.e.,	delete	bubbles
that	are	present,	and	add	bubbles	where	there	are	none).	This	means	that	the	16	address	lines	from	the	CPU	address	bus	must	be	fed	into	a	TOCCMC12_0131725793.QXD	12/20/05	828	5:37	PM	Page	828	CHAPTER	12/MEMORY	DEVICES	FIGURE	12-28	(a)	CPU	address	bus	driving	ROM	or	static-RAM	memory;	(b)	CPU	addresses	driving	a
multiplexer	that	is	used	to	multiplex	the	CPU	address	lines	into	the	DRAM.	Instead,	it	represents	the	analog	voltage	by	varying	the	density	of	logic	1s	in	a	single-bit	stream	of	serial	data.	Today,	any	of	these	tools	can	be	used	to	provide	input	to	computers.	For	example,	adding	a	parity	bit	to	*The	parity	bit	can	be	placed	at	either	end	of	the	code	group,
but	it	is	usually	placed	to	the	left	of	the	MSB.	One	of	the	easiest	methods	of	code	conversion	uses	a	ROM	programmed	so	that	the	application	of	a	particular	address	(the	old	code)	produces	a	data	output	that	represents	the	equivalent	in	the	new	code.	The	parity	method	for	error	detection	attaches	a	special	parity	bit	to	each	transmitted	group	of	bits.
If	this	clause	is	not	true,	the	clauses	following	ELSE	are	evaluated	one	at	a	time	until	one	that	is	true	is	found.	1101	(b)	READING	the	data	word	1101	from	memory	location	11110.	The	development	of	larger	memories	has	brought	about	the	designation	“1M”	or	“1	meg”	to	represent	220		1,048,576.	B0	X	Adder	6-33.	Because	only	two	values	are
possible,	Boolean	algebra	is	relatively	easy	to	work	with	compared	with	ordinary	algebra.	The	50-ms	programming	pulse	comes	from	a	one-shot	each	time	the	PROGRAM	push	button	is	actuated.	Test	Vector	Sets	of	inputs	used	to	test	a	PLD	design	before	the	PLD	is	programmed.	The	CPU	can	write	to	or	read	from	the	flash	memory	array	by	sending
the	desired	memory	address	and	generating	the	appropriate	control	signals	to	the	chip	[Figure	1215(b)].	The	second	two	components	(the	adder	and	the	D	register)	form	an	accumulator	very	similar	to	the	circuit	in	Figure	6-10	(the	sigma	section).	TOCCMC13_0131725793.QXD	896	12/20/05	6:52	PM	Page	896	CHAPTER	13/PROGRAMMABLE	LOGIC
DEVICE	ARCHITECTURES	13.	It	produces	a	greater	number	of	possible	analog	outputs	between	0	and	full	scale.	AND	and	OR	gates	are	noninverting	gates,	and	so	the	alternate	symbols	for	each	will	have	bubbles	on	both	inputs	and	output.	Enumerated	Type	A	VHDL	user-defined	type	for	a	signal	or	variable.	Examples	are	code	converters	and	data
storage	(look-up)	tables	that	we	examined	in	Chapter	12.	(a)	1,048,576	(b)	Five	(c)	000FF	2-39.	It	is	available	with	maximum	access	times	ranging	from	100	to	250	ns.	The	word	all	is	used	because	of	the	AND	symbol.	What	does	ASIC	stand	for?	The	13	lowerorder	address	lines	are	tied	directly	to	the	address	inputs	on	the	memory	chips.	The	memory
ICs	decode	the	binary	address	to	determine	which	location	is	being	selected	for	the	read	operation.	Convert	these	binary	numbers	to	decimal.	Software	tools	have	evolved	to	the	point	where	there	is	little	need	for	concern	about	the	inner	workings	of	the	hardware	but	much	more	need	to	focus	on	what	goes	in,	what	comes	out,	and	how	the	designer
can	describe	what	the	device	is	supposed	to	do.	Two	very	important	strobe	inputs	control	when	the	address	information	is	latched.	The	most	common	CPLD	programming	technologies	are	EEPROM	and	flash,	both	of	which	are	nonvolatile.	It	would	take	100	ms	before	the	capacitor	droop	would	equal	the	weight	of	the	ADC’s	LSB.	The	encoding	of	the
column	value	is	described	on	lines	40–46.	MACHINE	An	AHDL	keyword	used	to	create	a	state	machine	in	a	design	file.	14.3	percent,	0.286	V	11-9.	TOCCMC11_0131725793.QXD	12/20/05	766	5:35	PM	Page	766	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	A	major	application	for	DSP	is	in	filtering	and	conditioning	of	analog	signals.	The
RAS-only	refresh	can	be	used	to	perform	a	burst	refresh	as	shown.	Convert	the	following	decimal	values	to	binary.	During	a	WRITE	operation,	semiconductor	switches	SW1	and	SW2	are	closed.	Pin	10	is	the	digital	ground	that	is	the	one	used	by	all	of	the	digital	devices	in	the	system.	The	operation	of	this	flash	memory	chip	can	be	better	understood	by
looking	at	its	internal	structure.	The	2864	has	an	enhanced	write	mode	that	allows	the	user	to	write	up	to	16	bytes	of	data	into	the	FF	buffer	memory,	where	it	is	held	while	the	EEPROM	circuitry	erases	the	selected	address	locations.	In	your	resume,	use	bullet	points	to	make	information	clear	and	easy	to	read.Keep	Things	ConciseCover	letters	that
ramble	on	and	resumes	that	contain	lots	of	unnecessary	information	are	unattractive	to	potential	employers.	This	approach	has	the	advantage	of	not	requiring	backup	battery	power,	and	so	it	presents	no	risk	of	data	loss	even	for	long	power	outages.	Data	Bus.	This	places	HIGH	at	the	ROW	0	line;	all	other	row	lines	are	at	0	V.	The	Multisim	circuit	files
are	provided	for	use	by	anyone	who	has	Multisim	software.	This	is	accomplished	by	using	the	MSB	(sign	bit)	of	sigma.	EXAMPLE	12-11	A	system	is	wired	for	an	8K	*	8	ROM	chip	(2764)	and	two	8K	*	8	SRAM	chips	(6264).	The	Vpp	programming	voltage	is	generated	internally,	allowing	it	to	use	a	single	supply.	A	START	pulse	is	applied	to	_____	the
counter	and	to	keep	_____	from	passing	through	the	AND	gate	into	the	_____.	Analyzing	Circuits	When	a	logic-circuit	schematic	is	drawn	using	the	rules	we	followed	in	these	examples,	it	is	much	easier	for	an	engineer	or	technician	(or	student)	to	follow	the	signal	flow	through	the	circuit	and	to	determine	the	input	conditions	that	are	needed	to	activate
the	output.	These	problems	are	often	intended	to	reinforce	the	material	without	simply	repeating	the	principles.	For	example,	if	we	want	to	use	word	4	of	the	memory	of	Figure	12-2	for	some	purpose,	we	must	perform	a	read	operation	on	address	100.	Refer	to	the	signals	in	Figure	12-30.	We	have	already	discussed	ways	of	describing	counters	using
the	CASE	construct	to	specify	PRESENT	state	and	NEXT	state	transitions.	Beginning	students	are	often	discouraged	by	the	rigorous	requirements	of	various	data	types,	and	they	struggle	with	understanding	edge-triggered	events	in	VHDL.	The	number	of	macrocells	contained	in	one	of	the	MAX7000S	family	devices	depends	on	the	part	number.
Solution	2K	=	2	*	1024	=	2048	words	Each	word	is	eight	bits	(one	byte).	F000–F3FF;	F400–F7FF;	F800–FBFF;	FC00–FFFF	12-40.	What	is	the	purpose	of	an	erase-verify	command?	(a)	5-kHz	square	wave	5-14.	A	x	will	be	a	constant	HIGH.	Figure	12-44(b)	shows	the	data	that	might	actually	be	read	from	a	faulty	ROM	that	was	originally	programmed
with	the	data	in	Figure	12-44(a).	Although	these	methods	of	improving	performance	are	constantly	changing,	the	technologies	described	in	the	following	sections	are	currently	being	referred	to	extensively	in	memory-related	literature.	Augend	Number	to	which	an	addend	is	added.	Thus,	we	express	the	output	of	the	AND	gate	as	x	=	(A	+	B)	#	C.	The
material	on	bipolar	DACs	has	been	improved,	and	an	example	of	using	DACs	as	a	digital	amplitude	control	for	analog	waveforms	is	presented.	The	cost	per	bit	of	dynamic	RAM	storage	is	typically	one-fifth	to	one-fourth	that	of	static	RAMs.	An	additional	cost	saving	is	realized	because	the	lower	power	requirements	of	a	dynamic	RAM,	typically	one-sixth
to	one-half	those	of	a	static	RAM,	allow	the	use	of	smaller,	less	expensive	power	supplies.	It	should	be	clear	that	this	simply	results	in	the	expression	(A		B		C)	being	unchanged.	They	are	simpler	to	design	with,	but	they	cannot	compete	with	the	higher	capacity	and	lower	power	requirement	of	dynamic	RAMs.	Because	of	their	simple	cell	structure,
DRAMs	typically	have	four	times	the	density	of	SRAMs.This	increased	density	allows	four	times	as	much	memory	capacity	to	be	placed	on	a	single	board;	alternatively,	it	requires	onefourth	as	much	board	space	for	the	same	amount	of	memory.	How	does	a	static-RAM	cell	differ	from	a	dynamic-RAM	cell?	Also	note	that	because	the	2125A	has	separate
data	in	and	data	out	pins,	both	of	these	pins	of	each	chip	are	tied	to	the	same	data	bus	line.	This	accounts	for	half	of	the	system.	For	this	reason,	the	names	of	some	of	the	ADC0804	inputs	and	outputs	are	based	on	functions	that	are	common	to	microprocessor-based	systems.	(a)	4B	(c)	800	(e)	1C4D	(g)	6413	2-15.	In	the	even-parity	method,	the	value
of	the	parity	bit	is	chosen	so	that	the	total	number	of	1s	in	the	code	group	(including	the	parity	bit)	is	an	even	number.	(a)	4096	columns,	1024	rows	(b)	2048	(c)	It	would	double.	Line	26	ensures	that	this	counter	will	self-start	by	sending	it	to	state	“1110”	from	any	state	other	than	those	in	the	ring	sequence.	The	row	address	strobe	(RAS)	clocks	the
11-bit	row	address	register.	Very	few	new	designs	apply	TTL	logic,	but	many,	many	digital	systems	still	contain	TTL	devices.	First,	the	capacitor	is	charged	up	for	a	fixed	time	interval	from	a	constant	current	derived	from	the	analog	input	voltage,	VA.	It	is	caused	by	the	timing	requirements	of	supplying	the	row	and	column	addresses,	and	the	time	for
the	data	outputs	to	settle.	It	is	amazing	that	microcontrollers,	DSP,	and	all	the	necessary	glue	logic	can	now	be	consolidated	onto	a	single	FPGA	using	a	hardware	description	language	with	advanced	development	tools.	The	mask	is	very	precise	and	expensive	and	must	be	made	specifically	for	the	customer,	with	the	correct	binary	information.	The
circuit	diagram	uses	the	standard	symbol	for	each	of	the	NAND	gates.	12-18	EXPANDING	WORD	SIZE	AND	CAPACITY	In	many	memory	applications,	the	required	RAM	or	ROM	memory	capacity	or	word	size	cannot	be	satisfied	by	one	memory	chip.	When	the	value	of	analog	input	changes,	the	comparator	outputs	will	change,	thereby	causing	the
encoder	outputs	to	change.	High-capacity	PLDs	(HCPLDs)	have	two	major	architectural	categories:	complex	programmable	logic	devices	(CPLDs)	and	field	programmable	gate	arrays	(FPGAs).	The	designer	does	not	need	to	worry	about	this	level	of	detail.	What	is	a	look-up	table?	The	data	acquisition	portion	of	the	system	contains	a	sample-and-hold
(S/H)	and	an	ADC	that	repetitively	samples	and	digitizes	the	input	signal	at	a	rate	determined	by	the	SAMPLE	CLOCK	and	then	sends	the	digitized	data	to	memory	for	storage.	All	of	these	common	personal	electronic	gadgets	require	the	low-power,	low-cost,	high-density,	nonvolatile	storage	with	in-circuit	write	capability	that	is	available	in	flash
memory.	Figure	3-1(a)	illustrates	a	truth	table	for	one	type	of	two-input	logic	circuit.	15.	a	b	INPUT	AND2	OUTPUT	y	INPUT	A	circuit	schematic	diagram	such	as	Figure	3-45	can	be	read	and	understood	by	a	competent	engineer	or	technician	because	both	would	understand	the	meaning	of	each	symbol	in	the	drawing.	In	the	following	descriptions,	we
have	chosen	to	make	them	all	HIGH	when	not	selected,	but	with	the	structure	shown,	it	would	be	a	simple	matter	to	change	to	one	of	the	other	possibilities.	After	allowing	time	for	the	setup	time	requirement	(tRS)	of	the	row	address	register,	the	RAS	input	is	driven	LOW	at	t1.This	NGT	loads	the	row	address	into	the	row	address	register	so	that	A11
to	A21	now	appear	at	the	row	decoder	inputs.	This	implementation	uses	two	gates	from	the	74LS08	IC	and	a	single	gate	from	the	74LS32	IC.	Bit	Digit	in	the	binary	system.	On	line	14,	it	assigns	the	value	listed	to	the	right	of	6	=	to	the	variable	d	on	the	left,	assuming	the	condition	following	WHEN	is	true.	12-19.*	Change	the	program	stored	in	the
ROM	of	Problem	12-18	to	generate	the	D7	waveform	of	Figure	12-49.	Although	these	theorems	have	been	stated	in	terms	of	single	variables	x	and	y,	they	are	equally	valid	for	situations	where	x	and/or	y	are	expressions	that	contain	more	than	one	variable.	4–7	4–7	Examine	these	messages	and	list	the	possible	faults.	To	write	into	(program)	a	memory
location,	the	output	buffers	are	disabled	so	that	the	data	to	be	written	can	be	applied	as	inputs	to	the	I/O	pins.	The	symbols	in	the	middle	define	its	operation.	A	LOW	on	this	input	disables	the	memory	so	that	it	will	not	respond	to	the	address	and	R>W	inputs.	The	memory	map	on	the	right	side	of	Figure	12-37(b)	shows	a	48K	area	of	the	system’s	space
that	is	not	occupied	by	this	memory	block.	MUX	=	1	transmits	A0–A7	to	DRAM.	It	is	similar	to	the	BIT	type,	but	it	offers	more	possible	values	than	just	1	or	0.	The	alternate	symbol	for	each	gate	is	obtained	from	the	standard	symbol	by	doing	the	following:	1.	II.	To	confirm	that	a	memory	address	has	been	successfully	erased	(i.e.,	data		all	1s)	7.	In
other	words,	each	recorded	binary	number	represents	a	single	voltage	point	on	the	audio	signal	waveform.	Of	course,	the	latest	flash	devices	have	much	more	capacity,	run	on	much	less	power	(and	at	lower	voltages),	come	in	smaller	packages,	and	cost	much	less	per	bit	than	their	predecessors.	When	the	error	is	small,	this	running	total	(sigma)
changes	by	small	increments.	Repeat	question	1	for	the	alternate	NOR	gate	symbol.	Hexadecimal	Number	System	Number	system	that	has	a	base	of	16.	What	binary	value	will	represent	72°F?	For	example,	A	starts	out	LOW	at	time	t0,	goes	HIGH	at	t1,	back	to	LOW	at	t3,	and	so	on.	If	so,	the	receiver	will	assume	that	the	code	has	been	correctly
received.	Memory	Map	Diagram	of	a	memory	system	that	shows	the	address	range	of	all	existing	memory	devices	as	well	as	available	memory	space	for	expansion.	All	others	are	to	be	blown,	as	indicated	in	Figure	13-5(b).	For	example,	line	15	states	that	channel	3	should	be	selected	to	connect	to	the	data	outputs	when	the	select	inputs	are	set	to	3.
A2	bus	line	is	open	between	Z2	and	Z3.	Draw	the	timing	diagram	for	the	LATI,	SID,	and	SCK	inputs,	and	assume	that	the	LSB	is	shifted	in	first.	How	many	different	ways	do	we	now	have	to	implement	the	inversion	operation	in	a	logic	circuit?	For	this	latter	operation,	the	CPU	does	not	have	to	send	a	specific	memory	address	to	the	chip;	in	other
words,	the	address	lines	are	don’t-cares.	One	of	these	two	feedback	paths	is	chosen,	depending	on	the	MODE	that	the	chip	is	programmed	for.	Which	signal	in	Figure	12-28(b)	makes	sure	that	the	correct	portion	of	the	complete	address	appears	at	the	DRAM	inputs?	7-89.	Utilizing	the	Boolean	expression	for	each	gate,	we	can	easily	determine	the
expression	for	the	output.	Logic	Probe	Digital	troubleshooting	tool	that	senses	and	indicates	the	logic	level	at	a	particular	point	in	a	circuit.	Disable	Action	in	which	a	circuit	is	prevented	from	performing	its	normal	function,	such	as	passing	an	input	signal	through	to	its	output.	The	four	control	inputs	determine	the	device’s	operating	mode	according
to	the	accompanying	mode	table.	At	t2,	the	CE	and	WE	inputs	are	driven	LOW	to	begin	the	write	operation;	OE	is	HIGH	so	that	the	data	pins	will	remain	in	the	Hi-Z	state.	A	nibble	is	four	bits.	3-2	TRUTH	TABLES	A	truth	table	is	a	means	for	describing	how	a	logic	circuit’s	output	depends	on	the	logic	levels	present	at	the	circuit’s	inputs.	The	smallest
change	in	analog	value	that	an	A/D	can	measure	is	called	its	resolution,	the	weight	of	its	least	significant	bit.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	860	Page	860	CHAPTER	12/MEMORY	DEVICES	8-bit	binary	counters	asynchronous	load	tristate	outputs	Phase	A	[8]	D7	Q7	Octal	latches	[8]	D0	Q0	1K		8	ROM	OE	Load	A	Phase	B	[8]	D7	Q7	D0
Q0	[8]	[8]	Function	select	A0	D7	A7	A8	A9	D0	OE	B	Phase	C	[8]	D7	Q7	D0	Q0	Load	D	7	Q7	D	0	Q0	D	0	Q0	En	En	D	7	Q7	[8]	CS	[8]	[8]	D7	D0	DAC	A	Out	A	A	[8]	MOD-4	OE	Load	D	7	Q7	[8]	8-bit	DACs	Octal	latches	[8]	D	7	Q7	D	0	Q0	D	0	Q0	En	En	[8]	D7	D0	DAC	B	Out	B	B	[8]	[8]	A	B	C	OE	D	7	Q7	[8]	D	7	Q7	D	0	Q0	D	0	Q0	En	En	[8]	D7	D0	DAC	C	Out	C
C	D	CLK	FIGURE	12-50	Q	CLR	D	Q	CLR	D	Q	CLR	D	Q	PRE	DAC-Out	VCC	Problem	12-22.	FIGURE	3-10	and	B.	Chapter	3.	The	bandwidth	of	sampled	signals	is	limited	to	12	FS.	At	any	point,	the	reflected	light	is	sensed	as	either	a	1	or	a	0.	This	is	the	same	rule	that	is	used	in	ordinary	algebra	to	determine	the	order	of	operations.	8-50.	A	language
designed	to	be	interpreted	by	a	computer	must	follow	strict	rules	of	syntax.	Possible	faults:	Z2-13	shorted	to	VCC;	Z2-8	shorted	to	VCC;	broken	connection	to	Z2-13;	Z2-3,	Z2-6,	Z2-9,	or	Z2-10	shorted	to	ground	4-50.	Crystal-Controlled	Clock	Generator	Circuit	that	uses	a	quartz	crystal	to	generate	a	clock	signal	at	a	precise	frequency.
TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	867	TOCCMC13_0131725793.QXD	12/20/05	6:51	PM	Page	868	C	H	A	P	T	E	R	1	3	PROGRAMMABLE	LOGIC	DEVICE	A	R	C	H	I	T	E	C	T	U	R	E	S*	†	■	OUTLINE	13-1	13-2	Digital	Systems	Family	Tree	Fundamentals	of	PLD	Circuitry	PLD	Architectures	The	GAL	16V8	(Generic	Array	Logic)	13-3	13-4
13-5	13-6	13-7	The	Altera	EPM7128S	CPLD	The	Altera	FLEX10K	Family	The	Altera	Cyclone	Family	*Diagrams	of	the	GAL	16V8	device	presented	in	this	chapter	have	been	reproduced	through	the	courtesy	of	Lattice	Semiconductor	Corporation,	Hillsboro,	Oregon.	13-4.*What	major	advantage	does	a	hardware	design	solution	have	over	a	software
solution?	The	most	common	methods	for	testing	the	operation	of	the	complete	RAM	system	involve	writing	known	patterns	of	1s	and	0s	to	each	memory	location	and	reading	them	back	to	verify	that	the	location	has	stored	the	pattern	properly.	If	fewer	than	four	product	terms	are	required,	the	unneeded	ones	can	be	made	0.	Determine	the	binary
strings	that	will	be	entered	into	memory	when	the	operator	types	in	the	following	C	statement:	if	(x	>3)	TOCCMC02_0131725793.QXD	11/26/05	1:14	AM	Page	41	41	SECTION	2-9/PARITY	METHOD	FOR	ERROR	DETECTION	Solution	Locate	each	character	(including	the	space)	in	Table	2-4	and	record	its	ASCII	code.	It	is	called	a	WRITE	input	because
in	a	typical	application,	the	microcomputer	generates	a	WRITE	pulse	(similar	to	one	used	for	writing	to	memory)	that	drives	this	input.	The	CD	player	technology,	although	very	sophisticated,	is	relatively	inexpensive	and	is	becoming	a	standard	way	of	loading	large	amounts	of	data	into	a	personal	computer.	The	segmented	interconnects	often	found	in
FPGAs	can	produce	shorter	delays	between	adjacent	logic	blocks,	but	they	may	also	produce	longer	delays	between	the	blocks	that	are	further	apart	than	would	be	produced	by	the	continuous	type	of	interconnect	found	in	most	CPLDs.	There	is	no	easy	answer	to	your	question,	but	every	HCPLD	manufacturer	will	give	you	an	answer	anyway:	their
product	is	best!	As	you	can	see,	the	field	of	PLDs	is	quite	diverse	and	it	is	constantly	changing.	This	charge	causes	the	transistor	to	output	a	logic	0	when	it	is	selected.	If	the	disk	TOCCMC12_0131725793.QXD	12/20/05	808	5:37	PM	Page	808	CHAPTER	12/MEMORY	DEVICES	is	being	used	as	ROM,	the	data	are	decoded	into	parallel	bytes	that	the
computer	can	use.	Tells	control	logic	when	the	DAC	output	exceeds	the	analog	input	2.	In	Figure	3-15(a),	change	each	AND	gate	to	an	OR	gate,	and	change	the	OR	gate	to	an	AND	gate.	■	Create	an	HDL	file	for	a	simple	logic	gate.	The	bar	over	the	W	indicates	that	the	write	operation	takes	place	when	R>W	=	0.	What	are	the	major	drawbacks	of
EEPROM?	For	each	sample,	a	weighted	averaging	calculation	is	performed	using	the	last	256	data	samples	and	produces	a	single	output	data	point.	RAM-0	places	its	selected	four-bit	word	on	the	upper	four	data	bus	lines,	and	RAM-1	places	its	selected	four-bit	word	on	the	lower	four	data	bus	lines.	(d)	The	least	significant	nibble	(4	bits)	is
represented	by	hex	7.	More	development	boards	are	entering	the	market	every	year,	and	many	are	becoming	very	affordable.	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	Page	889	889	SECTION	13-5/THE	ALTERA	EPM7128S	CPLD	Global	clear	Logic	array	•	•	•	Parallel	logic	expanders	(from	other	macrocells)	Global	clocks	From	I/O	pin	2	Fast
input	Programmable	select	register	Register	bypass	•	•	•	Productterm	select	matrix	PRN	D/T	Q	Clock/	enable	select	To	I/O	control	block	ENA	CLRN	VCC	Clear	select	•	•	•	36	signals	from	PIA	FIGURE	13-13	•	•	•	Shared	logic	expanders	to	PIA	16	expander	product	terms	MAX7000S	family	macrocell.	Most	D/A	converters	use	resistor	networks	that	can
cause	weighted	amounts	of	current	to	flow	when	any	of	its	binary	inputs	are	activated.	Thus,	we	have	O3	=	AB	+	C	D	+	0	+	0	Next,	we	must	determine	how	to	program	the	inputs	to	AND	gates	1,	2,	3,	and	4	so	that	they	provide	the	correct	product	terms	to	OR	gate	3.	PRESET	Asynchronous	input	used	to	set	Q		1	immediately.	Register	Array	The
register	array	stores	the	data	that	have	been	programmed	into	the	ROM.	When	the	output	of	the	logic	circuit	in	Figure	3-38(a)	goes	LOW,	it	activates	another	logic	circuit.	The	diagram	shows	15	address	inputs	(A0	–A14)	needed	to	select	the	different	memory	addresses;	that	is,	215		32K		32,768.	5-41.	The	write	operation,	of	course,	destroys	the	word
that	was	previously	stored	at	that	address.	Line	20	shows	that	the	output	enables	will	be	activated	only	12/20/05	5:29	PM	Page	647	SECTION	9-17/ENCODERS	USING	HDL	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	SUBDESIGN	fig9_59	(	sw[9..0],	oe	:INPUT;	d[3..0]	:OUTPUT;	)	VARIABLE	buffers[3..0]	:TRI;	BEGIN	IF	!sw[9]	THEN
buffers[].in	=	9;	ELSIF	!sw[8]	THEN	buffers[].in	=	8;	ELSIF	!sw[7]	THEN	buffers[].in	=	7;	ELSIF	!sw[6]	THEN	buffers[].in	=	6;	ELSIF	!sw[5]	THEN	buffers[].in	=	5;	ELSIF	!sw[4]	THEN	buffers[].in	=	4;	ELSIF	!sw[3]	THEN	buffers[].in	=	3;	ELSIF	!sw[2]	THEN	buffers[].in	=	2;	ELSIF	!sw[1]	THEN	buffers[].in	=	1;	ELSE	buffers[].in	=	0;	END	IF;
buffers[].oe	=	oe	&	sw[]!=b”1111111111”;	d[]	=	buffers[].out;	END;	FIGURE	9-59	647	--	enable	on	any	input	--	connect	to	outputs	AHDL	priority	encoder	using	IF/ELSE.	TABLE	11-8	Sigma/delta	modulator	with	an	input	of	4.	Solution	In	the	first	method	we	use	the	expression	for	x.	RAS	is	pulsed	LOW	to	load	this	address	into	the	DRAM,	and	this
refreshes	row	0	in	both	banks.	Notice	that	1010	is	actually	equivalent	to	10	V,	which	is	less	than	the	analog	input;	this	is	a	characteristic	of	the	successiveapproximation	method.	It	is	used	as	a	means	to	test	for	errors	in	one	or	more	ROM	locations.	When	the	test	instrument	compares	this	with	the	checksum	value	stored	at	ROM	location	111,	it	sees
that	they	disagree,	and	a	ROM	error	is	indicated.	The	architecture	shown	in	Figure	12-7	is	similar	to	that	of	many	IC	ROMs.	Depending	on	the	number	of	stored	data	words,	the	registers	in	some	ROMs	will	not	be	arranged	in	a	square	array.	(a)	No	(b)	No	4-35.	Programmable	Logic	Array	(PLA)	Class	of	programmable	logic	devices.	The	average	value
of	the	analog	output	is	(1	+	1	+	1	-	1)/4	=	0.5	V.	CLOCK	+	VA	Comp	–	EOC	START	RESET	VAX	VAY	Sum	amp	D/A	converter	10	mV/step	10-bit	counter	CLOCK	VAY	=	VAX	+5	mV	+5	mV	FIGURE	11-33	C	Problems	11-28	and	11-29.	It	uses	a	revolutionary	new	approach	to	DRAM	system	architecture	with	much	more	control	integrated	into	the	memory
device.	The	mode	that	a	system	designer	chooses	depends	on	how	busy	the	computer’s	CPU	is.	Flash	technology	is	still	introduced	using	a	first-generation	example,	but	the	more	recent	improvements,	as	well	as	some	of	the	applications	of	flash	technology	in	modern	consumer	devices,	are	described.	To	ensure	that	each	cell	is	refreshed	within	4	ms,	it
would	require	that	read	operations	be	performed	on	successive	addresses	at	the	rate	of	one	every	4	ns	(4	ms/1,048,576	L	4	ns).	t4:	Data	to	be	written	are	placed	on	the	DATA	IN	line.	From	the	sigma	column,	we	can	see	that	it	takes	16	samples	for	the	pattern	to	repeat.	3-6	DESCRIBING	LOGIC	CIRCUITS	ALGEBRAICALLY	Any	logic	circuit,	no	matter
how	complex,	can	be	described	completely	using	the	three	basic	Boolean	operations	because	the	OR	gate,	AND	gate,	and	NOT	circuit	are	the	basic	building	blocks	of	digital	systems.	Which	RAM	module,	if	any,	is	being	read	from?	The	output	y	will	be	HIGH	within	approximately	10	nanoseconds	of	the	point	when	A	and	B	are	HIGH	simultaneously.
Minor	improvements	were	made	to	this	chapter	to	consolidate	and	compress	some	of	the	material	on	older	technologies	of	memory	such	as	UV	EPROM.	(a)	0000,	0001,	0010,	0011,	0100,	0101,	0110,	0111,	1000,	1001,	1010,	1011,	&	repeat	(b)	MOD-12	(c)	Frequency	at	QD	(MSB)	is	112	of	CLDK	frequency	(d)	33.3%	7-23.	A	single	row	is	selected	by
address	decoder	circuitry	that	can	be	thought	of	as	a	1-of-2048	decoder.	DRILL	QUESTION	For	each	item	below,	indicate	the	type	of	memory	being	described:	MROM,	PROM,	EPROM,	EEPROM,	flash.	An	eight-bit	digital-ramp	ADC	with	a	40-mV	resolution	uses	a	clock	frequency	of	2.5	MHz	and	a	comparator	with	VT		1	mV.	What	is	the	function	of	the
MEMORY	ENABLE	input?	Subtrahend	Number	that	is	to	be	subtracted	from	a	minuend.	Concurrent	Events	that	occur	simultaneously	(at	the	same	time).	(a)	Erases	all	memory	locations	to	hold	FF16	(b)	Writes	3C16	into	address	230016	12-19.	(a)	10	(b)	1953	Hz	(c)	1024	(d)	12	5-36.	The	following	analogy	will	help	you	understand	the	difference
between	computer	operation	and	digital	logic	circuit	operation	and	the	role	of	language	elements	used	to	describe	what	the	systems	do.	Possible	faults:	faulty	VCC	or	ground	on	Z2;	Z2-1	or	Z2-2	open	internally	or	externally;	Z2-3	internally	open	TOCCMN01_0131725793.QXD	914	12/20/05	4:45	PM	Page	914	ANSWERS	TO	SELECTED	PROBLEMS	4-
44.	If	a	single	person	performed	all	the	necessary	tasks	one	at	a	time,	he	or	she	would	need	to	be	very	fast	at	each	task.	Otherwise	the	output	is	0.	(a)	A	+	B	+	C	(c)	A	+	B	+	CD	(e)	A		B	(g)	A	+	B	+	C	+	D	3-27.	Does	this	sound	familiar?	A	particular	stored	word	is	found	by	sequencing	through	all	address	locations	until	the	desired	address	is	reached.
Random	access	memory	(RAM)	is	a	generic	term	given	to	devices	that	can	have	data	easily	stored	and	retrieved.	A	number	circle	model	is	used	to	compare	TOCCMF01_0131725793.QXD	12/23/05	1:51	AM	Page	xiii	PREFACE	■	■	■	■	■	■	■	xiii	signed	and	unsigned	number	formats	and	help	students	to	visualize	add/subtract	operation	using	both.
Assume	Q		0	initially.	What	device	places	data	on	the	data	bus	during	a	write	cycle?	The	example	memory	in	Figure	12-3	illustrates	the	important	input	and	output	functions	common	to	most	memory	systems.	Behavioral	Level	of	Abstraction	A	technique	of	describing	a	digital	circuit	that	focuses	on	how	the	circuit	reacts	to	its	inputs.	The	same
reasoning	used	for	these	simple	cases	can	be	extended	to	more	complex	circuits.	The	computer	signal	would	then	open	the	switch	to	allow	Ch	to	hold	its	value	and	provide	a	relatively	constant	analog	voltage	at	the	A2	output.	Second,	the	RAS,	CAS,	and	WE	inputs	of	all	eight	chips	are	connected	together	so	that	all	chips	are	activated	simultaneously
for	each	memory	operation.	Mask-Programmed	ROM	(MROM)	ROM	that	is	programmed	by	the	manufacturer	according	to	the	customer’s	specifications.	Others	channel	the	SOP	logic	circuit	to	a	D	FF	input	and	use	one	of	the	pins	as	a	clock	input	to	clock	all	of	the	output	flip-flops	synchronously.	Low-Voltage	Differential	Signaling	(LVDS)	A	technology
for	driving	high-speed	data	lines	in	lowvoltage	systems	that	uses	two	conductors	and	reverses	the	polarity	to	distinguish	between	HIGH	and	LOW.	Toggle	Mode	Mode	in	which	a	flip-flop	changes	states	for	each	clock	pulse.	(a)	A	3-17(b)	C=0	B	3-17(c)	0	C=1	C	X	TOCCMN01_0131725793.QXD	12/20/05	4:45	PM	Page	913	913	ANSWERS	TO	SELECTED
PROBLEMS	3-38.	This	book	can	be	used	either	in	a	one-term	course	or	in	a	two-term	sequence.	This	arrangement	works	for	ROM	or	for	static	RAM,	but	it	must	be	modified	for	DRAM	that	uses	multiplexed	addressing.	A	sigma/delta	A/D	converter	is	an	oversampling	device,	which	means	that	it	effectively	samples	the	analog	information	more	often
than	the	minimum	sample	rate.	The	standard	symbol	has	a	bubble	on	its	output	and	no	bubbles	on	its	inputs.	Moss.—10th	ed.	Which	transistors	in	Figure	12-9	will	be	conducting	when	A1		A0		1	and	EN	=	0?	Because	it	is	common	practice	to	use	RAM	to	mean	semiconductor	RWM,	we	will	do	so	throughout	the	following	discussions.	A	new	section	is
devoted	to	analysis	techniques	for	synchronous	circuits	using	JK	and	D	flip-flops.	When	the	switch	opens,	Ch	will	hold	this	voltage	so	that	the	output	of	A2	will	apply	this	voltage	to	the	ADC.	Each	output	OR	gate	is	hardwired	to	seven	AND	gate	outputs,	and	so	it	can	generate	functions	that	include	up	to	seven	terms.	Encoder	Digital	circuit	that
produces	an	output	code	depending	on	which	of	its	inputs	is	activated.	CS	is	HIGH,	so	that	the	ROM	data	outputs	are	in	their	Hi-Z	state	(represented	by	the	hatched	line).	9-43.	When	the	trigger	Data	acquisition	From	vert	amp	Storage	Signal	input	S/H	ADC	•	•	•	•	Memory	Data	display	•	•	•	•	DAC	Buffer	amp	•	•	•	•	Vertical	amp	External	trigger
From	time-base	controls	INT	TRIG	Control	circuits	SAMPLE	CLOCK	ADDRESS	COUNTER	TIMEBASE	COUNTER	CRT	•	•	•	•	DAC	Horizontal	amp	FIGURE	11-26	Block	diagram	of	a	digital	storage	oscilloscope.	12-13	DYNAMIC	RAM	(DRAM)	Dynamic	RAMs	are	fabricated	using	MOS	technology	and	are	noted	for	their	high	capacity,	low	power
requirement,	and	moderate	operating	speed.	0111	2.	TOCCMC03_0131725793.QXD	12/2/05	76	8:18	PM	Page	76	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	EXAMPLE	3-11	Implement	the	logic	circuit	that	has	the	expression	x	=	AB	#	(C	+	D)	using	only	NOR	and	NAND	gates.	(a)	(b)	(c)	(d)	SECTION	12-6	C,	D	FIGURE	12-45	12-11.	Full-Scale	Error
Term	used	by	some	digital-to-analog	converter	manufacturers	to	specify	the	accuracy	of	a	digital-to-analog	converter.	This	quantization	error	can	be	modified	so	that	VAX	would	be	within	1⁄2	LSB	of	VA.	More	complicated	digital	systems,	such	as	microcomputers	and	digital	signal	processors,	have	also	been	briefly	described.	We	will	use	both	terms
interchangeably.	Simulation	results	are	shown	in	Figure	7-86.	Those	columns	(data	lines)	that	have	a	logic	0	on	them	(e.g.,	Q1)	will	provide	a	high-current	path	through	the	fusible	link,	burning	it	open	and	permanently	storing	a	logic	0.	In	fact,	in	many	computers	and	microprocessor-based	equipment,	the	CPU	will	automatically	run	a	memory	test
program	every	time	it	is	powered	up;	this	is	called	a	power-up	self-test.	Now	the	term	(A	+	C)	can	be	simplified	by	applying	theorem	(16).	As	soon	as	all	the	locations	in	the	buffer	are	full,	no	more	entries	are	made	until	the	buffer	is	emptied.	One	SECTION	12-8	1.	Thus,	there	is	a	net	saving	of	eleven	pins.	See	Prob5_59.tdf	and	prob5_59.vhd	on	the
enclosed	CD.	A	way	to	test	RAM	by	writing	a	checkerboard	pattern	(first	01010101,	then	10101010)	into	each	memory	location	and	then	reading	it.	Of	course,	each	type	of	memory	may	have	other	input	and	output	lines	that	are	peculiar	to	that	memory.	12-22.*	The	system	shown	in	Figure	12-50	is	a	waveform	(function)	generator.	(ISBN	0-13-188136-
1)	Companion	Website	(www.prenhall.com/tocci).	(a)*VA		5.022	V	(b)	VA		50.28	V	Determine	the	quantization	error	in	each	case	by	comparing	VAX	and	VA.	x		A		BCD	4-38.	The	keyword	ENTITY	gives	a	name	to	the	circuit	block,	which	in	this	case	is	and_gate.	Alias	A	digital	signal	that	results	from	sampling	an	incoming	signal	at	a	rate	less	than	twice
the	highest	frequency	contained	in	the	incoming	signal.	Common	Cathode	LED	display	that	has	the	cathodes	of	all	of	the	segment	LEDs	tied	together.	(a)	Hi-Z	(b)	11101101	12-9.	The	main	applications	of	SRAMs	are	in	areas	where	only	small	amounts	of	memory	are	needed	or	where	high	speed	is	required.	Solutions	to	selected	problems:	HDL	design
files.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	793	793	SECTION	12-3/CPU–MEMORY	CONNECTIONS	Solution	(a)	Eight	of	each	because	the	word	size	is	eight.	[Hint:	The	circuit	can	be	designed	using	only	two	inverters	(plus	memory	chips).]	SECTION	12-20	12-38.*	Modify	the	RAM	circuit	of	Figure	12-42	as	follows:	change	the	OR	gate
to	an	AND	gate	and	disconnect	its	output	from	C;	connect	the	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	863	863	PROBLEMS	C,	D	T	AND	output	to	E3;	connect	C	to	ground.	901	Dependency	Notation	Method	used	to	represent	symbolically	the	relationship	between	inputs	and	outputs	of	logic	circuits.	2-9.	The	basic	operation	of	this
converter	involves	the	linear	charging	and	discharging	of	a	capacitor	using	constant	currents.	Each	macrocell	can	produce	five	product	terms.	Why	is	it	used?	If	any	input	combination	produces	an	incorrect	output	(i.e.,	a	fault),	compare	the	actual	logic	state	of	each	intermediate	node	in	the	circuit	with	the	correct	theoretical	value	in	the	table	while
applying	that	input	condition.	Minuend	Number	from	which	the	subtrahend	is	to	be	subtracted.	In	many	cases,	the	number	of	existing	(or	anticipated)	chip	sets	supporting	a	certain	technology	in	the	market	determines	the	DRAM	technology	in	which	manufacturers	invest.	DRILL	QUESTIONS	2-30.*Perform	each	of	the	following	conversions.	Draw	the
IEEE/ANSI	symbol	for	a	NOR	gate	with	active-HIGH	output.	Solution	Four	PROM	chips	are	required,	with	each	one	storing	2K	of	the	8K	words.	These	devices	actually	contain	the	various	types	of	functional	blocks	that	have	been	discussed	throughout	this	text.	Instead	of	requiring	a	programmer,	as	is	needed	to	program	PALs	and	standard	GAL	chips,
a	cable	from	the	PC	is	connected	directly	to	a	special	set	of	pins	on	the	ISP	device	to	do	the	programming.	The	logic	symbol	for	the	Intel	2864	is	shown	in	Figure	12-13(a).	It	is	the	highest-speed	memory	in	the	computer	and	is	always	a	semiconductor	memory.	The	main	purpose	of	these	logical	expressions	is	to	describe	the	relationship	between	a	logic
circuit’s	output	(the	decision)	and	its	inputs	(the	circumstances).	1	A	0	A	1	B	x	=	AB	B	0	1	x	0	t0	t1	t2	t3	t4	t5	t6	t7	Solution	The	output	of	an	AND	gate	is	determined	by	realizing	that	it	will	be	HIGH	only	when	all	inputs	are	HIGH	at	the	same	time.	Z		HIGH	for	DCBA		0010,	0100,	1001,	1010.	Notice	on	line	6	that	the	input	switches	are	defined	as	bit
vectors	with	indices	from	9	to	0.	Sometimes	we	want	to	know	if	the	push	button	is	not	being	pressed,	and	so	this	circuit	provides	an	expression	that	is	true	when	the	button	is	not	pressed.	6-41.	Common-Control	Block	Symbol	used	by	the	IEEE/	ANSI	standard	to	describe	when	one	or	more	inputs	are	common	to	more	than	one	of	the	circuits	in	an	IC.	It
has	an	internal	clock	generator	circuit	that	produces	a	frequency	of	f		1/(1.1RC),	where	R	and	C	are	values	of	externally	connected	components.	Similarly,	A	B	Z	AB	.	What	disadvantage	does	SRAM	programming	technology	have	compared	to	EEPROM?	To	illustrate	further,	consider	the	circuit	in	Figure	3-13(b).	In	order	to	reduce	the	number	of	pins
on	their	high-capacity	DRAM	chips,	manufacturers	utilize	address	multiplexing	whereby	each	address	input	pin	can	accommodate	two	different	address	bits.	INTR	(INTERRUPT).	The	read	cycle	begins	at	time	t0.	In	other	words,	RAM-0	stores	the	four	higher-order	bits	of	each	of	the	16	words,	and	RAM-1	stores	the	four	lower-order	bits	of	each	of	the



16	words.	A	4-to-1	MUX	9-31.	BEGIN	IF	digital_value[]	6	10	THEN	z		VCC;	--output	a	1	ELSE	z		GND;	--output	a	0	END	IF;	END;	4-62.	An	A/D	converter	must	assign	a	binary	number	to	an	analog	(continuously	variable)	quantity.	If	chip	sets	are	developed	that	can	take	advantage	of	these	memory	devices	and	enough	system	designers	adopt	this
technology,	it	is	likely	to	become	a	widely	used	form	of	DRAM.	When	the	CPU	places	any	address	in	this	range	onto	the	address	bus,	only	module-3	will	be	enabled	for	either	a	read	or	a	write,	depending	on	the	state	of	R>W.	There	are	several	manufacturers	with	many	different	families	of	PLD	devices,	so	there	are	many	variations	in	architecture.
When	a	new	conversion	is	to	begin,	the	counter	is	not	reset	to	0	but	begins	counting	either	up	or	down	from	its	last	value,	depending	on	the	comparator	output.	Printed	in	the	United	States	of	America.	Thus,	it	is	necessary	to	do	a	read	operation	only	on	each	row	of	a	DRAM	array	once	every	4	ms	to	guarantee	that	each	cell	of	the	array	is	refreshed.
False;	when	WE	is	LOW,	the	I/O	pins	act	as	data	inputs	regardless	of	the	state	of	OE	(second	entry	in	mode	table).	The	total	capacity	of	this	memory	module	is	32	*	4,	so	there	must	be	32	different	addresses.	CHAPTER	13	13-2.	In	2017,	it	received	80,319	applications,	and	its	acceptance	rate	was	33	percent.CC-BY/UCSB	Library/Flickr	University	of
California-DavisThe	University	of	California-Davis	is	approximately	15	miles	from	Sacramento	and	has	an	airport	and	fire	department	on	its	campus.	Here	the	two	terms	have	the	variables	A	and	B	in	common,	and	so	A	#	B	can	be	factored	out	of	both	terms.	This	is	represented	in	Figure	12-3	as	the	MEMORY	ENABLE	input,	although	it	can	have
different	names	in	the	various	memory	systems,	such	as	chip	enable	(CE)	or	chip	select	(CS).	(a)*10110	(d)	01101011	(g)*1111010111	(b)	10010101	(e)*11111111	(h)	11011111	(c)*100100001001	(f)	01101111	2-2.	A	B	C	0	0	0	0	0	0	1	1	0	1	0	1	0	Q	l0	0	Q	l1	0	Q	l2	1	Q	l3	1	1	1	1	0	0	1	1	0	1	0	1	0	Q	l4	1	Q	l5	1	Q	l6	1	Q	l7	9-37.	The	states	1	(HIGH)	and	0
(LOW)	correspond	to	the	two	usable	voltage	ranges	of	a	digital	device.	The	same	holds	true	for	combining	three	inputs	using	the	OR	operation.	A	refresh	counter	is	used	to	supply	10-bit	row	addresses	to	the	DRAM	address	inputs	starting	at	0000000000	(row	0).	The	computer	must	run	a	program	of	instructions	that	makes	decisions.	If	so,	there	is	a
high	probability	that	the	ROM	is	good	(there	is	a	very	small	chance	that	a	combination	of	errors	in	the	test	ROM	data	could	still	produce	the	same	checksum	value).	DRILL	QUESTIONS	B	B	12-5.	In	the	EPM7128S,	either	of	the	two	global	clock	pins	(GCLK1	or	GCLK2)	can	be	used	to	produce	the	fastest	clock-to-Q	performance.	Read	Operation.	The
user	can	then	“blow”	the	fuse	for	any	transistor	that	needs	to	store	a	0.	Likewise,	MUX	must	be	HIGH	when	CAS	is	pulsed	LOW	so	that	A0	to	A7	from	the	CPU	will	be	present	at	the	DRAM	inputs	to	be	loaded	on	the	NGT	of	CAS.	Volatile	Memory	Memory	requiring	electrical	power	to	keep	information	stored.	These	problems,	ranging	from	simple	to
complex,	provide	instructors	with	a	wide	choice	of	student	assignments.	First,	with	B		0	we	have	x	=	A	#	B	=	A	#	0	=	0	because	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	65	65	SECTION	3-5/NOT	OPERATION	anything	multiplied	(ANDed)	by	0	will	be	0.	EXAMPLE	12-9	The	2147H	is	an	NMOS	RAM	that	is	organized	as	a	4K	*	1	with
separate	data	input	and	output	and	a	single	active-LOW	chip	select	input.	1’s-Complement	Form	Result	obtained	when	each	bit	of	a	binary	number	is	complemented.	Most	embedded	microcontrollers	today	have	flash	ROM	integrated	into	the	same	IC	as	the	CPU.	Computer	Word	Group	of	binary	bits	that	form	the	primary	unit	of	information	in	a
computer.	It	may	be	necessary	to	connect	a	sample-and-hold	circuit	at	the	input	of	the	ADC	if	the	analog	inputs	will	change	significantly	during	the	ADC	conversion	time.	Eight	4M	*	1	DRAM	chips	combined	to	form	a	4M	*	8	memory	There	are	several	important	points	to	note.	As	an	example	we	could	dream	up	an	entirely	new	set	of	graphic	symbols,
or	state	the	logical	relationship	in	French	or	Japanese.	Current	Transients	Current	spikes	generated	by	the	totem-pole	output	structure	of	a	TTL	circuit	and	caused	when	both	transistors	are	simultaneously	turned	on.	Encoding	Use	of	a	group	of	symbols	to	represent	numbers,	letters,	or	words.	EXAMPLE	3-7	Draw	the	circuit	diagram	to	implement	the
expression	x	=	(A	+	B)(B	+	C).	The	computer	converts	each	keystroke	into	its	ASCII	code	and	stores	the	code	as	a	byte	in	memory.	Emitter-Coupled	Logic	See	ECL.	Recall	that	an	XOR	gate	can	be	used	to	complement	a	logic	signal	selectively,	as	shown	in	Figure	13-9.	Static	RAM	is	easier	to	use	but	more	expensive	per	bit	and	consumes	more	power
than	dynamic	RAM.	12-3	CPU–MEMORY	CONNECTIONS	A	major	part	of	this	chapter	is	devoted	to	semiconductor	memory,	which,	as	pointed	out	earlier,	makes	up	the	main	memory	of	most	modern	computers.	This	cache	memory	block	is	the	only	block	that	communicates	directly	with	the	CPU	at	high	speed;	program	instructions	and	data	are
transferred	from	the	slower,	cheaper	internal	memory	to	the	cache	memory	when	they	are	needed	by	the	CPU.	This	programmable	wiring	can	be	thought	of	as	thousands	of	connections	that	are	either	connected	(1)	or	not	connected	(0).	■	■	■	■	■	■	t0:	MUX	is	driven	LOW	to	apply	the	row	address	bits	(A8	to	A15)	to	the	DRAM	address	inputs.	Draw
the	circuit	diagram	for	x	=	[D	+	(A	+	B)C)]	#	E.	Only	one	product	term	per	macrocell	can	be	used	in	this	fashion,	but	with	16	macrocells	per	LAB,	this	makes	up	to	16	common	product	terms	available.	Smoothing	filter	Sine	out	÷4	÷N	Phase	counter	Sine	look-up	table	16	LATI	EN	16-bit	latch	16	SID	SCK	D	CK	16-bit	shift	register	Circuits	such	as	this
are	used	in	some	commercial	function	generators.	TK7868.D5T62	2007	621.381—dc22	2005035835	Director	of	Development:	Vern	Anthony	Editorial	Assistant:	Lara	Dimmick	Production	Editor:	Stephen	C.	To	change	their	dynamic	response,	you	simply	change	the	numbers	in	the	software	program,	not	the	hardware	components.	The	encoding	of	the
row	value	is	described	on	lines	33–39.	Add	all	of	these	products.	Solution	The	logic	symbol	is	shown	in	Figure	12-20(a).	(b)	If	counter	A	is	initially	loaded	with	0,	what	values	must	be	loaded	into	counters	B	and	C	to	generate	a	three-phase	sine	wave	with	120°	shift	between	each	output?	As	an	alternative,	this	pin	may	be	used	as	a	secondary	global
output	enable	(OE2)	for	any	macrocells	designated	to	have	a	tristate	output.	In	other	words,	it	is	simply	determining	if	the	total	is	positive	or	negative.	Replace	the	oldest	sample	(of	256)	with	the	new	one	from	A/D.	EXAMPLE	2-14	An	operator	is	typing	in	a	C	language	program	at	the	keyboard	of	a	certain	microcomputer.	DRILL	QUESTION	B	11-43.
Perhaps	you	recall	from	your	study	of	analog	circuits	that	the	same	thing	can	be	accomplished	by	a	simple	low-pass	filter	made	from	a	resistor	and	capacitor.	43,	4F,	53,	54,	20,	3D,	20,	24,	37,	32	2.	What	circuit	fault	would	result	in	VOUT	looking	exactly	like	VA?	Always	opt	for	clear	language	and	use	as	few	words	as	you	can.	In	this	section,	we	will
begin	to	learn	some	of	the	more	advanced	tools	that	professionals	in	the	digital	field	use	to	describe	the	circuits	that	implement	their	ideas.These	tools	are	referred	to	as	hardware	description	languages	(HDLs).	Name	five	ways	to	describe	the	operation	of	logic	circuits.	Program	Sequence	of	binary-coded	instructions	designed	to	accomplish	a
particular	task	by	a	computer.	This	same	idea	can	be	extended	to	more	than	two	inputs.	Which	circuit	is	more	efficient?	This	is	shown	in	Figure	3-17(b),	which	is	the	final	circuit	diagram.	These	modular	cards	allow	for	easy	installation	or	replacement	of	memory	components	in	a	computer.	All	of	the	various	types	of	ROM	and	RAM	can	be	combined
within	the	same	memory	system.	It	has	14	address	inputs;	a	64K	*	1	DRAM	array	would	have	16	address	inputs.	At	that	point,	the	capacitor	is	linearly	discharged	from	a	constant	current	derived	from	a	precise	reference	voltage,	Vref.	12-42.	It	teaches	the	fundamental	principles	of	digital	systems	and	covers	thoroughly	both	traditional	and	modern
methods	of	applying	digital	design	and	development	techniques,	including	how	to	manage	a	systemslevel	project.	The	time	it	takes	the	staircase	to	reset	to	0	and	step	back	up	to	the	new	switching	point	is	really	wasted.	Figure	12-10	shows	a	32K	*	8	MROM.	Karnaugh	Map	(K	Map)	Two-dimensional	form	of	a	truth	table	used	to	simplify	a	sum-of-
products	expression.	Whenever	a	new	word	is	written	into	a	memory	location,	it	replaces	the	word	that	was	previously	stored	there.	MN		Q	4-4.	Widmer	Gregory	L.	11-13	OTHER	A/D	CONVERSION	METHODS	Several	other	methods	of	A/D	conversion	have	been	in	use	for	some	time,	each	with	its	relative	advantages	and	disadvantages.	No:	(a),	(b),	(d),
(g).	More	applications	are	presented	in	the	end-of-chapter	problems.	However,	the	AND	operation	on	Boolean	variables	operates	the	same	as	ordinary	multiplication,	as	examination	of	the	truth	table	shows,	so	we	can	think	of	them	as	being	the	same.	Because	it	alternates	1s	and	0s,	the	checkerboard	pattern	will	also	detect	any	interactions	or	shorts
between	adjacent	cells.	These	areas	of	memory	that	are	redundantly	occupied	by	a	device	due	to	incomplete	address	decoding	are	referred	to	as	memory	foldback	areas.	(b)	What	is	the	largest	hex	number	that	can	be	represented	in	four	bytes?	(a)	Fastest	method	of	conversion	(b)	Needs	a	START	pulse	(c)	Requires	the	most	circuitry	(d)	Does	not	use	a
DAC	(e)	Generates	a	staircase	signal	(f)	Uses	an	analog	comparator	(g)	Has	a	relatively	fixed	conversion	time	independent	of	VA	SECTION	11-13	B	11-44.	Particular	attention	should	be	paid	to	what	occurs	at	time	t1.	For	some	ROMs,	the	data	that	are	stored	must	be	built-in	during	the	manufacturing	process;	for	other	ROMs,	the	data	can	be	entered
electrically.	For	example,	most	PAL	devices	have	a	tristate	buffer	driving	the	output	pin.	Determine	the	data	outputs	for	each	of	the	following	input	conditions.	To	confirm	that	a	memory	address	has	been	programmed	with	the	correct	data	SECTION	12-9	1.	D	Dataout	reg.	When	the	design	is	compiled,	you	must	indicate	whether	or	not	the	device	will
use	a	JTAG	interface.	(a)	Connect	X	to	J,	X	to	K.	(a)	10010111	(BCD)	(b)	10010101	(BCD)	(c)	010100100111	(BCD)	6-14.	Outline	the	steps	that	take	place	when	the	CPU	reads	from	memory.	Conversion	Time	The	flash	converter	uses	no	clock	signal	because	no	timing	or	sequencing	is	required.	TOCCMG01.0131725793.QXD	12/20/05	4:18	PM	Page	901
GLOSSARY	Current-Sinking	Logic	Logic	family	in	which	the	output	of	a	logic	circuit	sinks	current	from	the	input	of	the	logic	circuit	that	it	is	driving.	12-15	DRAM	READ/WRITE	CYCLES	The	timing	of	the	read	and	write	operations	of	a	DRAM	is	much	more	complex	than	for	a	static	RAM,	and	there	are	many	critical	timing	requirements	that	the	DRAM
memory	designer	must	consider.	12-3.*	What	is	the	capacity	of	a	memory	that	has	16	address	inputs,	four	data	inputs,	and	four	data	outputs?	A	way	of	specifying	how	many	bits	can	be	stored	in	a	particular	memory	device	or	complete	memory	system.	Solution	2.17	V/20	mV		108.5	so	that	step	108	would	produce	VAX		2.16	V	and	step	109	would
produce	2.18	V.	These	data	feed	into	the	output	buffers,	which	will	pass	the	data	to	the	external	data	outputs,	provided	that	CS	is	LOW.	To	measure	a	physical	variable,	a	digital	system	must	assign	a	binary	number	to	the	analog	value	that	is	present	at	that	instant.	In	this	method,	the	CAS	signal	is	driven	LOW	first	and	is	held	LOW	until	after	RAS	goes
LOW.	The	overall	block	diagram	for	a	FLEX10K	device	is	shown	in	Figure	13-18.	11-17	DIGITAL	SIGNAL	PROCESSING	(DSP)	One	of	the	most	dynamic	areas	of	digital	systems	today	is	in	the	field	of	digital	signal	processing	(DSP).	This	converter	will	output	11111111	for	any	analog	input	between	approximately	4.971	and	4.990	V.	The	code	of	20	hex
must	be	written	to	the	command	register	twice	in	a	row	to	begin	the	internal	erase	sequence.	(c)	How	many	read	operations	can	be	performed	per	second?	7-67.	(d)	What	is	the	function	of	the	INTR	output?	Altera	is	a	trademark	and	service	mark	of	Altera	Corporation	in	the	United	States	and	other	countries.	Which	eight	bits	of	the	10-bit	DAC	will	be
connected	to	the	output	port?	The	keyword	SUBDESIGN	gives	a	name	to	the	circuit	block,	which	in	this	case	is	and_gate.	address	0BFE	faulty	address	0BFF	faulty	module-3	test	OK	T	bits	bits	bits	.	In	Figure	13-8,	the	programmable	bit	(labeled	XOR)	is	a	logic	1	under	normal	positive	logic	conditions.	When	we	say	that	one	memory	device	has	a
greater	density	than	another,	we	mean	that	it	can	store	more	bits	in	the	same	amount	of	space.	The	select	inputs	are	used	to	decide	which	signal	is	going	through	the	pipeline	at	any	time.	IC	flash	converters	are	commonly	available	in	two-	to	eight-bit	units,	and	most	manufacturers	offer	nine-	and	ten-bit	units	as	well.	Modern	PC	CPUs	have	a	small	(8–
64	Kbytes)	internal	memory	cache.This	is	referred	to	as	a	level	1	or	L1	cache.	Notice	that	the	data	outputs	are	connected	to	column	lines.	The	new	code	group,	including	the	parity	bit,	thus	becomes	1	1	0	0	0	0	1	1	↑	added	parity	bit*	If	the	code	group	contains	an	even	number	of	1s	to	begin	with,	the	parity	bit	is	given	a	value	of	0.	Although	we	will
always	use	the	overbar	indicator	to	represent	inversion,	it	is	important	to	mention	that	another	indicator	for	inversion	is	the	prime	symbol	(	¿	).	The	multiplexer	select	input,	labeled	MUX,	controls	whether	CPU	address	lines	A0	to	A7	or	address	lines	A8	to	A15	will	be	present	at	the	DRAM	address	inputs.	The	first	access	takes	the	most	time	due	to
latency	associated	with	RAS/CAS	cycles.	3-4	AND	OPERATION	WITH	AND	GATES	The	AND	operation	is	the	second	basic	Boolean	operation.	The	inputs	and	outputs	are	defined	on	lines	5–9	and	follow	the	description	obtained	from	analyzing	the	schematic.	■	Implement	logic	circuits	using	basic	AND,	OR,	and	NOT	gates.	(c)	What	is	its	capacity	in
bytes?	See	text.	CHAPTER	10	1	cycle	10-1.	Dynamic	RAM	(DRAM)	Type	of	semiconductor	memory	that	stores	data	as	capacitor	charges	that	need	to	be	refreshed	periodically.	The	circuit	schematics	of	many	of	the	figures	throughout	the	text	have	been	captured	as	input	files	for	this	popular	simulation	tool.	(Hint:	The	offset	error	is	added	to	the	error
caused	by	component	inaccuracies.)	TABLE	11-10	Input	Code	Output	000010	41.5	mV	000111	140.2	mV	001100	242.5	mV	111111	1.258	V	SECTION	11-7	T	11-20.	FIGURE	12-20	Logic	symbols	for	(a)	the	2147H	RAM	chip;	(b)	the	MCM6206C	RAM.	Consequently,	this	type	of	ROM	is	economical	only	when	many	ROMs	are	being	made	with	exactly	the
same	information.	Suppose	each	instruction	takes	20	ns	(that’s	pretty	fast!).	This	is	an	optional	input	that	can	be	used	to	reduce	the	internal	reference	voltage	and	thereby	change	the	analog	input	range	that	the	converter	can	handle.	(c)	How	many	memory	locations	are	there?	An	EAB	can	also	be	used	to	create	large	combinational	functions	by
implementing	an	LUT.	V	will	be	HIGH	when	RAM		0.	Active-HIGH	(LOW)	Decoder	Decoder	that	produces	a	logic	HIGH	(LOW)	at	the	output	when	detection	occurs.	Library	of	Parameterized	Modules	(LPM)	A	set	of	generic	library	functions	designed	to	be	very	flexible	in	allowing	the	user	to	specify	the	number	of	bits,	mod	number,	control	options,	etc.
Semiconductor	memory	devices	in	which	the	stored	data	will	remain	permanently	stored	as	long	as	power	is	applied,	without	the	need	for	periodically	rewriting	the	data	into	memory.	Counter	switches	states	between	000	and	111	on	each	clock	pulse	7-17.	Also	note	that	the	d	output	is	defined	as	an	IEEE	standard	bit	array	(std_logic_vector	type).
FIGURE	12-11	PROMs	use	fusible	links	that	can	be	selectively	blown	open	by	the	user	to	program	a	logic	0	into	a	cell.	The	basic	Boolean	operators	are:	&	#	!	$	REVIEW	QUESTIONS	AND	OR	NOT	XOR	1.	(b)	Using	BCD	code?	Consider	the	challenge	of	describing	what	is	done	to	an	Indy	500	car	during	a	pit	stop.	This	memory	has	a	capacity	of	4096
bytes.	Write	Cycle	Figure	12-22(b)	shows	the	signal	activity	for	a	write	cycle	that	begins	when	the	CPU	supplies	a	new	address	to	the	RAM	at	a	time	t0.	The	two	theorems	are:	(16)	(17)	(x	+	y)	=	x	#	y	(x	#	y)	=	x	+	y	Theorem	(16)	says	that	when	the	OR	sum	of	two	variables	is	inverted,	this	is	the	same	as	inverting	each	variable	individually	and	then
ANDing	these	inverted	variables.	This	operator	evaluates	whether	the	expressions	on	each	side	are	equal	or	not.	Draw	a	memory	map	showing	the	address	range	of	each	RAM	chip.	During	this	refresh	cycle,	all	external	addresses	are	ignored.	Each	EPROM	data	pin	is	connected	to	a	switch	that	can	be	set	at	a	1	or	a	0	level.	A	fixed	voltage	of	5	mV	is
added	to	the	D/A	output	in	the	summing	amplifier,	and	the	result,	VAY,	is	fed	to	the	comparator,	which	has	VT		1	mV.	Data	Selectors	See	Multiplexer.	The	CONTROL	block	makes	sure	that	successive	data	points	are	stored	in	successive	memory	locations	by	continually	updating	the	memory’s	ADDRESS	COUNTER.	A	test	instrument	captures	the
binary	bit	pattern	as	it	goes	across	the	cable	to	the	microcontroller.	Speed-critical	paths	in	the	design	can	run	at	maximum	speed,	while	the	remaining	signal	paths	can	operate	at	reduced	power.	Even	with	the	powerful	computers	we	have	today,	it	is	not	possible	to	describe	a	logic	circuit	in	English	prose	and	expect	the	computer	to	understand	what
you	mean.	The	freeze	bit	detects	when	a	key	is	pressed.	By	following	some	handy	tips	and	advice	for	your	internship	application,	you	can	set	yourself	apart	from	the	crowd	and	get	started	on	your	dream	career	path.Pay	Attention	to	FormattingThe	format	of	your	resume	and	cover	letter	should	be	clear	and	easy	to	follow.	ELSE	A	control	structure	used
in	conjunction	with	IF/THEN	to	perform	an	alternate	action	in	the	case	that	the	condition	is	false.	The	logic	modules	are	not	associated	with	any	I/O	pin.	However,	by	the	time	the	signal	reaches	the	receiver,	TOCCMC02_0131725793.QXD	42	11/26/05	1:14	AM	Page	42	CHAPTER	2/NUMBER	SYSTEMS	AND	CODES	x	Transmitter	FIGURE	2-4	Receiver
Example	of	noise	causing	an	error	in	the	transmission	of	digital	data.	Next	the	ASCII	code	is	sent	LSB	first	and	MSB	last.	AND	A	0	0	1	1	B	0	1	0	1	x=A•B	0	0	0	1	A	x	=	AB	B	AND	gate	(a)	(b)	The	expression	x	=	A	#	B	is	read	as	“x	equals	A	AND	B,”	which	means	that	x	will	be	1	only	when	A	and	B	are	both	1.	When	you	are	done,	you	have	a	table	that	is
of	tremendous	benefit	in	troubleshooting	the	logic	circuit.	Whenever	the	CPU	wants	to	write	data	to	a	particular	memory	location,	the	following	steps	must	occur:	Write	Operation	1.	■	Draw	and	interpret	the	IEEE/ANSI	standard	logic-gate	symbols.	If	the	disk	is	being	used	for	audio	recording,	this	stream	of	data	is	converted	into	an	analog	waveform.
For	example,	an	eight-bit	flash	converter	would	require	28		256	voltage	levels,	including	0	V.	(a)	100011	(b)	1111001	6-12.	Notice	that	on	line	3,	the	BCD	input	is	declared	as	an	INTEGER.This	allows	us	to	refer	to	it	by	its	numeric	value	in	decimal	rather	than	being	limited	to	bit	pattern	references.	Another	way	utilizes	the	fact	that	a	NAND	output	will
be	LOW	only	when	all	inputs	are	HIGH.	This	support	circuitry	included	the	21-V	programming	voltage	(VPP),	usually	generated	from	a	5	V	supply	through	a	dc-to-dc	converter,	and	it	included	circuitry	to	control	the	timing	and	sequencing	of	the	erase	and	programming	operations.	(a)	A	A•B=A+B	B	Active-LOW	Output	goes	LOW	only	when	all	inputs
are	LOW.	Theorem	(17)	says	that	when	the	AND	product	of	two	variables	is	inverted,	this	is	the	same	as	inverting	each	variable	individually	and	then	ORing	them.	It	can	be	erased	(usually	with	ultraviolet	light)	and	reprogrammed	as	often	as	desired.	Sigma/delta	modulation	is	used	in	A/D	as	well	as	D/A	conversion.	The	programmable	flip-flop	can	be
configured	for	D,	T,	JK,	or	SR	operation	and	will	be	bypassed	for	combinational	functions.	The	high-speed	modems	that	are	standard	on	PCs	have	been	made	possible	and	affordable	by	DSP.	The	major	disadvantages	of	UVEPROMs	are	that	they	must	be	removed	from	the	circuit	to	be	programmed	and	erased,	the	erase	operation	erases	the	entire	chip,
and	the	erase	operation	takes	up	to	20	minutes.	Main	Memory.	Figure	9-60	shows	the	input/output	definitions	for	this	encoder	circuit.	This	bus	carries	control	signals	(such	as	the	R/W	signal)	from	the	CPU	to	the	memory	ICs.	As	we	get	into	discussions	of	actual	memory	ICs,	we	will	examine	the	signal	activity	that	appears	on	these	buses	for	the	read
and	write	operations.	FIGURE	9-65	Four-bit	*	four-channel	DEMUX	in	VHDL.	(a)	8	(b)	0–5	V	(c)	CS	controls	the	effect	of	the	RD	and	WR	signals;	WR	is	used	to	start	a	new	conversion;	RD	enables	the	output	buffers.	Many	other	patterns	can	be	used	to	detect	various	failure	modes	within	RAM	chips.	It	is	more	dense.	All	I/O	pins	in	the	MAX7000S	family
have	a	tristate	output	buffer	that	is	(1)	permanently	enabled	or	disabled,	(2)	controlled	by	one	of	the	two	global	output	enable	pins,	or	(3)	controlled	by	other	inputs	or	functions	generated	by	other	macrocells.	x	x	x+y	y	y	x	y	x•y=x+y	(a)	x	x•y=x+y	y	(b)	hand,	is	the	result	of	first	inverting	both	x	and	y	and	then	putting	them	through	an	AND	gate.	The
book	is	intended	for	use	in	two-	and	four-year	programs	in	technology,	engineering,	and	computer	science.	That	solution	is	not	very	attractive	for	our	design	needs	today.	A	B	C	z=A•B•C=A+B+C=A+B+C	C	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	83	83	SECTION	3-12/UNIVERSALITY	OF	NAND	GATES	AND	NOR	GATES	Solution	The
expression	for	z	is	z	=	ABC.	Between	time	t0	and	t1,	both	inputs	are	LOW,	so	OUTPUT		LOW.	Consider	the	measurements	made	on	this	DAC	(Table	11-10),	and	determine	which	of	them	are	not	within	the	device’s	specifications.	With	a	little	planning,	we	should	also	be	able	to	ensure	that	the	counter	eventually	reaches	the	desired	sequence,	no	matter
what	state	it	is	in	initially.	Dram	Read	Cycle	Figure	12-30	shows	typical	signal	activity	during	the	read	operation.	Figure	12-38	shows	a	memory	system	that	could	be	used	in	a	microcomputer	system.	■	Outline	the	steps	that	occur	when	the	CPU	reads	from	or	writes	to	memory.	(a)	If	the	lever	must	be	positioned	within	a	resolution	of	0.1	in,	what	is
the	number	of	bits	needed	in	the	digital	input	code?	This	data	acquisition	and	storage	process	continues	until	the	CONTROL	block	receives	a	trigger	signal	from	either	the	input	waveform	(INTERNAL	trigger)	or	an	EXTERNAL	trigger	source.	(a)	01001001;	10110111	(b)	11110100;	00001100	6-7.	SECTION	13-6	13-14.*	What	is	the	fundamental
architectural	difference	between	the	MAX	7000S	and	FLEX10K	families?	What	fault	would	cause	VOUT	to	be	stuck	at	0?	The	weights	in	this	case	are	placing	greater	emphasis	on	recent	samples	and	less	emphasis	on	older	samples.	Actually,	the	data	are	first	latched	(on	the	rising	edge	of	WE)	into	a	FF	buffer	memory	that	is	part	of	the	2864	circuitry.
In	one	method,	all	critical	data	during	normal	system	operation	are	stored	in	RAM	that	can	be	powered	from	backup	batteries	whenever	power	is	interrupted.	It	can	be	constructed	using	a	ROM,	a	DAC,	and	a	counter.	Digital	System	Combination	of	devices	designed	to	manipulate	physical	quantities	that	are	represented	in	digital	form.	Note	that	INTR
goes	HIGH	when	CS	and	WR	are	LOW,	but	the	conversion	process	does	not	begin	until	WR	returns	HIGH.	(a)	10010111	11-27.	Special	hardware	included	in	a	DSP	allows	easy	implementation	of	circular	buffers	in	memory.	cm.	The	control	logic	now	proceeds	to	the	next	lower	bit,	Q2.	Actuator	Electrically	controlled	device	that	controls	a	physical
variable.	Of	course,	we	cannot	cover	all	the	possible	ways	of	describing	a	logic	circuit,	but	we	must	understand	the	most	common	methods	to	be	able	to	communicate	with	others	in	this	profession.	The	control	input	CS	stands	for	chip	select.	Standard	cells	do	have	a	significant	advantage	over	gate	arrays.	A	program	and	any	data	used	by	the	program
reside	in	the	main	memory	while	the	computer	is	working	on	that	program.	The	column-select	decoder	activates	one	of	the	enable	inputs	of	all	registers	in	the	selected	column.	used	A0	7	6	5	4	3	2	1	0	ALE	RD	RD	WR	WR	D7	..	These	command	codes	usually	come	over	the	data	bus	from	the	microprocessor.	The	CPU	places	2016	on	the	data	bus	and
pulses	CE	and	WE	LOW	while	holding	OE	HIGH.	Here,	NOR	gates	1	and	2	are	used	as	INVERTERs	to	invert	the	inputs,	so	that	the	final	output	is	x	=	A	+	B,	which	can	be	simplified	to	x	=	A	#	B	by	use	of	DeMorgan’s	theorem.	You	want	to	upgrade	the	system	to	have	some	nonvolatile	read/write	storage.	To	understand	the	detailed	operation	of	the
OLMC,	refer	to	Figure	13-8.	15	14	13	12	11	Voltages	10	9	8	7	6	5	4	3	2	1	0	0	1	2	FIGURE	11-32	5	Time	(ms)	10	15	Problem	11-22.	ECL	Emitter-coupled	logic;	also	referred	to	as	current-mode	logic.	Setup	Time	(tS)	Time	interval	immediately	preceding	the	active	transition	of	the	clock	signal	during	which	the	control	input	must	be	maintained	at	the
proper	level.	Digitized	waveforms	are	stored	in	the	memory	block.	Also,	B	#	B	=	B	[theorem	(3)]:	z	=	0	+	A	#	B	+	B	#	A	+	B	=	AB	+	AB	+	B	Factoring	out	the	variable	B	[theorem	(13)],	we	have	z	=	B(A	+	A	+	1)	Finally,	using	theorems	(2)	and	(6),	zB	EXAMPLE	3-15	Simplify	x	=	ACD	+	ABCD.	What	functions	does	a	DRAM	controller	perform?	During
normal	operation,	the	converter	uses	VCC		5	V	as	its	reference	voltage,	and	the	analog	input	can	range	from	0	to	5	V.	(a)	12	V	(b)	40	mA	8-33.	The	top	waveform	represents	the	address	inputs;	the	middle	waveform	is	an	active-LOW	chip	select,	CS;	and	the	bottom	waveform	represents	the	data	outputs.	Modify	the	decoding	circuit	of	Figure	12-37	to
operate	from	a	16-line	address	bus	(i.e.,	add	A13,	A14,	and	A15).	Each	module	is	connected	to	the	CPU	through	the	address	and	data	buses	and	through	the	R>W	control	line.	This	is	not	required	by	the	software,	but	use	of	a	consistent	style	in	capitalization	makes	the	code	much	easier	to	read.	The	display	operation	is	terminated	when	the	operator
presses	a	front-panel	button	that	commands	the	DSO	to	begin	a	new	data	acquisition	cycle.	For	each	sample	that	comes	in,	the	accumulator	adds	the	difference	(error	signal)	to	the	running	total.	However,	the	two	address	lines,	A11	and	A12,	are	not	involved	in	the	decoding	scheme	for	this	chip.	The	functions	of	these	inputs	and	outputs	are	defined	as
follows:	■	CS	(Chip	Select).	This	is	the	latest	development	system	software	from	Altera,	which	offers	more	advanced	features	and	supports	new	PLD	devices	such	as	the	Cyclone	family	of	FPGAs,	found	on	many	of	the	newest	educational	boards.	Output	Unit	Part	of	a	computer	that	receives	data	from	the	memory	unit	or	ALU	and	presents	it	to	the
outside	world.	With	these	test	signals	applied,	the	decoder	output	lines	can	be	checked	for	the	proper	response.	Actually,	the	GAL	16V8	has	only	three	different	modes:	(1)	simple	mode,	which	is	used	to	implement	simple	SOP	combinational	logic	without	tristate	outputs;	(2)	complex	mode,	which	implements	SOP	combinational	logic	with	tristate
outputs	that	are	enabled	by	an	AND	product	expression;	and	(3)	registered	mode,	which	allows	individual	OLMCs	to	operate	in	a	combinational	configuration	with	tristate	outputs	(similar	to	the	complex	mode)	or	in	a	synchronous	mode	with	clocked	D	FFs	synchronized	to	a	common	clock	signal.	A	weighted	average	means	that	some	of	the	data	points
are	considered	more	important	than	others.	There	is	no	way,	however,	that	the	receiver	can	tell	which	bit	is	in	error	because	it	does	not	know	what	the	code	is	supposed	to	be.	What	are	the	functions	of	the	RAS	and	CAS	signals?	One	of	the	main	applications	of	this	type	of	converter	is	in	noisy	industrial	environments	where	small	analog	signals	must
be	transmitted	from	transducer	circuits	to	a	control	computer.	The	examples	that	follow	are	intended	to	be	instructive,	and	the	memory	chip	sizes	that	are	used	were	chosen	to	conserve	space.	32	Disadvantage:	BCD	requires	more	bits.	(a)	Explain	why	the	circuit	fault	was	not	detected.	13-10.	(a)	Can	be	programmed	by	the	user	but	cannot	be	erased.
Transparent	Of	a	D	latch,	operating	so	that	the	Q	output	follows	the	D	input.	Noise	Immunity	Circuit’s	ability	to	tolerate	noise	voltages	on	its	inputs.	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	89	SECTION	3-14/WHICH	GATE	REPRESENTATION	TO	USE	89	Summary	At	this	point	you	are	probably	wondering	why	there	is	a	need	to	have	two
different	symbols	and	interpretations	for	each	logic	gate.	4095	comparators	and	4096	resistors	3.	A	B	C	A+B+C	x=A+B+C=A+B+C	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	75	75	SECTION	3-9/NOR	GATES	AND	NAND	GATES	NAND	Gate	The	symbol	for	a	two-input	NAND	gate	is	shown	in	Figure	3-22(a).	(a)	5	kHz	(b)	9.9	kHz	11-33.
Self-refresh	mode	allows	the	memory	device	to	perform	all	of	the	necessary	functions	to	keep	its	cells	refreshed.	Draw	the	circuit	diagram	for	a	four-bit	flash	converter	with	BCD	output	and	a	resolution	of	0.1	V.	Note	that	this	says	that	the	output	will	go	to	its	active	state	only	when	all	of	the	inputs	are	in	their	active	states.	(a)*777916	(c)*OFFF16
(e)*9FF16	(b)	999916	(d)	200016	(f)	100A16	2-36.*Repeat	Problem	2-35	for	the	decrement	operation.	b	f	h	5-12.	A	typical	asynchronous	transmission	of	a	seven-bit	ASCII	code	for	the	pound	sign	#	(23	Hex)	with	even	parity	is	shown	in	Figure	2-5.	Thus,	we	can	say	that	Z	will	go	HIGH	when	either	X	or	Y	is	LOW.	1	clock	cycle	(1sec)	Terminal	count	(tc)
(a)	60	clock	cycles	TOCCMN01_0131725793.QXD	918	12/20/05	4:45	PM	Page	918	ANSWERS	TO	SELECTED	PROBLEMS	10-17.	In	fact,	both	representations	are	used	to	represent	the	NOR	function.When	the	AND	gate	with	inverted	inputs	is	used	to	represent	the	NOR	function,	it	is	usually	drawn	as	shown	in	Figure	3-26(b),	where	the	small	circles	on
the	inputs	represent	the	inversion	operation.	909	Truth	Table	Logic	table	that	depicts	a	circuit’s	output	response	to	the	various	combinations	of	the	logic	levels	at	its	inputs.	Refer	to	the	circuit	representation	of	Figure	3-36(c)	and	note	that	the	symbols	for	NAND	gates	1	and	2	were	chosen	to	have	active-HIGH	outputs	to	match	the	active-HIGH	inputs
of	NAND	gate	3.	The	pin	saving	becomes	even	more	significant	for	chips	with	larger	word	size.	Each	intersection	between	a	row	(horizontal	wire)	and	a	column	(vertical	wire)	is	a	programmable	connection.	Your	application	should	specifically	address	qualities	and	experience	listed	in	the	job	description	and	include	relevant	examples	for	an	internship
with	that	company.	Filtering	analog	signals	2.	2.276	V	11-40.	Sampling	Acquiring	and	digitizing	a	data	point	from	an	analog	signal	at	a	given	instant	of	time.	Circuits	from	the	text	rendered	in	Multisim®.	On	power-down,	the	CPU	executes	a	short	power-down	program	(from	ROM)	that	transfers	critical	data	from	the	system
TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	845	SECTION	12-19/SPECIAL	MEMORY	FUNCTIONS	845	RAM	into	either	battery-backup	CMOS	RAM	or	nonvolatile	flash	memory.This	requires	a	special	circuit	that	senses	the	onset	of	a	power	interruption	and	sends	a	signal	to	the	CPU	to	tell	it	to	begin	executing	the	power-down	sequence.	13-
3	PLD	ARCHITECTURES	The	concept	of	PLDs	has	led	to	many	different	architectural	designs	of	the	inner	circuitry	of	these	devices.	We	need	some	read/write	memory	to	store	the	digits	that	represent	the	speed,	RPM,	gallons	of	fuel,	and	so	on.	A	look-up	table	functions	just	like	a	truth	table	in	which	the	output	can	be	programmed	to	create	the
desired	combinational	function	by	storing	the	appropriate	0	or	1	for	each	input	combination.	This	occurs	whenever	A	is	LOW	AND	B	is	HIGH.	Mass	Storage	Storage	of	large	amounts	of	data;	not	part	of	a	computer’s	internal	memory.	In	volts?	12-10.	Write	the	output	expression	for	the	circuit	of	Figure	3-32(c),	and	use	DeMorgan’s	theorems	to	show
that	it	is	equivalent	to	the	expression	for	the	circuit	of	Figure	3-32(a).	Technically,	a	ROM	can	be	written	into	(programmed)	only	once,	and	this	operation	is	normally	performed	at	the	factory.	To	perform	a	burst	refresh	using	this	feature,	CAS	can	be	held	LOW	while	RAS	is	pulsed	once	for	each	row	until	all	are	refreshed.	FIGURE	12-1	A	computer
system	normally	uses	highspeed	main	memory	and	slower	external	auxiliary	memory.	B	B	B	DRILL	QUESTION	B	True	or	false:	ROMs	cannot	be	erased.	The	precision	of	the	laser	beam	allows	very	large	quantities	of	data	(over	550	Mbytes)	to	be	stored	on	a	small,	120-mm	disk.	This	circuit	has	three	inputs,	A,	B,	and	C,	and	a	single	output,	x.	This
requires	fast	read	and	write	cycle	times	for	the	RAM	so	as	not	to	slow	down	the	computer	operation.	Structurally,	a	flash	memory	cell	is	like	the	simple	single-transistor	EPROM	cell	(and	unlike	the	more	complex	two-transistor	EEPROM	cell),	being	only	slightly	larger.	SRAM	programming	technology	is	volatile,	meaning	that	the	devices	must	be
reconfigured	at	power-up.	Notice	on	line	4	that	the	select	input	(s)	is	declared	as	a	decimal	integer	from	0	to	3	(equivalent	to	binary	00	to	11).	During	a	read	operation,	all	switches	are	closed	except	SW1.	The	textbased	language	must	somehow	convey	the	nature	of	these	inputs	and	outputs.	(a)	HIGH	(b)	LOW	3-41.	Microcontroller	Small
microcomputer	used	as	a	dedicated	controller	for	a	machine,	a	piece	of	equipment,	or	a	process.	On	line	29,	the	data	available	output	(dav)	is	updated	synchronously	with	the	value	of	freeze.	Each	register	stores	one	eight-bit	word.	Two	SIGNALs	are	defined	on	lines	13	and	14	for	this	design.	Flip-Flop	Memory	device	capable	of	storing	a	logic	level.	(l)
Erase	time	is	about	15	to	20	min.	VPP	is	the	special	programming	voltage	required	during	the	programming	process.	MEMR	is	normally	LOW	and	is	driven	HIGH	whenever	the	CPU	wants	to	access	memory	for	a	read	or	a	write	operation.	5:35	PM	Page	760	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	Sample	(n)	Digital	IN	Delta	Sigma
Bit	Stream	Out	Analog	OUT	Feedback	1	0	8	0	1	1	8	2	0	8	8	0	1	8	3	0	8	0	1	1	8	4	0	8	8	0	1	8	5	0	8	0	1	1	8	6	0	8	8	0	1	8	7	0	8	0	1	1	8	8	0	8	8	0	1	8	Sample	(n)	Digital	IN	Delta	Sigma	Bit	Stream	Out	Analog	OUT	Feedback	1	4	4	4	1	1	8	2	4	4	0	1	1	8	3	4	12	4	0	1	8	4	4	4	8	1	1	8	5	4	4	4	1	1	8	6	4	4	0	1	1	8	7	4	12	4	0	1	8	8	4	4	8	1	1	8	the	back	of	this	book.	12-2
GENERAL	MEMORY	OPERATION	Although	each	type	of	memory	is	different	in	its	internal	operation,	certain	basic	operating	principles	are	the	same	for	all	memory	systems.	7-37.	This	is	also	done	when	power	is	applied.	This	requires	a	1-of-64	decoder	to	decode	six	address	inputs	for	the	row	select,	and	a	second	1-of-64	decoder	to	decode	six	other
address	inputs	for	the	column	select.	SECTION	12-3	1.	Notice	also	that	on	line	6,	the	states	are	named,	but	the	binary	value	for	each	state	is	left	for	the	compiler	to	determine.	If	a	person	can	master	the	higher-level	hardware	description	language,	it	actually	makes	programming	the	PLDs	much	easier	than	trying	to	use	Boolean	algebra,	schematic
drawings,	or	truth	tables.	TOCCMC12_0131725793.QXD	12/20/05	810	5:37	PM	Page	810	CHAPTER	12/MEMORY	DEVICES	flash	chips	generate	VPP	internally	and	require	only	a	single	supply.	Decade	Counter	Any	counter	capable	of	going	through	10	different	logic	states.	(ISBN	0-13-172667-6)	TestGen.	Figure	3-15	shows	two	more	examples,	which
should	be	studied	carefully.	The	various	types	of	ROM	will	be	discussed	later.	In-circuit,	electrically	erasable	byte-by-byte	EEPROM	In-circuit,	electrically	erasable	by	sector	or	in	bulk	(all	cells)	Flash	UV	erasable	in	bulk;	erased	and	reprogrammed	out	of	circuit	Cannot	be	erased	and	reprogrammed	Device	complexity	and	cost	SECTION	12-8/FLASH
MEMORY	EPROM	MROM	and	PROM	to	100	ms	for	the	most	advanced	EPROM	and	5	ms	for	EEPROM	(which	includes	automatic	byte	erase	time).	As	a	final	example,	let’s	use	an	input	of	-5,	which	represents	-5/8	=	-0.625.	This	allows	synchronous	sequential	circuits,	such	as	counters	and	shift	registers,	to	be	implemented.	Once	the	CPU	is
disconnected,	you	can	supply	the	A10–A15	and	E	signals	from	an	external	test	circuit	to	perform	a	static	test,	using	manually	operated	switches	for	each	signal,	or	a	dynamic	test,	using	some	type	of	counter	to	cycle	through	the	various	address	codes.	16,384;	32;	524,288	12-3.	Express	it	in	volts	and	as	a	percentage.	For	example,	suppose	that	the
group	is	1000011.	Set	A	grouping	of	concatenated	variables	or	signals.	FIGURE	3-14	Circuits	using	INVERTERs.	A	A	x=A+B	B	A	A+B	B	(a)	x=A+B	(b)	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	68	Page	68	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	In	Figure	3-14(b),	the	output	of	the	OR	gate	is	equal	to	A		B	and	is	fed	through	an	INVERTER.
High-capacity	memory	chips	such	as	these	would	require	many	pins	if	each	address	input	required	a	separate	pin.	Please	see	this	file	as	indicated	below.	Q0	and	Q1	are	probably	reversed.	TOCCMC12_0131725793.QXD	12/20/05	862	5:37	PM	Page	862	CHAPTER	12/MEMORY	DEVICES	C	12-28.	This	is	just	a	way	of	using	a	PROM	and	thinking	of	its
purpose	as	implementing	SOP	logic	expressions	rather	than	storing	data	values	in	memory	locations.	The	modules	have	common	I/O	data	lines.	Solution	Remember	that	a	byte	is	eight	bits.	Because	most	logic	applications	require	only	a	small	fraction	of	all	gates	to	operate	at	maximum	frequency,	this	feature	may	produce	a	significant	savings	in	total
system	power	consumption.	Negation	Operation	of	converting	a	positive	number	to	its	negative	equivalent,	or	vice	versa.	(a)	None	8-44.	This	is	actually	an	end-of-conversion	output	signal,	but	it	is	called	INTERRUPT	because	in	a	typical	situation,	it	is	sent	to	a	microprocessor’s	interrupt	input	to	get	the	microprocessor’s	attention	and	let	it	know	that
the	ADC’s	data	are	ready	to	be	read.	If	it	can	spare	100	ms	without	accessing	its	memory,	and	if	it	can	do	this	every	16	ms,	then	the	self-refresh	is	the	way	to	go.	This	is	illustrated	in	Figure	3-30.	This	transistor	is	conducting	when	the	output	logic	level	is	HIGH.	Notice	that	it	has	13	address	inputs,	because	213		8192		8K,	and	eight	data	I/O	lines.	On
line	6,	a	data	object	is	declared	named	state_machine.	Another	Altera	family	that	may	be	of	interest	to	us	is	the	Cyclone	family.	Describe	the	circuit	using	Boolean	algebra,	schematic	diagrams	with	logic	symbols,	truth	tables,	and	timing	diagrams.	Show	how	to	connect	two	74157	multiplexers	(Section	9-6)	to	provide	the	multiplexing	function	required
in	Figure	12-28(b).	Least	Significant	Digit	(LSD)	Digit	that	carries	the	least	weight	in	a	particular	number.	This	is	repeated	at	the	same	address	until	the	data	are	successfully	stored.	If	the	CPU	is	a	microprocessor	chip	in	a	socket,	it	can	simply	be	removed	from	its	socket.	TOCCMC12_0131725793.QXD	12/20/05	838	5:37	PM	Page	838	CHAPTER
12/MEMORY	DEVICES	A9	•	•	•	•	•	10-line	address	bus	A0	R/W	*	R/W	1K	×	1	CS	R/W	1K	×	1	*	CS	In	Out	*	R/W	1K	×	1	CS	In	Out	*	R/W	1K	×	1	CS	In	Out	*	R/W	1K	×	1	CS	In	Out	*	R/W	1K	×	1	CS	In	Out	*	R/W	1K	×	1	CS	In	Out	*	1K	×	1	CS	In	Out	In	Out	D7	D6	D5	D4	D3	D2	D1	D0	*	All	R/W	inputs	and	CS	inputs	are	connected	in	common	FIGURE	12-
35	Data	bus	Eight	2125A	1K	*	1	chips	arranged	as	a	1K	*	8	memory.	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	102	Page	102	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	3-19	HDL	FORMAT	AND	SYNTAX	Any	language	has	its	unique	properties,	similarities	to	other	languages,	and	its	proper	syntax.	The	row	and	column	interconnects,	which
Altera	has	named	a	FastTrack	interconnect,	provide	the	signal	pathways	between	LABs.	Each	LAB	has	four	control	signals	available	to	all	eight	LEs.	Two	can	be	used	for	register	clocks	and	the	other	two	are	for	preset	or	clear.	A	simplified	diagram	of	a	sample-and-hold	(S/H)	circuit	is	shown	in	Figure	11-24.	Edge-Triggered	Manner	in	which	a	flip-flop
is	activated	by	a	signal	transition.	We	will	need	a	flip-flop	to	store	each	of	the	16	function	values	(see	Figure	13-15).	The	compiler	automatically	optimizes	the	allocation	of	available	product	terms	within	a	LAB	according	to	the	logic	requirements	of	the	design.	Write	a	HDL	expression	that	can	implement	a	shift	left	of	an	eight-bit	array	reg[7..0]	with
serial	input	dat.	When	this	process	is	used,	the	troubleshooter	must	understand	the	circuit	operation,	observe	the	symptoms	of	the	failure,	and	then	reason	through	the	operation.	Strobe	Another	name	for	an	enable	input	usually	used	to	latch	a	value	into	a	register.	Have	you	ever	been	in	an	auditorium	when	the	PA	system	started	to	squeal?	The
following	messages	are	printed	out	when	the	power-up	self-test	is	performed	on	this	RAM	system:	module-0	test	OK	module-1	test	OK	address	0800	faulty	address	0801	faulty	address	0802	faulty	.	For	example,	the	data	word	0110	is	stored	at	address	00000,	the	data	word	1001	is	stored	at	address	00001,	and	so	on.	You	will	see	the	advantage	of	using
Altera’s	development	system	for	both	languages	when	you	program	an	actual	device.	Each	byte	is	a	padded	ASCII	code.	Computers	need	a	more	rigidly	defined	language.	False;	its	data	must	be	periodically	refreshed.	(Courtesy	of	Altera	Corporation.)	16	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	Page	893	893	SECTION	13-6/THE	ALTERA
FLEX10K	FAMILY	LEs,	which	allows	for	efficient	implementation	of	functions	that	build	on	other	functions	such	as	those	found	in	counters,	adders,	and	comparators.	SECTION	12-11	12-23.	Eight	clock	pulses	are	needed	to	serially	load	a	74166,	since	there	are	eight	FFs	in	the	chip.	How	many	memory	cells	does	this	memory	contain?	The	eighth
product	term	is	connected	to	a	two-input	product	term	multiplexer	(PTMUX),	which	drives	the	eighth	input	to	the	OR	gate.	It	should	be	noted	that	in	older,	small-capacity	DRAMs,	the	convention	was	to	present	the	low-order	address	first	specifying	the	row,	followed	by	the	high-order	address	specifying	the	column.	Determine	the	input	conditions
necessary	to	activate	MEM.	This	column	is	HIGH	whenever	B	is	HIGH	AND	C	is	HIGH	as	shown	in	Figure	3-16(d).	At	time	t0	the	address	inputs	are	all	at	some	specific	level,	some	HIGH	and	some	LOW.	It	used	a	programmable	AND	array	as	well	as	a	programmable	OR	array.	False:	a,	e,	g;	True:	b,	c,	d,	f,	h	CHAPTER	12	12-1.	(a)	3B	(c)	397	(e)	303	(g)
10000	2-6.	A	LOW	at	WE	will	write	data	into	the	RAM,	provided	that	the	device	is	selected—both	chip	select	inputs	are	active.	FIGURE	3-11	(a)	Truth	table;	(b)	symbol	for	the	INVERTER	(NOT	circuit);	(c)	sample	waveforms.	A	74ALS148	is	described	as	another	example	of	an	encoder.	Address	Multiplexing	The	16K	*	1	DRAM	array	depicted	in	Figure
12-25	is	obsolete	and	nearly	unavailable.	(h)	A	string	of	eight	bits	is	called	a	_____.	Solution	Factor	out	the	common	variables	AB	using	theorem	(13):	y	=	AB(D	+	D)	Using	theorem	(8),	the	term	in	parentheses	is	equivalent	to	1.	The	numbers	in	parentheses	at	each	input	and	output	are	the	pin	numbers	of	the	respective	IC.	Implement	a	circuit	having
output	expression	z	=	A	BC	using	only	a	NOR	gate	and	an	INVERTER.	Note	the	error	in	the	word	at	address	011.	(a)	25	(b)	9.5625	(c)	1241.6875	1-5.	GCLK1	is	the	primary	global	clock	input	for	all	macrocells	in	the	device.	11-21.	Theorem	(2)	is	also	obvious	by	comparison	with	ordinary	multiplication.	Then	for	each	code,	count	the	number	of	1s.	What
is	a	data-rate	buffer?	(i)	Can	be	erased	in	bulk	or	in	sectors	of	512	bytes.	(a)	How	many	bytes	do	you	need	if	the	system	takes	a	two-digit	decimal	entry?	The	read	operation	is	often	called	a	fetch	operation	because	a	word	is	being	fetched	from	memory.	The	outputs	are	the	sum	bit	and	the	carry-out	bit	(COUT)	produced	by	the	addition	of	the	bit	from
the	addend	with	the	bit	from	the	augend	and	CIN.	The	latest	Texas	Instruments	life-cycle	curve	shows	the	history	and	current	position	of	various	logic	series	between	introduction	and	obsolescence.	This	connects	the	input	data	to	C.	Data	are	used	and	often	modified	by	a	computer	program.	Specific	locations	in	the	memory	array	are	designated	to
control	the	various	programmable	connections	in	the	chip.	The	tenth	edition	offers	more	than	200	worked-out	examples,	more	than	400	review	questions,	and	more	than	450	chapter	problems/exercises.	x	y	5-3.	The	selftest	program	itself	will	be	located	in	a	ROM,	and	so	any	error	in	that	ROM	could	prevent	the	successful	execution	of	the	checksum
tests.	Take	each	four-bit	binary	number	in	the	order	they	are	written	and	write	the	equivalent	hex	digit	without	performing	a	calculation	by	hand	or	by	calculator.	The	multiply	and	accumulate	(MAC)	section	is	central	to	all	DSPs	and	is	used	in	most	applications.	Thus,	the	circuit	is	implemented	as	shown	in	Figure	3-24.	A14	A13	A12	A11	A10	A9	A8	A7
A6	A5	A4	A3	A2	A1	A0	CE	OE	ROM	32K		8	D7	D6	D5	D4	D3	D2	D1	D0	[PWR	DWN]	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	803	803	SECTION	12-7/TYPES	OF	ROMS	Programmable	ROMs	(PROMs)	A	mask-programmable	ROM	is	very	expensive	and	would	not	be	used	except	in	high-volume	applications,	where	the	cost	would	be	spread
out	over	many	units.	The	resultant	output	waveform	is	shown	in	the	figure.	Computer	Programming	Languages	It	is	important	to	distinguish	between	hardware	description	languages	intended	to	describe	the	hardware	configuration	of	a	circuit	and	programming	languages	that	represent	a	sequence	of	instructions	intended	to	be	carried	out	by	a
computer	to	accomplish	some	task.	12-16.	During	the	hold	time,	the	capacitor	voltage	will	droop	(discharge)	at	a	rate	of	only	0.1	mV/ms.	One	characteristic	of	ring	counters	is	that	the	modulus	is	equal	to	the	number	of	flip-flops	in	the	register	and	thus	there	are	always	many	unused	and	invalid	states.	The	minimum	sample	rate	is	two	times	higher
than	the	highest	frequency	in	the	incoming	analog	wave.	The	size	or	magnitude	of	each	piece	is	the	analog	equivalent	weight	of	the	least	significant	bit.	Telephone	systems	use	DSP	to	cancel	echoes	on	the	phone	lines.	e	in	C	Vx	8-38.	Take	special	note	of	the	order	of	the	indices	for	this	variable.	N-MOS	(N-Channel	Metal-Oxide-Semiconductor)
Integrated-circuit	technology	that	uses	N-channel	MOSFETs	as	the	principal	circuit	element.	We	have	also	seen	how	groups	of	FFs	called	registers	can	be	used	to	store	information	and	how	this	information	can	be	transferred	to	other	locations.	Clearly,	the	conversion	times	will	generally	be	reduced	because	the	counter	does	not	start	over	from	0	each
time	but	simply	counts	up	or	down	from	its	previous	value.	Speed	of	operation	13-6.	Determine	the	required	value	of	RF	for	a	step	size	of	0.5	V.	1023	1-9.	B	Active	-HIGH	LOW	state	is	the	active	state.	idle	idle	S	T	A	R	T	FIGURE	2-5	D	0	L	S	B	D	1	D	2	D	3	D	4	D	5	D	6	M	S	B	P	a	r	i	t	y	S	T	O	P	Asynchronous	serial	data	with	even	parity.	What	is	a	code
converter?	PROJECT	MANAGEMENT	AND	SYSTEM-LEVEL	DESIGN	Several	realworld	examples	are	included	in	Chapter	10	to	describe	the	techniques	used	to	manage	projects.	Word	sizes	can	be	expressed	in	bytes	as	well	as	in	bits.	The	steps	above	should	make	clear	the	function	of	each	of	the	system	buses:	■	■	■	Address	Bus.	This	optical	system
is	mounted	on	a	mechanical	carriage	that	moves	back	and	forth	along	the	radius	of	the	disk,	following	the	spiral	of	data	as	the	disk	rotates.	This	time	delay,	called	access	time	(tACC)	is	a	measure	of	the	ROM’s	operating	speed.	We	have	already	become	very	familiar	with	the	flip-flop,	which	is	an	electronic	memory	device.	In	most	applications,	memory
devices	are	used	with	a	bidirectional	data	bus	like	we	studied	in	Chapter	9.	DEFAULTS	An	AHDL	keyword	used	to	establish	a	default	value	for	a	combinational	signal	for	instances	when	the	code	does	not	explicitly	specify	a	value.	STD_LOGIC_VECTOR	In	VHDL,	a	data	type	defined	as	an	IEEE	standard.	One	sense	amplifier	would	serve	an	entire
column	of	memory	cells,	but	operate	only	on	the	bit	in	the	selected	row.	The	first	location	to	be	accessed	is	the	slowest	due	to	the	overhead	(latency)	of	latching	the	row	and	column	address.	The	output	of	the	D/A	is	then	filtered	to	smooth	the	stair	steps	and	re-create	the	original	waveform.	It	received	a	total	of	61,806	applications	in	2017	and	is
selective,	with	a	29	percent	acceptance	rate.CC-BY/Carpenter	Performing	Arts	Center/Wikimedia	Commons	Boston	UniversityBoston	University	is	one	of	the	largest	private	universities	in	the	U.S.	It	is	an	urban	campus	in	the	Allston-Brighton	neighborhood	of	Boston.	A	22-bit	address	is	applied	to	this	DRAM	in	two	steps	using	RAS	and	CAS.	2267	2.
Table	12-2	shows	the	minimum	read-cycle	and	write-cycle	times	for	some	representative	static-RAM	chips.	This	chapter	is	devoted	to	a	study	of	the	most	commonly	used	types	of	memory	devices	and	systems.	Choose	an	appropriate	multiplexing	clock	frequency.	Part	(a)	shows	that	a	NOR	gate	with	its	inputs	connected	together	behaves	as	an
INVERTER	because	the	output	is	x	=	A	+	A	=	A.	The	VAX	waveform,	then,	will	contain	both	positive-going	and	negativegoing	staircase	signals	that	“track”	the	VA	signal.	N-S	=	C	D(A	+	B)	+	AB(C	+	D);	E	-W	=	N-S	4-33.	ASIC	devices	may	be	programmable	logic	devices	(PLDs),	gate	arrays,	standard	cells,	or	full-custom	devices.	It	is	the	same	as	the
OR	gate	symbol	except	that	it	has	a	small	circle	on	the	output.	(a),	(b)	See	diagrams	on	CD.	Gregory	Moss	has	developed	tutorials	that	have	been	used	successfully	for	several	years	to	teach	introductory	students	how	to	use	Altera	MAXPLUS	II	software.	Interpolation	Filtering	Another	name	for	oversampling.	For	any	case	where	one	of	the	inputs	is	0,
the	output	is	0.	To	read	data	from	the	cell,	switches	SW2,	SW3,	and	SW4	are	closed,	and	SW1	is	kept	open.	(b)	How	would	you	modify	the	SELF-TEST	so	that	faults	such	as	this	will	be	detected?	Here	we	have	x	=	A	+	B	+	C.	Read-Only	Memory	(ROM)	Memory	device	designed	for	applications	where	the	ratio	of	read	operations	to	write	operations	is
very	high.	12.6	mW	8-27.	Quantization	Error	Error	caused	by	the	nonzero	resolution	of	an	analog-to-digital	converter.	Thus,	the	range	of	addresses	located	in	RAM-1	is	A4A3A2A1A0		10000	to	11111	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	839	839	SECTION	12-18/EXPANDING	WORD	SIZE	AND	CAPACITY	FIGURE	12-36	Combining
two	16	*	4	chips	for	a	32	*	4	memory.	New	revisions	of	software	tools	appear	so	frequently	that	a	textbook	cannot	remain	current	if	it	tries	to	describe	all	of	the	details.	Although	asynchronous	(ripple)	counters	provide	a	good	introduction	to	sequential	circuits,	the	real	world	uses	synchronous	counter	circuits.	■	Compare	the	different	programming
technologies	used	in	PLDs.	■	Compare	the	architectures	of	different	types	of	PLDs.	■	Compare	the	features	of	the	Altera	MAX7000S	and	FLEX10K	families	of	PLDs.	■	INTRODUCTION	Throughout	the	chapters	of	this	book	you	have	been	introduced	to	a	wide	variety	of	digital	circuits.	Auxiliary	Memory.	These	data	must	be	held	at	the	RAM	input	for
at	least	a	time	interval	tDS	prior	to,	and	for	at	least	a	time	interval	tDH	after,	the	deactivation	of	R>W	and	CS	at	t2.	Decrement	each	binary	number.	(Reprinted	with	permission	of	Lattice	Semiconductor.)	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	Page	883	883	SECTION	13-4/THE	GAL	16V8	(GENERIC	ARRAY	LOGIC)	to	select	the	various
modes	of	operation.	During	a	write	operation,	the	data	to	be	stored	into	memory	must	be	applied	to	the	data	input	lines.	A	spreadsheet	is	an	excellent	way	to	analyze	a	circuit	like	this.	TOCCMN01_0131725793.QXD	12/20/05	4:45	PM	Page	911	ANSWERS	TO	SELECTED	PROBLEMS	CHAPTER	1	1-1.	The	timing	simulations	were	developed	using
MAXPLUS	but	can	also	be	done	with	Quartus.	However,	the	term	ROM	can	still	be	used	to	include	EPROMs,	EEPROMs,	and	flash	memory	because,	during	normal	operation,	the	stored	contents	of	these	devices	is	not	TOCCMC12_0131725793.QXD	812	12/20/05	5:37	PM	Page	812	CHAPTER	12/MEMORY	DEVICES	changed	nearly	as	often	as	it	is	read.
Invert	Cause	a	logic	level	to	go	to	the	opposite	state.	Each	type	of	converter	has	its	own	niche	of	applications.	One	2.	Consequently,	it	can	be	used	as	a	generic,	pin-compatible	replacement	for	most	PAL	devices.	These	instructions	typically	cause	the	CPU	to	initialize	the	system	hardware.	Because	the	word	size	is	four	bits,	there	are	four	data	input
lines	I0	to	I3	and	four	data	output	lines	O0	to	O3.	Not	..	The	LM34	puts	out	0.01	V	per	degree	F	(0°F	=	0	V).	Robb	Production	Coordination:	Peggy	Hood,	TechBooks/GTS	Design	Coordinator:	Diane	Y.	ECL	technology,	of	course,	is	applied	for	higher-speed	designs.	At	time	t0,	the	11-bit	row	address	(A11	to	A21)	is	applied	to	the	address	inputs.	Controls
a	physical	variable	according	to	an	electrical	input	signal	SECTION	11-2	1.	280,	281,	282,	283,	284,	285,	286,	287,	288,	289,	28A,	28B,	28C,	28D,	28E,	28F,	290,	291,	292,	293,	294,	295,	296,	297,	298,	299,	29A,	29B,	29C,	29D,	29E,	29F,	2A0	2-19.	The	VAX	signal	is	increased	one	_____	at	a	time	until	it	_____	VA.	To	reconstruct	the	signal,	the	digital
values	are	read	from	the	memory	device	at	the	same	rate	at	which	they	were	stored,	and	then	they	are	fed	into	a	D/A	converter.	5-29.	Students	can	use	it	to	write,	compile,	and	simulate	their	designs	at	home	before	going	to	the	lab.	It	shows	three	control	signals,	CS,	RD,	and	WR,	that	come	from	the	microcomputer	to	the	ADC.	What	will	be	the	output
level	in	Figure	3-38(b)	when	all	of	the	inputs	are	asserted?	For	example,	suppose	that	we	want	to	know	the	logic	level	of	the	output	x	for	the	circuit	in	Figure	3-15(a)	for	the	case	where	A	=	0,	B	=	1,	C	=	1,	and	D	=	1.	To	generate	variable	voltages	or	current	values	that	can	control	physical	processes,	a	digital	system	must	translate	binary	numbers	into
a	voltage	or	current	magnitude.	Iterative	Loop	A	control	structure	that	implies	a	repetitive	operation	and	a	stated	number	of	iterations.	A	PAL	has	a	hard-wired	_____	array	and	a	programmable	_____	array.	11-24.	Thus,	there	are	4096	memory	addresses.	The	bootstrap	program	then	loads	the	operating	system	programs	from	mass	storage	(disk)	into	its
main	internal	memory.	12-15.*	Change	the	MROM	connections	in	Figure	12-9	so	that	the	MROM	stores	the	function	y		3x		5.	To	write	data	in	memory,	the	address	to	be	accessed	is	placed	on	the	address	input,	the	data	value	to	be	stored	is	applied	to	the	data	inputs,	and	the	control	signals	are	manipulated	to	store	the	data.	The	logic	operation
represented	by	this	symbol	can	therefore	be	interpreted	as	follows:	The	output	goes	LOW	only	when	all	of	the	inputs	are	HIGH.	Up	Counter	Counter	that	counts	upward	from	0	to	a	maximum	count.	SECTION	12-15	1.	Full	Adder	Logic	circuit	with	three	inputs	and	two	outputs.The	inputs	are	a	carry	bit	(CIN)	from	a	previous	stage,	a	bit	from	the
augend,	and	a	bit	from	the	addend,	respectively.	There	are	four	basic	parts:	register	array,	row	decoder,	column	decoder,	and	output	buffers.	Control	Inputs	Input	signals	synchronized	with	the	active	clock	transition	that	determine	the	output	state	of	a	flip-flop.	(a)	How	many	data	input	and	data	output	lines	does	it	have?	The	offset	of	0.5	V	is	applied
to	the	negative	input	VIN(-),	establishing	this	as	the	0	value	reference.	Code	conversion	is	needed,	for	example,	when	a	computer	is	outputting	data	in	straight	binary	code	and	we	want	to	convert	it	to	BCD	in	order	to	display	it	on	7-segment	LED	readouts.	For	example,	a	10-bit	converter	with	a	full-scale	range	of	10	V	would	have	an	LSB	weight	of
approximately	10	mV.	The	voltage	divider	sets	up	reference	levels	for	each	comparator	so	that	there	are	seven	levels	corresponding	to	1	V	(weight	of	LSB),	2V,	3V,	.	In	Boolean	algebra	only	two	values	are	possible,	0	and	1.	If	every	bit	is	stored	(no	data	compression),	how	many	pictures	can	be	stored	on	a	128-Megabyte	memory	card?	A	computer’s
main	memory	is	made	up	of	RAM	and	ROM	ICs	that	are	interfaced	to	the	CPU	over	three	groups	of	signal	lines	or	buses.	Greater	lead	time	is	also	needed	for	the	creation	of	the	additional	masks.	So,	all	in	all,	designing	with	and	using	DRAM	in	a	system	is	more	complex	than	with	SRAM.	EXAMPLE	12-12	How	many	pins	are	saved	by	using	address
multiplexing	for	a	16M	*	1	DRAM?	(a)	200	ns	(b)	7474;	74C74	5-25.	Parallel	Transmission	Simultaneous	transfer	of	all	bits	of	a	binary	number	from	one	place	to	another.	Propagation	delays	will	increase	by	a	small	amount	when	using	the	expansion	options.	True	or	false:	The	amplifiers	in	an	S/H	circuit	are	used	to	provide	voltage	amplification.
Specific	Changes	The	major	changes	in	the	topical	coverage	are	listed	here.	The	entire	8K	of	ROM	space	is	being	used	for	storage	of	the	microprocessor’s	instructions.	Enabled	when	D		0	9-10.	Static-RAM	memory	cells	are	essentially	flip-flops	that	will	stay	in	a	given	state	(store	a	bit)	indefinitely,	provided	that	power	to	the	circuit	is	not	interrupted.
However,	PROMs	become	impractical	when	a	large	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	Page	879	879	SECTION	13-3/PLD	ARCHITECTURES	TABLE	13-1	D	C	B	A	O3	0	0	0	0	1	→	0	0	0	1	1	→	DCBA	0	0	1	0	1	→	D	C	BA	0	0	1	1	1	→	D	C	BA	0	1	0	0	0	0	1	0	1	0	0	1	1	0	0	0	1	1	1	1	→	D	CBA	1	0	0	0	0	1	0	0	1	0	1	0	1	0	0	1	0	1	1	1	→	DC	BA	1	1	0	0	0
1	1	0	1	0	1	1	1	0	0	1	1	1	1	1	→	DCBA	DCBA	number	of	input	variables	must	be	accommodated	because	the	number	of	fuses	doubles	for	each	added	input	variable.	OR	A	0	0	1	1	B	0	1	0	1	x=A+B	0	1	1	1	x=A+B	A	B	OR	Gate	(a)	(b)	The	Boolean	expression	for	the	OR	operation	is	x	=	A	+	B	In	this	expression,	the		sign	does	not	stand	for	ordinary	addition;
it	stands	for	the	OR	operation.	Thus,	a	memory	that	has	a	storage	capacity	of	4K	*	20	is	actually	a	4096	*	20	memory.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	817	817	SECTION	12-11/RAM	ARCHITECTURE	We	can	see	why	this	is	done	by	considering	the	chip	in	Figure	12-19.	SECTION	13-6	1.	Functionally,	it	is	an	array	of	cells
arranged	as	2048	rows	by	2048	columns.	Digital	data	can	also	be	stored	as	charges	on	capacitors,	and	a	very	important	type	of	semiconductor	memory	uses	this	principle	to	obtain	highdensity	storage	at	low	power-requirement	levels.	Describe	the	input	conditions	needed	to	read	a	word	from	a	specific	RAM	address	location.	All	but	the	most	basic
electrical	characteristics	of	the	logic	ICs	are	withheld	until	the	reader	has	a	firm	understanding	of	logic	principles.	When	the	microcomputer	is	turned	on,	it	can	immediately	begin	executing	the	program	stored	in	ROM.	What	advantage	does	a	DSP	filter	have	over	an	analog	filter	circuit?	250.06	rpm	11-11.	SECTION	12-4	1.	You	should	verify	how	this
correlates	with	the	source	connections	to	the	various	cells.	The	data	outputs	of	most	ROM	ICs	are	tristate	outputs,	to	permit	the	connection	of	many	ROM	chips	to	the	same	data	bus	for	memory	expansion.	They	could	have	been	declared	just	as	easily	as	integers	ranging	from	0	to	15.	Because	each	chip	can	store	16	four-bit	words	and	we	want	to	store
16	eight-bit	words,	we	are	using	each	chip	to	store	half	of	each	word.	12-46.	We	do	this	by	putting	in	0s.	How	many	NOR	gates	are	shown	in	Figure	3-40?	For	example,	in	an	actual	application,	a	CPU	will	often	be	reading	successive	data	words	from	memory	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	821	821	SECTION	12-12/STATIC	RAM
(SRAM)	one	right	after	the	other.	DATA	SHEETS	The	CD-ROM	containing	Texas	Instruments	data	sheets	that	accompanied	the	ninth	edition	has	been	removed.	The	inner	workings	of	the	555	timer	are	now	explained,	and	some	improved	timing	circuits	are	proposed	that	make	the	device	more	versatile.	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20
21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	2:13	PM	Page	692	CHAPTER	10/DIGITAL	SYSTEM	PROJECTS	USING	HDL	LIBRARY	ieee;	USE	ieee.std_logic_1164.all;	ENTITY	fig10_15	IS	PORT	(	clk	col	row	d	dav	END	fig10_15;	:IN	STD_LOGIC;	:IN	STD_LOGIC_VECTOR	(3	DOWNTO	0);	:OUT
STD_LOGIC_VECTOR	(3	DOWNTO	0);	:OUT	STD_LOGIC_VECTOR	(3	DOWNTO	0);	:OUT	STD_LOGIC	);	ARCHITECTURE	vhdl	OF	fig10_15	IS	SIGNAL	freeze	:STD_LOGIC;	SIGNAL	data	:STD_LOGIC_VECTOR	(3	DOWNTO	0);	BEGIN	PROCESS	(clk)	VARIABLE	ring	:STD_LOGIC_VECTOR	(3	DOWNTO	0);	BEGIN	IF	(clk’EVENT	AND	clk	=	’1’)	THEN	IF
freeze	=	’0’	THEN	CASE	ring	IS	WHEN	“1110”	=>	ring	:=	“1101”;	WHEN	“1101”	=>	ring	:=	“1011”;	WHEN	“1011”	=>	ring	:=	“0111”;	WHEN	“0111”	=>	ring	:=	“1110”;	WHEN	OTHERS	=>	ring	:=	“1110”;	END	CASE;	END	IF;	dav	=>	=>	=>	data(3	data(3	data(3	data(3	data(3	DOWNTO	DOWNTO	DOWNTO	DOWNTO	DOWNTO	2)	2)	2)	2)	2)
data(1	data(1	data(1	data(1	data(1	DOWNTO	DOWNTO	DOWNTO	DOWNTO	DOWNTO	0)	0)	0)	0)	0)	VA?	(b)	What	input	address	code	selects	register	4?	Improvements	to	CMOS	technology	have	brought	access	times	into	the	20-to-60-ns	range.	We	will	then	introduce	you	to	the	architectures	of	various	families	of	PLDs.	13-1	DIGITAL	SYSTEMS	FAMILY
TREE	While	the	major	goal	of	this	chapter	is	to	investigate	PLD	architectures,	it	is	also	useful	to	look	at	the	various	hardware	choices	available	to	digital	system	designers	because	it	should	give	us	a	little	better	perception	of	today’s	digital	hardware	alternatives.	To	determine	the	addresses	of	the	words	stored	in	any	module,	we	start	by	determining
the	address	bus	conditions	that	activate	that	module’s	chip	select	input.	The	resultant	truth	table	is	the	same	as	that	obtained	for	the	circuit	diagram	of	Figure	3-36(b).	Connect	their	data	outputs	and	address	inputs	to	data	and	address	bus,	respectively.	SECTION	12-7	1.	pin	1—GCLRn	(Global	Clear)	pin	2—OE2/GCLK2	(Output	Enable	2/Global	Clock
2)	pin	83—GCLK1	(Global	Clock	1)	pin	84—OE1	(Output	Enable	1)	13-14.	840	8K	48K	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	841	SECTION	12-18/EXPANDING	WORD	SIZE	AND	CAPACITY	841	the	next	three	bits	(A13–A11)	are	used	to	select	one	out	of	four	PROM	chips,	and	the	lower	11	address	lines	are	used	to	select	one	out	of	2048
byte-sized	memory	locations	in	the	enabled	PROM.	Converts	an	analog	voltage	or	current	to	a	digital	representation	3.	Computer	Arithmetic	unit	Control	unit	Main	memory	(semiconductor)	Central	processor	(CPU)	Auxiliary	mass	storage	(magnetic,	optical)	12-1	MEMORY	TERMINOLOGY	The	study	of	memory	devices	and	systems	is	filled	with
terminology	that	can	sometimes	be	overwhelming	to	a	student.	In	hex,	this	becomes	000016	to	FFFF16.	Figure	3-4	is	a	block	diagram	of	this	situation.	As	you	can	see	from	Figure	12-9,	ROMs	are	made	up	of	a	rectangular	array	of	transistors.	These	basic	operations	are	called	logic	operations.	Solution	The	(C	+	D)	term	is	the	expression	for	the	output
of	a	NOR	gate.	The	first	component	is	simply	a	subtractor	(the	delta	section)	similar	to	the	one	studied	in	Figure	6-14.	(c)	R>W	is	held	LOW	for	the	entire	write	operation.	Lead	Pitch	The	distance	between	the	centers	of	adjacent	pins	on	an	IC.	(a)	If	a	microcomputer	uses	a	20-bit	address,	how	many	different	memory	locations	are	there?	The	E	pulse
occurs	only	after	allowing	enough	time	for	the	address	lines	to	stabilize	following	the	application	of	a	new	address	on	the	address	bus.	The	information	that	was	included	on	this	CD-ROM	is	now	readily	available	online.	More	specifically,	it	is	the	time	between	the	memory	receiving	a	new	address	input	and	the	data	becoming	available	at	the	memory
output.	Two	of	the	more	common	ones	are	W	(write)	and	WE	(write	enable).	Problem	A7	A6	A5	A4	A3	A2	A1	A0	Transfer	1	0	C,	D	CS	D7	D6	D5	D4	ROM	256	×	8	D3	D2	D1	D0	D7	D6	D5	D4	8-bit	D3	register	D2	74ALS273	D1	D0	Q7	Q6	Q5	Q4	Q3	Q2	Q1	Q0	CLK	12-12.	Note	that	some	of	the	transistors	in	this	row	(Q0	and	Q2)	have	their	source
connected	to	the	output	column	line,	while	others	(Q1	and	Q3)	do	not.	EXAMPLE	11-16	An	eight-bit	SAC	has	a	resolution	of	20	mV.	Industrial	process	control	systems	that	must	never	“lose	their	place”	in	the	middle	of	a	task	when	power	unexpectedly	fails.	What	logic	level	should	be	applied	to	the	second	input	of	a	two-input	AND	gate	if	the	logic
signal	at	the	first	input	is	to	be	inhibited	(prevented)	from	reaching	the	output?	If	you	built	this	circuit	and	it	was	not	producing	the	correct	output	for	x	under	all	conditions,	this	table	could	be	used	to	find	the	trouble.	Ltd.	First,	because	4M		222,	the	TMS44100	chip	has	eleven	address	inputs;	remember,	DRAMs	use	multiplexed	address	inputs.	12-9
ROM	APPLICATIONS	With	the	exception	of	MROM	and	PROM,	most	ROM	devices	can	be	reprogrammed,	so	technically	they	are	not	read-only	memories.	x	=	AB	#	CD	#	EF	=	AB	+	CD	+	EF		AB		CD		EF	Implications	of	DeMorgan’s	Theorems	Let	us	examine	theorems	(16)	and	(17)	from	the	standpoint	of	logic	circuits.	The	triangles	represent	the
interpolated	data	points	that	the	digital	filter	in	your	CD	player	inserts	before	the	final	analog	output	filter.	12-14.	A	consortium	of	several	DRAM	manufacturers	is	developing	it	as	an	open	standard.	Another	form	of	storage	in	a	computer	is	performed	by	auxiliary	memory	(Figure	12-1),	which	is	separate	from	the	main	working	memory.	Fortunately,	it
is	not	necessary	to	delve	into	the	addresses	of	each	bit	location	in	the	matrix.	The	EEPROM	available	is	only	a	2K	*	8	device.	The	recommended	way	to	use	the	text	is	to	focus	on	one	language.	Internal	phase-lock	loops	(PLLs)	provide	clock	frequency	multiplication	and	division	and	clock	signal	phase	shifting.	3-12	UNIVERSALITY	OF	NAND	GATES
AND	NOR	GATES	All	Boolean	expressions	consist	of	various	combinations	of	the	basic	operations	of	OR,	AND,	and	INVERT.	It	is	similar	to	the	BIT_VECTOR	type,	but	it	offers	more	possible	values	than	just	1	or	0	for	each	element.	Output	of	3-in	AND	or	J,	K	inputs	to	FF	D	shorted	to	ground,	FF	D	output	shorted	to	ground,	CLK	input	on	FF	D	open,	B
input	to	NAND	is	open	7-79.	Signed	numbers	are	covered	in	more	detail	in	this	edition,	particularly	regarding	sign	extension	in	2’s	complement	numbers	and	arithmetic	overflow.	The	key	HDL	issue	in	both	the	MUX	and	DEMUX	is	assigning	signals	under	certain	conditions.	This	is	important	because,	as	will	be	shown	later,	the	expressions	(A	+	B)	and
(A	+	B)	are	not	equivalent.	During	in-system	programming,	the	I/O	pins	will	be	made	tristate	and	internally	pulled	up	to	eliminate	board	conflicts.	Staircase	Test	Process	by	which	a	digital-to-analog	converter’s	digital	input	is	incremented	and	its	output	monitored	to	determine	whether	or	not	it	exhibits	a	staircase	format.	What	are	the	main	elements
of	a	function	generator?	In	this	case,	each	register	stores	an	eight-bit	word.	Speed	3.	Other	types	of	ROM	are	actually	read-mostly	memories	(RMM),	which	can	be	written	into	more	than	once;	but	the	write	operation	is	more	complicated	than	the	read	operation,	and	it	is	not	performed	very	often.	Because	the	flip-flops	are	volatile	(they	are	SRAM),	we
need	to	load	the	LUT	memory	for	the	desired	functions	whenever	the	PLD	is	powered-up.	The	computer	sends	character	data	to	the	printer	at	a	very	high	rate,	say,	one	byte	every	10	ms.	2-33.	This	description	can	be	translated	to	truth-table	form	by	making	Z		0	for	all	cases	where	at	least	one	of	the	A	or	B	inputs	is	LOW	at	the	same	time	that	at	least
one	of	the	C	or	D	inputs	is	LOW.	Prior	to	that	time,	the	address	inputs	will	be	whatever	address	is	on	the	address	bus	from	the	preceding	operation.	(a)	See	schematic	on	CD.	Digital	systems	Standard	logic	TTL	CMOS	ECL	SPLDs	Fuse	EPROM	FIGURE	13-1	PLDs	Gate	arrays	CPLDs	EEPROM	Microprocessors	and	DSP	ASICs	EPROM	Digital	system
family	tree.	(a)	64	(b)	FFFFFFFF	(c)	999,999	2-25.	A	certain	semiconductor	memory	chip	is	specified	as	2	K	*	8.	Strobing	Technique	often	used	to	eliminate	decoding	spikes.	With	EDO,	while	these	data	are	present	on	the	outputs,	CAS	can	complete	its	cycle,	a	new	address	on	the	current	page	can	be	decoded,	and	the	data	path	circuitry	can	be	reset
for	the	next	access.	The	features	of	the	Cyclone	family	devices	are	compared	in	Table	13-4.	While	this	diagram	is	logically	correct,	it	does	not	facilitate	an	understanding	of	how	the	circuit	functions.	12-2.	Suppose	that	the	receiver	received	the	following	data	from	the	transmitter	of	Example	2-16:	01001000	11000101	11001100	11001000	11001100
What	errors	can	the	receiver	determine	in	these	received	data?	As	the	test	instrument	reads	the	data	from	each	location	of	the	faulty	ROM,	it	calculates	its	own	checksum	from	those	data.	The	OR	gate	with	INVERTERs	on	each	of	its	inputs	is	equivalent	to	the	NAND	gate.	Digital	logic	circuits	use	predefined	voltage	ranges	to	represent	these	binary
states.	The	combination	of	R>W	=	1	and	CS	=	0	enables	the	output	buffers	so	that	the	contents	of	the	selected	register	will	appear	at	the	four	data	outputs.	What	is	the	function	of	the	MUX	signal?	EXAMPLE	3-5A	Determine	the	output	waveform	for	the	AND	gate	shown	in	Figure	3-10.	The	1-of-4	decoder	is	used	to	decode	the	address	inputs	A1A0	to
select	which	row	(register)	is	to	have	its	data	read.	Addresses	0100	0	1	1	0	00000	0	1	1	0	1	0	0	1	00001	1	0	0	1	1	1	1	1	00010	1	1	1	1	0	1	0	0	00011	0	1	0	0	0	0	0	1	00100	0	0	0	1	0	0	0	0	1	1	0	1	00101	••	••	•	•	11101	1	1	0	1	0	1	1	1	••	•	••	•	••	•	••	•	••	•	0	••	•	0	••	•	0	••	•	0	••	•	••	•	1	1	0	1	11110	1	1	0	1	11111	0	1	1	1	(a)	WRITING	the	data	word
0100	into	memory	location	00011.	The	major	cause	of	any	transmission	errors	is	electrical	noise,	which	consists	of	spurious	fluctuations	in	voltage	or	current	that	are	present	in	all	electronic	systems	to	varying	degrees.	State	Table	A	table	whose	entries	represent	the	sequence	of	individual	FF	states	(i.e.,	0	or	1)	for	a	sequential	binary	circuit.	The
complement	of	each	of	these	inputs	is	also	connected	to	a	column	of	the	matrix.	What	is	the	function	of	the	R>W	input?	(c)	What	must	the	frequency	of	pulses	on	DAC_OUT	be	in	order	to	generate	a	60-Hz	sine	wave	output?	As	you	recall,	the	reconstructed	waveform	is	always	an	approximation	of	the	original	due	to	quantization	error.	The	self-test
routine	(we	will	call	it	SELF-TEST)	is	stored	in	ROM,	and	it	is	executed	whenever	the	system	is	turned	on	or	when	the	operator	requests	it	from	the	keyboard.	Thus,	we	can	say	that	AB(AB)	=	0.	(Note:	The	first	address	is	always	0.)	2-38.	A	flip-flop	may	be	either	a	positive-	or	a	negative-edge-triggered	flip-flop.	Buried	Node	A	defined	point	in	a	circuit
that	is	not	accessible	from	outside	that	circuit.	Voltage-Level	Translator	Circuit	that	takes	one	set	of	input	voltage	levels	and	translates	it	to	a	different	set	of	output	levels.	Of	course,	the	main	advantage	of	RAM	is	that	it	can	be	written	into	and	read	from	rapidly	with	equal	ease.	This	HIGH	at	ROW	0	turns	on	transistors	Q0,	Q1,	Q2,	and	Q3.	7-77.	(e)
What	is	the	function	of	the	decoders	on	a	ROM	chip?	SECTION	11-17	1.	The	memory	system	requires	a	decoder	to	select	only	one	device	at	a	time.	REVIEW	QUESTIONS	1.	About	22,186	undergraduates	attend	this	suburban	campus.	Feature	Usable	gates	Macrocells	LABs	Maximum	number	of	user	I/O	pins	EPM7032S	EPM7064S	EPM7128S
EPM7160S	EPM7192S	EPM7256S	600	1250	2500	3200	3750	5000	32	64	128	160	192	256	2	4	8	10	12	16	36	68	100	104	124	164	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	Page	887	887	SECTION	13-5/THE	ALTERA	EPM7128S	CPLD	VCC	All	pull-up	R	=	2.2	k⍀	All	series	R	=	100	⍀	DB25	13	S4	25	12	S5	24	11	/S7	23	10	S6	22	9	D7	21	8	D6	20	7
D5	19	6	18	5	17	4	16	3	D1	15	S3	2	D0	14	/C1	1	1	8	6	4	2	19	17	15	13	11	VCC	74LS244	1G	1A4	1A3	1A2	1A1	2G	2A4	2A3	2A2	2A1	VCC	20	1Y4	1Y3	1Y2	1Y1	12	14	16	18	2Y4	2Y3	2Y2	2Y1	GND	10	3	5	7	9	3,	13,	26,	38	43,	53,	66,	78	VCC	TDO	14	23	62	71	EPM7128SLC84	(device	to	be	programmed)	TDI	TMS	TCK	GND	7,	19,	32,	42	47,	59,	72,	82	VCC
FIGURE	13-11	JTAG	interface	between	PC	parallel	port	and	EPM7128SLC84.	First-In,	First-Out	(FIFO)	Memory	Semiconductor	sequential-access	memory	in	which	data	words	are	read	out	in	the	same	order	in	which	they	were	written	in.	Because	VAX	6	VA,	the	COMP	output	is	still	HIGH.	Programmable	ROM	(PROM)	ROM	that	can	be	electrically
programmed	by	the	user.	The	same	is	true	of	the	cells	in	each	of	the	other	rows.	Using	a	606-kHz	clock	frequency,	the	conversion	time	is	approximately	100	ms.	What	is	the	largest	decimal	value	that	can	be	represented	by	(a)*	an	eight-bit	binary	number?	Each	time	a	new	value	is	written	to	a	circular	buffer,	it	overwrites	(replaces)	the	oldest	value.
Read	Operation	The	address	code	picks	out	one	register	in	the	memory	chip	for	reading	or	writing.	In	AHDL,	this	input/output	definition	is	enclosed	in	parentheses.	3-15	IEEE/ANSI	STANDARD	LOGIC	SYMBOLS	The	logic	symbols	we	have	used	so	far	in	this	chapter	are	the	traditional	standard	symbols	used	in	the	digital	industry	for	many,	many
years.	AHDL	RING	COUNTER	The	AHDL	code	shown	in	Figure	7-85	should	look	familiar	by	now.	5:37	PM	Page	846	CHAPTER	12/MEMORY	DEVICES	First	data	byte	written	Third	data	byte	written	Second	data	byte	written	1	01101110	1	11100110	1	00000001	2	2	01101110	2	11100110	3	3	3	01101110	4	4	4	5	5	5	6	6	6	(a)	1	00000001	1	00000001	1
00000001	2	11100110	2	11100110	2	11100110	3	01101110	3	01101110	3	01101110	4	4	4	5	5	5	6	6	6	First	data	byte	read	=	01101110	Second	data	byte	read	=	11100110	Third	data	byte	read	=	00000001	(b)	A	FIFO	is	useful	as	a	data-rate	buffer	between	systems	that	transfer	data	at	widely	different	rates.	B	C	X	A	B	x	C	D	(a)	B	C	D	Z	E	A	(b)	3-17.–3-
18.	Finally,	the	transmission	is	ended	by	sending	a	stop	bit	(logic	1).	What	does	HDL	stand	for?	For	all	other	cases,	the	AND	gate	output	is	LOW.	Instead,	system	designers	use	a	block	of	high-speed	cache	memory.	Linearity	Error	Term	used	by	some	digital-to-analog	converter	manufacturers	to	specify	the	device’s	accuracy.	A	SIGNAL,	on	the	other
hand,	is	usually	thought	of	as	a	wire	connecting	two	points	in	the	circuit.	What	are	two	major	differences	between	CPLDs	and	FPGAs?	Two	errors	in	the	data	would	not	change	the	oddness	or	evenness	of	the	number	of	1s	in	the	data.	Address	Multiplexing	Multiplexing	used	in	dynamic	RAMs	to	save	IC	pins.	The	nomenclature	for	the	different	timing



parameters	will	vary	from	one	manufacturer	to	another,	but	the	meaning	of	each	parameter	is	usually	easy	to	determine	from	the	memory	timing	diagrams	on	the	RAM	data	sheets.	The	address	inputs	will	be	decoded	inside	the	ROM	to	select	the	correct	data	word,	11101101,	that	will	appear	at	outputs	D7	to	D0.	A	A•B	A	A	+	B	=	AB	AND	B	A	B	A+B	A
A•B=A+B	OR	B	B	A	AB	NAND	B	A	A	A	+	B	=	AB	B	A+B	A	A•B=A+B	NOR	B	INV	A	B	A	A	A	For	example,	the	standard	NAND	symbol	is	an	AND	symbol	with	a	bubble	on	its	output.	Problem	11-47:	MPU	interfaced	to	the	ADC0804	of	Figure	11-20.	NODE	A	keyword	in	AHDL	used	to	declare	an	intermediate	variable	(data	object)	that	is	local	to	that
subdesign.	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	99	SECTION	3-17/DESCRIPTION	LANGUAGES	VERSUS	PROGRAMMING	LANGUAGES	99	electronically.	12-45.	It	places	this	address	on	the	address	bus	lines.	TOCCMC12_0131725793.QXD	12/20/05	836	REVIEW	QUESTIONS	5:37	PM	Page	836	CHAPTER	12/MEMORY	DEVICES	1.
When	you	have	received	your	code,	go	to	the	site	and	log	on	for	full	instructions	on	downloading	the	materials	you	wish	to	use.	What	is	the	principal	reason	for	using	a	cache	memory?	This	circuit	always	has	only	a	single	input,	and	its	output	logic	level	is	always	opposite	to	the	logic	level	of	this	input.	We	hope	that	we	can	eventually	make	up	for	all
the	hours	we	spent	away	from	them	while	we	worked	on	this	revision.	How	many	resistors?	In	many	cases,	instruments	are	attached	to	the	circuit	and	input	sequences	are	applied	to	demonstrate	the	concept	presented	in	one	of	the	figures	of	the	text.	Another	useful	application	of	DSP	is	called	oversampling	or	interpolation	filtering.	If	I	have	a	passing
grade	in	lecture	AND	I	have	NOT	failed	in	lab,	then	I	will	pass	my	digital	class.	Because	the	sine	is	less	than	or	equal	to	1,	these	data	are	interpreted	as	a	fraction,	that	is,	0.10110101,	which	when	converted	to	decimal	equals	0.707	(the	sine	of	45°).	This	option	can	be	extremely	expensive	and	usually	requires	that	your	company	purchase	a	large
volume	of	parts	to	be	cost	effective.	A	module	may	be	just	a	single	IC,	or	it	may	consist	of	several	ICs	(e.g.,	two	1K	*	4	chips).	Digital-to-Analog	Converter	(DAC)	Circuit	that	converts	a	digital	input	to	a	corresponding	analog	output.	The	EPM7128S	is	an	in-system	programmable	(ISP)	device.	(d)	Can	be	erased	and	reprogrammed	over	and	over.	The
main	feature	of	this	code	is	the	method	of	completing	the	“ring”	by	driving	the	ser_in	line	of	the	shift	register.	Circuit	Excitation	Table	Table	showing	a	circuit’s	possible	PRESENT-to-NEXT	state	transitions	and	the	required	J	and	K	levels	at	each	flip-flop.	In	one	approach,	the	ROM	is	placed	in	a	socket	in	a	special	test	instrument	that	is	typically
microprocessor-controlled.	At	this	point,	all	of	the	register	bits	have	been	processed,	the	conversion	is	complete,	and	the	control	logic	activates	its	EOC	output	to	signal	that	the	digital	equivalent	of	VA	is	now	in	the	register.	The	absence	of	an	X	(or	a	dot)	at	any	intersection	represents	a	blown	fuse.	The	RIMM	is	their	proprietary	package	that	holds
their	proprietary	memory	chips	called	Direct	Rambus	DRAM	(DRDRAM)	chips.	Figures	from	the	text,	in	addition	to	Lecture	Notes	for	each	chapter,	are	available	on	CD-ROM.	(b)	Change	the	value	of	RF	so	that	the	full-scale	voltage	at	VOUT	is	-2	V.	Name	three	types	of	ADCs	that	do	not	use	a	DAC.	Once	the	address	is	selected,	we	can	read	or	write	at
this	address	under	control	of	the	common	R>W	and	CS	line.	The	target	PLD	can	be	programmed	in-system	via	the	JTAG	pins	by	connecting	them	to	the	parallel	port	of	a	PC	with	driver	gates,	as	shown	TABLE	13-2	Altera	MAX7000S	family	device	features.	0110	SECTION	2-7	1.	Conditional	Signal	Assignment	A	VHDL	concurrent	construct	that
evaluates	a	series	of	conditions	sequentially	to	determine	the	appropriate	value	to	assign	to	a	signal.	E	will	be	LOW	while	the	address	and	R/W	lines	are	changing;	this	prevents	the	occurrence	of	decoder	output	glitches	that	could	erroneously	activate	a	memory	chip	and	possibly	cause	invalid	data	to	be	stored.	The	definition	of	the	circuit’s	operation
in	a	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	103	103	SECTION	3-19/HDL	FORMAT	AND	SYNTAX	BOOLEAN	DESCRIPTION	USING	AHDL	Refer	to	Figure	3-47.	i	f	space	(	x	>	3	)	69	66	20	28	78	3E	33	29	0110	0110	0010	0010	0111	0011	0011	0010	1001	0110	0000	1000	1000	1110	0011	1001	Note	that	a	0	was	added	to	the	leftmost	bit	of
each	ASCII	code	because	the	codes	must	be	stored	as	bytes	(eight	bits).	We	will	take	a	detailed	look	later	at	these	various	types	of	ROMs.	For	now,	we	will	assume	that	the	ROMs	have	been	programmed	and	are	holding	data.	DSP	performs	this	role	in	your	CD	player	to	provide	an	excellent	audio	reproduction.	Mask-Programmed	ROM	The	mask-
programmed	ROM	(MROM)	has	its	information	stored	at	the	time	the	integrated	circuit	is	manufactured.	A	new	section	covers	digital	pulses	and	associated	definitions	such	as	pulse	width,	period,	rise	time,	and	fall	time.	Digits	0	through	9	plus	letters	A	through	F	are	used	to	express	a	hexadecimal	number.	By	connecting	an	external	voltage	to	this
pin,	the	internal	reference	is	changed	to	twice	that	voltage,	and	the	analog	input	range	is	changed	accordingly	(see	Table	11-6).	FIGURE	3-27	(a)	Equivalent	circuits	implied	by	theorem	(17);	(b)	alternative	symbol	for	the	NAND	function.	Define	each	of	the	following	terms.	(a)	00001100	(a)	0001	(b)	1010	(a)	1111	(b)	HIGH	(c)	No	change	(d)	HIGH	(a)
00000100	(b)	10111111	(a)	0	(b)	1	(c)	0010110	AHDL	z[6..0]		a[7..1];	z[7]		a[0];	VHDL	z(6..0)			a(7..1);	z(7)			a(0);	6-47.	can	be	either	a	0	or	a	1.	AND	Gate	Digital	circuit	that	implements	the	AND	operation.	DA	=	A,	DB	=	B	A	+	B	A,	DC	=	C	A	+	C	B	+	C	B	A	7-49.	Normally,	this	would	require	that	all	of	the	internal	memory	have	an	operating	speed
comparable	to	that	of	the	CPU	in	order	to	achieve	maximum	system	operation.	In	addition	to	the	AND	and	OR	gates	used	to	produce	the	sum	of	product	functions,	the	GAL	16V8	contains	optional	flip-flops	for	register	and	counter	applications,	tristate	buffers	for	the	outputs,	and	control	multiplexers	used	TOCCMC13_0131725793.QXD	882	12/20/05
6:52	PM	Page	882	CHAPTER	13/PROGRAMMABLE	LOGIC	DEVICE	ARCHITECTURES	FIGURE	13-7	GAL	16V8	logic	diagram.	Note	the	strange	symbol	for	the	eight-input	CMOS	NAND	gate	(74HC30);	also	note	that	signal	A7	is	connected	to	two	of	the	NAND	inputs.	Commands	the	memory	to	perform	either	a	read	operation	or	a	write	operation	3.
With	A11		A10		1,	the	decoder	inputs	are	111,	which	activates	output	7.	Refer	back	to	Figure	12-9.	To	read,	R>W	must	be	high	and	CS	must	be	low.	Global	clocks,	tristate	output	enables,	asynchronous	clear	4.	Cache	Memory	Computers	and	other	digital	systems	may	have	thousands	or	millions	of	bytes	of	internal	memory	(RAM	and	ROM)	that	store
programs	and	data	that	the	CPU	needs	during	normal	operation.	In	both	cases,	we	use	a	language	to	program	a	device.	A	A	B	A	B	B	AND	array	AB	AB	AB	AB	AB	AB	AB	AB	Fuses	1	Input	lines	Product	lines	4	1	2	O1	3	O2	OR	array	4	O3	Sum	of	product	outputs	O4	TOCCMC13_0131725793.QXD	876	12/20/05	6:52	PM	Page	876	CHAPTER
13/PROGRAMMABLE	LOGIC	DEVICE	ARCHITECTURES	Each	of	the	inputs	A	and	B	feed	both	a	noninverting	buffer	and	an	inverting	buffer	to	produce	the	true	and	inverted	forms	of	each	variable.	VHDL	ENCODER	Two	very	important	VHDL	techniques	are	demonstrated	in	this	description	of	a	priority	encoder.	Each	of	the	y	outputs	is	listed	on	lines
13–20.	The	mode	of	a	port	defines	whether	it	is	input,	output,	or	both.	The	memory	ICs	place	data	from	the	selected	memory	location	onto	the	data	bus,	from	which	they	are	transferred	to	the	CPU.	■	Draw	timing	diagrams	for	the	various	logic-circuit	gates.	Which	memory	technology	generally	uses	the	least	power?	The	functional	block	diagram	of	this
chip’s	internal	architecture	(shown	in	Figure	12-27)	is	typical	of	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	826	Page	826	CHAPTER	12/MEMORY	DEVICES	RAS	FUNCTIONAL	BLOCK	DIAGRAM	CAS	W	Timing	and	control	CAS	A0/A11	A1/A12	8	•	•	•	Column	decoder	Sense	amplifiers	Column	address	registers	3	128K	array	128K	array	A10/A21
•	•	•	•	•	•	16	Row	address	registers	10	R	o	w	D	e	c	o	d	e	r	128K	array	RAS	16	128K	array	128K	array	16	•	•	•	16	I/O	buffers	1-of-16	selection	3	Datain	reg.	They	provide	a	digital	solution	to	many	traditionally	analog	problems.	Hard	Disk	Rigid	metal	magnetic	disk	used	for	mass	storage.	This	feature	can	be	very	important	when	the	analog	data	are
changing	at	a	relatively	fast	rate.	This	is	called	the	resolution	or	step	size.	For	the	input	waveforms	given,	this	condition	is	met	only	during	intervals	t2	-t3	and	t6	-t7.	Each	blank	may	be	one	or	more	words.	In	Figure	3-30(b),	two	NOR	gates	are	arranged	so	that	the	OR	operation	is	performed.	More	will	be	said	on	this	topic	later.	Jam	Transfer	See
Asynchronous	Transfer.	The	byte	erasability	of	the	EEPROM	and	its	high	level	of	integration	come	with	two	penalties:	density	and	cost.	6.	Data	Tables	ROMs	are	often	used	to	store	tables	of	data	that	do	not	change.	A	PROM	can	be	programmed	once	by	the	user.	Because	the	address	lines	are	multiplexed,	the	entire	22-bit	address	cannot	be	presented
simultaneously.	Internally,	SDRAMs	are	organized	in	two	banks.	This	can	be	prevented	if	the	degenerative	feedback	frequency	can	be	filtered	out.	When	any	PROM	is	selected,	the	address	lines	A10–A0	can	range	from	all	0s	to	all	1s.	This	function	can	be	used	as	the	output	of	the	logic	block	or	it	may	be	registered	(controlled	by	the	internal	MUX).	It
then	compares	its	calculated	checksum	with	that	stored	in	the	last	ROM	locations,	and	they	should	agree.	0.39	percent	4.	To	write,	R>W	=	0	and	CS	=	0	causes	the	RAM	I/O	lines	to	act	as	inputs.	When	the	lever	is	at	its	0	reference	point,	VP		0	V.	Theorem	(4)	can	be	proved	in	the	same	manner.	When	the	conversion	is	complete,	EOC	signals	that	the
ADC	output	data	are	ready.	This	same	procedure	can	be	followed	for	each	pair	of	symbols	in	Figure	3-33.	Figure	3-14	shows	two	examples	using	INVERTERs.	In	Figure	3-14(a),	input	A	is	fed	through	an	INVERTER,	whose	output	is	therefore	A.	Boolean	equation;	truth	table;	schematic	diagram	4-56.	Thus,	there	are	1024	rows	by	1024	columns.
Asserted	Term	used	to	describe	the	state	of	a	logic	signal;	synonymous	with	“active.”	Astable	Multivibrator	Digital	circuit	that	oscillates	between	two	unstable	output	states.	12-9.*	A	certain	ROM	has	a	capacity	of	16K	*	4	and	an	internal	structure	like	that	shown	in	Figure	12-7.	The	resultant	truth	table	is	shown	in	Figure	3-36(d).	D	Flip-Flop	See
Clocked	D	Flip-Flop.	RAM	is	used	in	computers	for	the	temporary	storage	of	programs	and	data.	7-29.	The	following	transistors	will	have	open	source	connections:	Q0,	Q2,	Q5,	Q6,	Q7,	Q9,	Q15.	Static	RAM	(SRAM)	uses	storage	elements	that	are	basically	latch	circuits.	(b)	4.7-kÆ	resistor	is	too	large.	Arithmetic/Logic	Unit	(ALU)	Digital	circuit	used	in
computers	to	perform	various	arithmetic	and	logic	operations.	When	in	its	inactive	state,	this	input	disables	the	memory	so	that	it	cannot	perform	the	read	or	the	write	function.	Mask-programmed	ROMs	are	commonly	referred	to	as	just	ROMs,	but	this	can	be	confusing	because	the	term	ROM	actually	represents	the	broad	category	of	devices	that,
during	normal	operation,	are	only	read	from.	(c)	Answer	parts	(a)	and	(b)	by	assuming	that	the	CPU	has	stored	a	byte	at	address	6007.	In	the	FPM	DRAMs,	the	sense	amplifier	drives	the	output	without	a	latch,	requiring	CAS	to	remain	low	until	data	values	become	valid.	11-2.	Z1-4	stuck	HIGH	5-9.	■	■	■	■	■	■	Chapter	1.	This	is	a	very	dynamic	topic,
and	perhaps	some	of	these	terms	will	be	history	before	this	book	is	printed,	but	here	is	the	state	of	the	art	today.	D7	10	µs	D	C	N,	C	12-20.*	Refer	to	the	function	generator	of	Figure	12-17.	The	expression	at	the	NOR	output	is	(A	+	B	+	C),	which	is	then	fed	through	an	INVERTER	to	produce	x	=	(A	+	B	+	C)	The	presence	of	the	double	inversion	signs
indicates	that	the	quantity	(A		B		C)	has	been	inverted	and	then	inverted	again.	What	appears	inside	the	parentheses	(	)	after	SUBDESIGN?	The	programmable	interconnections	are	accomplished	via	lines	that	run	through	the	rows	and	columns	in	the	channels	between	the	logic	blocks.	It	is	defined	as	the	TOCCMG01.0131725793.QXD	12/20/05	4:18
PM	Page	903	GLOSSARY	maximum	deviation	of	a	digital-to-analog	converter’s	output	from	its	expected	ideal	value.	Instead	it	uses	a	linear	voltage-controlled	oscillator	(VCO)	that	produces	an	output	frequency	proportional	to	its	input	voltage.	Overflow	When	in	the	process	of	adding	signed	binary	numbers,	a	carry	of	1	is	generated	from	the	MSB
position	of	the	number	into	the	sign	bit	position.	Using	this	reasoning,	the	OR	output	waveform	is	as	shown	in	the	figure.	This	code	uses	the	conditional	signal	assignment	statement	starting	on	line	14	and	continuing	through	line	24.	Here	are	just	a	few	examples:	■	■	■	The	transmission	of	digitized	voice	over	a	microwave	link	The	storage	of	data	in
and	retrieval	of	data	from	external	memory	devices	such	as	magnetic	and	optical	disk	The	transmission	of	digital	data	from	a	computer	to	a	remote	computer	over	telephone	lines	(i.e.,	using	a	modem).	The	student	who	expects	to	work	in	the	digital	field	must	work	hard	at	understanding	and	becoming	comfortable	with	Boolean	algebra	(believe	us,	it’s
much,	much	easier	than	conventional	algebra)	and	all	the	other	tools.	Each	time	the	comparator	output	switches	states,	it	indicates	that	VAX	has	“crossed”	the	VA	value,	the	digital	equivalent	of	VA	is	in	the	counter,	and	the	conversion	is	complete.	See	Prob6_48.tdf	and	Prob6_48.vhd	on	the	enclosed	CD.	(MSB	–	LSB)	TOCCMC02_0131725793.QXD
11/26/05	1:14	AM	Page	45	45	SECTION	2-10/APPLICATIONS	(b)	The	value	10,	following	the	colon,	represents	the	total	hexadecimal	number	of	bytes	that	are	to	be	loaded	into	the	micro’s	memory.	The	MAX	PLUS	II	software	that	has	been	used	for	many	years	is	still	popular	in	industry	and	is	supported	by	Altera.	You	may	ask,	“Does	the	architecture
of	this	PLD	family	provide	the	best	fit	for	my	application?”	It	is	very	difficult,	however,	to	predict	which	architecture	may	be	the	best	choice	to	use	for	a	complex	digital	system.	Which	Circuit	Diagram	Should	Be	Used?	This	means	that	the	value	of	VAX	could	be	as	much	as	1	LSB	greater	than	VA.	For	instance,	assume	that	there	is	a	break	in	the
connection	to	the	A	input	to	the	decoder.	Testing	the	Complete	RAM	System	Testing	and	troubleshooting	the	decoding	logic	will	not	reveal	problems	with	the	memory	chips	and	their	connections	to	the	CPU	buses.	(e)	Define	percentage	resolution.	Unipolar	ICs	Integrated	digital	circuits	in	which	unipolar	field-effect	transistors	(MOSFETs)	are	the	main
circuit	elements.	This	edition	offers	more	than	40	AHDL	examples,	more	than	40	VHDL	examples,	and	many	examples	of	simulation	testing.	at	at	at	bit	at	bit	at	bit	.	Connect	a	2.0-V	reference	source	to	Vref/2,	and	repeat	Problem	11-38.	Feature	LEs	M4K	RAM	blocks	Total	RAM	bits	PLLs	Maximum	number	of	I/O	pins	EP1C3	EP1C4	EP1C6	EP1C12
EP1C20	2,910	4,000	5,980	12,060	20,060	13	17	20	52	64	59,904	78,336	92,160	239,616	294,912	1	2	2	2	2	104	301	185	249	301	digital	applications	that	use	adder/subtractors,	asynchronous	loading	of	the	programmable	register,	and	shift	registers.	(d)	20	Hz	(e)	Only	one	LED	will	be	lit	at	any	time.	Includes	bibliographical	references	and	index.	The
new	OR	gate	2	symbol	has	bubble	inputs,	and	so	the	AND	gate	and	OR	gate	1	symbols	must	be	changed	to	bubbled	outputs,	as	shown	in	Figure	3-38(b).	The	control	circuitry	controls	the	switch	position	according	to	the	select	address	bits,	A1,	A0,	from	the	MOD-4	counter.	FIGURE	13-3	Example	of	a	programmable	logic	device.	11	10	9	8	7	6	5	4	3	2	1
84	83	82	81	80	79	78	77	76	75	I/O	VCCIO	I/O(TDI)	I/O	I/O	I/O	I/O	GND	I/O	I/O	I/O	I/O(TMS)	I/O	I/O	VCCIO	I/O	I/O	I/O	I/O	I/O	GND	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	ALTERA	EPM7128SLC84	74	73	72	71	70	69	68	67	66	65	64	63	62	61	60	59	58	57	56	55	54	I/O	I/O	GND	I/O(TDO)	I/O	I/O	I/O	I/O	VCCIO	I/O	I/O	I/O	I/O(TCK)
I/O	I/O	GND	I/O	I/O	I/O	I/O	I/O	I/O	I/O	I/O	I/O	I/O	VCCIO	I/O	I/O	I/O	GND	VCCINT	I/O	I/O	I/O	GND	I/O	I/O	I/O	I/O	I/O	VCCIO	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	Figure	13-13	shows	the	block	diagram	for	a	MAX7000S	macrocell.	With	select	address		00,	VA0	is	connected	to	the	ADC	input.	If	the	input	is	not	connected,	a
LOW	appears	at	the	OR	output.	This	combination	enables	the	input	buffers	so	that	the	four-bit	word	applied	to	the	data	inputs	will	be	loaded	into	the	selected	register.	Noise	Spurious	voltage	fluctuations	that	may	be	present	in	the	environment	and	cause	digital	circuits	to	malfunction.	It	may	be	something	as	simple	as	an	LED	to	indicate	faulty
memory,	or	it	may	be	a	descriptive	message	printed	on	the	screen	or	printer.	This	code	is	derived	by	adding	up	the	data	words	to	be	stored	in	all	of	the	ROM	locations	(excluding	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	853	853	SUMMARY	FIGURE	12-44	Checksum	method	for	an	8	*	8	ROM:	(a)	ROM	with	correct	data;	(b)	ROM	with
error	in	its	data.	(b)	is	a	possible	fault.	With	microcomputer/DSP	systems,	devices	can	be	controlled	electronically,	and	data	can	be	manipulated	by	executing	a	program	of	instructions	that	has	been	written	for	the	application.	Megafunctions	A	complex	or	high-level	building	block	available	in	the	Altera	library.	12-44.*	The	following	messages	are
printed	out	when	the	power-up	self-test	is	performed	on	the	RAM	system	of	Figure	12-42.	Solution	With	B	kept	LOW,	the	x	output	will	also	stay	LOW.	It	can	operate	at	bus	speeds	up	to	200	MHz	and	clocks	data	synchronously	on	the	rising	and	falling	edges	of	the	system	clock.	EXAMPLE	12-6	What	input	address	will	enable	register	7?	The	ISP	feature
utilizes	a	joint	test	action	group	(JTAG)	interface	that	requires	four	specific	pins	to	be	dedicated	to	the	programming	interface	and	are	therefore	not	available	for	general	user	I/O.	Testing	the	Decoding	Logic	In	some	situations,	the	decoding	logic	portion	of	the	RAM	circuit	(Figure	12-43)	can	be	tested	using	the	various	techniques	that	we	have	applied
to	combinatorial	circuits.	The	IC	counters	presented	are	the	74160,	’161,	’162,	and	’163.	What	is	the	key	difference	between	HDL	and	computer	programming	languages?	(b)	Memory	map	of	the	full	system.	This	prevents	having	to	erase	and	reprogram	all	cells	when	only	a	portion	of	the	memory	needs	to	be	updated.	The	following	numbers	are	in
BCD.	We	can	say	that	B		0	is	the	inhibit	condition	producing	a	0	output.	Can	the	existing	circuit	be	modified	to	accommodate	the	new	revisions?	Draw	the	waveform	for	VAX	as	the	SAC	of	Figure	11-19	converts	VA		6.7	V.	The	CPU	activates	the	appropriate	control	signal	lines	for	the	memory	read	operation.	Instead	of	the	programmable	AND/fixed-OR
gate	array	used	in	the	MAX7000S	devices,	this	family	is	based	on	a	look-up	table	(LUT)	architecture.	EXAMPLE	3-18	In	a	certain	manufacturing	process,	a	conveyor	belt	will	shut	down	whenever	specific	conditions	occur.	EXAMPLE	3-9	Determine	the	Boolean	expression	for	a	three-input	NOR	gate	followed	by	an	INVERTER.	What	is	the	purpose	of	the
program-verify	command?	First	and	foremost,	in	your	cover	letter,	briefly	explain	who	you	are	and	which	job	you’re	applying	for	before	outlining	how	you’d	be	an	ideal	choice	for	that	job.	Each	OR	gate	is	hard-wired	to	only	four	AND	outputs.	more	than	four	product	terms,	it	cannot	be	implemented	with	this	PAL;	one	having	more	OR	inputs	would
have	to	be	used.	For	PGT	FF:	Q	will	go	HIGH	on	first	PGT	of	CLK.	At	time	t2,	the	11-bit	column	address	(A0	to	A10)	is	applied	to	the	address	inputs.	Logic	Elements	A	term	Altera	Corporation	uses	to	describe	the	building	blocks	of	their	FLEX10K	family	of	PLDs.	The	logic	elements	are	programmed	as	a	ram-based	look-up	table.	Digital	ramp:	a,	d,	e,	f,
h.	Asserted	Levels	We	have	been	describing	logic	signals	as	being	active-LOW	or	active-HIGH.	It	may	be	possible	to	split	the	design	into	smaller	blocks	that	can	be	implemented	in	several	16V8	chips.	For	these	cases,	either	circuit	representation	can	be	used.	The	registers	are	arranged	in	a	square	matrix	array	that	is	common	to	many	semiconductor
memory	chips.	Pulse	A	momentary	change	of	logic	state	that	represents	an	event	to	a	digital	system.	How	is	an	EPROM	erased?	(f)	What	is	the	purpose	of	the	function	select	counter?	The	type	determines	the	range	of	possible	values.	III.	With	a	relatively	small	capital	investment,	any	company	can	purchase	the	necessary	development	software	and
hardware	to	program	PLDs	for	their	digital	designs.	The	application	requires	a	voltage	that	ranges	between	0	and	10	V	in	steps	of	50	mV	or	smaller.	The	AND	gates	are	used	to	decode	all	the	possible	combinations	of	the	input	variables,	as	shown	in	Figure	13-5(a).	The	CASE	structure	on	lines	12–29	and	the	decoding	logic	that	drives	the	outputs	(lines
31–36)	refer	to	the	states	by	name.	11-11.*A	microcontroller	has	an	eight-bit	output	port	that	is	to	be	used	to	drive	a	DAC.	(a)	7778	(c)	OFFE	(e)	9FE	2-37.	During	a	read	operation,	data	from	inside	the	chip	are	transferred	over	the	data	bus—usually	to	the	microprocessor.	Much	more	will	be	done	with	circuit	simplification	in	Chapter	4.	Some
instruments,	such	as	digital	storage	oscilloscopes	and	logic	analyzers,	require	very	high-speed	memory.	(a)	16	(c)	909	(e)	FF	(g)	3D7	2-9.	Each	chip	has	a	4M	*	1	capacity.	What	is	its	purpose?	This	provides	the	programmable	output	polarity	feature.	After	the	read	operation,	the	data	word	1101	is	still	stored	in	address	11110.	x	is	HIGH	only	when	ABC	
111	3-13.	All	memory	devices	store	binary	logic	levels	(1s	and	0s)	in	an	array	structure.	Notice	that	on	line	20,	the	status	of	freeze	is	checked	before	a	CASE	is	used	to	assign	a	NEXT	state	to	ring.	Draw	the	complete	diagram	for	a	256K	*	8	memory	that	uses	RAM	chips	with	the	following	specifications:	64K	*	4	capacity,	common	input/output	line,	and
two	active-LOW	chip	select	inputs.	Higher	density;	lower	cost	3.	PLDs	are	designed	so	that	a	blown	OR	input	acts	as	a	logic	0.	A	synchronous	clock	input	is	provided	to	control	the	burst	operation.	(a)	00001111	(b)	11111101	(c)	11111011	(d)	10000000	(e)	00000001	6-11.	For	example,	if	the	code	group	were	1000001	(the	ASCII	code	for	“A”),	the
assigned	parity	bit	would	be	0,	so	that	the	new	code,	including	the	parity	bit,	would	be	01000001.	Bubbles	Small	circles	on	the	input	or	output	lines	of	logic-circuit	symbols	that	represent	inversion	of	a	particular	signal.	NOT	Circuit	See	INVERTER.	This	command	(C0	hex)	is	used	to	verify	that	the	correct	data	have	been	stored	in	the	flash	ROM.
Solution	Refer	to	Figure	3-21,	where	the	circuit	diagram	is	shown.	For	example,	if	a	computer	were	to	respond	to	four	different	inputs,	it	would	require	at	least	four	separate	instructions	(sequential	tasks)	to	detect	and	identify	which	input	changed	state.	Tristate	Type	of	output	structure	that	allows	three	types	of	output	states:	HIGH,	LOW,	and	high-
impedance	(Hi-Z).	CHAPTER	11	11-1.	Name	the	three	groups	of	lines	that	connect	the	CPU	and	the	internal	memory.	A	computerized	test	bank	is	available	on	CD-ROM.	Least	Significant	Bit	(LSB)	Rightmost	bit	(smallest	weight)	of	a	binary	expressed	quantity.	Table	11-8	shows	what	happens	when	the	digital	input	is	4.	What	will	the	value	of	VOUT	be
for	an	input	code	of	10110011?	(c)	(d)	(e)	(f)	What	is	the	full-scale	range	of	voltage	that	will	come	in?	No	Is	A	HIGH?	Next,	write	down	the	AND	products	for	those	cases	where	the	output	is	to	be	a	1.The	O3	output	is	to	be	the	OR	sum	of	these	products.Thus,	only	the	fuses	that	connect	these	product	terms	to	the	inputs	of	OR	gate	3	are	to	be	left	intact.
The	I/O	blocks	can	be	configured	to	provide	input,	output,	or	bidirectional	capability,	and	built-in	registers	can	be	used	to	latch	incoming	or	outgoing	data.	TOCCMC02_0131725793.QXD	48	12/22/05	4:46	AM	Page	48	CHAPTER	2/NUMBER	SYSTEMS	AND	CODES	2-12.	Then	write	the	expression	for	output	x.	Each	description	55
TOCCMC03_0131725793.QXD	56	12/2/05	8:18	PM	Page	56	CHAPTER	3/DESCRIBING	LOGIC	CIRCUITS	method	is	important	because	all	these	methods	commonly	appear	in	technical	literature	and	system	documentation	and	are	used	in	conjunction	with	modern	design	and	development	tools.	Note	especially	that	many	of	the	AND	gates	have	all	of
their	input	fuses	intact	because	they	need	to	generate	0s.	Referring	to	output	D3,	for	instance,	any	transistor	that	has	a	connection	from	the	source	(such	as	Q0,	Q4,	and	Q8)	to	the	output	column	can	switch	Vdd	onto	the	column,	making	it	a	HIGH	logic	level.	The	main	difference	is	in	the	specialized	hardware	contained	in	the	computer	section.	With
VA	7	1	V,	one	or	more	of	the	comparator	outputs	will	be	LOW.	(b)	How	many	hex	digits	are	needed	to	represent	the	address	of	a	memory	location?	This	was	referred	to	as	a	ring	counter.	BIT_VECTOR	In	VHDL,	the	data	object	type	representing	a	bit	array.	Next,	note	that	a	single	line	is	shown	going	into	the	AND	gate	to	represent	all	four	inputs.	Who
knows	how	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	Page	875	875	SECTION	13-2/FUNDAMENTALS	OF	PLD	CIRCUITRY	many	equivalent	gates	will	be	needed	for	a	large	design?	The	storage	element	of	an	EPROM	is	a	MOS	transistor	with	a	silicon	gate	that	has	no	electrical	connection	(i.e.,	a	floating	gate)	but	is	very	close	to	an	electrode.
FIGURE	12-17	Function	generator	using	a	ROM	and	a	DAC.	(b)	CAS-before-	RAS	refresh	can	be	used	only	by	DRAMs	with	on-chip	refresh	control	circuitry.	Each	chip	stores	one	of	the	bits	of	each	of	the	1024	eight-bit	words.	(a)	119	(b)	119	6-19.	The	expression	for	the	AND	gate	output	is	written	A	·	B.	Solution	Fill	in	the	column	for	t	by	entering	a	1	for
all	entries	where	A		0	and	B		1	and	C		1.	Our	objective	is	to	learn	enough	of	HDL	to	be	able	to	communicate	with	others	and	perform	simple	tasks.	Other	HDLs	are	available	that	are	more	suitable	for	programming	simple	programmable	logic	devices.	Theorem	(7)	can	be	proved	by	checking	for	both	values	of	x:	0		0		0	and	1		1		1.	For	instructors	who
continue	to	teach	the	fundamentals	using	SSI	and	MSI	circuits,	this	edition	retains	those	qualities	that	have	made	the	text	so	widely	accepted	in	the	past.	The	address	lines	typically	originate	at	the	CPU.	Memory	Unit	Part	of	a	computer	that	stores	instructions	and	data	received	from	the	input	unit,	as	well	as	results	from	the	arithmetic/logic	unit.	A
special	dependency	notation	inside	the	rectangular	symbol	indicates	how	the	device	outputs	depend	on	the	device	inputs.	Consequently,	many	manufacturers	offer	EEPROM	devices	in	eight-pin	packages	that	are	interfaced	to	a	two-	or	three-wire	serial	bus.	We	will	use	the	0/1	and	LOW/HIGH	designations	most	of	the	time.	With	newer	devices,	the
internal	logic	design	can	be	changed	on	the	fly,	while	the	chip	is	still	connected	to	a	printed	circuit	board	in	an	electronic	system.	These	devices	allow	calculations	to	be	performed	quickly	in	order	to	emulate	the	operation	of	many	analog	filter	circuits	digitally.	If	the	analog	input	voltage	is	4.54	V,	then	the	VCO	output	will	be	a	45.4-kHz	signal	that
clocks	a	counter	for,	say,	10	ms.	CHAPTER	3	3-1.	This	information	is	transferred	to	the	main	memory	when	the	computer	needs	it.	These	topics	appear	at	the	end	of	each	chapter,	making	it	easy	to	relate	each	topic	to	the	general	discussion	earlier	in	the	chapter	or	to	address	the	general	discussion	separately	from	the	PLD/HDL	coverage.	The	mixed-
voltage	interfacing	sections	have	been	improved	to	cover	lowvoltage	technology.	2-26.	16	bits	per	word;	8192	words;	131,072	bits	or	cells	3.	These	weighted	currents	are	summed	to	create	the	analog	signal	out.	4.4	V	2	ms	4	ms	2	ms	0.2	V	1-13.	The	success	of	cache	memory	depends	on	many	complex	factors,	and	some	systems	will	not	benefit	from
using	cache	memory.	Thus,	at	the	end	of	the	discharge	interval,	the	counter	will	hold	a	count	proportional	to	the	initial	capacitor	voltage,	which,	as	we	said,	is	proportional	to	VA.	(a)	100101	(b)	00110111	(c)	25	(d)	0110011	0110111	(e)	45	2-32.	Instead	of	taking	a	sample	once	a	day,	it	takes	a	sample	20,000	times	each	second	(every	50	ms).	The	third
term	is	a	0.	Detailed	troubleshooting	procedures	and	possible	circuit	faults	will	be	covered	more	extensively	in	Chapter	4.	How	many	words	does	it	store?	The	fourth	key	actuation	would	be	entered	into	the	MSD	register.	B	x	(a)	A	0	0	0	0	0	0	0	0	1	1	1	1	1	1	1	1	B	0	0	0	0	1	1	1	1	0	0	0	0	1	1	1	1	C	0	0	1	1	0	0	1	1	0	0	1	1	0	0	1	1	D	0	1	0	1	0	1	0	1	0	1	0	1	0	1
0	1	x	0	0	0	1	1	0	0	1	0	0	0	1	0	0	0	1	(c)	combinations	of	logic	levels	present	at	inputs	A	and	B,	along	with	the	corresponding	output	level	x.	Figure	11-35	shows	the	waveform	at	VAX	for	a	six-bit	SAC	with	a	step	size	of	40	mV	during	a	complete	conversion	cycle.	The	first	true	condition	evaluated	determines	the	assigned	value.	The	data	will	not	change
when	power	is	removed	from	the	PROM	chip	because	nothing	will	cause	an	open	fuse	link	to	become	closed	again.	Before	we	get	into	any	comprehensive	discussion	of	memories,	it	would	be	helpful	if	you	had	the	meaning	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	787	SECTION	12-1/MEMORY	TERMINOLOGY	787	of	some	of	the	more
basic	terms	under	your	belt.	TOCCMC13_0131725793.QXD	12/20/05	890	6:52	PM	Page	890	CHAPTER	13/PROGRAMMABLE	LOGIC	DEVICE	ARCHITECTURES	13-6	THE	ALTERA	FLEX10K	FAMILY	The	Altera	FLEX10K	family	of	programmable	logic	devices	has	a	very	different	architecture.	3-12.	We	can	understand	the	various	configuration	options
by	studying	the	possible	inputs	to	each	multiplexer.	11-7.*What	is	the	percentage	resolution	of	the	DAC	of	Figure	11-30?	This	is	done	by	holding	CAS	LOW	after	a	read	cycle	and	then	pulsing	RAS	as	in	Figure	12-33(b).	The	first	term,	AB,	is	obtained	by	leaving	intact	the	fuses	that	connect	inputs	A	and	B	to	AND	gate	1	and	by	blowing	all	other	fuses	on
that	line.	On	the	other	hand,	HCPLDs	are	capable	of	providing	the	circuit	resources	for	complete	complex	digital	systems,	and	larger,	more	sophisticated	HCPLD	devices	are	designed	every	year.	(a)*	Input	signal		5	kHz	(b)*	Input	signal		10.1	kHz	(c)	Input	signal		10.2	kHz	(d)	Input	signal		15	kHz	(e)	Input	signal		19.1	kHz	(f)	Input	signal		19.2	kHz
SECTION	11-11	B	11-33.*DRILL	QUESTION	Indicate	whether	each	of	the	following	statements	refers	to	the	digital-ramp	ADC,	the	successive-approximation	ADC,	or	both.	Explain	the	difference	between	SAM	and	RAM.	3-11	DEMORGAN’S	THEOREMS	Two	of	the	most	important	theorems	of	Boolean	algebra	were	contributed	by	a	great
mathematician	named	DeMorgan.	(ISBN	0-13172666-8)	To	access	supplementary	materials	online,	instructors	need	to	request	an	instructor	access	code.	S1	stuck	LOW	9-53.	Instead	of	opening	a	fuse	link	to	prevent	a	signal	connection,	an	insulator	layer	between	interconnects	has	an	electrical	short	created	to	produce	a	signal	connection.	Here	are
some	of	the	most	common	application	areas.	The	newer	DRAMs	and	the	controllers	that	perform	the	multiplexing	use	the	opposite	convention	of	applying	the	high-order	bits	as	the	row	address	and	then	the	low-order	bits	as	the	column	address.	Tutorials.	The	checkerboard	pattern	test	will	not	be	able	to	detect	certain	types	of	faults.	Determine	the
waveforms	at	Q0,	Q1,	and	Q2,	and	compare	them	with	the	desired	waveforms	of	Figure	12-29.	3-9	NOR	GATES	AND	NAND	GATES	Two	other	types	of	logic	gates,	NOR	gates	and	NAND	gates,	are	widely	used	in	digital	circuits.	The	real	problem	is	translating	the	logic	equations	into	the	fuse	map	for	a	given	PROM.	Table	11-7	shows	the	operation	of
the	converter	when	a	value	of	zero	is	the	input.	decoded	block	of	memory.	They	can	use	the	same	software	to	program	and	test	an	Altera	CPLD.	Within	approximately	10	nanoseconds	after	either	input	goes	LOW,	the	output	y	will	be	LOW.	A12	A.11	..	Draw	all	of	the	basic	logic	gates	using	both	the	traditional	symbols	and	the	IEEE/ANSI	symbols.	For
the	case	when	three	inputs	are	ANDed,	we	have	x	=	A	#	B	#	C	=	ABC.	Address	inputs	From	CPU	tRC	1	New	address	valid	0	tACC	R/W	1	CS	1	tOD	tCO	Hi-Z	Data	output	to	bus	Hi-Z	Data	valid	t1	t0	t2	t3	t4	READ	CYCLE	(a)	Address	inputs	From	CPU	tWC	1	New	address	valid	0	tAS	R/W	1	CS	1	tAH	tW	Data	input	from	bus	Hi-Z	Data	valid	tDS	t1	t0
WRITE	cycle	(b)	tDH	t2	t3	t4	TOCCMC12_0131725793.QXD	820	12/20/05	5:37	PM	Page	820	CHAPTER	12/MEMORY	DEVICES	Read	Cycle	The	waveforms	in	Figure	12-22(a)	show	how	the	address,	R>W,	and	chip	select	inputs	behave	during	a	memory	read	cycle.	The	newest	flash	devices	have	new	features,	and	new	command	codes	to	control	these
features,	in	addition	to	those	common	to	earlier	devices.	Load	Operation	Transfer	of	data	into	a	flip-flop,	a	register,	a	counter,	or	a	memory	location.	Low	power;	high	capacity;	SECTION	12-14	1.	A	logic	circuit	is	needed	to	generate	a	signal	x	that	will	go	HIGH	whenever	conditions	A	and	B	exist	simultaneously	or	whenever	conditions	C	and	D	exist
simultaneously.	In	essence,	the	combination	of	the	two	RAM	chips	acts	like	a	single	16	*	8	memory	chip.	The	NOR	gate	has	inputs	of	1	and	0	to	produce	an	output	of	0	(an	OR	would	have	produced	an	output	of	1).	The	development	of	PLD	technology	has	advanced	continuously	since	the	first	PLDs	appeared	more	than	30	years	ago.	Circuit	that	takes
data	represented	in	one	type	of	code	and	converts	it	to	another	type	of	code	3.	Putting	this	all	together,	we	can	describe	the	circuit	operation	as	follows:	Output	Z	will	go	HIGH	whenever	either	A		B		1	or	C		D		1	(or	both).	—GLM	TOCCMF01_0131725793.QXD	12/22/2005	09:07	PM	Page	vi	TOCCMF01_0131725793.QXD	12/23/05	3:10	AM	Page	vii	P	R
E	FAC	E	This	book	is	a	comprehensive	study	of	the	principles	and	techniques	of	modern	digital	systems.	Each	of	the	two	address	registers	stores	half	of	the	22-bit	address.	The	output	of	TSMUX	enables	the	tristate	inverter	that	drives	the	output	pin	[I/O(n)].	A	digital-ramp	A/D	is	the	simplest	to	understand	but	it	is	not	often	used	due	to	its	variable
conversion	time.	(a)	Yes	5-53.	A	DSP	system	is	similar	to	the	block	diagram	shown	in	Figure	11-1.	Gate	Array	An	application-specific	integrated	circuit	(ASIC)	made	up	of	hundreds	of	thousands	of	prefabricated	basic	gates	that	can	be	custom	interconnected	in	the	last	stages	of	manufacture	to	form	the	desired	digital	circuit.	MUX	RAS	CAS	ROW
Address	COLUMN	R/W	DATA	VALID	DATA	IN	t0	t1	t2	t3	t4	t5	t6	t7	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	831	SECTION	12-16/DRAM	REFRESHING	REVIEW	QUESTIONS	831	1.	If	it	is	an	odd	number,	attach	a	1.	1010011	2.	You	want	to	draw	attention	to	your	positive	attributes,	not	your	lack	of	attention	to	detail.Write	Each
Application	IndividuallyAlthough	creating	a	template	for	your	resume	and	cover	letter	can	save	you	lots	of	time	and	stress,	make	sure	you	tailor	both	of	these	documents	to	each	potential	employer.	IMPORTANT	TERMS	standard	logic	microprocessor	digital	signal	processing	(DSP)	application-specific	integrated	circuit	(ASIC)	programmable	logic
device	(PLD)	gate	array	standard-cell	ASIC	full-custom	ASIC	simple	PLD	(SPLD)	complex	PLD	(CPLD)	field	programmable	gate	array	(FPGA)	high-capacity	PLD	(HCPLD)	one-time	programmable	(OTP)	programmable	array	logic	(PAL)	macrocell	look-up	table	(LUT)	logic	array	block	(LAB)	programmable	interconnect	array	(PIA)	logic	element	(LE)
PROBLEMS	SECTION	13-1	13-1.	For	example,	address	0000000	is	0°,	address	0000001	is	0.7°,	address	0000010	is	1.41°,	and	so	on,	up	to	address	1111111,	which	is	89.3°.	mod256_ahdl	mod256_vhdl	7-57.	If	the	data	were	not	successfully	stored,	another	pulse	is	applied	to	PGM.	FIGURE	3-22	(a)	NAND	symbol;	(b)	equivalent	circuit;	(c)	truth	table.
VHDL	SOLUTION	Compare	the	VHDL	description	in	Figure	10-15	with	the	circuit	drawing	of	Figure	10-11.	Flash	memory,	however,	cannot	have	its	data	changed	as	easily	as	static	RAM.	A	custom-designed	mask	for	the	specific	application	determines	the	gate	interconnections,	much	like	the	stored	data	in	a	mask-programmed	ROM.	As	a
programmer,	you	must	decide	whether	you	need	a	one-byte	or	two-byte	storage	location.	TOCCMC12_0131725793.QXD	12/20/05	798	5:37	PM	Page	798	CHAPTER	12/MEMORY	DEVICES	Only	one	register	will	be	in	both	the	row	and	the	column	selected	by	the	address	inputs,	and	this	one	will	be	enabled.	A	1M	*	4	DRAM	needs	20	address	inputs;	a
4M	*	1	needs	22	address	inputs.	Each	of	the	product	lines	is	connected	to	one	of	the	four	inputs	of	each	OR	gate	through	a	fusible	link.	Some	manufacturers	use	different	labels	for	the	control	input,	such	as	CE	(chip	enable)	or	OE	(output	enable).	(a)	Encoder,	MUX	(b)	MUX,	DEMUX	(c)	MUX	(d)	Encoder	(e)	Decoder,	DEMUX	(f)	DEMUX	(g)	MUX	9-41.
What	would	happen	in	the	ADC	of	Problem	11-24	if	an	analog	voltage	of	VA		10.853	V	were	applied	to	the	input?	Floating	Input	Input	signal	that	is	left	disconnected	in	a	logic	circuit.	How	many	bits	are	in	each	word?	A	A+B	x	=	(A	+	B)(B	+	C)	B	B	B+C	C	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	73	73	SECTION	3-9/NOR	GATES	AND
NAND	GATES	REVIEW	QUESTIONS	1.	The	demultiplexer	code	works	in	a	similar	way	but	has	only	one	input	channel	and	four	output	channels.	Solution	The	expression	can	be	expanded	by	multiplying	out	the	terms	[theorem	(13)]:	z	=	A#A	+	A#B	+	B#A	+	B#B	Invoking	theorem	(4),	the	term	A	#	A	=	0.	Select	the	address	in	memory	that	is	being
accessed	for	a	read	or	write	operation.	The	D	flip-flops	contained	in	the	OLMCs	also	have	asynchronous	reset	and	synchronous	preset	capabilities.	An	OR	gate	output	goes	HIGH	when	any	input	is	HIGH;	the	NOR	gate	output	goes	LOW	when	any	input	is	HIGH.	Attach	an	oddparity	bit.	What	are	the	four	types	of	ASICs?	Just	prior	to	t1,	the	address
inputs	are	changing	to	a	new	address	for	a	new	read	operation.	It	also	has	features	that	take	full	advantage	of	the	architecture	of	Altera	devices.	Describe	what	address	lines	are	used.	These	pins	must	always	be	specified	as	inputs	when	programming	the	16V8.	The	response	to	this	challenge	was	the	flash	memory.	Select	either	a	read	or	a	write
operation	to	be	performed.	(d)	The	address	inputs	to	a	DRAM	will	change	twice	during	a	read	or	a	write	operation.	640	kÆ	3.	LED	Light-emitting	diode.	Referring	to	the	4M	*	1	DRAM	of	Figure	12-27(a),	if	any	address	is	strobed	into	the	row	address	register,	all	2048	cells	in	that	row	are	automatically	refreshed.	In	digital	logic,	several	other	terms	are
used	synonymously	with	0	and	1.	Timing	Diagram	Depiction	of	logic	levels	as	related	to	time.	If	you	think	of	the	input	variables	as	address	inputs	and	the	intact/blown	fuses	as	stored	1s	and	0s,	you	should	recognize	the	architecture	of	a	PROM.	Now	consider	how	you	would	describe	to	someone	else	what	is	being	done	to	the	Indy	car	during	the	pit
stop	using	(1)	the	individualmechanic	approach	or	(2)	the	pit-crew	approach.	Every	7.8	ms	12-31.	Notice	that	the	ROM	portion	is	made	up	of	two	8K	*	8	devices	(PROM-0	and	PROM-1).	Function	Generator	Circuit	that	produces	different	waveforms.	EXAMPLE	12-15	What	would	be	needed	to	expand	the	memory	of	Figure	12-37	to	32K	*	8?	OR
Operation	Boolean	algebra	operation	in	which	the	symbol	+	is	used	to	indicate	the	ORing	of	two	or	more	logic	variables.	The	first	group	of	theorems	is	given	in	Figure	3-25.	Which	of	the	following	signals	is	active-LOW:	RD,	W,	R/W	?	In	its	normal	state	there	is	no	charge	stored	on	the	floating	gate	and	the	transistor	will	produce	a	logic	1	whenever	it	is
selected	by	the	address	decoder.	Recall	that	with	a	flash	chip,	we	cannot	erase	and	write	to	one	or	two	bytes;	it	must	be	erased	a	sector	at	a	time.	Two	different	methods	are	used.	Signals	from	one	LE	to	another	within	an	LAB	are	routed	with	the	local	interconnect.	7-75.	The	RAM	must	be	read	repeatedly	by	the	video	card	to	refresh	the	screen	and
constantly	filled	with	new	updated	information	from	the	system	bus.	What	this	means	is	that	an	AND	gate	with	INVERTERs	on	each	of	its	inputs	is	equivalent	to	a	NOR	gate.	Also	notice	in	Figure	3-15(a)	that	the	input	variable	A	is	connected	as	an	input	to	two	different	gates.	The	CPU	supplies	the	binary	address	of	the	memory	location	where	the	data
are	to	be	stored.	On	the	other	hand,	to	obtain	a	gate	array,	standard-cell	or	full-custom	ASIC	requires	that	most	companies	contract	with	an	IC	foundry	to	fabricate	the	desired	IC	chip.	False;	when	expanding	memory	capacity,	each	chip	is	selected	by	a	different	decoder	output	(see	Figure	12-43).	Vref/2.	Describe	each	of	the	following	major	digital
system	categories:	(a)	Standard	logic	(b)	ASICs	(c)	Microprocessor/DSP	13-2.*Name	three	factors	that	are	generally	considered	when	making	design	engineering	decisions.	NOR	Gate	Logic	circuit	that	operates	like	an	OR	gate	followed	by	an	INVERTER.	A	writing	project	of	this	magnitude	requires	conscientious	and	professional	editorial	support,	and
Prentice	Hall	came	through	again	in	typical	fashion.	Much	of	the	material	in	Chapter	8	(IC	characteristics)	can	be	covered	earlier	(e.g.,	after	Chapter	4	or	5)	without	creating	any	serious	problems.	(a)	True	(b)	False	2.	What	will	its	digital	output	be	for	an	analog	input	of	2.17	V?	The	selected	module	decodes	address	lines	A0	through	A9	to	find	the
word	location	that	is	being	addressed.	LUTs	are	usually	rather	small,	typically	handling	four	input	variables,	and	so	our	truth	table	would	have	a	total	of	16	combinations.	For	each	of	the	following	statements,	indicate	which	type	of	ADC—digital-ramp,	SAC,	or	flash—is	being	described.	These	binary	values	are	referred	to	as	data.	Which	is	volatile?
CLOCK	LOAD	X	SHIFT	B	CLK	OUT	SHFT	OUT	4-43.	Refer	to	Figure	12-7.	This	depth	of	coverage	has	been	accomplished	while	retaining	the	substantial	coverage	of	TTL	logic.	The	GAL	chip,	on	the	other	hand,	uses	an	EEPROM	array	(located	at	row	and	column	intersections	in	Figure	13-7)	to	control	the	programmable	connections	to	the	AND	matrix,
allowing	them	to	be	erased	and	reprogrammed	at	least	100	times.	Gray	Code	A	code	that	never	has	more	than	one	bit	changing	when	going	from	one	state	to	another,	GSI	Giga-scale	integration	(1,000,000	gates	or	more).	Hierarchy	A	group	of	tasks	arranged	in	rank	order	of	magnitude,	importance,	or	complexity.	An	OR	gate	is	a	logic	circuit	that
performs	an	OR	operation	on	the	circuit’s	inputs.	Thereafter,	information	can	only	be	read	from	the	memory.	Documentation	regarding	author,	date,	revision,	etc.,	may	also	be	contained	in	the	comments.	Sequential	Occuring	one	at	a	time	in	a	certain	order.	Fortunately,	there	is	readily	available	software	for	PCs	that	makes	this	very	easy.	(Hint:
Remember	that	the	EEPROM	is	not	completely	decoded.)	(d)	Assume	that	the	program	is	storing	a	sequence	of	data	bytes	in	the	EEPROM	and	that	it	has	just	completed	the	2048th	byte	at	address	67FF.	TOCCMG01.0131725793.QXD	910	12/20/05	4:18	PM	Page	910	GLOSSARY	Wired-AND	Term	used	to	describe	the	logic	function	created	when	open-
collector	outputs	are	tied	together.	Memory	system	concepts,	which	will	be	presented	in	the	next	chapter,	will	also	be	important.	(c)	How	would	this	affect	the	refresh	time?	An	external	clock	signal	can	be	used,	if	desired,	by	connecting	it	to	the	CLK	IN	pin.	Successive-Approximation	ADC	Type	of	analog-todigital	converter	in	which	an	internal	parallel
register	and	complex	control	logic	are	used	to	perform	the	conversion.	Hard-wired	AND;	programmable	OR	4.	MEM	is	active-LOW,	and	it	will	go	LOW	only	when	X	and	Y	are	HIGH.	MAC	An	abbreviation	for	Multiply	Accumulate	Unit,	the	hardware	section	of	a	DSP	that	multiplies	a	sample	with	a	coefficient	and	then	accumulates	(sums)	a	running	total
of	these	products.	Chapter	2.	At	t4,	input	B	goes	from	1	to	0	so	that	now	both	inputs	are	LOW,	and	this	drives	OUTPUT	back	to	LOW.	Either	clock	edge	can	be	programmed	to	trigger	the	flip-flops.	SECTION	11-16	1.	(a)	1011	10-13.	This	process	is	often	called	synthesis	of	logic	circuits	as	opposed	to	analysis.	A	similar	arrangement	is	used	for	the
pressure	measurement,	so	that	its	associated	comparator	output,	PH,	goes	from	LOW	to	HIGH	when	the	pressure	is	too	high.	Figure	3-44	shows	a	small	area	of	programmable	connections.	The	memory	chips	that	are	interfaced	to	the	CPU	must	be	fast	enough	to	respond	to	the	CPU	read	and	write	commands,	and	a	computer	designer	must	be
concerned	with	the	RAM’s	various	timing	characteristics.	A	measure	of	a	memory	device’s	operating	speed.	How	many	NAND	gates	are	shown	in	Figure	3-39?	Word	Size	Number	of	bits	in	the	binary	words	that	a	digital	system	operates	on.	Answer	the	following	concerning	the	ADC0804.	MultiSIM®	is	a	trademark	of	Electronics	Workbench.	The
representation	of	Figure	3-36(b)	is	obtained	from	the	original	circuit	diagram	by	replacing	NAND	gate	3	with	its	alternate	symbol.	The	circuit	in	Figure	3-36(a)	contains	three	NAND	gates	connected	to	produce	an	output	Z	that	depends	on	inputs	A,	B,	C,	and	D.	Inputs	6	and	7	of	MUX	are	probably	shorted	together.	This	calculation	involves	the	most
recent	data	point	as	well	as	several	of	the	preceding	data	samples.	We	will	focus	on	two	languages	in	this	text:	Altera	hardware	description	language	(AHDL)	and	very	high	speed	integrated	circuit	(VHSIC)	hardware	description	language	(VHDL).	(b)	The	memory	stores	4K	=	4	*	1024	=	4096	words.	Offset	error	adds	a	small	constant	positive	or
negative	value	to	the	expected	analog	output	for	any	digital	input.	Count	Enable	An	input	on	a	synchronous	counter	that	controls	whether	the	outputs	respond	to	or	ignore	an	active	clock	transition.	Most	read-only	memories	(ROMs)	have	data	entered	one	time,	and	from	then	on	their	contents	do	not	change.	How	many	bits	are	required	for	a	DAC	so
that	its	F.S.	output	is	10	mA	and	its	resolution	is	less	than	40	mA?	These	are	the	input	lines	to	the	AND	gate	array.	(b)	If	the	cell	array	were	actually	square,	how	many	rows	would	there	be?	For	example,	a	six-bit	flash	ADC	requires	63	analog	comparators,	while	an	eight-bit	unit	requires	255	comparators,	and	a	ten-bit	converter	requires	1023
comparators.	3-16	SUMMARY	OF	METHODS	TO	DESCRIBE	LOGIC	CIRCUITS	The	topics	we	have	covered	so	far	in	this	chapter	have	all	centered	around	just	three	simple	logic	functions	that	we	refer	to	as	AND,	OR,	and	NOT.	Program-Verify	Command.	Combining	multiple	EABs	on	one	chip	can	create	larger	blocks	of	RAM.	This	is	demonstrated	in
Figure	3-29.	This	same	structure	is	sometimes	called	a	bit	vector.	LCD	Liquid-crystal	display.	MSI	Medium-scale	integration	(12	to	99	gates).	Once	all	of	the	outputs	have	been	programmed,	the	device	will	permanently	generate	the	selected	output	functions.	Uses	a	single	ADC	2.	(a)	250	kHz;	50%	(b)	Same	as	(a)	(c)	1	MHz	(d)	32	7-3.	FIGURE	7-85
AHDL	four-bit	ring	counter.	Summary	of	the	AND	Operation	1.	The	INVERTER	output	is	fed	to	an	OR	gate	together	with	B,	so	that	the	OR	output	is	equal	to	A	+	B.	The	RAM’s	data	output	is	in	its	Hi-Z	state	because	CS	=	1.	—RJT	To	my	wife,	Kris,	and	our	children,	John,	Brad,	Blake,	Matt,	and	Katie:	the	lenders	of	their	rights	to	my	time	and	attention
that	this	revision	might	be	accomplished.	Since	the	number	of	bits	can	be	very	large,	the	addresses	are	often	specified	in	hex	instead	of	binary.	Note	the	use	of	parentheses	here	to	indicate	that	A	and	B	are	ORed	first,	before	their	OR	sum	is	ANDed	with	C.	The	most	significant	improvements	in	the	tenth	edition	are	found	in	Chapter	7.	Approximately	5
mV	11-7.	Note	that	input	level	changes	that	occur	while	the	other	input	is	LOW	have	no	effect	on	the	output.	Pixel	Small	dots	of	light	that	make	up	a	graphical	image	on	a	display.	(a)	RAM	(b)	RWM	(c)	ROM	(d)	Internal	memory	(e)	Auxiliary	memory	(f)	Capacity	(g)	(h)	(i)	(j)	12-6.	Magnetic	disks	and	CDs	are	common	auxiliary	memory	devices.	A	logic
level	and	its	complement	are	also	fed	from	each	OLMC	back	to	a	column	of	the	input	matrix.	This	will	allow	you	to	make	the	best	decisions	when	selecting	and	applying	a	PLD	to	solve	a	problem.	The	tables	in	this	section	are	taken	from	the	spreadsheet	that	is	included	on	the	CD	at	Register	Subtractor	Digital	in	5-bit	signed	binary	4	4	4	0	0	0	DQ
Accumulator	A	Adder	Delta	Data	clock	A–B	1	0	0	0	4	3	2	1	0	4	4	0	0	A	B	Register	A+B	4	4	4	0	0	B	0	+1	V	D	Q4	Q4	(sign)	Bit	stream	0	0	Sigma	–1	V	+/–	detect	Σ/Δ	Clock	FIGURE	11-23	Sigma/delta	modulator	in	a	D/A	converter.	The	major	digital	system	categories	include	standard	logic,	application-specific	integrated	circuits	(ASICs)	and
microprocessor/	digital	signal	processing	(DSP)	devices.	The	Gray	code	defines	a	sequence	of	bit	patterns	in	which	only	one	bit	changes	between	successive	patterns	in	the	sequence.	The	conversion	time	is	the	time	it	takes	for	a	new	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	757	SECTION	11-13/OTHER	A/D	CONVERSION	METHODS	757
digital	output	to	appear	in	response	to	a	change	in	VA,	and	it	depends	only	on	the	propagation	delays	of	the	comparators	and	encoder	logic.	As	the	test	instrument	reads	the	data	from	each	test	ROM	location,	it	will	add	them	up	and	develop	its	own	checksum.	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	71	71	SECTION	3-8/IMPLEMENTING
CIRCUITS	FROM	BOOLEAN	EXPRESSIONS	EXAMPLE	3-6	Analyze	the	operation	of	Figure	3-15(a)	by	creating	a	table	showing	the	logic	state	at	each	node	of	the	circuit.	For	example,	line	9	states	that	IF	switch	input	9	is	activated	(LOW),	THEN	the	inputs	to	the	tristate	buffer	will	be	assigned	the	value	9	(in	binary,	of	course).	STD_LOGIC	In	VHDL,	a
data	type	defined	as	an	IEEE	standard.	We	can	visualize	the	memory	of	Figure	12-3(a)	as	an	arrangement	of	32	registers,	with	each	register	holding	a	four-bit	word,	as	illustrated	in	Figure	12-3(b).	All	68	pins,	however,	can	be	used	for	user	I/O	if	the	EPM7128SLC84	is	programmed	in	a	PLD	programmer	instead	of	in-system.	True	or	false:	(a)	During	a
read	cycle,	the	RAS	signal	is	activated	before	the	CAS	signal.	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	Page	765	SECTION	11-17/DIGITAL	SIGNAL	PROCESSING	(DSP)	765	occurs,	the	system	stops	acquiring	new	data	and	enters	the	display	mode	of	operation,	in	which	all	or	part	of	the	memory	data	is	repetitively	displayed	on	the	CRT.	Each
RAM	is	used	to	store	16	four-bit	words.	For	this	example,	we	re-create	the	operation	of	the	ring	counter	whose	state	diagram	is	shown	in	Figure	7-70(d).	This	characteristic	can	be	helpful	when	evaluating	logic	expressions	that	contain	AND	operations.	For	example,	register	0	is	in	row	0,	column	0,	and	register	9	is	in	row	1,	column	2.	12-17.	EXAMPLE
3-10	FIGURE	3-23	Example	3-10.	Every	day	you	read	the	newspaper,	take	a	sample	of	the	closing	price	for	your	stock,	and	write	it	down.	For	all	other	cases,	Z	is	made	a	0.	For	this	reason,	these	devices	are	often	referred	to	as	“one-time	programmable”	(OTP)	ROMs.	The	fusible-link	PROM	structure	is	very	similar	to	the	MROM	structure	because
certain	connections	either	are	left	intact	or	are	opened	in	order	to	program	a	memory	cell	as	a	1	or	a	0,	respectively.	This	makes	sense	because	212		4096,	and	there	are	4096	different	addresses.	It	has	more	complex	control	logic.	(a),	(b)	Encoder	(c),	(d),	(e)	Decoder	9-17.	CHAPTER	6	6-1.	Digital	Filtering	To	help	you	understand	digital	filtering,
imagine	you	are	buying	and	selling	stock.	These	devices	are	not	programmed	with	a	list	of	instructions,	like	a	computer	or	DSP.	Address	Bus	Unidirectional	lines	that	carry	the	address	code	from	the	CPU	to	memory	and	I/O	devices.	Draw	the	logic	symbol	for	this	chip,	showing	all	pin	functions.	The	range	of	3.0	V	is	set	by	applying	1.5	V	to	Vref/2,
which	establishes	Vref	TOCCMC11_0131725793.QXD	12/20/05	5:35	PM	754	Page	754	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	VCC	Analog	0.5–3.5	V	Vref	VCC	Vref	10	k	0.5	V	+	1.5	V	–	Vin(+)	Vin(–)	VCC	D7	D6	D5	D4	D3	D2	D1	D0	Vref/2	Clk	out	Analog	GND	R	10	k	Clk	in	ADC0804	CS	C	150	pF	Data	bus	INTR	WR	RD	AD7	AD6	AD5
AD4	AD3	AD2	AD1	AD0	Microprocessor	Address	bus	INT0	[16]	RD	A	GND	D	GND	WR	VCC	Vref	GND	+5	V	supply	Digital	GND	Address	decoding	logic	(a)	CS	WR	RD	INTR	Data	lines	Hi-Z	Valid	data	100	μs	Start	of	conversion	End	of	conversion	(b)	FIGURE	11-21	(a)	An	application	of	an	ADC0804;	(b)	typical	timing	signals	during	data	acquisition.
Solution	The	logic	circuit	is	a	simple	AND	gate.	Newer	+VCC	A0	A14	OE	•	•	•	•	+VPP	28F256A	CMOS	32K	x	8	CE	WE	Flash	Memory	DQ0	•	•	•	•	•	•	•	•	DQ7	Inputs	Mode	CE	OE	READ	LOW	LOW	STANDBY	HIGH	X	WRITE*	LOW	HIGH	WE	HIGH	X	LOW	DATAOUT	High	Z	DATAIN	*Note:	If	VPP	≤	6.5	V,	a	write	operation	cannot	be	performed	VSS	(a)
Data	pins	(b)	FIGURE	12-15	(a)	Logic	symbol	for	the	28F256A	flash	memory	chip;	(b)	control	inputs	CE,	WE,	and	OE.	Probable	fault	is	short	to	ground	at	MSB	of	tens	MUX.	Problem	A2	A1	A0	16	×	8	ROM	D7	D6	D5	D4	D3	D2	D1	D0	each	input	pulse.	Recall	from	Chapter	8	that	the	three	states	of	a	tristate	out-	VHDL	TOCCMC09_0131725793.QXD
TOCCMC09_0131725793.QXD	12/20/05	648	FIGURE	9-60	VHDL	priority	encoder	using	conditional	signal	assignment.	Conversion	Time	In	the	operation	just	described,	the	control	logic	goes	to	each	register	bit,	sets	it	to	1,	decides	whether	or	not	to	keep	it	at	1,	and	goes	on	to	the	next	bit.	Many	ROMs	have	two	or	more	control	inputs	that	must	be
active	in	order	to	enable	the	data	outputs	so	that	data	can	be	read	from	the	selected	address.	6-53.	The	cover	was	printed	by	Phoenix	Color	Corp.	This	site	offers	students	a	free	online	study	guide	with	which	they	can	review	the	material	learned	in	the	text	and	check	their	understanding	of	key	topics.	Lines	12	and	13	control	the	serial	input	using	the
strategy	we	just	described.	(d)	The	_____	code	has	the	characteristic	that	only	one	bit	changes	in	going	from	one	step	to	the	next.	Some	other	examples	of	applications	include	speech	recognition,	telecommunications	data	encryption,	fast	Fourier	transforms,	image	processing	in	digital	television,	ultrasonic	beam	forming	in	medical	electronics,	and
noise	cancellation	in	industrial	controls.	A	0	0	0	0	1	1	1	1	B	0	0	1	1	0	0	1	1	C	0	1	0	1	0	1	0	1	x	=	ABC	0	0	0	0	0	0	0	1	A	B	C	x	=	ABC	Note	the	difference	between	the	symbols	for	the	AND	gate	and	the	OR	gate.	Short	erase	and	programming	times	4.	When	the	transmitter	sends	an	ASCII	character,	it	must	be	“framed”	so	the	receiver	knows	where	the
data	begins	and	ends.	ENTITY	Keyword	in	VHDL	used	to	define	the	basic	block	structure	of	a	circuit.	The	AND	gate	output	is	equal	to	the	AND	product	of	the	logic	inputs;	that	is,	x	=	AB.	Very	few	changes	were	necessary	in	Chapter	4.	The	OR	gate	operates	on	its	inputs	so	that	its	output	is	the	OR	sum	of	the	inputs.	A	good	example	is	the	video	RAM
on	your	PC.	Unlike	VHDL,	this	language	is	not	intended	to	be	used	as	a	universal	language	for	describing	any	logic	circuit.	However,	their	much	larger	capacities	and	much	lower	power	consumption	make	DRAMs	the	memory	of	choice	in	systems	where	the	most	important	design	considerations	are	keeping	down	size,	cost,	and	power.	These	methods
use	the	same	techniques	described	in	Section	7-22	in	order	to	make	the	register	shift	one	position	on	each	clock.	If	the	type	of	input	is	a	four-bit	binary	number	from	a	keypad,	it	can	have	any	one	of	16	different	values	(00002	-11112).	FIGURE	3-41	Standard	logic	symbols:	(a)	traditional;	(b)	IEEE/ANSI.	1111	10-12.	The	single-in-line	memory	module
(SIMM)	is	a	circuit	card	with	72	functionally	equivalent	contacts	on	both	sides	of	the	card.	Use	the	expression	for	x	to	determine	the	output	of	the	circuit	in	Figure	3-15(a)	for	the	conditions	A	=	0,	B	=	1,	C	=	1,	and	D	=	0.	40	mA;	10.2	mA	2.	(a)	11	(b)	111	6-13.	Line	21	assigns	a	disabled	state	to	each	output	when	any	combination	other	than	100	is
present	on	the	enable	inputs.	(a)*743	(d)	2000	(g)*7FF	(b)	36	(e)*	165	(h)	1204	(c)*37FD	(f)	ABCD	2-5.	To	represent	the	negative	portions,	a	lower	density	of	1s	(i.e.,	a	higher	density	of	0s)	is	generated	(e.g.,	00010001000010001000).	If	the	logic	state	for	an	intermediate	node	is	correct,	the	problem	must	be	farther	to	the	right	of	that	node.
TOCCMC12_0131725793.QXD	12/20/05	790	REVIEW	QUESTION	5:37	PM	Page	790	CHAPTER	12/MEMORY	DEVICES	1.	Once	programmed,	however,	a	PROM	is	like	an	MROM	because	it	cannot	be	erased	and	reprogrammed.	The	latest	low-voltage	devices	operate	on	only	1.8	V.	The	following	two	sections	describe	the	very	simple	circuit	of	Figure	3-
45	and	illustrate	the	critical	elements	of	AHDL	and	VHDL.	9-35.	This	is	the	way	a	computer	operates:	one	task	at	a	time	but	very	quickly.	3-17	DESCRIPTION	LANGUAGES	VERSUS	PROGRAMMING	LANGUAGES*	Recent	trends	in	the	field	of	digital	systems	are	favoring	text-based	language	description	of	digital	circuits.	Because	4096		212,	it	requires
a	12-bit	address	code	to	specify	one	of	4096	addresses.	EEPROM	Standard	cell	HCPLDs	Flash	SRAM	Full	custom	FPGAs	Flash	Antifuse	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	Page	871	SECTION	13-1/DIGITAL	SYSTEMS	FAMILY	TREE	871	The	first	category	of	standard	logic	devices	refers	to	the	basic	functional	digital	components	(gates,
flip-flops,	decoders,	multiplexers,	registers,	counters,	etc.)	that	are	available	as	SSI	and	MSI	chips.These	devices	have	been	used	for	many	years	(some	more	than	30	years)	to	design	complex	digital	systems.	D2	and	D0	will	remain	LOW	because	there	is	no	path	from	the	Q1	and	Q3	source	leads	to	their	columns.	Draw	the	logic	symbol.	Cyclone	family
devices	are	not	supported	by	MAXPLUS	II	design	software.	TOCCMI02_0131725793.QXD	12/21/05	10:27	PM	Page	922	INDEX	A	Access	time	defined,	788	ROM,	799	Accumulator	register,	318	Acquisition	time,	sample-and-hold	circuits,	762	Active.	Each	address	code	activates	one	particular	decoder	output,	which	in	turn	enables	its	corresponding
register.	Only	a	portion	of	the	available	gates	can	be	utilized.	A	type	of	memory	in	which	the	access	time	is	not	constant	but	varies	depending	on	the	address	location.	Output	Logic	Macrocell	(OLMC)	A	group	of	logic	elements	(gates,	multiplexers,	flip-flops,	buffers)	in	a	PLD	that	can	be	configured	in	various	ways.	Bipolar	DAC	Digital-to-analog
converter	that	accepts	signed	binary	numbers	as	input	and	produces	the	corresponding	positive	or	negative	analog	output	value.	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	878	Page	878	CHAPTER	13/PROGRAMMABLE	LOGIC	DEVICE	ARCHITECTURES	Inputs	D	C	B	OR	array	(programmable)	A	C	B	A	0	0	DCBA	1	1	DCBA	2	2	DCBA	3	3	DCBA	4
4	DCBA	5	5	DCBA	6	6	DCBA	7	7	DCBA	8	8	DCBA	9	9	DCBA	10	10	DCBA	11	11	DCBA	12	12	DCBA	13	13	DCBA	14	14	DCBA	15	15	DCBA	3	AND	array	(hard-wired)	2	1	0	O3	O2	O1	O0	All	fuses	intact	(a)	D	O3	=	AB	+	CD;	O2	=	ABC	O1	=	ABCD	+	ABCD;	O0	=	A	+	BD	+	CD	Blown	fuse	3	2	1	0	O3	O2	O1	O0	Fuse	left	intact	Outputs	(b)	FIGURE	13-5	(a)
PROM	architecture	makes	it	suitable	for	PLDs;	(b)	fuses	are	blown	to	program	outputs	for	given	functions.	Each	combination	of	address	inputs	must	be	fully	decoded,	and	each	expanded	product	term	has	an	associated	fuse	that	is	used	to	OR	them	together.	The	special	test	instrument	can	be	programmed	to	read	every	location	in	the	test	ROM	and
print	out	a	listing	of	the	contents	of	each	location.The	listing	can	then	be	compared	with	what	the	ROM	is	supposed	to	contain.	Up/Down	Counter	Counter	that	can	count	up	or	down	depending	on	how	its	inputs	are	activated.	The	difference	between	VP	and	VA	(called	error)	is	produced	by	the	differential	amplifier	and	is	amplified	by	the	P.A.	to	drive
the	motor	in	the	direction	that	causes	the	error	signal	to	decrease	to	0—that	is,	moves	the	lever	until	VP	=	VA.	All	figures	in	the	text	that	have	a	corresponding	simulation	file	on	the	CD-ROM	are	identified	by	the	icon	shown	in	Figure	P-4.	The	needed	cells	are	laid	out	for	the	desired	application,	and	the	interconnections	between	the	cells	are
determined.	Some	of	the	complexity	of	the	memory	array	in	this	chip	is	there	to	make	refresh	operations	simpler.	The	inputs	and	outputs	(sometimes	called	ports)	must	be	assigned	names	and	defined	according	to	the	nature	of	the	port.	If	a	checkerboard	pattern	SELF-TEST	is	performed	on	this	circuit,	the	displayed	messages	will	state	that	the
memory	is	OK.	12-11.*	Figure	12-45	shows	how	data	from	a	ROM	can	be	transferred	to	an	external	register.	Retriggerable	One-Shot	Type	of	one-shot	that	will	respond	to	a	trigger	input	signal	while	in	its	quasistable	state.	During	a	read	operation,	these	lines	become	data	output	lines	through	which	the	selected	module	places	its	data	on	the	bus	for
the	CPU	to	read.	Examples	3-5A	A	A	B	B	x	x	Solution	The	output	x	will	be	at	1	only	when	A	and	B	are	both	HIGH	at	the	same	time.	For	this	reason,	this	ADC	is	often	called	a	tracking	ADC.	SIMULATION	FILES	This	edition	also	includes	simulation	files	that	can	be	loaded	into	Electronics	Workbench	Multisim®.	Consequently,	when	the	highest	address
is	reached,	the	address	counter	will	“wrap	around”	and	the	next	location	will	be	the	lowest	address.	Why	is	it	necessary	to	reload	the	current	data	during	the	hold	data	mode	on	a	shift	register?	With	CS	=	RD	=	LOW,	the	digital	output	pins	will	have	logic	levels	representing	the	results	of	the	last	A/D	conversion.	The	NAND	gate	thus	has	input	levels	of
0,	1,	and	1	to	produce	an	output	of	1	(an	AND	would	have	produced	an	output	of	0).	A	few	of	the	end-ofchapter	problem	solutions	are	available	to	students.	Data	Bus	Bidirectional	lines	that	carry	data	between	the	CPU	and	the	memory,	or	between	the	CPU	and	the	I/O	devices.	Spike	See	Glitch.	The	number	of	terms	ranges	from	eight	all	the	way	up	to
16.	The	PAL	has	an	AND	and	OR	structure	similar	to	a	PROM	but	in	the	PAL,	inputs	to	the	AND	gates	are	programmable,	whereas	the	inputs	to	the	OR	gates	are	hard-wired.	What	are	the	most	probable	faults?	Once	the	data	are	stored,	they	will	remain	unchanged	as	long	as	power	is	applied	to	the	chip.	The	necessary	speed	of	operation	for	the	circuit,
cost	of	manufacturing,	system	power	consumption,	system	size,	amount	of	time	available	to	design	the	product,	etc.	TOCCMC11_0131725793.QXD	12/20/05	770	5:35	PM	Page	770	CHAPTER	11/INTERFACING	WITH	THE	ANALOG	WORLD	11.	Each	time	a	cycle	such	as	this	occurs,	the	on-chip	refresh	circuitry	will	refresh	a	row	of	the	array	at	the	row
address	specified	by	a	refresh	counter.	It	is	defined	as	the	maximum	deviation	in	step	size	from	the	ideal	step	size.	This	same	idea	can	obviously	be	extended	to	situations	with	more	than	two	process	variables.	(a)*42	45	4E	20	53	4D	49	54	48	(b)	4A	6F	65	20	47	72	65	65	6E	2-27.	Eight	different	products	(outputs	of	AND	gates)	are	applied	as	inputs	to
each	of	the	eight	output	logic	macrocells.	It	converts	the	differential	analog	input	voltage	to	an	eight-bit	tristate	buffered	digital	output.	You	want	to	ignore	sudden,	short-term	(high-frequency)	changes	but	respond	to	the	overall	trends	(30-day	averages).	True	or	false:	The	conversion	time	for	a	SAC	increases	as	the	analog	voltage	increases.	For	this
situation,	the	data	outputs	will	all	be	in	the	LOW	state.	Many	integrated	ADCs	contain	the	multiplexing	circuitry	on	the	same	chip	as	the	ADC.	How	many	data	inputs,	data	outputs,	and	address	inputs	are	needed	for	a	1024	*	4	ROM?	Prevents	decoding	glitches	by	disabling	the	decoder	while	the	address	lines	are	changing	2.	LSI	Large-scale	integration
(100	to	9999	gates).	97B5	5.	When	this	occurs,	the	receiver	may	incorrectly	interpret	that	bit	as	a	logic	1,	which	is	not	what	the	transmitter	has	sent.	The	text-based	language	must	convey	the	same	information.	Many	memory	systems	take	advantage	of	the	versatility	that	the	JEDEC	standards	provide.	Equivalently,	we	can	remember	that	an	OR	gate
output	will	be	1	when	any	input	is	1,	regardless	of	the	value	of	the	other	input.	3-3	OR	OPERATION	WITH	OR	GATES	The	OR	operation	is	the	first	of	the	three	basic	Boolean	operations	to	be	learned.	From	an	educational	standpoint,	however,	these	small	ICs	do	offer	a	way	to	study	simple	digital	circuits,	and	the	wiring	of	circuits	using	breadboards	is
a	valuable	pedagogic	exercise.	The	major	improvements	that	are	occurring	now	in	CD-ROM	technology	involve	quicker	access	time	in	retrieving	data.	TOCCMC13_0131725793.QXD	12/20/05	6:52	PM	886	Page	886	CHAPTER	13/PROGRAMMABLE	LOGIC	DEVICE	ARCHITECTURES	INPUT/GCLK1	INPUT/OE2/GCLK2	INPUT/OE1	INPUT/GCLRn	6
output	enables	6	output	enables	6	to16	LAB	A	6	to16	I/O	pins	•	•	•	I/O	6	to16	control	block	LAB	B	6	to16	36	Macrocells	1	to	16	36	16	•	•	•	I/O	6	to16	control	block	•	6	to16	I/O	pins	•	•	6	to16	6	LAB	D	6	to16	36	Macrocells	33	to	48	6	36	16	16	6	to16	6	to16	•	•	•	FIGURE	13-10	I/O	control	block	PIA	6	to16	LAB	C	6	to16	I/O	pins	6	to16	16	6	to16	6
Macrocells	17	to	32	Macrocells	49	to	64	6	to16	I/O	control	block	•	6	to16	I/O	pins	•	•	6	•	•	•	MAX7000S	family	block	diagram.	ROM	is	memory	that	is	mainly	read	from	and	is	written	into	very	infrequently.	What	is	a	macrocell?	Notice	the	keyword	TYPE.	Then	the	switches	are	open	so	that	C	is	disconnected	from	the	rest	of	the	circuit.	In	any	case,	the
operation	is	the	same.	For	this	reason,	many	digital	systems	employ	some	method	for	detection	(and	sometimes	correction)	of	errors.	The	eight	data	outputs	of	each	register	are	connected	to	an	internal	data	bus	that	runs	through	the	entire	circuit.	The	CASE	structure	on	lines	11–25	and	the	decoding	logic	that	drives	the	outputs	(lines	27–33)	refer	to
the	states	by	name.	Consequently,	the	output	channel	is	on	the	left	of	the	=	sign	and	the	input	signal	is	on	the	right.	This	signals	the	end	of	conversion,	and	the	digital	equivalent	of	VA	is	present	at	the	_____.	Ignore	ROM	delay	times.	How	many	comparators	would	a	12-bit	flash	converter	require?	The	new	edition	contains	many	new	projects	and
examples.	These	traditional	symbols	use	a	distinctive	shape	for	each	logic	gate.	x	=	A3(A2	+	A1A0)	4-9.	All	of	the	problems	at	the	end	of	Chapter	7	have	been	rewritten	to	reinforce	the	concepts.	(see	also	NOT	operation)	Complete	hierarchy	of	the	project	(digital	clock	using	HDL),	697	Complex	programmable	logic	devices	(CPLDs),	872	Computer	data
acquisition	system,	746	decision	process	of	a	program,	100	dedicated,	21	digital,	19–21,	721	embedded	controller,	21	functional	diagram	of,	19	major	parts	of,	19–21	microcomputer,	20	microcontroller,	21	programming	languages,	99	types	of,	20–21	Concatenating,	182–183,	453	Conditional	signal	assignment	statement,	647	Constants,	344	Contact
bounce,	215	Control	bus,	794	inputs,	223,	233	synchronous,	223	unit,	20	Controlled	inverter,	147	Conversion	time,	ADC,	744,	750–751	Converter,	data,	813	Counters,	360–486	and	registers,	360–486	asynchronous	(ripple),	362–365	propagation	delay,	365–367	basic	idea,	396	BCD,	decoding,	391–392	cascading,	388–389	decade,	375–376	decoding,
381,	389–393,	448–449	design	procedure,	397–400	displaying	states,	372	feedback,	with,	445	glitches,	367,	372	HDL,	basic,	405–411	integrated	circuit	registers,	437	J-K	excitation	table,	397,	399	Johnson,	447–449	with	MOD	numbers	■	Interpret	simple	circuits	defined	by	a	hardware	description	language	(HDL).	A	B	74LS08	(1)	(3)	(2)	74LS32	(1)	(3)
(a)	x	=	AB	+	CD	(2)	C	D	74LS08	(4)	(6)	(5)	AND	A	1	3	5	B	(b)	x	7	C	2	4	6	D	AND	OR	After	eliminating	double	inversions	A	B	(1)	74LS00	(3)	(2)	(9)	74LS00	(8)	(10)	(c)	C	D	REVIEW	QUESTIONS	(4)	x	74LS00	(6)	(5)	1.	This	would	produce	an	output	of	AABBCCDD,	which,	as	we	know,	is	0.	It	was	developed	by	the	Department	of	Defense	in	the	early	1980s
as	a	concise	way	to	document	the	designs	in	the	very	high	speed	integrated	circuit	(VHSIC)	program.	1	A	0	A	1	B	x=A+B	B	0	1	x	0	Solution	One	way	to	determine	the	NOR	output	waveform	is	to	find	first	the	OR	output	waveform	and	then	invert	it	(change	all	1s	to	0s,	and	vice	versa).	The	16-bit	digital	numbers	come	off	the	CD	serially;	then	they	are
formatted	into	parallel	data	patterns	and	clocked	into	a	converter.	For	the	demux,	another	issue	is	assigning	a	state	to	whichever	outputs	are	not	currently	selected	to	distribute	data.	Surface	Mount	A	method	of	manufacturing	circuit	boards	whereby	ICs	are	soldered	to	conductive	pads	on	the	surface	of	the	board.	Show	how	to	combine	several	2125A
ICs	to	form	a	1K	*	8	module.	Thus,	we	can	think	of	the	B	input	as	a	control	input	whose	logic	level	determines	whether	or	not	the	A	waveform	gets	through	to	the	x	output.	213310		85516		1000010101012	2-11.	Other	popular	methods	of	A/D	include	up/down	tracking,	integrating,	voltage-to-frequency	conversion,	and	sigma/delta	conversion.	Memory
in	which	the	actual	physical	location	of	a	memory	word	has	no	effect	on	how	long	it	takes	to	read	FIGURE	12-2	Each	word	location	has	a	specific	binary	address.	The	bipolar	cell	contains	two	bipolar	transistors	and	two	resistors,	while	the	NMOS	cell	contains	four	N-channel	MOSFETs.	The	bipolar	cell	requires	more	chip	area	than	the	MOS	cell
because	a	bipolar	transistor	is	more	complex	than	a	MOSFET,	and	because	the	bipolar	cell	requires	separate	resistors	while	the	MOS	cell	uses	MOSFETs	as	resistors	(Q3	and	Q4).	Standard	Cell	An	application-specific	integrated	circuit	(ASIC)	made	of	predesigned	logic	blocks	from	a	library	of	standard	cell	designs	that	are	interconnected	during	the
system	design	stage	and	then	fabricated	on	a	single	IC.	In	order	to	select	one	of	the	64	address	locations	for	reading	or	writing,	a	binary	address	code	is	applied	to	a	decoder	circuit.	R>W	=	1	also	disables	the	input	buffers	so	that	the	data	inputs	do	not	affect	the	memory	during	a	read	operation.	A	newer	standard	for	logic	symbols	was	developed	in
1984;	it	is	called	the	IEEE/ANSI	Standard	91-1984	for	logic	symbols.	Working	back	to	the	CPU	address	lines	A15	to	A10,	we	see	that	module-3	will	be	enabled	when	the	following	address	is	placed	on	the	address	bus:	A15	A14	A13	A12	A11	A10	A9	A8	A7	A6	A5	A4	A3	A2	A1	A0	0	0	0	0	1	1	x	x	x	x	x	x	x	x	x	x	TOCCMC12_0131725793.QXD	12/20/05	5:37
PM	Page	850	850	CHAPTER	12/MEMORY	DEVICES	FIGURE	12-43	Example	12-18,	showing	address	bus	conditions	needed	to	select	RAM	module-3.	Another	way	utilizes	the	fact	that	a	NOR	gate	output	will	be	HIGH	only	when	all	inputs	are	LOW.	This	sequence	will	refresh	one	row	of	the	memory	array	and	increment	an	internal	counter	that
generates	the	row	addresses.	11-37.	These	laws	indicate	that	the	order	in	which	we	OR	or	AND	two	variables	is	unimportant;	the	result	is	the	same.	True	6.	See	also	First	In,	First-Out	(FIFO)	Memory.	Unasserted	Term	used	to	describe	the	state	of	a	logic	signal;	synonymous	with	“inactive.”	Undersampling	Acquiring	samples	of	a	signal	at	a	rate	less
than	twice	the	highest	frequency	contained	in	the	signal.	Fusible	Link	Conducting	material	that	can	be	made	nonconducting	(i.e.,	open)	by	passing	too	much	current	through	it.	1	C	C+D	0	1	0	1	D	x	=	AB(C	+	D)	B	1	A	EXAMPLE	3-12	Determine	the	output	level	in	Figure	3-24	for	A		B		C		1	and	D		0.	Since	x	=	v	+	w,	the	x	output	will	be	HIGH	when	v	is
HIGH	OR	w	is	HIGH	as	shown	in	Figure	3-16(e).	Sections	of	the	text	that	cover	the	specifics	of	a	language	are	clearly	designated	with	a	color	bar	in	the	margin.	State	Transition	Diagram	A	graphic	representation	of	the	operation	of	a	sequential	binary	circuit,	showing	the	sequence	of	individual	FF	states	and	conditions	needed	for	transitions	from	one
state	to	the	next.	Digital	INPUTS	101	A	B	C	D	E	F	G	H	Logic	circuits	Programmable	connections	matrix	configure	these	devices	by	placing	1s	and	0s	in	a	grid	manually	(which	is	how	they	did	it	back	in	the	1970s).	3-7	EVALUATING	LOGIC-CIRCUIT	OUTPUTS	Once	we	have	the	Boolean	expression	for	a	circuit	output,	we	can	obtain	the	output	logic
level	for	any	set	of	input	levels.	(a)	x	=	(A	+	B)BC.	Draw	the	logic	symbol	for	the	TMS4256,	which	is	a	256K	*	1	DRAM.	(b)	Is	programmed	by	the	manufacturer.	We	feel	this	redundancy	is	worth	the	extra	effort	to	provide	you	with	the	flexibility	of	focusing	on	either	of	the	two	languages	or	learning	both	by	comparing	and	contrasting	similar	examples.
In	this	chapter,	we	will	discover	many	ways	to	describe	their	operation.	A	sampled	data	acquisition	system	is	being	used	to	digitize	an	audio	signal.	When	memory	is	full,	the	next	data	point	from	the	ADC	is	stored	in	the	first	memory	location,	writing	over	the	old	data,	and	so	on,	for	successive	data	points.	TOCCMC13_0131725793.QXD	12/20/05	6:52
PM	Page	885	SECTION	13-5/THE	ALTERA	EPM7128S	CPLD	885	With	all	of	these	options,	it	would	seem	that	there	must	be	a	long	list	of	possible	configurations.	Mode	1	(shift	right)	transfers	bits	3,	2,	and	1	to	bit	positions	2,	1,	and	0,	respectively	(line	17),	and	loads	bit	3	from	the	serial	input	(line	18).	1000	and	0000	states	never	occur	7-7.	Are
SIMMs	and	DIMMs	interchangeable?	Four	outputs	where	z3	is	the	MSB	z3	=	y1y0x1x0	z2	=	y1x1(y0	+	x0)	z1	=	y0x1(y1	+	x0)	+	y1x0(y0	+	x1)	z0	=	y0x0	4-28.	This	device	has	eight	dedicated	input	pins	(pins	2–9),	two	special	function	inputs	(pins	1	and	11),	and	eight	pins	(12–19)	that	can	be	used	as	inputs	or	outputs.	ENTITY	and_gate	IS	PORT	(	a,	b
:IN	BIT;	y	:OUT	BIT);	END	and_gate;	ARCHITECTURE	ckt	OF	and_gate	IS	BEGIN	y	END	counter;	279	(2	DOWNTO	0));	high,	clk	=>	clock,	q	=>	qout(0));	high,	clk	=>	qout(0),q	=>	qout(1));	high,	clk	=>	qout(1),q	=>	qout(2));	ENTITY	neg_jk	IS	PORT	(	clk,	j,	k	:IN	BIT;	q	:OUT	BIT);	END	neg_jk;	ARCHITECTURE	simple	of	neg_jk	IS	SIGNAL	qstate
:BIT;	BEGIN	PROCESS	(clk)	BEGIN	IF	(clk'EVENT	AND	clk	=	'0')	THEN	IF	j	=	'1'	AND	k	=	'1'	THEN	qstate	IF	full	THEN	cycle	=	agitate;	ELSE	cycle	=	fill;	END	IF;	WHEN	agitate=>	IF	timesup	THEN	cycle	=	spin;	ELSE	cycle	=	agitate;	END	IF;	WHEN	spin	=>	IF	dry	THEN	cycle	=	idle;	ELSE	cycle	=	spin;	END	IF;	WHEN	OTHERS	=>	cycle	=	idle;
END	CASE;	TABLE	cycle	idle	fill	agitate	spin	END	TABLE;	END;	=>	=>	=>	=>	=>	water_valve,	GND,	VCC,	GND,	GND,	ag_mode,	GND,	GND,	VCC,	GND,	sp_mode;	GND;	GND;	GND;	VCC;	designer	does	not	need	to	worry	about	this	level	of	detail.	Auxiliary	Storage	Because	of	their	nonvolatility,	high	speed,	low	power	requirements,	and	lack	of



moving	parts,	flash	memory	modules	have	become	feasible	alternatives	to	magnetic	disk	storage.	Electrically	Erasable	Programmable	ROM	(EEPROM)	ROM	that	can	be	electrically	programmed,	erased,	and	reprogrammed.	To	store	the	digitized	data	as	a	list	of	N-bit	binary	numbers,	the	average	bit	density	of	2N	bit-stream	samples	is	calculated	and
stored.	OUT	is	always	LOW.	Gate	arrays	are	ULSI	circuits	that	offer	hundreds	of	thousands	of	gates.The	desired	logic	functions	are	created	by	the	interconnections	of	these	prefabricated	gates.	A	CMOS	memory	cell	would	be	similar	to	the	NMOS	cell	except	that	it	would	use	P-channel	MOSFETs	in	place	of	Q3	and	Q4.	In	order	to	access	data	on	the
current	page,	only	the	lower	address	lines	must	be	changed.	Solution	This	expression	shows	that	the	terms	A		B	and	B	+	C	are	inputs	to	an	AND	gate,	and	each	of	these	two	terms	is	generated	from	a	separate	OR	gate.	Your	system	must	measure	accurately	(	0.2°F)	from	50	to	101°F.	Four	are	already	shown	and	four	more	can	be	connected	to	the	O4–
O7	of	the	existing	decoder	outputs.	RAMs	typically	come	with	word	capacities	of	1K,	4K,	8K,	16K,	64K,	128K,	256K,	and	1024K,	and	with	word	sizes	of	one,	four,	or	eight	bits.	(j)	Does	not	have	to	be	removed	from	the	system	to	be	erased	and	reprogrammed.	(a)	What	should	the	digital	value	for	50°F	be	for	the	best	resolution?	PROMs	The	architecture
of	the	programmable	circuits	in	the	previous	section	involves	programming	the	connections	to	the	OR	gate.	It	was	printed	and	bound	by	Courier	Kendallville,	Inc.	On	many	new	devices,	these	features	are	being	integrated	into	the	DRAM	chip	itself.	This	tells	us	that	a	three-input	OR	gate	is	required	with	inputs	that	are	equal	to	AC,	BC,	and	ABC.	(Hint:
Remember	that	this	is	a	BCD	code.)	(a)	1001010110000	parity	bit	(b)	0100011101100	(c)	0111110000011	(d)	1000011000101	2-29.	The	decoder	output	(K3)	is	active	for	8K	addresses,	but	the	chip	that	it	is	connected	to	contains	only	2K	locations.	(b)	33	MHz	7-9.	(a)	Yes	(b)	No	(c)	No	9-21.	The	look-up	table	is	basically	a	16	*	1	SRAM	memory	block.
After	choosing	one	of	these	operations	on	the	actual	register,	the	data	is	transferred	to	the	output	pins	on	line	24.	A	good	portion	of	the	next	chapter	will	be	devoted	to	the	process	of	circuit	simplification.	High-Capacity	PLD	(HCPLD)	A	PLD	with	thousands	of	logic	gates	and	many	programmable	macrocell	resources,	along	with	very	flexible
interconnection	resources.	Octets	Groups	of	eight	1s	that	are	adjacent	to	each	other	within	a	Karnaugh	map.	We	can	specify	the	position	of	each	register	as	being	in	a	specific	row	and	a	specific	column.	Altera	products	are	the	intellectual	property	of	Altera	Corporation	and	are	protected	by	copyright	laws	and	one	or	more	U.S.	and	foreign	patents	and
patent	applications.	As	noted,	the	CPU	supplies	these	input	signals	to	the	RAM	when	it	wants	to	read	data	from	a	specific	RAM	address	location.	1M	=	1024K	=	1024	*	1024.	Application-specific	integrated	circuit	4.	For	example,	a	word	size	of	eight	bits	is	also	a	word	size	of	one	byte,	a	word	size	of	16	bits	is	two	bytes,	and	so	on.	What	EPROM
shortcomings	are	overcome	by	EEPROMs?	Solution	Using	theorem	(17),	and	treating	(	A	+	C)	as	x	and	(B	+	D)	as	y,	we	have	z	=	(A	+	C)	+	(B	+	D)	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	81	SECTION	3-11/DEMORGAN’S	THEOREMS	81	We	can	think	of	this	as	breaking	the	large	inverter	sign	down	the	middle	and	changing	the	AND	sign
(	#	)	to	an	OR	sign	().	In	today’s	rapidly	advancing	technology	market,	most	conventional	digital	systems	are	not	being	implemented	with	standard	logic	device	chips	containing	only	simple	gates	or	MSI-type	functions.	The	serial	transmission	system	using	MUX	and	DEMUX	is	particularly	improved.	Use	theorems	(13)	and	(8)	to	simplify	y	=	A	BCD	+	A
B	C	D.	5-50.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	856	Page	856	CHAPTER	12/MEMORY	DEVICES	SECTIONS	12-4	AND	12-5	12-7.*	Refer	to	Figure	12-6.	What	can	they	be	used	for?	Using	these	concepts,	we	can	create	circuits	made	of	little	more	than	processed	beach	sand	and	wire	that	make	consistent,	intelligent,	logical	decisions.	Most
semiconductor	memories	are	RAMs.	Sequential-Access	Memory	(SAM).	Erasable	Programmable	ROM	(EPROM)	ROM	that	can	be	electrically	programmed	by	the	user.	Serial	In/Parallel	Out	Type	of	register	that	can	be	loaded	with	data	serially	and	has	parallel	outputs	available.	This	storage	process	is	called	programming.	Other	improvements	include
analysis	techniques	for	combinational	circuits,	expanded	coverage	of	555	timer	applications,	and	better	coverage	of	signed	binary	numbers.	The	most	universal	method	for	refreshing	a	DRAM	is	the	RAS-only	refresh.	It	utilizes	a	block	diagram	approach	to	teach	the	basic	logic	operations	without	confusing	the	reader	with	the	details	of	internal
operation.	[13]	K2	K3	A0–A12	A0–A12	CS	PROM-1	8K	×	8	[11]	CS	WE	A0–A10	RAM	8K	×	8	CS	EEPROM	2K	×	8	WE	O7–O0	O7–O0	I/O7–I/O0	I/O7–I/O0	[8]	[8]	[8]	[8]	R/W	D7	••	••	•	D0	Data	bus	[8]	Address	ranges	(hex)	0000	to	1FFF	—	PROM-0	2000	to	3FFF	—	PROM-1	4000	to	5FFF	—	RAM	6000	to	67FF	—	EEPROM	FIGURE	12-38	A	system	with
incomplete	address	decoding.	9-49.	We	could	also	express	this	memory’s	capacity	as	4096	*	20.	We	have	always	felt	that	it	is	a	bold	proposition,	however,	to	try	to	teach	VHDL	in	an	introductory	course.	Notice	that	in	line	3,	the	select	input(s)	is	typed	as	an	integer,	just	like	the	MUX	code	in	Figure	9-64.	This	produces	a	HIGH	out	of	the	OR	gate	and	at
the	C	input	of	the	decoder.	Tocci,	Neal	S.	Of	course,	the	data	are	stored	in	binary	inside	the	ROM,	but	very	often	we	use	hexadecimal	notation	to	show	the	programmed	data	efficiently.	EEPROMs	are	nonvolatile,	offer	fast	read	access,	and	allow	rapid	in-circuit	erasure	and	reprogramming	of	individual	bytes.	EXAMPLE	12-16	Assume	that	the	CPU	is
performing	a	read	operation	from	address	06A3	(hex).	When	the	control	line	is	a	logic	0,	the	XOR	will	pass	the	logic	level	at	input	A	with	no	inversion.	(a)	1	(b)	A	(c)	0	(d)	C	(e)	0	(f)	D	(g)	D	(h)	1	(i)	G	(j)	y	3-24.	A1	A0	WE	CS1	CS2	OE	I/O7	I/O6	..	For	now,	let	us	summarize	the	important	points	concerning	the	logic-gate	representations.	Decision	Control
Structures	The	statements	and	syntax	that	describe	how	to	choose	between	two	or	more	options	in	the	code.	Thus,	we	can	express	the	OR	output	as	x	=	A	#	B	+	C.	In	a	simple	computer	system,	the	address	inputs	to	the	memory	system	come	from	the	central	processing	unit	(CPU).	We	must	be	able	to	represent	these	logical	decisions.	t1:	RAS	is
driven	LOW	to	load	the	row	address	into	the	DRAM.	Any	time	we	detect	that	the	upper	three	bits	are	all	LOW,	we	assume	the	lowest	order	bit	is	HIGH,	and	on	the	next	clock,	we	want	to	shift	in	a	HIGH	to	ser_in.	If	they	do	not	agree,	then	there	is	a	definite	problem	in	the	test	ROM.	Without	the	parentheses	it	would	be	interpreted	incorrectly,	because
A	+	B	#	C	means	that	A	is	ORed	with	the	product	B	#	C.	Repeat	question	1	for	the	standard	AND	gate	symbol.	As	this	trend	continues,	you	can	expect	to	see	nearly	all	electronic	systems	containing	digital	signal	processing	circuitry.	The	data	lines	return	to	the	Hi-Z	state	when	either	CS	or	RD	is	returned	HIGH.	This	is	because	the	smaller	inversion
bars	invert	the	single	variables	A	and	B,	while	the	wide	bar	inverts	the	quantity	(	A	+	B).	DQ0–DQ7	VCC	VSS	Erase	voltage	switch	VPP	Input/output	buffers	To	array	source	State	control	WE	Command	Register	Integrated	program	/erase	stop	timer	PGM	voltage	switch	Chip	enable	Output	enable	Logic	CE	STB	OE	A0–A14	Y–decoder	Address	Latch	STB
Y–Gating	•	X–decoder	Data	latch	•	•	•	FIGURE	12-16	Functional	diagram	of	the	28F256A	flash	memory	chip.	This	device	is	found	on	several	educational	development	boards,	including	the	Altera	UP2,	DeVry	eSOC,	and	RSR	PLDT-2.	What	voltage	must	be	applied	to	Vref/2?	It	should	be	apparent	that	this	parity	method	would	not	work	if	two	bits	were
in	error,	because	two	errors	would	not	change	the	“oddness”	or	“evenness”	of	the	number	of	1s	in	the	code.	Common	Anode	LED	display	that	has	the	anodes	of	all	of	the	segment	LEDs	tied	together.	Backplane	Electrical	connection	common	to	all	segments	of	an	LCD.	Decoder	outputs:	a	and	b	are	shorted	together.	The	concept	is	not	new	to	anyone
because	we	all	use	these	logical	functions	every	day	as	we	make	decisions.	Power-Down	Storage	In	many	applications,	the	volatility	of	semiconductor	RAM	can	mean	the	loss	of	critical	data	when	system	power	is	shut	down—either	purposely	or	as	the	result	of	an	unplanned	power	interruption.	D	C	B	A	1-of-10	decoder	2	3	4	5	6	8	9	g
TOCCMN01_0131725793.QXD	12/20/05	4:45	PM	Page	917	917	ANSWERS	TO	SELECTED	PROBLEMS	9-13.	Its	accuracy	is	specified	as	0.1%	F.S.,	and	it	has	an	offset	error	of	;1	mV.	The	sudden	step	changes	from	one	data	point	to	the	next	also	introduce	high-frequency	noise	into	the	reconstructed	signal.	Similarly,	NAND	gates	4	and	6	can	be
eliminated.The	final	circuit,	after	eliminating	the	double	INVERTERs,	is	drawn	in	Figure	3-32(c).	The	waveforms	in	Figure	11-21(b)	show	the	signal	activity	during	the	data	acquisition	process.	Flash	converters	use	analog	comparators	and	a	priority	encoder	to	assign	a	digital	value	to	the	analog	input.	This	means	that	once	an	address	code	is	placed	on
the	address	bus,	this	same	address	code	is	applied	to	both	chips	so	that	the	same	location	in	each	chip	is	accessed	at	the	same	time.	This	illustration	demonstrates	the	use	of	a	VARIABLE	as	opposed	to	a	SIGNAL.	Incoming	frequencies	greater	than	12	FS	create	an	alias	that	has	a	frequency	equal	to	the	difference	between	the	nearest	integer	multiple
of	FS	and	the	incoming	frequency.	An	obvious	drawback	is	that	the	system	may	literally	consist	of	hundreds	of	such	chips.	Thus,	x	#	x	=	x.	This	takes	a	long	time	to	generate	a	simulation	file.	In	each	theorem,	x	is	a	logic	variable	that	TOCCMC03_0131725793.QXD	12/2/05	8:18	PM	Page	77	77	SECTION	3-10/BOOLEAN	THEOREMS	x	x	x	0	0	0	(1)	(5)
x•0=0	x+0=x	x	x	1	x	1	1	(2)	(6)	x•1=x	x+1=1	x	x	x	x	(3)	(7)	x•x=x	x+x=x	x	x	1	0	(4)	(8)	x•x=0	FIGURE	3-25	x+x=1	Single-variable	theorems.	For	example,	if	we	needed	a	circuit	that	was	defined	by	x	=	A	#	B	#	C,	we	would	immediately	know	that	all	that	was	needed	was	a	three-input	AND	gate.	120	ns	12-15.	A	general	architecture	of	FPGAs	is	shown
in	Figure	13-2.	Digital	circuits	called	logic	gates	can	be	constructed	from	diodes,	transistors,	and	resistors	connected	so	that	the	circuit	output	is	the	result	of	a	basic	logic	operation	(OR,	AND,	NOT)	performed	on	the	inputs.	Also	called	working	memory.	The	timing	for	the	write	operation	is	diagrammed	in	Figure	12-13(c).	3-23.	CPU	A15	A14	A13	A12
A11	A10	A9	A8	A7	A6	A5	A4	A3	A2	A1	A0	A15	A14	A13	A12	A11	A10	A9	A8	A7	A6	A5	A4	A3	A2	A1	A0	(a)	CPU	A15	A14	A13	A12	A11	A10	A9	A8	A7	A6	A5	A4	A3	A2	A1	A0	ROM	or	static	RAM	memory	system	(64K)	Address	bus	Multiplexer	MUX*	A0/A8	A1/A9	A2/A10	A3/A11	A4/A12	A5/A13	A6/A14	A7/A15	R/W	RAS	64K	DRAM	DATA	IN	DATA	OUT	CAS
*MUX	=	0	transmits	CPU	address	A8–A15	to	DRAM.	Examine	this	diagram	carefully	and	see	what	you	can	find	out	from	it	before	reading	on.	Thus	you	can	use	a	single	byte.	How	these	pins	are	to	be	used	for	a	specific	application	is	assigned	in	MAXPLUS	II	or	Quartus	II	either	automatically	by	the	compiler	or	manually	by	the	designer	during	the
design	process.	Clearly,	it	will	take	a	minimum	of	two	or	three	instructions	(40–60	ns)	to	respond	to	changes	in	the	inputs.	SECTION	11-15	1.	The	binary	number	system	uses	only	two	digits,	1	and	0,	so	it	is	perfect	for	representing	logical	relationships.	The	vibrations	cause	the	circuit	to	make	contact	and	break	contact	repeatedly	until	the	vibrations
settle	out.	Chapter	10,	which	was	new	to	the	ninth	edition,	has	remained	essentially	unchanged.	Another:	BC	+	B	C	+	A	C	4-7.	Use	D	flip-flops.	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	795	SECTION	12-4/READ-ONLY	MEMORIES	12-4	795	READ-ONLY	MEMORIES	The	read-only	memory	is	a	type	of	semiconductor	memory	designed	to
hold	data	that	either	are	permanent	or	will	not	change	frequently.	12-4.	Settling	Time	Amount	of	time	that	it	takes	for	the	output	of	a	digital-to-analog	converter	to	go	from	0	to	within	one-half	step	size	of	its	full-scale	value	as	the	input	is	changed	from	all	0s	to	all	1s.	This	means	that	it	can	only	decode	addresses	less	than	4000	hex.	Latch-Up	Condition
of	dangerously	high	current	in	a	CMOS	IC	caused	by	high-voltage	spikes	or	ringing	at	device	input	and	output	pins.	It	is	organized	as	an	8K	*	8	array	with	13	address	inputs	(213		8192)	and	eight	data	I/O	pins.	For	the	memory	system	of	Figure	12-38,	assume	that	the	CPU	is	storing	one	byte	of	data	at	system	address	4000	(hex).	Address	bits	A1A0	are
fed	to	a	1-of-4	decoder	that	activates	one	row-select	line,	and	address	bits	A3A2	are	fed	to	a	second	1-of-4	decoder	that	activates	one	column-select	line.	(a)	A	+	B	=	AB	A	Output	is	HIGH	when	any	input	is	LOW.	Hierarchical	Design	A	method	of	designing	a	project	by	breaking	it	into	constituent	modules,	each	of	which	can	be	broken	further	into
simpler	constituent	modules.	A	logic	probe	check	on	the	decoder	outputs	shows	pulses	at	K1	and	K3,	but	shows	K0	and	K2	remaining	HIGH.	This	allows	data	to	be	read	out	at	a	very	fast	rate	by	alternately	accessing	each	of	the	two	banks.	An	alias	frequency	will	be	present	in	the	output.	The	FIFO	operation	is	controlled	by	special	address	pointer
registers	that	keep	track	of	where	data	are	to	be	written	and	the	location	from	which	they	are	to	be	read.	The	odd-parity	method	is	used	in	exactly	the	same	way	except	that	the	parity	bit	is	chosen	so	the	total	number	of	1s	(including	the	parity	bit)	is	an	odd	number.	Which	bus	is	used	to	carry	data	from	memory	to	the	CPU	during	a	read	operation?
*Answers	to	problems	marked	with	an	asterisk	can	be	found	in	the	back	of	the	text.	Data	are	read	out	of	memory	in	the	same	order	they	were	written	in.	Yes	No	Make	y	LOW	Is	B	HIGH?	Reconstructed	waveform	frequency	is	3.33	kHz.	11-32.	What	is	the	approximate	value	of	the	analog	input	if	the	microcomputer’s	data	bus	is	at	10010111	when	RD	is
pulsed	LOW?	Extended	data	output	5.	However,	when	the	CPU	needs	a	piece	of	information	that	is	not	currently	in	either	the	L1	or	the	L2	cache	(i.e.,	a	cache	miss),	it	must	go	out	to	the	slow	system	DRAM	to	get	it.	Why	can’t	the	parity	method	detect	a	double	error	in	transmitted	data?	(a)	39.4	mW,	18.5	ns	(b)	65.6	mW,	7.0	ns	8-3.	The	architectures
of	these	new	families	provide	various	combinations	of	enhancements	in	logic	and	signal	routing	resources,	in	density	(higher	number	of	logic	elements),	in	the	amount	of	embedded	memory,	in	the	number	of	available	user	I/O	pins,	higher	speeds,	and	lower	costs.	Each	register	can	be	preset	asynchronously	or	cleared	with	an	active-HIGH	or	active-
LOW	product	term.	Frequency	Division	The	use	of	flip-flop	circuits	to	produce	an	output	waveform	whose	frequency	is	equal	to	the	input	clock	frequency	divided	by	some	integer	value.	Static	RAMs	(SRAMs)	are	available	in	bipolar,	MOS,	and	BiCMOS	technologies;	the	majority	of	applications	use	NMOS	or	CMOS	RAMs.	As	stated	earlier,	the	bipolars
have	the	advantage	in	speed	(although	CMOS	is	gradually	closing	the	gap),	and	MOS	devices	have	much	greater	capacities	and	lower	power	consumption.	These	common	devices	offer	an	excellent	assortment	of	features	that	teach	the	difference	between	synchronous	and	asynchronous	control	inputs	and	cascading	techniques.	B	input	of	decoder	is
open	or	stuck	HIGH.	We	do	this	term	by	term.	Moss	Purdue	University	Pearson	Education	International	TOCCMF01_0131739697.QXD	12/23/05	1:45	AM	Page	iv	If	you	purchased	this	book	within	the	United	States	or	Canada	you	should	be	aware	that	it	has	been	wrongfully	imported	without	the	approval	of	the	Publisher	or	the	Author.	A13	can	remain
connected	to	pin	26.	Here,	16,384	cells	are	arranged	in	a	128	*	128	array.	EXAMPLE	12-5	Which	register	will	be	enabled	by	input	address	1101?	Physical	variables	that	we	want	to	measure,	such	as	temperature,	pressure,	humidity,	distance	velocity,	and	so	on,	are	continuously	variable	quantities.	CPU	5.	EDO	DRAM	Extended	data	output	(EDO)
DRAMs	offer	a	minor	improvement	to	FPM	DRAMs.	For	accesses	on	a	given	page,	the	data	value	at	the	current	memory	location	is	sensed	and	latched	onto	the	output	pins.	Examine	this	waveform	and	describe	what	is	occurring	at	times	t0	to	t5.	100002	7-5.	In	a	similar	way,	the	table	shows	what	happens	to	the	output	state	for	any	set	of	input
conditions.	Another	way	to	look	at	it	is	that	an	AND	gate	requires	that	all	inputs	be	HIGH	for	the	output	to	be	HIGH,	and	this	cannot	happen	if	B	is	kept	LOW.	Name	the	three	modes	of	operation	for	a	GAL	16V8.	(a)	30/15	(b)	24	mA	8-11.	Theorem	(6)	states	that	if	any	variable	is	ORed	with	1,	the	result	will	always	be	1.	On	the	other	hand,	if	it	doesn’t
have	a	bubble,	then	the	circuit	is	active-HIGH.	These	will	be	described	as	we	discuss	the	individual	memory	types.	This	byte	erasability	makes	it	much	easier	to	make	changes	in	the	data	stored	in	an	EEPROM.	Copyright	©	2007,	2004,	2001,	1998,	1995,	1991,	1988,	1985,	1980,	1970	by	Pearson	Education,	Inc.,	Upper	Saddle	River,	New	Jersey	07458.
The	important	thing	is	that	when	you	have	learned	both	an	HDL	and	a	computer	language,	you	must	understand	their	different	roles	in	digital	systems.	Sign	Bit	Binary	bit	that	is	added	to	the	leftmost	position	of	a	binary	number	to	indicate	whether	that	number	represents	a	positive	or	a	negative	quantity.	The	timing	of	the	MUX	signal	must	be
synchronized	with	the	RAS	and	CAS	signals	that	clock	the	addresses	into	the	DRAM.	Note	that	the	error	is	positive	in	one	case	and	negative	in	the	other.	In	other	words,	the	read	operation	does	not	change	the	stored	data.	When	implementing	SOP	expressions,	however,	they	do	not	make	very	efficient	use	of	circuitry.	Whenever	the	computer	accesses
a	memory	location,	the	proper	address	must	be	placed	on	the	bus,	which	should	cause	the	decoder	output	to	go	low,	even	if	it	is	for	a	short	time.	In	order	to	speed	up	the	operation	of	SDRAM,	while	operating	from	a	synchronous	system	clock,	this	technology	transfers	data	on	the	rising	and	falling	edges	of	the	system	clock,	effectively	doubling	the
potential	rate	of	data	transfer.	(ISBN	0-13-188138-8)	Lab	Manual:	A	Troubleshooting	Approach.	We	will	briefly	describe	some	of	them	now.	Fortunately,	there	are	other	members	of	the	GAL	family	to	choose	from.	The	LE	can	produce	two	outputs	to	drive	local	(LAB)	and	global	(FastTrack)	interconnects	on	the	chip.	11-14	SAMPLE-AND-HOLD
CIRCUITS	When	an	analog	voltage	is	connected	directly	to	the	input	of	an	ADC,	the	conversion	process	can	be	adversely	affected	if	the	analog	voltage	is	changing	during	the	conversion	time.	Fan-out	is	not	exceeded	in	either	case.	a,	c,	e,	f,	g,	h	8-21.	Used	for	external	clock	input,	or	for	a	capacitor	connection	when	the	internal	clock	is	used.	Obviously,
the	choice	of	deletions	will	depend	on	factors	such	as	program	or	course	objectives	and	student	background.	t6:	Input	data	are	removed	from	DATA	IN.	LIGHT	=	0	when	A		B		0	or	A		B		1.	This	digital	signal	is	transmitted	to	the	computer	and	will	be	much	less	affected	by	noise.	For	example,	a	register	consisting	of	eight	FFs	can	be	considered	to	be	a
memory	that	is	storing	an	eight-bit	word.	The	row	register	stores	the	upper	half,	and	the	column	register	stores	the	TOCCMC12_0131725793.QXD	12/20/05	5:37	PM	Page	827	SECTION	12-14/DYNAMIC	RAM	STRUCTURE	AND	OPERATION	827	lower	half.	(a)	With	VREF		5	V,	R	=	20	kÆ,	and	RF	=	10	kÆ,	determine	the	step	size	and	the	full-scale
voltage	at	VOUT.	If	CS	is	kept	HIGH,	the	ROM	outputs	will	be	disabled	and	will	be	in	the	Hi-Z	state.	A0	A0	15	Address	bus	28F256A	A14	A14	CE	CONTROL	LOGIC	CPU	D0	32K	×	8	FLASH	MEMORY	D7	OE	WE	D0	D7	FIGURE	12-47	Data	bus	8	Problem	12-17.
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