
Chapter 12 

Standard Graphic Symbols 

12.1  R E C T A N G U L A R - S H A P E  S Y M B O L S  

Digital components such as gates, decoders, multiplexers, and registers are available com- 
mercially in integrated circuits and ue classified as SSI or MSI circuits. Standard graphic sym- 
bols have been hveloped for these and other components so that the user can recognize each 
function from the unique graphic symbol assigned to it, This standard, known as ANSVIEEE 
Std. 9 1 - 1984, has been approved by industry, government, and professional organizations and 
is consistent with international standards. 

The standard uses a rectangular-shape outline to represent each particular logic function. 
Within the outline, there is a general qualifying symbol denoting the logical operation per- 
formed by the unit. For example, the general qualifying symbol for a multiplexer is MUX. The 
size of the outline is arbitrary and can be either a square or a rectangular shap with m arbi- 
trary length-width ratio. Input lines are placed on the left and output lines are placed on tbe rigk 
If the direction of signal flow is reversed, it must be indicated by amws. 

The rectangular-shape graphic symhls for SSI gates are shown in Fig. 12 1. The pualifying 
symbol for the AND gate is the ampersand (&I. The OR gate has h qualifying symbolthat k+ 
ignates great.terthanorequalto 1,indicatingthatatleastoneinpPtmastk~fmtka#mt 
to be active. The symbol for the buffer gate is 1. showing hat& -iqpllC L w ' I b e a -  
clusive-OR symbol designates tbe fzathatdy cm ingrrtmwtberriRbPrtkqmbc- 
tive. The inclusion of the logic ntgaih small c k k  in tbe ollrpll -e ID W 
complement values. Although h e  -- sgmbolt e h b J P r A . L  * 
standard also recognizes the dis-vbshspc s y d d s  h lb pllni& 25- 

An example of an MSI standard graphic symbol is tb v r d d a  m 
Fig. 12.2, The qualifying symbol formaddais - G n a k W - m f m  
the arithmetic operands are P and Q. 'Ihe bit-& e - w  d m  ad 
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NAND 

p 
r(',# h! A,.: 

XOR 

the sum output are the khd  equivalents of the weights of the bits to the power of 2. Thus, 
the input labeled 3 corresponds to the value of z3 = 8. The input carry is &sigm&d by CI 
and the output carry by CO. When the digital component represented by the outline is also a 
commercial integrated circuit, it is customary to write the IC pin number along each input and 
output. Thus, 1C type 7483 is a fouf-bit adder with look-ahad a n y ,  It is enclod in a pack- 
age with 16 pias. The pin numbers for the nine inputs and five outputs are shown in Fig. 12.2. 
The other two pies are for the power supply. 
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Before introducing the graphic symbols of other components, it is necessary to review some 
terminology. As mentioned in Section 2.8, a positive-logic system defines the more positive of 
two signal levels (designated by H) as logic 1 and the more negative signal level (designated 
by L) ELS logic 0. Negative logic assumes the opposite assignment. A third alternative is to em- 
ploy a mixed-logic convention, where the signals are considered entirely in terms of their H 
and L values. At any point in the circuit, the user is allowed to define the logic polarity by as- 
signing logic 1 to either the H or L signal. The mixed-logic notation uses a small right-angle- 
triangle graphic symbol to designate a negative-logic polarity at any input or output terminal. 
(See Fig. 2.10(f),) 

Integrated-circuit manufacturers specify the operation of integrated circuits in terms of H 
and L signals. When an input or output is considered in terms of positive logic, it is defined as 
active high. When it is considered in terms of negative logic, it is defined as active low. 
Active-low inputs or outputs are recognized by the presence of the small-triangle polarity- 
indicator symbol. When positive logic is used exclusively throughout the entire system, the 
small-triangle polarity symbol is equivalent to the small circle that designates negation. In this 
book, we have assumed positive logic throughout and employed the small circle when draw- 
ing Iogic diagrams. When an input or output line dots not include the small circle, we define 
it to be active if it is logic 1. An input or output that includes the small-circle symbol is con- 
sidered active if it is in the logic-0 state. However, we will use the small-triangle polarity sym- 
bol to indicate active-low assignment in all drawings that represent standard diagrams. This will 
c d o m  with integrated-circuit data books, where the polarity symbol is usually employed. Note 
that the h o r n  four gates in Fig. 12.1 could have been drawn with a smdl triangIe in the out- 
put lines instead of a small circle. 

Another example of a graphic symbol for an MSI circuit is shown in Fig. 12.3. This is a 
2-to-4-line decoder representing one-half of IC type 74155. Inputs are on the left and outputs 
on the right. The identifying symbol X / Y  indicates that the circuit converts from code X to code 
Y. Data inputs A and B are assigned binary weights 1 and 2 equivalent to 2' and 2', respectively. 
The outputs are assigned numbers h m  0 to 3, corresponding to outputs Do through D3, re- 
spectively. The decoder has one active-low input El and one active-high input E;. These two 
inputs go through an internal AND gate to enable the decoder. The output of the AND gate is 
labeled EN (enable) and is activated when E, is at a low-level state and E2 at a high-level state. 
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12 .2  Q U A L I F Y I N G  SYMBOLS 

The IEEE standard graphic symbols for logic fundons provide a list of qualifying symbols to 
be used in conjunction with the outline. A qualifying symbol is added to the basic outhe to 
designate the o v e d  logic characteristics of h e  element or the physical characteristics of an 
input or output. Table 12.1 list8 some of the general q-g symbo1s specified in the stan- 
dard. A general qualifying symbol defines the basic function performed by the device repre- 
sented in the diagram. It is placed near the top center position of the lectangular-shape outline. 
Tbe general qualtfying symbols for the gates, decder, and adder were shown in previous di- 
agmms. The other symbols are self-explanatory and will be used later in diagrams represent- 
ing the corresponding digital elements. 

Table 12.1 
C e m d  QudHphg Sprabcls 

Symbol 

& AND gate or W o n  
3 1 OR gate or function 
1 B d e r  gate m inverter 

= 1 Exclusive-OR gate or function 
2k Even function or even parity element 

2k + 1 Odd fundon or odd parity element 
X N  Cak, decoder, or & converter 

MtJX Multiplexer 
D m  DemuEpher 

Z Addm 
n Multiplier 

C O W  Magnitude cumparator 
ALU Aridmetic logic unit 
SRG Shift register 
CTR Counter 

RCTR Ripple counter 
ROM Read-only memory 
RAM Random-acms memory 

SomeoftbequalifyingsymboIs~witbinpuf~atadoupnrts~sbowainFig. 12.4. Sym- 
bols assaciated with inputs are placed on the left side of the column labeled gmbol. Symbols as- 
sociated with outputs are placed on the right side of the colnmn. The active-low input or wtpm 
symbl is the polarity indicator. As mentioned @ously, it is equivalent to the logic negation 
when positive logic is d. The dynamic input is asmded wil& the clock mput in nipflop 
circuits. It indicates thaI the input is active on a kmition from a low-&high-level si@. 'Ihe 
--state output has a tbkd bigbimpedance which bas no logic s-. When dx cir- 
cuit is enabled, the output is in the n d  0 or 1 logic state, but when the &wit is disabled, the 
-state output is in a high-hpechw state. Tbis state is equivalent to an open c h i t .  

The open-collector output bas one state that exhibits a high-impedance condition. An 
externally connected resistor is sometimes requited in order to p d w e  the proper logic level. 



Symbol 

Section 12.2 Qualifying Symbolr, 563 

Description 

El- 

Active-low input or output 

Logic negation input or output 

Dynamic indicator input 

Three-state output (see Fig. 10.16) 

Open-collector output (sea Fig. 10.12) 

Output with special amplification 

Enable input 

Data input to a storage elemant 

Flip-flop inputs 

Shift right 

Shift left 
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The diamond-shape symbl may have a bar on top [for high type) or on the bottom (for low 
type). The high or low type specifies the logic level when the output is not in h e  high-- 
state. For example, TTL-type integrated circuits have special owuts called openallector 
outputs, These outputs are r e c o w  by a diamond-shape symbol with a bar under it, This in- 
Wthattheoutputcanbe*haw--smcgioah-kvelw.-used 
as part of a distribution function, two m m open<ollector NAND gates w h  c o d  to 
a common resistor perform a positive-logic AND function or a negativelogic OR function. 

The output with special anpzitication is used in gates tbat provide special driving cqbil- 
ities. Such gates are employed in mqmawts such as c l d  d r i m  or W e n t e d  transmit- 
ters. The EN symbol designates an enable inpw It hes the && of enabling dl outputs when 
it is active. When the input madad  wid^ EN is inactive, all outputs am disabled- The symbols 
for fip-flop inputs have the usud naeaniag. ' h e  D input is also associated with other storage 
elements such as memory inpla. 

The symbois for shift right and shift left are mows pointing to the right or the left, respec- 
tively. The symbols for count-up d mmt4own countew are the plus and h n s  symbols, re- 
spectively. An output designated by CT = 15 will be active wben the contents of the register 
reach the binary count of 15. When nonstandard information is shown inside the outline, it is 
enclosed in square brackets [like this]. 

12.3 DEPENDENCY NOTATION 

The most hpormt  aspect of tbe standard logic sydmls is the dependency notation. Depen- 
dency notation is used to provide the means of denociag the  onsh ship between different in- 
puts or outputs without actually showing all the elements and interconnections between them. 
We will first hmonstrate the d e p h m y  nomion with an example of the AND dependency 
and then define all the other symbols aswhkd with this notation. 

The AND dependency is represented with the Mkr G followed by a nun&, Any input or out- 
putinadiagram t b a t i s l a b e l e d w i t h t h e ~ ~ w i t h G i s & M m b e A N D e d ~  
it. F o r e x r u n p k , i f o n e h p u t h h & ~ ~ ~ ~ l G I  de input i sEBbe1ed  withthe 
lwmber 1, dm the two inputs labeled G 1 d 1 am mndmd to be ANDed together intmdy. 
AnexampleofANDQependencyissbwnhFig. 12.5.In(a),wehavea~ofagraphic 

symbol with two AND dependency l a m ,  G 1 and G2. There are two inputs IakM with the 
number 1 and one input labeled with the namber 2. The equivalent htexprctatiun is shown in 
p a r t ( b ~ o f t h e f i g u r e . l n p u t X ~ w i t h G 1  iscwsidcdtobeANklwitbinputsAand 
B, which are labeled with a 1. S h h i y ,  input Y is ANDed with input C to conform with the 
depen&ncy bween G 2 and 2. 

The standard defines 10 other dependencies. Each ~~y is denoted by s letter sym- 
bol (except EN). The letttr apprs  at the input or output and is followed by a number. Each 
i n p u t o r w t p u t a f f e c t e d b y ~ t ~ y i s W e d ~ ~ ~ ~ m b e r . T h e  1 1 d q d -  
encies and their corresponding letter bignation are as follows: 

G Denotes au AND (gate) relati- 
V Denotes an OR relationship 



(a) Bbck with G1 and G2 

. - 
F ~ U R E  12.5 
Example of G (AND) dependency 
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N Denotes a negate (exclusive-OR) relationship 
EN Specifies an enable action 
C Identifies a control dependency 
S Specifies a setting action 
R Specifies a resetting action 

M Identifies a mode dependency 

A Identifies an address dependency 
Z Indicates an internal interconnectian 
X Indicates a controlled transmission 

The V and N dependencies are used to denote the B m h  d OR md 
sive-OR similar to the G that &naes the Bmleau AND. TIE EN I-T h lo tbt 
quallfyiig symbol EN except that a number follows it (fa e*Pmple, EH2) lbe 
marked with that number are disabled wben the hpt *EN i r e  
The control dependency C is used to identify a c h k  m 8 d &I h- 

dicate which input is controlled by it The set S and R &, * - rt d b h- 
ternal lode states of an SR flipflop. The C, S, and R depe ' '4 1 ~ l e  m Sedim 125 



in conjunctiw with the flip-flop c h i t .  Tbe m& M dapendeney is usod to identify inputs that 
selscttbe&of~maftheunit.Themade~is~hStction 12.6in 
oomjmdm with reregisters and countus. Tbt ddms A d p m k a y  is uFsd to idenlify the ddms 
input of a mamy. It is M u c e d  in Section 12.8 in mjlmction with the mtmoay unit. 

The Z dependency is used to indicate inkrcomections inside the unit. It signifies the exis- 
tence of internal logic codm between input% outputs, internal inputs, aad inkmd oat- 
puts, in any ambination. The X h p d e n q  is used to indicate the cmtmBed transhim path 
in a CMOS tcaasmission gate. 

12.4 S Y M B O L S  FOR COMBINATIONAL ELEMENTS 

T h e ~ 1 e s i n t h i s ~ 0 1 ~ m d ~ ~ o f t b i P ~ i l l ~ t b e u s e o f t b e ~ h ~  
mthg various digital c o q m m t s  withgraphic symbds. Theexamples dmmwak actual com- 
~ i n t e ~ ~ t S w i t h k p b n ~ b g s i n c l ~ i t l t f i e i n p \ m s a n d ~ h d o o t o f t b t I C s  
~ t e d i n ~ c h a p t e r a r t i n c l u d c d w i t h ~ ~ ~ t f o u t l i n e d i n Q x a p t c r I I .  

The gmphic symbols for the adder and decwkr m shown in W o n  12.2. IC type 74155 
can be connected as a 3 X 8 d e d m ,  ap &own in Fig. 12.6. (The truth tabIe of this decalex is 
shown h Fig. 11.7.) Them are two C and two G inputs in the IC. Each pair must IE commd 
together as shown in the diagram. Tbe enabIe input is active when in the Iow-level state. lh 
outputs are all active low. The inputs rrre a & g d  binary 1,2, and 4, equivalent to 2O. 
2l, and z2, respectively. The outputt as- numbers fnrm 0 to 7, The sum of the weights 
of the inputs determiacs the output that is wive. Thus, if the two hput lhes with weigh 1 
and 4 we acliwted, the total weight is 1 4- 4 = 5 and output 5 is activated. Ofamme, tk EN 
input must be activated for my output to be active. 

T l a e ~ i s a ~ i a l c a s e d a ~ g e n e r a l c o m p o n e a t ~ t o ~ a ~  A&isa 
device thatm&vcsan@ut binarycodeonanumberofhinputsand~adiffeFentbinarycode 
on a numbes of outputs. Instead of using tbs quddyhg symbol X/Y, tk &mu be qmiW by 



Section 12.4 Symbols for Cornbinatbnal Elements 

the code name. For example, the 3-to-E-line deccdec &Fig, 12.6 can be symbolized with lhe name 
B.!N/OCT since the circuit converts a 3-bit bhmynumber into 8 octal values, 0 through 7. 

Before showing the graphic symbol for the multiplexer, it is necessary to show a variation 
of the AND dependency. The AND dependency is sometimes represented by a shorthand no- 
tation like G! . This symbol stands for eight AND dependency symbols from0 tb 7 as follows: 

GO, G l ,  G2, G3, G4, G5, G 6 ,  G7 

At any given time, only one out of the eight AND gates can be active. The active AND gate is 
determined from the inputs associated with the G symbol. Theseinputs are marked with weights 
equal to the powers of 2. For the eight AND gates just listed, the weights are 0, 1, and 2, cor- 
responding to the numbers 2', 2', and 2', respectivety. The AND gate that is active at any given 
time is determined from the sum of the weights of the active inputs. Thus, if inputs 0 and 2 are 
active, then the AND gate that is active has the number 2' + 22 = 5. This makes G 5 active 
and the other seven AND gates inactive. 

The standard graphic symbol for a 8 X 1 multiplexer is shown in Fig, 12.7(a). The quali- 
fying symbol MUX identifies the &vice as a multiplexer, The symbols inside the block are part 
of the standard notation, but the symbols marked outside are user-&fined symbols. The func- 
tion table of the 74155 1 IC can be found in Fig, 11 -9, The AND dependency is marked with 
G and is associated with the inputs enclosed in brackets. These inputs have weights of 0, 1, 

FIGURE 127  
Graphic syrnb61s fot multiplexeB 



and 2. They are acmdly what we have called th selection inputs. TIae ught data inputs art 
m k a d  with numbers from 0 to 7. The net weight of the active inputs associated with tbe G 
symbol specifies the numhr in the data input tbat is active. For example, if selecrlon hpuw 
CBA = 110, then inputs 1 and 2 a s d a d  with G are active. 'Lbis gives a numerical value for 
t h e ~ ~ ~ d e p m k n c y o f 2 ~  + 2' = 6,which&G6sctive.S~G6is~withdata 
input number 6, it makes this input active. Thus, the output will be equal to data input D6 p 
vided that the enable input is active. 

Fig. 12,7@) represents thc quadruple 2 X 1 multiplexer IC type 74157 whose function cable 
is listed in Fig. 11.17. The enable and selection inputs are common to all four multipIexm. 
This is indicateti in the standard n d w  by the ipdented box at the top of the diagram, which 
represents a common confml MocR The inputs to a common control block conml all lower 
d o n s  of the diagram. me common enable input EN is active when in the low-level state. 
The AND dependency, G 1, ddmnka wbich input is active in each multiplexer d o n .  When 
G1 = ~ , h ~ i n ~ t s r n ~ w i t b i ~ a c t i v e . ~ ~ l  = 1,theBinputsmaakedwith 1 
are active. The active inputs ate applied to the outputs if EN is active. Note that 
the input symbols i and 1 an marked in the ap=only instead of repeating them in 
e ~ h  section. 

12.5 S Y M B O L S  FOR FLIP-FLOPS 

The standard grapbic symbols for diffamt types of flip-flops are shown in Fig. 12.8. A flip 
flop is represented by a m m g u b s h a p d  block with inputs on the left and ouputs on the right. 
One output designates the n o d  state of the flip- and the other output with a small&k 
negation symbol (or polarity indicator) designates the complemeot output. The graphic sym- 
bols distinguish between three types of flipfIop9: the D latch whose internal constrrrction is 
shown in Fig. 6.5; the m a s m 4 ~ t  flipflop, shown in Fig, 6.9; and the edge-triggered flip 
flop, in-uced in fig. 6.12. The graphic symbol for the D lab& or D flipfIop has inputs D 
and C indicated inside the block. The graphic symbol for the JK flipflop has inputs J ,  K, a d  
C inside. The natation C 1, l  D, 1 J ,  and 1 K are examples of miml dtpendency. The input in 
C 1 controls input 1 D in a D flipflop and inputs 1 J and 1 K in a JK flipflop. 
The D latch has no other symbols beaides the 1 D and C 1 inputs. The edge-triggered flip- 

flop has an arrowhead-shaped symbol in front of the conbol dependency C 1 to designate a 
dynamic input. The dynamic indicator symbol denotes that the flip-flop responds to the pos- 
itive-edge transition of the inpat clwk pulses. A small circle outside the block dong the 
dynamic indicator designates a n e g a t i d g t  transition for triggering the flip-flop. The 
master-slave is considered to be a pukc-triggemd flip-flop mi is indicated as such with an 
upside-down L symbol in front of tbe outputs. This is to show that tbe output signal changes 
on the f d h g  edge of the pulse. Note tbat the master-slave ftipflop is drawn witbout the dy- 
namic indicator. 

Flipflops available in integmW4rmit padages provide special inputs for setting and 
iesettiog the flipflop rsydmously.  inputs me usually d e d  d k t  set and direct reset. 
They affect ?be output on the negative Ievel of the signal without the need of a clock. The 
graphic symbol of a rnaster+lave JK flipflop with W t  set and restt is shown in Fig. I2.91a). 



LA- 
D latch 

FIGURE 1L8 
st-d graphk -*flip- 

(a) One-half 7476 JK atpflop 

FIGURE 12.9 
IC flip-flops with direct set and =set 



The no&tions C 1 , 1  J ,  and 1 K represent -1 depdemy, showing that the clmk input at 
C1mmJsiaputs lJmdlK.SdRhrrytwlhhtoftbe~an~tberefwe,~yare 
not mtrolEed by the clock atC1. TheS and Rinputs haveasmallcircledong~ input tiws 
to indicate dm they arc active w h  in the logid) Icvel. 'he function table for the 7476 flip 
flopisshownin Fig. 11.12. 

The graphic symbol for a positive-edgetrigged D flip-flop with direct set and reset is 
shown iP Fig. 12.9@). The ~ ~ g e  tm9itim ofthe clmk at input C 1 controls input 1 D. 
The S and R inputs are independat of the cl& 'IMs is IC type 7474, whose function mbk is 
listed in Fig. 11.13. 

12.6 S Y M B O L S  F 0 . R  REGISTERS 

The standad graphic symbol for a register is equivalent to the symbol used for a group of flip 
flops with a common clock input. Fig. 12.10 shows the standid graphic symbol of IC type 
74175, consisting of four D flipflops with aommoo clock and clear mputs. The clmk input C 1 
and the clear input R appear in thc common mtroI block. The inputs to the common wnmI 
block arc connected to each dthe elements in the lower sections of the diagram. The notation 
C 1 is the control dependency that mnmls dl thF 1 D inputs. 'Ihw, sacb flipflop is triggered 
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by the common clock input. The dynamic input symbol associated with C 1 indicates that the 
flip-flops are triggered on the positive edge of the input clock. The common R input resets all 
flipflops when its input is at a low-level state, The 1 D symbol is placed only once in the upper 
section instead of repeating it in each section. The complement outputs of the flip-flops in this 
diagram are marked with the polarity symbol rather than the negation symbol. 
The standard graphic symbol for a shift register with pardlel load is shown in Fig. 12.11. 

This is IC type 74195, whose function table can be found in Fig. 11.16. The qualifying sym- 
bol for a shift register is SRG followed by a number that designates the number of stages. Thus, 
SRG 4 denotes a four-bit shift register. The common control block has two mode dependencies, 
M 1 and M 2, for the sbift and load operations, respectively. Note that the IC has a single input 
labeled SH/LD (shimoad), which is split into two lines to show the two modes. M 1 is active 
when the SH/LD input is high and M 2 is active when the SH/LD input is low. M 2 is recog- 
nized as active low from the polarity indicator along its input line. Note the convention in this 
symbology: We must recognize that a single input actually exists in pin 9, but it is split into two 
parts in order to assign to it the two modes, M 1 and M 2. The control dependency C 3 is for 
the clock input. The dynamic symbol along the C3 input indicates that the flipflops trigger on 
the positive edge of the clock. The symbol /1 + following C3 indicates that the register shifts 
to the right or in the downward direction when mode M 1 is active. 

The four sections below the common control block represent the four flip-flops. Flip-flop 
QA has three inputs: Two are associated with the serial (shift) operation and one with the 

Clock 

FIGURE 12.1 1 
Graphic symbol for a s h i i  register wWI prrr# 1004 E m  
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padel  (load) operation. The d input label 1,33 i n d i m  that the 3 input of flip-flop Q A  
is active when M 1 (shift) is active and C 3 goes though a ps i the  clock transition. Tbc other 
serial input with label 1,3K b s a p o l a r i t y s y m b o 1 i n i t s i n p a t l i a e ~  toheom- 
pIcm8nt of input K in a JK flipflop. The third input of QA and the inpats of tbe other flipflops 
am for the p d e l  input h Each input is denoted by the a 1  2,3D. The 2 is for M 2 {load), 
and3isforthec1dcC3. Ifhinputinpinrrumber9kinhlowleveI,Ml is&ve,anda 
pogitivetrarasitionoftheclock&C3capsesaparalleltransferfromtbefwhputs. Admu& 
D,into~fourflipfiop~QA~~QD.Notethattheparallelhput~labelodonly in the 
first d second sections. It is assumed to be in hbe other two sections below. 

Figure 12.I2shows tbpphicsymbolfortha biditectionalshiftregtgterwith pallel Ioad, 
I C t y p e 7 4 1 9 4 . ~ e ~ m t a b l e f o r ~ I C i s ~ i n F i g .  11.19.~commonoonrrolblock 
shows an R input for cl~seaing all flip-flops to 0 asynchronously. The mode s e h  has two in- 
pu~andthemode&p&ncyMmy~binaryvdttesfromOto3. This isiudicatcdbytht 
symbol M Q ,  which stands for^^, MI, ~ 2 ,  ~3,andissimilarta them tat ion far the^ de- 
p d m c y  in multiple~ters. The symbol ass- with the clwk is 

C4 is the control dependency for ~ I C  cl& The /l + symbol indicates that d ~ t  register shifts 
right (down in this case) when the mode is Ml (s& = 01). The /'2 + symbol indicates that 
r h e ~gist~rshi~tsIcPt(upin~ca~e)~n~mode~~~(~,Sp 10).Therigbtandkftdi- 
d o n s  are obtained when the page is turned 90 degrees counterdockwise. 

Clear 

so 
$3 

Qoek 

SsrSafinppt 

A 

B 

C 

P 

Serial- 
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The sections below the cornmoa control block represent the four flip-flops. The first flip- 
flop has a serial input for shift right, denoted by 1,40 (mode M 1, clock C4, input D). The last 
flip-flop has a serial input for shift left, denoted by 2 , 4 0  (mode M 2, clock C4, input D). All 
four flip-flops have a parallel input denoted by the label 3 , 4 0  (mode M 3, clock C4, input D). 
Thus, M 3  (s,s, = 11) is for paralleI load. The remaining mode MO ( s ~ s ~  = 00) has no ef- 
fect on the outputs because it is not included in the input labels, 

1 2 . 7  S Y M B O L S  FOR COUNTERS 

The standard graphc symbol of a binary ripple counter is shown in Fig. 12.13. The qualifying 
symbol for a ripple counter is RCTR. The designation DIV 2 stands for the divide-by-2 circuit 
that is obtained from the single flip-flop QA, The DIV 8 designation ia  for the divide-by-8 
counter obtained from the other three flip-flops. The diagram represents IC type 7493, whose 
internal circuit diagram is shown in Fig. 11.2. The common control block has an internaI AND 
gate, with inputs R 1 and R2.  When both of these inputs are equal to 1, the content of the 
counter goes to zero. This is indicated by the symboI CT = 0. Since the count input does not 
go to the clock inputs of all flip-flops, it: has no C 1 label and, instead, the symbol t is used to 
indicate a count-up operation. The dynamic symbol next to the -k together with the polarity sym- 
bol along the input line signify that the count is affected with a negative-edge transition of the 
input signal. The bit grouping from 0 to 2 in the output represents values for the weights to the 
power of 2. Thus, 0 represents the value of 2' = 1 and 2 represents the value 2' = 4. 

The standard graphic symbol for the four-bit counter with parallel load, IC type 74161, is 
shown in Fig. 12.14. The qualifying symbol for a synchronous counter is CTR followed by the 
symbol DIV 16 (divide by 14), which gives the cycle Iength of the counter. There is a single 

FIGURE 
Graphic for ripple counter, IC t y p  7493 
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load input at pin 9 that is split into the two modes, M 1 and M2. M 1 is active when the load 
input at pin 9 islow mdM2isactivewbnthe Winputatpin9ishigh. M1 ismagnhd 
as active low from the polarity idcator along its input line. The count-tmble inputs use the 
G dependencies. G 3 is a s s o c i a  with the T input and G 4 with the P input of tht count en- 
able, The lahl assaciated with the clwk is 

This means that the circuit counts up (the + symhl) when M2, G3, and G4 are active 
(load = 1, ENT = 1,andENP = l ) a a d b c ~ i n C 5 g o e s ~ ~ a p w i t i w ~ e i o n .  
l%s condition is spscified in the function Eatrle of the 74161 listed in Fig. 11-15, The p d k I  
inputshavethelabel 1,5D,meaningtfiattheDiap~tsareactivewhenMlisactivefload = 0) 
and the dock gms through a psiti* mmitim. Tfse ourput carry is desigaatad by tk label 

This is interpreted tomeanmat t h e ~ c a r r y i s  active (eqd to 1) ifG3 is active (ENT = 1) 
and the content (CT) of the counter is 15 11 11). Note that the outputs have an hvmed 
L symbol, indicating that all the flip-flops am of the master4vt type. T$e polarity s-1 
in the C 5 input designates an inverted pulse fw Dhe input c W  This means that the mas& is 
triggered on the negative transition of the clock pulsc and the slave changes state on he 
positive d t i o n .  Thus, the output changes on the positive mansition of the cimk pulse. It 
~ b e l p o t c d ~ I C t y p e 7 4 ~ 1 6 1 ~ w ~ S c h o t t l c y ~ ) h a s ~  
flipflops. 
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The standard graphic symbol for the random-access memory (RAM) 741 89 is shown in 
Fig. 12.15. The numbers 16 X 4 that foUow the qualifying symbol RAM designate the num- 
ber of words and the number of bits per word. The common control block is shown with four 
address lines and two control inputs. Each bit of the word is shown in a separate section with 
an input and output data line. The address dependency A is used to identify the address inputs 
of the memory, Data inputs and outputs affected by the address are labeled with the letter A. 
The bit puping  from 0 through 3 provides the binary address that ranges from A0 through 
A 15, The inverted triangle signifies three-state outputs. The polarity symbol specifies the in- 
version of the outputs. 

The operation of the memory is specified by means of the dependency notation. The 
RAM graphic symbol uses four dependencies: A (address), G (AND), EN (enable), and C 
(control). Input G 1 is to be considered ANDed with 1 E N  and 1C 2 because GI has a 1 
after the Ieuer G and the other two have a 1 in their label, The EN dependency is used to 
identify an enable input that controls the data outputs. The dependency C 2  co~ltrols the 
inputs as indicated by the 2 0  label. Thus, for a write operation, we have the G 1 and 1 C2 
dependency (CS = 01, the C 2 and 2 0  dependency (WE = 01, and the A dependency, 
which specifies the binary address in the four address inputs. For a read operation, we have 
the G 1 and 1 EN dependencies (CS = 0, WE = 1) and the A dependency for the outputs. 
The interpretsttion of these dependencies results in the operation of the memory as listed in 
the function table of Fig. 1 1.1 8. 



1.21 Figure 11.1 shows varicus s m d - d  inkgation chub with pin assigumt. Using this in- 
f d o n ,  draw the mmgdar-9haped grepbic symbols for tk 7400.74W. and 7486 ICs. 

1 . a  Define the followhg in your own words: 
(a) Positive and negative logic. @) Active high aud a3ive low. 

(c) Polar@ hdicam. (dl D y w n i c ~ .  

(t) Dependency notation. 

3- Show an example of a graphic symbol hat  has the t b ~  BooIeau depep-, V, aad N. 
Draw the equivaleat hmptai011. 

124 h w t h e g r a p b i c s y m b o l o f a ~ ~ . ~ ~ s i m i l a r t o a d s c o d e r w i r h 4 i n -  
puts and 10 outputs. 

T;&5 Draw the graphic symbol for a b i - m  decader with t h e  e~&k inputs, E 1, E 2. and 
E3.The~uitisenablcdifEl = 1,E2= O , m d E 3 =  O(assumingpusitivelogic). 

12.6 Draw the graphic symbol of dual -1-line multiplexers wilh common s e W n  inputs and 
a epmte enable input for each multip-. 

1 Lf Draw the graphic -1 for tbe following flipflop: 

(a) N c g a t i d ~ ~  D flipflop. (b) Masm4lave RS flip-flop. 
(el Positive-edge-triggraed T flipflop. 

1 Draw the graphic symbol of a four-bit register with p d l d  load using the label M 1 for the 
load input and C2 foa the dock 

lXl.0 Explain all the symbols used in the standard graphic d k p m  of Fig. 12.12. 

121 1 Draw the graphic symbol of an u p b n  synchronous binary counter with mode input (for up 
or down) and countenable h p t  with G dependency. Show tk orrtpu &es for* up cormt 
and the down cwnt. 

12.1 2 Draw the graphic symbol of a 2% X 1 RAM. Include the symbol for three-state oupts. 

IEEE Strmdard Gmplric Synhhfor Logic Fmct iom (ANSUIEBfi Std 91-1984). 1984. New 
York WtituI Ofmectrical aad Ekmaia Enghem. 
KAMPEL,I.1985.A P m c t i c d I n t m d r r e t i o n r o t h e N e w L o g i c S ~ k  &stair BunerwoEtb. 
TYIANN, F. A. 1984. mhmuion qf New Logk Symbds. Mas: ' h a s  Iwnmms. 
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