Inductors: * Store energy in a magnetic field produced by current [DC-10-DC power supplyl

* (enerate magnetic fields [electromagnet
= With a capacitor, make an LC resonator or filter [radio tuner, card key]

» Couple noninvasively to time-varyiag current Mnmmmwm ammeter]

* Coupled to another inductor, change level of time-varying voltage [transformer]
¢ Inhibit flow of high-frequency current [RF choke in powerline communications]

¢+ Model storage of kinetic energy in mechanical component [flywheel]

Transformers: "= Raise or lower time-varying voltages or currents [electric power delivery, auto-
mobile ignition coil, public address system speakers, switching power convert-
ers]

 Isolate AC circuits having different grounds [geographically spread-out measur-
ing system]

 Interface between two circuits for optimum power transfer [coupling between
TV antenna and coaxial cable]

e

¢ Model mechanical transmissions and electromechanical transducers

Your digital wristwatch uses them to count seconds and display the time cor-
rectly. The telephone company uses them to route your call to the phone you
dialed. Computers are full of them. What are they? Digital logic devices —
electronic circuits that handle information encoded in binary form.

In the digital realm, the signals that are transmitted over wires consist of volt
ages of currents having only high or low values that represent a logical “1"%ora wom.
ical “07 Special circuits have been developed for handling binary valued signals
quickly and reliably.

Diodes: ¢ Pass current preferentially in one direction [rectifier in AC-DC converter]
¢ Limit voltage to a certain range of values [clamp, regulator]
¢ Convert current flow to light [light-emitting diode]

¢ Convert light to flowing electric charge [solar cell, photodiode receiver for
remote uner]

Transistors: *  Amplify current or voltage [bipolar junction transistor, op-amp]
¢ Match an electrical source to an electrical load [microphone/speaker hookup]

= Convert a control voltage to a corresponding current flow [field-effect transistor] .
+ Convert light to flowing electric charge and amplify the current [phototransistor] 22.1 Binary Number System
* Perform logic operations such as AND, OR, NOT, and NAND [NAND chip]

e Act as electrically controlled switch [infrared door alarm]

This information may already be familiar to many readers. It is included to be sure
that everyone is clear about the binary number system, which is the foundation upon

which digital logic systems rest.
Our goal is to represent any number in terms of a sequence of just two sym-
A student’s question bols. We could use as the two mﬁzgm Mvw«éam N,ﬂEo:. and “false? 2 choice that
about multimeters: * &m@ what we're doing to human logic. Since we're going to deal with electronic
“What's better — “ circuits, we could choose two voltage levels — “high” and “low.” But the conven-
tional choice, which we adopt here, is to use the symbols for one and zero — 1 and
Ax\ 0. We use boldface type to indicate that these are different from the ordinary num-

bers one and zero. ,

Before talking about binary numbers, let’s consider what is really meant
when we write 2 number in the familiar decimal system. A number such as 340 for
example, really means that the value represented is the sum of “three one-hundreds”
and “four tens.” We can generalize this to say that when we write a decimal number
JKLM it stands for the following expression written using successive powers of ten:

IKEM=Ix 100+ Kx 102+ Lx 10 + Mx 10°= I 1000+ Kx 100+ Lx 10 + M

Op-amps: = Amplify current or voltage [stereo preamplifier]
= Isolate circuits having different grounds [distributed measuring system|]

* Process differential signals [reducing noise in communications gear]

”

."u
*  Analog computation [summing circuit] analog or digital?

s Active filter [hearing aid]
= Analog function inversion [logarithmic amplifier]

Other Components ¢ Switch, lamp, microphone, speaker, socket, plug, and meter
Whose Use is Obvious:

102 163
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Table 22.3  Logic gates {continued)

- fio that is called for in arithmetic manipulations wmmwwmwmwmﬁmw&m%mmaww%
T ferent application of a binary adder is to increment a counter by one unit cach time 2

720 .&F\ programmed sequence of operations is carried out. Losic Teuth Tabi
’ The seven basic logic gates are identified and characterized in Table 22.3. In ouie ﬁam fables Sehematic Symbols
each row, the truth table {which is a list of the output that the gate produces for every Cate {nnuts P ) !
possible combination of its inputs) that characterizes the gate is on the left-hand ) puts . Uulput Standard Symbel ' DeMorgan’s Equivalent
side. The name of the logical operation appears in the leftmost column. Two sche- NAND . m A o
matic symbols for the gate are shown along with boolean algebra formulas for the
gate function. In each figure, the schematic symbol on the left is the standard repre- g ¢ 1 A
sentation, and the one on the right is the so-called DeMorgan equivalent representa- a9 5 rlm O-F=A+B
tion. (See Section 22.5.) Each DeMorgan equivalent functions logically and ' B— J
represents the same circuit a5 the gate to its left. The equivalents, which are a differ- 0 1
ent way of thinking about these gates, may be helpful when finding the minimum 11 o _
number of transistors required to realize a logic function. (See Figures 27.3 through
27.6 and Problem 22.8).
While we show gates with no more than two inputs here, gates having more OR A f
inputs are frequently used. Variables or formulas with an overline indicate inversion B A+B s
and are read as “bar™; for example, A is read as “A bar” which means “not-A.” the 00 0 A . e
complement of the binary variable A. For ease in writing with a word processor, the g 1 1 B F=A+B A Fe M . rw..
symbols 1A, /A, Al or A’ may be used instead. i 4 w B
1 1
Table 22.3  Logic gates :
e NOR .
“Loghe Fruth Tables Schematic Symbels B (A+B)
: o V, : o 0 1 AT
Gat faputs  Oufput Standard Symbel DeMorgan’s Equivalent A o
ZNM, : m.\ S mm.% T : breans 4 g 1 ] B F= Abhfww mﬁr F=A-B
Lo « . w R H]
j fmerter >kvor A blUMVi A 10
H i !
; <OR S o
AND . W : |
0 0 ; A —
A pons = R ) Srave
o M EF=AB B F=A+B 10 4 8
W 5 11 0 »
; !
M ! : KNOR S
i i or A B AGDB
NXOR g o0 1
or 0 1 0 A «z//// — A \//l B
EQUAL B .L(\\AY F=AGB £=AGB
1t 0 o / B
i1 1




‘eiged|e ues
~j00q jo sajnr oy Buwisn sepnuuo] yons Jo nonroyyduns pue uonendiUBW o1 SMOlE

08Y + 08V +08Y + 08V =4

158 UOnS HOUEION B 1 sefmuLio] 2180j Jo uoissaidxs sy,

eigabpy uesjoog 52

1777 211 ur umoys se
5728 NV indut-50m) v 07 ) PUE ‘g ‘Y J09UHOD PInom o (31g81 in 243
10 401 DI SU3) § PUR °L D SON[BA 2A%Y ) pue ‘g v sindur o1 naym 9788
90 2y woy ndino | e 198 0f "sjqer Yy wasoys AURNIGIE 51 JO MOl
paig a4 st indino { e sonpod pinoa jey syndu Jo 305 151y o ‘ojdwexs
104 5128 YO oy Jo sindur a3 Jo uo o3 2388 (INY Yow2 Jo Indino ayi 1051
-u07y ' © ssonpoxd 1o 9jqE YIng 5y Jo 401 yoes andwios 03 (9580 S1
w1 saryy) ynoars o se sindo A se g o108 (Y ue as(y of dag

{"peziuui LON SI UORNIOS SIU1) 72 BigBL JO 8jge)
wina ayy usweidi o) wnoup esodind jeseuah jo eidwexy  1'zz anbiy

08Y /

N |

= c
e g
o8v \.

(o puz’g v) syndut o woy 6 pue Mm.

) suonESsu Yy Ul0] 0) PISn a5 s188 (N “SUUIN]OT PIssadie Ajises ug

{npue‘g‘y) syndut o o suoneSen oy pue (3 pue ‘g “y) sindu ay3 4309
Aewam aptaod A e pie () pue ‘g Y) syndur o1 ur 23{g) {4 1B
“ya1 243 12 ‘opis jndut oy 10 HNOAD ssodmd-jerousd e dnjeg 17 doig .
; “3A0QE 2198} InK
ay1 Ut saol St pue ‘GINIS ‘GUNO} Y SUI 03 Supuodsanod ‘syndur
3noj aaey jsnw o3e8 YO 10dino 2Y) 08 pue 51 INOJ SUIEE0D wndmo oy ‘aid
ke o U] {uunjoo o) 1nding oy ul s§ 518 21911 §8 syndu Auswl $8
i 20928 O S1G) 9p1acid “eyed ndino oy se 2188 YO ve as(y o] 4G ¢
“ypa 1ess noK JEUT 2[gET YIND S 52 OUIeS 9 $3ABYRG
1o Azar 2128 o1Bo] B sonpoxd 0y paajuerend st sdors 30 195 ® 30001
‘sanyea 2qissod Aue 1no Fuiars] proae s sdjay Aem parm
-onns ST U wayy SERAL Wonoq S Ju uans o} do) 2y} 17 0197 W0JJ 3UG JO sdogs
ut oseRsUl pInom sonfes JYSIe Jiay ‘slequind fAreurq n8ip-oeny Sutaq se papredas
1 A sepndas L1a4 v Ul 0] 9 U0 Sndur ATRUIQ SU UIRLA 34,34 18 210N
(repnonped w SunyiAue juaserdas 3, UOp PUE IE UIL) JO RO payord 3snf alom
sanjea ndino 24 1) "p'77 21GEL W D0yS 8 2(diexe uv 58 5N} [] 2 18 91q8 N
an1, 4 ‘simdine Jo jes spnonied awos sa0npoid jeY pue — 3 PUE g ‘W payjeqy]
e syndur Arema 2oy svy je Aviie 518 150] ¢ ugisep o1 1 yse3 0o Teyy asoddng

!
L
b
:
0
0
0
Q;

e €9 © w= e D v 03 v
@B © v = OO e e

“3nsas 10}
1°77 sandig puw poyIIw I0]
1xa1 23§ ;) puE ¢ v sindut
03 asucdsas g1 g syndjno
{naseyas Ajplesjigie) asauy}
sonposd pinod sajed oido) Jo
HROAD IBUAL ¥TZT BIGBL

nding ussoyn AjLeijgly ue saonpoid jey) Aelly 919 210 vZR

‘syndut Aresq ojqresod J[e s pajuasard weym sjadine JO 198 U2SOYD A[ITENIgR
e ponpoxd fm e Avue 018 oi8o] v Buponmsuod 10) 2anpesoid B MOUS [IM 94
1671 30 *stequny ATeUIq BPE [[iA R JROID € 10NISUCD OF seved 2891 JO NFOMIRU
ayduns 7 287 01 MOy ATLIOUS 398 [T 9p, ' STRIRdUE 831 jo "giogiou ng uelpia 1 | 2
st ndino 9] (9128 | N(O-9AISR[ONS,, SY1 5 GMOIY fpondxe 210w 51 @ed YOX 2411
® 51 syndut &3 Jo Jouue 31 | B 513a0in0 5,008 O SUL “gonEdau W SA1RSIpUI [oqIIAs
o188 oM 10 WFU 2 O3 SJ0ND [jRWS oUf tejed NV 91 JO jndine o Jo uonedou oy
st ndino 85,2108 (Y S4L S| 28 SIndu 811 J0 yioq Ji | ¥ 8 wdino syt 1o Ausdoxd
iy sey 2188 (TN UL "BSIvA 301 PUE (¥ 3 ndino ot *y v st ndur 3 3] Hnduy 51
10 oysoddo 210 1 1ndIno 17 9DUS USLIDAUT UE 5% UMOUY OS[E 81 218 ION 2UL




The rules of boolean algebra are listed in Table 22.5.

Table 22.5 Rules of boolean algebra. The two enfries in the last row are used
frequently and are known a3 DeMorgan’s theorem.

OR Rales
e 2

et

A=A

TAZD T
AR T

AB+AC  A+BC = (A+B)(A+C)
AB = A*B AB = AB

“TaBIC_ AKB10) = (A4BHC.

2
W
s

a

it

Exarnple 22.3 Using these rules we can take a number of steps fo
successively simplify the expression as follows:

F = ABC + ABC + ABC + ABC
F - (ABC + ABC) + (ABC + ABC)
F=AB(C+C) + AC(B+B)
F=AB(1)+ AC(1)
Finally,
‘F=AB+AC

The final expression is clearly simpler than our initial expression.

'22.6 Adding Binary Numbers

ry form by observ-.

We can develop a procedure for adding numbers written in bina
ing the following basics:
Binary: 6+ 8 =0 (Equivalentto Decimal: 0 +0=0},

i

Binary: 1 +0=1 (Equivalentto Decimal: 1 +0=1),
Binary: 1 + 1= 10 (Equivalent to Decimal: 1 +1=2).

to express the numbers being added and the result: 01+ 01 =10, In words, the sum

,M
=
The last binary result could be written out more formally by using two binary &m&m
of the two right-hand columns is two, which is represented in binary form as 10. QWW

can also say that the two right-hand columns when added generate a sum digit GW

and a carry digit (1),

We express this addition, cal RS N .,
If we then observe Mmmﬂms&m. catled & “half-adder” as a truth table in Table 22
we the ve that the carry colummn is equi t i the AN S e
y column is equivalent to the AND operation and the

Table 22.6  Truth fable ; ;
Es s 1g ralent tn the 3 s
sum is equivalent to the XOR operation, we could build the halfadder in

for 2 half adder Figure 22.2.

fnput

$ Outputs A
A B Carry Sum
g ¢ 0 0
o 1 ] 1
10 i 1
1 4 0 Figure 22.2 Half-adder circuit ‘

=
i

Example 22.4 Determine the sum of the £ i i
G ollowing binary num-
bers: 1101100 and 1011010 (decimal s | ;
il {decimal numbers 108 and 90,

Solution: Writing this out in traditional grade school form and indicating
carry digits at the head of the column, we have ;

carry digits — > 11110066
1161168
ER 1011010

11000110

Checking: The answer is 198, which is th
102 and 90, ‘ , which is the sum of the numbers

171
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i Let 4, the
resulting in a O output. Let M

1 1
We Can Chetk

state. Finally

wput remains at 1, again b y, w check i
ndesited o , signals applied simul-
g

undesired condition of having both set and reset 3P
SR 3 J teg find
tancousty, § = R = 0. In this case, both NAND gates fnd

input and the outputs wili beth be 1.

8

28 latches can also be built by cross-coupling NOR gaics, in whica case the
inputs are non-inverted (normal}. o
np Another type of mermory device, a transparent lateh, can be ww% Mwm% 2 mm%
ore uwmmﬁ as shown in Figure 22.6. When the enable tnput1s true, tie &Mr on w
b . M ice i f ¢ enal
D mmwmw is reflected to the Q output (the device is transparent), and when t
is false, the values on the outputs are held.

‘ — O\ Q
D )
w X
M !
L ™ol ~ L | _
T ] P
Enable

Figure 22.6 Transparent fatch circuit

Two of these devices can be combined to form a master-slave mﬂnmaw mm@m,
. Figure 22.7)) The left half (the master) passes data through to the second stag

Figure 22.7 Amaster-slave flip-flop

while the clock is low and holds the value while the clock is high. The right half {th ,

i / high and continues
slave) passes the data from the first stage when the clock goes hig

wld the data t the
WMMM m%%m Q outputs at the rising edge of the clock signal. This is one way to bu

devices known as D flip-flops, which we use in sequential logic. A schematic sym!

for a D flip-flop is shown in Figure 22.8. An input marked with a triangle isanedge

|
W

Figure 22.8  Schematic symbol for a D flip-
flop with set (S} and reset (R) inputs

72.8 Sequ

while the clock is low. This behavior transfers the data from the B ,

ent

ial Logic

o

Circuits that employ memory, in the form of latches, flip-flops, or RAM, in addition
to combinatorial togic, are called seguential logic. There are many kinds, such as
self-timed, asynchronous, and synchronous. We will discuss a style of synchronous
logic known as the state machine.

In a state machine (see Figure 22.9), the “state” information is contained in a
memory device, such as a set of flip-flops. A clock provides periodic pulses to the
memory (o store a new state value. Combinatorial logic is used to combine the exter-

nal inputs and the current state to form the new state and any outputs that the sysiem
needs.

I Inputs O Outputs
el COmbinatoral e
Logic
(N+1 Yinputs Next Current
(N+ Oyoutputs) N Siate | State | State
i Memory
N bits
Clock

N State Feedback

7
Figure 22.8 Schematic of a generalized state machine. Each bold line is &
coilection of wires known as a bus. The slash across the bus is labeled with

the number of wires in the bus. Since this is a generalized schematic, these
are labelied with variable names — N, /, and O,

The behavior of a state machine may be expressed in a state diagram, which
uses circles to represent states and directed arrows to show the allowed transitions
between states, the stimulus that would cause the transition, and any actions that

d
Loy




ks §

SM [nun paureiuE Aeonemone STo1eIs 201 yorgm o oxo 10 21438 & 3dope 10 ayms
1URLInG Yoes uremEm o B19¥1 N0 U1 S3LRUL 210M 10 oyg. SABY J3UyII0 1SN 94 W03
washs mo o yop Joes qmim apes aip Sunndwosar Ajeoiseq aIw am 20uIg o
"SJBIS YOBD J0J SMOI
mm %M u%w% U1 [NsSa1 pinom mwmﬂwﬁ aiqrssod 112 3o worssaidys i <Mm3§wm@mﬁ
i wm%mo ww M,.E YD Homm *sajqenres mndur 54Y a4 am ‘aqu1 1o uf ifoy
- oww w 18 UL y[nsal pue soyeu }.4530p anjea sndus oy yei weow asayy
o . 2 . M,mc%: RO S1qe) A1 Ul sx oy L 00y panisap oy s Aprare
@wm o Mmm M sord s mozwﬁ  Usym sosue ey uonenIs sy sipuey oy sy
o Pp MMOIISIY 3y soumisut 1o, “ajqe 9 01 smo1 310w Lue ppe oa ey
P swasuos uSsap 1o 10 A1a7e8 11 008 o FIE18 4ows w syndut sy Apuys s

i

1 oo ox oy x x it _
0 o0 1 o0 ox x LL
L 10
0 A Lo en
L 06 00 1 ¢ ox oy oy 00
0 o o o x4 Lo
1 00 00 o |+ x Lo00 dag
. m .
201 x! x "a'a &:mi .:w“m ASM,WE E.m. b w ‘0'o s
uadgy HOX  apon I Wy . BN apoy auiey)
6]
wwazm»zmw L ,d):.muf ;QZ R T .wm»wwﬁ;s -

103BAI2 0] 31qz) 23m3g 3y 277 mBm.h
94 91981 n0 o1 weaderp syms S W03 suontsuR s (1o jnd BABY 3M 107y

‘sindino juorsuey u3 Afuo Funsy £g ajge
- : @
M utsueg St eudis Suruado so0p a3 am ,wwﬁmwﬁ o112 00 s

Wmm MouoE ag dnﬁﬁmxv ST U "$97®1s 21010 30 su0 01 pagy ¥
?M%MMMM WMMM %Emuoma JUBISURL 2q ura sndine TEL 3j0N “sindino L] mmw sarEss
o wmmome MW I B o4 1o suwngos UL “steusis ndur pue aymis Jo dn opew
o u 19 Mvo mno owm%a& S @ apis 3197 ayy wo SUnIo Yy, ‘aiq8)
I 5% uonisuey yoes sunsy g g7z “I9EL J0 21qe ams o 24B2UT Iy
K

J0jeAR auy Jo; sweibep ez 1422 2unBiyg

« 411, 930050 1,54 I10q ‘sonew 3,8550p 31 *31BIS UOIIORII(T-TR]) 8 40
Pue [ITION,, 39 PINOM 1) ‘saieig uonng oy 1o, doig,, 24 pinom ey ‘IEIg I
oyl Jod Ul dn oxem,, 0 SUIYDRUI 213 JURM 2 JR1) S1R)S o1y 0197 SB Jaquimy AJ[eol
-dA1 [ S 9777 S1qE1 U1 umous se wialy Sulfaqe] Aq SucLISUen 11G-0U0 5q WAY) Jo
JROJ BYELL UBD 344 "SUCHISURN 9AY 218 SI0Y) ‘weIBerp ojeis 131 o1 104 1177 s
0 129030 g1 ur weiSep 2Es 1 By Jo sovls oy sequing J1.9% JXaN
12peal 913 01 1Jo] S1 SUIYORIY OYEls 8, J00p 91 J0f weid
“BIP S "SUOnNg J1B5 2 pUR SXed ot JO swresFeIp SIS o) MBIP I],34 8T
1501550} SUIYIRLT 8JE)8 [[RUIS [RIDASS Jurydnos jo eept oy Suisn
saoad jpews ur symoso oy UFISep MM op ‘noyng (dogs-g) AouaSreum ue puw 100y
1289 J0J U0UNG B SABY {14 180 40U "Aesi[ey 33 UT SUOYPNG [[ED [FEONISHP OM) e
{14 SI00} J5410 943 pUT UOTING [[20 SUO 2ABY J[1 SI0O0] WOROq pue doj 11 0124
~2]2 JEYS-044] “JO0[-IN0J B 10§ JOOID JOLUOD JOTEAS[R apduxss e jo yred ufisop 11,00,

{0177 wsqosg 998 “apos Aeid oy uo asow 30.9) "01°77 "B14 wi sewess oy Sunequing
up 1deonoo sy pasn oary ‘001 "LOL “LEL ‘OLL 010 ‘LD LOD 000 51 9poo
218 Arewg yng-o01ys ® Jo oydmexa Uy "1¥3u o4y 03 9338 suo woig mos uo sofuryo
14 260 Ajuo Yorgm u1 apoy dnud parjes-os 94} JO 20USISIXS JYI WO I0]D ¥ 98} UBD
3 'se1e8 o1dof panmbai jo requing oy Jurzrmr Jo 1029 o aaey [m suyp ydesd
SJUS B4 UL SajRIs USAMIRQ SUONISURH 11q Jo tequiny oy SZIUINUI 0] S8 05 $91838
3y o1 szaquiny Arewig uSsse s om peorsuf “uSsop potesnduwios Ajuresseosuun
Ue Ul ynsad ST ey ng ‘uotyse] Aremiqm ue T $31R1S QU3 JOQIUNY Pinod ap
AIOWW 2183 A
105 s11q 225y Funnbar oy st saess Jo Joquint 9t Gy gz 2andLy Jo weiSerp amms
spduns oyy 20, T UL SE0] ST SIIRIS JO JoGUINY 21} 10y} Yons Siig 4/ JO 198 v Aq paias
-axdor aq i @S By uonisen YOES JG} MO JUO 9ARY DINOM Y1 9JqE 9IBIS B
OIT UOHEULIOJUY 9y 271ueSi0 0F Wem Bl no ‘Oreuweyos o180] v oyut wesderp ayms
UL0J-991 JO 1I0S I Bunlastoo Jo ssao0id o U 'a1es oy 213 ULIOY O SHINWNS o3
s UONIEUIGUIOD UF Pasn §1 91838 2], ‘sindino Jo 195 owios Ajoads Kew wonoe yoeo

) Y syp uj 483 8] yj

ooy

DP8iISSp eay )
[ mog
V//\\ﬂ / éﬁ%/\\«/

(soand aae \ W o5 W./MM 100438\ | ar0ge sioo,
58810 y i
e o \ . 10 oy \,
\Wj 4% {W\\\ 7 4/%\ sisanbas oy
Wion > [ doe
/ 5 St ¥
\ / PBSO 100p |,
S |%isenba; m&mm//l\
10014 1B01dA 1 104 o =
|2 120041 o) saierg uopng M| oS

e

MOJRq s100y
10} BUI0S puE

\
PN

umog /

f\m BACGE SJ00H
IO} BLUOS DUB

%

Wojeq 1008
. - 0}/ wiol
/w\\ /xv sj3nbas ON
{ dn-
i H
k_
N

8jB)g Uopoang-ien

pug ‘sindui [esyNs Jo uopRHIqUIOS At i puodsanon few snpnuns govy

“(ze pue L&) suogoe om pue {os—15)
nugs seny (3-v) serels aay um wesbeip ejms giduns y  g1'zz amnbig

N/ \ /

W g m v
/mmwﬁm{x\:m%
mm/m\\%/{\

“Uosasdas ysnf 10 sowret 2andLOsap saBY Aew seyerg wonisuEn oy W0} s

9Ll

ML) J043HO]) 10jRAS]Y




178

specifically change it. While the latter approach inifially looks more complicated, it
an result in simpler designs. To implement this style, we’Il connect the output of an
XOR gate to the input 1o each D-fip-flop, with one input of the XOR connected to
the Q-output of the flip-flop. This leaves us with one input to the XOR gate. That
input will cause the fiip-flop to remain in its current state as long as it is 0 and will
cause the siate to change if it is a 1. As a result of this, we need fo add a column to
sur state table that is the changes in the state bits. We can then extract the logic
equations that we'll implernent with gates in Figure 22.12:

o3

X,=Q,QyNAE +Q,QoAE + G QpA;
Xo=Q,Q,CRAE + Q;Q,CRE + 0, QyAE +Q, QyA;
D=Q,Q,CRAE + Q,QyAE + Q,QA.

The realization of these functions appears in the figure. Note that only one of
the OR gates has four inputs and that the other two have just three.

.
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Figure 22.12 Elevalor Lift State Machine schematic
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