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I 

"""' 'LI 'Yl 'Yl 1 

1~llULa~TI~n1~ <BINARY NUMBERS) 

'l a: 00 0 ( 'l_'J 0 

~UL1u~~~~u~Au~~1L~u1CDi~ital c omputer) Ln7~UUL~~n1n1A 

<Binary> ~~n~1unu~1u1uLtiu~1L~'1Jau~~1~0 o ~u 1 ~~o5n~uwtt~~1u1u 
L~~TI~nlA~ua~~~CStrinJ)'lJD~L~~ 0 ~u 1 ~~1U ~ ~1 1uLrio;~~~~u1~UU 

'1Ju~~1L~'ll~7u~~~nH~ ~U1~1L7~~~u ~ nu 

~171~ 1 . 1 L~~TI~nlA TIAfllACDecimal>u~~1~~~nlA <Hexadecimal) 

0000 

0001 

0010 

00 11 

0100 

0101 

0 1 10 

0 1 1 1 

1000 

1001 

1010 

1 0 1 1 

1100 

1 101 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

1 3 

0 

2 

3 

4 

5 

6 

7 

8 

9 

A 

8 

c 

D 

t .. . c;( ( 
TI ~UL Uu ~··nmHn U~'1Jt:H1~ uu 1 WW1 ul ~LLMH L UUA1 ,~~, ~Ant.J 1 w~1~7u 

n1~ u~~~L~V~ 2 ~n1u~L~UnU~uLll~~!ull~ ~~L~Un11~,~~~~UTIU1~UUL~~, .. 
U~1V1~UU L ~'1JTI~fi1A~~1L~'1JL~V~~u~~1~~ a nu 1 
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2 

(Binary to de c imal number s) 
., 

L11a1~11~L~EU~1M~n~u'1L~'lJTiln1A <W lfht of binary numb e r s) 

1.,., J 
'llfH 1 1 1 fl fl\I U 

1 1 1 = 100 + 10 + 1 .. 
L~~~iu1uu~1w1u1~uun~n1A~1~11nL~Eu1 ~~u 

7 = 4 + 2 + 

= 1(2
2

) + 1(2 1
) + 1<2°) 

L~~WU11~L~Uu1~Lflu 1 ~1u 0 ~~~Au~1L~'lJTiln1A 

~1DB1~ 1-1 ~'1M1L~~TIAn1A~~~~~nUL~'lJTiln1A~u1uU 1001 1011 ,, 

II 

'11wumh~~1~h Lrntl" 128 6 4 32 16 8 4 2 

"' Q 

vn L ~mnn1A l 0 0 1 l 0 l 

oi "' 

1 

1 

L~'llTIAn1Ana~~~nu = 12s + o + o + 16 + B + o + 2 + 1 = 155 ,, 

'11EJ.9, '3 1- 2 

t: '1 ti 0 0 I u1wun 11::-.i1ri1uwu'1 16 8 4 2 1 
., Q 

~n L ~'lJTI1 n1A 1 1 0 0 1 
gj ., Cll 

L~'lJTI~n1ATI~~~~nUAu 16 + 8 + 4 + 0 + 0 + 1 ~ 25 ,, 

ai•iULft~L~»~1U <Fraction s ) 

n1nL~'lJTiln1A1U7U'lJu'1L~H~1U <Binary factions) L11~~ 1 ~11n ,, 
"' ~ cJ • "' 1 " '1 f} _I/ ~ ., • I o o 1 ai 1 ·I 01 
L~~ULUUL~'lJTIAn1ATI~~~~nU fl Lfl8LDU1MUnu1~~1~1U~U'1L ~u U uTI1 '1~11~u ,, 
~~~,~~ntl1~~1~1uwu'1Au 2 - ' 2 - 2 2 - B~~~ L~EuLtiunAUE~1~~ u o.s.0. 25~ 
o. 125,0.0625 ~~~ AuL~~~1n o.5 Lu1 2 M11~1nu1un1'1'lJ11~u 
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J 

U I 

fl 1 vE 1'1 
·, .. 

1-3 ~\J~1L~'7Jl1~fi1ATI~~~~nUL ~'7Jl1lfi1A~u1~u 
'IJ 

1010. 1101 

-., 
U l 1"ii niJ 1'~~ 1 ii1 LL ~1l \J 8 4 2 1 0 . 5 0.25 0 . 125 0 . 0 625 
., C> 

Jl1 L ~'!Jl11fl1A 1 0 1 0 1 1 0 1 

0. 5 + 0 . 25 + 0 + 0.0625 
'II 

= 10 . 8125 

I 0 " Jl111\J 1. 2 Al L "1'1JEmn1~\J'7Ju\J 2 

0 "' 2 
d OI I " I 

L ~mmn1cH'7Ju\J L ~'1ll1~fl1Al1 L l1l:JU L 'tll umt'HJu 

20 

21 2 

2 :a 4 

2· 8 

2"" 16 

2'" 32 

2· 64 

27 128 

2" 25 6 

29 5 2 

2•0 1 '0 2 4 K 

2 l l 2 , 048 2 K 

2 l .. 4.096 4 K 

2·· 8. 19 2 8 K 

2 l ... 16 , 384 16 K 

2 l 15 32,768 32 K 

2 ·· 65 , 536 6 4 K 
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4 

" L11~1"11nM1tl1M~niJ1~~1~1uMtl~ <Weight of digit po s ition) 

~u~L~~TIAfi1AnUL~'ll1l1~~1vl1UMtl~<Ol git po s i t ion) ~u~L~'lJTI~nlA<~u 1 

.. ., .1"' ll " .. " t: .: cl. "' 1-1 l/ "" t{ ... M1u 0') L~UArau1"1raTI~ 2 L'll1~1£JnU TI~UL1"~1n'll11~u uTil\l~lU"uUlMUn 
v 

ol 0 0 I I J 1 "&I O U I 
u1~~1~1UMU~LM~1UUTIU ~~18 nlrl\l'llu\lLrl'll 2 L~U 

2 
- 4 

M1u 8 4 2 1 0.5 0.25 O. 12 5 0.0625 ~rl~ 

1"LA1Au"~1L~u41n1"LA1LU1L~~L~u4<Micropro cessor>LiluMtl1u . 

a m " o 
U~Au~1L~'lJTI1n1A<Binary d I git> 

t 1u~<Byte> = 8 ii~ = •••• 
2 '1 u~ = i 6 ii~1 = •••• •••• • ••• 
4 ri~ 

U I 

fl"HlB1 '1 

~lnu 

= 1 UlJLU~CNlbble) = •••• 

1-4 1"lA1Au"~1L~ui~Mtl1aA11"~1'1JU1~ 64 k ~\JM1~1u1u1uli~1~ 
'Wf rnJ~ ~ uan~l LLM tl ~LL '1 nLLrl11vl1 LL M tl \l Mlrll a 1u,.1l'llu \l L rl 'llrtf1.ll1 A 

, \I 

64K = 64 X 2to = 2 6 X 2to = 2 t 6 

= 65,536 1u~ 

~11L~u11~~1ali~ ~1u1uLTI1nun1~\l'llu\l 2 ~a 16 L1an11 Mtl1aA11"~1~u~ 
16 U~ ~~1U1ULflULrl'llrtF1n1A L~"~ln 0000 - 65,536 

1- 2 n11UUa'1La~TIAfilALiLnuLa~TI1n1A 
n11UUrl~Lrl~TIAn1AL~LtiULrl'lJTI~.ll1A~11~1~an11M11~1a 2 Mrl18 ~ มห
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• 

Llf~tJLY-ili' 
~ ~ ol 

0 L U'U L ""l+A1' \Jrl 

1/2 L lf""u A'l:t 0 
<;:( ll ol 

LUU L 1-i'ttA"'r \1'11 

2/2 L lf""u L Alf tl ll J L lU A'JfA''Hrl 

5/2 
(JI 

L'"c:luLY'l'11 il ~ cJ L UL Alffl"H'l'l 

' l 1I 2 Ll-{~uLA'Jf i1 ~ I L UL Y'l1'tA1' \JYl 

23/2 

1-3 n,~u~a~L~111~~~n,A L~ULa1JTI~n1A 
uau L a11TIF\lllA L l]·u L a11 l a~~JnA 

5 

4 

3 

2 

L~~1a~an1A <Hexadecimal number> 1~1un17L~uu111-ru n,-~1u 

n11t1Uua L ~~u~<Assemb 1 y 1anguage>LUu\J~1n L flU~1'U1UL~~~~~1U1U~1L~~ 
ll I V O 0 C'j &I I C'j OI 0 ~'l.J ol 
Uuun11~1L~~TI1fl1A'l'l1LW\J1U L 'Un11'L~UUU~~~~~1 uun~1 nUE\Ja1~11nuu~\J 

LllUL~~Tiln1Al~L~E\Jn11~~1u1~Lriu~1LflU 
1~UU L ~~1a~an1A ~~1UrlU~1U1ULllU~1L~~"~~~15nH1~\J~~u 0,1,2 

3,4 , 5 , 6,7,8,9,A,B,C,D,E,F . 

ni1ul1~\JL~~1a~an1A 1iLlluL~~ri1n1A~u1iul1~\JL~~"~~ ~~1 

9 A F 2 

1001 1010 1 1 1 1 0010 
0 
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6 

1100 
0 

L ii'll111 fl1A 101 1 

c B 

n11U~~~L~'llla~an1A LfiuL~'lll1Afi1A~11~ 2 n1& ~D • 
L~~~UL~1Jla~an1A 1iL~ULii'lll1~fl1AU~1~~L~~~uu~~ ~L~'lll1 1 n1AL ~U L ~ ~ 

'Y1Afl1A 

U I 

fl'lue·u 1-e 

"1~1n Hexadecimal 

n FF = 1 1 1 1 1 1 1 1 

= 255 

'I.I 98 = 1001 1001 

= 164 

2 n1~TI1L~~1~~111~1un1A~u1n 

L fluL rrnla~an1A 

'II 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

F F F F 

( ' I 1u~~~ 1u~~1 
v 

L~1Jl11n1A 

L ii'lll1r'lfl1A 

0 

L«'lll11fi1A 

L ii 'IJ11r'l fl 1 A 

0 

L ~'J.Jl11ll 1 A 

L~ 1.l l~U~fl1 A 

8 n~u1nL11L~~n~11u~~~(Upper byte,UB> U~~ 8 n~w ~ ~L•~n ~l 
v 

1u~~1<Lower byte, LBJ ~111~1un1A~u1n 1 u~~~11n~11uwi1~A1 1 ~~1 , 
~ 1"'' ... I 1 ' U I 1 n 1 "' ,.J., 64K Lu~~111~ ~A1Uii1L~1A1 u~a~u1nnuA1 u~~1~~ ~ Lii'lll1r'lfl1Al1~~~n11 

v 
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I 

7 

n 7FF4H 'lJ 83D8H 

n 1u~~" 7F = 32,512 
" + ,. 

1umh F4 - 244 

7FF4H = 32,756 
I 0 

'7.1 1u~~" 83 = 45,824 
/I 

LUVJ~l 08 
+ 

= 216 

83D8H = 46,04010 

ni1u~~\IL~'7.ITir'ln1ALiL~UL~'7.l1~~an1A ~11;; 3 ~~Au 

1 u~~\IL~'7.ITI~n1A1~L~UL~'7.ITI~n1A U~1~\IUtl~\IL~'lJTI~n1ALtluL~'7.1La~an1A 
1ljOCI II 0 I '1 ., Cl '1 '1" d 1lj c:{ " Q1 lj 2 n1fi'M11~1~ 16 Vl~~unu~~~L'll~U~~~~fi 1 (UTIUTI~~ ~ 2 LUUV11~11n ~ 

16 unu> 1r)L~H~1ULtiUL~'llL«~«n1A u~~~'M~n 

0 L r'IH 9 L~~uLtluL~'llla~an1A 1f1Au 9 

9/16 L r'IH 10 L~~UL~UL~'7.ILa~an1A 1f!ioiv A 

154/16 L r'IH 15 L~~uLflUL~'llL«~«n1A 1'1~u F 

2,479/16 

L~~u~1n~1\IUU~\1~1\1~~1;;L~'7.IL«U«n1A 
d ... a. 

94F 
a. 

9AFH 11Vlih'ln11Au 'M1 u 
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8 

n ~u~W1Ln~TIAn1A1u~u~1u~a~~1~1~1n~a~u~~uun~1 36,020 ~~~u~1L~'il 
v , 

1u~a~ = 35,840 L~UULflULn~La~an1A 1~~u 8CH 
" 

0 .r.. I 1 ' 0 
~1U1ULn'iJUAuA1 u~a~'iJu~A1~ulJ .. 
'iJ 1wnuLn'il1u~a~uun~1n~1u1uL~'iJTIAn1A~n1~u~1~ 

v 

36,020 - 35,840 = 180 

0 I .,,,!"1.1 ~ 1 n 1" ., .,/ Q I U "" 

U1~n~1~TI ~LuLu~~111~ 1Jfl~1~~ ~L~'iJLa~an1A TILTIU1JLTI1nUAu 
"' n. "' ~ ., 1 ., .. 
LU~~, = 180 L~UUL1JUL~~La~an1A ~Au 84H 

0 ""'1 ., .. 
A1~u1JTIL~Au 8CB4H 

1-4 i1U1U U~~ <BCD numbers) 

UULU~ ~u a~1~ ~" 4 n~ L~LflU~1U1UL~'iJU~~ CBinary-coded 

decimel ,BCD> ~11ua~~~1L~'iJTIAfi1A 1 ~1 ~1UL~~n~n1A 1 UuLU~ L~UL~~ 
i:l. o a 2 a '1 "" A TIAfilA 2,945 ua~~L1JU~1U1U lJ~~ L~~~u 

2 9 4 5 L c;mnAn1A 

0010 1001 0100 0101 

~11Ldu~1u~~~~1L~'iJ'iJu~~1U1UL~'iJTIAfi1A~~nnL~11iaLflUL~~TI~fi1A 
" 

1 "" "" " " iJ " ~ o L " ., A UlJLU~ n1~u~n11u ~~n~unn111n1 ~~~u 

0010 1001 0100 0101 
o Olaa 

~1U1U1J'II~ 

t ~ ~ ~ 
2 9 4 5 L n'iJTIAll1A 

n1•u•tien~1n~1u <Applications> 
• 

~1U1UU~~ "iJ111Lu~~L~u~u~n11ri1u~u~~~LDUL~'iJTIAll1AL~1~ w7u 
" " t~u1~1~~1 L~ULULA~u~A~L~'il ~~1~n111.l1~~1~~~ .... 

r:rnn~1nn111 uu~~~u~ 

Ln'iJTI~~ L~11~Q1~~ilUL~~TIAll1ALiu~LA~~~1~v~1utl~n~ "~~~~1~il1Juun~1 " , 
c:{ " I al I al ., .. G .. ( ., '°' ' Q C> 

LlJUL~'iJTIAll1A ~1uU1~ilUL~U LA1il~U1JilL~nTI1uUn~ L1~~"L~il1U1J1J~~~il~ 

\11i)n1~~mrn L flu;f u 
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9 

v .: 
1-5 ~-ftUDan (The ASCII code) 

1un11iu~~~u"~~UAu"~1L~u4 L11u1~~u~L~ ~1L~~ ~15nH1 LL~~ 
" ~cy~mtcl ,\1 ~ 'J ~ ~~1 L flu';J~~u ~)hl¥amHih L ~~LL~~il1 '1n-1t1 L w~1 ~ ~1wfu'l i.r 

~~1EiUL~1LL~~~~uun< 110 Unit)~u~Au"~1L~u4 1~uu"1~131u~u~1iaL~1 
uun~LoifAu American standard code for Information interchange 

I '111 ~ " .lfj !J ~ ~ U ' ' I .., Eu ~LUU ASCII 1WauL~LUU"1~131u~1w1u~11~LL11(Hardware)~u~WU1~7U 

" .J ' ~ 0 ' ii 0 ' ~ L~1LL~~~~uunL~u LA1u~w"w LL uw"w ~un1w u~~uu 'J 

•• 
" d ~111~ 1- 3 1wauuan 

0000 
0001 
0010 
0011 
0100 
0101 
01 10 
011 1 
1000 
1001 
1010 
IOI I 
1100 
110 I 
11 IQ 
1111 

010 

SP 

# 
$ 
% 
& 

• 
+ 

011 

0 
I 
2 
3 
4 
5 
6 
7 
8 
9 

< 

> 
7 

x . . . . . . x 
& 0 

X0~4 
100 , IOI 

@ p 
A Q 
8 R 
c s 
D T 
E u 
F v 
G w 
II x 
I y 
J z 
K 
L 
M 
N 
0 

110 

a 
b 
c 
d 
e 
f 
g 
h 

j 
k 
I 

Ill 

n 
0 

x u~~~~1~uL~~ 0 W~u 1 L~U 5nM1 A ~1iaLflu 
100 0001 

111 

p 

4 
r 
s 
I 
u 
v 
w 
)\ 

y 
"l 

~111~ t-8 u~~~,i~uu~~ 1iri1u~111~LW~uuri1un11~ L~u 5nH1 
0 ' ~ fl ull u .§ .,. 

A "A1 x ••. X4 LUU 100 LL~~ X
9 

•• X
0 

LuU 0001 ~~UU1W~Uu~n~u~ A Au 

100 0001 

110 0001 
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10 

~1M7~~nH7M7u~1L~~~U ~ ~1~~1n~111~ n1LnULA~u~U"1~111A ., 
~"' u A., 0 1 " I "" "" ., J " 

~uun"1u~uu~nu1~~1L~unu L~u LA1D~u"1~ = "1uauuanLuu 

011 1101 

., ' II a. ' 0 ' ·" 0. ' °' " A 1 ...I ~len1~ 1-12 n1L11w"wA111 PRINT x uuuuuw"w~~"1M~UD~nD~ ,~~uun 

1 llih ~ 

"" u A,..J '1.tu A 
~~"1lHHLu~n~~ Lurl-3U P< 101 0000>, RC 101 0010)' I ( 100 1001), 

Oii I I "V 
N<tOO 1110),T( 101 0100),SPACE M1u~u~11~1~U11~~1unH1(010 0000) , 

xc 101 1000) 
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11 

~ "' .J LLUUlilOlUlUTITI 1 

1 ~1U1UL~'lJU~~~~1U1U~u1t.J~~~,1J~ 
1. 1100 0101 

2. 1011 1001 0110 1110 

3. 1111 1011 0111 0100 1010 

10,110,111,1011,1100 "~~1110 

3 ~-lL~EJu~"n11 2 + 2 = 4 L~EJ1~L~'lln1n1A 
0 t:J I U lO O ' a. 4 ~~uun~1u1uL~'lJnAn1AnLn1nu 2 u~~ 4k n1-lAu"~1Lrin1w"1v~-l 

u~L1 ~fu"nuw111 s, 192 ~~Lfluwtl1v k L~Lri111 
5 LA~u-ltiunn1i~ 4 uri ~A11"~1-l~ntLtlu ~~ ~, ' ' o o a 

iH fll L ~'lJTI1n1ATI 
v ,, 

L~un~1uLA~u~~~nn~11 u~~L~'lJnAn1A~Lri1nu~uu~11 
v 

6 ~1UUU~~-lru~~1El LED 'lJUlfl 8 n~ Ltlu ~fl ~U ~~ ~U ~~ ~~ 

~u ~u L~'lln1n1A~u~fl-l«~nn~1, u~~L~'lJTIAn1A~Lri1nu~Dn~1, 
7 ~~utl~~L~'lln1n1A~u1tld1fLtluL~'lln~n1A 

1. 00 11 1 

2. 11001 

3. 10110 

4. 1 1 1 10 

., ' L A ~-lLLn~"n11riu t.lu 8 x = 11001001 
l 0 ~ 

9 LA~u-lUUnn1ia1nn11u~~Lrtui 'lJUlfl 8 nri ~a~~1ran1~uunLflu 
~1 ~~ ~1 ~, a~ ~1 La'llnAn1A~Lri1nu~nn~1,. 

v v 

10 ~~utla~La'lJTI~n1A 56 1iLtiuLa'lJTI~n1A~LTI1nU 
11 ~~utla~La'lJTI~n1A 12 1~LtiuLa'lJn1n1A~L~1nu 
12 La'lJn~nlFI 150 L~Uuri1uLA~u~tiu~n1ia'lJUlfl 8 U~ L~'lJTilfilA~ 

" 
L ~muifim:i~ 't,. 

" 
13 LFl~u~1Jun·n:EJ~n1~1~uUL~'lJL~~~n1F1 r:hu1~dlu F52A ~HL~fl~ 

' "' u ,J n11u1un1~EJ~TI1~ 6 n". ~~~1nu 
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1.2 

14 ~~uu~~La~1~~~n1A ~~1u(1iLtluLa~n~n1A 
1. FF 

2. ABC 

3. CD42 

4. F 3 29 

1s ~~uu~~L~~n~n1A~~1u(1iL~uL~~1~~an1A 
1. 1110 1000 

2. 1100 1011 

3. 1010 1111 0110 

4. 1000 1011 1101 0110 

I ,,,J' ~ 'i',I d Cl J: ,'J tJ 1 , 'i',I ' 
16 ~~ uULUULu1un1~nL~~U~Ufi1~1U ~LA1Lu1Li~L1D1 8085 

<Adress) 

2000 

2001 

2002 

2003 

CHex Contents) 

3F 

OE 

03 

20 

2004 76 

~~uu~~L~DWl~LtluL~~1a~~n1A 1iLiluL~~n~n1A~L~1~U 
11 ~~uu~~La~1~~an1A ~~1~(1iLfluL~~nAn1A~L~1~u 

1. FF 

2. A4 

3. 98 

18 l~LA1AD~~1L~D4~~1UMtl~~D~Wtl1~A11"~1L~U 0000 ~~ FFF F 

u~~~~1uwtl~L~U~~"~1~ 1 1u~ ~1~ULiluL~~nAn1A1~LA1A D~~1 L~ D4 ,, 
~ 11 , lld 1 I OI d .o "1 1 ' 
Lnu~~~~ ~n u~M1DnnL~ u~ ,, 
19 l"LA1AD"~~L~D4LA~D~M~~~~tl1~~11"~1~U1~ 32 k ~1"~1 
0 1 lal II 0 ~ I '1 II ~ O I '/ 

~1U1U u~nun~7~LUULn1L1 ~1 0000 LUUL~~M~1~~~~~1UMU~U1nLU 

I O 0 I II fl ., °' '1 
~Ul~Al1~~1L~~W~1~~~~~1U~U~~~n1~LuUL~~La~an1A ADD~L1 

q 
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1~~1~110 CLOGIC CIRCUITS> 

'7 1U .,. .... Q (a Q I I Ol d II U I 

Lua"t1Lu11raunrirafl~1afl1"ri11"rifl11u1~~"ri11"Lnt11'1Ju'3nu ,~~11'3 

ri&fl~1afl4u~~fl11n~1afl{u,\~~1~~1ri1~u~u 1un ri.~. 1054 ~u4~ u~cGo~ge 
'II 

Boole> 1~~u~un11Lrlu1~u'3~'3n~111u11.l'llu'3Q1iri&fl Lflt11~L~'ll11~n1~unu 
v 

L~'1Jn~n1ri ~'31ui1~~~UL~un11 " ~~rt&fl'llu'3U~U " <Boolean algebra> , v 
,!i ., I U •' I U 01 I a I m 1 I O d d U .I ( 
fl1~11JA1fl1Uu1Ufl~~fl1"A1L~EJ'3au'3A1Au " "~1'3" n ''LTI~" 1flnu1~a'3A , 

.: "' <> al " .Y "'i1 Lllu'3u1n'lJu'3~1iAraflau'3an1u~<Two-state algebra> AuL~un cy~1TI1'3fl11n 

LUU rt~. 1938 ~uLnuu 100 n ~1n~U~~u1~~Q~1"11f1un11u~ 
' 'II 'II 

i1cy~11'3~1a1fl~m:HIL111A~~ LfltJ ~fl U1iUUuUCG1aude Shannon> L'IJ1u11uf11i11 

u1.l1~1un11flfl u~~ Lflfl~~~~'llu'3~L~~<Re1ay> ~u~uu~uuuu 1~~11L~1 ~n11 
v 

1.l1~un~1~~~~&flu~u1uuu11~~~1n~~'31U'llu'3u~uuuu1~1n11~1.l1~~n411~1iri&fl 
1 v 

'llu'3u~ua1"11nu1"11.l1~un~1~nu'31uilL~n111uun~riu"~1Lflui1fl v , 

1uunu~~n~11n'3Lnfl<Gate> ~'3L~u1'3~,~~cycy1ra111'3L~1111'3L~u1~7u 
1nnn11~u LL'1li~cycy1m111'3utlnd:;t1'3111'3L~t11 LnflLllu1'3~1 2 an1u~ L~,.,~11 
~cyqpcurn .'3L1i1~7un1 '3m:mnA1ri11"'11 '3An~a'3~7u~1 111 '3rtf '3 L , ., L 7un L nfl11 

'II 

1'3~1fl71n<Logtc · circuit> L~11~a1"11n~Lri11~J1~1fluLifg~Alfl'llu'3ll~'U ,, 

2-1 fl10~UW1 <Inverters> 

;J1n~u~1LlluLnfl~Jj~cycy1cun1'3L~1111'3L~t11u~~~cycy1ran1'3uunLQu'3111'3 
L~u1 an1u~'llu'3~cycy1cun1'3uun~~n~ununu~cycy1cun1'3L~1La"u 

;i1niui1Lnn11uil~Lflll4 <Trans i st er t nverter > 
.I "' "' " .,j ~ S ( a<> ( 

~in1u 2- 1 uaf1'3fl1n~11~1nL11un11u~aLJ1u1 1'3~1'1Jt11uuuuu"flLflu1 ,, 
71" <Common emitter ampllTier> ri11",\1'3~n~TI1'3uun<V ) ~~~A1 

· c u ~ 

~1~7ua'3<L~~uH>iuorinu~11"~1'3~ntn1'3L~1cv > 01 v ~~1~1~7~~1~ • W In __ 

o v 71u~aLflD4~~~EJfl~1n1~ua v ~~~~1a~ 1un1'3n~u~uo1 v ~~1 
, - a - t - W - ' -!!__._ ~ 

OI o'lt1 2- (,, o"' o"'}'1 
''3(+5VJ ~~~TI1L~TI11U~aLflil7U1n1~UaD"fl1(5aturatton) ~~TI1L~ VouL 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



1.4 

I 

~~1~1 fl111'1 2-1 ~1Un11rl1111u~u11~1n~u~1 
~ 

u~~n111L~1~~1~~TI1L~n111uun~1 
'I 

+5 V 

1u 2-1 
" 

fl111'1 2-1 i1111-J . 2 - 2 

v c,. .... t. v v v 
tn 0 \At. In 

I 
0 

~" 0 fll 
'I 

0 ~.,, 
0 

1 Vil 
v 

,-1] ~ ~cy~n~ 
'I 

mHi1iJ L i.lu~ 
., ., " ".I .I ' ,-1] 2-2 r11n~u~1u~~UwLwu1 

" 
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1 '.i 

u~Lwv4~a~~~nHOf~v-lUWL~u4 <Buffer and symbol) 

n1L11u1~1n~u~1~u\1~1"1~unu~\11u 2-2~ ~~1~uwLwu1~1uLA~u\I ,, 
'll!J 1!.l'~fl!f1!1CU'llU~ 1,jn~U~l <Non\ nve rt. In g a mp 1 \fi e r ) L ,-1 ii' \11 "\..l91U \I n11 uun ,, 

~ I J{ I/ ~ I QI U J( I/ I/ 

LLUUL11~~L~Ul1~f1!'1!1Cl1TI1\1~1UuunLuUL'llUL9l!JlnU~f1!'1!1Cl1TI1\1~1UL~1 

uw L lilu1'ri11~1~fu~-HJ1 un1·Hh:i L ~mn \!~"~'\I 'J L ~uLL'J '1'1u~u \l~'l!'!! 'ra 
LL~n9'h \I nu L ~u+ sv ~u \ITI1 \I uun L nm'11~U\I nnu11 u L Du~cycy1cur11 \IL ih m:i \IL n~~n ,, 
il1~ U-l L 'U't11\Iu!]uVin1u1"'9'\u L 91tl~,. \I ~'1J.'l!1Cl1u1 ~N~N \I ~u 1 "~'"''fl~~ LL !Jn 1fll1A1 

~u\l~fl!'ll1C\4Al1Lflu o ~1u 1 <O ~1u s v> LUu\1~1nA1A1 1 "~1uTI1UL~\l~uu 

c Impedance> ~u\ll\1~1~u1"1~uu1~riA11"~\l~u LriuL~ttunuA1A1 1 "~1u't1 1u ,, 

+5 v 

7404 

GND 

• 
,-~ 2 - 3 IC TTL 7404 ~1n~ui1 6 1\1~,. l Hex invert.er) 
v 

ABCOEF G HJ 

A 8 C 0 E F G H I 

7U 2- 4 ~~~1ruTI1\ILi1 Til\lu u n ~ u\I 740 4 
'IJ 
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I 

16 

'OA II (JI ' IOI a a " 
Ln~LL1J1Juu1JJTI1\IL"il1 2 TI1\IW1u>J1nn11u~JJTI1\luunLW~\ITI1\ILfl~ 1 ~, -

.ruycy1raTI1-lL~1TI1~LflTI~~~u~llrl1«-l ~'1!'1!1nLTI1-ltltlO~tri~1«\I 
----- ,, ti 

....._ ____ -0 y 

R,_ 

+ -
8-=-

-1 l . 

L~lu~Ln~~UUuu4 CDtode OR gate> 

'1 u1tJ 2- 5 LL«fh1ii ~ n11«f 1 °\1 L n~LL uuvui1 fi~~ \I ~t L ~u 11 ~cycy1nm1 \IL -il1 ,, 
~\liilriiil1~1acycy1ran1\luun~~tiir\1~1~1~ n1~cycy1ran1\IL'll1~cycy1raLfl~cycy1rawU\I" ,, 
"11 ~\I Lfl 'h:iflil1 n1t LL~ri11 i~cycy1ran1 \I uuniir\1~ \I L Uu \J<;J1 nii~cycy1ran1" L 'll1 ~u" 
acycy1raL11~\IL1~nLn~U11 LnmL1J1Juuiri 2 TI1\1Llh c2 - tnput OR gat e > 

n'l'ii 1 A iir\1~1 LLi'lt B iir\1~1 ~UAu~cycy1raL1.i1~\I 2 i'ir\1~1 A11).Jwl1\l~n ~ 
~cycy1ratiun<;Jti1"11~1Lllu\1~1n1flLufl~\I 2 1l.lil1n1tu~ Lw11tut~u Y iJl'l1~1 

I 

A iJiil1~1 LLi'lt B iJr\1« \I ~'Y'l\1nL dh B llA1« \I ( fl1 L UtlflJJl"l;i + 5V ) ,, ,, , n'l'ii 2 

LflLufl B il1n1tLL«L~fl~ui11flL1JLLtl~CForward bias> LLwlLflLtlfl A ~t1~tl1 
"'"' '1 1"' a• 01~U« Lnfl1L1tl1~ 1JUtl~CReverse bias) fl Y JJA1a\I ,, 

I 

n'l'ii a A iJr\1a\lu~t s i'ir\1~1 ';J~A~1~nu1\1~11un1& 2 1fl1tifl A ~~tl1 
ti 

n111u~1flLufl B ~~u~fl~1n1~u~ Y iir\1a\I , ,, 
n'l'ii. 4 A iir\1~" LLi'lt B l".irha\I ~uAti~cyru1raLii 1 ~'1MHl".ir\1 +s v LflL ufl~ \I 

,, ,, w 

«ti -l~t iI 1 n1t LL~ A11JJwl1 \1Fint~cycy1ran1 \I L '1
1

hw\unULL 1J1J"i1U 1 u 16°lA11).J~1 \IAn~"il tl \I 
~cycy1ran1\luunLtlur\11uuflJJA~ +sv L~11~u~~u Y i'ir\1~\I 

. , v 

fDamte11111fl"'1j}1 v§l 
'I 

n1LUU1\l~UL~~1TI1\I A Ltiuu1na\ln~1 B u~l\l~ tl ~ 0.7 v an1w~1n 
v 

<;Jfl A ii\l~fl B LUnuUwltlTI~\l,~~\lnU ~\11~ 2- 6n n1LL7\l~UL~~1TI 1 \I A a \I , , ,, ,, 
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17 

' II ~111\1 2-3 Ln~UUUuu1 2 TI1\IL'U1 

A B y A 8 y 

I I I 
0 0 0 

~1 fll fl1 0 0 0 
I 

0 

fl1 ~\I ~\I 0 0 
~ 'U 

~\I 
0 

Vl1 ~\I 0 1 

" 'U 

iH ~\I ~\I 1 1 

" .. " 

Ao--

4 0 ~I 08 A 0---.t 8 
Bo-- y 

G 0 ---() 0-- co--IJll-f 

-= 
<n> ( 'lJ ) (A) 

111 2-6 <n>A B 
I °' 

., 
8 VlVITI 1 '11 iJ LL~~ V1m1 \lnu < 1J) A UiH1 ,, 

' "' 
II 

(A) L mm UUuu1"llUVI 3 Til H 111 

4 .I o ' II fl111\I 2-3 LL~~ 2-4 LUun11~1u~~n11TI1\11U1Ju\ILnf1UUU uu1 2 TI1\IL'U1L~'lJ , 
0 LL't1UA11JJPl1\l~n~A1~1 L ~'U 1 LL TIUA11JJPl1 .:i~n~r\1 ~\I ~\IL nfll 1~'ll'llllUfl1 \IL ih ,, 
L~~\ITil\IL~~1u7uJJ1nn11"Fi1~\l~~n11i~~~1LUTI1.:iuun"r\1~\I ~\ILfluL~f1~~11 ,, " . 
o:-.i Ao. QI I ' 
TI1LJJ1\1~1U~\IL1~n11 LnflUUUuu7 

1 .I 4 'd°' II II ~ II OI u i u 2- 6A L U'U L nflLL UlHJu1TIJJ 3 TI1\IL111 fl1 ri'll'J!10lTI1 \IL 'll1l':!n~1 ~JJ 

F\1~1'tri1 uflTinil1~Frnii1n-rn LL~~1:dh 11"~'1!~10lTI1 \I uun"r\1~1 ri1TI1 \IL ih L ~u \1~1 u , , 
L~~1u~uJJ1nnj1nr\1~" ~~~1LUn1\luun~~nr\1~\ILiJ~1~ 

'1171\1 2 - 5 u~~ 2-6 u~61\1~~~71.Jn11~1\11U'llu\1Lnfl~\ln~11fl171\I 
• 

., A "' I I <> ~ I 1 ·'" '1 II '1 ~nlffil.~UL'T~n11 "fl1'T1\IA1A11JJ~7\I" (Trut.h t,eble) 11\lflt:l u'U~l1 L'tlLL~61\I LU 

lun1~~u1u ~11L~u11~1u1uun1 <R ows> LuV1111\IA1ri11JJ~~\lnA1L~ 1 ~u 2" 

n ~uL~'U~1U1U'Uu\l~fJ!'l!10lL~1 ~1~fuLnflLLUUuu{ 2 TI1\IL~1~171\IA1A11~~7\I 
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1:8 

' II fl171~ 2-5 LnflUUUuu7 3 TI1~L~1 

A 

L 

L 

L 

L 

H 

H 

H 

H 

B 

L 

L 

H 

H 

L 

L 

H 

H 

c 

L 

H 

L 

H 

L 

H 

L 

H 

.. 

y 

L 

H 

H 

H 

H 

H 

H 

H 

'M'Hl 4 LLfl1 

A 

0 

0 

0 

0 

1 

1 

B 

0 

0 

0 

0 

1 

c y 

0 0 

0 

1 

0 1 

0 

1 

GI 8 .. II / II 00 4 .. al II 

~~~ 2 'M1u 8 Ufl1 fl1Ln~UUUuil1 4 TI1~L~1~~" 2 ~•D 16 Ufl1L"D~11~ 

fl111~A1~11"~7~ ~~L7~~a1~u~11u~n'lfCU~~u~n11UUUUUL~~Tiifi1AC000,001 

010~ •••••• 111) ~~~~TI11~TinLDn1~~D~TI1~L~1~A1U~1U , 

(Logic OR gate and symbols) 

I=>-
Cn) Ctl) ' CA) C ~) 

.!f U / / II II 

'" 2-7 ~~~n'lfCU ~D~Ln~UUUDD1 <n) 2 TI1~L~1 (~) 3 TI1~L~1 
" II II 

<~> 4 TI1~L~1 (~) 12 TI1~L~1 
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J.'.) 

iaa 
Ln~UUUDu~TITIUu~ <TTL OR gate s ) 

+5 v 

7432 

GND 

,~ 2-0 ua~~~1u~tl~~1~u~1 u~ 743 2 ~ Ln~uuu il u4 2 n 1~L~1 4 
" 

1~~, ~1 14 ~unu1~ +sv ~1 1 ~ua1~~u L11~1"11n~~L~ilnL~Ln~LLUUu il~ 
'l ..:. ... ll 1 11 

1~~,L~1~~1~U~~,u~~1~1~~·~u~TI~~"~ ~ 

Pin 1 

8 D F H. 

Pin 2 

A 8 c D E F G H I 

Pin 3 

A 0 E H I 

1~ 2-9 U~Ufl1~TI1~L1~1 <Timing dia g ram> 
v 

~~0~1~ 2 - 2 ~~L~Eu~111~~1~11~~~~•1~iu1~ 2 - 1on u~~ 2 - 10~ 
" 
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A 

L 

L 

H 

H 

'7404 

2 
A 

4 
8 

c n > 

,.1.1 2-10 
" 

+ 
A-=-

j_ 

fJ-=-

i 
< n > 

,.1.1 
" 

B 

L 

H 

L 

H 

2-11 

RL 

<n> 

y 

H 

H 

H 

L 

+ 
-=-Vee 

I-

y 

1 7432 7404 

A~~y 
8~ 

( 'jJ ) 

~111~~11"~1~1 1.l 2- lO'JJ 

+Vee 

RL 

A 

L 

L 

H 

H 

B 

L 

H 

L 

H 

,, 

+ 
Ao---f-4 

y 
y 

B 

<"IP 

' II cJ I ,f 
L nfl LL lJlJUiJ 'Ufl 2 TI1H1.11 ( 'jJ ) 1llTI6H1r.l'lJ'U 

" 
,, 

y 

H 

L 

L 

L 
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ftJ •l~Vl411Ut ... v11;•••9•••,••• --

2 1i 

' 2-3 LO~UUUUu'lm CANO gates> 
' CA)t 11 fl I )t ~ 1•1 ICl)J L nVI LL 1J lJLL u Ufl~ t1""''llC\l1Cll 'Yl 1 '1 L '111 VI '1 LLVIMJ '1"''ll'll1Cll 'll U JJ LLVIJJ "''ll'l\1Cll fl1 '1 rn::in 

L~~'1n1'1L~u1 llili.qpcuTI1'1~~1~n~1u~u'1nA1~'1~'1~~n11i~cycy1cuTI1'1uunn~1~'1 
ol 0 )t II )t <II I !f ' 1" 2-11 A LL~t1 B AllTI1'1"''lJ.'ll1CllL'll1 'Y11'1"''lJ.'ll1ClluunAu y A11JJVl1'1~1nE Vee 

ca I "' ' I I 1•1 fl 11 II I U "' I ,!:/ ' = +5V <VccAuA11)JVl1'1~nU'llu'1U~~'1~1U wJ LUTI1'1L'll1LLVl~Uu'U.J.JA11JJVl1'1~nU 
d II ov <L> ~7u +5V <H> Vl1JJTIL11~u'1n11 

n"tii. 1 A ~1LL~t1 B ~1 A11J.J~1'1An~'llu'1~'lJ.'l!lCllLi1~'1 2 )jAl~l rhLfilmJ 
., "l"I '., , Q 1., ll " 0 

LLAL'Ylfl(Cathode)1Ju'1LflLu~LLVl~t1Vl1VID~'1~1Efl'U. f1Lufl'Y1'1 2 Vl1 ~11u1n1uu~ 

LL~t1UflL u~cycy~1 '1Duniil'i1~1 ( ll1t1JJ1C11 L"1 L nu ci. 7 v) ~'U~u y nl'i1~1 
n"tii. 2 A ~1 LL~t1 B cH 1flLufl A u1n1arncHliu'1'•nnLtlui,Ju{11ri1rnLu~ LLJl ,, 
Lfl 1 ufl B ~t1~Uflu 1 n1t1 LL~ L ~u '1 ~1 n dlu 1L1u.f~1 mrn~ r111 °"'~'ll'l!lCUTI1 '1 uun dlu , 
o V<uflJ.JA~>u7ul11t1J.J1cuuu~n11 0.1 v ~u~u Y )jA1~1 , 

I 

n"tii a A nA1~'1LL~t1 B ~A1~1 ,, 
u~111rilnri B ~t1~uTI1'1LlJ ~11i Y 

I 
OI I 0 

JJA1Vl1 

n"tii 4 A "Al~'1 LL~t1 B nA1~'1 ~ruqi1cuL;J1~'1~u'1Ll'i1 +5v Lf1Lufl~'1~u'1~u v V M 

1~u1n1uu~1lJ~1A11JJ~1'1r1ntvinri~u~u'1~t1~1~t1LtluAut LflLDfl~'1~u'1~t1~flTI1'1 ,. 
1~ 1~"n1t1LL~1~~11u~~1uluafl<Load>~u~1~1un1u RL 

A11JJ'11'1AntL~1~un1ri~1v1~ v <+5V> L~71t1Ut1~U Y LA1~'1 
ca v 

' I/ Vl111'1 2-7 LnVILLlllJLLu'Ufl 2 'Y11'1L'lll 

A 

L 

L 

H 

H 

B 

L 

H 

L 

H 

y 

L 

L 

L 

H 

A 

0 

0 

1 

bl>1. 3i~s 
cN/~I'® 

~ '3 

B 

0 

0 

y 

0 

0 

0 

869 90 
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2 2. 

8 0--_.. _ _...___.,.. y 

0 I ' II ~u 2-12 Ln~uuuu~u~ 3 n1~L~1 .. 

' II ~,~,~ 2-9 Ln~uuuu~u~ 3 n1~L~1 

A B c y A c c y 

L L L L 0 0 0 0 

L L H L 0 0 0 

L H L L 0 1 0 0 

L H H L 0 0 

H L L L 1 0 0 0 

H L H L 0 0 

H H L L ' 1 0 0 

H H H H 1 
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' . II II 11t C11 I~ ' 
1tl 2-12 Ln~UUUUiJU~UUU 3 TI1~L"lJ1 n1TI1~L'IJ1TI~~"'1"~11"~,~~n~ 
" ~, 1~1u~nn~1~1n1~u~U~ti~~A11"~1~Antn1~uun1i~1~~ u~~11riluriL~~~ , 

U Cl 0 I ~ ' 0o 1"~ 1"' IU fl d 1" ~1L~~1u1n1tiLL~A11"~1~r1nun1~uun~~nnri~ ~~1 riL~"u ri~uun11n~~ ~n1~ 
" uun~~1~11"~1~Ant«~n1L~n1~L~~1AuTI11in1~L~1nn~1~nA11"~1~AntA1~~ " . ,, 

L~OTI1~L~1Tin~1~~A11"~1~An~A1~~ 1ri1uriTin~1~U~~1n1tiU~ n1A~1~1~ . ,, . , 
v ~ti~~n1~uun1~~A1~~ c: .. v 

0 ' ti ~111~ 2-9,2-10 ~1tln11n1~1U'llu~Ln~UlJUUuU'1~1"TI1~L'll1TI1~ uun 
• 

Lflu 0 ~1~7unnA1'1JiJ~TI1~L~1~nLiUA1 111 <HHH> ~U~ iJA11"~1~Antnn~1U , , 
'llu~TI1~L~1~u~~A1~~ ~~~~L~A11"~1~An~n1~uun~A1~~ 

" " 

<n> ('lJ) <A> <~> 

~ ... ' ' ., 1tl 2- 13 "'cy~n'lm 'lliJ H mlLL1JlJLLiJU'1 ( n) 2 't11 H "1J1 ,, 
· II II II 

('lJ) 3 TI1H'll1 <A> 4 't11H'll1 C ~) 12 TI1H'IJ1 

Lnfl~Uu~au~ TITI~Bft <TTL AND gates> 

7408 

GNI) 

1~ 2 - 14 U~'1~~1~D~ 7408 ,, 
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~1u1u 4 1..J~1 ~1 14 ~unu1~ +5v ~1 1 ~u~'1~1~~u L11~1"11nL~unLn~ 

UUUUuU~~11~~1~~..,~~u"1nn~1"11~1~ 

A 

L 

L 

H 

H 

A 

8 

<n> 

B 

L 

H 

L 

H 

Pin 1 

B 0 F H 

Pin 2 

A B C 0 E F G H I 

Pin 3 

11..l 2-16 
" 

y 

H 

L 

L 

L 

C 0 G H 

y 

• 

7400 7404 
1 
A~6 0 2 y 
B 

( 1.J ) 

A 

L 

L 

H 

H 

Vl1,.1 '1 2-12 

8 

L 

H 

L 

H 

y 

H 

H 

H 

L 
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v I 

2-a 1~~1vi111~~1~11lJ~7~ 1HH1 ~~,.1 unJ 2-16n LLC:H~ 1 U 2 - 161] fl"l ilD'l -1 
'II 'II 

' C> 

L fl UVI 111 '3 'lJ ti '31' U 2-16n Vl11'1 '3Fl1Fl11lJ';il1' '3 2-11 
'II 

I C> 

L fl 'UVl11" 1 '3'lliH1' U 2- 16'lJ Vl11'1-lFl1fl11lJ';ii1'-l 2-12 
'II 

2-4 ... "' .. 
~~fl&lflll~U <Boolean algebra) .. 

't uvi111~>Jn1,-
"' y ur::ivi A ( 2- 1 ) 

v,N-V-vour 

,. 'l.J 2 - 17 ~ " ' ., ... ., 
'lF~nltCIL fflfli!U~1 

v 

II 

n1 A = 0 

fY 

0 1 y = Ut:lVl = 
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"" y = Uu~ = 0 

1u~~Ara~'llu~u~uL~u~~LMUu~1~nH1COverbar> ,, 
~J.Jn11 2-1 L~EILM~Lflu 

y = A ( 2 -2) 
,f I I 

~>Jn11uu1u11 
Cll ''-' fY 01 ltJ 01 ' 

"y JJA1L111nu Uurl A" w1·u 11 y L111nU Y1u>J'Wi'l L)JUr!'llu~ A" 

" ""'"' !J "' ., ., " 2-2 LUUUUUJJ1~7!1U11LnL'lJEJUU~~~111~uun'llu~ri1nriuw1 

I 

A1'1Ju~ 

I 

L 'W71t:"l1 

I 

L 'W71t111 

~J.Jn11«1«~1EJJJ1n~u ri1wu~Al'llu~ A u~1u11ur\1 a~1u~J.Jn 1 7 ~~1~ 
u I I II 

y r11uEl1 ~ L 'DU '11 A = 0 

y = A = 0 = 
... .. ao II 

~t116i' Uu~ 0 Au 1 M7url1 A = 1 

y = A = 1 = 0 
... .. 
Uil~ Au 0 

al ' L~~o~w~1eoa~ <OR operation) 

A--\~ 
B~y 

( II 

.~ 2-18 Ln~UUUuu1 2 111~L'll1 ,, 

. ' y = A uu1 B <2- 3> 

L~un1MU~A1TI1H-li1 A.B L'"~a1JJ11'1M1A1111~uun y 16iL'liu n1 A= 0 LLa11 

8 = 0 ~t11~ 

~ '1 &I I 

MU~L~Un A= 0 U~t1 B = 1 

' y = o m11 1 c: 1 
I 

L 'W,.11111 LtiUTI1~ uun'lJu~ Ln~UUUu u4L~llu n1Til~L-li1a1E1L~a1awtt~L~U 1 
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27 

y = ' 1 uu1 o = 1 
II 

rn A = 1 LLri~ B = 

' y = 1 uu1 1 = t 

'l a o Q ll/ d ( ~ a 
U'W11A'1LVl'llu .JU~U 1l L A1'u .JlUJ1tl + LLTIUi::JU'l ·n" L m.ru~)J01 'l 2-a 'lm.J 

I I 

il1U11 

' il il n mH L n rlLL u u m:n 

y 

v 

= A + B 

~1~1~U~TI1'3Li1 A U~~ 8 1f 
1~ L~U A = 0 U~~ 8 = 0 

y = A + 8 
II 

rn A = 0 LLrltj 8 = 

y = A + 8 

( 2- 4) 

Ltluuuu"1vi•3 1u'llil.Jn17L ~ uun1.J 

= 0 + 0 = 0 

= 0 + 1 = 1 
I 'u ~~1il L 'W71~11 0 mnnu 1 ~1 A = l U~~ 8 = 0 

y = A + 8 
II 11001 tl ao 
nin1.JL'lJ1)JA1a'3n.Jau'3~1t1Ail A = 1 u~~ B 

v 

A1'l'ltj~~1~l.Jn17L~LA~u.J~"1tl + 
I ~ 'l !J'l a. ( u1n UVJL)Ju 11 u1'3~•vi••n~"1t1n'3n1 1 uu1 

= 1 + 0 = 
= 1 ~~ 16l y = 1 

L~u'l~nuL ~ 'llff ,. ,."~1~"1 t1n'3n 1 • 
L~U 

II ( 
n1'lU1nL~'lJTI~fi1A 1 + 1 = 2 ni1u1nri1t1 u u 'l 1 + 1 = 

ol ' II 1u 2-19 LnVIUUUUuU~ 2 TI1'3L'll1 
" . 

• 
y = ' A LLUUJI 8 

• 
<2-5) 
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y = A.B 

y = AB (2 -6) 
I I I " ' Ltluuuu>J1~151u'llu~n1 1 L~uun1~ t:i1u11 II y vrnnu A LLU'Ufl B" ~>Jn11 2-6 

' t:it:in'llu~Ln~uuuuu'Ufl 

'Yl1 ~mm 

y = AB = o.o = 0 

' '" '1~ L~71~11 0 Uu'UflnU 0 h1 0 ' " 0 en A ~1LL~~ B iH ,, 
y = AB = 0.1 = 0 

' .J L~11~11 o ~~u11nDnn1~uunL~>Ju L~u~1~lfl~1UWU'1'llu'1TI1~L~1 L fl'U 0 

~1 A L~'U 1 u~~ B Lflu 0 

AB = 1 • 0 :c 0 

y = AB = 1 • 1 = 1 

l~~~~~~n~a~i~n1~uauCB00Jeen equation of lo gic c ir cuit) 
• 

A 

8 

7432 

3 

c 

c n > 

12 

( 'll ) 

D 

E 

3 

y 

y 

0 cl " al - 2 • c( J: LL u 1A11>JAfl L m.n nu L A'l'u '1W>J1 u ( + ' • ' ) 11'1U1).11 L UU'WU!l um.H L n~ 

L71~1>J11n~~~L~uu~>Jn;1'llu'11'1~7~11n1flul~LA~u'1W>J1U + ~iwiuLn~uu u 
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' a: .!l ... ' uu1L~1u~~JJ 1 a.~1~1 1JLn¥JUlJUUuUflU~~ 
... ... ... 

LL ti U¥11n~u~1 

'lrnn~1nU L, 1 ~1JJ1·n11.nti11ri&¥111~uLrnu 1 ~ 
" 

il1uri1H~Ulu1tl 2-2on LL~6H011U1L0¥1LL1J1Juu4 3 ih1u1u~ 74 32 

y• = A + 8 

y• = y + c a = A + 8 + C 

y = y + D = A + 8 + C + D B & 

~JJn11~1~uuUunu1~~1¥111n1u1tl 2-2on ~~~JJJ.JanuLn¥Juuuuui 4 n1~L~1 
" " I II lJ (., II Cl ( II 

L~11~11ri1~L~1ri~ 4 uu1nuri1~uun~~t11f1 7411 JJLn ¥1 UlJ1J uu1 s n1~L~1 , 
a 1~~, ~, 14 ~unu1~ +5v cv > ~, 1 ~u~1f1~u ,- ti 2-20~ L~un11~u 

ec • 

7411 Ln¥Juuuuuu~ 2 1~~1 L11~1JJ11n1~~JJn11u~u ~1TI1~uun~fl~lu L ~ JJ 
" 

Y9 = Y
13

DE = ABCDK 
~ .. II ,§ . u ( II 

'U'U~u~JJn11~1~1JUU~JJJJ~nlJLn¥1UUlJUu'U¥1 5 TI1~L~1 
• 

~1a~1~ 2 - 4 ~~L~uu~JJn11u~u unu1~~1¥111n1u1tl 2- 21n 
" " 

.r C11 I I ' ' I 1~~1¥111nUL1U011 ~1U~1UUuU~ - uu1CAND - OR ne t work) L~11~11 

111 ,., ' lJ .. 
n1~L~1Ln~uuuuuu~~un1~uunLn¥1uuuuu1 n1~uunA1~u1nAu 

y• = AB 

y• = CD 
II .. 

ri1~uun~fln1u ~u , 
y • = y • + y • .. "'u y = AB + CD 
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JO 

A 

B. 

c 
D 

7408 

111 2-21 
• 

7432 

y y 

<n> ( 'lJ ) 

1,r GI I U U 

~~n11uLTI~ULTI1nu~~n11n1111~nu'lJu~~~Ara<Sum-of-products equation) ., 
iJ1~~1uuuu~-uu.f 1funu~~n11n1111~nu'llll~~~Ara1~ ,, 

,r QI I I ' ' 1~~·~•1nuL1~n11'lJ1~~1Uull1-LLuUfl(0R - AND network) L~11~TI1~ 

L~lL~ULn~UUUuu.f 111iun1~uun~~L~ULn~UUUUilU~ TI1~llilnL~~u1n~il 

yl!!J = A + B 

yll = c + D 
II t:ll 

't11~uun~r1n1~At:l , 
ye = yl!!J y I l .. 

'M1ll y = <A + 8) ( c + D> 

L~~~Ln~i1n1~uun~fln1~~~L~un11Aranu'llu~c.J~u1n<Product - of- sum> ~u~u , ., 
iJ1~~1Uuu4-LLllU~ ~~L~c.J~L ~u "n11'AranU'lltlHJ~U1n" ., 

~~n~1~ 2-6 ~~L~~u~~n11u;u unun1~uun1u1tl 2 - 22 
v v 
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J1 

7404 

1 
A 

2 1 7411 

2 
8 

c 13 

y 
3 

4 

3 4 5 

,-11 2-22 
" 

y l :a = ABC 

ye = ABC 

r11-Jm:in~nn1E~t:1 , 
YB = y l :a + y l!I 

QI 

"''u y = ABC + ABC 

y = ABC + ABC 

' " L nflLL lJULLilUflfl11JU 

y l :a = ABC 

ye ABC 

y = ABC + ABC 

A LLrl~ B 

I 

"" 0 
L 1mn11"Ufl 
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32-

A 
7411 

<I 
1 

7404 

2 1 7411 

)· B 2 
8 

c c 13 
y 

A 
y 

3 
8 

3 4 
c 5 

<n> ( 'lJ ) 

11.I 2-23 
'II 

2-5 ' LO~UUUUBi <NOR gates) 

fl II ~Co '111 

TI~~"~~~~u~~,~~~tiL~TI1~uuna~ 
'8 GI tJ ~ ' U I 

~1uunuu~u~ Ln~UUUUu1~~U u"1ULUW1ti A1 ,, 
'llu~TI1~Li1~TinU~Lflu 0 LTil~U ~~L~UULflua"n11uiuLflU , ,, 

y = A + 8 (2-7 ) 

~an~ · ~B~LO~UUUUB{ <NOR gate symbol) 

1~~1~11n1u1tl 2 - 24n ua~~lA1~af1~L'~~11 n'llu~Ln~uuuuu{ ~4 
. 'II 

.I If ' II '-' '1 \J '1 OI I W ' 

u1tinuU~1ULn~LLUUuu1~1"~1U~1n~U~1 TI1~uuna~TI1UAuA1Uu~'llu~n 110u1 , 
n1~Li1~~au~ u1n~L~U1L~un~u~1Ln~uuuUu~uu4<NOT OR gate> u~~~~fiu 

.. ' L1UnLn~UUUUu1<NOR gate) 
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·' .. ~ tJ ( ( ,. u 2- 24 'lJ A f) c.icy~n'l:t{IL 'lJ f) .:J L nJILL u u Uf)i 
" " 

L~~~"ililn1iJ U~1Lil,~il.:Jn~"L~n ~(Bubble) ",,i~TI1.:JfJfJn'llfJ.:JLnJIUUUfJil { " 
ol tJ 1"' tJ I ~ d ( 
wu.:Jn~"U~A\J ~A11"~"1U'lJu.:Jn11n~UA1c.i~~1~Tiuun"l~1nLn~UUUuu1 

• f fl .. tJ O I , • ,.r I ~ .. II II fl ~ 
1uTI.:Jav.:J UUUUA1l"Afl~u uUilV1.:J~flL~UAu n1TI1.:JL'lJlTI.:Jau.:J~l TI1\J 
" uunafl~1u~~a.:i ~in1.:iL~1~1u1fla1u~~~~1u~~5n~1u~~.:i~.:i n1.:iilun~~~1ua~ 

~ v v 
II II fl ~ tJ I Q d 
n1TI1.:JL'll1TI.:J~u.:i~.:in1.:iuun~~~1 fl.:J~111.:iA1A11"~'.:in 2-13 ,, 

( 

~111.:J 2-13 Ln~UUUUil7 

A 

0 

0 

1 

1 

B 

0 

1 

0 

1 

y 

1 

0 

0 

0 

A 8 

0 0 

0 

0 

1..1 .. _, 
Lnfl~Uu~au~n~wa~na~ <Bubbled AND gate> 

y 

0 

0 

0 

' ,,J "' " I ~ II A'l " •ll 2 - 25n LL~fl\I L nJ1LL1l1JUilUflTI"n1''J'n~u~n~cycy1an11\IL111 1.:J'iil'lU 'II 
" 

Lfluih~ruinmif L ~ .:i~11n~ .:i1iJ 2-25'U 1 i~ H n~1i1 L.11ilfl 
w " • 

tJ I II 

numn .:in11 n111.:i 

11l~1"L~~U"'lJu.:J~1niui1ililn U,1L~ilU\Jil.:Jn~"1iJ1i~TI1.:JLil'llil.:JLnJIUUUUilU~ 
" 

A 

y ;=o-y 
8 

c n > ( 1J ) 

.I (,,J.-. II " u ~ tJ ( •u 2-25 <n>LnmLurnrnu611rnn1H111n~rnn <'tl>~cynn'l:t{IL 

" 
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J4 

.f "' .I ' loJa . I .I ,f 
~1nUL11~tiL1fJnLn~~1"'" 2-25~ 11 Lnfluuuu~u~n"wu~ni'I" ~u~n~"uua~~ ,, 
Fl11JJlUJ1fJ11 af1!cy1Cll.TI1~L1i1 ~~;Ju~ rtnn~u'°h flt)U~~~ ll 1 >Jl LLUU~rl'U L 71 ul ~ ,, 
.. ' !I .,1'"",l 1LFl11ti'"1~~•~11n~u~~'1!'1!lC11.Til~L~1 ~~~u 

n-rli 1 lh A = o LLfl11 e = o diu~1uil1n~u~1~~ri~rir11 ·1 un1 \IL ii1 L mrnuu 

'"' I i Uu'UflJJFll~~ L'W1111Q~UU y = ,, .. ., 
n,-11 2 rtl A = 0 LLfl~ B = 

a II 

O'Jll 3 rt 1 A = 1 LLtW B = 0 
' L~u~1u~1n~u~1 ~~"~~TI1l~TI1~L,j1~1fJUU 

'"' I ~ lj Ln~UUUUuUflJJFllfll L'W11~Q~UU y = 0 

~~u~~~LuJ1111~~1F11111~7~ 2 - 14 

"' d ' 2- 6 nqH~Unn 1 ~u~L~u~u•~nu<De Morgam's fir st theorem) 

L ~u L ~JJU •n~ti'liFIOLfl~u ~ ll~U 1~ri n L c.Jt:JLL 'W-imin~n ilnFIOLf1;11~fli~1 u l l{~ ,, ,, 
L ~!J L JJfJ ~ ~ U I ~ ' 

U1~FIUfl~nU'"1L11~LfJ1~Ufl uun~fl~ L~uJJu1Unu< Augustus De , 
Morren) "!., G ..: o cJ , , '1 ~ cJ. 1 ~ 

L~"u~Ll{UL~uU~lTI~u UufJnlfJLU L ~1 LUUFIUU1nTi u1~n1AA11JJ~1 ,, 
L~l~U'WUTI~HD~~lAcy 2 't'l~~~ " "' L7~~u'3Ui'IU ,, 

"' d nqH~UTITI 1 <The first theorem) 

111 2-24~ u~~~Lnfluuuuu4 uuu 2 TI1'3L-ii1 ~~~>Jn11u;u~u 
,, 'II 

y = A + 8 

111 2-25~ ua~~Lnfluuuuuu~~"i.Ju~ni'l>J ~'3~>Jn11u~u~u 
,, 'II 

y = A B 

d ' °" ., .1 ~ Lll!rJuLnrJufl111~ 2- 13 u~~ 2- 14 ~~Luu11L'">Juununnu1~n1 1~~ , 
l{JJ1fJF111>J111 '3~7~ ~au~ LL UU L TifJU L Til rlU 1~L UL n U177n ~u)'j't11~L-ii1L1-dh.:iunu 

d .. ., . .. ' cJ (lO ' 

TI1~uunn~~LU>Juunu a>Jn11u1nriuLnfluuuub1 u~~~JJn11n~u~A u Lnfluuuu uu~ 

~""'u~n~>J TI1~uunLTI1rlULrluTI1~L-ii1LU~uunu "~~TI1L~ 
A + 8 = A 8 <2-8) 
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ti 
a al 

, 2-26 'Yl()HDU'Yl'Yl 
" 

v 1 aa i 11 Clil " 

~1ea1~ 2-8 'Yl'YlUu~ 7402 n~UUUUu1 2 'Y11\JL~1 2 1\1~1" 14 ~1 fl\] 

LLMl\JLu11.ln1Ac.nnn 3 L-ll\11u'lu11J 2 - 21n ~\ILLari\ll11\luun1ri1:.1'l'llMm11u~u 
" " " 

A 

8 

c 
D 

7~08 

< n > 

111 2-27 
" 

y 

A 

8 

c 
D 

( ~) 

II ' ' ~~~u\l'Yl1\IL~1 AB u~~ CD ~u\ILn~uuuur:iuri 

y 

o 1tl ,., II 
U1 uu1nULLl1Url1tJ 

AB + CD Ul~~arin1t.1~1u~1n~U~l ~~1~ , 
y = AB + CD 

'} a ' ' .,., • c::lvv 1-J~1Lu11.l 2-21n L1t.1n ur:iuri-uu1-n~u~1 L~11~11L1"~uri11:.1n11 
" 

' II o 1•1 ,., 11 u u 
UuU~ U~1U1 uuu7nU ~U~\1'11t.1n11n~U~1 (Invert > 

I ' ' U U er ~1U\11UUuUrl-uu1-n~U~1<AND - OR inverter network> ua1"11~ 

U'Ylu~11:.11r:i~~~ur:i~ 7451 ~\ILtluLn~~n~ur:iu~-r:iu4-n~ui1 2 'Y11\IL~1 2 1\1~1 
I} u ll II al ~ 1 ti LUn1A~U1n 6 uari\ln17~rl~1l1\I 14 ~, ~7D~~1l1LUUl11\lu8n U7 2 - 2 7~ ,, 
uari-Jn111f 7451 L~t.l\IA~\IL~t.11 ~\ll~~~L~UL~t.11~U1\1~7 1u11.l 7 - 27n 
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"' d ' ,., '1 fl .I II 
nqH~UTITI 1 ~u\ILflu"r:i1unuunuLnfluuuuu1 fl1aflTI1~LU1u 2 - 20n fl1~ 

~ 'II 

lcJ "' .I "' .I II v ~ ll ~ IJ L nfl LL UULL tl UflTI.JJw u -.rn £'1 .JJfl ..:i 111 2- 2 81.1 en L 71 n~ u~cycy 104M) \I i'l"l' '3 r1cycy 1CU. u 'U ';.) ~ 

L~~uu~cycy104~un1LUfl ~fl~nr:iri1'3Aun1,-n~u~cycy104 2 Af.., ';.)~1~~~"'L~~1nu 
~n1U~TI1\lfl11n n11n~u~cycy1raau\li'lf\11.ltl\IA1~1';.J~U\IA\IL ~~1~1 nln~u 2 Ai\I 

I ~U "1111 "I ll "1 i ., 11/ 
~u..:iA1a..:iL11n~'3A'3LflA1a..:i L~11~u~uuufli'l~A1 ..:i1.1u..:in1 7n~uau ..:iA 1 ..:iflfluun fl 

v v 

<1u11l 2-201.1 wu..:in~"~uuL~u~ruru1Cl4L~~1nu>~..:i~E\IL~~ u~u1..:i~11 u11l 2- zsri 
.. " .., .. v 

u~~u11l 2-20n Lrn~ ~ ~\IL onLmunu 1~ 
'II 

2 - 15 ';.J~UTIU1\1~1'1u1ll 2-28 n 1.1 u~~ A Lrtu \I 
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L~11~Q~~UL11a 1 .JJ17n1«1..:i ~11u1ll 2 - 28A 
'II 
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0 

0 

0 

0 

1 

1 

1 

1 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

1 

ff)'l"1 ~ 2 - 15 
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0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

1 
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0 

0 

y 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

1 

. I " 1 1 ll ,.J.,. ' ~ e 
~1un11n1~1u~~n~11~u~A1n1~L~1n~~1 ~u ~ln~ 

~ 'U 

~~~ ~~L~1U1UL ~1nu 2n M1u 16 ~1nn111LA11~Jn1~ L ~1~tl1~~ L Du1ll 
1~~ ~~ ~~ L 7 1 ~1~ 11n~1n1 ~uun1~1~u1~11.l 2-2BA ~~~Ln~uuuuu4 2 ~1 

'U 

n1&u1n1 in1-lL~1 ~D~ Ln~~~~u~n~1~1 ~~n~~~11in1~uunuu ~ L n~ uuu u uu~~ 
' ~ '1 . i "' .S ., .,,..,: 1-~ l o io a ., A 
A1 ~1~u~ 1 U ~ 1 M 1Un7ruuu ~ L11 ~~ n un111 L A11HMTI1Uu ~L ~E1nuu 

ihmh~ 2 - 11 ~~LL1.l ~-lA 1A11JJ 'l1~LU~1171-l 2- 1 5 '1iXuci l u1· iJ m..1 un1 1.J TI 1-lL1~1 
'U \I 
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A 

8 

8 

4 8 12 

c 
2 4 6 B 10 12 14 

0 

1 3 6 7 g 11 13 16 

y 

5 8 9 12 13 

·nJ 2-29 U~Un1~Yl1'3L1~ 1'1Ju'3~11 1 ~ 2 - 15 
" 

-;;i1n~111'3 2-15 

.1"' "" LuiUJ'UAu 0~ 1 ~0 ~1 •••••• 

Au o , o , o, o , o, o, o, o ·~ 

,, 
, 0 J' a: tJ a:. 

"il1n~171'3A1A11l.J"il1'3UUYIUn11LtJ~~uutJ~'3'l.lu'3an11~V11~ 1 tJA~U <Wave form> 
" 1~~1~'""1~L~'l.I 1,2,3,4, .. ••. a""finun11LtJ~~uan11~n1'3L~1 o LrluL~u 

'U 

0,1,0,1 •• 
IJ 

Yl1'3L'l.11 8 
cJ cJ 

~~Lllru.i uan11~11'""1~ L fi'lJ 4 , s, 12, 16 ••• •• 
~ cJ cJ 

LtJfi~uan11~TI'"l.Jll'.JL~'l.IYI 8, 16,24 •..••. 

~ 1 l.J~171'3A1A11l.J"il ~ '3 2 - 15 '111'3uun y 

' 2-7 Ln~~uu~uu~ <NANO gates> 
cl "I .1 "' ' .. ( 1 '3 ~,. 'W u _:11 'U L u,. u 2 - 3 0 n L 71'.J n 11 L n 9HL 1J lJ'IH) 91 - n Ull VI ( N 0 T - AN D g a t e ) 

'U 

I t I l'"'f'l" ' QI I '-' a ' 
L~71 ~11Yl1'3uunu 1 U11 "y L't11nlJUu~ A LLt:JUVI B" '"1' u "YLTI1nUAul.J'W fiL)JU91 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



; ==CJ---{>-- y 

c n > 

,-iJ 2-30 
" 

( 
n. L nmL 1J1JLL 'U 'UPI 

( 
~111~ 2-16 Ln~UlJlJU'U'UPI 

A B y 

0 0 1 

0 

1 0 1 

1 0 

( 'I.I ) 

!I " ' '71 • ri'l! a n'lffi4 

A 

o · 

0 

1 

1 

8 y 

0 

0 

0 

., I II ala I II a a I ~ ~ m II al ~ 
~tiU~"11JTinA1'7lil~TI1~L'711TI"il~1~'UilU 1 lJ~"A1~1 'U'UADTI1~L'711 A ~1 D 8 ~1 

~ 

~~il~~ A Uati B ~1 n~a~11•n1~~Dn~A1~~ ~~,'U~111~~1A11"~~ ~ 2 - 16 ,, 
,-11 2-3011 L fl'U~cyanHCJ! ~UEJ"1 ;{'71D H mrnuuu irn~ 1 oHLrnu11l 2 -3o n 
" " 

LrtEJL11au11la1"L~~EJ"11u~~1nau~1uun LL~1L~uu~u~na""111~TI1 ~ uun 1JD~ 
" 

' I/ I/ ll I Q ~ 1 ~ " ' ' °" I ~ Ln~U1J1JUu'U" n1TI1~L1J1~~"~ 1 U~1JU 11~,~~a~fi1Ju~n11Uu'UP1"~1~1 TI 1 ~ uDn 

~rin1~~l'U~1n~u~1~~nau"A1~~ n1raTI1~L~1Tinu~~A1~~Ln1~u~~TI1 L~~~ 1Ju~ , " , " 
n11Uu'U~~A1a~ ~~~11•n1~uun~ri~1EJ~A1~1 

" ~ 

,~ ... _. 
LOfi~UUBB1TI~•B~na~CBubbled OR gate) 

A y :=r>-y 
8 

c n > ( iJ) 
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1 \J';J'llu.111 2-3 1 n 'l ~l.n n~ \Jiln-;,ill L ~uu~rn~mtof Ilu 'J fl \I,. u 2- 3 l 'll 
'U ~ ,, 

.11·' QI .1 I '..J°'.I ~lnu u L'll~llL1Eln1u 2-31'1J 11Ln~UU1Jt:lu1TI)Jwt:J\Jn~"CBubble OR gate> 
'U 

L~EJiolu\Jn~"~"1un\Jn11n~11A1nt:Juu1"1uu4nu L1llLA•1~J1\l-;,i1~11n~1~1u 
n1\JL~1nnn1\J~L~u1u1~ ~\J~u1uU , .. "' n~m 1 n1 A = o uall e = o 

' t UlJlJuu'l L~'llll~llUU y = 1 .. ... 
O~~ 2 ~1 A = 0 U~ll B = 

I 

TI1\JL~la1EJUUL~u~1U~1n~U~1 ~ll1~Ala\J 
al I ,.,t 'II 

L"u~lULn~UlJUut:l'l ~\JUU y = 1 

' Til\JL~1a1u~1\JLnu~1u~1n~u~1 ~ll1~A1a\J ,, 

n~& 4 

~171\J 2- 17 ua~\1~1A11)J~~\J 1U 2-3 1'1J LriD LU~ ElUL~UU ~U~1 1 1\J ., 
I Q ~ I f 0. t 4)1 t ~ ..., .! 
A1A11)J~7\J 2-16 ~~L~u11~111'1AlA11"~'\JTI\Jau\J"AlL~"uunuTinu1~n17 

~ \JlUJl ElA11"l1 L nmL lJUu u.f~j'jioJt:J \I na)J l U 11J 2 - 3 1 'lJ 'l '"i;J~ L 'Jiu L ~Ell tlU~Cll,Cll,104 ,, 
' .I ~ "" '"".I TI1\Jut:Jn'lJu\JLn~u1111uuu~ 1u 2-30'lJ uuAu1\1~1~11n'lJt:l\JLn~u11uuu1"wu\Jna" 

'U 

uallLn~uuuuuu~ a11111n~-;,i~'l~uTiunu1~ 

a d i 
2-B Tlfllt1)1JTITI 2 'Jlu'1Lflu11u'HLnlLCDe Morgan' s second theorem ) 

a"n11u~u'llu\11u 2-30'lJ Au 
'U 'II 

y = AB 

y = A + 8 

' a. ' cJ Cll 1..i,,._, 
~"n11u,-nna11n\JLn~uuuuuu~u~~a11n11nau\JAt:JLn~uuuuut:J1TI11wu\Jn~" 

~cycy1rar11 \I uun'ilu \Ja"n11~ \JrW \13jA1 L ~>hrunu L 'l1-;,i~a1JJ1·n1mh 11#11 1 
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2,3,4 ~7u 8 TI1~L~1 

...... ,0 'I 
7~ 2-33n U~rt~1ff~uLnVJUUUUUUrt~1U1U 1 LU 4 1~~7 'lJil~ 7400 
" 

L~Lflu~1n~u~1L~•1~11'lJ1 1 LL~~ 2 ~u•1~nu 'lJ1~~~u~fuA11~~1~~n~TI1~ 

'11•1~ 2-18 

... ... II ... II ... ., ... 
8 

II 11Urt 2 rn 2 TI1 \IL '111 3 ~1 3 TI1 \IL 'lJ1 2 Vil 4 TI1\IL'111 1 vn l11\IL'111 

-
' LL UUfl 7400 7410 7420 7430 

' Uu,- 7402 7427 74 25 

' LLuUfl 7408 7411 7421 

' uu• 7432 
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1un11u1~~n~1~~,u~HLW~uLn~uuuuuu~5n 3 ~1 L~u~~1n1~Ltiu , 
~1n~u~1L~~ 1 ~1<~1wfu 1400 ~1L~~1> w1u~~1~Lflu~1n~ui11~~~ 4 ~1 

7'100 
1 

A~Y 

< n > 

111 2-33 
v 

A 

B 

7'100 

y 

( '1J ) 

.I OQI I ll ,J ~ ,.., .,j 0 " cJ 1u 2- 33"1.I ua~~1un11~uTI~ULUu~~1nLn~uuuuuu~~1nau~n1wu1n 
v 

A~1~~1n~ui1 ~~L~un11niu~1au~A~~ 1~~1~1~L~ULn~uuuuuu~1~ 

7400 

A 

y 

B 

< n > 

A 

y ;=f:>-y 
B 

( '1J ) ( fl ) 

111 2-34 
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2 - 3 4A 
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U I 0 ' I .,1 
~1~E1~ 2-15 ~~wa~u111u -2 - 35n u~~ A L Yiuu L r\1nu 1~ 

'II " 

QI al ' ,., 
~lnTiqHDlJTITI 2 ~il~L~il~Diunu L11a1~11~~~UTIULn~UlJlJUUU~~1a~ 

II 'J ol II iala.I v 'J .I " 
Til~ LU1u 2-35n ~1ULn~UlJlJDD1TI~wD~n~~ ~ ~ 1~~1LU1u 2- 35~ n11n~u 

,, v 

~1aD~Af~1uu~~~a1~~il~1U 2-35~ ~~in~l~tlUL~~D1~~, 1U 2 - 35A ~~~u 
v 'II 

iu 2-ssn . u~~ A 1~ununu1~ 
v 

c n > 

111 2-35 
v 

A 

8 

c 
D 

y 

A 

8 

c 
0 

<A> 

y 

( ~) 

y 

~1uL~~~11u~~iLri11~J1~~11uiu 2 - 35~ 1~~1un111u 2- 35n ~1u ,, " 
L~~u ~,~~af1~1~~1'lu1u 2-35n ~n~~11~1u1~~,~~1u 2 -35~ LA1~~1~~ 

, 'II " " 

r/. 1 .I "11"""" ' ir/.,. '" .I L~U1~~, U1u 2-35~ ~~L~l ~ ~TIUTI11Ln~uuuuuu~nADLn~UlJlJDD1~wD~n~~ 
" ~ULD~ L1~1af1~1~~,~~~ ~ ~1«Ln~uuuuuu~af1~ 

~10~1~ 2 - 16 ~~L~~u~111~~1A11~~~~~~~1~~1 uuu~- uuu~ 1ui~ 2- 35n ,, 

Q ' ~ Q I L111LA11~~1~~11U 2-35A ~~LTIUlJLTI11U n ~111~ 2- 19 
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= 16 

' ' ~111'1 2-19 1'1~1uuu~ - uuu~ 

A 8 c o· y 

.!1 ., ll .1 ol ..,J 
4,8, 12, 16, •• •til'W'Il1TI1'1L1.J1 A -;;i1nu~l:J'U~fl11t:l1lUJll:Jl~1.J 8, 1 6 , 2 4, ••.• 
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B 

8 

4 B 12 

c 
2 4 6 B 10 12 14 

0 

1 3 5 7 9 11 13 15 

y 

3 4 7 B 11 

,. ti 2-36 LLc.J'IU11'W't11'3L1~1 ,, 

I a Oi i ~ d II o. 
~1~~11'1'3A1A11~~7'3 2-19 't11~uun y ~~1~1~1nL7~~U~Un'3M~1~ 

c1 ~ I I 

ua~L7~~'3'lJU7~M11'3U~1~La'lJ 3 - 4 ~~~17~M~1'3U~1~La'lJ 4 -7 ~~~'3 
v w 

L a'lJ 3 

1'~Ul1'3U~1~L~'ll 7-8. ,,,, ~a~ ~'31'U 2 - 36 ,, 
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~ ... d 
LL UlJwnltfllJTITI 2 

1 

') iJ1~Ln111 

2 ni~u~1n~u~1 7 1~~1uu1~uun1" 1~~,-~~~"~~~n1~1Lflu~1n~u~1~1u 
q 

'1-'i'tJ L fluihJ L lilu4 

5 Ln~UUUUuU~~,~~~n 7 TI1~Li1 ~1U1U~1~u~TI1~Li11u~111~A1A11" 

~1~~~LfluLr'i111 LL~~L~U~~1L~U1~u~TI1~L~1~1~TI1~uunLflU 1 ~uu~1,. 
6 ~1~tl~Tl1~L~1~11~~Ln~LLU1Jtltl4~u1~ 6 TI1~L~1Ull"iuu~~~11~~1~uu" 
711 
7 ~1~u~TI1~Li1~11~~Ln~uUULLuU~~u1~ 8 TI1~L~1Uu"i11u~~~,1~1~uu" 

:=D-t>o-y 
< n > ( ~) 

,-tl 2-37 
" 

10 ~~L~UU~111~A1A11"~7~~u~1U 2 - 37~ "1L~A7U 
" 

11 1u11J 2-38n L71~tlTI1~L~1~~~u~Li1~1UnU n1 A ~1 Y u~11 II en A 

" ~~ Y ~~Lfluu~1,- 1~~1Un1~1LUu~1n~u~1~~uu~L~u4 
'II 
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12 
" ~1a1~w~~~15na1~w~~a~ u~t~tLtiuu~1~~,~~au~a1~a ~ 1~~1«rl1 ~1L ~ uLn~ 

v 

A-Q>-Y 

c n > 

·n..J 2 - 38 
" 

A 

B 

( 'JJ ) 

v 

y 

13 1U 2-89 ua~~a~~4A7uau 1 1uuu1~Ln~UUUUu4 <N OR Wat e c r oss b ar 
v 

switch> ~1TI1~L~1 X U~~ Y nna1~a ~n1~uun Z ai~1~~1~~a~ ~1TI1~ 
, ,, v 

L~1nna1~a~~nL1u x, u~~ Y
2 
n1~uun z ai~1~~a~ ~, x

0 
u~~ ¥

0 
~1 , ., v 

~ ~ d 
ai~uun~~"~a~ n1~uun z ai~1~na~ 

v v 

Yo Y1 

Xo 

Zo 

X 1 

Z3 

X2 

z6 z, 1/- za 

14 11.1 2 - 39 fl1Plu~n17 2 7 Lllu 1 LL~~ z rl u 'J Lllu 0 TI1'2L ih x LL ~~ 
Y ~~dluu~L7U1'2 
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< n > ( '1J ) 

,-tl 2-40 
" 

Vl1'11 \I 2-20 " ' 1U~ L n1 

- -- ·-- ---
Decima l Gray Cude __ _Q_i!1~.!2'...... . ·- -- -- - - -

0 0000 0000 
000 1 000 1 

2 00 I I 00 10 
1 00 10 00 11 
4 0 11 0 0 100 
5 0 111 0 10 1 
6 0 10 1 01 JO 
7 0 100 0 111 
e 11 00 1000 
') I I OI I 00 I 

10 1111 I U I U 
11 111 0 10 11 
12 10 10 11 00 
13 IO I J 1101 
14 100 1 111 0 
I S 1000 1111 

-- -------· -----
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C>I 

1.J'Yl'Yl 3 

<CIRCUIT ANALYSIS AND DESIGN) 

'I .r I C» <ll O a OJ ' ( 

UUnU~~n~1\l~\l~~AraVJU~UU~~~\IA11UD~ CBoolean algebra and 
ti 

Karna ugh maps> ~\IL Du~\l~lACP,'IJ~l\1umiurnLmm1 \l?l~vitl~ n17ut:inLLUUl'l1 \I 

~~viti~ 1~~un~L~"~u~1~n11n1~u~n1\lt:it:in~~t:i\ln11 L~~uLDuvi171\IA1A11~ 
~1\1 u~~1~uL11~~1~~1~\11\1~7V111n~LiVl111\1~1A11~~1\lvi1~~u\ln11u~1\IL1 
~~Afilviu~uu~~~\IA14uu~ ~1~~1V1111\1~1A11~~~\ILiL~U1\1~1vi11n~Li'11u1~ 

ti 

< n > 

( 'lJ ) 

BC-~ A-j)_y - A~ 
~ B ----L__,/ c-L_}- Y 

( \I ) 
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.. .. 
3.1 n~UnHTI~HU~v~~au <Boolean laws and theorem) 

9'. .,j I Qo I 1 tlJ c:l. .f II fj .. O a ~ O< ;!i u ' O 

~l]Tin~11~1]~u ULUUn~LUul]~ULU'W'tlAra~u~u ~l].).JA1l"~~'WU~~1U1U 
'II 

II 01 0 .,j II I u cJ II ~ 
)Jl nA~l rl'W'tlAra~m L ·n~u L mi L '.DU nDnl ·~~ UTI nl'Hll [J 1 I] L ~u LL« ~ nl,. LL ·•m LL ~I] 

<Commutative, associative and distributive law s) 

A + B = B + A ( 3- 1) 

AB = BA 

2 Til I] 

A11.).J 

A + <B + C> = <A + 8) + C (3 - 3) 

A<BC) = <AB>C (3 -4) 

~~n11<3-3> Aun11~~u~~1~1un11uu4<1tl 3-lA) ~LLU1A~Au1~11~~~un~~ 
'II • 

~u'1n11uu4u~11]11~~1"~~1"~~~~uTil'1uun L~uu~~n 11TI1'1uu nL~L~~uunuAu 
y = A + 8 + C 

o a .., .., G '°' L , , TI1Uu'1L~u1nun~n11u1v1'1L ~ U~ u '1Ln~LLUULLuU~A u a"n11<3 - 4> "1 1~~~u 

n~"n11LLuu~u~1'1L•~~1"~~~~uTil'1uun<1tl 3-11]) ~.).Jn11TI11JuunAu 
, 'II 

y = ABC 

nDn1iU~nu~~ <Distributiv e law> 

ACB+C> = AB+A C C3 - 5) 

n~~~11~~1£JL'W11~ri~1vnuQ'11rim~~n~ 1~ 3 - 41] ua~'1A11"~"1u~u'1n~~ 
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A + 0 = 

n~1111L~u~1u~1~1~n~uu4fiu 
o ';J~1~ 

0 + 0 = 0 

Lll A dJu ';J~ 1v) 

A + A = A (3 - 7) 

n~1111~1u~1~1~~~uu4~u~1Lu~ ';J~1~~~~~Juun"1L~u~1u~1~u ~, A = o 

~1n«"n1i <3-7> ~~1v1 

0 

II en A = 
1 + 1 = 

A11"~"~uJ~u~u~uilnilu~n~Au 
'II 

A + 1 = <3 - 8) 

0 + ::2 

(), A = 1 ';J~ 1;) 
1 + 1 = 

«"n11 <3-s> uunL1111n1TI1~L~1Ln~LLuuuu{~1u~n~~A1Lflu Til~uun~~ 

Lflu i 1"11TI1~L~1iln«1u~n~';J~Lfluu~11 A11"~"~uJ~~~1u~u , 
A + A = 1 <3 - 9 ) 

a.I I ., ti '., Cl ' " 111 ., ' ~ 
nirau~"1UA11"11~1U 1uu1nUAu"~~L"U~~u~~1Lu~~~ ~~~~~tiLUU 

L~U n1 A Ltlu 0 A ~~Ltlu 1 ~~~~Juun"l~~A~Lflu~7~ ~7u ~1 A 
; Lflu o «~n1i~~~~A~Lflu~~~uri 

'IJ 

0 ' n11n1vn1~UU~vU~ <And operations) 

L MJ u 
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A 

A 

A 

1 

A 

0 

= A 

= A 

= 0 

A.A = 0 

~~n11UL~1l~~1~ L~uL11l~~1~u~ A L~U A = o. A = 1 

0. 1 = 0 

~1 A = 1 ~~1~ A = 0 

1. 0 = 0 

A = A 

A + B = AB 

Cll d ( ( '1 ll I 

TI~HDUTITI 2 ~u~L~u7"u1unu ~"n11< 2 - 9J L~1, 

AB = A + 8 

Ltiu~~~~,,~,11Lw11~~~1fu~L~"u1u~,uuunuuu1~~, 
" 

(3-10) 

(3-11) 

(3 - 1 2) 

( 3- l 3) 

( 3 - 14) 

( 3- 15) 

(3-16) 
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3 n~uA1 o Lflu 1 n~uA1 1 Lflu o 

A + 0 

A11"~"-WuJ~Anuii'itl ,, 
A. 1 

= A 

= A 

A< B+C > = AB+AC 

1~~n11LUg~Utltl4LflUUtlU~U~~LU~~UUtlU~LflUutl4~~1~A11)J~)JoWU,~LflUAnu~ u 
" 

A+BC = <A+B><A+C> 

~~LflUA11)J~)J-WuJ5u1~"~tl~U~u~a~L"LA~~U)J1nuu ,, 
I 0 ll 1J 

~i11~A1A11"~1~~u~TI~~u~~1~~u~~"n11 

~1~u~n11Q~~~1~L~~u ,, 
~~TI11Ul1~111~A1A11)J~7~~L~ 

L ~ijuunuTinu·rnn11 
~ 

A+B = B+A AB = BA 

A+<B+C> = CA+B>+C A<BC> = CAB> C 

ACB+C> = AB+AC A+BC = <A+B><A+C> 

A+O = A A. 1 = A 

A+l = A.O = 0 

A+A = A A.A = A 

A+A = A.A = 0 

A = A A -- A 

- -A+B A 8 A 8 A+B 

A+AB = A A<A+B> A 

A+AB A+B A<A+B> = AB 
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cl " 0 &I I 

~1~01~ 3-t ~~u~'1~1~~1~11n~u~ y AB + AB L~1~U~1TI1~"n11 = .. 
u~uu 1~url1u1u~1u ~ lfl~a""~nu1~~1~11n " .. " ,, 

y = AB + AB 

= A<B+B) 

7408 

A 

8 
y 

A 

8 

< n > ( ~) 

1U 3-2 
" 

I W 

1u1u 3-2~ u~fl~1~~1~11n~au'1A~u~nua"n11i1~uuU L \rJ 11 ~ l 1 l otl L n ~ LL 1J 1J ,, 
' ""' " "' LLtl Ufl L \rJ U ~ ~ 1 L fl~ 1 

y ACB+B> = ACl> == A 

L11n~111~11n1~uun Y L~1nuTI1~L~1 A L111~~1L~u~u~1~1~~1~11n "~~ 
,~~u~L~Ln~ L~~~U~L11L~L~U~1'1~1~1~u7~~11~Til~L~l A nun1~uun y 

y = CA+B><A+B> 

u~1~1a"n11(1~uri1u1~~1~~1~ ~ lfl~1~Q~Afil~ " ,, 
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y 

y = <A+A>B+B = B+B / = B 
~ .. 
'U 'Uri tl y = B 

" " ol: n1~L~1 B nun1~tiun y Ln1uu 

3 - 2 ivu1nuafU CSum of products method> 
• 

:=o-:413 /\=D -B - AB 
A-]\ -
B~AB 

,.~ 3-4 ~,."~n,.&~u\ln1,-uuu~n1\IL~1 2 Til\I ,, . 

A=D-
B 

AB 

( \I ) 

1 u,. "~u \IA u)J'W~ L )JU~ ,, 
LLiH:: L~L 'llrluJJ'W~ L JJ'U.~ TI1\luunL7un11~~AW)J~51u <Fundamenta l products> 

" " ~171\1 3-1 "~~\l~,.~~n,-&~u\l~~AW)J~~lU "~~~~AWU~~~LTiu)J~~ri1LiTI1\lu un 
• " ,, .;J " 
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~~~1~1uTI1~L~1~~u~A~u~nu ~iuu1~L~u AB Lflu 

:B dlu 1 L ~u A dlu o LLcw B dlu 1 dl-u.;Ju 

L~u A u~ ~ B Lfl u o 

en> c ~> CA> 
" 1 ' u .I 1 a ' 111 3- 5 ~1u~1~n11uuu~~1"~1uu1u~~A1Au"~~ L"u~ ,. 

0 .. -- -- - - -

~fi!1U ~1U1U 8 LTiu" Au ABC, ABC, ABC, ABC, AB C, AB C, ABC, 
ll I 

ABC 111 3-5n ~ Ufi~ A u~~~~~Am"fi~1UA1~~ 1, 2 , Ufi~ 3 ~111 ~ 
" ,, v ... 

3 - 2 

LL~.-i ~ 11 ~n1, LL~iHm1llL~ L Du 1111 j)~u ~,,1 ~ L ih LL~~ ~firinurn~1 u ~ u ~iL~fi~ L Ti mJ ., ., ... 
a 

" 
~ ~ cl1 '1' &I a f '-' I I ~ 
L~uU~~TI11 ~fi~~fiTI1~uun~~~u~"A1~~ ~1u~1~L~U L"u A = 1, 8 = 0 

" ... ... 
u~~ c = 0 ~fiAm"~~1UTI1~~1UTI1~uunA u y = ABC = 1.0. 0 = 

'II " .. 

A 8 A B c ~riAm"c:i~1u 
'II ., ... 

0 0 A 8 0 0 0 A 8 c 

0 A 8 0 0 1 A 8 c 

1 0 A 8 0 0 A 8 c 

A B 0 1 A 8 c 

0 0 A 8 c 

0 A B c 

0 A B c 

1 A 8 c 
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(Sum of products equation and logic circuit) 

" II cJ II "1 

n1t1~~~~1nn11u1n~~Ara L71~1)J11n~~~1 1~1~~•~11nn~u~A~u ~ nu 
v 

Lfltt~11 ~~1t1 ~1ULLuu~-m:i4 ~i'm:n~ dlu11J1 "J'jA11)J~)J1tl L fit11nu L ~u L ~u~1t1 
v 

' If) I QI ( 

~lULLUUfl - LLUU~ LU~)Jn17 (3-17) ~NAraU~~~LTiu)JAuTil~uun~u~Ln~LLUULL uU~ 
v 

I ~ ' 3 n1~L~1 L" y Au~~u1nn1~~11n ~~Luun1~uun~ u ~Ln~LLUUuu1 4 TI1~L~1 
... t cJ ., ... • I ' ' '11 II ~~UUL11~1)J11nn~~~•1~1~~•~11n~~u~~~1u 3-6 1~~1LLuUfl-uu1 u ~~1n 

v 

~111~A1A11)J~7~ 3 - 3 

u1~t1nqHnun~ 2 ~u~Lflu)Ju4unu1uun~ 2 ii~u 2- s L~~t1u1~~• 
' ' d. ' ( ... t J ' d ( UuUfl-uu1 ~1n1ll 3-6 LUU1~~7LLUUfl - LLUUfl fl~1~ 3- 7 TI~ULUu~~1nuu1Ln~ 

v v 

I Q 

~111~ 3- 3 n11uunLLUU~11l~ A 1A11)J~1~ 

A 8 c y 

0 0 0 0 

0 0 0 

0 1 0 0 

0 1 1 ~ A 8 c 

0 0 0 

1 0 1 1 -..,;a. A 8 c 

1 0 1-+ A 8 c 

l~ A 8 c 
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A 
B 
c 

4 TI1~L~1~11~~1n 7U 3-7 
'II 

ABC 

ABC 

~u~L~U«1~~U1~~~1raTI1~~~~u« 1u~~Ln~l1TI1~L~1Lnu«~U1~ 6 

.1 QI ' "' '1 1 ., <> '~ Uu1 A,B,C U«~Au~~«L~U~~u~~1Lu~ LU "LA1Au"~1L~u7TI1 

AABBCC 

1 7410 

2 12 
1>---1---+--I---! D----. 

13 

3 

2 

13 

7410 

' ' 111 3-7 1~--i1uuu~ - uuu~ 
'II 

12 

y 

5 

0. I I '1 

U~ ~~A1~1 

F) 111 ';;i~~~ 
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000 A 8 C 

0 10 : A 8 C 

100 A 8 C 

1 10 I A 8 C 

y = A 8 C + A 8 C + A B C + A B C 

~1n1~~11u1u s-1 1~Lu~t1u~1t1TI1~L~11ug~u~~ ~u 
v 

~ltl A 'l.11 LL r:l~ 3 

B 'l.11 2 u~~ 10 

C 'l.11 1 3 , 5 , 1 1 LL f.l ~ 1 3 

A 'l.11 9 LLrl~ 

B · 'l.11 4 LL~~ 2 

'IJ v 'II 

a OI 

~l.ln1·nrnuriu 
v - --

y = A B c + A B c + A B c + A B c 

y = CAB + AB + AB + AB) c 

y = [ ACB+B> + ACB+B) J c 

y = [ACl>+ACl)JC = <A+A>C = Cl>C c 

t " 0 I 1J '-' 

~uri1~~1u11~~11~TI1~L'l.ll c nuTI1~uun y 

l~t1~11u~i~~~~1t1un11uunuuu1~~1~11n~u uunuuu~111~~1ri11" 
~~~u~1uu~~LiL~u~"n11n11u1n~~ri~ u~1~~~~1i~ 1t1~~~ L~1~~~~,1~ 

v • 

<Truth tab le to Karnaugh map) 
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Go 

8 8 8 8 

:~ :~ 
<n> <~> 

.1 ... ' ' ... .1 1u 3-8 ~~A11Uil~~il~~1Uu1 

" 

Vl111~ 3-4 

A 

0 

0 

1 

1 

B 

0 

1 

0 

y 

0 

0 

A 

0 

0 

0 

0 

1 

Vl111~ 3 - 5 

8 

0 

0 

0 

0 

1 1 

8 8 

A~ 
Al 1 1 

( ~ ) 

c 

0 

0 

0 

1 

0 

y 

0 

0 

1 

0 

0 

0 

1 

.:::_ cl.I "' "' " .,.J' LUU 1 nu11nn n1~~1nAil n1ran1~L~1 A = u~~ B = o n1rau~~Ara~~31u :u ,, " 
~il~TI1~Li1~il Ai 1iLiuu 1 ~~1u~~A14uil~1~ 3 - 8~ ~~~~L~U~1UTIU~il~~~ 

" 
Ara AB L~11~ 1 il~1uuU1UilU A u~~ilri1uuu1:~ i 
" " " 1uTI1Uil~L~u1nu~1nvi111~ 3 - 4 n1~ililn~1i~~~~JLflu 1 ~,~7un1~ 
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~~~1~~1U~, CThree - varlable map) 

c c c c c c 

A8 AB A8 0 0 

AB AB 1 AB 1 0 

AB AB 1 AB 1 

AB Aii AB 0 0 

CA) 

c:l II a t 01 o V " J - -· 
~1n~111~ 3-5 L1~~1Un11L'1JUU11J 3- 9n UU1~~L1U~~l~U~~u AB 

" E J II 111"' ... " ' ... .1 ... OI ' AB,AB u~~ AB TI~ULM11~~v~n11 w~n11~~unu1~w11~~1Uu1nUA v~~~L~U~ 

'llv~~1Lu~L~~~~1u1J1L~~1 1u'1Jru~~L11~~Ln~~1nun1w~~11J~~5nun 1 w~~ 
~1nU1w~u~w1n1~uvn~"A1Lflu 1 ~1n~111~ a- s n1~L~1~~~~n11 ~ 

TI1~uuniJ11nnA1Lflu 1 ~u 010, 110 u~~ 111 ~ ~~~Aru~~~1u~~u~A~u~~u 
:... ,, " ... - - - . ' ' ~u ABC, ABC u~~ ABC 1iL~~L~~ 1 ~~1u~~A11Uu~~~11J 3 - 9A 

v 

~ua~~1uL~~L~'ll o ~~1u~u~~,~~Lwmv~~ 1 1J 3 - 9~ 
, v 

CD co co CD CD CD CD CD co co co co 
AB AB A8 0 0 0 

AB AB· AB 0 0 

AB AB AB 0 0 0 

AB AB AB 0 0 0 0 

< n > ( '1J ) CA ) 

11.l 3- 10 
.., ' ' 4 if 1 LL U1 CHA17Uu~ 

v 
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G2 

1~~1lfl1 1n~~1~uunuuu1 1~1Miu~1 ull 1 4 ~1< M~uAulJW~ L lJ U~'1lu~~1 L u~> 
~1uri1~~u1uu~~~~L11 ~lf111 1 ~~1A11 ~~1 " 3- 6 L ~ lJ~u~1~ n11~f1~ 

q 

~~~~1U 3- lOn 1~i~Ln~~ 1 ~U~~ ~ ~1 UU1U~ t: Au"Wi LlJU~ ,, 
AB,AB,AB U~ t: AB un1uu u~u CD , CD ua~ CD 

Vl1 11~ 3 - 6 

A B c D y 

0 0 0 0 0 

0 0 0 

0 0 0 0 

0 0 1 0 

0 1 0 0 0 

0 0 0 

0 1 0 

0 1 1 1 

1 0 0 0 0 

1 0 0 0 

0 0 0 

0 1 0 

0 0 0 

1 1 0 0 

- 1 1 1 0 

1 1 1 0 

LUV1111~ ri1 ~ uu n~1 ihrn dl u 
I 

IJ 

d lu "" 3- 6 1 L .)JuTI 1 H '111 ABCD 0 001' 
I - --

0110,0111 LL~t: 1110 ~ 1 M iu~aAra"~~1un~u~A~u ~ nuAu AB CD, ABCD, 
'II 'II ... 

ABCD ABCD " a 
LL a t: n1 r.r1.rn \I ~1 n L lfllJ L ~'11 1 1 ., ' 'II '1 " ~~ u ~ ~ A 11 Uu~U~1~t: ~ '1 ~ , ll 

'II 
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3 - lOA 

11'1 tJ 0 I I 

1'';Jnn1JA111 "m'UJ~eH" <Pat rs) " , 

I 

mu.1iltl ~ < Pa t rs > .. 
"JU 3-lln l'.iii\Lc.i11 
" " 

L c.l 1J 

ED CD CD co ct3 CD CD co 
AB 0 0 0 0 AB 0 0 0 0 

AB 0 0 0 0 AB 0 0 0 0 

AB 0 0 AB 0 0 CCV 
AB 0 0 0 0 AB 0 0 0 0 

< n > ( 'ti ) 

111 3-11 
" 

... cJ " " 1 ' !:! L~1J 1 ~1Tiau~UTIU ABCD n1L"J1U1~~1n 1 ~1U"Jn U~~ 1 ~1~~u~ ~~LWU 

O IV .I cJ .Id 1•1°'"' OI ,,_ U .I 1•1 ~ .. ' U 11~1Uu1TILu~UU u"~1L~U1Au ~1n~1Uu1B11"~1 uL1JUAu"~~L"U~1Ju~~1Lu~ 

(0 11.IL~U ~) ~1u1.l,-riu ~ ,~Lll~uuull~~(A,B "~~ c ~~A~LW~ilUL~") ~~ 
L~u~1L11a1"11nt1~~~1uu1~L1.l~uu11.lililn11.11~ 

" 
.,. ' n1,-'Wil~U .. 

~"n11n11111n~~A~ 11il~11.I 3-11n Au 
" " 

y = ABCD + ABCD 

y c ABCD <O+O> 

LDu o uu4nu o ~~Lfluriu"~~L"u~11u~~1Lu~1~~~~~JLflu 
'II 

y ABC 

Lm.1ii1111"1mH L tl11 1 ~u~l ULL u 1 tiuu1 u.,-11 s - 1 1 n w"1 irn ~ ~"n17n--1 ·nn n~c.iflra 
" " " .. 

0 IV .I OU ~ .., OI ' OU 1 ·' U '/ II cl 
~~"~1Uu1~1WU~n1JAu"~c.lL"U~1Ju~~1Lu~W1~ "~~ua~~L~L~U 
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L~u1ii'1Ln~1~~1£1L11~u1\11uu~~u\JL~~ 1 ~uri~~~u 1u1ll s - 11~ ,, ,, " 
L~v"v\11u~~\J~~uLdu1~~u~11 L11~u~~~1ul11u~HAv"'W~L"u~~11~uun1u1~ 
~ d I d d I ~ iu I 

L"uL~U1\11uUATiu\JL~~ 1 UTIUTI~HLMU11LUUn11uu1nUTiu\J~~Ara1HM1 1 \J ABCD 
" v d ~ d Cll 

"~~ ABCD L11"u\JLMULUU~~AraL~£11Au ABC 
" 5n~1uri1'11i~1ll s-12n ~\Ju~~\J~Tiu\JL~~ 1 1un1\J~\J L~~ 1 ~\IA 

"v ,, " 
';J~unu~«Arami \I AB co LL«H As co 1 i~H n~~H'Wu11nihLLll1il1 L ~r11~ L ll~riu-nl ,, " 
LDUAv"'W~L"u~ <B Lflu B> 

EB co co co EB co co co 
AB 0 0 0 0 AB 0 0 0 0 

AB 0 0 0 0 AB 0 0 0 

AB 0 0 0 Q AB 0 0 0 0 

A8 0 0 0 AB 0 0 0 0 

c n > ( TI ) 

EB co CD co EB Co CD CD 

A8 0 0 0 0 AB 0 0 0 0 

AB 0 0 0 0 AB 0 cCJ:> 0 

I\ IJ 0 0 0 0 AB 0 0 0 0 

AB cCJ) 0 0 AB 0 () 0 

(A> ( \I ) 

111 
u ' ' 3-12 ~1 tH.11 \I n~11MJ \I 

v ~ 

.... ' 0 ~ n1L11L~1~1U1HnuU~H1~ .. 
~1uUA\JL~11 Li.J11HUHUU 

y = ABCD+ABCD = ACDCB+B> 

L11~1"11n~~<B+B>uun1~ LUv\1~1nn~1Lflu 1 ~u~u1\11uuA~u\JL~TI 1 1u1 ll v ,, 

s-12n riiil1LDu ACD 
I I 

L11~11111nTI~~~1ul11~Lll~ riu1lluun 
v " 

s LL~H 8 uun 1 iJ1~ 
1u1\11uu~u~1).J11n 
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~1~u~1~A1ua\JL~~1nu ~a1" 1 1n~~Lu1~~Ara~~~~il1uu1u u n1uu~1 "1 
v v 

em{ nu 1 ii dlu~"n11 u~u L 'Jlui-u 3- 1 2 \I A el l \I LLl1'4 AC D AUil.LL rrn AB D 1 '1~1m 1 "I 
v v v v 

y ACD + ABO 

nll21i (Quad) .. 
n~"~Lflun~"~u\JL~~ ~~1 L1~\J~unu~\11U 3- 13n u1uLflu~ Lu ~ ~" , , ,, 

~\11U 3 - 13~ L~uL11~Un~"~Li-1~u\11\11 uUL~11~U"1~~\JL1 11~~~Ara~~1~ ~ v . , ,, 

L~u~uncl"~~u"1~fi\1~1~1uu1au\1~1nuAu"~~L"u~~u\1~1Lu\J ~~~~~\11~ , 
~1n1u 8- 1sn ~~~uL~~ 1 ~il1~\Ju1~u~nLtiu 2 A <1u3 - 13A> A 

v ,, .. .. 
V I~ V I~~ 

u1nunu~1~ ABC An~u\Junu~1~ ABC ~"n11u~u•1ufuau\JAiAu 
v v v 
y = ABC + ABC 
y = AB < C + C) 

y = AB 

~\J~un~"~Lu1u 3- t3n , v 

u~L11"u\Ju1~1~~il~~1uui-il11~uun1u1~ ~\J«u~1Lnun11L~~\J~u 
il1uVl\JL,ju n~"~~u\11U 3 - 13~ L11L~"~u~ 1 il11~~1U~ \J Lriu L11 , " 

co Co co cD cu co co co i...'u co co co 
AB 0 0 0 0 71 8 0 0 0 0 11 11 0 0 0 0 
AB 0 0 0 0 AB 0 0 0 0 AB 0 0 0 0 
AB ~ AB 0 0 0 AB ~~ 
II B 0 0 0 0 AB 0 0 AB 0 0 0 0 1 

<n> ( ~) <A) 
,-u 3- 13 il1uv1\Jnrl"~ .. , 

y = A C 
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mb.ILLU~ (Oct et ) 
~ 

n~)Jutl~L~un~)J~il\IL~'Il 1 utl~~1~il~~~~u ~\11tl s-14n n~)Jutl~~~ 
, , ,, 'II , 

'Il~~~1utl1 3 ~1~UAil)J'WiL)JU~'Ilil\1~1Lil\lililn1tl ~lU~\ln~)JUtl~ililnL~Un~ )J~ , , 
~il \I n~";J \11 tl 1 3 - 1 4 'II "'lt: 1~~·"n1 i-n~"~~ \I ~il \IL flu , ,, , 

y 

L~ilu~n~11J1t:nilu~t:1~ 

= AC + AC 

y = ACC+C) 

y = A 

u 
1111Lil\I 

n11~~~~~1Uil\IL~~1~u( 1i1~n~un~""tl~nnn1& ~1nfL11~t:1~1i v , , 

"' 0 "' 'W'i1Acum:in U~L1l~~L~)J~U~lnL~'Il 1 ~11~~1~~\IU~1~1~11J~\IL~~ 1 ~1~~11J 
~~il~n11Ltld~u11J~1utl11~~1~~\1~~~~1utl1~UilDn~1n~"n111~L~~ 

v 

EB co co cB 
ABO o O o 

AB o o o o 

AB~ 
AB~ 

< n > 

1tl 3-14 mhrntl~ 
v , 

Ali 

AB 

118 

AB 

EB co co co 
0 0 0 0 

0 0 0 0 

0 1 0 1 

( 'II ) 

a-5 ffl'lilflTlflUlflELfu.un{1rn{ <Karnaugh s imp1 ifica t i o n s> 

L11TI11UU~1~1 n~)Jail\1~~~~1UU1 1 ~1 'Wiil)JAil)J'W~L)JU~'Il il \1~1Lil\I 
q 

n~)J~'IJ~~~1utl1 2 ~1 'Wiil)JAil)J'W;L)JU~'Ilil\1~1Lil\IU~~n~)JUtl~'Il~~~1utl1 3 ~1 , , 
11 a ' u u lj • .I d u u 

'W1il)JAil)J'W~L)JU~'IJD\1~1LD\I ~\IUUL11A11~~1\11ilUO~)JUu~LUU il U~UU1n 1\1 1ilU 
' , 

n~"~Ltiufiu~uan\I u~~1\11nun~)JaD\ILtiu5u~ua~~1~ ~;(~~~,1~~~TIDUA 1 1)J , , , 
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G7 

ll '1 II I .1 c:{ .., " " 1 ,.,. G'J " I ~ . 1 ' .. 
A1~U7nL~"u~~ln~"Uu~LUUuU~UU7nn1 ""nL~~n~"~ u11n~1 1" 2 

n~" ~1n~u1f"u~11J~n~"au~~~~uri 1 n~" Lriu1~1uuu~1~~1~~~11J s - 1 5 ~ .. .. " " .. 
n~"au~UTIU~~Ara ABO n~"~~U~l~UTIU A~ n~"~TI1~~11~uUTIU CD , ,, 

al 0 ll ,., 1" 
L"uu1~~Aran~a1""1uu1nu~~ ~ ,, 

y = ABO + AC + CD ( 3- 18) 

CD co co co CO CO CD CD 

A8 o iiii 0 C1=::D 
AB o 0 0 AB o o 0 

AB 

0 
AB 0 
/I iJ 1 

0 0 

AB 0 

< n) 

I "" U na~L-ftu~nu <Overlapping groups) .. 
LrluL11L~UULflU1~1uUn~" L11a1"11n1~1uUL~~ 1 ~1L~~1~u~1~ 

• 
"1nn11 1 ri~~ 111 3- 16n dlunl'nLa~HLU1A11"~~~~~1if~rnflra"~~1u AB CD 

v " ,. .. 

~~Lnud1u~~~~u~n~"uu~1i11"~" Asen 1~u1~1uuL~un~"au~ a"n1 1~u~ 

y = A + BCD (3- 19) 
'-' ' a I " 11 Cl U .I ~ ~ 1 I 

~~~~fi~~LTIUULTilnu n1L71L~uu1~1uu~~•u 3 - 16~ ~~L"uLLUn 1 uun Uuu 
1~~ ~ ~~n~~11a"n11~u~uu~~~u Au 

,, ,, 

y = A + ABCD 
!:!! II II d.!:J I/ t 

~~~~~u~a11~1~~•n~u~uun11a"n11<3 - 19)"1n 

ri111~1uuL~~ 1 1iL~~u"~u1iLa"u 

. "' 
n,1~1uu~ <Rolling the map) 
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';Jln,-tl 3-16A 
I I 

';.!~ 1 iXalJn11' mrnM::i-:i 2 mu.1 
v 

y = BCD + BCD (3 - 20) 
II .,, I ~-:iLtiuu~un1'~~1HU~1~1U~~1i'lluU~1U~1U~U~U'lJDU fl 1 L,., un .n 1 "rn 

II 
I II 

Pll'U'll11 ';J~~u11"n~"~LnP1~u~~1tl 3-16~ ~~~"n1"l • " 
CD co co CD cu co CD co 

AB 0 0 0 0 AB o· 0 0 0 

AB 0 0 0 AB 0 0 0 

AB AB 

AB AB 

< n > ( 'lJ ) 

CD co co CD CD co co CD 
A8 0 0 0 0 AB 0 0 0 0 

AB 0 0 0 0 AB 

J 
0 0 

~ AB 0 0 AB 0 0 

AB 0 0 0 0 AB 0 0 0 0 

(A) ( ~ ) 

I 
I II ,. tl "" .... .... 

3-16Cn ti) m~" L 'lHrn"nu (fl ~) n 1'1 Wl 'U l'H 
v • 

y BD (3-21) 

· L11u1';J~~';J~1uLn~~~riru~ LP1UL~"~1n~l.Jn1,- c3 - 20> 
v 

y = BCD + BCD 

y = BDCC + C> 

y = 80 

~~B~l~ 3-6 "l'U 3-17 n ua~~n17LiUU1~7~Un~lJUU~U~~n~lJaD~ 
v • 

"" .. 
U~UAu .. 

y = C + BCD 
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G9 

,. ti 3-171.l ~"n1,.11~uAu .. "' 
y = c + 80 

co co CD co co co CD co 
A8 0 0 i18 0 0 

AB 0 

Q AB 0 

AB 

J 
0 ( AB 0 

AB 0 0 AB 0 0 

( '11 ) 
I 

,.ti 3-17 ni1~1u~~"~~n11L~~u"~u 
v 

U I 

Jl'Hl81 ~ 3-7 

Sj~"n11 L tlll. 
y = c + ACD + ABCD 

co CD CD co co Co CD co co CD CD co 
AB 0 

Q 
A8 0 

~ 
AB 0 

~ AB 0 AB 0 AB 0 

AB 0 0 AB 0 0 AB 0 0 

AB 0 CD AB 0 CI: AB 0 (i\ 

<n > <'11> ( fl ) 

71.I 8 - 10 ni1L~~u1~1uun~"1~~1fi~1~ ~ v , 

y = C + AD + ABO 

5n1fiLtlun1,.L~~u1~1u11n~" , ~~11.I 3- 18A ~"n11Au ,, 
y ' = C +AD+ BCD <3- 22> 

n11L~~Ul~,.uun~" 1 ~,",.~ 3-181.l "~~ A ~~1~~~~~,L~U L~~l~U ~~L71 , v 

L~un1~1~~,"~u ~n 11 
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n~7~~~n~~~ll~ilU <El imlnating redundant groups) 
~ .. o 0 I 

· , ~i~~1nL111~1uun~"~1~ ~ nnn1&u~1 ~~~~~~~u~n1~~1~uuL;uu .. t . , , 
. ·· ~.i~1i-u~ufiu'11~rin~"~iluifoumm ~ H n¥i 1~Lflun~wnuiftrnU~~~ L ~'11 1 nnih 1 u 

i· " , , " 

n~"nnL~~u"Lfl~n~"rlu ~ , v , 

~1uri1~L~un1~urii-u s-19n "1LiL~uu~~n11u~u~~uflA~u\Jnu L11 
v 'U 

L~"~u~1un11L;uu1~1uun~"~~11u 3-19~ ~u"11\J1uun~"~u~ 1riu'l~n ~ " , v , , 

L~~u~nu~~1u 3-19A ~~~~Ln~L~u11L~~ 1 ~~~"ri~u~n~"~nn1~1u1riun~" 
v , v 

~u~ L71L1unn~"~nL~'tl~~~"rinnL~~u"1riun~"rlu11n~"i{u~uu L11~1"11n , v , , 

~fluun1u1~ ~~L~~u~~1u 3- 19\J ~"n11u~u~~uriA~u~nufiu 
v v 

y = ABC + ACD + ACD + ABC 

co Co co co CD co co co 
Aii o o 0 A8 o o 0 

AB 1' 0 AB 
AB 0 AB 

AB 0 0 0 AB 0 0 0 

( ~) 

CD co co CD 

AB 

AB :: ~o : 
AB 

AB AB 0 (1\ CC]) 
0 \J 0 0 

AB 

(A) ( \J ) 

i-u 3-19 n17'11~rin~"1~~1Lflu 
v , 

~71.I .. 
1_1/., ' ' 00: ~ ~ 0 0 " lJ ., ~ n11 ~~~A17Uu~L~u~flTiuUA11"~li~uU~u~1~~1u1~TI1~1"~1flli'UUfl\JU 

~ 11 o • OJ ' ' 'l" ou d 0< C::, 
1 LWL~"L~'U 1 ~~UU~\JA17Uu~ W~7\Jnu~a~ra~a31un"TI1\JuunLUU 1 ~," 

'U " 

~,,,~~1A11~~~~u~~L~~L~'11 o 1u~u~~Lw;u 

2 1~,-ernn~~LL1.Jfl n~"~ LL~~n~~Mi ~ LmJ'1 ~Aflt'i \J n1 ,-,j1 uc:J \J LL~a:: n,,. L '-'~ u"nu , , 
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7 1 

3 ~1"L~~ 1 u~~1L~U1l~~ ~ 1~1~1uU~1~ 
v 

., I cJ.!J ~ II Q 

4 'll~~n~"TI~U~uU ~1" 

s L~uu~"n1•u~u 1~un11uu4~~AraL~~"uunun~"~1~ ~ v v q 

u11n~~11~nn~"uli~ u~nn~"~ u~~~1u1u 3-20'l.I "~~1~~11ra1n~" 
I I I' I 

L~~u"nu ~~~un~"~~n 2 n~"<1li 3-2DA) uun~1nUa~~n~"L~~u"nu~1~~u 
q q v q 

n~"~u~~n~u~n~" ~~1u 3-ZDA 
q q v 

~ln•li 3-20~ n~"~LUUU1UuU~~,~~~Ara AB v , v 

~~,~~~AraL~U AC "~~ AD •1~iun~"~u~~~1~~~Ara 

y 

CD CO CD CD 

AB o o o o 

AB 0 0 0 

AB 

AB 0 

< n > 

CD CD CD CD 

AB o o o o 

AB 0 0 0 

AB~1 :;, 
AB 0 ~ 

(A) 

= 

q v 

AB + AC + AD + BCD <3-23) 

CD CD CD CD 

A8 o o o o 

AB 0 0 0 

AB 

AB 0 

( 'ti ) 

CD CD co CD 

/iii 0 0 0 0 

AB o o 0 

AB 

AB 0 

( ~ ) 

... ' °' ' ' ~~DE,~ 3-9 ~~L~UU1~~·uuu~-uuu~ UTIU~"n11 3-23 
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L11~1L~U~u\l1~Ln~uuuuuu~ 2 nl\lL~l 7400 ua~Ln~uuuuuu~ 
n 1 -JLi1 7410 ~uLn~uuuuuu~ 4 ni-JLi1 7420 ~\l u~ri-J1u1t.l 8- 21n ~n1 

'II 

L~un~nn1-JLrit11il'LmrnurnL'UU~ 4 n1-JL.LJ'1 ~umJLnmLUlJLLUU~ 3 niH-ll1 1 
Plu1J1 4 LL ~~ 5 'lHH 7420 L -li1~1£JnUfl\l LL MHJlU7t.l 3- 21'1] 'luniranL,. '<il~l 

11 B C 0 

3 

5 

2 12 

13 

7410 

<n> 

' ' 11.l 8-21 1~~,. uuuri - uuuri 
'II 

'II 

A 8 C 0 

I 7400 

2 
3 

4 

5 

y 

6 

( '11 ) 

.. '1 ~1. 3 - 6 n-·n1u11 ,.n fl <Don't care conditions) 

\' 

~,~fun7ra1Ju\ln1-J Li1u1 -Jn7ra Li11~~u1~11~~~1ran1\l uun~~Lfl 

u~1,. 1un7raL~u~ L11~~L~t1u~1 x 1u~171-J ~1ri11"~;\luTiu o 
~ ' "' ' e I 

101 0~11 11 L7r.Jnl1 ~,,., \l 3-7 ~~L'"u11n1\luun x )JAll'l \lLL~ 

EB co co co co CD co ci5 
AB 0 0 0 0 AB 0 0 0 0 

A .J C 0 AB 0 0 0 0 AB 9 0 0 0 rttP=>-, AB x x x AB x 0 x 

AB 0 118 0 x x 

c n > ( 1J ) <A) 

,. t.l 3-22 "" 1 ~," nirau~ '"In " 
'II 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



7 3 

• OI 1 ~ QI d1 II a I J' a. I "] '1 
L'W71~u1';j)J~1LUU 0 U1u 1 n ~ n7~L~UUJJu1~L~~u un11~~TiuU1\J';j7 

111 3-22n Lflu~\JA1iuu~~u\J~111\J 3-7 1~ x 1un1~TI1\JL~1 1010 

" 
1011, 1100, 1101, 1110 u«~ 1111 L'W71~Lllun•·ra~L71 LJ.i16)1.n 

A 8 c D y 

0 0 0 0 0 

0 0 0 0 

0 0 1 0 0 

0 0 0 

0 0 0 0 

0 1 0 0 

0 1 0 0 

0 1 1 1 0 

1 0 0 0 0 

1 0 0 1 

1 0 0 x 

1 0 x 

1 0 0 x 

1 1 0 x 

1 0 x 

1 1 x 

111 3-22~ Qo I d1 l/u ~ Q al • a 1 &I I Cll 
u~~\Jn\Jn1 11\J1uun~JJTI u •~ Tififi1'W~\JTI~~ \JLn~ ~11JJ 

" • ., • 
"' ' ' QI a "" ' u1 \Jvhnr\1 L fl'l4 L~u-tl1u1iL71 uu1A~m.1~u\JuEJ1 \J AULL U 1A~LL 7n L71nu11 x 1 ,, 

111 I 1 oal t~uri 1 
a ' .. ... ~ ' ' ..I fl 1\J7uu ~n«JJ~'l41~ ~~TI~~ ';ji \J uEJ 1\JUuEJ 1 vn -;i~Luu11nmmL u 

• • • 
1 u1f1Aon~"~ a al 

1lf'fiu11 ~1U~LU~uLflUL«~ 0 1un7ra~~~Lflun17 UU1A~TI~u\J x 
• 
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1tA1 x 1~"1n~~~Ln1~«1"11n~~1t1~ 
1 

n~"~1u1u 3-22'll ~1"11nL~au~"n11u~u~u 
'II 'II 

y = AD 

Li1~~ua~~1u1iJ 3- 22A 1iL11~u~~,1~auu1~~,~~,n~nu~111~ 3-7 
'II 

liTil~LilLflU 0000 O~ 1001 
' 

~1w1UTI1~L~1 1001 ~~l~Al y ~~~l"L~uU 
'II 

'1 d O 'J II 1 00 '1 d1 11.l o 111 II 
L'llTinlWU~"lLW un1rau~L1n ~UL11~1"11nTI1 WTil~L'lil 1011, 1101 ua~ 

1111 ~TI1~uunLflu 1 ~~nLUu~~1n~1L~L11~1"11nu11u1~1~Lnu~u~n11 

1 'II 

uun~1 ~1wiuTI1~L~11~w~1~ 0001-1001 u~~n1&u~1,~1~ u~1~w~1~ 1010 
'II .. 

- 1111 ~~L~UU1~~1~11n~1wiu~111~A1A11"~7~n 

CD co co CD 

AB CD 0 0 0 /i iJ c D 
AB 0 0 0 0 

ltffo-' AB x x x x 

AB 0 0 x x 

< n > ( 'li ) 

111 3-23 n11m:i~,~~il~ 0000 
'II 

~1n~111~A11"~~~~~1in1~u~nLfl~ 1 L~U~A1 ~ u 1n1u1~n1~L~1~n 
Al 0000 ~~au~A~u~nu~~Ara"~~1u~u Ase; 1u1iJ 3-2 3n Lflu~~A14uu~ ,, ,, .. ,, 

'1 " d ' ...f .., c: ~ " 
u~~~LWLWUA1 1 ~1W1U~~Ara"~!1UULUU 0 'liu~TI1~L'll 1 0001 - 1001 u~~ x 

" 'II ..: " ' ' 1 .1 °' 1 d "1 ' ' '1 " L"DTI1~L'li1ua1~w11~ 1010-1111 un11un1rau~ 7n ~ ~~1"11n~~~1uLw 

" 1~~,~~UL~a ~"n11u~u~u .. 
y = ABCD 

• I I " 7u 3 - 23~ ua~~1~~1~11nLn~uuuuuu~ 4 n1~L~1 
" 
L~U1~u A = 0, B = O, c = 0 ua~ a = 0 
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7 'j 

~1uB,~ 3-11 n1~111~~1A11"~~~1i~1TI1~uun~1~u~TI1~L~11~Ml1~ 0000 

-0110 TI1~uun~~ ~1MiUTI1~Li1 0111 TI1~uun~1.1MiUTI1~L~1 1000-1001 ,, 
1 0/ a 1 d1 II ,!J '1 II I .. c:J 

u~~ Mn1rau~ 1n ~ ~1M1UTI1~L~11~M11~ 1010-1111 ~~L~~u1~~1~11nTI 

I d d • I Q ,l 
~1~Tia~L~uUTIU~111~A1A11"~1~U , 

1u1~ 3- 24n L~U~~A14uu~ n111~1uUn~" 1 nun1&u~l1~L~n1~~1 ,, , 
1~~~1u1~ ~~Lflun111~1uun~"~u~n~"LTI1~u n1&5uLflu o nuu~1~A1~ ~~ ,, , , 
L111~~1"11~ a"n11u~uAu ,, 

y = BCD 

1u1~ 3-24~ Lflu1~~1~11n~u~Ln~UUUUuU~ 3 TI1~Li1 ~~~~11~~Lfiu~1~~ ,, ,, 
L~~~n1&L~~1~u A= o, B = 1, c = 1, u~~ D = 1 

co co co co 
AB 0 0 0 0 A B c 0 

AB 0 0 a 0 Hi=D-' AB x x x 

AB 0 0 x 

<n> ( ~) 

1ll 3-24 n11riuvi1~~ 0 1 1 1 ,, 
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7G 

!'I ... .,I 
LL 1J1JwfflUl1JTITl 3 

1 ~'3L;UUCJ~Ara"~~1U'llu'3U~~~~1~u1~~~u ABCD = 0010 AB CD 1 l 0 1 ...... 
ABCD = 1110 

2 ~111'3~1A11"~7'3~uw~'3~'t11'3uunLtiu 1 d1wiuu~a~n1m~u1~~ 
n ABCD = 0011 'lJ ABCD = 0101 

ABCD = 1000 ABCD = 1101 
.. 

3 ~'3L~uu1'3~1~11nd1wiua"n11~u1~U 

y = ABCD + ABCD + ABCD + ABCD 

4 n1'3uun'llu'3~111'3~1A11"~~'3L~u ~1'"iun1&~1'3 ~ ~u'3't11'3L~ 1 ~'3~ 
~u ABCD = 0001 ~BCD= 0110 u~~ABCD = 1110 ~'3L;~ua"n11n11u1n 

CJ~Ara ., 
s ~'3L;~u1'3~1 uuu~-uu4 •1wiu 

y ABCD + ABCD + ABCD 

6 ~111'3~1A11"~7'3~'t11'3uunLtiu 1 ~1WiU'Yl1'3L-ll1Lw~1U ABC D = 0011 

ABCD = 0110 ABCD = 1001 U~~ABCD = 1110 

C.J~Ara"rl_g'l U ., ., 
7 ~111'3~1A11"~~'3~~1U~1~~1 'Yl1'3uunu~~~1U1nLtiu 0 "~~~1~1UL ~ U 

"' ., ' ' 1 ~'3L'lJUUC.J'3A11Uu~ 

"' ., ' ',!i " 1" ~ 8 ~'3L'll~UCJ'3A11uu~~1w1un1'3uun y
3 

'llu-3~111'3 3- 8 µ~~n uuri11"~u 

~ 1" d " °' ~uu '""1nna~ u~1L'll~u1'3~1~11n , 
9 ~'31ta'3A14uu4 L~~u1'3~1~11n~~~nu~u~1'llu'3't11'3 uu n Y, 'll u -3~ 1 11'3 
3-8 

10 

y• 'llu-3~111'3 3 - 9 

1 1 1~ri1Lwi'.iuu-ll'u 10 ~1wrun1 '3 uun y a 

12 1 ~rh L °"nuu-ll'u 10 ct1wiun1'3uun y o 

I 3 1 ~rh L wl'juuiu 9 ~Twrmn-luun y 1 

14 1 ~rh L wl'juuilu 9 ~1wiun1 '3 uun y .. 

1 5 1~ri1Lwnuuiiu 10 ~1WlUl11 '3uun yl 
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11111.J 3 - 8 ¥1111 '1 3 - 9 

A 8 c D y y y y A 8 c D y y y y 
• :a t 0 " :a 0 

0 0 0 0 1 0 1 0 0 0 0 0 0 0 

0 0 0 1 0 0 1 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 1 

0 0 1 0 0 0 0 1 1 0 0 

0 1 0 0 0 0 0 1 0 0 0 0 

0 1 0 1 0 0 0 0 0 0 0 0 

0 1 0 0 0 1 0 0 

0 1 1 1 1 0 1 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 1 1 0 0 ' 0 0 0 

1 0 0 1 0 1 1 0 0 x x x x 

0 1 1 0 1 0 0 1 0 x x x x 

1 0 0 0 0 1 0 0 x x x x 

0 1 0 1 0 1 0 x x x x 

1 0 0 0 1 0 x x x x 

1 0 1 x x x x 

., ' ' 1un.I 
.. 

16 3 - 25 • Cl "°' 
-;,i1ntHfill'l'Uu~ ~~L~uu1'1~"f~"f 1 n~u'1~~u ., 

co co co ci5 

AB 0 0 0 

AB 

AB 0 0 

,-1.l 3 - 25 
v 
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111 3 - 26 
" 

I 
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cJ 
1J 'Yl 'Yl 4-

1 ~~1TITI~va <TTL CIRCUITS> 

inc. J 1~L~Uu1\1~7'177n~~Uu~<Translstor -translstor logic, TTL> 

L~1~1~n11nL~nn10Un~ ~~n~1vLflu~1~n~~o~1o~~1~nuu'W~~~1v v . v 

4-1 1B'~~~Ba <Digital integrated circuits> 

~inn111~LnAilAn11n1vn1'W~n11~~1 TI1L~~C.J~~a1"11naf1\11~~1 
" G a 4 ~ "' o ~ d a 1 a d...f 

1J'U1~L~n ~ 1JUCJ11Ju\l~Ua17n\1'11U11JU1~L«n11L7Vn11 ~'W<Chip) 1\1~711~1 

G ., "" ~ ., .-i11 ., '"" G "' I .. ~ 
L'l'~u~1"1Ju1~L~n"1n~u'1u\IL~n~u\1~~1177~u~\l~~"u\IL~u 1\l~'l'fl\ln~11"~u 

• 
t , ~ f: .:G ol o ' 1 o 

11 u~< Integrated Circuits> 11\IUnLUu\1~1n11u\IAU'l'~nuU'11\I ~ L~'U 

~1 1171U~~L'1u4 1flLu~ ~1~1U111U ~«~ nnu1"1 7 1"nu1iuu~'W~UL~V1 ~\I 
" 

u~n~1\11u~1n1\1~1un~ ~\lu\l~u,.~nuuu~~~~1~~uvnuri~1\1~1nnu 
" 

., 0 ., 

1ti~ll~B~n11u1~111~nu <Levels of int e gration> 

SSI <Small-scale integration> Lflu1u:nn~Ln'1UU~'W~UL~V1 
11 I 

utlvn11 12 Lnfl 

L n~~u1 u 

MSI <Medium - scale integration> 

LSI <Large-scale integration> G 1 "" " t • LUU U'IUJ L n'1'1 \I LL fl 

LTIRLULaEnUfl'Uma'h1il <Te c hnologies and fami 1 ies> 
• 

1 0 0 

LUL'W~1{<Bipolar>u«~"ua<Mos> LfluL11AilAdu~1U'llu\ln17CJ~'1Lu~ .. 
L TIAilA, lJ t 'W~1 { L flun1 'l'rltl1111 U:na L ml{ LL Ull 1 u t 'W~1{~u uu ~'W~'U L fiv 1 ilmJ 1 if1 'U 

o 1 ~ G ~ ~ ~ ~ G i)cl 
n17CJ~'1 i)~'IJU1fl SS I LL~~ MS I L1JULu"Il1UJA1 1 >H71~\I L 11 A UA '-Ju~L u 

" 
n17TI1"u~L~11CMosfets>1rnn'W umJlolllun1HJ~'1Lu111JU1fl LS I L'W 71 ~1JU 

~'W11u1r1L~v1nu~1"17n~f1\l'-lu~L~111~" 1 nni11u1'W~1 i 
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BO 

vi1~n« Wi~mrn AuW~'llu '1mJn1rif~n,.~v'1uV111rnLa~·n~u1 iJ L ~u '11 '1';l'r~ 
v v q 

L~1nu1~ u"1un'1~1"11~~un1'1uun'llu'1uun1rifwU'1L~1nun1'1L~l'llu'1uun 1rif5n 
q , 

~1WU'1L~ ~'1~1Ul~L11~u1'1~1~1'1 ~ L~"1n"1u 

fl~HnaLul~a,{ CBipolar families) .. 
1~~1LnV1Lulw~14uunLilu DTL CDlode-transistor logic> Lilu 

1'1~1~L11Lvi l urinun·n u%~ L viu4 U~~UU L ~n '1.nu~1 TTL C Tr ans is tor - tr ans -
q 

istor logic> '1fn11u%~(viu{L~uU~'1w"rii1~~uuuu"'1~"1n ECL CEmltter 
q 

~ "'"' ~ "' -coupled logic> LUUV11~naV111nn"A11"L11~'1n~ri 
v v , 

~~Hna~v~ CMos families) .. 
1~~1Lnm.rn~ uurnilu PMOSCP - channel mosfets>Lfl'lrnurHLUULJll 

L~n11in'ULL~1 NMOSCN-channel mosfets>1-Hr11 LSI 1u1"1A,-lu1L'l1~L'?HJ.f 

4-2 vUn~~Lv~~~Hna 7400 C7400 Devices> .. .. 
1u~V11~n« 7400 ~~Vll'1UL~n~~~U~V11L"U~ LUU A.~. 1964 uu" 

v v 

1~nuu~1'1LLW~wa1u ~~LLuavi1~na~n~'1iW'lJUlVJ SSI ua~ MS I ~~51U1UA1 1 " ., 

o, 

y 

o, 

1 kl! 
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8 1 

ao f II 

LW"uuLn~uuuuuu~ 2 n1~L~1 
, ,; QI &1da I I 

n,-1 u~a L ~rn{rn ~ uun Qs u~~ Q
4 

~u~~L1u~nunL1un11 ~uuuu 

1nLn"1~~<Totem-pole> LtiuuuUQ~U~tl~u~n1~~~uu~5n5uw~~ n,-1u~aL~u4 , 
I' I ' 

U OI U U 0 OI 0 Cll 

n1~uunau~~1u~~~~~nuu1n,.~ua L"u Q u1n,-~uan1~uun~~a~ L"u Q a ,, 4 

~u~~u~n11oonuuulnLn"l~~~D~1A11"~1un1uLi~ 
I 

tl1n1~uan1~uun~~~1 

ilmrn1 ~ uun~1 
1uu~"A~A11"~1~Antn1~Li1 A "~~ s ~~~1~~a1u~uw~ul~~a~L~1 , ,, 

'1.1 J' II Clll ~ 0 d lJ I !:f id 
LwL~u~1~~1 ~1 A ~1il B ~1 Q

1 
~~u1n1~uau"~1 A11"~1~r1nun~1Lua~u~ 

Q
2 
~~~~L~uUL~u~ut Q

2 
~~w~~~1n,-~ua fi~~u1f Q4 w~~~1n,.~ua1~~1u 

1 11 ~ 1 ,f 0 ., "" """" ' filU ~L~uU ~U Q
9 
~~TI1~1LW"uU1~~7u"~L~u7~1"<Emittter ~ollower> 

u~~~uL~u"A11"~1~And~1a~~un1~Dun 
v 

~1 A "~~ s ~~ an1~1~1u~~u~Au~L~AL~u4~u~ Q 1 ~~u~1uLiuu 
1~~0411~1uuua ~~~1i Q

2 
"~~ 0

4 
tl1n1~ua~"~1 ~11in1~uun~1 ~111~ 

4 - 1 a1~nnLiuul~~u~TI1~Li1u~~TI1~uun , , 

. f II 

~1,.1~ 4-1 Ln~uuuuuu~ 2 n1~L~1 

A 8 y 

-- -·---------

0 0 

0 

0 

0 
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t~uiJn~~,i~ni~tn~ 0
1 
1u1~~, Q

3 
~titl1n 1 tiUAL~n~uuL~nn1~u on 

Ltiu~u~~Un1tiUA~~n~11~~L~lJ1~1u~L~11iJt~UA1 1 lJ~l~~nt~hA~D lJ1~lu~ 

n1~tltln~UULTILTI~LW~ <Totem- pole output> 

n11~un11u~AL~o4n1~nonuuulnLTI>Jl~N~11in1~oonL~1A1 1 >J~1un1u 
· L~~~Du~1 1~11 Q_ ~~~1~1Lflu5n~L~o4~1>J~n1~oun~~~;D a ~~~1 n1 tiu~ 

~ 'II .... 

~u5"~1TI1~uDn~1 A11lJ~1UTI1UL~~~uUTI1~uDnAu~A~~1lJ1n UUl1LA11lJ~1~~ 
"1nL~11~l1LflUn11N~L1N1n11U~- LU~A1~~~u~1~~, ~ lJ 1Un~11L1~11un 1 1· 
cl • Id ~ 4 <II 4 ~ lj 'LI 0 d lj I 

TITI1~uunLu«UU~1n~1LUU~1uA~LUU~1fiU uULn~~1nL1«1A~TI RC fiU«~ Al 
'IJ 

L1«1~u~>J1un~11A11>J~1~~ntn1~uunA1>J11nLiJ~uu1~uu1~11~L i 1 ~1 nA n1 u~ 
~n~1iJLflu5nfin1uti~u~ 

(Propagation delay time and power di s sipati on) 

iJ1l.J1ra 2 uu1~~~1Ltlu~ti~u~~~~o1iJAu n11l~n1~~1wcP ow e r 

0 tJ ' ~1U1 Utl n1'll .. 

'IJ 

<Devices numbers) 

l~un11LiJ~uuuiJ«~n11 u unuuu~o~1iJ 4 - 1 
'IJ 

~1U1U~u~TI1~Li1U«ti~~~~u~11n<Lo~ic fun ct i on> 

~ « l U TI 1 ~ LL« ti TI 1 ~ u u n LL U 1.J, l TI L TI lJ l ~ « ~ iJ ~ A ~ L if u ~ 
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£» C11 LI I I 

~,,,~ 4 - 2 u~~~11un11~il~Ln~TITIUuR~1~nR 7400 ~1uUl~L~U ,, 
7400 L~U ~w~~Ln~uuuuuu~ 2 n1~L~1 4 1~~11u1u,~1L~u1 ~1Uu~ 

GI LI 00 ' II 
L~u1nu 7402 "Ln~UUUUu1 2 Til~L~l 4 1~~1 7404 °""' u " mnnRu~1 6 1 ~~,. 

II 

n17fl1 

7400 

7402 

7404 

7408 

7410 

7411 

7420 

7421 

7427 

7430 

7486 

fl"nma 5400 
• 

' II Ln~uuuuuu~ 2 n1~L~1 4 1~~1 

' ll Ln~uuuuuu~ 3 TI1-lL~1 a 1-l~1 

Ln~UUUUilU~ 3 TI1-lLi1 3 1-l~7 
' " Ln~uuuuuu~ 4 n1~L~1 z 1~~1 

' II Ln~UUUUD1 3 TI1-lL~1 3 1-l~1 

' II Ln~uuuuuu~ 0 n1~L~1 

Ln~UUULun~uil4 2 Til~L~l 4 1~~,. 

<5400 Series) 

,, 
lJ1TIL~~~11n LiiUL~u1nu~1~nR 7400 LL~~1"11ffrl1-l1ii1;11u~1-luCU\UllJ - 55 . ,. ,. 
~-l 125 il-lA1L~~L~aa "~~1~1~L~U-l 4. 5 ~~ 5 .5 v u~~1~7~n~ 5 400 ~~ ,. 
uriu~ 1400 1~ u~~n1i~uu1un1-ln11~1Lw11~~1n11f11uw~~1n 
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.,..,. ~ 

nn~u•~11~L~1a~ <High-speed TTL> 
• 

1~un11~~A1A11)J~1UTI1u1u1'3~11U 4 - 1 ~~UD~)J1~1~1U~'3~11i~ v ~ ,, 

~i~a1JJ11~~~L1~1A'3~n1u1u~~1~ ~~n~~~Dn11~~A1L1~1M~~~D~n11un1n 
r,j, u LL~Dril '111~~11Jl'l11)J~1 UTil 'U.~~~~ '1ihrn 1 iXn1'Il ft lJ L ti11~u 1D~~L1J~£JU 

.I 1 ,,J "" 1 
''"" ~ '1 "" Aa Uu~'3 M)JUL'I£Jn11 TITIUu~l'l11lJL'I1a'3 Lu~U7~LnTI Ul'lu 74H00,74H01, ,, 

7 4H02 d]u;Ju Ln~~~UD~l'l111JL~1~~l~1lJiJ1~1JlW 22 mW 

U1~JJ1W 6 ns 

TITI~uaLf1~~1 <Low -p ower TTL> 

1~un11LtiJJA1A11JJ~1uri1u ~~~~a1111,-n~~~~11n111nn1~'31lJ 
'II 

_I/ .,... , ... 1 21.1 A"' I .,... 'l-'1'1.1 ~ "' '~ 
Wl~u'3Ln~TITIUu~ ~ u~u1~LnTIUL1Un11 TITIUu~LDLw~l )JLUu1LUU 74LOO 

1 21.1 Aa ~ ll I '°'"" 74L01,74L02 ~~~ u~u1~LnTIU)Jl'l11)JL'I1UuUn11 TITIUu~lJ1'11~1U ... 
L~11~~1~A1L1~11'1'3~n1£11UJJ1n Ln~~~UD~1«1lil~1~ ~1~n1~'3llJu1 ~11 1w 

mW U~~L1~1Mtl1'3U'I~JJ1W 35 ns 

.,..,. !! IA 
nn~ua~u~~n <Schottky TTL> 

~~Uu~)J1~1~1U ~~Uu~A111JL~1~~ u~~ ~~Uu~1~1-w~1 . 
I 

L iiuTI11 U-... ,, 
~aL'1u{tl1n1~ua~11~1~~~1linu1~~~lM~(Charge carrie r)~1JJLUa II 

~1L11 
1 

~ "' 'ri " 9 ' .1.cl ~ 0 ~UlUlJJ~ua1'1~LMTI11'U.~aL~u1Lu~uua~1~LUUWU~Uln1~ua 
1 

iJ1~~~1M~~~111Lu~Dri~1~u1£JDun~1nLua L1~1~L~u1u~L~£Jn~1 L1 ~1Mtl1~~D~ 
1 v 

d .... 
n1'IulJ'11 

1u~ 74soo 
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uuv Luu{1u~U,.~Lnn~1~uri 74LS00,74LS01,74Lsoz Ltlu~u Ln~wtt~ ~ 
'lfhh11 2 mW LLi'l~A1L1Ci1WU1~U1'~>J1Cll 10 ns i1HL~rt~1i1u~111~ 4-3 

~nuunuuun1~~~~u"'~~L~un1n ~~uu'i'l>J1~1~1u~u~~uueiiu~~~1n1w .. 
UmJ L tlu~1lUJ~n 

LLUU 

1n1wifov 
ifo~~~'l ;n wuuv 

>J1~1',3'1U 

~ 
A11>JL"f1cH 

" 

L1'i'lll{U1~<ns> 

1 35 

2 10 

10 10 

22 6 

2 0 3 

4 - 3 fUanlt<lHU1'H~1 TITI~~a <TTL characteristics> .. 

Alll n1raL~lN'1<Wor s t 
• 

IJ t I ' ~ case)W>J1V~~A1~,.~~1<AuA1n7~LLNnl~L~1N~N'1 AlAll)J~l~Anvn1~uun~lN'1 " . . 

, 
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+5 v -----4-- <5V-i=---
<5V_;\_ __ _ 

4kH 

< n > 

+5Vx---
4 kll 

Open ---

<A) ( ~) 

1U 4-3 't11~Lil1LUPIM7uriu~~1 
'II 

LrlvTI1~Lil1~u~nnuuri~u~~11~~unuul:!1 7 ~~u~ri~1u1u 4-·3A ~1:!1~ 
'II 

En1~u~~~~L~u4~w71t!U~~U't11~Lil1finuu~riu~~1~~LTIUUL~1~u't11~Li1 ~~ M~tl ,, 
n~111~11 1u4- 3A 1~TI1~uunLM~uunu1u 4 -3~ 

'II ,, 

n17U~vm.11TI1 ~ L il1 ~u ~nriLrnririu~ 11 ';J t!'l'h 1 ~~'W1!1CU,. un1 uvh ~ 'J L il1 

1 ~ ll d 0 'J II O 0 ' \ ti ._, ~ ._, I 

v• u1~A1~nu1~"1n~u't11LMn11TI1~1u~riwri1~ ri unuvnuuu~~"n~l:!~tl~ 1 

't11~L~1~1~1~1fL~1 +5 y ~Minn1111ci1L~ui~~i~TITIUtlrl~l:!~u~1't11~Li1~1~ 
1~1-n'Lil1 +5 v LPIE.1~7~~1u"1ndlunnllvrHUu4~L c! 3,1;(uv11u 745 ll~I:! 74 LS 

ci1 L flunnLLu~"1~1 _3'1 u finuv~ 11i1 i.Jum.1 LLrit!TITiuti~1n 1>JLi1 cH ~Jj L uui L ~ >J;Ju ,, .. 
~1~ 74,74L Llrlt! 74H ~l:!~tl~~tl~1u~1;J1u't11U~~~u<Pu11-up resistors> 
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+5 v 

4kn 1.6 kn 1Jon 

o, 

o, 

v, a, Vo 

a. 

i kn 

-= -= 

< n > 

5V 5V 

Valid high input Valid high output 

2.4 v 1------~ 
2V ~-----; 

Indeterminate . Indeterminate : 

O.B V ~-----1 
I I 

V alid low output 
0.4 v ~---'----l 

Valid low input 

oL-..-----' o'-------' 

(1J) <A) 

iiJ 4-4 <n>~1n~u~1~~Uil~ (1J>1iJi1~~TI1~Li1 <A>1~41~~TI1~ililn 
v 

<Worst-case input voltages) .. 
• I u " u aa a 1 ~ ( v t ~ I 

7u 4-4n ~1n~UW1TITIUD~"A11"~1~rtnUTI1~L~1 v, A11"~1~r1nun1~ 
v 

Diln V
0 

Lrlil v Ltiu o A11"~1~F1ntn1~Diln~~ •1~iu~~Uil~L11D1~un v , 
~C» ., I !J ' \,,.I I I ~J' ti 
~Ut)~ o.e v L~~A11"~1~r1nvn1~uonv~~~ A1~~~~~o~A11"~1~rinun1~L~1 

" " . 
,~~U~1L71~1WU~~1~DLtlu v, 1u~nil~~u~~~~1TI1~Li1~1nifil L~1~~11~D 

L V , 

v = 0.8 v 
I L 
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~1~iu~1u«fl5n~1u~n~ ~>J>J~11 v 1u1u 4 - 4 Lflu 5 v 
1 , I V 

n~111~11TI1~Li1uriLu«n11~«~~~~~TI1L~TI1~uun'llu~~1n~u~1~1 v ~1>J1 'Hl 
v v 

~flA1~~1~n~ 2 v Lflu~111~uun~~A~«~uri j C9 I I/ C.. 

A>Ju~~uunA1111~L'll1«~n1raL~1 
v v v v 

«fl 1 i'Au , 
v = 2.0 v 

IH 

~7uu1~n~111~11A11>J~1~Ant111~L~1A1Lfl ~ ~1n 2 n~ 5 v Au111 ~ 
II <ll a L '111~ ~ 'llu ~11TILLu~ ,, 

(Worst-case output volta~es) 

LflUufl>JA~LL~1 o v AuTil~uun~1 LL~~ 5 v AuTI1~uun~~ LL~L111~ 
, v 

~1>J11nu11~n~A1L~~1n1~L~11~nA11>J~1~Ant~nA1u>Jn1u1u LnuTI1~uun1u , 
.1 ~ 0 d " OI I ~ ' I d " _...f " 

1~~11u 4-4n ~1 Q u1n1~u«u>J~1u~~>JA11>J~1~r1nu~nA1u>JL~nuuu ~1~1u 
,, 4 ' 

~~LLu~A1 A11>J~1~Ant~1n 0 n~ 0.4 v ~ul1Lflu111~uun~1 
a:i 0 '1 " 00. ' 0 I ~ ' I 
L>JuTI1~uun«~ Qa 111~1Luuu>J~L~u1~1>J >JA11>J~1~rinu~nA1u>J Q

9
, ,, 

o u~~~1~1u111u 130 lu~>J ~~TI1L~TI1~uun~1n11 5 v ~1~iu~~LLL1~111~ 
l 

I I ~ A~ 1"' I ' 1 J uun«~~~uU1~~11~ 2.4 n~ 3.9 V 11~U'llUuUnUA11>J~1~~nU'llu~ ~L~U~ ura-
,, ,, v , 

~nn u~~1~~fl'llu~1~~' ,, 

v = 0.4 v v = 2.4 v 
OL OH 

~111~ 4-4 LlluA1~1~ ~ 'llu~n1raL~1~fl 1u~1~ura~n~ o ~~ 1o·c , ,, 
I I ~ '1 .l Qo u~~~1~A11>J~1~rinu ~L~U~ 4.75 n~ 5.2r v 

rt1'11-.:J 4-4 A1'11 \J 'J 11u-.:JflfnLu~n1t1L ~1~fl , 

~1<161~~~~) 0.4 0.8 ,, , 
~~<1~~1«fl> 2.4 3.9 ,, , 
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LU~L~~~"~~U1~1~ <Profiles and window> 

1ih1lil~AuAra~mffiu~1.l7t:~1TI1 \IL '1
1

h - uurnm \Jnrmm~ l'.'.Jr\1Lfl'U1 uvi1l.J~1 \I , 
A11l.J~1\JAn~1~\Jl'U~u\JYtYtUu~~L~Un~1 M~l~l\J~u\JTIYtUu~ M~l~l\J~u\JYtYtUu~~ 

I 
I GI I/IO &fl IJI 

3 ~1\JAu MU1~1\1~1 MU1~1\Jn~1\J "~~MU1~1\Ja\J 
v 

Lu11~~TI1\JL~l~u\JMU1~1\J~l~A1 0 n\J 0.8 v 
'1 I 

MU1~l1 \Jn~l \I 0. 8 
QI II I Ct 

(l\J 2.0 v Mu1~1\Ja\J 2.0 n\J 5,0 v 
v 

Lu11~~TI1\Juun~u\JMU1~1\J~l~A1 0 n\J 0.4 v 
a. 
(l\J 2. 4 v II I C» f 

M'Ul~l\Ja\J 2.4 (l\J 5 .0 V 
v 

R11~Li1nuL~ <Compatibility> 
I I d C: 1 .:J1 '1 c: ! 1 2 OI a t I 

Al~l\J ~ l1LMU 'U~111\J 4- 4 ~ MLMU11 u~l1l1Uufi'U'Uall.J11n~u 

L~ul.JL~1nu1~L~U~1\J Ml.J1UA11l.Jl1TI1\Juun~u\JTITILLu~a1l.J11n~t:~UTI1\JL~1~u\J 
OI U ~ '1 &I U 1 .I ,,: 1" c: ~ 0: ~ • 1 un~1MU\JL~ ~\Jua~\J uiu 4 - 5n Lwu MLMU~~u\J~u iu 4-5~ ~~ua~\Jl11\Juun 

v v 
aa :, a. 9' ~ d u aa " cJ 1 1 1 1 '1 
l1l1Uu~~1(0 n\J 0.4 V) ~\1~1WuTI~t:~UTil1Uu~~1TI 2 LW11t: l.J11A1L~~u\JTI1\J 

L~,~~1n11 0.8 v ~uLtlUl11\JL~1~1 
0 OI U .I CllOI .,j a. ~ 
l11Uu\JL~u1n'U1u 4-5A ua~\JTil\Juunnnuu~Tia\1<2.4 n\J 3.9 v> ~\I 

v v 

l.J1nWu~~t:~UTITIUu~~1~ 2 LW11t:TI1\1Li1l.Jlnn11 2 v ~ul1LtlUTil\JLi1a\J 
v 

.,. ., 
~n~~D~n1,-711n1u <Noise margin> 

1'Un1filL~1a~~t:E~1\J~l\J o.4 v 1t:Mll\1~1iuufit:~1iulMR~ 1u11.1 
, v 

4 - 5~ u~~ A r11A11l.Ju~n~1\J~Li1L~un11 ~n~~u\Jn111un1u~\Jua~\Jn\J 
nii1.lnuu\Jn11iun1'UM7un~115nuuwU\111L~u~1~~~uL~ul.Jit:w11\J TITILLu~~Lfl'U 
~1~UnUTITILLu~~Lfl'U~1iULM~~ a1l.J11n~t:LRULu1~~~1ra1un1uLtil.JLi111.11~ 

I .J · I !j ' d 0 U Cll I ll I 

~11ULTI1TIA11l.J~1\Jr1nULM'UU1U1U\JA\Jl.JA1UuUn11 0.4 v 

w~1~L~utl11unit:~UTITIUua~1LMa~ , 

ffl,.Th1lf\,jj'h\~1Pll'l"1JfflU (Noise Immunity) 

1uni&Lfi1a~ A11l.J~1\JAntiun1\Juun~~u~n~1\1~1nA11l.J~l\JAntlwfi~ , 
II I' I 

n1\JL~1uu o.4 v ~1u~1\Jn1'filLfi1a~A1~1Av 
v , 
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v 0.4 v = 
OL.TnaM 

v = 0.8 v 
IL.ma>e 

1un1uu~L~~1nun1raL~1~'1~1~-lAu 
' 

v 
OH.MIN 

v 
IH.MIN 

TT L 
d river 

---....--+.5V 

130 n 

v 

Oto 0.4 V 

---~- +SV 

= 2.4 v 

= 2.0 v 

< n > 

+5V ---..---

4kD 

1.6 mA 

Less than 0. 8 Vi s low input 

( 'lJ ) 

+SV - --+---

4kD 

2.4 to 3.9 v a, 

More than 2 V is high inpu t 

<A) 

1~ 4-5 n11~1uu~~iun1~u~ 
v 

"' -n urn -.l mm 

1 lrn'1TI1 H i'i1 

., 
'lJUTil-.ltHJn 

L l{~VITil H i'i1 
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:J 1 

A1u~n~1~nu o.4 v L7~n11A1~1L~tlau~~~~1ra1un1uLtlun1,uu~nu 
~~~1ra1un1un1~1u1u~ 

1un1raLa1a~ 1ua~n1~L~1~1L~u , 
v = v + v = 0.4 v + v 

IL OL not•• not•• 

v = v + v = 2.4 v + v 
IH OH no1•• not•• 

I U 

n17~1E~au;un;~~M <Sourcing and sinking> 
~ """' ~ ·' 00 ' L~un1~uun~u~nnuua~1~1~1u~1a~<1u 4 - 5~> n1~uau~~L~u1 .. " 

tl1t~1ra 1.6 mA<n1raLa1fi~> ~ttl11nD~1~TIATI1~~LLa~~LU1tl tl1t~~tL~a~1n , " , 
oa ' .., • 1 ... ~ ' ..: ., a .., 
u~~L~u1~u~ Q

1 
Lu~~AuaLaAL~u1~u~ a. LUu~~1nn11u1n1tuau~~1~u~ 

Q• ~t~1~1Ltlu~1u~iun1tuaccurrent sink> 

1un1~~,~~1~ L~un1~uun~u~TITiuuaa~~u<1tl 4-5 A> ~tnn1tua~uu 
" " n~u~n~~L~u4tl1t~1ra 40 ~A<n1MLa1a~> ~ttl11n~~1~n~~ua~~1u1 tl tl1t~ , " , 

1ua~1n Q 1tl~~n~~L~u4~u~ Q n1m« Q ~1~1Ltlu~~1~n1tuac so ur c e> 
3 l a ? 

1uAnu~tua~~A1n1tuan1~L~1n1MLa1a~1~~~u " , 

ni;u;;~LWa~~1~~1fli31U <Standard loading> .. 
utln1~~Tiuua~1~~~ ~ a1~11n~t~1~n1tua<n1~unna~>u ~ uiun1tua 
, 'II 

<n1~uun~1> Anu~u~Tinuua~1~1~1utl~1111 utln1~~1tna 7400 a1~11niu ,, .. .. " 
n1tua1~~~ 16 ~A ~u 

= 16 mA 
OL 

= - 4 00 )JA 
OH 

•1~iul~a~~L~UTITILLua~1L~~1n1~uan1~L~1~1t~u~11n~1 ~t~A 1 
ti ., cJ .... °' ti ~ 1.6 mA<1 4-5~) LLatn7tLLaTI1~L~1TI1t~U~71na~Hu 40 )JAC7 4- 5H> LU 

" " 'II 
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al I C1i1 I C. I 00 ' QIQI 

L"un1~u~TI1~uun~~~~"1nn11n~ 10 LTI1 ~~~1"11n~u~1~"~L~~1~~~TITIUu~ 
" ~ 

L~1nun1~uun~u~TITIUu~1~ ~ 1~n~ 10 ~,~ 
I ~ ~ 

,~ 4-6n u~~~n1~uun~1 ~~L~u~11u~w~iTITIUu~~1iu~~iun1~u~~~ 
'U 

16 mA ~~~u~~11~~u~n1~u~~u~TITIUu~ 10 ~1~Ltiu1~~~~ULu~ Lu~n11~~ 

i 1.6 mA i 1.6 mA i 1.6 mA 

<n> 

(1J) 
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9 J 

OI I .1 II ( .,. O:aa a .I II ( I u "' 
L1un11 UwULul~(Fanout) L~U'Yl'Yl'YlUu~~1~1~1U~~~UwULul~LTI1nll 10 ~~ ... 
ua~~1u1'11 4-6 u1~~L11u1~~u~n111~~~uu~~1~1~1u~u1u~~u~~~uuu1~ 

'II ... 

1iJ~uu 1un1mUuiJuL51~~~n~1L~~~u L~11~1u~~u~~~~n1~uan1~L~1~1 

•I II ' ~,,,~ 4-5 UwULul~ 

"'"' 'Yl'YlUu~ 

" " 74 ~1'1lll 

74 10 

74H 12 

74L 2 

745 12 

. 74L5 5 

'II 

II ',!i U I ,II 
Lu1~~1M11J1~~1~1~ ') ~ 

111~1u~~LrluL111f~~Uu~M~1U 

74H 

8 

10 

1 

10 

4 

~111~ 4-5 

') LL u u t.Ja~n u 

~~uu~il11 irn~ 

74L 745 74L5 

40 8 20 

50 10 25 

20 1 10 

100 10 50 

40 4 20 

~111~ 4-5 ~1u1~~~u il1L~~n1nu~1~n~L~uuuu ') 1~u 14 Lflu 
'II 

~1~n~ 7400 74H U'YlU~1~n~ 74HOO Lflu~u il1~1JuE'Yl1~~1U~1U il1 
'II 'II 'II 

lw~~urin1~~1u'1!11 ~~il~~u~~111~~u~1u1uulJuL51~~u~u~~~~ il1uri1~ 
'II , ,, 

I • I II ' • I ' d ., • I ''!!I ',J1 111 · I " .. I L~U LLwULu1~'1lu~uun1ra"1~1~1U(74)TI'1Jlluun1ra~u~~n ~ wUuU<74L5> "~1 . ... . 
L~1nu 20 5n~1uri14M~~ ul.JuL51~'1lu ~u'lln1~1~1lJ~uu<74L> ~~uu'lln1~ • 

d °'' ,., ,,e 
~11~L11a~<74H> ~A1LTI1nll 1 LTI1UU 

'II 

4-4 n1M11~~u~ TITIUun <TTL overview> 

1~L11~u"1"u~unu1nL~~~11n1u~1~n~ 7400 ni~11"5u~~~1~uu1 
'II 

A11"~~L~U1nUA11"M~1nM~1U'1lu~Ln~u~~1~~,~1~ ') 'tlu~~~Uu~ ~~UU~L~U 
uu1rr1~1i1un1At.Ju1n 4 ~~ua~~11un11u'lln1~~1~na 7400 ~~~~"u~Ldu~ . " " 
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ni~~~~tl11~1f L~~L11"~~1~~D~n1~~1u1u~1n"1~u~~unu1nM~1~1~~1uL ~~ • 
I 0 d '-' '1 I 

~11n~1~ ~ A11"A~Ln~1nUA11"M~1nM~1~'lJ D~ Ln~u~~1~~, u~1~n~~1~ ~ 
" 

'll~~~~UD~ ~~uu~Ltiuuu1n1~111un1A~u1n 4 ~1Miutl1D~n1~ 1400 1~1~ 
+5 v 

4kn 
a, 

c n) 

Colleclor 

Emitter 

CA) 

~Collec l o r 

===l____}--- Emitter 

( 'lJ ) 

y 
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o fj &I a ' l11 L l' L nrin1"Hltl,. 

LL~~ 4 l11\Idh1~ 

4k11 4k11 1.6 k11 13011 

A Oi 
a, 

y 

8 Oo a, 

1 k11 

-=- -=-

,.1.1 4-8 ("'"' L nmL1J1Juu1nmLt:1"1 
'II 

' ' Ln~UUUUu~~UnVUUUuu• CANO and OR gates) 
II ( II d_ O.:> ( II 1•1 I ., 

n17~71\JLn~UuU~~~~D\JLW"1\1~7u"~L~u1~1"L~1 unuU1\1~7Ll1 

LTI"lw~~u\JLn~uuuuuu~ n11niu~1~~~11~Ln~uuuuuu~n"11EL~uut:1u~~1Ut:1\J 

~~L~u4Ltiuu~n7~~1~uunu~n7~ 2 ~1uun~1n~u fi~L~u4uuuu~u~~ . , 
~A11"~1Ul11ULi\J~DUTI1\JLi1~\JU~~A11"~1UTI1ULi\J~DUTI1\Juun~1 

'II 

1uLnu"~u'11u~~~~u~ ~~"1ua\J ~n1~uan1\JL~1~1u~n1~uan1\Jt:1t:1nR\J ,, 
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1uLrlun1~uan1~uun~u~~~uu~u1~Ltiu 10 LTI1 ~u~n1~u~n1~Li1~~ 

~Araa"~~Lflu~1~lJL'Wu41~uriui1 L~U4U~~af1~uunUUULflU~LAH L~u1i1~ , ,, ,, 
n1~uan1~uun~~1a~"1n«u L11L~unu~n1~~u~~L~u1u~i1~1 ~'WL'Wu4 ,, , 

u I I 4 U ".I o I ' ' IJ 1 U 
~1u~1~L~U 7437 LUU~1UwLwu1UUUUUU~ 2 TI14L~1 4 1~~, U~1 

~"1uA11"i1 ~n11uiuLn~uuuuuu~1i1~n1~uan14uuna~ ~ u~a~Ln~~~,~~~ ,, 

I L 
= - 1,6 mA = 40 )JA 

IH 

= 48 mA = - 1. 2 mA 
OL OH 

~:-~v-~~1~0_.4_v _____ o._4-<VI~ -~~-~__, 

12.4 v 

0.4 v 
7400 +e-driver 

Noise 

0.4 v I 
1400 11-o_.4_v ___ --1fr01-+ ___ o_.a_v-1, -1-40_0__, 
driver . \.J _ load 

'--~ Noise 

<A> n1~~uan1u~a~1~1~~a , ,, 
1u 4-9 n11iuua~n11lua~~1u~~uua 
" 

~ I 1J I U ' I 

~~Luu11n1~uan1~L~lLTI1nuLn~uuuuuu~"1~131u u~n1~uan 1 ~ uun 

~~"1nni1~1~"1ra 3 LTI1 ~~u"1uA11"i1 7437 ~~ ~ulua~1~"1nni 1 

.. 0 ' 01,n,u~U~UU~"~~ (Schmitt triggers) 
• 

LrluAu"~1L~u4TI1~1un1~uun~u~Ln~~1~ ~ ~~~u~1~~~1nan1u~~n~ 
1uLfl~5nan1u~uu~uri1~11~Li1 ~,~~ruru1ra~1nuu~~a1aa1Au~~Lflu~ruru1ra~ 

~ MM M~ 
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Lnuu~nLu~~"Lflu"""1n~-l1tl 4- 1on , v 

Lriu~ruru1ra~~~u~nn~-luun1u ~n~t::nn~un~1a~ruru1ra1un1u<Nois e > ... ... ,, " ...... 
~n~~'t'luu~1u~nLiJ~auLLU~-l1u~1aL~~~1~ ~ ~~TI1a L~ufu~'1!~1rau1~iJ11nD~~ 

.I 11 o )I cf1•l" ... I (d, o 111 o o 111 1u 4-10~ n1U1~ruru1rau u~ULn~U1uuun1rauUu1~'t'l1 ~n11't'l1~1U~~~~1~ ~ 
" ... ..., 41 

~1~Lu~nL11~~~u~~~11ra1U't'lU1't'l~u~1~~1n1t::~ULLUU~~~~~ ~1~1un11 , , 
uunLLUU"1L~un1A11"~t::u1~~ruru1raAu n1L~n11LU~au~n1Ut::1t::~l1 -l ~1nU~~~ ,, 
~ n lKll t:: L nu U L fl U LL U 1 ~ ~ ( 1 tJ 4 - 1 0 A ) l JJ l 11 tJ ~ruru 1ra't'l1 ~ L iJ 1 ~ t:: L fl U u ~ 1 ~ l 1 R ~ 1 " ,, ,, "' ... 

_)\__-

< n > 

< 'IJ) 

Schmi tt 
trigger 

(A) 

1 ti 4- 1 o nl 1 n1 t::;;ULL uu11>'.J~~ ri1 '1 ll1 ~~rucu1ra,. tl~n""" 1 n 
" 41 ..., .., ,, 

Lu~ 7414 Lfluil1niu~1n1t::~uuuu11~~~ 6 1-l~1'lu ~~L~~11tl 4- ttn 
, 'IJ 

1 ~ ~ -l L n m~'l! in mif 'lJ rH ~ ~ ~ L ~ u 1 :n ~ < H y s t, e r e s t s > u u ii 1 n ~ u ~ 1 LL,\~ t:: if 1 ~ -l u -l Ci -l 
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< n > 

(~) (~) 

1~ 4-11 <n>~1n~ui1n1~~uuuu~~~~ 6 1~~11uiwL~~1 v , 

' 11 11 e> ' <~>Ln~uuuuuu~ 4 n1~L~1n1~~uuuu~"~tr1 , 
' II II C> ' <A>Lntriuuuuuu~ 2 n1~L~1n1~~uuuu~"tr11r1 , 

i sal .. .r 
. u~TIUDOLWUu~1nu <Other devices) 

Lu~tri·rnn~ 7400 it ~ 11" L u 1 LLU u 5 u 'J 11~ mn n L i u L n 1r1 LL u mm u~ v 

uui n~ui1<AND - OR-INVERT) ' "~~~<Latches) ~~ U~~uUCFlip flop s) .... ' 
•~~Ltrlu1<Registers> 

tJ ._, 4 0 

~1UU<Counters) U~~MU1~~11"~1(Memories ) 

' ' ...... 4-5 Ln~UUUUuU~ uv1 0ftUW~ CAND - OR-INVE T gates) 

1~ 4-12n ua~~,~~1 uuu~ uui 1~ 4-12~ L~~~,~~1L~~uL~1 
v v 

' "' ' ' QI "' ~u~L~u "u1unu Ail1~~• uuu~ uuu~ a"n11~u~u~uAu 

4-12~ 

Y = AB + CD 

1uL~uLntr1UUUUUU~L~ULn~~,~~~u~~~Uu~ 
' ' 1 ~';J4LLUUfl LLUU~ 

v 

( 4 - 1 ) 
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'.J9 

v _ __ _ ,, 
y = AB + CD ( 4 -2 ) 

A A 

8 8 
y y 

c 
D D 

< n > ( '1l ) 

;~ 
y 

c 
D 

( A > 

71.] ' ' ( ( 

4 - 12 ( n) 1 -.l ';J''HLtlUrt tl tl ,. ( '1J )1 -.l ';J'HLUUVI uuuri ( rt) 11]';J1 ,, 
' ' ., ., 

LLuUfl utr"I nCilmn 

71.] ' ( ., ., a a 
4 - 13 U~rt-.l 1 -.l';J1'1Jtl-.lLn~UUUU tJ Urt uui n Cil mn l1 '11LL tl Cil Q l ' Q2 ' 

v 

Q LLCil~ Q 1.l1~nuu~uLtiuLn~uuuuuu~ 2 l11-.lL i1 1u~1~nCil 7 400 1 m.in11 
8 ... v 

et 
Qe; ., 1 ° 1 ., tl ' ' ., 

" 
n11L~).J LL~~ Q6 L'll1 U1-.l';J1TI1 ~ 1 1]';J1nCil1~L ULn~UUUUuUVl m 11 n Cil u~ 1 

~---+---------------+sv 

4kH 4 kfl 1.6 kl! 

o, 
A a, 

y 
8 

c On 
a. 

D 

I kl! 

- -
,. iJ ' ' v v 

4 - 13 1 \1'0;! 1' Ll tl 'UVJ uu,. m~mn 
v 
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" II ti U ' t \J OI IJ OI in 2 L~I n'll\J 4 '1\11U 4 - 14n LnmLU1JLLrJU'1LLPHrn~1)J 2 'Yl l\JL'IJI LLrH~mn~ ., 
UUUUrJU~rJ~~IU1U 4 1\1~1 1U 4 - 14'11 U~'1\J 7464 ~\JL~ULn~UUUUilU~ ilil{ ., ., 

U 4.1 II II 

n~u~1 2-2-3 - 4 'Yll\JL'lll ni1.:i 4 

< n > ( 'lJ ) 

., ' ' ' v v 1U 4-14 ~1il~1\11\1~1UilU'1 ilil1 n~U~l ., 

7451 2 
11 II 

2 °' 2 l11\IL'1J1 n-.11 \I )J 1 \1 ';111' 

" 7454 2 '111\IL'lJI 
II 

ni 1 \I 4 

" II Of 

2-3 'Yl1\IL'll1 n11\J 2 )J 2 1 \I ';J'1 7459 

" " 2-2 - 3 - 4 l11 \I L '1J1 ni 1 \I 4 7464 

' L~DL11~il\Jn11l11\Jil[)n L~U~)Jnl'l 4 - 1 
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1 0 1 

Cll ' M'Hll -l~'HL U Url 

' LL 'U. 'U.'1 1' U 4 - 1 2 'ti 
v 

<Expandable AND-OR-INVERT gates> 

' ' U V 1 &I d 01 &I II Ln~u~uri ~~, n~uM1 u~1~n~ 7400 ni1'1n~ri~~ ni1'1 4 ~1L11 

Collector 

4 k11 1.6 kl1 

A o, 

c----_J 

o------' 

Emitter 

< n > 

~u'1n11 n11'1 6 M7u 0 ~~rl1u~1'111 

uu4 n~U~l ~'l.IE1EL~ 

v ~ 

y 

v 

A 

8 

c 
0 

Emiller - - --- --' 

( 'ti ) 

o I 

~Hn 

' 00 ' I ~ l'J ..: G L~~,u~~u~~L~u1 uun~1n1EuunLn1uu iuL~u Q u~~ Q Luunruu~~u'1n11 
3 6 " "' 

uu4~u ~'1nn~1~u'11iL~un1~L~1~o~n11ou4~un1u1u1'1un11~uLn~~11~~L~1 
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7450 

7453 

7455 

+5 v 

Colleclor 

Emiller 

< n > 

00 

2 >.) 2 1-J"'l7 
II II 

2 l11H'1J1 n11-J 4 

II II 

4 l11H'lJ1 n11-J 2 

~Collec l or 

===l__}- Em iller 

( '1J ) 

~171-J 4 - 7 
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1 03 

... 
~1nE1E <Expanders) 

5nn1~u~~nL~~niu<Collector) 1U 4-16~ 
" !J OJ ( OJ II 

LL~fl ~ "'cyamtcu 'lltH911'llt.I1 LI 4 TI1 H 'lll 
G• •OJ 11d~ G ' 

~~LU~11 TI1~uun'llv~1U 4-16n ~~rivnUTI1~L'l.l1TILUU~v~L~AL9lv7 
" 

"~~~~flLflu4'llu~1U 4-15n Q ~~~u'lJU1UnU Q LL~~ Q 1U 4 - 16n LL~fl~ 
\I B :3 6 V 

1~~1fl11nu"1t.1A11"11 n1~uun'llu~~1'llt.11t.1~~~nu 1 1uuu4nu~cycy1cu'llu ~ Ln~uuu 
" 

uvu~ uu4 niui1 u~un~111~11 1U 4 - 16A L~t.1uL~1nu1u 4 - 16~ " ,, 
L11a1"11~L~"~1U1U~1'llt.11t.IL~ ~~iu 4 - 16~ LL~fl~n11~u~l'llt.llt.I 

" OJ II 11 OJ '111 OJ ,d,,. '111 cla II II 
2 911L'lllfl1t.lnULnfl'llt.11t.I fl ~~a~finAu fl1~~1TI"TI1~L'lll 2-2- 4 - 4 nil~ 4 

4-6 LOfl~UURuaLiRLflu{Ln~<Open collector ~ates) 

unu~~~Lflun1~uunuuulnLn"lwa ~~LLu~u1~~1u1~~~~n1~uunuuu 

AuaL~ALflu4LTifl U"1t.IA11"~1~flTI11U~aL~u4~1Uu'llu~~lTILTI"lwauun 1«u~ 
" 

2 Til~L~l nn1~uunLflu 

.f """"' ' ~ u U1~TIL7t.1n11 uu7L~U~1fl(W\re -O R> 

LTifl~v L1~l'llu~n17ufl - LUfl ~1~~~1 
Lw11~"uun1~~11u~ , 

~ 1 JJl i · fl LL n1 'l.l lJf~~ I 
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A 

8 

< n > 

+5 v 

Pull- up 
resistor 

( 'iJ ) 

y 
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High 

Lvw 

First device 

........ 0 '1 •'1 • 
LWflTITITI~~~~1fl1~1UTI1L~L~ . -

1300 

Excessive 
current 

Second device 

1 O'.) 

~,~~1~1"~un1~uun~u~Ln~uuuuu4nnuu~"1~7~1uL~1~1~~u~~n11i ... 
~i1~~1u~~u~u~~~~,,~1~ 111 4-18 Lflu~1u~1~~u~n11uunuuu~1~~~~Ln~ ,, . ,, 

I QIQI ~ I I )I l' ~ ll '1 cJ ~ 
11~1n1~uun~u~TITIUu~"1~1~1un~Ann~uL~1~1unu n1TI1~uun~u~~1TI 2 ~, 

~ ,,,, 
Q

4 
~"~1u~~TI1~1Lu~uui~1~~, 1u~ra~L~u1~un1~uun~u~uun1clu1n~an1u~ 

• 
~~A11"~1~Antn1~uun1i~,~~ua~ II 

a~ u~1 a, ,, ,, 
uw~~~1u1~~ua1~~u~~L~nuu 

' 
~un•~~~ a, ua~ Q

4 
nn~u~uLwnuu1~u~•~ ,, 

~u~u~1~~1~1un1uL~u~ 1so lu~" Lflu~a1inn1~ua1~a"1n~unnuu~~~ 

I 
.. 0 

TI1~L~1 DISABLE ~1 

~inn17~u~1~uu4nnLLu~"1~751u1~a1"17nn1~1u1~L~71~~~1un1 

~1un1An1~uun ~~~1Lflu~~~u~~uulJn1cllnLn"1~a1iLflunnLLu~ s an1u~ 
• 

al 1 !J .1 ' c:: ' ~ .1 ,, ., , ,tf d. "'1 !J .,,: 
UTIUTI~~ ~uun1raAuaL~AL~u1Lu~ uun7raLTILTI"L~a M"UL7"" ~~1UL"u 1970 . , 
~inn171~n1~uun 3 ~n1u~ TI11~~1"17n~un1~uun~u~ulln7~LTILTI"L~ ~L~u , 

" 'd 1., ' .1 " ., 1 ' 0 'l "" c:! ·1 .1cl ~•~nuulln7rauu ~uu1~u~u~nuL~U "TI1 ~u~71L71 un17Lu~~uan1u~~~~~ 
• ' 1ll 4-19 u~~~1~~7uri1~~,~~u~~1n~ui1uuu 3 an1u~ L~u~1 ,, 

DISABLE ~1 LUaU~~Au~L~AL~u4~u~ Q
9 

nn~~~~~1 TI11i Q
7 

U~~ Q
9 
MU~ ,, , 
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10 G 

A 

DISABLE 

7U 4-19 ~1n~u~1n1~uun 3 ~01u~ ,, 

DISABLE 

0 

0 

A 

0 

x 

y 

0 

Hi - Z 

O C>O /oJ '1 ., ,,: 1 tf 
ni~1u u~~L~u1n 2 ~u~ Q

1 
u~~UALTI~~u~ 0

1 
~u~~1 L~uu ~u1~~1 

~~rl1~1ULlluihn~U~1~'1!'1!1CU ni~dh A ~1 ~~n'1u1'" Q;a Lrn~ Q6 ~~~rl1~1U 
ol 0 0111 1 uu ll " 

~cu~n Q• u~~ Q
4 
ni~1u n1 ~TI1~uun~~ un1~n~unun1~L~1 A ~~ ~~n 

~u1i Q
2 

Yi1~1u~~~~~u Q
5 

1'"°~~~1u~~Yi11~n1~uun~1 ~111~ 4- B a~un11 
I I 

Yi1~1uL~u~1 DISABLE ~, 
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1 () 7 

"~~ QB 1i~"~1 Au~L~AL~u4~u~ QB ~n~~~~~1U~U dlu L 'Im 1 ~ L uaLrn~ , 
d ' ~ " 0 Au~L~AL~u1~u~ Q

1 
~~~1 ~~n11n1~1u~u~ Q2 ua~ Q 5 

Q
3 

1.1nr'h1~'1H.m .. , 
n1~1UL~11~l1~unU 0

1 
LU~~u~ Q

3 
~~11~L~~~ 0.7 V 

~u~~~1tl~~n11n1~1u~o~ Q
3 

uR~ Q4 1~ , 

L "1tuua1£J~u 1"inn 

I 
OI " 0 C» \J 

LUu~~1n Q
4 

UR~ Qs ~~n11n1~1u n1~uun Y ~~Ru£J~1 ~"1£JA11" 

l1A11"~1UTI1UL~~~uULTIL1Uu<Theventn>"u~n~u~~~1tln1~uun Y nA1uUU~ 
~111~ 4-B a1tlu1n11~1~ ~ ~1~iuan1u~A11"~1un1uL~~~uu~~"1n LLA~~ , . .. 
l1L~u DISABLE ~~TI1~L~1 A ~~LflUAl.llU~u~1,~1"n~~~uTil~uun y L\tnuu ,. 
n1~uun1"~unu1~~1Ln~n1£JlULR£Jn1~uun~~auu~11~ 

a1tlu~1n1~uun1u1tl 4- 19 Lnuuuu s a1.11u~ ~1 a~ uR~~u£J~1 
v .. 

A~o----Y A -f>- Y 

D ISABLE~ 
A --1>-Y 

D ISABLE~ 

< n > ( '1J ) 

1tl 4-20 LL~un1~~11n s a1.11u~ <n>1~~1La"uU'llu~~1n~uu1 <'1!> 
v 

!i"' '9 ., .,., !i"' '9 
~~RnltCU L~~~11n'l!u~~1nRu~1 <A>~~~nltCU L~~~iin'llu~ 

uiih i.Ju{ 

CLog\c symbol> 

itl 4-2on Ln1nu1~~1~1n~u~1 s an1u~ Lriu DISABLE ~1 a1~~~u .. 
1~~1LLR~1~~1n1~1uLflu~1n~UU1fi11"~1 Lriu DISABLE A~ a1~~~~1~ ~1TI1~ 

" 
uun Y ~u~~1 1"~unu1~~1n1£JLu 

.1 ~ !I ., ' 9 ., " ., iu 4-20'1! Luu~~~nltCU L~~~11n'llu~~1n~u'lt1 3 an1u~ 
v 

~~L~v{ 3 ~U,Uti <Three -s tat e bu~~ e r) 

~1nn11tliuu1~n11uunuuu~1L~A1"11naf1~~~L~u4 3 an 1 u~ ~ 
• 

.!I"' s " ~~~nHra L~~~11n~~1u 4- 20A 
v 

74365 Lnuu~L~u4 3 An1u~ s 1~~11u~~L~~1 
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I 

LL1mClni~UTITI 4 

1 1u1u 4-4 n11~un1~L~1~~~1u~u~"1un~11A11"~1~Ant~u~n1A~ 1 u1iJ ~ ~ v 
I U II ., ( Clll lJ Of "' .,J I 00 ( 

~nA1u"~1~1UTI1U 4 LALu~" LnuUTI~~"~ "L~U~ 0. 7 v TI~nA1u"u"~ L~ u1 

- Lu~~u~ Q 1 n1"11n1~LL~~~~L~u{~ra~~un1~L~1~~~1 u ~u~ ~ nA1 Ln 11~ A11" 
~1~An~~u~n1A~1u1iJu1~~~~un~ 5.2 5 v A11"~1un1u 4 LAlu~"u1~nA1 ~1 

v 

~~1~n~ 3,28 LAlu~" n1~U~~~~L~u{Lun1fil'~~LflULn 1 1 1 
2 uiJuL51~~u~ 74soo ~~LlluLn11~L~u~u~~uu~uuu1~1iJ~uu 

.I II ( 1 "'~ (J~Jl1.lll a: U <ll<ll ~ I~ 3 UwULul~~u~ u~~u~~nL~ wUuU L"u~UTITIUu~"~~ 1 ~1U~~LUULTI1L~ ... 
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d 
1J1'l 1'l 5 

<DATA PROCESSSING CIRCUITS> 

..... .,, ~ ' 5.1 ~1~n~L~an~ <Multiplexer> 

n11~~~L~~n<Multiplex>~>J1t1n~n11L~unLu1~u~~~~1n~~1t1 ~ ~~ 
, uuo · c:l' ao a 110 

<Many 1nto one> ~1>J~~L~~ni!<Multiplexer>Au1~~1~17n~TI1~L~1~1U1U 

in mLv\)j't11 ~ uunTI1 ~ L 6itJ 1 L'1tJ 1-il~ryry1raA111~~ L iiunTI1~Lih1l¥1h1n!J~TI1~uun1 ;l 

rr input { 
signals 

111 control signal! 

Mui t iplex e r 
1 output 

siynal 

,. 11 5- 1 LLMH LL u 1~Vl L '1t1~111hm ~il1 ~~~ L ~~n~i'.r~ryry1ra L ii 1-S 1u1 u n 
v 

I'} lJ~ o a~ a LI u o ~ 'c:Jo " 
L 'D~ruru lCllA 1lJA>J~1U1 U m LL~U >J~cyry 1Cllutln L ~ti~ 1 ~ 1 >J~~ L ~~ni!l1Utl >Jn U>J 1 nLL lJ lJ .. .. , 
~~~~uLLlJlJ 16 uun 1 <16 to 1 Multiplexer> ~~~Til~L~l 16 n~ A11JA~ , 

Multiplexer> 
I t Q t 

11~111~A7~L7tln11 
01 II tl J"' O J: '" 0 lJ 

L~un~u~~" <Data selector> TI~ULUu~~1nll~'t11~uun~u~UuUnUU~~u~~TI1~ v v ,, 

L~.~~nLiiun 1~ Do ~~ DlS AuU~Til~Li1riL~tl~U~L'1U~~u~1u 16 u~n~u 
nn~~LuLi1't11~uun~~~uurinu~1~u~ ABCD ~Lfluil1A1UA~TI1~Lfi1 ~1uril~L~U 
v ,, 
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110 

A 8 c 0 

~ 1\17 ID ~ 
\ 

>-----l 

---1 

-
o, ~ / 

>--

>----I 

--l 
>--1 

~ 

~ 

o, 
y 

>----l 
-

r--i 

.___J J 

·E:=J \ 

o,. >-----! J 

---j 
._ ---1 J มห
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11 ., 

ABCD = 0000 

= D 
0 

ABCD = 1 1 1 1 

y DlS 

~~L~u1~11~1A1uA~~~n1~u~1~~u~~~~~n1~L~11uu,1n~~n1~uun1~ 
1 v 

1 vi nm./ 7 4 150 

1u1u s-2 1fLn~uuuuu4~u~ 1s n1~L~1 u~L'1~~Lu~uu1u1fLn~ v 

uuuuu4unu~~1~~~uun~1L~UL~u1~u L~u~u~~~~1~Ltiu~1Au~w;L~u~~u~n~ 
~u~n~Til~L~unL~u L~u ABco = 0111 n1~uun~L~Au .. 

y = D 
7 

74150 

7~ 5 - 3 u~un1wn1711~~1~D~1D' 74150 .. 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



112 

a"n11(L~~n~1 a"n11uiu~u\1~11u~""~L~~n~~~uu" 
v 

~iun~u~1uAu"~~L"u~~u\IU'1~u""~L11L~un~uLu\I 
v 

iu 5-3 uaf1\l~\1~1~ufln111~~1~u\11u~Luu4 741 50 
v 

~nfl 16 uun ~1 1 ~" s u"~ 16 ~~ 2s n1\IL~1u'1~u"" o ~" o 
,, 0 l 6 

~1 11, 13, 14 u"~ 15 A1UA"U'1 ABCD ~1 10 dlun1~uun~"~~riA1dJu , 
l'lu"~~L"u~~u\IU'1~u""~L~un ~1 9 Lflu~l~u~ ~l'11uc s tr o be> ~"~~~~1~ 

'II 

L~11ul'l1Ul'l"L~~1""~L~~n~TI1\11u~1u~~flTI1\11u ~\1Lu91111~ 5-1 Lriu~1ri1u , , 
"A1~1TI1L~~1~"~L~~n~TI1\11U1~ ~~~Ufl l \luun y ~~Lnlnu Ylu"~ ~ L"U~~ u \I 

y = D 

L~u n AuL"~TI~nll'l~fiufll'l~u\lnU ABCD ~1~l'11U"A1~\1~1~"~L~~n~ ,, 
~~1"TI1~1u n1~uun~~"fi~1u~fi~ ~uAu~1~1ri1uriA1~~ Al~u~ Asco ~~1~~ 

v ,, 

1'111"\tJJltl 

5-1 
I .. I 0 

'1111~ 911'11 \11'111'111"~,. ~ rl1'11 \I 5 -2 9111 1 \IA 1 A11"~ 1 \I 

~u~1ulliLuui 
I 

7 4.150 "' 0 
nn1~ufl 

- -------· -
Strobe 4 IJ c 0 l' 1\ .'J c u ) -----

L LL LL Vo l) l) 0 u 
L LL L H u, () I ) \) 0 
L L L 11 L o, 0 u I 0 I 
L L L llll 15, I) () I 
L I HLL T5. u u () 

I. LH L H /J, II u I 
L L llll L u, 11 I () I) ,_ L HHH /J - (I I (I 

l II L L I (j , I () u II I 
H I. I II /) ,. I) I I I 

I HI II L u, .. : ) Ii 
L llLHll fJ II I) I 
J llll L L {) IJ I) (I 

L H II L H 1) ,' () I 
L H H II L B,. () ll 
L H H H H 01 \ I I 
H xx x ' H --- - - - - - - l -.--มห
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u u 0 i: ( 
~11nn~~~1~a~L~an~ <Multiplexer 16glc > 

l~u~11un11uunuuu1~~,~~Wlu~ ~~L~"~u~~111~~1A11"~1~ 
11L11~u~n111~~1~11n ~~W1111~~1A11"~1~ 5 - 2 1~1u~Luu4 74150 

tl I 00 ' IJ 1J I 

'l'll~uun y L UA1Au"~«L"U~~u~~u"«'l11~L~1 L 'l!U 
v 

D = 0 
0 

D = 
l 

0 = 
D = = 0 '.ll 

0
115 

= 1 = o 

~u1~~1W11"1u 5-4 l~u1~1u~Luui 74150 ~1nW1111~A11"~1~ v 

11 J 

5 - 2 

C ~ ~ L 1 1 u u n LL 1J 1J 11 ) 
\ 

~~1~ 00 ~u~~«1u~u 0
1 
~unu +5v o'.ll ~u~~«1u~u 

A 8 c D 

+5 v 11 13 14 15 
B 

7 
Do 

6 
D, 

5 
D, 

24 
4 

D3 +Vee 

3 
D. 

2 
Ds 

1 
Do 

10 
D, 

74150 
y 

23 

22 
Da 

Dg 
21 

D,o 
20 

D,, 
g 

Strobe 19 
D,, 

18 
D,3 12 

GND 17 
D,. -= 16 
D,s 

-= 

1u 5-4 
" 

1i" ., 0 
i;: ' n11 Wl1"~WJL~~n"11 74150 

~ I J'1 •I ..: 
L 1.l'IH 'll'U 'U u L "H)EJ 'J 

mm Y L ~irn 

• 
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114 

1u 5-4 Lflun11uunuuua"n11~u~~1~~~L~~n~1iL~u1u~1"~111~ 
" I II I 

r\1i'111"-;;ili ~ 5-2 ~u ~~-;;i1·n111L~uu1 mm '1l11 H oii1LL~~~5u ~~ 1~~ '1 il L iiu ABC o 

= 0000 l11~Loii1 Do -;;i~nnL~un LU1U 5-4 D nr\1~1 ~~n11i y nr\1~'3 
v " 0 " 

Lriu ABCD = 0001 D ~~nnL~un ~~ D nr\1a~~~TI1Li y nr\1~1 Lriu~11~ 
t v t v 

~uu~u1u~~~u111~-;;i1n1ir\1~,~~1"~111~r11A11"~~'3 5-2 

~u~na~UU~1E~1m <Bubbles on signal lines) 

~u~n~"uriuua1~~ruru1rari1'1uunLLl~'111 ri1~uunLflu~u"~~L"u~~u'1U~ 
" v v 

fu"~ri1'3Loii1~L71L~un 1i~'1Ln~~u'1n~"uu~1 10 ~u'1l11'1uun1uiu 5-4 
v v 

n1uu'1L~~1nu1i~'1Ln~~u'1n~"uuri1'1L,J1a1~1u<~1 9> L11LA~ri11u ' 

",u,111~1~~~L~-n~-;;i~n1'31uLriua1~1u~r\1~1 u~~1~n1'31uLriua1~1unr\1a'1 
" 

L11L7~nn11n1'31u1u~"n11U11 -;;i~n1'31uLriu1~iu~~~1raL,J1~1 

~~~1~1•n~•uu~n•~1a <Universal logic circuit> 
ol c;l_ &J I U U Q C:: ( ..: 11 '1 11 d I 1u 5-4 Luu~1u~1'11'3~1~11n~u'1~1"~~L~~n~ L"u~u'1n11L~~1ri~'1 

" fu"~Lf1nr\1~1 L11~'1~u~'1a1~~uLflu~~1iri1'1uunnr\1a'3 u~~11i~1~nr\ 1 
" " ~'1L11~~~unu +5v ~~~~TI1Liri1'1uunnr\1~1 L~u1iau~A~u'1nu~111'1A1A11" .. 

B, 

SEL ECT-<t----__:1----11----11--t----..•--t--1rl--<H--i 

1U 5-5 ~1L~un~1 4 u~ <Nibble multiplexers> 
" 
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I I '.J 

0 -;,i,..,, 5 - 2 1 "' ' t "' "' tJ'llLUtJ,. 74150 U1\JA"HL,.£Jn "1\J'l,.'1,.,.nLLUUA,.tJU'ln,.11ri " 

<Universal logic circuit> L'W,.1~L11~1~11ntJtJnUUU"111\1~1A11~ 'l~\J 

74157 

A3 A 2 A, Ao 83 82 B, Bo 

Ao 2 5 11 14 3 5 10 13 

Bo SELECT 

74157 
Yo 15 

STROBE 

4 7 9 12 

B, 
YJ Y2 Y, Yo 

< n > ( 'LI ) 

1u 5 - 6 u~un1'Wn1,.11\J'll1'lltJ\J 74157 
" 

M .. D 0 

~1LaDnR1 4 U~ <Nibble multiplexers) 

Luu1\JA~\JL,.1~tJ\Jn1,.L~tJnn1\JL~1 1 ~i...-i1n 2 ~, ~\JU~«t::~l~'llu1~ 
0 

4 U'l 'J "'" 'J~ou m o o OU 'J .I O II LUn,.raUL11~1~11nL~'l1Lrl tJ nA1 4 u" ~\JLL~~\JLU,.u 5 - 5 A1TI1\JL'll1 .. 
~1£Jnu~tJ A8 A:a A, Ao LL~~\1~1'111\1Li1~n~1~~\J ~\JtJ~TI1\J'll11nu~tJ 8 3 8 2 

8 8 ~ruru1raA1UA~L1'.i£JULL '11U~1 £1 s ELECT L ~t) 1-.if L ~tJnl l';Jt:: 1i.!"11't11\ILii1111..] 1 ~ I 0 .., ..., , 

1 olol d a: ~ i V 11 .. o 
uu11nDTI'l11\JOtJn L"O SELECT ~1 Ln~LLUULLUU~ 4 '11 TI1\J'll1£J~tJ~t::TI1\11U 

l 
L'W11t::U~UU 

I 

Liiu SELECT ~'1 
" 

= A A A A 
8 2 l 0 

Ln"LLUULLUU~ 4 ~1 TI1\J'll11nu~t::~1\11U ~11,.r 
8 8 8 8 

2!I 41 l 0 
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11 6 

... QI il1 L cHJn 4 
v 

I I 

U~ li1tinuU~1UTI1~L~1 SELECT L"u SE LECT nA1~1A1TI1~L~1~1U~1unu~t: 

ti al Ill 0 .. 11.ltl al 1 QI 
11n~TITI1~uun ~1 SELECT ~~ ~1TI1~~11"u~ti 11nDTITI1~uun u~ 

Luu4 74157 ~TI1~Li1Lflu~1~1uurif11a n1~Lil1U"A1~1~fi~L~~n~~tiTI1~1U 
v 

L~u~L~1u"~1~~~1~fi~L~~n4~ti1~TI1~1u 1U 5-6~ u~~~~~n11~u1u~Luu4 
v v 

74157 ldu~mrnmrn1 15 u~~H11 ~Lwi1uTI1nuL~u1f11u~qiqpnm1~dh~1 

A 8 C 0 

11 13 14 15 
+5 v 

Do 24 
o, +5 v 

o, 
03 

o. 
10 

05 y 

0 6 

o, 741 50 

09 

Og 9 STROBE 3 

D,o 

o,, 
On 

D,3 

o,. 
12 

GND 

0,5 

-== 

11' 5-7 
v 

' 'QI,., ''al IJ 1~~1uuu~-uuu~ ~t:LTIUULTI1nU1~~1UuU~ - uu1 L"u~11~~uUTI 1 ~L~1 

x ~~~"~~Lflu1li1~~ti~A1 16 Al<X xx x = 0000 ~~ 1111) ~1~fun1~ 
8 2 l 0 

L~1 x ~n11u~1~1unA1~1 Au 0000,0001,0010,0100,0101,0110, 1000 

1 0 0 1 LL~ t: 1 0 1 0 
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n. ABCD = 0111 x x x x 
a 2 l o = 

'11· ABCD = 1001 x x x x a 2 l o = 

A· ABCD = 1111 x x x x 
a 2 l o = 

I 

n Lnu XX XX = 0011 
8 2 l 0 .. 

~~1~n1~1u n1rau Y ~~n~1~~ c~~111~ s-1> 
I 

v v 

117 

0011 

0110 

0001 

,, 

= 0110 ni1~~1~1u~~1~1 'lJ Lnu x x x x 
II 2 l 0 1 OI ' u"llLuu1 74150 

~1~iu ABCD = 1001 
I I 

0. II ta a o 
U~'llu"~ D9 ~~nnL~unLuu~~1n D ~1~~ 

v v 9 
Q I ,,, ,J ti. 01 I ~ Q ( ti 

y ~~"Al~~ n~ULUu~~1nn1~uun y "A1LUUAu"~~L"U~'llu~n1~L'lJ1 ,, 
Lrlu xax2xlx0 = 0001 at~,-u~~E~1~1u~~ABCD = 1111 DIS 

...... "' ~' 5-2 fl1flJJafl L 'Wan'D (Demultiplexers> 

m control signals 

1 Input signal Demultiplexer } " ""'"' "'"'" 

Lfl~n11~~~~~!ruA1u~"L~11u L11Aa1"11nn11~~~~1run1~L~11uu11nDLflu 
1 I 111 ~ 0 a: J' J'cw ~ruru1ruuunn1 ~ fin 1 ~i.tu ~ fl 1 u s - s L UULL u 1A11l1Afl'tlu H,. rH u 1~-;;i,-u"~'1!'1! 1 cu 

-- v 

L1i1Li:i!H 1 "'~~1ruA11JAJJ~1U1U m Lrn~)i"'~~1rutrnnLflU~1U1U n 
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.. 

11 8 

A 8 c 

~ ~ R7 
Data D 

7U 5-9 u~~4~1~~~~L~~n~ 1 uun 
v 

co> ~~nn~~Lfluiu"~~TI1~uun1~TI1~uun~u~ 
v v v 

I I 

~~~L~1"1A1UA" L~u • 
ABCO = 0000 

Oe multiplxer s > 

D 

~ 
_)-

I 
I Y, 

I 

I 
I 
I 

16 D LflUU~TI1~L~1 U~~u~~ 
'II 

I II 

~~;uu~nUAl~u~~~~').(U AB CD 

Ln~uuuuuu~~1uu~~~~~1~1u1u~ra~~~1~u ~ ~a~ • • 
nn~~1u~~TI1~uun Y

0 
~~~~1~ .. 

yo = D 

~ ' I 

L1 1~~ L~U1 1A1~u~ yo 

u~1u~n11~~1 
'II 

ABCD = 1 1 1 1 

Ln~uuuuuu~nn~1~~~a~~1~1u anLiu~1~1~a~ iu~~ o ~~n n~~1~ 
4' "' "' ,, ,, 

~~TI1~uun Y,. L~~~TI1~L~a1~~~~1~ 

Y, • = D 
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11 9 

• 

74154 

STROBE 

Data 0 

Y,a 

Y,. 

Yu Y,l 

Y,, 

GNO Y,, 

I 0 

~111~ 5-3 ~111~~1~11~~1~~u~ 74154 

Strobe Data A B c /) Yo Y, Yi Y3 Y4 Ys y~ I' 7 Ya Y9 Y10 Y11 Y12 }' IJ r,4 Yis 

L L L L L L L II II II II II H II II H II II II II II H 
L L L L L II II L II II II II II II II II II II II II II II 
L L L L II L II II L II II II II II II II II II II II II II 
L L L L II II II II II L JI II JI II II II H JI II II 11 II 
L L L 1-1 L L 1-1 JI II JI L JI II II II II II JI II H II II 
L L L II L H II II II II II L II II II II II II II II JI II 
L L L H H L II II II II II II L II II II II II II II II II 
L L L II II II II II II II II II II L II II II II II II II II 
L L II L L L II II II II II II II II L II II II II II II II 
L L II L L II II II II II II II II II II L II II II II II II 
L L H L 1-1 L H II II II H II II II II II L 11- II II II II 
L L H L H 1-1 H H H II H H H II H H II L II 1-1 II II 
L L H H L L 1-1 1-1 II H H 1-1 H H II H 1-1 II L II II II 
L L H H L H II H II II II II II II 1-1 H H II H L II 1-1 
L L l-1 II II L II II II II II II II II II II II II II II L II 
L L 1-1 II JI II II 11 II II II II II II II II II II II H II L 
L II x x x x II II II II II II II II II JI II II II II II II 
II L x x x x H II II II II II H 1-1 1-1 1-1 H II H II II II 
II H x x x x 1-1 1-1 II II 1-1 H H H II 1-1 1-1 II 1-1 1-1 II II 
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1 20 

't!l;t1 m1.f 74 t 54 • 

1u~Luu4 74154 Ltlu~1~~~~L~~n4uuu 1 uun 16 iin1,-~~'ll1'1 '31'tl 
v 

5-10 '111 11 LtiUTI1'3L~1~u"~ D '111 20 n-l 23 ~1UfUU~A1UA" ABCD '11 1 
v , 

t fl-l'll1 12 u~~ 13 fl-l 11 Ltiun~TI1'3uun y
0 

~'3 Y
1 6 

'111 9 •1ufu~1~1tl 

~'3~~TI1'31UL~ul~~ruru1ra~1L~11tl '111 24 ~1~fu v LL~~'ll1 12 ~u~'3~1U~U 
w~ CD 

~111'3 5-3 u~~'3A1A11"~~'3'llu'31u~Lu~4 74154 1~~'3Ln~Liuu1'll 
0 0 

U~A1UA" ABCD n1UU~TI1'3uun , 
II ~II Ila•~ Ill ~ ~ '"" I.Jori 

'llu'3'llu"~ L"u'llu"~TI1'3L'll1"A1~1 A1~1uTI1'3uunn~~~1 u~n1'llu"~TI1'3L'll1"A 1 
'II 'II v 

~'3 A1TI1'3uun~'3~"~~~~'31t1~1u L~u~1~1t1nA1~'3 A1TI1'3uun~'3u"~~~~nA1~'3 
,, 'II 'II ,, 

A B c D 

20 21 22 23 . 
1 

Yo 
2 

Y, 
3 

Y2 
4 

Y3 
5 

y• 
6 

Y5 
7 

Ye 

DATA 
18 B 

Y, 
74154 9 

Ye 19 
STROBE 10 

Yg 
11 

Y,o 
13 

Y,, 
14 

Y,2 
15 

Y13 
16 

Y,. 
17 

Y,6 

,-ti 5-11 u~un1~TI1'3~11n'llu'3 74154 
'II 

7tl 5-11 u~~-lu~un1~'llu'31u~Luu4 74154 
• 

TI1'3L~1 A1UA"~1U 4 U~Au ABCD n~~u"~~~nn~'3uun1tl~TI1'3uunL~u5~1u~~ 
, 'II 'II 'II 

'lluJ15nA~'3i1~u'3n~"uu'll1~1~1tlu-l~i1~~TI1'31uL~u1~fu~ruru1raL~1~"~1~1 
. vv 

n . R "' ' l.JA1~'3 = 0110 ABCD ,, 
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'lJ . R 

A R 

I 
OI I 0 

"A1fl1 

)jf'l1a -:i 
v 

I 

"' 

T 

T 

OI I 

"ri1a -:i ABCD = 
v 

OI I 

'-IA1a \I ABCD = 
'II 

SL_fL_ 18 

r, 12 13 '• DATA 

R 

T 

19 

STROBE 

1100 

1100 

A 8 C D 

Yo 

J 
Y1 

Y, 
4 

5 
Y3 

y• 
6 

Ye 

B 
Yo 

Y1 
9 

Ya 74154 
10 

11 
Y, 

Y,o 
13 

y" 
M 

Y., 
15 

Y,3 
10 

Y,. 
17 

Y,5 

n L lJ ll R LL~~ T °'' e.a:, ' 
"A1a\ll1\IAL"u~1ULn~UUUUu1 

1 2 1 

aLf11u)jA1~1 L~ll ABCD 
'II v 

0110 ~u"~TI1\IL~1~nnL~un~~1uu11n~~TI1\lllun 
'II v 

Y6 <'111 7> n1-:iuun Y ~ ~~)jan11~a-:i <~~1n~111-:i 5-3> 
l • ~ v 

II :, ~ I ( 0 '1 "1 lf f c:!. '1 lJ 
'lJ , n1 R ~1U~~ T a-:i L"u~1ULn~UUUUu7 ~~l11L~ f'IA1a\ILUU~~L~ 

'II v 

a1fl1u)jf'l1a-:i~1u 74154 1~n1-:i1u n1-:iuun Y ~ ';J~~A1a-:i 
'II l • 'II 

t OOI /JI 0: ' ( 
A l1\I R u~~ T "ri1a\ll1\IA L"ll~1ULn"UUUUll1 

. v 'II 

a1"7U~A1~1 74154 ~~TI1\11UL~u ABCD = 1100 ~~~~\I 
TI1-:iLii1~~~n~-:i1uu-:il11\luDn y

12 
<'111 14> 

v v 
5-3 fl10v~1~~ 1 ~,n 16 <1-of-16 Decoder) 

~~ 161A1~1ij~~ 1 i.r 
2 cqn~ -:i dluiimJ~ 

v v 

~~nu~7ia A~1a~u~1~~~~Lw~n~ LGa-:iu~1~E~u"~n1.:iLi1 n1.:iL~1 
v 

~Ltiu-:inf!A1UA" ABCD ~\lua~\l~\11U 5 - 13 1\l';J7~11n~L.Un~1 ··~1nufl1ia 1 
~ . v 

dot 00 t I 

';J1n 16" LW71~l11\lllllnl'l"A1a\I ';J~."LtiU\I 1 l11\l';Jlnl11\ll1\llrnfl 16 l11\l L'11U 
v 
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1 22 

A B c 0 

rD rD rD ~ 

Y, 

Y, 

LJ-
u-
u- Y,, 

u-
Y,. 

'--

7U 5 - 13 ~inu~,~~ 1 uun 16 . 
"' 
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1 2 3 

"" ( 0000 fl\I 1111) 

,, 
1 a• a• a a .a. d 1 

La"u L~U ABCD "Al 0100 111'1uun"Ala'1L~i:.1'1111'1L61~1Au y4 ~~L~U11L~'7J ,, 
~ cJ11 II ii J ~ a ~t 

4 Luu L ~'7J11An1r111~ui:.1111i:.I y fl1i:.I L ·101r.i~uu1 '1i'l'H L "Il L 1i:.1n1 '1~1u11 ";;, nufl 
q 

"Iiauuu11~n1r1Lflu11An1r1" Ltiu'1~1nn111~L~1 4 111'1 u~~111~oon i6 111~ 
1'1'0J1U~'1Ii~u~m:iri1·rnlI'111"~1crn611u~uuu 4 111'1Lllu 16 111'1" 

~1"Un~L11~~1~af1'11'1~1flu611U~ 1Vli:.i1f;r1niui1u~~Ln~LLUULLuU~ 

il'1LL~Vl'11u1u 5-13 ~'u"1n~~1.n1u~Luui 74154 ~'1f~nnu1u~u "il1nu6l 
v v 

"" o G 1 1 "'"Ao l11l: G..., " .., "o G I '}~~"~~L~~n·· L~11~11 u~~1U111'11U 6l11'1LUU~1flu6l"I~~ u~~~'"~~L~~n~ 

il'1uaV1'11i1u~u 5-2 ~1L"I11~1u~;r1(Ltiu;J1nuV1"Ii~ 1i~u111'1Li1'7Ju'1~u"~ ,, 
<'7J1 18> u~~1a~1u<'7J1 19> ~'1a1i:.1~U uaV1'11u1u 5- 14 ~1n1u 5-13 n~ ,, ,, 
111~Li1 ~sco r11ur1"1in~111'1uun Y ~A1a'1~,"~n'1n11 ~n1u«L11~~Lu~~u 

~ ,, 
1i111'1uun y U~A1~1 ~'1UL~o1iLflu1u~1"~111'1 5- 3 TI1l~LVli:.i1~~o~n~"uu 

0 

111 '11 u 

ABCD = 0 1 1 1 

A Fl C 0 

10 
DA TA 

741 54 

STROBE 
l!J 

-= 

'----~ 

2 
Yo 

J 
Y, 

Y, 
4 

Y3 
5 

Y, 
0 

y• 

B 
Ya 

Y, 
[) 

y 
10 

6 

Yo 
11 

Y,o 
13 

Y,, 
14 

Y,, 
15 

Y,3 
t G Y,. 

17 Y,
6 

'~ s-14 nl"I1~ 74154 Lflu;J1noV11ia ,, 
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1 2 4 

' 00 ' 0 

Y
7 

aJA1j)1 

i1DE1~ 5-4 1li 5-15 
" 

~1 ~~~~LflU~1~u~1U~ 1 ~1n 32 
I 0 

Lnu x nA1~1 14154 ~i 

i1 IJ .... v lJ 
~~ uUL~1~~1~u~1~~TI~~u~ 

" 
L tluc.i~ 1 l¥TI 1 Hmn 

74154 74154 

Yo 
2 

Yo 
2 . 

Y, Y, 
3 3 

19 Y, 19 Y, 
STROBE 4 STROBE 4 

18 YJ 18 Y3 
5 x DATA 5 DATA 

y• y• 
6 6 

20 Yg 20 Yg 
7 A A A 

21 Yg 21 Ya 
8 B 8 B 8 

22 Y, 
9 

22 Y, 
9 c c c 

23 Ya 
10 23 Ya 

10 
D D 

Ye 
0 

Yg 
11 11 

Y10 Y,o 
13 13 

y" Y,, 
14 14 

Y,, 
15 

Y, , 
15 

Y13 
16 

Y, 3 
16 

Y,. Y,. 
17 17 

Y,g Y,5 

1u 5-15 ni1~a1a1u~ 
" 

1un14~7~~1" L~u x ~A1a~ 741 5 4 ~iu7n~~~~~~1 ~1u ~i~au~ ~~ 
" . 

n141'UL~E4~1L~E1~"1aA11"i1TI14L~1 ABCO 1un1l~TI14uun~u~ 741 5 4 ~1 

~ 2 TI14l~TI1~~~~nA1~1 1~14~1l'U1U 5 - 15 LflU~1nu~1~~ 1 ~1n 32 
" ~ ' • I .,J ao a 1 "1 l ., ' o 

L71~~L~U11wu4n~aJTIL~aUL~" 1 U1~~7~77nuun ~TI7 1U11~~TI 1 ~ 1 'U 

L~un~n11~~1 1u1u 5-15 n1~uunnnn1~~~"A1~4 unLiun1~uun~nnn u~,~~ " , ,, ,, 
L~E4TI14L~E1~nA1~1 L71~4l~'Wu~n~"11~TI14uunnn ~ n14 L~uuun'l~nnAu 
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1 2 :; 

.,j .: I .,j1 II al .: O a I ~ " .,j m 
nf11~~1un11u11 ni~uunn fl L"u1~~1un1~1u "A1~1~1~1un1~uunnL~au~tj 

" "F\1~~ L111~~u~n""~n1~L~1~u~~1~1uua~~1~u"a~u~ 74154 ~~ 2 fl1 
" " L~u1i~~Ln~i11ui~~n1~1uLnun1~L~,"~n11~~1 

5-4 ~109~1Wi uiR L~ULa~n~n1RCBCD to decimal decoders> 

BCD rlu"1~1n Binary-coded deci~at 1i~ BCD 1~unuL"~nf1n1A 

tflv1~n~"La~n~n1A 4 fl1UnuL"~nf1n1A~t~~1 L~u L"~nf1n1A 429 L~dvu , 
L ilu1i~ iiiii 1fiil~U 

4 9 

J i 
0100 0010 1001 

~~Ldui1u~a~fl1~u~La~nf1n1A ~tjnnL~11f~ iii~ LDun~"La~n~n1A~~1 v , 

iinfl1mh~~u~ L11~tjLu~mua~nf1n1A 8,963 1iLDu1f~ii=Bii LLua~ 
1 "" ,, flfl ~ u 

8 9 6 3 

~ f 
1000 1001 0110 0011 

ll 
1000 1001 0110 0011 L'-111tji\~UU LDU~1U1UL"~ii~ii a I " 

LnvuLn1nuLa~nf1 

Sl1Aflu 8,963 

LA~u~Au"~1L~u4~uu1n ~ 1~~1U1ULa~ n:n~ LflVUUa~La~nf1n1A1i , 
~ a !!la 11 O " " j.,j,,t II .I " 111 ~ a l$ 
LUULa~ u~fl LLa1n1n11u1n"unu~"""'~nLflUua~ n"u ~LUULa~nf1n1AunA1~ 
fl1url1~L~U uua~ 0101 0111 1000 i~Lflu~1u1u ii:n~ 1iLflUL"~nf1n1A 

0101 0111 1000 

t 
5 7 8 

~ I .. I , .,j II a a m " 
~tjL~u11La~nf1n1A 578 "A1 0101 0111 1000 ~fln~u~"'~11m1un~flAu ~1 , , 
L"~ · ti:nii ~tj"fl11tad1~ 0000 n~ · 1001 F\1~"1nni1U< 1010 n~ 1111) 

l~~1"110U1"11~1u1f~ ii:n~ L~ L"'11tji1La~nf1Sl1A"fl1La~ 0 n~ 9 
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12b 

A 8 c 0 

Q ~· ru Q 
n-

-

Y, -n-
n-

I < n-
n-
n-
-

-

~ 

--

~ 

1u s-16 fl1nu~1~~ 1 ~1n t6 ,. 

t a& at 11 ' 
L~U L"u ABCD "~, 0011 n1~L~1LnflU1JlJUuU~ Ya nn , 

01 ABCD Lll~tJULflU Cll I 11 a I II 

ni~~~"~,~~ Lw11~"~uun1~uun Y. ~~"~,~~~1t1 v ,. 

1000 ni~Li1Lnfluuuuuu~ Y. ~nn1~~~nA1,~ ~~n11~n1~uun Y 8 L~t1~n1~ 
L~v1~A1~~ ~~n11~n1~uun Y., L~t1~n1~L~v1nA1~~ ,. v 

rl1L11fl11~~u1JA1~ L flu L ULli~u ~ ABCD < 0000 {) ~ 100 1 > L 11~~W1J มห
าวิท

ยา
ลัย
ราช
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1 27 

'loiLtm4 7445 

7445 

I a 
~111~ 5-4 ~111~A1A11~~1~1Ju~ 7445 

Inputs Outputs 
No. A B c D Yo Yi Y2 Y3 Y4 Y, y6 Y1 Ya Y9 
0 L L L L L H H H H H H H H H 
I L L L H H L H H H H H H H H 
2 L L H L H H L H H 1-1 H H H H 
3 L L H H H H H L H H H H H H 
4 L 1-1 L L H H H H L H H H H H 

5 L H L H H H H II H L H H H H 
6 L· H 1-1 L 1-1 H H H 1-1 H L H H H 
7 L H H H H H H H H H H L H H 
8 H L L L H 1-1 H H H H H H L H 
9 H L L H H H 1-1 H H H H H H L 

H L H L H H H H H H H H H H 
"'Cl H L H H II II H H H H 1-1 H H H 
~ H H L L H H H H H H H H H 1-1 
> H II L H H H H II II II II H II H .s H H H L H II H H H H H H ,H H 

H H H H H H H H H H H H H · H 

.,I 1l/"' ., ., ' II ., ., .I 
unun~~ ~~1n~u~1u~~Ln~uuuuuu~ ~11~~1nu~,~~~1"'" 5-16 .. 

L11~~1.n'1u=Dnnumuuui 7445 il~1tJ 5-11 ~~1~~~L~uLil!l1nu 111 16 .lu .. 
V 111 8 wlu~1~1!1~U 111 12 O~ 15 L~Un1~L~1~1U1ULa11u:Uil 111 1 n~ 7 .... 
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1 2 3 

II I 

L 1 'ULLfl 

LL~fl IJ L 'U 

ij~~n11~ 

~lOB1~ 5-5 n1-Juun~u'3~1nu~1U~ 7445 ~unu LED<Light emitting 

diode> ~IJU~fl1JL'U1U 5- 18 ~1~1~1un1uu~~~fl1ij~1 1 kQ u~~ LED u~~~ 
" fl1jju11J~'ULlJ~1'1nfl'iu11 2V ~1J1nn1~LL~Lltl~1~11rn~1'U LED 1J[U~ L U~IJLL~IJ 

7445 

Yo 2 3 4 5 6 7 B 9 
16 

Vee Y, 
2 

3 
Y2 

4 

A 
12 Y3 

y• 
6 

13 
8 

Ya 
6 

c 14 
7 

15 Ye 
D 9 

Y1 
10 

8 
Ye 

Yg 
11 

GND 

-
1u 5-18 
v 

LDuTI11Juunu~Lu~n11~~1 L11u1~111m11fl1111~11JAn~~n11Juun~~1 
• 

U1~111lU 0 V LU11~~ti«'Un1~U~~L~~~l'U LED ~u 
= C5V - 2V)/1KQ 

= 3 mA 

I 

filDB1~ 5-6 1u1u 5-18 LL~~1J~111~L~11 LED ~ln o Oil 9 ~~~111ri111L~uu 
" 1~~u1u~ LED ~~~111J ~7u ~u 

n. ABCD = 0101 
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1 29 

11. ABCD = 1001 

fl ' ABCD = 1100 

I I ..I .. '1 " 0 5 
I n L lJO ABCD = 0101 ~11 fl y & '11 LED 'W~Ofl't1 ~11a11'3 

I 
..I I .. 

ABCD 1001 LED 11 L lJO = 'W~Ofl't1 9 ~11a11 '3 
I .. 

fl . L lJO ABCD = 1100 
u 

LED nn"W~uflfllJ (flf1111'3 5-4) 
1 " 

5-5 ilnDfl~Wi•1wiui1~afl~Ua 7 a1u<Seven segment decoders> 
ol I ..: 0 '1 d 0 ~ 0 U 

LED ~t1Lu~'3Ua'3LlJOlJn11 1JUu~fl1'3 LUu'3~1nOL~nfl10Uua11111iJn1J 

1~~<Ho1e>u~L1~1na ~ 10~~u DL~nJ11uuDa111~11tl~fltl~o~w~'3'31UuuniJ1L~u 
~fl111~11wa'3'31u1iLn1n111~~ w~'3'31u~1iooniJ1(~11url1u1tl11u'3A11lJfouu~11 

" " ua'3a~1'3~~~fl~~L~un1~a11 un~L~SlJ<Gelltum> u1L~UA<Arsemtc> U~~ 
" 

\Jua\Jufa<Phosphorus> 1utJ•iJ1~~WuL'WlJ1~~11i iED Ltl~'3U~'3~ Ufl-3 L~s1 
a Q ol I ..I ~ '111 

L'W~0'3U~~~OU~1L1fl(~1'3't1'11a1iJ11olJ0'3L'WU) fluunlJ1 

il~aflu•a 7 a1u 

c n > 

II 
LI 

I 
I 

I I 

I 
_I 

I I 
I 

• 1U 5-19 fl1U~fl'3~~ 7 ~1U 
" 

;
_j 

;
/ I 

-/ 
I 

I/ 
I I 

;_/ 
_/ 

( 11) 
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1 )0 

r---------, 

U1tinuU~1E LED 7 ~1~u 8 n~ 

L11~1"11n~tiU~fl~~1Liiu~1La~1~ 

a b c d e g 

r i 

•V«• Lf t-tt-t¥tJ I I 
I I 
L---- _____ J 

• b c d , g 

<n> <~> 

1U 5-20 ~1U~fl~~a 7 a1U n. UUUUutuAi1" ~. UUUUA1nAi1" 
• 

U _j ~ O t It 0 ti I 
fl1U~fl~~a 7 N1U u1~LUU~UflUu UA11" flEU1Uu Ufln~~"fl"1flu11" 

nu<1u 5-20n> ~1uLflu~UflLLA1nAi1"i~u1uAtnA~u~nn~111"nu<1u 5-20~> . , . 
~UfluutuAi1" 1u1u 5-2on 41LDu~u~1~~1~1un1uLdu41nfln1~u~~1~a~1u • I I U 0 U II ~ I U I d, 
1ti~11~ LED Uflatifl1a~~1EflU ~U1fl~u~fl1fl1UTI1U~UuEnUA1~u~01tiU~n ~a 

. v 

~1U LED (fl1"Un~01tiU~~1~a~1U LED ~~11ti~i1~ 1 n~ 50 mA> •1~iu 
~UfluAtnfli1" 1u1u 5-20~ ~ti~u~1~~1~1un1uLdu41nfl~1n1tiu~~u1ti~i1~ 

• 
I U U 

LED LLflatifl1nU +V 
C! C! 

1u~Luu4 7446 Liiu~~~1nufl1i~uati~~~,~~1uiu~1u~fl~~a 1 ~iu 
~~D~~Ufl~D ~Ufluulufli1" uati~UfluAlnfli1" u~ati~Ufl~n1~Li1 4 ~1 <Ltiu 

11 ""S"" i '..l "" n1~L~1 u~fl> uatin1~Dun 1 ~1 <fl~UflN1U a n~ g> 

1U 5-21n u~fl~1u~Luu4 7446 ~~~11~1uiu~1u~fl~~a ,, 
UUUUAtnfli1"1~~1fl11ni~urin1E1u ,, 

1 '41u 

1tt1~ 
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7-Segmt!nt Indicator 

a b c d e g 

13 12 11 10 9 15 14 

7446 Decoder/driver 

":' ":' 

16 7 2 6 8 

. 
BCD Input 

<n> 

,11 " " " 5-21 n fl1 flufl'HH~UiU~ '111J 
• 

7446 

a 

BCD Input 

A 8 C D 

b 

7448 

Decoder/driver 

c d e 

7-Segment indicator 

-= 

( '11) 

" " " '11 fl1 rit:ifl1'M~LLa~ 'lltJ 

1 3 1 

g 

7448 

n1'1uun~~u'1n11 L~u n1'1L~11i~D~~ Lflu 0111 1'1~1J111nn1~ u <~'11~1~ 
i II 0 'J II I lj ,J al ~ '.,J · 

U~fl'1 1> ~~TI1L'M LED e,b, ua~ c ~11'1 TI'1ULUu'1~1nTI11U'D~Lflu1TI~ufl 

~•t:i11nuL"fln11~"~1Lilu~a~11fu11n~LfluLa'll 1 11u~1u~""~a 1 ~1u 
1 f~" L nfl11ii~1'11un1u L dt:i~1nfln1~LL~~ut:irl1~"M1111~1 LL~"" ~a 1 ~1u • 

ua~ 7446 ~111u 5-21n L11~1"11riL~t:in~1'11un1un1~ut:inLdt:iL~t:in1fn1~u~ 
" 

i.o,LtJa{ 7448 

~1n 111 5-21'11 'tt:i~LtJu4 7448 Lflu~1riuP11i~ua~~11~1i11~UP1u~ • 
., I 'J II .: "' of.,J II " ""2"" 'J II .:::. LTIP111" 111~1fl11nn1~Lu~1111'1JuL~uLua~un111L'1111'M~1J'Dfl L'ML1Jun111t:it:in 

fl1"~u'1n11L~U'Yl1'1L~1U~~ Lflu 0100 1'1~1fl11nn1!JLU~~~'1U1'1iu1f LED 

b,c,f ua~ g ~1111 Lflu~a~1LfLa'll 4 tl11n~uu~1u~P111~a 7 ~iu 7448 
a " II cJl) lJ 0 " I 'J ~ I U ' ""1fl1U'Yl1U'Yl L 'D~1nfln1~LL~1J11~u~n1!J Lu 'D '1fl1 '101J L 1Ju1 7 446 

~ " 
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1 .3 2 

n '"''"' { '"'°"" 

'-----v----' 
m Outputs 

,.11 5-22 ih L 1i11f~ 
" 

., . ., 
5-6 ~1L~1~Wi <Encoder> 

~1Li11i~ Lflu~1~~~Lll~~u~~~1ran1~Li1~L~Li11111iLflu~~~1ran1~ 

+5 v 

~~111 5-22 i~~TI1~Li1 n TI1~Lu 
" Lflu~~n11i1~~1~11nn1~1u ~~Lflu 

LiLflu1i~L~~n~n1~ u~1~~111~n1~ 

0 ___L_ 
--~~~~~~~~~ 

1 _L_ 
2---L_--~~~~~~~~+--

3 _J__ 
4-L---~~~~--+-~---+-

5-L-
5_L_--~~-.+-~H-~......+-+--

7 _L_ 
5---L_--~--....;+i-tt-++--+~+-

9-L-
--+-~f-+++-++-ll-4-~+-I-+--

A 8 c D มห
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ยา
ลัย
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1 J ) 

i1Lf11WQU~a~La~nAn1ftL~U~i~n,~cDectmal to BCD encoder> 

1li s-23 u~~~~1Lf11i~uli~~L~~n~n1ALtlu1i~n~~ ~~~4Ltiu~u~ ,, 
O al I " II " al O ~ 

n~~~u~ua~u A~1anuLA1u~A1u1u~u1~L~n 

c u~~ D ~~~n1~Lf1~~~11fn1~uunLtiu ,, 
ABCD = 0011 

01n~"" 5 ni~uun~~Ltlu .. 
ABCD = 0101 

u~~L~un~"" 9 ~~1~ 
'I 

ABCD = 1001 
I I 

Lnu~11~~uunn""~~~u11~1n1~uun~~~1~nu1i~u~~~~Ln~uLn1nu .... 
aloe.I IW I I ~ L ~~n~n1F1nn1nummm.1"~1 ~ ., uuL_u ~ ,, .. 

74147 74147 
11 x, Vee 

16 

12 
GND B X2 

13 
X3 

x. A 
14 

2 6 
Xa 8 

3 7 
Xe c 

4 x, D 
9 

6 x, 
10 

Xg 

<n> <~> 

1li 5-24 n u~un1~n1111~~11u~ 74147 ,, 
~ u~un1~~11n~u~1u~ 74147 มห

าวิท
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ลัย
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l ~~ s u~~ lo ~~ 13 
I U 

'111 16 fltlnlJ v 
ca 

CNC Eu"1~1n No connection> 

1U 5-24'11 u~~~1~~1'1lu~ 74147 
v 

I 

LL~~n1~uun~nn1~ ""1EJfl11"i1 74147 ~~ti1~1u Ljju~cycy1Cl4L1i1LL~~uunijfl1 

~1 fl111~ 5-5 LllUfl111~A1fl11"~1~'1lu~ 74147 ~~infl~1nfl111~U ~~~11 
i1 LDun1~L,j1 x ~~""~"A1~~ n1~uun~~""~~~ijA1~~1u~1EJ Lrlu X

9 v v 
"' I ~ 4 II 0 a I .r1.1 0 a ' "fl1fl1 't11~uun ABCD ~~LlJU LHHL n1L11U11JflL\t~1U u't11flu"~~L"Ufl~~ 

1~Lllu HLLH ~~unuL~'ll 9 LDun1~L1i1 xa ijA1~1L~EJ~A1L~E11n1~uun ABCD 

I a 
74147 fl111~ 5-5 fl111~fl1fl11"~1~'1lu~ 

Inputs Outputs 
x. Xi x) X4 Xs x6 x, Xs X9 A B c D 

H H H H H H H 1-1 1-1 1-1 H H 1-1 
x x x x x x x x L L H H L 
x x x x x x x L H L H H H 
x x x x x x L 1-1 1-1 H L L L 
x x x x x L H H 1-1 H L L H 
x x x x L H H H H H L H L 
X. x x L H H 1-1 H H H L 1-1 H 
x x L H H H H H H 1-1 1-1 L L 
x L H H H H 1-1 H H H H L H 
L H H H H H H H H H H H L 

~~Lllu LHHH ~1TI1flu"~aL"U~~~1~ HLLL ~~U't1UL~'ll 8 Lrlun1~L,j1 x7 ~1 
L~EJ~A1L~EJ1't11~uun ABCD ~u HLLL LrluU1UflL\t~1U1un1flu"~aL"U~ ~~1~ 
Lllu LHHH ~~U't1UL~'ll 7 1~EJ~~L~EJ1~uUL11~~~11i1n1~L,j1 cxl,x2, •••.• 

x.> LllUL~'ll't'l~fl1fl~~ 74147 ~~TI1~1ULnun1~L,j1L\t~1UnF11~1 Lllu~~1~n1~ 
4 U ""2"" al 0 I .r1.10 Cl ' 111 4 d 

uunL11U1\t~11~~ L"uu1fl1n1~uunu u't11flu"~~L"Ufl~~ ~L1JUL~'lln~n1An~u~ 

A~u~L,j1~1J't11~L,j1 L11L~EJn1u~ 74147 i11u~L1i11i~U1J1JL~EJ~fl1"•1~11 

CPriority encorder> LUu~~1nL~"~UL~n1~L,j1~~""~Jjf11~~ ~10fl111~ 
v 

II II a. a ' ~ tJ da I c: 411 

s-5 n1TI1~L'111 x. n~ x. "fl1fl1fl1't1"fl1"1nn~~Au x. <unuL~'ll 9 n~n1A> 

~~Lllu~1L,j11i~nuu~~1~n1~uunLllu LHHL "1un~111~i1 X
9 

~~L1i11i~nuu 
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,.1.1 5-25 
" 

I 

~108,~ s-7 ~,n,.1.1 5-25 LDun~"" 6 n1~uun ABCD ~~~~1Ln11~ v , 

L~u~i~~Tinfl1LU~TI1~L~1 , 
5-5 ~~L~TI1~uun ABCD Lflu HHHH 

..: I 11 I A ll II " 

L"un~"" 6 TI1~L~1 x. ~ua~~1E~U L~11~"~UUTI1~L~1Tin~1~~~~ , , " 
EnLiu x. ~1n~1,.1~ 5-5 ~~~u11n1~uun ABCD Lflu HLLH 

A1~u"~~L"u~~u~u~n1~uun~u LHHL ~~~~1~A1LDuLa~ 6 LuLa~n~n1~ 
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13 6 

A 

0 

0 

1 

1 

A 

y 

8 

y = AB + AB 

~11~~11~1n11~1~1u~~~1~~11~~~« L~~ A u~~ B ~, n1~~~n~~~ 

B 

0 

1 

0 

1 , 

y 

0 

1 

1 

0 
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~ " / I "".I I 
U~fl~~cy«mtm ~iHLnflLL1JlJLiln'llA«'llwilil1 <XOR> LLlJlJ 2 

" 
1tJ 5-27 .. 

II al !:! ~" '111"' I I 
TI1~L~1 L"ilL~u~cyanltCIL ~1~«nDELa"u11 TI1~Diln~~~~L~ilTI1~L~1TI1~1fl 

" .. 
II II n1~~~~a~ u~1~1~a~~~au~n1~ ~~Dn~11~nurl1~~~~i1 TI1 ~ L ~1~~flil ~ LLfln 

v • 

~1~nu~~~~1fln1~uuna~ 

A 

8 

c 
D 

v 

y 

<n> <~> 

1tJ 5-20 Lnflu1JlJLun4Aa~\Juu4 4 n1~L~1 
" . 

Ln~Len4Rai~ee4~""~in1~Lf1 <Four inputs> • 
111 5- 28 U~fl~LnflU1JlJLDn4Aa~~DD4A~1TI1~DDn1u~lJ LnflLL1JlJLun4 " . .. 

"'°.I /a " ..:. 11 11 lJ "' J. I lJ &I 111 
Aa'llwilil1Dnf11~U~ 01TI1~L~1TI~~"fl CA n~ D> f11Lnf1ATI~ 2 '11~~ ~TI1~ililn .. , 
~1Lllu~a1uLnf1~1~fln1E~TI1~ililn~1 01 A, B LL«~ c ~1 D a~ Lnf1~~11JU~~ 

~ . " 
1un1~uun~1 ~1~1~~~1un1~uuna~ Lnf1~1afln1E~~1un1~uuna~ . ~ . 

01L11iLA11~~~u1tJLflE1UTI1~L~1LU~Eu1tJLn1~Lilu1tJ1fl L11~~1~ 
f1111~A1A11"~1~ 5-7 ~~dluf1111~~~1flcyLi.J11~i1 LL~«~A1~u~TI1H~1 
~~~1U1UL«~ 1 1u ABCD Ltlu~~~1un1~uun <Y> Ltlu 1 L~UA1 ABCD 

II .,I, II 4 .. ~ I I .la 0 4 .,I 
u1n~il~TI1~L~1TI ~TI1~uunL1JU 1 Au 0001 ~~L~U11A1U"~1U1UL«~ 1 LlJUA 

A1 ABCD ~D~TI1~L~1nfl"1~1~n1~uunLtlu 1 ~u 0010 ~~~1u1uLa~ 1 Lflu~ 
I " .,I 4 Q II " I ,.l.r 

L~UnU TI1~DDnTIL1JU 1 Lnfl~1nTI1~L~1 ABCD fl~flil uU 0100,0111, 1000, 

1011,1101 LL«~ 1110 ~~nn~,~~~~1U1UL«~ 1 Lilu~~~~"fl 
~ 
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I m cl 
fl'M,. Dfl .. 

I 

Fl 
" "' Fl 

"' Fl 
I 

fl .. 
cl 
Fl 

I 

Fl .. 
I 

Fl .. 
"' fl 

"' fl 
I 

Fl .. 
I 

fl 
" "' Fl 
I 

Fl .. 
"' fl 
cl 
Fl 

I 

fl .. 

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 

0 

0 

0 

0 

1 

1 

1 

1 

c 

0 

0 

1 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

1 

D 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

0 

0 

1 

y 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

" t11L,.1 
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A ' 1 (;{ al .. 11ll ao "al 
1LA11~~1~~1~1J11 n1~uunL1JU 1 L"u1Jfl't11~L'!J1't1~ a "~1U1UL~'!J 1 LlJUA 

·nl 5-29'!1 U~fhH~cyanHrif L nflLL1J1J L un4FH~1~r:rn.f a 't11 H .fi1 .. .. 

1U 5-29A Lllu1~~1'!lu~LnflU1JtJLun4Aa1wuu4 6 n1~L-ii1ua~ 1 n1~ 
.. .. 

II a ' Lii 1 ~ al .. 1111 ao uun niL111LA11~~1~~1 ~~a11n1~uunLtJU t L~u1Jfl't11~L'!l1't1~ 6 "~1u1u 

La'!l 1 Lllu~ 1U s -29~ u~~~~cyanHrif '!lu~LOflUtJtJLun4Aa~wuu4 s n1~L'"1 .. .. 

c n > ( '!J) 

<A> <~> 

1U 5-29 L nflLLtJtJ L un4Aa:nwuu.f~a1vn1 H .fi1 .. .. 

10101 100100 01100 -

1U 5- ao LnflLLtJ1JLun4Aa:nwoui t6 n1H<fi1 .. .. 

5-8 

<Parity generators-checkers> 
a.I I Go II 0 0. ala 0 

W11flA(Even parity> ~"1!Jn~'t11~L'!J1~1U1U n 1Jfl't1"~1U1UL~'!J .. 
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L~U 110011 
" " 

oAcJ 
'Wl'UlA C Odd 

parity> ~"1~o~n1~L~141u1u n Ufln~41U1UL~~ 1 Lllu~ L~U 110001 
01 a.dd I 01 0 " Q OI OJ I 

"'W11flA L'W11~11"L~~ 1 ~1U1U 3 fl1 'W~11W1un 2 fl1u~1~ 

1111 0000 1111 0011 

1111 0000 1111 0111 
II I fl 

L~~n~n1A41u1uu1n~'W1!~~ L'W11~~L~~ 1 ~ufl1 ~iu1un~u~~'W1;~ 
" ~LW11~~L~~ 1 ~uL5~fl1 ~~Lnfl1~11n11fl11~~uU~~~1~~U01L11U~nL~~ 

n~n1A41u1u~11 ~ uunLllun~" ~ ~~ 4 fl1 ~~fl1u~1~~u'1 , 

B·bit number 

I 1 

~ 
X1 Instruction or dell bill 

9.bit number with odd parity 
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0 A a.I 
01~01LU~~1~~ <Parity generation> 

LA~u~Au"~1Lflu41~La~nin1A~~1fLA~u~n1n11 u1n au u~~ ~u ~ 
~u"~~1~ ~ url1u1u~u~L~~nin1A U1~Af ~L11~~wu11"Ufl~LAHL~"L~"~1n • • • 
C> C> ..I 0 fJ " c::. ... 0 fJ ,.,,.. ...A I .. "" " 

UflL~" LWuTI1L~LUULa~TI1fi1A~1~1UL~"TI"W11flA~1uAfl1"flu~n11 
• 

1~ 5-31 U~fl~La~nin1A 8 nfl .. 

XB = 1 

n1~uun~~n1E~~LDu g Ufl ~u 1 0100 0001 .. 

II o a.Jal a i 
TI1~uun~~TI1E"W11flA unA1~ .. 

a iifl LU~!luLDu 
~~16ln1~uunLDu 1 

0110 0001 

g ufl Lflu o 0110 0001 
~ .. 
UUAu 

I I' I 

1~~11u1~ 5-31 L~En "LA~u~~1LU~w1!~~" <Odd-parity .. 
I A C::. a.Jal W W A a 

generator> L~11~11TI1~uun 9 Ufl ~~LUU~11flAL~"u n1TI1~L~1 8 Ufl"~1 

7~~ ~~~Lfl~1n~1u~1n~u~1~~LDu 1 n11fn1~uun11""~,;~~ 1un1~fl1~~1" 
" n1TI1~L~1 8 iifllfw1;~~~~~L~~1n~1u~1n~u~1 ~~Lflu o n1Lfn1~uun~~ .. 

II A a A""" a W W "' 0 A A ,r I fJ WU U U U 

TI1!1 9 Ufl"W11flAun <n1flu~n11LA1u~n1LU~W11flA L~fl~fl1n~U~1uun> 
• 
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74180 

7~ 5-32 u~un1~~1~0~1o~ 74100 
• 
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II 

r11H'll1 n1-im:m 

I 
I ..I ..I 

H 
.. I 

~~11>.J n fl fl ~~11>.Jfl ~~11J.Jfl 

" 
,, 

x .. x ( '1118) ( 'll14) <t115> <t116> 
7 

Ch1 
0 

' 

I 

fl H L H L 

" ..I 
H L L H fl 

I 

fl L H L H 

" ..I 
L H H L A 

x H H L L 

x L L H H 

I II I 

74180 Lfl7u'201LU~~11~~"rl1'2uun 9 u~ 

1t.I 
O II .,j I ... 

u1t11 4 <n1-iLt11fl> ~unu +sv ~~t'll1 8 
II I 

< fl1H111fl > 5-88 
'II 'II 

1 U~111 '2 มห
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ราช

ภัฏ
พิบ

ูลส
งค
ราม



+ 5V 1 2 8 9 10l1d12113 

ti 
3 

Odd input 
74180 p Even Input 

I odd output 

1 s 

~ II I a o.ld 
~~uun~1nn1~fl1u~1~~u~n1~ 5-33 ~~"~,,.~ri 

x •••• x 
B 0 

L1101~~1u1~i1 1"i1~u"~n1~L~1"~,;~~~10~~~1" 
I 

.. 0 0. 

L fl,-iH01 L Ufl 
1 " " 

~11~~u1fl 9 ufl fl1"1u 5-33 ~~1~~1;~~L~"u 
• 

5-9 WU1BA11~~1~uua1ui~a81~L~&1 <Reed-only memory,ROM> 

~u1e~1uuurl1u1~oe1~L~e11~n1uu1",-o"<ROM> Lflu1o~~U,.1';,)~u"a 
" 1 " 

~1ufi1~ ~ 1 u1u L ~~nirnri ;I~" L flu~1u1 u~u L 11~1"11n 1 i1u"LLnu1 ~-;,i,-n11u1n " . 

~arim Ltiu1~LflULUfl1"~~~~U~u~U~U 
" " 

,.u~~UUL~Lu~ <Diode ROM> 
o II II d c:! o <LI '111 

~""~L,.1flu~n11~,-1~1~-..i,- n~~LnuLa~n1n1ri "~~111~ 5-9 Lu1L1 
1 

0 I d C:: .l"I II Cl 0 I d C:: ,l I 

L,.1~1fl1U~u~n~~LnULa~UL1 L,.1L7EOfl1U'MU~TILnUU11 

I II Q 111.,j <Address> L~UL,.1~u~n1,.LOUL~~ 0111 1TIUuflLfl1~ 0 

Lrt,.~ 1 1011 11~uuf'ILf'I,.~ 2 ua~~u ~ 1u 1u 5-34 
" 

"LLufl L '17~" 
, 11cl 

1000 1TILLufl 
4 °'"' ~ cl~~ d L UU1'il'MU~TI L 'D L nu 

~u"a 4 Ufl 1ufl111~ 5-9 L~uL11L~uu~i~41u~~1u'M~~ o <uuf'IL'11~ o > 
" Lf'lluriun1uu~rt';,)~~1~1u n1~uun~u~1u"~~Ltiu 

1 

= 0 1 1 1 
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0 

2 
3 

+6 v 
4 

5 

7 
6 

Ya Y2 Ys yo = 1000 

L Du L ~uuaifl411.1~ .J '11 LL 'Mil .Jt11 .J .. I 

') 'M1tlLLtlfl L fl1~fl1.J ') 

~~~1na~1ii~u11~1ula• con chip decoding> .. 
unu~~~1~aiJ14Lllu~1L~unuuflLfl1~~.J1tJ 5-34 Q~i1.J1u~1~u11~ 

" " ~ 1.J~,.()iJf11oMa1ilu1u~ ~.JjjUU1A11iJ~fl~.J11.I 5-35 n1Hi11 3 a1ri CA,B LL~~ 
" .J ~ .. 1 ·1... l: ... ... 1 .. C> ~~~.JUiJflLf11aLUUL~~n1fi1A urJ~1iJiJ ~1nUUfl1CliJfl1'Ma 1 ~1n 8 ~~ 'M 

n1.Jtlun~.J U~1UflLflluflUr111flurl1'M~~ ~1tl~1.JL~U ~1 
" 

ABC = 100 

~1n a ~~~11ia1ri ABC jjA11iJ'11~~n,~.J u~~n1.Juun~1n1uiJ~u 
" 
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14G 

LLilfl L fl'U~ 
0 C> 

uu Lua 

0 0 111 

1 1000 

2 1011 

3 1100 

4 0110 

5 1001 

6 0011 

7 1110 

y8y:3yly0 

01LU~EULLilflLfl1~LDU 
ABC 

1ilJJ~~ 11'n1 \J tltln L Du 

A 

= 0110 

= 110 

Y
8

Y
2

Y
1

Y
0 

= 0011 

8 

0 0 

0 0 

0 1 

0 

1 0 

1 0 

1 1 

1 1 

c y y y y 
II :3 l 0 

0 0 

1 0 0 0 

0 1 0 1 1 

1 1 0 0 

0 0 1 0 

1 0 0 

0 0 0 1 

1 1 1 1 0 

L11~~WlJ~1~1~1EUilflLfl1~~~1U1U n ~~~1JJ11nL~tlnUilflLfl1~~1n1ilJJ1~ 2" 

fl1LLU~\JLU1U 5-35 ~~1tlLLilflLfl1~ 3 ~1E i!iu A ' 8 LLa~ c .. 
LLilfl L fl1~~1n1ilJJ 1~ 

0 I 8 II a 
8 ~1U~U\J (2 ) n1~1EUuflLfl1~JJ 4 ~1E 

Lfl1~~1n1ilJJ1~ 16 
0 I 4 II 

~1U~U\J (2 ) ua~n1~1EUuflLfl1~ 8 ~1E 

.,I Q 9 • 
'HlJ.ITINafl L 'D ~n1'Ul1 

0 II "" I 0 "I 0 '1 II 0 <II 

La~TI1n1AlJ1\JA1\JL1En11 A1<Word> LUAuJJ~1L~u1 ~La~n1n 1 A~1u 

~1LLTIU~1~\J ~15nH1 La~n~n1A ~a~ 1\J~11u1u 5-35 LDu1uJJ~u1fl 32 .. 
n~ ~~1~\J~JJfl 8 ~1 UilflLfl1~U~a~fl1U~tl\J~~1fn1\Jtlun~1n1uJJn~u1fl 4 n~ 
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A 8 C 

ABC 

<L~En,.u"nu1~ 8X4> n1,.1~~1uL~flu~~f1~,.u"1u 5-35 LL'11innLrn~,.u"L1iu 
" 7488 256 

0 1Jfl L~U,.u"nu1~ 32X8 

74187 I 1024 
0 1Jfl Lfiu,.u"nu1~ 256X4 

7453701 2048 
0 L fiu,.mrnu1~ 512X4 1Jfl 

QI Q 0 0'1t1 0 Q 0 

~~L~U11 7488 ~1"1,.0L01JA1~U1~ 8 lJflL~ 32 A1 74187 Ln1JA1~U1~ 4 
6 

0'1t1 0 Q 0 0'1t1 0 ti ti 

lJflL~ 256 A1 u~~ 745370 ~1"110Ln1JA~ ,U1~ 4 lJflL~ 512 A1 01L11flu~ 

n1,.L~uA1~u1~ 0 ufl n,.~n11~1~~u1,.u"~u1~ 4 ufl · ~u~il1"1'1u~u1unu 
L 1iu u1 14187 ~u ~il1"1'1u~u1unu ~·~ L ~11A1~u1~ 0 ufl 1~ 25? A1 

1J1~~f~u1~LU~EUA1~Lfiu1u,.u"i~EL~"~;u~1a1~1u~1~ 
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Ya 

Ya 

yl 

·rr1JJnu~ ~Aiu 11il ~ uiu • 
L~u~~1nLnflUU~UuU~U~~1fl1ufl1u1tJ 5-35 n11fL~fl1u~U~~LDU~~ 

v 

= 

= 
= 

v 

ABC + ABC + ABC + ABC + ABC 

ABC + ABC + ABC + ABC 

ABC + ABC + ABC + ABC + ABC 

( 5- 1) 

<5-2> 

(5-3) 

y
0 

= ABC + ABC + ABC + ABC <5-4> 

~~w111EJA111111L11~11111n1~1u11unu1~~1fl11nfl111fl111~A1A1111~1~1~ 
0 cl11cl I 0 0 

~JJJJflL11L11JflUnUn1LL1n~u~fl111~A1A1111~1~ 5-10 11n1~uiln 4 
1 

I ~ ' ' n1~~u Y.• Ya• Yl ua~ Y0 ~~Luu~11n11n11u1n~~Ara~u~1~~1uuUfl-uu1 
v 

n1 ~uun y L Du 1 tlfl111~11n11 < 5-1 > y L Du 1 tlfl1~11n11 < 5-2 > Lrn~.lu ., a a 

11.l ~11n11~u~1u11nwa1EJ~Ufl~uurlnun11~~fl L11~11111nL~uL~~nin1A1ufl1 
• v 

,,~ 5-9 11lu1u11L1iuLilE11nufl111~ 5-10 1m.1iuumLuflLfl1~1i ~~L~u11 
f} lJ ' ' I 0 ol , II 

L11L~1uJJUnU1~~, UuUfl-uu1U~~unUfl111~A1A1111~1~fl11Ju1110U1 fl 

"l'DJJ~uul~"l'~O"l'JJ1~w~il~"l'ilJJ <Programmable ROM,PROM> 

U1~Af~L11L,EJn11~1u11 ~1uJJLflU1uJJ~LUflLun1~1~~1~L~U~uJJ~L~ 
v v 

fl1 on~~~~ n1~ U~ 1\JL1'f 111Jn1a1 EJ~1 ~ L ~n ') ~flurlnu 1fl 1 uflLLfl~~fl1 i~n11U L 1EJn 
v v 

II f} " I I o I 0 .. , '1 ~ tJ 

''L~1~1~LU"<Burntng in> fl1uEJ1~L~U 1u 5-35 LflJJJJ flLufln~WJJfl 32 fl1 
v 

~ al ..J 1 II ,.I '"1 '1 " <un1uuu a un1u~~un1fl~ 4 un1> LJ.Ju~~n1~u~A1~~L~1 u~~" flLuflU1~fl1 
v 

'1u1~~1 u1~fl1nnflfl~1f1~1n1~~,i~LDu111fl111A1111~u~n11~u~~L;EJu1111LLn111 
v v 

L~uLDuL1iuU~1u11~~L~ull11un1111iurl1~n111 

74S188 

74S287 

I ,.l.r " ... I 
~u uULUUfl1uEJ1~~1uJJ 

256 Ufl Lflu~1u11~u1ft s2 x s 

1024 Ufl Lflu~1u11~u1ft 256 x 4 
~ 

·7 4S 4 72 · 1 4096 Ufl L nu~1.ull~U1fl 512 x 8 

~1w1u~1u~1~1w~1~un Ai11~~1u11 ~~Lw11i~~11n111u11 
~1u11"111~1EJ~~1un11tl1~EJn~1~~1u~1u.l1~ ., 

1 

LDu~1u1u111n 1uuU1Afl~1uJJAu1~~1fl11nuLuntl1~~~~ 
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• 

u1~nou~1aLn~uuuuou~ ~~1~unu~~Ara"~•1u ~1~~1"11nd11uoo4nu~1" ., v .. ., 

A11"u1~~~~ ~~1~n1~ounLflu1u~,"~"n11u~u ~~o~n11 LL~~1o"~io~1n~Au ., 

w1o~~uuaul~w~o~w1o~<Erasable Proms,EPROM> 
1 11 ll a GI 11 

~1u"LLlJlJ~lJ ~lJ1~A1~L1anu~1u" a11~';,l1n"uaL~n<Metal-oxide-

sem i conductor fl e 1 d-effect tra.ns i stars, MOS FET > ~1 ~~1"11n~uiirn~ 
v v 

1~1~an111~i~~L~Uu"1~<Ultraviolet light> ~iun1~uu1~1~'llu~~11o~ 
0 , 11 0 1 al G 111 II , II U 1•1 GI 0 al II LI 9 .. I II ni ~u1~~nLnu 1nnn1~~u ~~~1a~1 u 0~1u"~u~n~u~1a1~~Luuu"1~';,)~~u~ 

, v , • 

no~oon"1~1~1~~1nou~~~~~u1~nu~u~~~u~1an1~LL~1~~, ~~1"~o~no~oun 
d 1" "i-;,i1n1~~,n~u ~ 

5~10"1-Hu1~ 1mi~n1 ~~1un11oumLuu L ~ui!nmmLLuu~~~~~ .nu 1il~1" 
~o~n11u~1~~1iw1o"u~o~11i41u1u"1n';,)~1f11~~1u~~~10"~,"~uunuuu1i 

5-10 w1a <Programmable array logic, PAL> 
• > 

w1~Lfluun1'llu~1~-;,i1~11nuuu1111un1"1~Lflu1u~~1L~a1~~uun~uu1il 
v 

LI LI 0 d' 111 
u11~~"n11n11u1n~~Ara ~~n11n11Ara~~u1nLL~~1~';,)1~11n~1"~~L~~n~Lu1 1 , v v 

Churned 
in> -;,i~1fr.rnAra"~ 

v .. 
C. ll ,J~ I LI I 1 ., ~ 4 0 'J II O 

~iu ~u~ ABC n~ ABC n~u~uoanun11~0 ~Lu~~~Luu~~n•L~Ln~1~~1~11n .. v 
' 1 ., I A'] II .. "" uuuuu1 ~Lu~Lu~1uLun1~uun 4 n1~Au Y

8 
n~ Y

0 

1un11~f1~~1u"'llu1~1urn~u~1~1~1u~Lflu~1u1u"1n~~Lflun11~~a1n 
M , 

II A II II ., .1 , II .1 ., , II "in ~1aLu~un1';,l~~,1~w10"~~1u 5-35 L11 ~1u 5-36 L~a u x ~1an1~ 
, v v e 

II II ~ LI ' 4 LI 0 II ' 21 <» 
L'iJ1(LLnU~1a~'¥~mtra •> LlJU~1n1uu~n1~L'il1'llD~LnmLlJ1JLLDU~ ·o~L1a~LLn1 

~i~u<Arrey>nuorl u~~~~1~~~ s n1~Li1<LtiuA11"~~~1n1un11L~au11"nu 
v 

1u~1an1~Li1L~UL~a1> L~u Ln~uuuuuu~~1u1nn1~Li1 X
6 

~u ABC •1uiu 
Ln~uuuuu4u~~~~1n1~'l111~o~n1~Li1u~1an1~ ~~u~~~n1~~1~u~~1 xs 
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( I II II 

C LL 't1Ufl1 !l~'l~nltC\L * > L UnU "ilt: L ii ti U11lJ't11 ~ L ;J1 L U~1UL11JU't11 ~ L ;J1 ~1!IL~ti1 nu 

~~~~Ln~1~i1LU1U 5-36 Ln~U1JUUDU~~'t11~L;J1LU~!JUUU~~1~1~ ~~ .. 
1 1' "i".I 11 ('I uA111 

~lJ1tJA11lJ11L11 lJ~1lJ110Lu1Un1>J't11~L~1~D~Ln~UUUUDU~ LUW1DlJ~1U ~ 

~ u ' "" .,. .t II • 'A1 II 
~1~11JLn~UU1JDD1't11~~11lJD L11~1lJ110Lu1Un1lJ't11~L~1 ~D~Ln~U1JUDD1U ~ 

t~tin11TI1~1!1~1~L·n ~ ~D~1~1D~U~~t:~1"ilt:Ldui1un1•1~u~D~Ln~UUUUDU~ 
A~~ u~un1•1~u~D~Ln~UU1JDD4~1>J11nlu1un1>JLfl ~~LtiuAra~lJ~~~D~W1DlJ , 
11')..'J O (u .,\ ') lf"l 11 U (~ II 1" 
~L~~1lJ11nn1uu~n11DD1nULWDLUL~~~~WfiWU~1U~1lJ~D~n11 ~ 
ti M 

A 8 c 

Programmable OR array 

Fixed AND array 

1\l 5-36 LA1~~~,~~D~W1DlJ .. 

n,1lu1un1lJ~,a <Programmtng a PAL> 

~1~u~n~1~~1n~1D>J Lw111:~1~~1>J11~lu1un1>Ju~1•1~u~D~Ln~uuu 
( "i" o u (u d u .I 2J 

UDU~ L~t1un1~1~u~D~Ln~UUUDD1tl~A~'t1 ~~1u 5-37 ~~u~~~W1~UUU 4 't11~ .. 
L;J1u~a: 4 't11~DDn cxs U't1Ufl1!1 •> 't11~fl1U't11~L.u1~t:Ltiu~1~L-n ~ ~U~DlJ 
~i1~~DL~D>JD~ Lu~ra~~ x uufl1un1~DDnA~~ ~1Ltiun11lu1un1>J~U~w1D>J .. . 
n11fll~en11L~1;J1~1u LtiD1~1fl~~~wdeu~1u~1>J~D~n11l~t1n1~DDn~~Lflu 

M 

' d L n~LLUUDD1fl ~'t'l 

• 
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A 

y = 
l 

y:a = 
y = 

l 

8 c v 

Fixed OR array 

Programmable ANO array 

ABCD + ABCD + ABCD + ABCD 

ABCD + ABCD + ABCD 

ABC + ABC + ABC + ABC 

' 

<5-5> 

(5-6) 

<5-7> 

Y
0 

= ABCD <5-8> 

15 1 

.0:11..I ll 0 "''"" .. L11L1~~un~~n11<5-5> ~1~U1nL11n1~u~~~~~~LUU ABCD ~~11m1 

ni~Li1~1~uu~u~1~ 5-37 1iLu1~1~~~u x,. X4 , x. u~~ x. uun Ln~ 
uumrnu~ihuu~~1in1~uunLllu ABCD 
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A 8 c D 

!?? ~ ~ [Q Fixecl OR array 

. . 
Programmable AND array 

1tl 5-38 ~1uri1~n111~1un1"~1~ 
'II 

iun1uu~L~E1nu~~~,~~~u XS UU~1En1~L~1 3 ~1En~~~", L11~ 
0 ,.. ' 0 " 1"1" " 'c:. .r " ~1"11nn1 ~Ln~UUUUuU~ ~1U1U 4 ~1UU ~ ~~~~~fiLUU~~A~~u~1u~~~"n11 v .. 

I ' d 0 111 '" 111 C:. <5-5> n11~uLn~uuuuu1~~n~~n1 ~Ln~uuuuu1~1u1n ~n1~uunLuu 

y
8 

= ABCD + ABCD + ABCD + ABCD 

1un1ua~L~e1nuL11~1"11n~~~1~ · xs ~~1LDuuun Ldu1i1~~"n11 
~u~ y

3
, Y

1 
u~~ y

0 
~1ni~ 5-38 u~~~fl~~,~ ~~~~1~ xs ~~1Lfluuun 

L~u~11~~uu~~~~u11 n1~uun y ~~1i~~~~'~,"~"n11 <5-5> fl~ <5-8> 
'II 

,,. 
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d A 9 W 
lt1ilTIGlilfl L 'D~01'1'ft1 

~,~1u1tl 5-38 LtiuL~E~~1Dri1~ u~~,~~~~flL~~n11~1~TI1~L~1 
" ~1nni1f L~U ~~UD~ ~1~ <TTL PAL> ~~~fl~1nu~iTILU~UUU~ <National 

"'&I ,, 

sewmtcoductqr corporation> ~fl~U 

10H8 10 TI1~L~1 ua~ 8 TI1~DDn Ltiu~Ufl UDU~-DD4 
16H2 6 TI1~L~1 ua~ 2 TI1~DDn Ltiu~u~ UDU~-DD4 

I II ~ 0 ' ' 14L4 14 TI1~L~1Ua~ 4 TI1~DDn LUU~Ufl UDUfl-DD1 

~nH1 H U~fl~i1~a~D~TI1~DDn~1~~~u11tl1~ L~DDri1u~n11~~~ 
" " ~nH1 L u~~~i1~a~D~TI1~DDn~1~~~u11tl1~~1U L~DDri1u~n11~~1 

" L~U 10H8 ua~ 16H2 TI1~DDn1~~1U~A1~~ L~11~i1Ltiu~1~~UflUDU~-DD{ 
. " 

a1~iu 14L4 ~~fl1~nu~1~ TI1~uunu11tl1~~1U~A1~1 LUu~~1nLDu1~~,~ 
a I II ' ' &I .'tf Cl 61 &I 61 ..I . II I &.I 

u1~nuUfl1E UDUfl-DD1-n~UH1 (~fl1naU~1TITI1~DDn~flTI1E~D~Ufl~~uU> 
~ 

~1aufln~1~~1n~1D" ~ia1~~1"11n~~1~1~~1fl11n~~1Du~n111a1~ 
d GI U '" I I i al 0 '&I , .. al II a 
LUD~~1n"~a~~ff~U~1UU1~~1LTI1UUTIU1"1DD1nu flTITI1~DDn~flTI1E ~1a"~11" 

M , ~ 

~~D~~1~~~u1"1~f1~~~~U~L~~fl11n ua~~TI1~L~1~~ 16 TI1~ 1u~m~~~1D" 

I 
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uuuilni~un~ 5 

1 1u1tl 5-2 01 ABCD = 1001 y ~~Lfluu~11 .. 
2 ~.JLLa~hln1'Hlu1'2~1 74150 1\\'1ii~>Jn111J~ULflu 

" y = ABCD + ABCD + ABCD 

fl111'2 5-11 .... ' f1111.J 5-12 ,~aLn1 

,.\ R c ~D )'J r1 Y1 Yu •\ B <... /) }' y Yi Yo 

0 () 0 0 () 0 I () 0 0 0 0 (' 0 '.' 0 
0 0 · O I I 0 I 0 0 0 (' I (\ () ·~ 1 ... 
0 0 0 0 0 0 0 0 0 I I) 0 Ll I 
0 0 1 I 0 I 0 0 0 0 I I 0 (1 0 
0 I 0 0 0 0 0 0 0 I 0 0 0 I 0 
0 I 0 I 0 0 0 0 0 I 0 I 0 1 
0 I I 0 I 0 0 0 0 I • I 0 0 0 I 
0 I I I I 0 0 0 0 I I I 0 I f) 0 
I 0 0 0 0 I 0 I I 0 0 0 I I 0 0 

0 0 I 0 0 0 I I 0 0 I I I 0 I 
0 I 0 0 0 0 0 I 0 I 0 I l I I 
0 I I 0 0 0 0 I 0 I 1 I 1 r: 
I 0 0 0 () 0 O · I I 0 0 ') l 0 
I 0 I 0 I 0 I I 0 I (J I I 
I I 0 I 0 1 () I 0 0 Q I 
I I I 0 0 I 0 I I 0 0 0 

3 ~.JL~UU1'2~1L~ 74150 4 fl1 1\\'~fl111.JA1~11>J~~,,f11>Jfl111~ 5-11 

4 fl111.J 5-12 u~~.J1i~Ln4 ~.JL~uu1.J~,1~ 74150 4 ~1 •1~iuutl~~ 
I 

La11ninJALiLtiu1iaLni 
5 1u1tl 5-11 01 ABCD = 0111 a1un1~uunL~TI1,,1uL~u~lfl1tla~u~~ 

.. .. 
I I 

Ljjualfl1tl'11 
6 1u1tl 5-15 ~)J)J~~1 x = 1 u~~ ABCD = 0111 ~~,~UTI1~1UU~~~1U .. . 
n1.Juun1mh .J1u 
7 1u1tl 5-18 L~u ABCD = 0101 n1.Juun1~u~1 

W . I • II 

a 1u1tl 5-19 chu1~uTI1~1uLtimLafl~~rnihL~11fiu1tlil .. 
n 4 '115 A 8 ~ 0 

9 1u1tl 5-23 n1~uun~~Ltiuu~11L~u n :~" 1 nnnfl 11.~>J 5 nnn~ " . .. . .. 
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d 
1..J1111 6 

A ' 1 '1~1'Tn '1RlflA,iafl'J 

CARITHMATIC CIRCUITS> 
"i" 0 ., 0 'I~" 0 d ... 
L~~n11u1Ln~"1~11~1~~1~11n n1L~L~1~~1n1~1uLn~1nun11u1n 

f} A 'Clll A ' 
~u ~~~ LUAu"~1Lflu1 ~~"~U1~AraflA1~fl1U~~fl11n <Arithmetic-logic 

~ I cl... 0 ... ... A ' 'I A I 

unit,ALU> LUU~U1~n~~n1~n1nU~1L~~~u~Au"~1Lflu1 LUUnUL11~~n~11 

o 1 11 all o 11 " 11 o a &I 

A11"~"1~~u~A111 u1n 01"nuu~u 2 nuu 11"nunuu~uun 3 nuu 

~~~~~11"L~1fiu s ~uu 1u1~uuL~~nAn1ALfL~~ 2 unu41u1uUu~u~~uu 

2 + 3 

•• + ••• = 

0 + 0 = 
0 + = 

+ 0 = 
1 + 1 = 

= 

••••• 

0 

1 

1 

10 

5 

C6-t>, C6-2) U~~ C6-3> 

• + • = • • 

1 + 1 = 10 

( 6- 1 ) 

(6-2) 

(6-3) 

(6-4) 
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15 6 

L ~uUu \I nun11~\J~U L \l'ri1 U 11 UU \I \J1 nuU \IL th nu 
c£, 'tml I C:. 

~u-:i-r1ua ·wnrn1u11 · "~u-:i 

" ~ I tJ ' ~ u1n UU\I LTI1n\J r1Ua TI~~U\1 11 

" 
A ala I z 

La~n~n,Rn~R,~,n~u 

n11u1 n L ~11'l ULL u 1~·-:i 'l .nnu L ~imi rnA 1fl L iiu L 6\a1nunun1 ,-u1 n L ~imr1 

11100 
+ 

11010 

? 

+ 
11010 

o - c 1ijrm~> 

I I A cl 111 
~u~1u1nA111u-:iu~TI~u\I~~ ~ 

11100 
+ 

11010 

1 o c 1,jtmfl > 

'luAf \IU1flA1 o + 1 = 1 1"tiA1TI~ 
un1~~1~~1n1111~u~~'l~~~L~u 

11100 
+ 

11010 

110 ( 1J.ii'.ITifl) 
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n1&~ 1 + o = 1 1""Tifl 
n,111"iuun1~d ~~1~~~i~JL~u 

11100 
+ 

11010 

0 1 1 0 ( Tifl 1 ) 

11100 
1" 

11010 

1 10110 

U I 0 A I 1•1" ~~98,~ 6-1 ~~U1n~,U1UL~~ 8 U~ ~~ uU 0101 0111 U~~ 0011 

~f~~~~uu~~1iL~uL~~t~~~n,~ u~1~~u1n~u 

0101 0111 
-i 

0011 0101 

? 

0101 0111 
+ 

0011 0101 

1000 1100 

57 
-+ 

35 

BC 

157 

0101 
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57 
• ·+ 

35 l. 

BC 
l • 

57H 
+ 

35H 

BCH 

~~L~~nH~ H <Hexadecimal> d]u 

u I 0 I 1 tld II II " 
~108,~ 6-2 ~~U1nL~~ 16 Ufl flu UL~1~1~nu 0000 1111 1010 1100 

0000 1 1 1 1 1010 1100 
+ 

0011 1000 0111 1 1 1 1 

0100 1000 0010 10 11 

u I 

6-3 
... I 

6-2 ~108,~ ~1nfl1u~1.:i 

<First-generation> url1.:i11 

II .J a o a 
~u1nu1nL~~n1n1A~1u1u a Ufl 

0 F A C H 
+ 

3 8 7 F H 

4 8 2 B H 

-.,, I 0 Cll 

fl1u~1.:in11n1.:i1uAu 

4,012 
+ 

14,463 

18,475 
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.1 u~~" ' I 1 uflfi1 
'II 

0000 1111 1010 1100 

0011 1000 0111 1 1 1 1 

? 

1 "1 A ' .,: II ') .J 1 ,;. I 

"LA1Au"~1Lflu1~~L1"flUlJ1nLU~1U Uflfl1nuu 

1010 1100 
+ 

0111 1111 

1 0010 1011 

0000 1111 
+ 

0011 1000 

0100 1000 

0100 1000 0010 1011 

-+ 

~"~u~A•u'1~UL~~t~u~n1A u~~ ~~n1A ~u 4B2BH u~~ tB,475 

0 0 = 
1 - 0 = 

= 
10 - = 

0 

1 

0 

1 

<6-5) 

(6-6) 

(6-7) 

(6-8) 
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• • • = • 
II A ti ~II Cllll O c!t1 
nou~u~o~nou~uoon~u~nou~~L~~onou~u~u~nou 

0 A ..la I ~ 0 "' II I I <II U 
017~U~,U1UL~11TI1fl,FlTI11Fl,11,n~un,n,7~UL~Un1~oun1 L~UL~~1nu 

-.iTU1'UL UL ~11Tif1SnFl n,7ij11~1nun1~S'Hfo~1~cyinnn-hrh 1fi L ~u~1 L ~'U L ~'U 
1101 

..11., .. Tl ~Flu 

1010 

'? 

1101 

1010 

1 

1010 

10-1 = 1 

1001 

1010 

1 1 

• 

... 

1 o < Fh7111 > i;rn~u 
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200~ 

125~ 

0 1 ,,. 
Fl 'Hl1 >J '<ii Tl !I Fl v 

1001 

1010 

0011 

C8H 

7DH 

1100 

0 1 1 1 

> 1100 

:> 0111 

1000 

1101 

? 

~,~i~uun1~~un1~~1~ 

1100 1000 

0111 1101 

0100 1011 

iu1~uuLa~1~~~n,F1 '<il~L~~a~~~ 
C8H 

7DH 

48H 

1G1 

1000 

1101 
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162 

... al.. "" 6-3 La~n1n,An~LA10~W~,g <Sign magnitude numbers> 

L11~~~1orl1~1, L~ufu"~~~~A1U1nU~~~u ~1~0U~OL11~~~0~~1 ,. 
~Ufl~~1u11~~~i1~1~~1n1~Am~~,~~iorl1~1, ~~,,~1A1~ULUL~~n~n1A 1~ 
Un -1, -2, -3 LflU~U 

0 ,.J "Ol')ll~ ... 

L11~~U1L~~~U~u~L~~TI~fi1AL~~1U~1L~,,~~L~LUUL~~~U~u~TI1fi1A 

A a ..:. .,l O 1 Ilea o I O lJ ') 11 ~ a 
1ttwu~nn1 flAOUu~~~U1fl~u~L~~~1U1UUU ~ Ct,2,3, ••• ) L~LUUL~~TI1fi1A 

" 0 al " " 0 lJ ..,. ..... .l 1" U~1L~~LA1u~~~,E~U~,~~U1L~~~1U1UUU LflE1fiU~~ flL~~ -1, -2 u~~ - 3 

Lflu -001, -010 u~~-011 L11~n~~L~L~~ 0 UTIULA~~~~~1E + u~~L~~ 1 

unuLA~o~~"1a - LflEL~11Lfluu~~orl~1ano~fl ~~~u~~Li11i~L~~ -001, 
• v ~ 

-010 u~~ -011 Lflu 1001, 1010 u~~ 1011 

+7 

-16 

+25 

-128 

0000 0111 

1001 0000 

0000 0000 0001 1001 

1000 0000 1000 0000 

u .. ' 1UAOJlllaL~U~ Ct's Complement> 

1uAo"~~L"u~ Lflu~~~1~1n1in1~Li1u~~~n~~1u1~~1~11n~~1~~1 
n~ui1 ~~1U 6-1 ~~ 4 U~~u~TI1~uun1~~~LflUlUAu~~~L"U~ ,. 
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II II .. 

rl1T11 '3 L 'll1Ail 

x x:a x x • l 0 

.... .... ,,. 
1 UA iJJJ'WaLJJUflAiJ 

x x xl x • 2 0 

.... I .... .... ' fl1ilE1'31UAilJJ~aLJJUfl 

1110 

0011 1111 0000 

.. ' TlAi>JNa L 111Lfl 
" 

= 

= 

1000 

0111 

1010 > 0101 

1100 _ __:::>~ 0001 

0110 > 1100 

0011 

0000 1111 

= .... .... ' 1UAilJJ'WaLJJUfl + 1 

1011 --->~ 0100 .... .. ' ( 1 UA t:UJ'W iH JJ Ufl > 

0100 + 1 ----..,>~ 0 101 

d - u LA~0~1101~~tiBtiT1,~ <Odometer> 

1G3 

1001 

II ''°' al .. OU C> ~ 0 ~ I 0 
0110EUflJJLA1il'3JJil1~1tiEtiTI1'3 ~U~Uiln~aLUULa'llTI1fi1A~'3LLrtatiUfl~ti 

"La'll O nu 1 n1TinUrtLflu 0 WJJ~nill1Lflun11L~JJ~ULW"W~viL~rt<Reset> 
. ~ 

L1l~tiLfLA~v'3Dt>i~1tia~TI1'3t>~u1a~~ '1u1uu1n ua~ au 'llv'3La'llTI~n1A 
'I 1 4j° 0 ' I 1•1.r ~ ol'°' a I I OU LU JJLA1AiJJJ'W1LfliJ1 Viv uULUUn11Lu1EULTIEUn11il1UnvUUatiWa'3~1nn11 
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1G4 

f 000 ( -8) 

1001 (-7) 

1010 (-6) 

1011 (-5) 

1100 <-4) 

1101 C-3> 

1110 (-2) 

1111 (-1) 

0000 0 
d II 

L 'HlflU 

0001 ( + 1) 

0010 <+2> 

0011 <+3) 

0100 <+4> 

0101 <+S> 

0110 <+6) 

0111 <+7) 

d d U I 111 CO I d 
L"u~1u~1~1~E~n1~u1u ~ 1101 ~"1Eo~1~E~n1~ 3 n". nuuL1" 

II I ~ II - · I 
fl\l 1110 ~"1En~1~E~n1~ 2 n". nuuL'""u 1111 ~u1~~~n1~ 1 n". nuu 
L~"flu n1L~~u~1~1~a~n1~rl1u1~ 0001 u~~~n~LDu1~a~n1~~~~~1nL~"~u 
1 n". 0010 ~u1~E~TI1~~i~L~"~UU~1 2 n". u~~ 0011 Lllu1~E~TI1~n1a 

fl,-), "rluu" 

1000 1001 1010 1011 1100 1101 1110 1111 0000 0001 0010 0011 0100 0191 0110 0111 

-8 -7 -6 -5 -4' -3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7 

• 
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~~Alfl"1i« L~'ll 0 LflULA~u~~"1EUTIU~~n1LUf1<0 r igin> ~1U1UL~'llU1nuri 
1 .. 

I 

n1~'l111DuL~'ll~uurin1~~1aDu ~~n11rl1uLA7u~ifl1ta~n1~ LL~fl~LnaunuL~'ll .. 
u1nu~~~uiun~n1A L'liu 1000 iunin1ALnau1~nu -a 1001 LLnUL~'ll -7 

LL~~ 1010 UTIU -6 L~UL'liuU1th~mJ .., 

n11rl1uLA~u~ifl1~atn1~iu1u 6-2 uuniwL11n11u11~~LfiuL~'llu1n 
v 

u~~~u11'lu1"iA1Au"~L1uflu4ori1~11 " al " 'I ,,., .. ..: 
fl1L~'ll'llu~LA1u~1fl1~E~TI1~L~1ftJAflTI 

cl1firuLLn L ,, 2 ori 1 ~"1oori1,BL1niifl~iiuacl1ficu"1n~~fl~ ~ ori~1 u11 aDoLmu LA~ iH 
~ ~ , . 

U"1E iflEL~'ll 0 UTIULA~u~U"1E - U~~L~'ll 1 UTIULA~u~U"1E + U1~n11~ 
~u~ ~1u1uL~'ll~uiu1u 6-2 ii~1Ln1nunAo"~~L"u~'llu~~1u1uL~'llu1n iu1u 

.. ")/ 1""J .. .. 
LflE1nu ~~Lnfl flfl~U 

'llU1fl C Magnitude> u1n 

1 0001 l l l l 

2 0010 l l 10 

3 0011 1 l 0 l 

4 0100 1100 

5 0101 l 0 l l 

6 0110 1010 

7 • 0 l l 1 1001 

8 1000 

" 0 " EnL1U~1U1U~flTI1E 
1 

~ .. ..: •• ..: al 0 ~ .. 

UUAu011TIL11~~Lu~EULA1u~U"1E'llu~L~'llTI1n1A ~1n + LUU - ~1u 

~1n - Lflu + n1~n11~ifla~1nAu"~~L"u~ 'llu~L~'llnin1A~n1~ufl"1i~ L'liu 

+ 3 

- 3 

-W1u - 3 

.. 
0011 

1101 

---> 1101 
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16 6 

+ 3 0011 

S"ftl 
" ~u1uCLnu~in~A11~~~1Lrle1~un11unu~1enAu"~~L"u~ 

" 
1 ufl~iium~1firu"1n~"~-H1eiiu dluiifl~uun1fn11uilHA~u'3~"1eFiu o LLnu 

w ... 
I I 

LA1u'3~).11E + u~~ 1 UTIULA1u'3~"1E -
2 ~1U1UL~~u1n~~uriLU1ULA~u'3~).11EU~~~U1~fl1"~u 1 

" " 
3 

0 1') .I Cl ' II ~1U1UL~~~u ~~uELU1u~u'3TIAu"~~L"Ufl~u'3~u 2 ,, ,, ,, 
4 Lnu~1TIAu"~~L"U~~u'3~1U1UL~~1~ ~~n1LfLn~n11LU~EULA~u'3~"1E ,, 
LflUfl1'3~1" 

• 

I a ' 0 I 1"' I ~ L11~1A1TIAu"~~L"Ufl~u'3L~~~1U1Ufl1'3 ~ ~uE1'311~L11~1nfl111'3 ,, 
1un1A~u1n 2 ~'3u"~'3~1u1uL~~n~n1A 1"~"n1A n1n1A 1u1u~u'3LA~u'3 ,, 

~1~8,~ s-s ~'3L~fl111'3n1A~u1n 2 Lu~euA1~u1uU 
n 123, -48 u~~ -93 LfL~UL~~1"~"n1A 

Cl ' I O 
~~L"Ufl~u'3Ufl~~~1U1U 

n1n1A u~~~1nAu"-
v 

~ 0111 0111, 1110 1000 u~~ 1001 0100 1fdluL~~1"-
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n + 23 -->+ 17H 

- 48 ~DOH 

- . 93 ~A3H 

- 23 ~ E9H 

+ 48 ~ 30H 

+ 93 --->- 5DH 

'II 0111 0111 

1110 1000 

1001 0100 

---=>~ 0001 0111 

-->~ 1101 0000 

-~> .... 1010 0011 

> 1110 1001 

-~ 0011 0000 

> 0101 1101 

> 77H ~+119 

> E8H > -24 

> 94H > -108 

1000 1001 ---> 89H -~ -119 

0001 1000 > 18H -->,,.. +24 

0110 1100 > 6CH > +108 

~1n~111~n1AC.Ju1n 2 ~~~~Ln~~u11 L~ul~LA~u~nu1~,~~~n1~'11u1~ 0 

1 II o .J a ( 1 11 .. 

~~ fl~1u1uLa'llu1na~a~ n~~~1nAu"~aL"u~ ~Au +127 
v .. ti 

~1UaU~u -128 lun1ra~LA~u~1~1~~~n1~"'11U1~ 4 U~ 

~~L~U~1 -19,750 11LUAu"~1L~u4iu1U'llu~fl1La'lJ 
v 

nAu"~~L"U~L~"~u~LLu~L~1a 2000 iwi~La'l1La~~n1A L~U~u"a~ 
ti ti 

La'll -19,750 u~uun'lluu~1~'llu~~111~1un1AC.Ju1n 2 LwL11n~u1u 
v 

~fl1AC.Ju1n 1 LflOLU~~ul~LfluLa'llnin1A~~1~ 
ti . 

19, 750 ~ 4D26H ~ 0100 1101 0010 -0110 

a ( O J 9 1 II I " 
L11~1TIAu"W~L"U~'llu~~1U1UU ~~~~ ~A1LUU~U 

ti 

1011 0010 1101 1001 + 1 = 1011 0010 1101 1010 
~ .. UUAu 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



1Ge 

- 19,750 

L11L~~EuLuLfluL~'llL"~"n1A ~~1~ 
= 1011 0010 1101 1010 

1011 0010 1101 1010 = B2DAH 

~~1EA11"'1'llu~1"LA1Au"~1Lflu41uu~~~Uu~L~1" 
"~1~ 1 111~ n1Lflu1"LA1Au"~1Lflu{'llU1~ 16 
" ' ' G 0. G 2 1uf1 L~ELf111fl"-un11 02 LL~~111m11Ln11 DA 
~, u~~ · 1u~"~u~L;uu~L~,"~"~fi~1~~~« 

2000 

2001 

" v " 

.r 0 L umn L ~'lln1n1A 

1 1 0 1 

1011 

1010 

0010 

n11u1n <Addition> 

.. 
L'1ult1L~'llL"~"n1A 

DA 
B2 

~~11m1n11111nL~'llnin1A L~ELnLA~u~"u1~1~E~n1~ 4 n1& Au 
.. "o ll1 o 1111., n1m l LllU~1U1U111nTl~A """flL11~~111n +83 u~~ +16 L'll1~1EnU ~1nfl1 

" ~ 

+83 -->~ 0101 0011 

+16 -->~ 0001 0000 

L~o111nnu~~1~ 
83 

+ 
16 

99 

0101 0011 
1-

0001 0000 

0110 0011 
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1i~~LnJ1~1L11u1nnuun1~oun1 ~~~1~LfiuL~~n1n1A~o 0110 0011 

J1111~n1A~u1n 2 LU~auLfiu1~~~n1A 1~ 63H 

.. 0 clo al GI I I 0 do a& Q 

n~m 2 ~1U1UTI"LA1u~~"1au1n"A1"1nn11'iil1U1UTI"LA1u~~"1a - ~""JlL11 
1 

~~u1n + 125 ua~ - 68 L~1~1anu 'iil1nJ1111~n1A~u1n 2 ~~1.; 

+125 > 0111 1101 

-68 > 1011 1101 
• 

0 ' 1 •• 0 I ,f I 0 II 0 ..J 1 ••" d 
AO"W1LJ101~~ uU1L01L~~L~~1U"1~1n~U1aA11"~1 LL~1U1~~ uh~1~~1Lna1 

125 + 
-68 

57 

0111 1101 
+ 

1011 1100 

1 0011 1001 0011 . 1001 

L ~a1rfo1 ~~1ACUJlf11aJl{~ij 8 UJl L 11'iil~ 1iJau1 ~;J1nflihafln1a~oriL 'ULLn1~ L rh 
• 1 • 

~~~LU0~~1nLA~o~Do1fl1~a~n1~ ~~i~La~nin1A~1u1u a ufl ~~1"7uinu;J1 
'II 

. nfl;J1~fln1a LD01~~01~~ a L'"~ui~" ~~1"~1"11n~~;J1nfllu~~,~~o~ 9 
1 ..: 1 o a II .,j .,j " .1..1 O I} .e: 

<L'U0~~1n ""1~~01~n 9 n~~1un11nfl> L11~1"11n~~LuaauLa~n1n1A Ln 

LfluLa~1a~an1A La~nf1n1A LflhL~J1111~n1A~u1n 2 

0011 1001-----:> 39H 

39H ~ +57 
• o ala al a 1 11 t o c:Ja ~ 

n~m a ~1U1UTI"LA1u~~"1au1n"A1UOEn11~1U1'UTI"LA1u~~"1h~U 

L11~~u1n +37 u~~ -115 L~1~1anu~1nJ1111~n1A~u1n 2 ~~1~ 

+37 > 0010 0101 

-115 > 1000 1101 

L slmnnnu~~ 1.i 
+37 

+ 
-115 

- 78 

0010 0101 
+ 

1000 1101 

1011 0010 
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170 

... '1 " ... A 1nnnu Lflfl.:JU 

1011 0010 -->~ B2H 

B2H > -78 

-43 -· --:>~ 1101 0101 . 

-78 

-43 

-78 

-->~ 1011 0010 

.... 1101 0101 
t-

1011 0010 

-121 1 1000 0111 

.. 
L 111 

• 

1000 0111 

L11L~U1fl1Tiflfl1~flTI1E"1Afl LUv.:i~1n1.:J~1TI1.:JAra~~,~~4~1~7uL~1J 8 n~ ~~ , 
'1• ... al11 ... ll .. .,. """'" L"Ev"1UL~1JU01TILn1 fl.:JUU~~L~~vL~a.:J 8 u~ fl.:JU 

1000 0111 ~ 83H 

83H ~ -121 

n,1a~ <Subtraction> 

L~a1nun11~UL~11nin1A Lflai~LA~v.:inv1fl1~E~TI1.:J1JU1fl 4 n~ L11 

a1~11nu11.:i~111v.:in11u1n"1i~iun11~u1~ Lflai~1fin1.:i~~Am~~v.:i~~11~1 

~"n11 4 ~"n11~v1u~ 
83 <+16> = 
68 C-27> = 
14 C-108> = 
43 C-78> = 

a11.. .. I A 
~~TI fl1111"v11v.:ia~n11L~~111 

a~n11 (6-9) 

83 16 

68 + 27 

14 + 108 

(6-9) 

(6-10) 

( 6-11) 

-43 + 78 <6-12> 

a1~11n11~nuLflai~~111.:in1A~u1n 2 ~.:i~ 

+83 :> 0101 0011 

+16 :)l 0001 0000 

• 
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II al O '..J' 
n1L11~u + 16 uun~1n + 83 LA1u~Au"~1L~u1~~~~A1 + 16 

nAu"~~L"U~ ~ti1~~~Lfiu • 
-16 > 1111 0000. 

u " + 83 111 .. 
fl~uun11u1nirn~ Lrn~ -16 ~ti fl~~flu 

+83 0101 0011 
+ + 

-16 1 1 1 1 0000 

67 1 0100 0011 ~ 0100 

L tJ~EJUL fiuL ~'!ll1f'1S11fl 111u A 
flfl ~u 

0100 0011 > 43H 

43H > +67 

a"n11 (6-10> 

+68 > 0100 0100 

+27 > 0001 1011 
I 

68 
.. 

~~U1n1tiU11~ + U~ti .+27 Au 

68 0100 0100 
+ + 

27 0001 1 0 1 1 

95 0101 1 1 1 1 

o "' tJ"I fl ~1nA1~0UL~'!ll11S11AL ~~UL UL~'!ln~n1A 

0101 1 1 1 1 > 5FH 

5FH~ +95 

~1naim11 ( 6-11) 

+14 > 0000 1110 

-108 > 1001 0100 

+108 

~rnn11u1n~ti 1f1 
-----'>,. 0110 1100 

1 llU " flfl ~u 

0011 
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17 2 

14 
-t 

108 

122 

0000 1110 
+ 

0110 1100 

0111 1010 

. 0111 1010 -->"""" 7AH 

7AH ----;>- +122 

~10CUJn11 <6-12> 

-43 > 1101 0101 

-78 •• 1011 0010 .. ' -78 1 llU .r 
"1 'Ylfl il ll'W a L 11 'Ufl '!I il ~ flfl ~ 'U .. 

+78 > 0100 1110 

~rnn111.nn~~ 1~ 

-43 1101 0101 
+ + 

+78 0100 1110 

35 1 0010 0011 ~0010 0011 

0010 0011 ~ 23H 

23H ~ +35 

6-6 

L~uL11u1nLa'!lnin1A 2 ~1u1u L~1~1anu L11L~"~u~1n~1~"ua~1 
U 11 ..I ~ I 0 C> d'l lj a I 

Aruuoan~fl'!lu~uo1 ~~~"1aA11"11L11u1nL~'!l~1u1u 2 ufl 1~~,,,~~L1an11 .. ~ 

1~~1u1nA~~1~uu ~~u~fl~Lu1u 6-3 n1~oun~1uLnflLLUULun~fl~~~uu{ .. . 
A-----' 
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A 

0 

0 

1 

1 

1111 

1 1 1 1 

B 

0 

1 

0 

1 

0000 

0000 

= 

1 1 1 1 

1111 

AB + AB 

I 

A1Tifl 

0 

0 

0 

1 

1011 

0011 °'"' \11'HlA 
'II 

0 

1 

0 

0 

(6-13> 

A111fl = AB (6-14> 

111 •1 o ~ o. '111u A 
fl111~ 6-1 fl~1u011TI1~1U~v~1~~1 ~~L111LA11~~ flfl~U 

~ , 
a II n,-ca 1 111 H ~1 A = 0 LL~~ B = 0 

fl1~A11"Afl~v~Au~11ll L~v o 11"nu o ~~1~ o ~~A1Tifl~~Ltlu o 

= 0 = 0 

.. II 

01'&1 2 '1'11 H ~1 A = 0 LL~~ B = 1 

Ai1"Afl~u~Au~11uL~u o 11"nu 1 ~~1fl 1 ~~F11nfl Lflu o 
I = 1 Lrn ~ Fl 1 't1fl = 0 

n1'ii 3 't11 H ~1 A = 1 Lrn~ B = 0 

A11~flfl~o~Au~11u Lno 11~nu o ~~1fl 1 ~~A1nfl~~Lilu o 
I = 1 LL~~ Fl1't1fl = 0 

n'Jii 4 
II 

'1'11 H ~1 A = 1 B = 1 
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d 
6-7 1~~~U10Lfi~~tiUU <Full adder> 

.1 ~ ~ " .,.,, 1u 6-4 n u~~~1~~1u1n1~"1~uu 1~~1~11nu~1"11nu1nL~n~~ 3 
v 

U~ n1~uun~~A~" 2 n1~u~1~L~"~u~~u1nu~~A1n~ ~"n11u~UL~~Ul~1flu v 

= A XOR B XOR C (6-15> 
I 

A1n~ = AB + AC + BC <6-16> 

iun1&~~~u1n 1~1~u A XOR B XOR c u~~ A1nfl1~1~u AB + AC 
l: a I ~ ..: 0 II da I ~ 0 0 d 

+ BC L~11~~~uu~~u1n~~"A1LUU 1 L"u~1u1un1~L'U1n"A1LUU 1 "~1U1UA 

<11~n11"~,1~~> A1n~~~"A11flu 1 1nun1~1~1~~u~ 2 n,~~u11J"A11flu 1 

A 8 C 

CARRY 

SUM 

c n > 

n~i 1 n1~L~1 A = o, B = 0 

UU1A11"~~'Uu~AU~11111~ 0 u1n 

= 

" o u1nnu 

0 

A CARRY 

B FA 

C SUM 

( 'U) 

o A1n~1tlu o 
I 

A1nfl = 0 

n~i 2 n1~L~1 A = o 

UU1A11"~~'Uu~AU~111J1~ 

B = 0 u~~ C = 1 

o u1n o u1n 1 ~~1~ 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



A 

0 

0 

0 

0 

1 

1 

1 

B 

0 

0 

1 

1 

0 

0 

1 

1 

1~~1u1nL~";~uun1~1u1~ .. " 01'11 3 TII H 111 A = 0 I 

UU1F\11"~fl~u~F\U~11u1~ 
d 0 1" 

1~~1U1nLfl"1~UUTil~IU fl 

- . " 0'1lli1fln·u1 fllH ~I A = 
• 

LL U1F\1 liJflfl'!HHFlU~11 tJ1;) 

B 

0 

c 

0 

1 

0 

1 

0 

1 

0 

1 

c.rnu1n 

= 1 

u1n 

CJcrn1n 

1 I B = 
1 u1n 

= 
LLi'l~ 

1 

= 
1 

1 

I 

F\1't1fl 

1 

c 

u1n 

0 

LL~~ 

u1n 

0 

0 

0 

0 

1 

1 

LLi'l~ 

= 1 

1 

LL~~ 

c 

1 

I 

Fl., flfl 

~~1~ 
I 

Fl1't1fl 

= 1 

~~1;) 
I d 0 1" 

1~~1U1nLfliJ1~UU't11~1U fl c.rnu1n = 1 LLi'l ~ Fl I TI fl 
" II a. I cJ..f OU 

~m~UL11L~liJIO~~""~~"•eTinlFlru 
~ ~ u 

= 

0 

= 

1 

= 1 

0 

1 

1 

0 

1 

0 

0 

1 

0 

fl lt1fl L fl U 

1 

fl I Tifl L fl U 
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1 

1 

0 fl" I GI"" cl II O I 

~~11•~•uL~~aL~ULfl~1nunun1111aiJo~~o~L11~o~n11~~111 L11a1iJ11n~o1~ 

G " I II II OU d A cJ a I I .f1 II 

~1u1nLfl"1~uuu ~1~L~1fl1~nu L~ou1nL~~TI1n1F1TI"Fl'"1nn11u fl 

11.l 6-4~ uafl~n~u~11.l~L~~e"<Block diagram> ~LiLllu~~~nttd .. .. 
~u~1~~1U1nL~"1~UU ~~n't11~Ll1 A,B LL~~ c ··~iun1~Ll1 c ~~U1~Flf~ 
L1'1L•~ni1fl•TiflLl1 <Carry tn> L~u~~1n~1"1~1nLLn1~nfl1~1ni1 •1~iu มห
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n,7,~fi1niUW1A1UA~ (Controlled inverter> .. 

7U 6-5 fl1n~UU1A1UA" " , 

u "" alu uuot ~ 1d 7U 6-5 ~~~~n17A1UA"~ij~fl1n~U~1 L"vfl1n~U~1"A1fl1 A1U~~ 
" , 

~~~1uLf11u~~ a tfl l~~~11fn1~Lf1n1~~t~iu~ij~n1~~v~ 

A
7
••••••A

0 
= 0110 1110 

~~ijfl1niui1"~1~1~~1•~~~v 
y 7 •••••• y 0 = 0110 1110 

L~vfl1niui1"~,~~~~1~ 
" 

( 

L nflLL uu L vn"ll 
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CARRY S1 

s .... s 
7 0 

n,.Ju'Jn 
'I 11)1 " ' .1 .. L 11 Llt ~ru~mKUU TIU1uLL1l1Jfl11111 n~IU 

u " 

B •••• , •• B 
7 0 

s, 

A •••• A 
7 0 

17 7 

B • • • 7 

.I C) ti GI I :. .r O II cl ~ d A 

1u 6-6 LW~~111n"A1fl11~~1UTI1WU1TIL1JU1~~,.tJ1nL~~Lfl"1~1ltJ llfl B 
• 

~~1.11~nu11Lll~1t1 B
7
••••••B

0 
~~~1u~1n~11i1A11JA"L~g1~n~11A1 FA ~~ill , 

I A A 0 " "\" GI 11 ti I I 1 ••" " 
A1~1n11fl A ua~tJfl B u1"111"nu L~t111"na~un1fl~ua1~1uA1n~ ut1~un1n~ 

1 ol .!J 11 ~ I .l al "\" ~ ti .,J GI" ..! " :. " 
u'Yl1~~1tlUU1fl~LtJUL~UUL1utl ~ - L~tlL1~flU~1nUn1rt"Utl~1A~fl1~~ FA fl1 , 

~i1~u~~~~111nA1 A
0 

n11 B
0 

L~1~1t1nuu~1Lf~a111nuun~1Lilu s 0 ~fu"nu 
~~A1rtfluun11.I~~ FA ~nA1~~n11~fl11.I FA ~1~A1~~nfl11.1~~n1n11111n A n11 

" " l 
11 ti " 11 C) ti ~ II " .J I 1•• 0 I .r I Bl L~1fl1t1nuu~1Lw~auun"1L11u sl ~1u"n11~~A1rtfluun u n1~rt1L~UUflu 

1uL~utt ~ 
A I I " 

~"~fl11L11~~w1~a111n1~w11~ +125 nu -67 , 
125 u~1uiuLa~nin1A~u 0111 1101 = A

7 
•••••• A0 
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UCU'M1Atl .. 

.,I 
urnn 2 

1001 1101 8 •••• B 
7 0 = 

0111 1101· 
+ 

1011 1101 

? 

I 

0 ~ c.JcUl1'3 

0111 1101 
+ 

1011 1101 

I 

1 ~ Fl1Ylfl 

0111 1101 
+ 

1011 1101 

0 

1 + 0 + 0 = 
FA 

o ~ F\1nfl 

0111 1101 
+ 

1011 1101 
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0111 1101 
+ 

1011 1101 

0011 1010 

0111 1101 
-+ 

1011 1101 

1 0011 ·1010 

s ....... s = 0011 1010 
7 0 

0 

" .. 1 """ i A1fluUULTI~U flOU +58 UL~~TIAfl1A 

LL~t: - 67 

n,~au <Subtraction> 

~~~n~ ~Lilu1uuuu~o~n11~u~o 
" 

57 •••••• s 0 

17 9 

n11~uL11ii~~~,~~~,~~~1n~UW1A1UA"~~n1ii~1n1~oon~u~LnflLLUU 
" 1 '' ... 4 ... Cll ' .. . , Cll ... z. 

Lun~uu1 "A1LUU1UAu"W~L"Ufl~u~TI1~L~1 87 ••••• Bo U~W~Lfl~1nUUA1 

I d 4 , 4 I II • OI II d1 II .. 

~~fl1~TILUU 1 ~~LUUA1TiflL~1~u~ FA fl1U10 ~u"~TI ~Au 
v 

L~o11"~1 1 c~1nflLf1~~L"fl~1n~~~1~>Lf1~unflu1n~~o FA ~iu1n 
~~L~"LflU~1~UAu"~~L"U~ ~~•w'~~~~~1LflU~1~u~TIAu"W~L"U~~u~ B ••• v 7 
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A
7 
•••••• A 

_o + 
B 7 • • • • • • Bo 

s . . . . . . s 
7 0 

I 

1 u,-tl L a'llnin1flFlu 
.. 

82 A7 • • • • •Ao L >Ju .. 
ua~ 17 1 u,-tl L a'llnin1flFlu B • • • • • • B 

ti 
7 

~1n~ui1~fl1Ufl>J~~1~iuflu>J~~L>JU~ 'llu.:i 
~ 

A fl a 1\l~,.u~~n~1EL U1\l~,.~UL~'ll't11Sl1fl 

0101 0010 
+ 

1110 1110 

1 0100 0001 

" .: fl" u 

= 

= 
0 

B Flu 

s7 ...... so = 0100 0001 

0 ""' .. "''" fl1fluUULUULa'lln~Sl1flflu + 65 L't1EULn1nu 

+02 ua~ +17 

U I 

fl108,~ 6-8 

u1mLaarnu 

0101 0010 

0001 0001 
I I 

1110 1 1 10 
.. 

L >Juc.J~fl1 \I = 1 

,-tJ 6-7 Lflu1.:i~,-u1nL~>J,.~uu n1.:iuun<'ll1 t4>'llu.:1 7483 ~iu,-n 
v 

~.:1LiluA1nfluunu11tJ~~L~1nuA1nflL~1<'l11 1a>'l1u.:i 1403 ~i~~u.:i 1.:1~,.u~~ 
~1>J1,-nu1nu~~~uLa'llnin1AL~ 0 ufl ~,~fu 7486 ~u.:i~1n1~u1~Lilu~1n~u 
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1 8 1 

A1 Aa As A• B, Ba Bs B. A3 Ai A1 Ao 83 82 8, Bo 

SUB 

7486 .74R6 

3 8 3 B 10 6 
5 •5 v 

+6 v 
13 14 7483 7483 12 

12 1-.:1 
-L '::" 

15 2 6 9 -= 115 2 6 9 
s, Se Ss s. S3 S2 s, So 

71J 
0 u II 6-7 ffl7U1 7483 ~~~~1~1~,-1~1~~1u1nu~~~u 

ti 

.. 
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1 

2 

a .. ~ LL UU O'MflUTITI 6 

'<ilnnnLa'll 0 0 I 1 tJ.r Uflflu u 
0001 0000 

., 
0000 1000 ,n nu 

0001 1100 "' . 0000 1100 'ti nu 
0001 1000 

., 
0000 1110 Fl nu 

~ 0010 1000 nu 0011 1011 

'Ml ~~1n 1.1~allrJ4LL~1 1 "LL tJa ~ L Du L ~'lli ~~~fl1Fl 
~~u1nLa'll 16 Ufl ~u1tJU~u 
1000 0001 1100 1001 

0011 0011 0001 0111 

u~1~~utJa~~allrJ4LnuLa'll1"~"n1A 

II 

f\1 El 

ol I 1··" " 0 0 a ..: 3 ~~Uua~La'llnAfl1Flflu uULUU~1U1ULa'lln1fl1FlUUU~LFl1u~'M~1EI 

+27' -27' +80' -80 

'Ml~~1n~uL"LLtJa~ L DuL a'll1~~"n1Fl 
4 ~~utJa~41u1uLa'lln~n1F1LL~U~LFl~u~'M~1E1~u1tJULDuLa'llnAn1F1 

n 0001 1110 

,, 1000 0111 

Fl 1001 1100 

~ 0011 0001 

s La'll1"~"n1F1 41u1u~u1tJ~unu41u1uLa'lln~n1F1uuu~LFl~u~u~1E1 
u tJa ~ L llu L a'llnAn1F1 

n 8FH 
i 

'ti 3AH 

Fl 7FH 

~ FFH 

6 ~~'M1~1nFlu~lrJ~L~U~'llu~~1U1U~u1tJU .. 
n 0000 0 1 1 1 

,, 1 1 1 1 1 1 1 1 

Fl 1 1 1 1 1 1 0 1 

~ 1110 0001 
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.c::J 1.J ,.,,., 7 

~a~~aa~ <FLIP-FLOPS> 

1-1 ~a~~aa~~~~ Rs <Rs fltp-flop> 

1\J' 
" 

l 
Open f , 

an1u~ 

+Vee 

Flip-
flop 

"::' 

0 

< n > 

Output 

+ 

ovoc 

( 'ti ) 

""'' l 
an1u~ 

aifl~n~1J 1 un~mn 

+Vee 

Output 

"flip- .. 
flop 

+5 voe 

-
\J~thJ~mJ 

7-1 uUn1rif111a L fl LU~ 
~ 

II I\ a cil a '111 a ,:, 1 O 
n11~~,.L~"an1u~nLann1L~ 2 an1u~L11L1nn1~~1u11 11aLflL1J~ 

cetstable> L~u ~i'111nn~~n~n1u~L~nn1 2 an1u~ Au Lu~nuu~ ~uu~nu 
" o 1 elem ~ .I o ( o ..,, m a o cl-., t 1 ~ 

'11LL~U~TI"iJLEn 1u 7-tn ~1fl~~~TI1fl1L~"i)U"A11"~1TIU~A~an1u~uEL~UUU 

" " '1~u~1u ~un~1~~nAu"11nnai'11Lu~nu~1u~tl~ 
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~~tJ~~utJ Ltlu1~~1~L-nn1uUn~uuu1u~LflLUa "~n1u~A~~~u~~n1u~ 
L~u1u1u 1-1~ ~~1fn1~uunLilu o u;u +sv A1L~A1utt~ ~~u~~uu~~~~ ., 

O I C11 ~ .l.J ') 11 ~ 
~~~1n1~uun~u~flULu~~un11~~"u1~~~"1Luavu~n1u~Lu ~~uu~~tJ~autJ~iu 

A ,,. .I ' "" ... 0 I ~ .I ' 1 O I "' 
~1fl1~uuun1WLnV1nUA11"~1uV1~~U~ uun1WUUU U~LflLUaUfla~fl1~1"11n 

" " ~ A 111 A ... ~ 1 r::. 
LnuLa~n1n1A ~ 1 Ufl ~~uuL~un1~uun~u~~~tJ~autJLuu ov ~~u~auuTI1~1 

L~nuunu11L~uLa~~"fl11nLflu o Lu111 u~~L~uni~uunLflu +sv ~~tJ~auu 
I 

L~nuunuLa~n"fl11n 1 Lu111 
Feedback line 

v, ~o Vi 
I 

<n> 

v, • o voe Vi· +5 voe 

(~) 

v1 • +5 voe v2 • o voe 
+Vee 0-------1 

CA> 
111 7-2 1~~11u~LflLUa .. 

~ V3 

v3 • +5 voe 

ifi~11~w~tJwautJ~~,~~~~ifiuU~Auu1 ~inlui1 2 ~, "1~uuun1"nu 
" " 

~~1u 1-2n ~1v~~un1~uun~u~~1nlui1 B c INV B> uuunluL~1n1~L~1 .. 
~u~~1nlui1 A <INV A> TI1~1L~DuuLtlu~1~uuuuuunlu<Feedback line> 

~cycy1w~Ltlu1tJ1111u1~uu~~flua" 2 u~1~ Au o LL~~ t 1u~llL111i 
o = o v ua~ 1 = +s v ~1L111f v Ltlu o v - ~~n11i v Lilu o v 

l a 

fl1E n1Lu1~1EUuunluuunu~~~u~~~1~~uunu~~1tJ 7-2~ V
1 
u~~ V

9 
~~A~ ., 

Lflu 0 v ~~ULUu~~1nn1~L~1~u~~1nlui1 A ~ua~~,E~U n11in1~uun~u~ 
~in~ui1 e "A1~1 LLa~n1L11~u~1vuuunlu~~Ltlu~~n11in1~L~1~u~~1nlu 
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.... in A 
... ~ "' .. ..:e..:~ .. >JA1fl1 ~~L'MU11 v. ~~)J~01U~A.,nA1.,n'MU" Au v. = ov 

n1Lf v Lflu +5V v ~~nA1 +5V ~1tl~.,,u 
I 3 W 

II I II 7-2A ff'lflu~'1tltluU 

v, fia.,A.,Lflu +5v ~~n11f v. Lflu +5v ~"n11~ v • .... mm .. ..: ll 
>J~01U~A.,nA1" 

I 

n~u.J Flu v = +5v • 
iJ~uiJ~uu~u~,u~~u~~~iu1u 1-2n ~,>J,1n~,1uuiuu1~1~~tu 1~t1 

.. ti ~ 

'}.!J ' a ' u u U '}..IJ l: ,J al o '}II A 
L~Lnriuuuuuufl'M1uLnriuuuuu1unu ri1n~uw1 n'11L~Lnrin~~u~uL~un1L'MLnfl 

A11>J~~fl1niun11u1~t1n~~ruru1~n1"L~1 1uLU~t1u~ifl~11u~iJ~uiJ~uu~,n~n1u~ 
~ .... 

A~~'MU~1u~5n~01U~'MU~ Ln'1LLUUuu4 2 n'1.JLi'1~uLflu1~~1iJ~UiJ~uU~~1U 
• • 

7-3n ~~~.JLnriLdui1n1~Li1~~~u~n1'MUflLiLflu R u~~ s ~11~~1«L~tJU 
· L'M>i1f~1iu1~ f!.J1u 1-311 iJ~uiJ~mhrnuilnn1.,uun 2 ni~ Lflt1~11un1'MuflLf 

• 
Lflu Q LL~~ Q ~~A11Ji)" Q "Ai)>J~~L>JU~Lflu Q n1~L~,~~~i)~1Ju~iJ~uiJ~uU 
uuufn,'MuflLiLflu R u~~ s ~~L~t1niJ~uiJ~uuuuuili1 iJ~uiJ~uuuuu Rs ~~n 

£~ R NORA S 
NOR 8 

NOR 8 

<n> <11> 
1u 7-3 iJ~uiJ~uUuu4Lnfl 
ti 

R 

0 

0 

1 

s 

0 

1 

0 

1 

Q 

I G A1Li"l>J 

0 

? 

1ih U~tJULLU~~ 
d~ri 
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&I O -.01111 ,!i &I / 11 11 CJ ca fl 
L11E~A~~1nu fl11~1W1ULnflLLUUUu1 n1n1~L\11n1~LflW1un~~u~n1~ 

nfl11nLflu 1 ~til~n1~uunnfl11nLllu 0 
A I A 

~~11~1fl111~A1A11"~1~ 7-1 7-31.1 u1~nuu 
II l'jll ~- 11fl 1 TI1~L\11LLn1u1nt1u~fl111~LW R = 0 ua~ s = 0 UUAun1~L\11n~ 

~v~tlv~LnflUUUUu4nfl11nLflu 0 l~n~a~un1~uun W~UWavU~~n~n1U~A~L~" 

A I D c:{ II .I 
~""flA1n1~vunLfl"Luu Q = o n1 R = o uati s = o ~1n1u 7-31.1 , . 

Q t1v~Lnfl~1 A ~v~un1~Lf1uuu~ounlu1.1o~Lnfl~1 e ~tin~an11fn1~Lf11.10~ 

Lnfl~1Unfl11nLDu o uati o ~tiLllu~aifn1~oon Q = 1 '~u1~ounluLflu 
TI1~Lf1t1u~LnflUUUuv4~1 A '~n1~Lf1t1u~Lnfl~1Unfl11nLllu 0 LLati 1 Lllu 

l'jll a I A ca a " 
~aLwn1~uun Q = 0 ~tiLWU11 Q ~tiA~~n1UtiLfl"Au"fl11nLUU 0 

~1n1u 1-31.1 
• 

~tin~an1ifn1~Ll11.10~ 
I .,1111.fo II &I 1•• A1n fluu1rrnunau u 

00 alct11 
~""flLfl"n1~vvn Q = o L"uLW R = o uati s = 1 ~1n1u 7-31.1 , . 

" II II &I /u g II &I tfa 
Q LUUn1~L\11UUUEuunaU\lu~LnflUUUUu1fl1 B ~~n1~L\11\lu~Lnflfl1U"fl11n 

Lllu o uati 1 n1~oon~1~~u Q = Q ~~u1~ounluLllun1~Lf1~u~Lnfl 
/ u " , II II &I ,fa " .,11 Ilea uuuuv1fl1 A Luu~a wn1~Lt111.1o~Lnflfl1u"fl11nLuu o ua~ o n1~uvnn flAu 

Q = 1 (fl11nLU~EU~1n 0 Lflu 1> ~~L7En11 L~fl 
cm A I A al , II ol 

~1u~""fl11Lfl"n1~oon Q = 1 L"u ~ R = o u~~ s = 1 ~1n1u , . 
7-31.1 Q Lflun1~Lf1uuu~uunlut1u~LnflLLUUUu4~1 B n11fn1~Lf1t1u~Lnfl~1U 
a " .,11 Ilea - ' I .,11 11.f 0 II &I 1 •• " "fl11nLUU 1 Ua~ 1 ~~n f1Aun1~uun Q = 0 A1n flUU1EOUn~U uLUUn1~ 

Lf11.1o~LnflUUUUu4~1 A ~~TI1~Lf1t1u~Lnfl~1U~fl11nLllu 0 "~~ 0 Lflu~~i· 
n1~oon Q = 1 ~~L7eni1 L~fl 

3 
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Q = 0 L ~llu 

Q = 0 C~~u Q = 1> L~U 

~1111~L~11n1~oun Q = o L~uL~ R = t u~~ s = o ~in1ll 7-3~ , . 
~ II II t.1 '"' O ')II II t.I "°' Q LUUn1~L~1UUUEuunau~u~LnflUUUU01fl1 B n1L~n1~L~1~0~Lnflfl1Ullfl11n 

~ O ') II - I ~1 11.l 0 1 • • ~ II II LUU 0 ua~ 0 ~a~~n1L~n1~00n Q = 1 A1n ~UU1 uLUUn1~L~1UUUEuU 

t.1 '"' ~ II t.I "°' 4 °' O nau~O~LnflUUUUu1fl1 A ~~n1~L~1~0~Lnflfl1Ullfl11nLUU ~ ~ 1 ~~11~an1 

1wn1~oon Q = o ~~L1Eni1 1L~fl 
= t ua~ s = o ~in1ll 

• 
e n1L~n1~Li1~u~Lnfl~1 

I II 4 
~~A1iu1guun~u1~Luu 

II ,., ., lj II ., A °' ~ 
TI1~L~1~0~LOflUUUU01fl1 A ~~uun1~L~1~0~Lnflfl1U~~llfl11nLUU 1 ua~ 0 

"~an11wn1~uon Q = 0 (fl11hLU~EU~1n 1 LflU O> ~~L11L1Eni1 1L~fl 
4 un1~~n1E~o~fl111~ n1 R = 1 ua~ s = 1 ~~Lllu~n1u~~~u~ , . 

W111CForbidden> ~~L111~~11111n~~Uun1~i1~a~u~n1~uun~~"fl11nLflUu~ 
11 L~uu1~~~1~ Q = o ua~ ~ = o LUL1a1L~E1~u ~~1~~u~A•u~~uiufln 

,f II ') d .1 ... 1.1 .1~'1 II °' °' ' 4 -
a~LUu~flULUL1u~wauwauunLW Q 11Aull~aL11UflLUU Q 

64/7427 
... _ .... 

2 13 

R 

a 

111 ' ' 7-4 L0flUUUUu1 LUu1 54/7427 
• 
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~ "c$1f\C}!~fiiH ..$15noo 1 '1flu 1111'11" L .U111iH L n'1LL 1J1JTITILLu~iifl11"11'10 
~cy~1m~L~1JJ1111n1ui.i1n ~~uaoE11~uE ~ 1"1fl n11"L~L~flu~'1 a1E~U ~1u 

I &I lJ J'q 11 !i lJ 
'1un1J +V f1'1UL~~'1Ln'1~1n1'1~1UU 

00 

fi~oa,~ 7-t ~111i1uua~11n11~~11111011Ln'1u1111uu4 5411421 
• 

3 
II 

f11H111 

~1U1U 3 fl1 ~uLnu~~u~~uUU1J1J RS i)~1'1~1E ~ 

O I I 

U1JJ1'1u'11JJ 
ll 0 

L n'1't1"au11Y11 

R S 0 

. 0 0 Last 11111 

0 

0 o. 

7 ( Forbiddenl 

c n > ilru~n~ .. 
1U 7-5 ~~1J~~uUU1J1J RS 
• 

~~~n-ltdL~11'111n11011~au~~uuu1111 Rs ~111u 1-5 ~fui.in11'111111~1 
" fl11JJ~~" '111111~1f11111~711iifl1111~1Lflu11unn11n11L~~"~~ucFunction>11u11 

~~u~~ouu1111 RS 11111YIL~En~1 u~'14 ~~0~1~11n~uu<Latch> ~~u 111aL'1Ln~ 
., ... 1 ' 11~'1 1L1J1L'1u1 <Bistable muttivibretor> 

R s 0 

Last state 

n 
0 

0 0 

0 0 7 (Forbiddenl 0 

R 

' ' !i ., ' < n > LL~fl"ll L n'1LL u u~ c 11 > ~cy~mm 

,-u 1-s ~~u~~uu is 
• 
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G 
L "ilfl 

(Q = 
, 11 ll 

\HH 

ll I 

iHrt '3Fl 
!.I v 

s 

R 

(Q 

O> 

R 

= 1 LL~~ Q = O> 
II ll 

R s rlTtH Lrn~ 
I ll I a I 0 

Lrn~ s >.JFl1 fl1fl\IA 
v 

fT
-Li-

" ~ ' en> 54/7400 <~> ~~~nH<lL 

1u 1-1 u~fl~wauw~~u Rs 
ti 

~ ~ ~ 0 ~ ~ R 0 

16 

c n > n11~fl~1 

'JU' 7-8 LL~fl1 L~fl-~L~fl 4 1-l~'J 
v 
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R S 0 

0 0 Last st1t1 

0 

0 0 

1 (Forbidden! 

0 O 0 1 Forbidden 

0 " 

'! 0 

0 0 

Last state 
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0 111<\ I .., .., .., II cl 11 lJ 
n1~Tl1 ~L~~flufl1n~U~1L~1TIT11~L~1n~ 2 fl~1U 7-7 

" L~~uUW~UW~uUUUU RS fl~1U~ 7-5 1~a1~ 54/7400 <LnflUUUUUU~) ~u~ 
" II 

2 T11H~1 4 1~~1 
c'.1 I do o..I II /,. j 

u~fl~u~1~~1ann~11n~u a1"11na11~~1nLnfluuuuuu~~1uuuuuu1 

L~U 1u~Luu4 74LS279 Ltiu~u~ L~fl-~L~fl U~fl4 4 1~~1 n11~~~1U~~fl1-
11~~1A11"~·~~u~1~~1ua~~f1~1u 1-a ~~Lnflfl111~~1A11"~•~~~~u~1u~fl4 

" A " II " Q -- tJ I 11 
~u~uAa1anuwauwauuuuu Rs ~~na11"1u~1 

<Clocked RS flip-flop) 

1ufluU 7-1 n~11~~ W~UWauUUUU RS ~u~~1 ~ 1u LnflU1.JUUu41u 
ol LI ,, ol fl 0 , II , I 

1u 7-3~ a""~nULnflUUUUUU~ U1u 7-7n n~~u~~U~ ~~a Ufl111~A1A11" 
" " .. 
~; ~fl1 ~nu ~ ~ 1-U~nr~mtcifLmuil ~1u 7-5 .. " 

1u1u 7-9 ua~~Lnfluuuuou~ 2 ~1 ~ R u~~ s Ltiun1~Li1 u~~ 
v 

alJ a a 1 al 11 a a"''~ 
"~1uU1LU~ <ENABLE> uafl1~n~1~L"uTI1~L~1uU1LU~"A1fl1 Tl1~uun~u~Lnfl 

Ill .., ... I ! lJ I ~ II 1 '"' I 

LL 1.JUUuU~n ~ 2 fl1 ~~"A1fl1n ~A "''l'lt1CILT11 ~ L ~1 R LLa~ s ~~ ""~~fli)Tl1 -3 uun 
" 

Q ~o'3w~uw~ou U~fl~~CJL~~~~orl1u~n11~A~~1 
" 

s R Qn• 1 

s 0 0 a. (no changel 
s 0 

tl 0 0 

ENABLE 
0 

R li li 
R 7 llllegall 

~ .., ' I Q <n> U~Un1~1'3~1fl11n (~) "'cy~mtCJLU~~fl111~A1A11>J~1'3 

;;u~ 7-9 W~UW~uaLLU1.J RS A1U~>Jil1m~'cycy1wu1~n1 
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II 

1u~nlffiL~L~uUL11~1~11nue~cstobe> u1u1~~~~1rau1~n1cctock> , 
A1UA"Lfw~uwauu L~uiu"au1uau~u"a<L~flu1u1L~~> 1u~1~L1a11~ ~ , .. " 
L~fl1"~u~n11 w~uw~uu~u~ ~ L1en11~~u~"uULLuu RS A1UA"L~e~~~1rau1~n1 , 
<Clock RS flip-flop> ~~~aru~nttnfua~fl111~A1A11"~7~~~ 1U 7-9'!1 11 .. w 
Ji I "°' II .. °' Q .. Ji 9, ~ GI ~~Lnfl11'!lra~u"n1~L'!l1 s n1~Au R, s ua~uu1Lua'M1u~~~1rau1wn1 ~~L~eu 

~u11 CLK u"~~~Lnfl5n11n1~uun1~1~Lllu Q u~Lllu Qn•• ~~«L~11~11 
Q I d I U I ~ I I cJa Q 0 I :a 

L11~~~'<i111ra1~1~L1"1TILLflnfl1~nu~u~A1 Au ~1~L1"1nuunuU1LU"'<il~"A1fl1 

~~L~n1~uunLllu Q u"~~1~L1"1n1e'M~~'<il1n5u1Lna~~1~1u~1 ~~1fn1~ 
n 

,,9 " ....... . •• .. ..I 0 ..I .. ··"" :. ~ ~1'M1Uw"uwauu~1u"n~~n1~1u'!lra~nn1~L'!l1 CLK Lu~eu~1nfl1LUU~~ .. 
'!Ira~~ CLK iH ~nmnra R Lrn~ s ~'<il~~1UL~1LUE~LL"~i r'h1fdi~n11L~fl'M1u 

.. M M 

7L~fl L~ua~~1ra cLK n~u"~~1 ~u""u~~E~A~Fi1~u~1im"fli 1u'!Jra~~ cLK 
.. w 

d :. ,, I I ~ 

Lu"eu'<il1n~~"~fl1u ~~~~"n11fn1~L~1 R u"~ s ~~1~1 co> :a~Luu~""1 
w 

~1nLnflUUUUUU~ 2 ~1 C~1U~ 7-9n> '<il~n1Lf~n1U~'!Ju~ Q ~L1"1 n+t ~ 
" w 

~1L'M~uUL~uL1"1 n LU1~a~Lnfl11L1"1 n LlluL1"1nuu~ CLK '<il~LU~tJU'<il1n 
I fl " ..I u"" .. 0 CLK ~'3a~fl1 ua~L1a1 n+t L uL1a1n1eua'3n L "tJULL"1 

w 

s s 
Q 

CLK CLK 

a 
R R 

<n> ( '!J) 

1rl 1- to w~uw"urlLL uu A1UA"~1ea~~1rau1~n1 
I " RS 2 LLUUfl1 ~nu 

w , 

1~~1fl11n1u1u 7-ton ua~ '!l u~~'31fLCufi~~;~~,~~u~u~~;1u . .. 
n,,.~7, ~w~uwauuLL uu RS ~A1uA"L~e~ruru1rau1~n11-« 54 Ls 1 og "M1u 54Ls14 , .... 
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iboti·u 7-4 "JU 7-11 LLafl.:J"JUA~u~cycy1cun1.u;h R,S LL~~ CLK ~iluuL,'11~ 
" " " W~\JW~utluuu RS ~Fl1U~"Lfl~~'l!'l!1CUU1an1 ~.:iu3u1~~\JA~u~cycy1cun1.:iuun Q 

Time 
r1 r2 f 3 f4 t5 re t1 ta 

1 
I I I I I I I 

CLK __fl I n 
0 I I 

I 
1 I 

R I n 0 
I I 
I I 

s I n__n 
0 I I 

I I 
0 ~_J LJ 

"Jtl 7-11 

" 

L~"w~tJw~utJU~~7L~fl CQ = O> L~i) CLK n~1~.:J~L1~1 t. ~cu~u 
w~1.IW~u1.IU1"iu"~~~TI1.:11U LL~~w~llw~ull~~L~fl CQ = 1) 1unun~ R = 0 u"~ 
s = 1 LDu CLK ~A1~1~L1~1 t w~1.lw"u1.l~~i)~lu~n11~A.:l~1Au Q = 1 

2 " 
I cl I 

~1.:JL1"1 t
2
-t 8 , R U~~ S LU~~U~01U~ U~ CLK ~.:1~1 W~UW"ilU 

Fl.:1~1 Q = 1 ~1.:IL1"1 t -t CLK~.:J W~UW~ilUfluUaUu.:l~u~1 R U"~ S ~ 
• & " 

I ~ d I -., c:J I A ' ._, 

t. A1 Q ~1 n t 4 A1 Q ~~n"ua.:i n t. A1 Q = 1 ~~Lnriu~fl~ Q A.:Jfl1 
" "J~~~1.:i t.-t 7 LL~ R u"~ S ~~Ltl~~ULLtl".:1Rfl1" 

I 
I 0 Fl1fl1 

"J~~~1.:J t
7 

LL"~ t
8 

~1 Q 1~Ltl~VULLU".:I L~u.:1~10~.:I R U~~ S n 

7-a ~a~~ao~~uu D co flip-flop> 

W~l.IW"ulluuu RS nn11~.:i;Ju""L;J1av.:in1.:1Au R LL~~ s n1&LRunfl~ 
" n~1a.:i 41L~U~u.:1Lf S n~1a.:i LL"~n1&~~LRunfl~n~1~1 41L~U~u.:ilf R ~~1 

" " a.:i ~1~iun1&~v.:if1"~i) R LL~~ s n~1a.:i~fu" ~ ~u~.:i~ Lun111.l1~vn~1f 
" " " ~ C: '1 .,:., II A o,.iflll~ ,,IJq of)lla II .1 ... 1.1 .I 
.:11UL.:lilUl~'t1fli).:J~1"Ui)1~~~U1 ul~lflV "fl.:ll~ 't11l~"n11a11.:iw"uw"uuUUU 

D iu '"L~u1.:i~,.~nn1"J~.:J,ji)"~L,j1L~V.:J't11.:JL~V1 
" 
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1u 1-12 u~~tn11~f1~'W~u'Wavuuuud1g ~ ~~L•gn11~~u'Wavuuuu . .. 
o 'W~u'Wavuuuuu~~uu~nu1"1~A1 o 1un~n1~vun Q ~un11~~~~rnrn1mu1~n1 

v v 

011UuU~C)!C)!1mn1~ri11llt~gfl1 ~ L ~u c LK iif11~1 L OflUUULLVU~~ ~A 
• 

II 
~101~flU 

~ 

~~uri1u~n11~A~~1 A1~v~ o ~,~11n~~Lu~guuua~1u1~ t~a1"~wa~vf11~v~ • 
Q 1un1~fl1~nu~1~01 

'I aA I 

~1U LUn1mUA1~u~ Q 

~mi1g~v~ D Lv1ll' 
~ 

n11~f1~'W~u'Wavuuuu o ~1~11n~f1~1~~a1a~it~g~1 ~ 1u 'W~u 
~auuuuu D Lflu1~~1uuu1u~Lf1Llla~~~rnrn1mn1~L~1 D ~~nn~~~1u1u~~n1~ 

vv • 

uvn Q L~gfl1~n1a~a~~1n'u~a~~v~~'l!C)!1mu1~n1 1u 1-13 u~~~~C)!an~ 
• 

L~~fl11n~u~'W~u'Wauuuuu o 

< n > ~C)!an~'W~u'Wauuu uu o 
1U 7 - 13 'W~u'WauULL1J1J D 
• 

CLK D o.,, 

0 X o. llast state) 

0 0 
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d "' C11 I "' I II II 
L~u CLK n~u~A1~~ Q ~~1UL01A1~fln1E~u~ D L~1~1 v , 

~m~ CLK ~A1~~ A1~~n1E~o~ o ~~nnLfluL011i . , . 
03 D2 o, Do 

Clock 

D CLK D CLK D CLK D CLK 

0 0 0 0 0 0 0 0 

03 02 o, Oo 

,-tJ 7-14 
d • 0 

4 
A 

n11LnUA1~'U1fl Ufl 
" 

~~~~1nU CLK ~~iiA1~1 ~u~~n1~uun~~A~iiA1L~nu11L~~~~onnLfiuL011iu1u 
v " 

'111uLn1~ cLK ~~A~iiA1~1 *~A1~0~ o ~,~11nLt1~Eu1tJ1~ LflE1~n~~~o 
I A1tlu-l Q 

Lu~Luu4 7475 1t1 1 - 15 
" 1~~1L7En11 1u~LflLU~U~fl~ 4 Ufl 

d o.J l.l11 .11 
LOUA1nE11~U flfl1~flu~n11 

L ~u loi~u 1fl0~1.JTITIUu~iiLrnfl~U uu D 4 

011~ 7475 ~~1E ~ ~1flunu~~~1~11n มห
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( 11) 

1U 5-15 1u~LflLU~ U~fl4tn/ n11~~111 (1J) U~Ufl1~fl11n w 

<Edge triggered D flip-flop) 

u~i1u~fl4uuu o 1~1un11L~ufu"~11u~5L~nn1uUn4 u~i~~~~u~~uu 
w 

LLuu o ~n~u~wu~~1~1u1~uu~~flu~Au"u1Lflu{ ~~u~~uu~u~u~~n1~n1nuufl 
fu~~ 1u~1~L1~1~lu ~ w 

0--------l CLK D O.,, 

Jl... ~ 
CLK ~1----+-----4 

0 0 

0 x a. (last statel 

x a. (last state) 

I <> <n> U~Ufl1~1~~1 <11> fl111~A1A11~~1~ 

1u 7-16 1~~1 RC LU~Eu~n1~~~~1mu1~n1n1~Lf1 v 

1u 7-16 u~~~1~~1 RC ~n1~Lf111u~U~fl4uuu o ~u~n11uunuuu1f w 

A1A~~L1~1UuEni1A11"ni1~11u~~~~~ruru1mu1~n1 .... 
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J.nn L~u cLK "~,~~il1L~uu1~~~~u1~~1~L~11 ni1u1~~url1~11riLi1~~~ " , , , 
rh i w LiiriF11111fi1 ~~n~n1~ L '!!n (Vo 1 ta ge spike) dlu£l'l!'l!1CIUJUflLLltiUJFl-ituJil1 

II ,/. ~ S, '1 d .r O ~ fl 
fl1U'Yl1 u L 11uN'l!'Y1CU U 1'wn1wn L W~tl11\IU~~ L nriNcycy1cut1 uflLLW~11 L U'Yl1 ~ U1nLL~~fluU 

a'l!cy1cuu 1Un1in L \t~tl11~ -l ~~ L nri~'l!'l!1ClltluflLLlt~11'Yl1-l ~U ~n1t<U~ L '!iu~· L 7 t1n11 ni 1 

LU~tlu~n1'W'llu-l RC CRC Differentiation> 

~ruru1cut1 uflU W~11'Yl1-l u1nti11 w L nflLL UUULLUU~uDL UM111 ~'Wi'u11~~~ti1 -31 u 
UV ti 

ii ~~ruru1cut1uriu w~11n1 ~~u ~~ 1iaj~rnfiun11n1~fiu L mm umLuu~ ~1 t1~'l!'l!1cut1 uri 
UV , 

GI '111'1 .. C: I 'l '1Ql'1'} 'l I .11 

LL\tiUJfn .nnn L 't'IEl\J Lfln1.Jn11 L ~t>n L n'UFl1 D L U't1U't1't1U Lfl L U'!11H1~1UFl1'llt> ~ 

o u~~F1u11'W~L11u~ ~~L~1~n1-lL~1'llu-l~~u~~uu~-l~~u-l~u1\l Q L~flw1u1L~" 
" ~rin1t1~~1~ Q L\tnuu o , 
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LfL11L~un~1~1L~fl~~~1uLA~~4~~~111~L11~u~n11 n1~1L~~"~,~~~~n~~ 
" " . 

n1Lf Q Lnu l ua~01LA~E{"~1~~ ~~n1Lf Q Lnu 0 ~~~1L~flUa~LA~E4 
• 

L nuTn ~ L 1l1LL1J1J1,j L oll1~ ~~1~nu< Asychronous inputs> ~cyC}pClU1~n1 L nu 

'lJU1U'llu~~~~~"A1UL1~1A1U1uU~1~~1 01L~L~U~ruru1ClLl1A1UA111~~,~~fli)~ .. .. , 
L1~ni1Lllun1~Ll1uuuLl1~~~1~nu<Sychronous inputs> 

'llu~\J~u\J~utJLu1tJ 1-17 

I II 

L '!!U f11H 'll1 D 

. ti 

Preset 

CLK --11----+----4 

Clear 

1~~1\J~tJ\J~uUUUU D an~~1~L~~1~1Uf11UU~~~1L~UU1~~<RC> L~u~ , 
·•nn~~n11·~'l!'l!1ClU1~n1tt1111fl1 LLAlJLL~~" 

7tJ 1-1 an L ilu~cy~mtdttiH1 ~~,\J~tJ\J~uULLUU D 'liilfln1~~uil1Ettuu 
ti , 

aruCll1Clfh U \J1n aruru1Cl C LK L 1i1111 ~ ~1tJ~111 L ~~Ell L ~n ') ~ ~ LL~fl ~ i 1~Cl1Cll1ClL1i1 
uu uu w uu 

u~ dlu~uflLL~~llLLAtJ '1 il1utnn L Du~u~cy~nttdL 1iuU1f L 1i1 L-;;ii1~cycy1Cl o ~~ 
~1ULf11tJL~u1uw~tJ\J~utJ1il L~u~ruru1Cl~111n1~~uLllU'llutJttu~~ruru1Clil1uu1n 

PR 
D 0 

CLK 
0 

CLR 

< n > 

1tl 7-18 
" 

uu 1 uu 

PR 
D a 
CLK 

0 
CLR 

( 'lJ) 

acy~nttd\J~ tl\Ja utlLL \JU D 

D 0 

·cLK 
0 

CLR 

<A> 

<n>n1~~u~1E~uuu1n <~>n1~ , 
"" "" "'""' "'' flUfl1E~uU~\J <A>n1~~Ufl1E~u\JU1n ~1L~fln\JLAaE1 , , 
0 ..I ~ 

111 ~1un~rnu~~1 
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ll O f'lllO .,,\ 1111 ~ II 

u1~A1~1~~1nnn1~u~L~n1~1u L"unnn1~~u~1E~uu~u~~rnrn1w~1u 
• V , WW 

~"1EA11"11 L~uarnrn1wu1~n1~nL~~E"a~ ~u"a~~nn~~L~11tJLflu1i1u .., ., .. .. 
1-10~ iJu~na"ua~a1"L~~E"L~n ~ uun1fn11u11 iJ~tJ 

I - .,j I ~ !i~ d A 7-5 L1a1wu1~w1uL1a1na1u1~u~••11mLuu~~1nn11L~un1~ 
<Propagation delay time> 

~~1~1u~ua~n11u%aLflui 1~a1"11n~~LtJ~auan1u~~1na~1u~1 ~1v 
" n~unu1tlununnu1~ a1w1u1~Lu~~~L~aL1a11u~1~Ru ~1~~u~a1~1un11Ln~ 

~7u n~ n11u%aL~uiflL~UL~a1nu ~~flu~L~~L1a11tJ1~a~~u~a1w1un11 
LU~auan1u~~,n~1n1~ua~"~1Lflu~a~~1n1~ua w!u n~unu a1wfu1~1u~ua~ 

1 

n11u%aLflu4uuu1u1~a1i<Bipotar> L1a1~u~n11~uai~~<Switchtng> url 
" 

Lu~1~u11uiu1n<Nanosecond, t ns = to-• s> 
~ <> / ~~Ol.30I I .. .J1lJ 

L1a1~u~n11Nua1~~ Luuu~~EN1A~~u~L1a1~u1~~1uL1a1na1~1 

~ .,,\ <> !/ OI / 9 ~ I ..:fl lJfl .l.J 
~u~N~~1wLuu~~1nn11Lflun1~ N~an'l:tCIL t., ~~Luu~1~L1a1nL~Lun11LuaEu 
an1u~n1~uun~u~LOflW~uiJatJiJautJ L~U n111Ea~L~E~Lu~nu~u~iJatJiJauULLUU 

" D uun11 t = 10 ns ~"1aA11"1,~~flu~L~L1a1 10 ns n11f Q LU~~u .. 
an1u~~~~~1n o ~nn1~~u~1a~uu~~~1wu1~n1 L1a1~~1~1~u~a~~1wLUu~ 
~1nn11L~un1~~~1«ua"1n u1~1~~1"1~~a1wfu~1uu1~url1~ u~1u1~~1~flu~ 

~ II O 0. "'° g " II • I"". I. I o I"" 1 
n11A11"L11a~~~flu~A1u~n~~~u n1wauwauu" t = to ns ~"1~A11"11 " .. 
~~flu~1uLflUL1a1 10 ns nuu~n1~uun~~1tJn1~flU1~~1~U 

1 
.,,\ Cl OI ~ .I .J .J II OI · II O fl II~ .J 
LUu~~1n"~1Lnuu1~~nLnE1~u~nun1~L~1 D n1Lw~~~1w D "11on 

II ~ I ~ ~ Co I .J11 .J .3 OI ..,., 

n1~L~11~E~~u~ nuu~uu~~~1wu1~n•~~"1n~ ~1~L1a1nuuEna~N1~1un1w~~ 
1 
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I a I GI t.I GI II II 

n~11L11L1on11 ''L1~1L~10"~1" <Setup time , t > Au~u"~~u~", 
••t.u.p " 

n~nuuclru .. ru .. 1rau1~n1 LflUL1~1uE1~UuO Ln1nu t ~1uE1~L~U A"u 
--~U.D ti 

uoni1 ~~tJ~~otJuuu D ~1~~~~ t L~u 15 ns u~~~i1n~io"~"il~ 
••~u.p W 

II al d II I d )i S, al I 11 
flu~u11n~nn1~L~1 D noun~uU"'1!'1!1rau1~n1~~u11n~oo1~uoo 15 ns 

Ill U II U a d11 Q U I 

Uun~1nL1~1Lfl10"fl1U~1 o~"L1"1TI~u""~u~Ufl D ~~O~A~tJ11n~uO 
'II v 

d o , II <> ' , )i <> ' .0: .Id u I 

U1U~uTI~~TI1 ~TI11U~~Lflu1fl10 U"U~1fl~L~uLu~ou~n1u~ ~~~"i11n~1~L1~1 

,11 .1 II II .. ... .1d •• '1 ··1 ., I A .,, I u uU~1 ~u"~u~ D ~~~~Lu~OUUu~~Lu ~ ~1~L1"1UL10n11"L1~1A~~n1u~" 
" ~ .. ..ie .,j II Q 0 ~ II 

<Hold time ' thold) ~~~u1tiO~L1"1TI"UTI~~~u~""i11nUfl D ~1LUUflu~ 

tJ11nno~uu~1n~uU~u~~ru .. rn1rau1~n1"1n~ ~1uE14L~U t = 15 ns 
~ • ·~ ••t.U.D 

I II <> II al d II I II 

u"~ t = 5 ns ~"10~11"11~u""Ufl D ~~flu4u11nnnn1~L~1001~uuo hold ti ~ 

15 ns nuu~~uuclcycy1rau1Un1"i1~"1n~ Lrn~~~~4~~tJ11nDu~~u1tJ~n 5 ns 

n1mt~ 4~1n~ouclruru1rau1Un1~>.nn1~Piu~1u~u 1 tJLL~1 .. .. , 

1tl 7-19 
'II 

o-~~ '~-----'••1up I fhold I 

D 

I I ol 

CLK-~-'---'~~~i~~--~ 
I 

0 ------"'-i ,~.I 
i...:J 

0 

Time __ _..._.....___~-----
11 12 13 r4 

II d 
u~~~u""n1~oon Q TIL1~1 t

1 
~10TI1~ 

'II 

~1on1~oon Q ~~1~L"~n11Ltl~ouutl~4 
~~A~~A1LDu t Lflu~1~L1~1Lfl7a"~1 
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II 11 
1 .J 

c~ •• ~UP 'llu~"~1nn1~L'l11 D ~~~nL~uUL~1~W~tJW"ut1 nL1"1 t2 
'lluuu1n'llu~~ruru1m CLK ~~~1n1~~uw~tJw"ut1 ~1an1~uun G ~~~~1~Ln~n11 .. .. ~ 

.l.J .I ~ .J II II 1•1.1 .J 
Lu"EUUua~ ~un1~n~nL1a1 ta 'llu~"'llu~n1~L'll1 D ~~ uu11nDnn1~uun Q 

" ' 

C"~1Lnu t> ii1~L1"1 t 2 O~ ta L1ani1L1"1~U1~~1uL1a1~1~1'llu~n11 
A . 1111 .J o II II 1'0 
L~un1~ct > n1flu~n11A11"LnE~fl1~'llu~n11n1'11u n1'1L'll1 Q ~~flu" "Ln~ p . 

n11LtJdauutJa~1uii1~L1a1 t
3 

O~ t
4 

ii1~L1a1iL1ani1L1a1A~~n1u~ 
<thold> n1a~~~L1"1 t 4 1tJu~1 ni~L~1 o ~~LtJdau~n1u~Ltiuu~11~1~ 
'~u~~~1i~1aLau~ ~~1~"~"n11in1~uun Q LtJdauutJ"~ .. 

7-6 ~a~~ao~~uu JK cJK Flip-flop> 

L11~1~11n1fw~tJwautJ~i1~1~~1uu ccounter> ~~Ltiun11uu~1u1u 
'lluu~ruru1mu1~n1~Lfluu1n ~1uau~n1~L~1 .... 

<n> n11~i1-lw~tJwautJuuu JK 

111 7-20 w~tJW"uUUUU JK 
" 

CLK J K a •• , 

x 0 0 a. (last state) 

0 1 0 

0 1 

ll. (toggle) 

111 1-20 n11~i1~w~tJw"utJuuu JK ~~~~-3 ~-3 J u"~ K Lflu~1 
" utJ1 '~L1ani1 "~1A1UA"n1~L~1" <Control inputs> L~u'3~1nLflU~1AuE 

~ 

~~AuifwitJw"ut1n1'31uvo1'311 LDu'lluuu1n'llu-l~'l!'l!1mu1~n1"1n-l ~-l1~n~11 
11 I a I .,j II • I"' ~ S, 

"1ua1111'3~1 RC "A1A-ln'llu'3L1"1uua"1n LL"~~1"11nLuaau~cycy1mu1~n1 

1tJL~da" 1fLflu~"~Eu~U~~"UAU ~ 1~ L~u'3~1nLnfl~'3 2 LfluLnflUUUUuU~ 
" 1 -3~1~~" ~nn1~~uil10.'lluuu1n'llu "acycy1m 

d ll C» I :. 'll I ~ 
L"un~ J u"~ K "A1fl1 Lnfluuuu~u~n'1A~~u~n1'1CDiseble> 1'1~1 .. 

~~ 1~n1",u1~1 ,~"l'llu -lacycy1mu1~n1~~ L flu L iiu 11 ~ -l LL~~ -l i uu11n~LL 1n'llu -l 
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~ 01 

I .. al. II I c;l. 
fl111~A1A11"~1~ L"uTI~ J U"~ K nA1LUU 0 

LfluA1afln1~11t:1~il1Lt:1~ 
1 

dlu J ~1 LL"~ K ~~ L nmLumLt:1u~~~~~~rifln1 ~ Lfl~1\l~cycy1ran1 ~ 
uunnA1~1 TI1~L 111 111 s ~~nA1~1 cs = Q) w~tlw~utl~~1"n'Lun1a~~L~fl 

m 0 1 IJ '1 ti"' IJ 0 '1 IJ I 0 m a ~ m 0 1 IJ O 

~1uTI1 ~ Q = 1 L Lfl TI1Lflu~1~Lj)~1Au1L~fl~1uTI1 ~ Q = 0 a""flfluUU1n 
1 

Q ~~uriua~ K "A1~~ L Du L nflLL1JlJLLuU~iJ1 ~1 ~ Ltif mJU1J1J1 n1Ju ~ acycy1cu U 1~n1 
" " v 

~~1tin1~uun~~ iuAt:1n1~L~11L~fl"A1~~ ~~~~u~~u~u Q ~A1n~ua~~1 Au Q 
v v 

d I 0 U i al. = o cun1nat:1~11t:1~J1111~A1A11"~1~> j)~UUL"u J = o u~~ K = 1 ~"1~ 

A11"i1 Lnun11uuu1n11t:1~~ruru1rau1~n1"n~j)Ltl"1n1~~uw~tlw"utl~~1L~fl 

I 
0 uunJ11 

u., " 4' 

"' ~ 'U I ~ a 1 IJ~ L"u J a~ ua~ K fl1 LnflU1JUUt:JUj)fl1~1~~~Luj)TI1~ Au ~«ruru1CUTI1~ V WW 

~~1""Lt:1n1an11uw~tlw~utlULnfl1L~fl~1t:1n1~L~1 R = 1 1ti ~~L11 
a1"11n~~L~flw~tlwat:1tl<n11\ln1~L~1 R = o >1ti Lj)~ifi~t:11t1U 
Lfl"11t:1~ Q ~1 Lnt:11tiiu11t:1uu1n11t:1~~cycy1ra"1n1~flu 

1 

"A1n1~uun~~ua~~~A1UL~1111 s 11u~w~tlwat:1~ iu~u s = 1 1u11cu~U111 R 
" "A1~1 ~~n11un1~t:1un Q "~1a~ ~~L11L1~ni1 Lnfln11L~fl cun1~a1"11u~ 

" fl111~~1A11"~1~> ~UAuLDu J = 1 LLa~ K = 0 w~tlW~utl~~L~flLnu1Ju1J 
11t:1~acycy1rau1~n1"1n~ Q ~~nA1~~~1unnL~fl 

" " ..: /$ .,,,: ~ IJ IJ 0 

L"un~ J ua~ K a~ cn1rauLuuan1u~flt:1~~1"11t:1~w~tlwat:1tluuu RS> 
v 

w~tlwam1"Lun1a~~~ L tflLL~~1 L ~fl 01 Q ~~ L nflLLUULLuU~iJ1~1 ~~~~1uacycy1ra 
1tl7L~flw~tlw"utl L~u1~iun11n1~~u~1n11t:1uu1n11u~aruru1rau1~n1 1un1~J11~ 

1 w w 

rlU~1" L Du Q ~1LnflLL1JlJLLi'.lU~iJ1uu~~~1uacycy1ra L ti L tflW~UW"utl L ~u L~f un11 
n1~flu~1n11t:1uu1n11u~acycy1cuu1~n1 ~~a~Lnfl1~i11"i1n1ra1j)flfl1"A1 Q ~~ 

1 

ti ..! c;l. "" ' IJ u i al. L a~uLUUAu"~aL"Ufl1lu~an1u~aj)TI1E1lu~fl1Lu~La"u ~~uuL"u J = 1 ua~ 
1 

K = 1 u"1EA11"i1w~tlwat:1tl~~Lnflt:11n11n~uan1u~1t1Llluan1u~fl~~nu~1" 
<Toggle> Lnt:11~1un11n1~flu~1n11t:1uu1n11u~aruru1rau1~n1t:11n11n~u~n1u~ 

, WW 

UA~1~nun11 nj)-LUj) 11u~aiJ1~1w~1n~u1t1n~u"1L~t:11u1~an1u~J11~nu~1" 
1 UW~tlwat:JULL1J1J JK L 1a1UU'H1Ju ~acyqpcu L 1iu ~~1nn11 L flUTI1 ~~~Uu ~ 

rlUL~LULnj)u1n11acycy1cu~~n~ULtln~1J"1 <Racing> ~~u"1Efi~n11n~uan1u~ 
U~1EAf~ LDu1tii'u11uuu1n11u~aruru1cuu1~n1L~~~~nL~~1 1tl 7-20 aruru1cun1~ 

~w V W ~w 

1 
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20 2 

uun'llu~iJ~uiJauu~~Lu~fJu~n1u~ n1EJu~~~1n'lluuu1n~u~~cycy1cu.u1~n1"1n1~flu . - ~ 

L n11uumLuu~ ~mtcu.1n ~unr\11 u3J'llu ~ Q LL~~ Q ~ik1un~u~~ 13Jnunu~cycy1cu.~ L ,"11 

L OflLLUULLuU~ L fl" Uu ~nuu1n11~ruru1cu.~ ~n~u1 un~U"1 Ltl L ~u ih t = 20 ns uu p 

~i!h:rn~ ~~1n'1Juuu1n'llu ~~ruru1cu.u1~n1JJ1n1~flULL~1 20 ns n1 ~ mi ·n~ ~~~ L u~fJU 
.., ., . 1 • 

LLUa~ n1~a~fJuflLLU~"LLAUn~1 20 ns n11i1uun~U'llu~ Q u~~ Q ~~JJ1i113Jnu 
~~~n1~flu1~~11fn1~1u~f1~~1f1 , 

'JU 7-21n LL~fl~~cy~n~ 'llu~tJ~utJ~uULLUU JK ~~~~tl1~1ULDu16i 
" iun11n1~flU~10'1luUU10'1lu~~ruru1CU.U1~01 n1 J LL~~ K ~rl1~1~~rl~~1"n~~ 

1 .,., ~ 

'1t:1~ruru1cu.n1 ~uun 01 J ~1 LL~~ K ~~ ~~ difln11; L ~fl J iH Lrn~ K ~1 ~~ .,., v v 
A c:{ II ll OI ll I I 

Lnfln11L~fl LLa~n1n~ J LL~~ K "A1~~n~A ~~L"flt:11n11n~u~n1u~~~~~L"fl .. " 

n . 
0 

PR 
J 0 

CLK 
K 0 

CLR 

J PRO 

CLK 
K 0 

CLR 

L11~1JJ11n1iLnflLLUUuu4 LdJJLi11utJ~utJ~uULLUU JK 1flfJuunLLuu1f 
Sjruuru1cu.~1L~fl <PR> LL~~LA~fJ4 ccLR> A~1EJ1u 1-11 1u1u 1-21tt diu .,., .. ,. 
~cy~n~ iJ1fl1!1U'1lu~tJ~utJ~uULLUU JK ~U1~nuUfl1fJ~1L~fl Lrn~LA~fJ4 1•~~ 

I .1 ... 1.1 al .r O ..: '1 llu II ~ L nfl11W~lJllilau1JLLUU J K u~~n1 ~1 u L "u Lfl1Un11n1~~U~1n'1JuUU1n'1lu ~('lcycy1cu. 
LL~~ntufi~~U~1'1l1 PR ~~ tJ~utJ~uu«~~L~fl ~;u'1l1 CLR ~~~~~~1L~fl 

" " 'JU 7-21A " . 
LtiuiJ~utJ~uULLUU JK LLUU~~~~~~11tuL%~n11~1 ~~~~ 

n1~1ULDuL~iun11n1~flU~1n'lluU~U'1lu~~'Y'Y1CU.U1~n1 , 
~1 tJ~utJ~uu«~~L~~ ~;u '1l1 CLR ~1 ~~~~1L~fl 
54LS/74LS76 

' 
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2 03 

CJK Master-slave flip-flop> 

CLK-+---t> 

K 0 K 0 

,-11· 1-22 
v 

~u~~1~uu~nu u1n~1~ruru1m~~n~u1un~u"1 .... 

"Uu~fiu~cycy1mn1\IL1i1 J LL~t K rluU~~1iJ th J = 1 LL~t K = 0 ih"1~-
' ~ '1 a.J1 II '1 ~ ~ ~ .J a I 

Lflu1~a:L~flnunn ~1U~uuu1n~u~Nruru1mu1~n1<Q = 1> Nruru1muun Q n"A1~~ 
UM UW V 

~u~fl1"1~LfluiLtiu~cycy1mn1~L;J1 J ~u~fl1~~1iJ LDufl1~~1iJ1~fun11n1a:~u 
1 

fl1E~uu~u~u~~ruru1mu1~n1 ~a:Ln~n11L~fl<L~~1n1~uun Q = t> ~~Ltiun11 .... 

II " ' a(;{ '}Ill 01 J = 0 U~t K = 1 fl1"1~Lflu1~t1L~fl C 1~A1 Q = O> 

iu~uuu1n~u~~cycy1mu1~n1"1n1a:~u ~a:n11~~cycy1m Q "~,~~ <G = 1> 
~ ~ II " II ol " lJ " II .I a II ~ 

LUUNruru1mn1~L~1 K ~u~fl1"~1w ~~UUfl1~~1w~t"'Y11~L~1LUU J = 0 .... 
K = 1 LDu~iju~u~u~~cycy1mu1~n1"1n1a:~u ~1"~1\J~a:Ln~7Ltfl 
n1~uun Q = O> ~~Ltiun11~unL~Euuuuu1n11~u~fl1"1"Lflui 

II II '1 , .. I ll ; '1 ' 0 

01'Y11~L~1 J LL~t K ~u~fl1"1"Lflu1"A1"~'Yl~A fl1"1~Lflu1~tLn~ 
v v 

" ~ " II " O al ~ ~ 
u1n11n~u"o1utLUUfl1~nu~1"nu"o1utL~" L"u~uuu1n~u~Ncycy1mu1~n1"1 

n1a:~u u~tfl1~~1\J~a:Ln~u1n11L~UL~E1nu LDu~uu~u~u~~~cy1mu1~n1"1n11: 
~u ~ti~~Lnfl~u~1fl1"1"LfluiL1J~Eu"o1utu~1~11 ~1~~,iJ~~~unL~Euuuunn 

1 1 

u~1~ ~1~1"1"LfluiL~fl ~1~~1\Jfi~a:L~fl ~~u~1"1~Lflui7L~~ ~1"~1iJfi~a: 
7L~flfl1"lllfl1E 
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J PRO 

MIS 

K 0 
CLR 

d I !\ II 

LUa£Ju~n1u~L~u~u11a11~u~~~~1rau1~n1"1n1~~u 

iJ~uiJauU JK LL1J1J"1~Lflu4 ~~1iJij1.n1u11~~1Utlfl~1ltn11"ih1u L~U 
1 

1tl~L1rn4 54LS114s16 ~ ~ihJ~1hJam.lLL 1111U~u ~;!11u1 t:i=D;l1 L f'i£11 1 ri£Jij1 ~ "il1 

f111n ua~ fl111~A1A11""il7~~~,.u 7-24 ., 
Inputs Output 

2 7 11 t. at In+ 1 

J K a,, . , 
PR PR 

4 J 0 15 9 J 0 11 
0 0 o. 

8 

16 K 0 14 12 K 0 10 .0 0 
CLR CLR 

0 

3 
Vee• pin 5 
GNO •pin 13 6 a. 

~ ., ' ., I A <n> li~an~ LLa~n11"ilri~1 <~> f1111~A1A11""il,.~ 

,.tl 1-24 54LS/74LS76 iJ~uiJat:iu JK 2 ;t1n1~~u~1£J~t:i11a11 
• 1 

+Vee 

-n CLK 

, 

1U~ 1-25 ., 
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2 05 

.. 
rnJ=K=t 

A ' A ' 7-8 'li~~~n~nLno~ <Schmitt trigger> 

'113Jfl~n1n L noi L Du 1.:i~1n1.:i5 L ~nn1oiln~ ~1,tfl11~1fl1~ilmL1.:iilu1 lJ 
-" ., .1" " 1-1-" .,I ~ .. 1-1'> ~ .. .,I 0 '1 .. .. ' .. ~1LflEu1UU1.:JflU w~1fl~.:JUatfl1LnU uLWLfl"1fl1J1Ufl1"fln1WUflL1 '11"flflt11n-

ia .,I a g " 4 .I · ia .,Io .I 1 !i 
Lnu1"~n1u~nL~na1~u.:i~n1u~ ~.:JUULUUuun1~~LAHnn1wufl1u11.:i~u.:J«ruru1~ 

1 • ., .., 

'1 .. I !i .,I ii fJ .. I .. ' .. ' " ..: .1, ' ..: . I uun .LflLL u Uu'U. ~cycy1~TI uU LWLLmi"flflTI'fn L nu'f u1';J';J~ L UU.A~U 1 u 11U A~u.1 u~1JJ 

.,I .. d old I d'tll ')ll!i "..: ••"' d .. 11 
L~~EJJ~'fuA~u1uuU ~ LLfl~~,, fl';J~L~«'l!'l!1~t11.:JuunLUUA~U.1u~L~~E"~u~1 

~~~outuua~a.:iA""1n n11LtJ~au~uutu uata.:i~~1,,L1~1~oa"1n~.:iL~"1t~1 
wiu1,,nu1.:i~,.~~flua 

High state I" 
I 

t 
I 
I 

Low state 

0 Vin 

0 
Vr- Vr+ 
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20 6 

threshold voltage , VT_> n11TI1~1UA~1~nu"i~~ 
d)i ~ II 0111)/ llGI I ~ 
L~uN~~1ran1~uun~1~~~u~n1 ~~~~1ran1~L'll1"A1"1nn11 vT+ N~~1ra 

OI ~ II ral I ~ II ~ I 

ni~uun~~~~~~'llULLa~A1~u~nA1~~ fl11u~un1~n~n1~L'l11aria~fl1n11 vT_ 
~ CO ~ I Q .. " O O j £A II 

N~~1ran1~uun~~~~arifl1a~u~1~L11L~"uunun11n1~1U'llu~"1~1 ~~LL""~"1~ 

~ri'llu~anri1ua~L~u11~ 
" ~rn'11~1~~11~LL1~ilu1\Jw1 vT• ua~ vT_ UL1~n11 "5"Lflu1=B"" 

<Hysteresis> L11"1"11n~~~uunuuu1~~1LduiJfu~1'llu~5"Lflu{:U"1~ 

v1.~v..,, 

(•) 

c n > 

111 
" 

1 u~ L trn4 14 t 1 

1u1u:a~1L~E1nu 111 1-21 
" 

Vout 

(VJ 

3.4 

0.2 
0 

0 

I 
I I 
I I 

~ t 
I I 
I I 
I I 1. 

0.9 1.7 
v,. 

( 'll) 

O j II ll "O • I o " d " ~ II )i 
n1nLnu1w1u"n~~ra""Uflu1~~1~1LnE1nuN~~1ran1~L'll1LLa~~~~1ran1~uun ~~ 

Q I .I d " " " 1 .I ll .: ol ~ O ' O 'dQ" " " 
L~u111uAaunaununu u1u 7-26 n~uLuu~~1nLuu~"~~ n1nLnu1n"~1nau~1 

" " url~1E"1l1A~u1l1 7-27'11 LDu~ruru1ran1~L~1Lflu t.7 v ~~L"~uu""i~~TI1 
• •• • MM 

1~a~~1ran1~uun""n1u~~1 LDua~~1ran1~L~1aria~~1n11 o.9 v ~~L"~uu 
""i~~TI11 ~~~qpran1 ~uunn~u~u~"n1u~~ ~ n11n1~TI1'llu ~"i~~LL"" ~1"mt1 
anri1LLa~ L ~uiJ~ .. 

i1e~,~ 7-7 Adu1111~~3juu"w~~~cAmplttude> 5 v ~uUL~11u~Luu4 7414 
" " ~ij~1niui1 ~~"f1~11lu"ri~A11"~,~~n~l\J~1 

" 
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1'11 7-28 
" 

1tl 7-28 
" ... ... " •nmnnn 

I I 

FliSU1'1.li5u 
" 

6.0 

1.7 
0.9 

I 
I 

I 
I 
I 
I 
I 
I 

,:~ 
0.2 
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I U 

u~~u~fl~L1~1~u1~~u~n1~uunf11E 

5 n1~1fu 4 U~,~~~U~~uu1u1U 7-21A 
• 

6 n1~1fu 4 A1UL1~1~u~~~~1mu1~n1LflULn1L1 A11JJrl~u~n1~uunLflu 
Ln111 

7 n1~1fu 4 1~~~~1mu1~n1A11"rl 10 MHz 

a 1~~~u~~uu 2 ~1 1u1u 1-24 ~,~1u~uuA~U~L~~a" 500 MHz Li1~1 
11 

U GI al Q<>I I ll 
1 u~1uunn1~~1 11 "A11"n 125 MHz U~fl~1fi~u~1an~~"fl 

9 ';J'211fl1t1A~un1H1i1Lrn~n1~uun~u~11jj~~n1nLm141u1u 1-21 iUJJJ;i11 " . ~ 

A11"~1~~n~n1~L1i1LDu v = 10coslOOOt 

10 ~ruru1mu1~n1~u~1u 7-25 ~A11"rl 1 MHz ~~u~~utliiL1~1~u1~ 25 ns .. .. " 
n A1UL1~1~u~~~~1mu1~n1~~1Ln111 

al ~ <>I I I '1 
~ A11"n~u~~~~1mn1~uun Q "A1Ln1L1 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



d 
l-11111 8 

~imu1in1~a~L1a1 

1CLOCKS AND TIMERS> 

~i1~~u~1tuu~~~u"~u ituu~u~~ruru1wu1~n1 1uunU~t~~11w1n~ 
Aw~"il~ Lrnt 1 ~~,,rn ~ "'cycy1w u 1an1 , 

e-1 l~Riu~o~"1!1mu1in1 
ni1n1~1u~u~1~~1~11n1uLA~u~~n1LLUUL~1~~~1t~t~u~u1~0~~~1t 

~~uflA~u~nu ~1Lllu~u~1f~cycy1wu1~n1LllU~1AuEA1UA3Jn11~~~~U1UA~ULLUU , 
LflUfl1U<Perlodlc weve>~L~3J1t~3J 1fLllu~"~~1~funit~u1~~1~11n5u ~ , 
a 1$ U f}lJO U O I f} a II .t al .I 
unn~E~L~n1wuf1~~~1tn11n1~1unnuv1~Lu1~~1unfl1E iu 0-tn LL~fl~fl"U1u , . . 
~L~~E"~~1~1uituu~~~u~ LfluA~u~~~nHWtfluLUu~ Lflu~~~u1n~;u~~~~u~ 
'1 ~ ., ' m ., Jda a od 1 tld '1tl oal II 
Lr• <~"~u1nAo~"~TI3J~n1utL~no1uon~11n o ~D3J1~tL "EUL uon 1 u"1 

v • 

naU3J1LflU 0 ~13JL~3J ~1~fu~~~~U~t~~n1UtL~OE1uri~~11n 1 ~u3J1~t 
v 

LU~EULtluri~ 0 LL~1naU3J1LflU 1 ~13JL~3J) 1uitl 8-1~ anltCllt~u~1UA~Uu1~ 
v • • 

'1 I ~'1 II I al al II a I al 
L3J~3J3J1~1nLfl LL~fl1UL1~1~u~n11LA~uUTI~t~u~3Jfl1fl~TI 

-I j- Clock cvcle time -J j- Clock cvcle time 

-1LflJUUL 
<n> <~> 

iu a- 1 ! tlfl~u"'cycy1uu1~n11 u~·fl3Jflii 

II ') II 

n1L~ T = 
clock or clock cycle time> ~~U1ELflU~U1EL1"1 

f = fl113Jrl~u~~cycy1wu1~n1 <Frequeney of the clock> 
'1 II )J OJ ,., J 

~tLflfl113Jti3J~UU'fl~U 

T = 1 /f 

utlni~~l~LU1~~,L~~~,,n~~~"fl L~U ~~tl~"utl Ln~ U~t~U ~ ~t , 
n1~1u1u~1~L1"1~uooni1 1 fl1UL1"1~u~~cycy1wu1~n1~~~u 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



210 

I I 
U I 

fl'1ilB1~ 8-1 ~·.nn L 1~1fl11J1illJ'llil~"'cycy1cuu1~n1linA11'-JO 500 KHz LL~~ 

2 MHz 

T = 1/f 

U I II I lJ !j A, A I 

fl'1ilB1~ 8-2 n1L1~1~u1~n~~"~'llil~~cycy1cuu1~n1 ~1nn11L~un1~~1u 

~~u~~illlLL1JlJ"1~Lflu4 ~~1~ijA1 100 ns ~~~1A11"rl~~~~'llil~"'ruru1cuu1~n1 
ti .. " " 

~1 ~1 u~~u~~uuU 

., ~ cl11 cl !t A. .. 
~ruru1cuu1~n1 ~~UUL1~1fl11J1u1JnUuEn~~'llil~~ruru1cuu1~n1flil 100 ns 

UU "'I MU 

A11"rl~ijA1"1n~~~'llil~~ruru1cuu1~n1 = 11c1oox10-·> = 10 MHz 
1 .... 

~ .. 
UUflil 

1llA~U~i)gL~UuLauunu'llu~L1~11u1u 0-2n L flu1Uf'l~U 1 Uil~'-!f'l;i 
• • • • 1 

'llD~~cy1cuu1~n1 
OJA o I m I I !j ' a I cl I ' 

Atu~"1Jflu1~n11u1nriuA1ri11"fl1~~ne~~"A1A~nue1~~"111cu 
1 • 

~cycy1cuu1~n1ijA1~~ fl11'-1~1~~n~~~Lflu +5V ~il~1~,~~11~ B n~ b 

• 
+5V----

ov OV-

• b c 
-~~~-----Time 

+S v--4.sv---:.::.-
1 

0.5V -- I o v --- I 
--i ~t, 

B b C 

--"-. ______ ....._b ___ Time 

<ri> 'll~1e1uri~u1u~u~LAu1~Lfl~u 
• 

iu 0-2 iuri~u"'cycy1uu1~n1 
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~11 

mu ~irnmu 1~1 01~cyqpC1Lu1~n111i~1~1~'3 Fl11JJ~1 '3An~~a:aria'3JJ1 L Du ov 

Fiu~1.,L1a11a:lt11., b (l., c 11uL~uLLnuL1rn 1un1.,11nuiiF111JJL~t1_,~,..,'lltH 
~ S a .!J "1 I I ~ 'ala I al I ' I f} 
~cy~1CILU1~01JJFl11JJ«1Fl~JJ1nn11F111JJfl1'3"nt1TlJJFl1Fl'3Tlutl1'3"JJ1J1CIL L'liU LUTI1'3 

'II 

.IA "1A I ~ ' a I al a I ~ II 

uD1JflFl11JJfl1'3"nE~t:JJFl1 +4.8 v UTlUTI~t:JJFl1 +SV LlJUflU 

F1C1L"JJiJ~iJ1a:n11~"u'3'llu'31lJF1~ULUuflJJFlfl'llu-l~ruru1C1Lu1~n1Fiu '1~1i~1'3 .. " .. .., .., 
f} alal "1 I ~ ' I alal I ~ ~ ~ a 

L1~1LUn11LuaEU7t:fl1JFl11JJfl1'3~1nt1 L'liU LuatlUFl1«ruru1C1L~1n"'3L1JUfl1 \t1u 
w w 'II 

~1n~1LflU"'3 L~L1a11un11LtJ~t1ULflu 0 ~~17CIL17U 8-2n ~t:L~Ul1~fl a 
.. 'II 1 

.. al~ ~ .1al ~ ~ .. ""~ ~ , Flu L 1a1TI«ruru1CILU1~n1LuatlU~1nfl1L1JU"'3 LLat:~fl b Flu L 1a1Tlf-{cycy1C1LU1~n1 ... ... .. .. 
• 1al ~ ~ ~ .. ~ '1 .. "l!J '1 .1al c! 

Luat1u~1na'3L1JUfl1 UUFluU1~n1LUuflJJFlfl~t:L~L1a1LUn11Luat1imn1ua:L"U 0 
'II 1 

1UFl~ULUuflJJF1~tJ11nDUU~uuu"~aLaaLF1t1<0scittoscope>L~t1n~u11 
.. 1 

~LFIU fl '31tl 8-2'11 ~a: L ~UL ~UL ULL U11t:fl1J 2 LLn1 ~1\ti'lJ L ~u1 ULL U1~'3 L~1i 
'II 

L~u'3~1nL1a1'llu'3n11LlJ~t1uan1ua:jj~1«ut1JJ1n(~D11LDu o uaa:uu"~at~"LFltJ 
1iF111JJL1L~LWt1-l~u 01flu-ln11~t:L~U~t:flu-lL~JJF111JJ"l1'3'llu-luu"~aLa"LF1lJL~ 
JJ1niu lt1uafl~1'3L1a1n11n11riacycy1C1L <Sweep time> ~_, 

,-tl 0-2F1 u"f1'311t1aa:L~t1fl'llu'31iJF1du~1n1iJ 0-2'11 Lflt1n11~ri~1'3 
'II 'II 'II 

~ G I al I ~ '1 II~ C: ~ I al~ 
L1a1n11n11f1'lJD'3~cycy1C1L~'3 ~t:LltU"1UTlflDL~uJJLfl~fltl'3'lJU '111'3L1a1n~cycy1C1L 

alal ~ '\•I a I I al ~ 
Lu~E.IU~1nfl1 u"'3L1E.1011 "'111'3L1a1F1aU'lJU"'3" <Rise time , t > uaa: 

'II 'II r 
I al al ~ a I I al ~ 

'111H1 ~1nacycy1C1L L iJat1u~1n~., ~ '3fl1 L 1t1n11 II '111H1 ~1Fl~U~ '3fl1" (Fa 1 1 
al A "1 I al ~ I al ~ f} II al 

time , t,> fl1JJunfln111fl'l11'3L1a1~aU'lJU~'3 U~t:'l11'3L1~1FlaU~'3fl1L'li,flTl 

al ' ~ ' I I ~ ' f} alJ'f} 11 al ' ~ ,,_ I 10 u~~ 90 LuD1L~Ufl'lJD'3Fl1Fl11JJfl1'3"nE~'3"fl LUTIUL\t 100 Luu1L~UflADFl1 
'II 1 

Fl11JJ~1'3And s.o v, 10 Lt1u4L~U~~D o.sv U~t: 90 L11u4L~U~ ~D 4.SV 

al d 
F111JJLTlt1'3fl1'3'llu'3Fl11JJn'llu'3 

2-3 ~1ULU~U~1U~1U~u1u 

e-2 icf!1mu1ln1~uunn~oa <TTL ctock> 

1u~Lun4 1404 ~.,jjfl1n~11u1 16 fl1 1~LDu~un1LUri~cy~1C1Lu1~n1 
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R1 • 330 n Crystal 

2 - v..,, 
;In 0.01 µF 

t- 7404 

• 

R2 • 330 n 

5 

t- 7404 

11 

t - 7404 

Sl~ulated load 

+Vee J1Jlf 
10 

GND 
Clock 
output 

'1 II I Cl cl !/ ~ CICI 

LflilE1 ~fl L EE1J 111 0-a u~fl~'l ~~1~cycy10Lu1-w1numrnrrnm~ .. 
ni1~~11~ ~1na11w1 2 ~1L.ifLDun1A~El1EI 2 n1A ~1 t n11~1 6 ~LiJ~fl1~nu 
a so u ~~1 ch u'MU~ ~il" ~cycy10Luun~~1 s ~adf uufi'uuna11~1u~~nu1'1tJL1i1 ~1 1 

~ I) II 0 !/ clllJ ,!J Qo I cl .'( II U !/ 
~11 L lJU~a L 'M 1 ~ ~,. t.rnflN'Y'Y10Ll1 L 'D~amL 1A111~1JA111Jrl 011 uil'UEI uunall~il ~ N'l!'l!10L 
"'i° I Qo I 0 I) II !f Cl clcl cl 0 Cl U " 

LflE1~1u~anu.1~11n1L'MN'Y'Y10L1JA111Jrll1Ll1El~fl,.~1J1n n11l11~1U~il~1~~,.1Jfl~U 

u u u ~ cl au ., .,. ' 9 I I I 

fl1na11'M1r11n 1 1Jfl'lfl1un1u 330 Lu'Mll<Rl> ~\lfluuEJ111'M11\ll11\luun .. 
~1 2 n11n1~Li1~1 1 LDuu1111~E11Eln1~U~LDUA111Jfl1~~n~ <Current to 

voltage amplifier> 
adu 

n10Luufl11n11~e1e Al = 
'l "'" 180 il\1~1 Ufi10LUn1~LL~ 

v ~\1Lflua11~~1Lflu 1 
.. u. t. 

~ofl11n11~e1eLDu A = v 1v = -R 'lu 
l OU~ '" l 

-330 V/A ~Hfl~il\l'M1J1El~1JLL~fl\111 ~LiJ~L~uu'ttJ 

mA X 330 Q = 330 mV 
U U U U cl Cl I QO U U U U .,j U 

fl1na11'M1fl1n 2 11n11flu1\1~1L'M1JuUfl1na11'M1fl1n t ufl11n11~E11e 

LDu A = -R Lfl~u\l~EJ1EJ~\I 2 L\1u11flunuu1111~A111 Lu~<A.c. couple> :a :a .. 
9 'l ,!JU " ol I al U 0 'l "U 4 
'D~ nfl1Ln11u111~ 0.01 ~F fluL~u11nu n1 'Mufl11n11~E11E11111L11u A = kAl 

~ I U C. al I .I d 
XA:a = RlXR:a~l1N\ILnfl11ufl11n11~El1El111J1JLfl1u~'M1J1Elll1n LL"fl\111Lw"Lauu 
'1.1 '1 . adu 4 S 
Lu 360 il\1~1 LUn10LUufl11n11~El1El111JL1JU A = 330X380=1.09X10 VIA 

I ~ z 
'M1J1EIA111J11 l," L~lJ~U 45 
cl u uuucl 
n~1 s ~u\lfl1na11'M1fl1n 2 
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~ 0 d d Q "" I 

Lauuua~n1~1unA11J.Jn~1J.Jfi11J.1~1~~u~~anu1 

n11~uuluuniu~u~~~11n11~E1E11J.1Lflu~an11i~1niui1u~a~~1Lnfl 
fl11~~"~1 LLa~~fl~u1 ~~, L flfl~CUCU1CILuun L ilu1l1A~ULL~'1 ~, u·nJ 8-3 ~CUCU1CILuun 

~M v v UM 

~~n~1uri1~~i1 o ua~ +5v ~~~~1i~1~L1a1Adufu~~u~~Adua~~1 uuEni1 • • 
ol ~ d~~ ~ •• ~ d d ~ ~ d ~ IU "" I~ 

1 Ons ~ lJflaUn Lfl~~ L UU~lJiH ~a!IJ.Jfl113J(l~u ~ "''1!'1!1CILU1'W01 u ~Uu~nu~amL1 Lfl!l 

~1Luuri1~~i1~ 1 ti~ 20 MHz 
• 
~1niui1~1~ 3 n1~U1~Lfluu~L~ui~u~n1~uun~~~UL~a'1 330 Lu~JJ 

10 ns 

ibmh\I 8-3 1 ~~1~CUCU1CILU1~n1LLUUnnLLua 6'i~u~ri~1u1l1 8-3 1iA11J.Jrl 5 
UM • 

MHz LLa~ijfl113J~fl'Wa1'1 5 ~1u1u~1u < 5 Parts per mi 11 ion , ppm> 1u 
I I ~ I .cl .,: A 
~1~L1a1 24 ~1L3J~ ~~~1~1~~u~fl11JJOLTIE~~,~~u~~'l!'l!1CILU 

1 

I d..I d ~ U t ~ ~ ~ 
MHz fl ·1fl11JJrll1Ll1£1\1'11\l'<il~LlJU 1,000,000 ± 5 Hz fHl'U'ULJJtl"''l!'l!1CllU1'Wn1 
0 d d..I .,I C::. <l, f'/ I 

J.Jfl11J.Jn 5 MH2 fl11JJrll1Ll1£1\1'11\l'<il~LlJU s,000,000 ± 25 Hz 'UU~uLU~1\I 

L1a1 24 ~1LJJ~ fl11J.Jrl~L~E~~,~~u~~'l!'l!1CILU1~n1-;;i~uri1~~11~ 4,999,975 
• 

ti~ 5,000,025 Hz 
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r, • 0.693fRA + R.lc 

t2 • 0.693 R•C 
f. 1.44 

IRA + 2 R.1c 

t2 R• . 
Duty cycle • -- • ~-'----

t 1 +t2 RA +2R. 

4 8 7 

2 
LM 555 

c 

c n > LLc.J1Ul1lolfl11n 

1u e-4 1-11~1uL~n~,. 
" 

100 

10 

u:: 
3 
ti c 
:! .i 

.1 3 
I 

u 
.01 

t
3 

= 0.693 R
8 

·c 

10 100 lk 10k 100k 

I - lree·runnlng frequency {Hz} 

'li1-11L1 cn Ui!iu L 1 ~1~~cycy1C1Ln1-11 uuniif11~1 ii -11LL~fl-111'U.111 a- 4n fl1uL1 ~1 
" 

T 'lJu-ll?Ufl~'U.~'l!'l!1CIL'U.1~n1i!iuc.J~U1n'llu'll t l LL~~ t3 il'll~'U. 
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T = t + t 
I 3 

= 0.693 CR + 2 R11 > c 
A 

..I 
f 11 iH ilcycy 1onn1 fl "ii 1 n A11J.Hl 

f = 1/T 

= 1/0.693 CR + 2R ) c 
A II 

= 1.44/CR + 2R ) c 
A II 

1u1tJ 8-4 01~Ufl1~ R = R = l KQ U~ti C = 1000 pF 
W A • 

~1nA11"~"~uJ~n~11"1"iltiL~ 
f = 1.44/ClOOO + 2X1000>X10- 9 

= KHz 

... 
- II '1 '1 '"' ..I U U d , '1 I I U ol al ~'1 I U 
~U~1L" ~~LW~~"~~1~LUD~~1n t, U~ti t3 L"Ln1nu luA~UnL"~""1~1nu 

Ai1~1"~""1~111D~1tJA~un1wufl1~ 1uLnD"~D~1DuTI1~1u ~~LDu~~,1~1u~D~ 
v 

= t /Ct +t > 
3 I 3 

1DllTI1~1U~tiL~U~1L~~Dri1ti~~1~ O.O U~ti t.O 
o o u A 

~1nA1~1nflA11JJU .. 
- ~ ol / ' I II '1 II 

W1DLUULuD1L~U~ L~Un1Lfl 0.45 <w7D 45 LtlD1L~U~> 

t = 0.693 ( 1000 + 1000> x 10-• 

= l. 38 6 - ..Us 

t = 0.693 { l 000) x l 0 - " 
3 

= 0.693 ..Us 
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11 al .. T t t A11JL1a1~u~1 AaUAu = + 

" 
l 2 

= 2.00 Jls 

0 t
2
/Ct ) 1ulJYl1~1U = +t 

l 2 

= 0.693/2.08 

= 0.333 

' cl ' = 33.3 Lllu1L~u~ 

~i~i111u11n1~1uu1~L~~u1uLnu"~u~ RA ua~ R. 1~~~« 

0 

1ulJYl1~1U 

0 

1ulJYl1~1U 

t, = 
1u1Jtl1~1U 

R 
A 

c 

0.693CR +R >C 
A B = 

= 0.693R
8

C 

t /Ct +t > 
2 l 2 = 

= 0.693R C/[0.693CR +R >C+0.693R CJ 
B A B B 

= R /CR +2R > 
B A B 

= 1000/C1000+2X1000> 

= 0.333 

= 

= 

= 
= 
= 
= 
= 

33.3 ' cl. ' L llu1 L "IIU~ 

= 0.25 Jls 

0 

CR 9 /1ulJYl1~1U>-2R 8 
C750/0.25>-2X750 

1500 n 
0.693R

9 
C 

t /0,693R 
2 • 

= C0.25X10- 6 )/C0.693X750> 

= 480~ pF 

• 
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1 u L>JLLn'nJ11.I 0- 4 'll a1>J1'H111i-w1r\1fl11>Jrl'llt:h'lfl~uu L a1iEJ11;) LL nu~ .J LLari .Jr\1ii1 .. 
L fimht:~ diu 

~ 

C555 Timer-monostable> 

LL\ta.Jrl1 L ilri~cycy1w-Wa~;J1 LflEJ1 

L>JLUaLflLUa<Monostable> -w7u1u~ufl <One-shot> ~-l~rtLL11a.J>J1~1n1'1~1 
oL~nEJ1 LriEJ~~ifl~.Jn1LwLnri~n1ut:La1iEJ1LL~t:an1ut:~.JL~nEJ1<Quaststable> 
LriEJ1.ln~an1ut:L~nEJ1'llu.J1.J~1~t:n11wn1.Juun Q ~r\1~1 L~u1;)fun11n1t:~u 

~ 

~1n'lluU'llu-l-Wa~ ~t:n1ii1L-w~uuLDuaifl~EJnn1-luun Q 1wL~1~an1ut:fl'1La1iEJ1 .. 
Cl I ~ '1 d <> a II O 11 .,! 11 <> ''U 'U <Q qt:>Jfl1a-l> ~-l~t:uEJ uan1ut:u t 1u1n ua1~t:n1-wu1nfl~1EJa1fl~flrinaua'3 .. .. 

1 11 II .J Cl Cl I ~ a ll C: I d.. Cl a 
>J1 -WL'll1~an1ut:LanEJ1<G >Jfl1fl1>unfl1'1 ~t:L-wu111'3~1u>Jan1ut:LanEJ1L'WEJ-l .. 
an1Ut:LflEJ1~-lii~uL1EJffl1 "L>JLUaLflLUa >JaPi11LU1Lflui" <Monostable 

multivibrator> ~7uL1EJn~u ~ ~1 "L>JLUaLflLU~" 

TRIGGERil 
~ ., ' < n > -"'cyanlt<U 

TRIGGER 1~~ 
0 I I 

l I I 
00~~ 

11.I 8-5 1'3~1L>JLUaLflLUa .. 

~~n~LriEJ~111l'llu'1L>JLuaLflLU~ LLari'1~'111.I 0-sn TI1'1L~1L~EJu .. 
n1 -luunFiu Q LLat:rl1flu>J'W~ L >Ju~Fiu Q ~cycy1w~11i มห
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1u~~n1U~L~OV1 ~1~1u~~~~"~nltCIL~~1L~"1u~1~L1~1~A~~L1vni1 A~U ~~ 
• 

t~vun~Uv" 1~A1n1~oon Q ~A1~1 Lno~~~1mu1~n10~1u~n1u~L~n~1 
1tl 0-s~ LL~~~1tlA~U~u~1~~1L"LU~L~Lu~ ~"A11"11~u~uu~u~u~ . .. 

aruru1mn1~flU A1n1~uun Q ~~"A1~1 Lnu1~~11L~~1~u~Lu~n1u~L~OV1 Lnu 
.. ... 4' .. 

•Ji II i 0 111 "" I I ~ 
"~ru~1m"1n1~~uA1~u1n~~n1 ~n1~uun Q "A1~~ u~~~~A~"~u~LUUL1~1 t 

.. 1 .. .. .. 

iu1n LL~1~~~i~~n~u~~~1 L~1~~n1u~L"nv15n ~uni1~ou~u~u~~ruru1u~n~o 
• WU • 

Ltl~~L~1"1n1~flu5n 
1 

+5Vto+15V 
+Vee 

Reset 
I 
I RA 

I 
I Trigger 

4 8 
Discharge 

2 7 

No•m•ll' ~ R 
"on" load L 

LM555 6 
Threshold 

I 
I Control 

Output voltage 
3 5 c 

.01 µF 
Normally 

RL 
"off" load 

<n> L"Lu"L~Lu~ 

I 

I I 
1 

Vce•SV 
Time• 0 .1 ms/DIV 
RA •9.1 kn 
C• 0. 1 µF 

I , 

I I 

I I 
7 I 

Top trace : Input 5 V/DIV 
Middle trace: output 5 V/DIV 
Bottom trace : capacitor voltage 

2 V/OIV 

ti 1 
c 
!! 

· ~ 

~ .1 

u 

.001~........___.,..._ ......... ~_,__....~...._~ 
10µs 1ms 100ms 101 

100µs 10ms ls 1001 

I 

<~> 1tl~~UL"LU~L~LU~ <A> L1~1°"U1~ t = 1. 1 R C 
• A 

1U~ 8-6 1~~1L"LU"L~LU~ LMSSS .. . 
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u11oi~uL1~1Luui sss "1~uLllu1t~1a1fl~1"1uaLflLU~ 1U e-6 
" L~u1t~1uri1uan1u~Lant11 ~1L~ut.11~~ c ~~t.l~ut1t.l1~~uun~"fl Lflt1~1u~1 1 " , , 

~t~n11u~aLflui~uurin1~1u n11~L~uUfl11"~1tAn~~utn1tuun~~1 s Ln1nu 
" .. a1tJflU 

..: 111)1 II ~ '1 ' d II ~ 11 a a ( 0 L"u WN~~1wn1~~ULUU~~~~u nn1tL~1~1 2 ~~LUU~~fl~1tJ~a1fl~'Yl1 

1w1t~1L~1tian1u~fltLant11~~~1wn1tuun~~1 s ~~"~1at n11t.l~ut1u1~~~ 
" " , 

9 ' " 0 111" ~ .1 d ~ .1 n11u~~Lflu1~ut~1 7 ~~flfl1t~1 n1 ~fl1Lnuu1~~L1"Lnuu1~~~1n v 
1 411 ca 

..: I 'd I d .: ~ II .J L"ufl11"fl1tAntlnfl1u" c L~"~ULUU <2V )/3 1t~,~~L~1Nan1u~ 
' Cl CJ .. 

Lant11 n11u~ut1u1~~~1un11u~aLflui~~~u1t~1LL~~L~"t.l~ut1t.l1~~~1n c ~t , , 
Q ~~~t~1 1t~1fltan1u~uriL~uU~un1~~t"~~~~n1w""1n1~~u~n1t 

.. 
~1tlflU 

" " , 
8-6~ LL~flt?llfliu~util~~1WL ;;, "'~~1wmm LL~~An~LiJ~1~ut~1 L1i1~n 1U 

" L~mh~~ , 
aruru1wn1 t uun~u t .... 

~~~n1~urt1~1rtt1a"n11 
II 

fl11"n11t~ut 

t = 1.1CR C> 
A 

., . 
fl1BB1f 8-7 

8-6 

rl1~UflLW RA = 10 KQ U~~ C = 0.1 ~F 

t = 1.l<R C> 
A 

= 1. 1 ms 

i1001t 0-e ~tw1~1 c ~~uLw"1~1un11Lt.l~t1ufl11"ni1t~ut~~~1u~1uri1t 
8-7 Lllu 10 ms 

c = t/ 1. 1 R 
A 
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= 0.909 JJF 

tut"un1"u~~~1u1iJ s-6~ ~1"11n11~1~1~~o~n111~ori1~11~L~1 .. 
~11~~o~n11A11"u"ud1"1n~n l~u1"Lnu~u1~~0~ RA ~'o c l~u~1~u~ 

~1~11"ni1~nu~~~~"11irluLnu"nu~L1~1 L~u ~1"11n~11~~uu~1url1~ 0-0 

l~u~~L~U R = 10 ~1~1uJ" U~tL•u c = 0.1 µF ~t1~~1~11"ni1~~u~ 
'II A 

~~~U1t"1lU 1 ms 
L~u1~~1nn~ifl~1iJ~~n1ut~~L~nu1 cn1~uun"~,~~> 1~~,~~1"1u 

'II 'II .. 

aruru1tun1~L~1~"1n1~~u5n L1~1~u~n11n1~1U~t1"nn1un1u ~~~"1U~11"l1 
., ., 41 . " 

~ruru1m~n1t~u~1~t 1>Jn11~n1 ~mm L iJ~uuLLU~~ 1 ~~11"1u~L~L1hrnuuUL ~~m11 
WW , 

~ I 

"n1~~u~11>J1~" <Nonretriggerable> 1~~101~~~n1~1u~~~~1~L~OlluU , 
~ ~ ~a ~ a 1 ~ ~ A .I~ ~ a 
flruru1m~uL~1n1L~fl~1un1 4 A11"fl1~rinunn1u~tLu~uu~1n v ~~fl~,u~u .. .., cc ,. 

~1UL~flu 555 ~t~ifl~n~UuE1~11~L~1 Lflu~~n11~1~~1L~1~~n1UtL~nu1 
, 'II 

a~~1mn1~uun~t"~1~1 1un1~UDU~ ~~~~Unu~1L~fl (~1 4) Lnu1"1~~t~u 
L~1nu +v L~uuu~nu~11"~~~~,~~u1~Ln~~u 

Cl .. 

CMomostable with input logic> 
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al~ d II ll)J II ,f ~'1 
L"uL~"1~~1fl11nTITI1~L'll1'llu~TI1~L'll1~ruru1ran1~f1U 1~~,.u~~LUULll ... ... . 1 

fl1"~"n11fl11n '~~~n11f~ruru1ran1~~u<T>"A1Lflu 1 <~~> '~L11L1an11" 
-- 1 v . 

Al~!~<True> U~u1f~1 T Lflu o <~1> ~~L11L1ani1"A1Lflu~~~ <False> 

1f~~Ln~111u~Un1~uun Q ~A1~~L~unnn1~~u~1a~uuu1n~u~~~~ 

.A, 

.A, 

8 

v v • 

R 
c 

11 10 
t • 0.69 RC 

14 6 -11-
+Vee 0 _n_ 
T 74121 

a 
GND 

7 

-= 

< n > Lrnun1~~11n 

.4,1~ 
0 I 

- 1 ,' 1---i r-
A2 0 U 

I I 
I I 

s 1 I r----1---
o I I 

I I 
r 1 n n 
o--:~f--1L--
1 I I 

00~~ 

.ii, .ii, 8 Result 

L x Trigger 

x L Trigger 

H H Trigger 

H H Trigger 

Note : Triggering can occur only when Q is H 
(not in timing cycle) 

- 1 
A, 

L •Low 
H• High 
X • Don't care 
t • Low to h igh transition 
i • High to low transition 

o~--------

A 1--------
2 0 

s1_fl 
0 ,--------

1 
.r o1 __J1 ,--------

1 
o ~_Fr=J._ ___ _ 

II ti II ti 

<~> n1~flu~1a~uuu1n <~> n1~f1u~1a'lluu~u 
• • 

,11 0-1 74121 L"LU~Lf1Lu~n1~~u~11"1~ v , 

i;:_ U 2 I 0 .J d . , ~ ' 111 8-7 LUU~~L~~fl11n ~111~A1A11"~,~ u~~1uA~U'llu~ u~Lllu1 
v v 

~ II 2 u '.I d 74121 A,, A3 u~~ B LUUTI1~L'll1'llu~1~~,L~~fl11n ~~~~fiu11n~TILnf1UUU 

LLuu~ '~1h'ttJionLllu~cycy1ran1~~u T P1u'ttJ~dlun1"J'n1~1u'lluHnfl 
n1& I ~1 B A~uri~Al~~u~~ i, U~u i3 '1111~'111U~~ ~~,11 7-8A ~~u~~~ 

• v v 

1u~u~u11n~~~n1a'llu~fl111~A1A11"~•~ • 

• 
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'J ~ .. t Id I ~ ..: 

~1Lfl~1uu~u1un~~u~A~uaTIA1fl1 L"u~uuu1n~u~ 
v 

~~U~fl~LU~u~U11~flU1n~u~fl111~A1A11" 

T = CA +A >BQ 
1 :a 

a~Lnfl~~L~u11 T "A1~1~ (~~) A1 A ~1u A A1L~A1uu~~~~u~nA1~1~ v 1 :a 

(~~) ~U~u A1 Al u1u A:a A1L~A1uu~~TI1~L~1Lnfl~~~u~nA1~1 ~~~UA1 
- GI I ~ I 0 I "1 I GI 

0 
Id 

Q "A1fl1 1~u11~1uun11n1~1u<Ttmtng cycle>~1~L1"1 T u ""n11L""au 

uiJ"~ ~"n11Li~fl11n~u~ T '"il~"A1~1L~u Q nA1~1 ~1un~111~11 L~ut"tu 
~LflLU" 1~1u~ru~1mn1~~un1L~L~1~~n1u~R~L~~a1 t"tu~LflLU"LiL1"1~1~ 

w , v 

uU~~~L!~n111uun11n1~1UU"~~i~'"il1n~u~~~~fl~niuLi1~~n1U~L~~a1 riuu~ ,, 
1 A a 1 11 " 1 •111 1~~1L~UUL1an11 1~'"il1n1~flU~1 " ~ , 

U!f .,j II ll'J I 

'"il~1U~~~1mTIL~1"1n1~flULU" , 
A11"ni1~~u~~"~TI1~uun 

Lfiuu1~'"il c ~~~"n11 , 
t = 0.69RC 

t = 0.69 x 10 4 x 10-· 

= 6.9 ms 

U I 

fl1mn~ 8-8 1u11.J 0-1 ~u~u R 1 KO u"~ c 
v 

~, 3 LL~~ 4 ~u~~~1aflU ~~~~u1n~UfluUn1"UuULi1~1 5 ~~ , 
.. ...,, llC>I utl 

6 ~""fl~~~TI1~L~1"A1UL1~1~~U , 
n. 10 JJs ~. 5 JJs 

f--10µ1--J -J 5µs I-

I ~_Jl n n 8 
0 

l-r-J 1--r-J I I I I 1-r-J ,_,__.., 1-r--l i--r--J 
I I I I I 

1 
0 0 

0 0 

--l 8.9 Ill I- --J 6.9 µs I-

II d a1L~~Tin~~~ II d ~ ~u~llU~ <n> n1~flUTI B ( ~) n·afluTI B 1L1'"il~~ L 1U~~ , , , 
11.J 8-8 
v 

• 
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t = 0.69 X 10 8 X 10 - e 

= 6.9 JJs 

n'Tii 1 L slu 'l u~ruru1tUn111'1uLLrlLll Lu~ L fl Lu" ~11ii~CUCU10luumm rj flf~ ~ii-W"~ .. .., " " 
~ II cl lJ d II " '~ 11 QI I I U ' ~u~~cycy1tUL~1n e n~ufl1111n11~~u~'W""~cycy1tUn1~L~1 llfl1111nn11'W"~~u~ 

~ruru1tUn1~uun ~~111 e-0n .. .. " 
n'Tii 2 1111 u~ L fl L jj"~ L ~ULL1111n1~'1ui11 iJ1f1 ~u 11ivu11i'11~ruru1tU~111 n111'1ui1 

" .., .., " Lslu1~~1on111'1u -W"~~u~~run11tUn1~uun~11iifl1111ni1~ o.69 JJs ~~~~1n~1~ " , .. ·~ 
.I U U ' ~ II 'l I U 'l .I u 1~~1~1111J'W~~~~~~CUCU10lTI1~L~1"n ~ll~~u~~~ U1u 8-8~ ..,.., . . 

c n > 

+Vee 

R c 

14 15 

Q 

(1/2) 
T 74123 

0 
R 

3 

R 

t • 0.33 RC 

~ I-
13 _fl_ 

4 

A s R a 
H H Trigger 

L H Trigger 

L H Trigger H • High 
L •Low 

X X L Reset X • Don't care 
f • Low to high transil ion 

X X Reset f • High to low transilion 

LL~USl1'Wfl110 

- 1 
A 

0 
I I 

1 I I 
s I I 

o I I 
I I 

- 1 I I Ro I 

1 ~'~~~~'~---. 
a o _J j-r-=I.._ __ 

C fl> 111fl~U 
" ,-11 8-9 1u~Luui 74123 

" 
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u~u~~L~~fl11nu~~fl111~A1A11"~1~~u~ 74123 l"lu~LflLn~n1~flu 
q 

~,1~ 2 1~~1LUfl1L~~1 ~"ni1L~~f111nnu~TI1~L~1~1~n11 741212 TI1~ 
L~1u1~nuu~1~ A, B u~~ R f1111~Fi1A11"~1~ofiu1vn11n1~1u~u~1~~, 

u~,~~riL~u un1u1n~u~fl111~Fi1A11"~~~ u~ri~111~~,i~iun11n1~flUL~u 
1 

R u~~ B iiF11~~~~ALL~~ifuuclruru1cu1\l A. iiF11~~~~~1 
V V WU ~ 

al t A II ti Ct l ~ Ctl 

LL01TI~u~nu~fl111~A1A11"~'~ 1~~1nnn1~flun1 A "A1fl1 R "A1~~ 
I V 1 V 

LL~~ifuu~ruru1cu1\l B iiF11~1m'h1u~~~~ .... 

T = ABR 
~ ~ I , '.1 1 A I A II 

~~LnflL~u11TI1~uun Q "u11n~ u~"n11u~"1vA11"111~~1un1~~u 

1~fl~uriL1~1 lrim:i~aruru1cu T ~1n~11udiu~~1o:UUL~~n11 l"tu~LflLn~LLuu .... v 

n1~flui11~<Retrlggerabte> 
1 

A11"ni1~nu~~~~TI1~uun CQ> ~u~,u~Luui 74123 n1~UrtlrtVA1 
~u ~;)1fl1uTI1u R Lrn~fl1 L ~mh~~ c *~ dlu 1 uf11"~"n11 

1 

t = 0.33 RC 

i-tlA~u1u1tl 8-9A · ., ' .,I O 1 ., o ., i.f,.I 11 
LL~ri ~'W~~~lJTI L nri u~mtc1urnun1"u1'W~~u un1~flu v v 1 1 

1oihuoi 74123 ~~Lnfllll~'Wu111~~,~~nnn1~flUL~uifuu~ruru1cu A 1\liiF11 
~ ~ ~ M 

~ina~~~~, ~~n11\\'TI1~uun Q iiF11~~ ~~~~u~n~u~~n~fl1""1n11\\'Lnrin11 
v v v 

n1~flU1~~1~1~ A n11" Q iiA1~~~1~uri 1uun11n1~1u~~~~L~L~"flu~u~7~ 
1 v v 
'"'II O ~a II 

~Un11'W~~~r'ITI1V~~TI1~1UL~1~L1~1J1u~ 
1 

U I 

fl1DB1<11 8-9 1oih uoi 14123 
I 

R = 10 KQ LL~~ c = 10,000 pF ~~lJ11V1V1UA~U~u~ Q ~""~11uun1"nu~ 
v 1 1 

~~~u1nifuuLi1~ e u~~iiF11uL1~1~~;i 
n 50 Jls 11 10 Jls 
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t = 0.33 X 10 4 X 10-a 

= 33 ).ls 

l--60µ1--J 

'_J n n 
I I , '-----', '-----

i.-r--j ...._,--! ~r--J 
I I I r-' ----. 

8 :~J,i-----
1 1+-r--j 

1 I I r--+----i o_J ! I_ 
0 : I-_, 33µ1 0 I I-

~ 33µ1 

<n> ( ti) 

711 8-10 .. 

1 

0-1on 

2 1~~1nnn1~~u~1E~~~~nu1nu~~~~~nn~n~~1""1 ~~nn!L~flLL~~ 
" 1 .. 1 .. .. 

~, Q ~~A~~~,~~u~fl~ufl LflEL"Eu"~fl~~~1~un11L1~1~~A1u<~1u 0-1011> " " .... 
01L"~~~~"1n1~~u~ e 5nLL~~L1~1~1nn11n1~~u~1~11uuu1n11u~~a~~n~fln1E 

1 1 " 1 

A7U Q ~~afl~1a~ LllUL1~1 33 ).ls 

ii u d ~ u 8-6 ~~~,. D~nun11n1~RDUL~D•~Ua<contect bounce circuit> 

1u1~~,.~~flua~1 ~ 111 ~~~u~"n11~~~~11u~~ifl~L~uuuu~~~1mL~1 
I Q '-1 a ' ' Q '~ '1 .If " " ~ L~U~1fl~ UAEUu1~tlu~1~UUAu"~1Lflu1~1~7UuuU~~~,m~~ +SV LL~~~~~1mfl1 

<> ' a a " .I OV ~1fl~~flLflE1TI1~LflE1CSingle pole single throw , SPST> fl~1u 
1 .. 

al Q ''1 ~ al Q ' I I " '.,J 8 - lln L~u~1fl~fl~1~~1~fl A ~~LUU +SV L"u~1fl~flu1~~1A11"fl1~~1nETI 
1 

A ~~Lilu 0 1l1A~Uufl~A~LL~fl~1u1l1 8-1111 L~u~ifl4~,E~1n~flLllU~u~~u 
" 1 .. 

~in.luLllu~~,~~,. 
I di .,J 

1l1A~U~~l111n~TI~fl A 1"ufln~1~111~1n1l1 8-llA "1n~n L~En11 
.. 1 " 

Lnfln11n1~fluu~1uE~"~~ 5uLnfl~1n~111~~AuE~~~u1~"~~1~~Un"u1n11~u 
~fl~u1~~1~a1EAf~n11~~~EflU~ niL~LnflA11"fl1~An~n1~fluULllu~a~~uE ~ 

1 

~ .,J " " tlUTI1uE~~~~ A 
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Switch position I OPEN~ 

CLOSED 1 ~ 

Voltage at A + 
5 

V ___, i 
0 ~t-1 

+5 voe 

R 

A Switch position OPEN~ I 
CLOSED 1 H --J 1-- Bounce 

+ 5 v ___, n n r--i n n period 

Volt1g11tA LJUyr-J ~LI~ 
0 -II- -II-

SPST) 1witch 

Bounce Bounce 

en> <~> u~~\l~11>J~1\l~ndn1~~uu 
11.I 0-11 n11n1~~uuL~u~>J~~ .. 

11 }I I Ji ,..; II CllCll '1 II II 

t'l1 lJuU~11>Jfl1 \l~1m.1n~~ A L '1111 \l~1flflLLu" 1 \l~,.~~ L fli1J~CUCU1ClH'lnflu \l 41 ... ... ., 

L~u~ifl~fl~1'1~1 LUu\l~1n1"Ln~n11n1~fluU L~u~ifl~~~1\l~1 1u~~"~~~~uri \I 
I u I '1 Q d 0 ' ' ..: 0 Ji U '"1\lnu u~1'1L1nfl1>JL>Ju~1fl~flu1\l~1 ~"'llu\ln11n1~~uULUu\l~1nLn~n11~>J~~ 

oc! I) ad ..,, o ~II "'."1 J '1~' 
~~Ln~'llu LU1'1~1uL"nn1uun~ ~1L1JU~~flu\l'll~fl11cy'"1u Lu~L1Ju1 74123 

i>Ji u~ L fl L iia U1J1Jn1~'1u~1161 ~~~1mLni1ru'"1U161 L fluuri1 "~ 
. , -

1\l~11u1tl 0-12 1ftu~L1Jui 74123 Lflui>Jiu~LflLu"n1~~u~11~ 
\I , 

LnflU1J1JUui 2 ~1 ~uLflUU"fl4 LnflU1J1JUui 3 fl1'1Li1 1 ~1 u"~LnflU1J1JUui 
1 ~1 ~u L fluihn~mt1 L ~u L-KL Un11ni~1J~'l!'l!1CIL~ L nfl~1nn11n•nfluU L ~u L n~n11 
!i "' 0 "'"' " ~>J~~n11fl1\l1U>Jil\lU 

n~& t L~u~ifl~~i11\l~,.~~1""i1cy~1L~u\ln11n1~iluU 
..: I d 

L>Juflu1\l~1n~fl A ~~ , 
~u~\l~\l +v ~u~ ~1 A ~uLl1~1Jfl1'1Li1 1 1u 3 'llu\lLnflU1J1JUui~~~11• 

\I cc 

:. "' I: / .! 1 "' u 1·· d ( f\1\luun C a\lfl1 fl\JUUY\1\luun A ~~'llU~\l UL1"1Lf\~1nU A ~~ uL~flU"fl~ 
. \I 

LL"~ B ~~~U~\l n11~\l~'l!'lPCIL~1n A 1tl~\l't11~Li1'11u\lL>JLU~LflLU" ~~L"Lnfl 
'1 U 11 U Cll I :. / ~ '1 ol 

~"u~L1 fl\lUUf\1\luun Q ~\l~\l>J~lfl1 't11\luun'llu\l1\l~1 <A> ~~L1JULufl1>J 

~ifl4fl1\lL,j1~ A 
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•Vee 

2.2 k 

A 

SW SPSTl 

•Vee 

R 
c 

0 

T 1/2 
74123 

R 

Set 

Switch 
OPEN 

position 
CLOSED 

~ I-- Bounce period 
+ \1:c 

Voltage 11 A 
0 

0 
1 
0 

8 
I 
0 

c 1 
0 

A' 
1 
0 

flt-_ _,UUl ___ _ 
-I I- Bounce 

~---.-~--11---~' I I.__ __ 
1-lrl-i----.l I 

I 

1u 0-12 1~~1nun11n1~rtuu 
v 

.. "" .. ,, .. ,!.,i .. ~.,.,.,. 
n~m 2 L"u"1~~~u1~~1 ~~Lnfln11n1~fluU~UTIU1L1ra~"~"TIUTI 

227 

"' ., ~ .,i ti "i" "i" .. ~ .. .. ' 
~~"n11n"u"n1u~"~"~~1 TITI1~L~1~u~L"LU"L~LU" ~~Lnf1~1n"1~~ LL"~ Q " . 

~ 1-1"' G ( 0 1 ti ( "' G I ~ ll .,i 
~~~u"~ Q ~~ u1L~~u"~~ u~~TI1 ~u~~~ 1L~~ua u"~ B ~~"~~1 nn~1~TI .. v , 

A L nrtn11Lu~aULLU"~~1n"~1 u~~1 1 UL"L u" L ~ L ri~~~ L Oft L ~"fiu1uun11n1 ~1U 
v " 

1~~ n11~n1~oon Q ~u~LuiLuo{ 74123 ~~~~"A1"~ A1~url 
v v 

~1~L1~1"ftn1a~u~n11n1~fluU~Lnrt~1nn11~"~" ~~~aft"~ L~un1~uun Q , , 
~~~1 n1a~i~L1~1~n~11 n1~L~1~~~"fl~~n a n1~ ~u~Ln~uuuuu4~~~n~1 

I ~ ~ 

~1 c ~~~u"~ u~~ A ~~~~~1 .. 
L'T1~~.iu~AnH11u~~u1u1u 

v " 

~1"Un~~1~L1~1 t ~u~~"~n1~uun 
0-12 1~L~11~n~n11n1~1u~o~1~~1 

~u~L"LU"L~Lii" ~~L~~1~a11n11~1u 
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~luB1~ e-10 ~1nn11n~~u~ A1UL1~1~u~n11n1~~uu LUu~~1nn11~"~~ 
~u~~~~41u1u a-12 ~~1 1so ~s 1~~~n~uunuuu11L1~1Lrtu~~1nn11~tl1~ 

" L1~1~u~1~~1Ltlu s Ln1~u~A1uL1~1 ~u~n11n1~~uuL~u~"~~ ~~~1~1~u~ 
fl1Lfluu1~~ c 01fl1~1un1u R Ltlu 4,1 KO 

" 

= 

= 
= 

0.33 RC 

C3X750X10-•)/(0,33X4.7X10
9

> 

1. 4 ~F 
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I 

LLUUilnifltmTi 8 
0 :!t s. 1 .,:.. cl 1 ~~Fl1U1WL1~1Fl1U1uU'llu~Ncycy1wu1~n1 U1~UUTI11~111Jn 

<n> 10 MHz <'11> 6 MHz <Fl> 750 KHz 

2 Fl111lrl'llu~~cycy1WU1~01LflULn111 01L1~1~1U1uULflU 250 ns 

a ~ 1111rl11u ~~cycy1wu1~n1~ ~~fl L fluL rh 11~1.gnmJ~1hJ~mhLuu111~ L •mi~'1lJ . " , 
Cll I 

1JL1~1'MU1~ 75 ns 

4 
I I I 

~~'M111uuL'll~~1111n~~LL~~~1'llu~~ruru1wu1~n1n"~1111~61~~1ri 10 ppm " .... 
5 .,: "'0 A:!f II...... ti q11R 

~~'M1F11111n'llu~LF11u~n1Luri~cycy1wfl1£1~1~uL1~1 555 l 8-4 L'M A 

= R. = 47 KQ u~~c = 1000 pF ~1u1w t u~~ t u'111ri1tl~~un1~uun 
l 2 " 

6 ~~~1u1w1uu~1~1u'llu~1~~11uuuuaniriiu s 

7 

... d .1 4.7 KQ u~~~1Lnuu1~~ 1.5 ~F , 
0 ~~~1u1w~1111ni1~~~~n1~uun'llu~~1~uL1~1uuuaniriiu 1 

111~~Lti11Lflu 2 Ln1 , 
9 1u1tJ a-1 

" KQ U~~ C = 10,000 pF 
.. .!1 ":!t al ... q 

10 ~~L'll£1u~11n11~11nN1'M1UNcycy1wn16l c 'llu~1~~1nun1~6luu LUltl 0 - 12 

1uLnu1l'llu~ A e u~~ G 

11 tl~cycy1wn1~fluu~1n~i~~uuu SPOT Loil1~1~~11tl 0-1a L'Mi'iuunu~L~£1 
" " 

mh1inu'1 1 u1tJ 0-11 u~1~11A~111LL~~i1 RS ~1-H1 u1tJ 8-13 ~~;J;i~cycy1w 
" " 

+Vee 

4.7 k 

~ul 

2 

-= 
\?,UI 

1/4 - 74279 

'Ji.I 0 - 13 
v 
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n1~~nunnn u~~ v ~~a~Lrlna~~~nri~~1u~ii~ 1 u~~~1Lrln~~~~nri~ 
OU~ W V V 

'11 LL 'M ii~ 2 -.;} ~ nfi 'U1!.I111 ~-..i1U tlil ~ nun1, n1 ~~il 'U 'IJ il ~ ~'!!'!!1tll. L linri 1~L1 il 1 '"'1'"'1~ 

1 ~ .1 "" ' ' ... J''1 ...... ~1uA~u~1!.I u~~~~ua~~11 54/74279 a1~11na11~1~~1uL~n~ 4 ~~ 
ti , 

12 

' 
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c:J 
l.J 'Yl 'Yl g 

.... . ' ..& • 
~~~L~D~~UULaau~a~a <SHIFT REGlSTERSS> 

• 

II U . II 

uun1"L~1-uun1"uun uun1"L~1-~u1uuun ~u1uL~1-uun1"uun LL~~~u1u , , , , 
L~1-~u1uuun 1u1~n11~1~~~uun"1~1~tl1~1u1~1~~,~~uu~~u1fln~1~u~~ 

'II 

L~cY L 1Su 
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II 

Serial --EJ--Serial 
data 8 bits data 
input output 

Parallel data Inputs 
,...--1'----., 

MSB LSB 

~ ~:;~al 
~output 

l!UO'UIL '111 - l!un1irnl!n - 54/74L91 , . , 
II 

54/74164 l!U012.J L '111 - '11U1Ul!iln -, 
II 

54/74165 '11U1UL'111 - l!U012.Jllll0 -, 
II 

54/74194 '11U1UL'111 - '11U1Uililn -
II 

54/74189 '11U1UL'111 - '11U1Uililn -

... 
01CILfl ll 

1 "" L 'Ji1~iJ~thJ~mJ 
I 

0 
.. 

011 L iHlU L JJu 
v 

"" L 'Ji1~iJ~tJiJ"mJ "' 011L~llU L JJu 2 
v 

II 

J 

J 

~:;~al J---::1 
Input ~ 

MSB LSB 

'--v----' 
Parallel data outputs 

Parallel dat1 inputs 

~ 
MSB LSB 

8 
MSB LSB 

~ 
P1rallel dat1 outputs 

0 

8 llfl 

8 
0 

llfl 

8 
0 

llfl 

4 
0 

llfl 

8 
0 

llfl 

= 0 LL~~ K = 

= 1 LL"~ K = 
II 

0 

~ "'d11 0.,..,. .. 
~~ 1fl~Tiflu\lfl1U\lfl\lflu ~~flu\lfl1Ufl2.JTI1\IL'111 J LL"~ , , K 1\\'rimiu\I 

• 
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U aid d ~ S, .. I m ~ I II 

1tfl1Jfl11n~u~ J uat K u1~~tLuaDu~mtn~ruru1mu1~n1"A1~~ ~1ufl1 UflflD~ ... ... .. 
~,u~~~~1~L1a1 Lfl1D"fl1 uat~1~L1a1A~~n1ut~1DL~fl«~~1~watJwautJ JK 

~ 

umun~ L flu{ a~1w '~1~-Wa~au~u ~~ruru1mu1Un1LDufl1n1tiiuuatL1Dn~ruru1m 
MM ~ #W 

u1Un111 -Wa~L~uuiiu~a <Shift pulse> .. 
A 8 C D 

J a 

'~"{ date 

K 0 
Clock 
hhlftl 

Time I I I I • 
1 I I 
Clock~ 

o I I I I 
1 I I 1 I 

J I 11 I lJ_ 
0 I I I I 

I I I 
K --;-1---." l f! 

0 I I I 
1 I I I I 
00~ 

<n> <~> 

1tJ 9-2 watJWautJU1J1J JK .. 
al ~ al Q I z d 1u 9-2 Luun11a1uuu1A11"AflL~a1u nL1a1 A .. ~ 

<A1 o nnL~uuLii1awatJwautJ> ~L1a1 e A1~u~ Q ~tL~LtJ~Du ~un1t~~ 
.. 'II 

w~tJwamJ~tH A1JA1 0 111 Ufl1 L u~LL~1 uat 0 ~n;J1~iiH ~uUL ii1"1 ~ L 1a1 c 

WatJWautJ~tL~fl (fl1 l L~uULii1a\JatJ\JautJ> ~L1a1 D 0 ~n;J1~U~onL~uU 
.. .. 

Lii1~1LuwatJwaut1 fl1"t1n~L11L~uuiiu"a 4 ufl Lii1awatJwautJfl1"~1fl11~u~ 
.. " 

I d .. U d d L1a1 L~u o nL1a1 A o unfl1nL1a1 B t nL1a1 ..: c o nL1a1 o 
1tJ 9-a uafl~n11~uwat1waut1~1nn11 a ;t, L~"fluLnuw~tJwautJnn 
'II 1 

;J1on1 L ~fl LL~1ifuuilruru1m~n1111A1uiluuuL ii1~w~t1waut1 Q '~A~1Dfl1J1ll 9-2 
'II ...... " 0 I alQalal alCll U z 

n11n1~1u~u~na~wauwaDu~fl~U 
1 

~L1a1 A W~tJWautJnn;J1on1L~fl n1~Lii1 £ ~ II 

J n~~~fl~tfl1 uatn1~L~1 
1 " 

K ~~~~fl~ta~ Lnu r 1L~fl < o Lu s L~uuLii1 T> Lun1uu~L~D1nu o Lu 
'II 

R L~uuLii1a s uat oLu Q L~uuLii1a R uat o ~u~iiu~an1~Lii1L~uuLii1a .. .. " .. 
Q n1~uun~u~w~tJ\JautJ~a~~1nL1a1 A ~o 

QRST = 0000 
~L1a1 B w~tJwaut1nnfl1LDu 0 0 LU s L~uULii11tJu~LU T 0 LU 

1 " 
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R L~uUL~1LUu~LU s 

QRST = 0000 

J 0 J R J s J T 
s .. ,. { 
data 
input 

0 K K R K K 'f 

Clock 

. A B C D 
Tome I I I I • 

1 
. I I I 

Clock SUlJ1rL 
o I I I 

Serial {J ~ I 1 l LL 
data I I I 
input 1 I 1 

K 1 1 I fl o I I 
1 I I 
o~ 

0 I I I 
I I 

R 1 I I f1 
0 

I I I 
s ~ I I Io 

1 I 
T . 0 o--------

~L1~, c w~uw~uunn~1Lilu o o Lu s L~uuL~11uu~Lu T o Lu 
1 • 

R L~uuL~11uuriLu s o Lu Q L~uuL~11uuriLu R Lu~ra~L~~1nu 1 Lu~u 
" " ~~n1~L~1L~uuL~11uLu Q ni~uun~u~w~uw~uuAu 

" 
QRST = 1000 

.,, • f) 
TU 1~, D 0 LU S L~uuL~11uuriLu r o Lu R L~uuL~11uuri1u s 

" cJ .. ~ 
J n~1~1n R ~~ u~~ n1~L~1 K ~1> Lu a L~uuL~11uuriLu R <n1~L~1 " 

" " o 1u~u~~n1~L~1L~uuL~11uuri1u Q 
" " 

QRST = 0100 
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Serl1I Serial 
dat1 J a d111 D 0 
Input 

< > 
Input 

K 0 a 

Clock Clock 

'2'11 9-4 w~l1waol1uuu D 
• 

II II "' II ..JOO ,., ·' 9-3 9 .• J LL.,.,., K .. fl!:"I ~u"aTI1.JL~1LLUUuUn'2'" TIL~1~,~~L~il'2'~'31u ~~ "u u 
• , • 'II 

ruycy1mn1 H ,'i1 n1aH n~L~fl~~'Wui1 K = J LLa~ J = K "1uacycy1mn1 H ,'i1 

"U.JLfiuflu"'W~L"U~~il.JDnaruru1m"u., n1L11~u~1nau~11~"i1.J J LLa~ K .... 
0 fJ 11

0
10.l.I ol II ~ II O GI .. I l! fJ atl 

TI1L"~au~auu Q ~u.Jn11~ruru1C1LTI1.JL~1L'WE.JTI1.JL~E1flil J LTI1UU LUn1ClLU .... 
L11~~1~w~l1waul1LLUU D LLTIU~-3111 9-4 ~1"iuw~l1waut1LLUU ti (~~ri1.J1UL~il 

'II 

1~iuacycy1mu1~n1au ,'iu~a~~L,'i1n1.JL,'i1 o <u1~Lfiu 1 "1u 0 ) 

L ~mu 1i1~w~tJwaotJ 
" ~ I oa / d II 111 II 

~~L"U111~~L~tl1LatlU~tl~a ~LLUUtlU01"L~1~U1~ 4 ii~ il.J1t1 9-a . , • 
ai"11ni~w~tJwaul1LLUU D LLTIU w~tJwautJLLUU JK 1,!, fU .I o fJ II II 

v• ~'31u 9-5 TI1LUTI1'3L~1 
'II 

~L~E.JTI1'3LflE1 ,.,Ltlun11a~f111"~U~uua.JL~5n 

Serie! 
dell D a D R D s D T 
Input 

R s f 

Clock 

CIA / d II 'j II II A 

111 9-5 ,~~L~il1LauU~u~aL~LLUUDUn1"L~1~U1~ 4 u~ 
" 'II , 
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2JG 

Time --,-A-,.o __ c.-~o .... 
· 1 I I I I 

Clock 
0 
_JULn.__1'L 

I I I I 
0 I I I l 0---'---"--'---'--

I I I 
1 I I I 

0 J1 lo 
0 I I I I 
1 1 1 I I 
RO~ 

I I I I 
1 I I I I 
s~ 

O I I I I 

1 I I I I 

TO~ 

1U 9-6 U~Un1~TI1~L1~1 ,, 

-iio"~ 161 1 u1tJ 9- 5 
" " 

Q .. 

4 UflAu QRST = 1010 

U I 1·'" ~~flu uu 
• "a. ' u a "f II~ l»A cla u ...I " nuuL1a1 A 1~~Ljlu1~~~n~1U1UL~~ QRST = 1010 Lu1L1L~El"UjlTI"UEJ~1~ 

~1~~ 1~0 o 1utJ11nu~ T 

~L1a1 A ~1u1uL~~~~u"~~~nnL~uu~1uw~tJw~otJn~~~1'1tJn1~~11"u L~~ ,, 
';J~ nn L ~uu L -il1~w~tJwcwtJ Q Lrn~lifl~)h1EJ~1f1ru~1~~-..i~ L ~uuuun 1 tJn1~~i1ihrn~ 

,, ,, w 1 

Loi O Q .,J.,. U _.1 U ~ U d .. 't•lol d CIQ ' U1EJ u';,11U1UUflTI"UEJ~1A~fl1~~fl1TI 2 C~u 1> ';,!~ uu11nDTI T 1~~Lflu1';,1~ 

Ufl L nu 
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QRST = 0101 

~L1a1 B TinUfl~1\IL~uu1iJTI1\11111"u~n 1 , 
Q ~1U1UUfl~"ua~1A~~1~'1il1~ 3 <Au O> , 

QRST = 0010 

~L1a1 c nnUflfl1\IL~uu1iJn1\11111"u~n 1 ~~iJ~~uiJ o LduuLl1~~~iJ~~uu Q , . 
0 0 I 0 ,,!J ... .. •• "' 00 ' 00 ~ ~1U1UUfl~"ia~1Acy~\1~'1<Au 1) ~~u11nDTI T u~~,~~Lflu1~~"UflLUU 

QRST = 0001 

~L1a1 D ~1U1UUfl~nia~1Acy~\1~'1(Au 1) onL~uUuunLU'Y11\11111iiULL~~~1a1iJ 
v , • 

o ~~LduuLl1d~~u~~uiJ Q u~~•~~Lflui~~"UflLflu 
v 

QRST = 0000 

.I 11 I 0 d ~ t'J OO ' 1•••• .,: ~1uU~1L11~~~U11 ~1U1UL~1J'YILnUuaLU1~~Lflu1~~ uu11nDTI T , v 

< L Dun1 \luun11u\I;~~ L flui > Ufl L iia1 L ~miu~~1u1uufl~iiia~1Aru~1~'1il1LL1mL~~ 
v , 

~~ LAduu~fluL Uu\lnu1uLLUUuun1" L~u'li1\IL1~1~ruru1cuu1\ln1ifuuL ih "1nn11 
, vv 

4 ~n ~\llu"~1u;~~Lflui~~onLduuuun~1~~iJ~~uiJ T uuuuun1" ~~Ldu11 .. v v , 

A 

8 

Clock 

Output Input 
,---->.--.. ~ 

14 13 12 11 10 9 8 

0 0 A 8 <JND CLK . 

54/74L91 

Vee 

2 3 4 5 6 7 

c n > 
... 

011~'1111 

< 11 > LL~Ufl1~fl11n 

111 9-7 54/74L91 ;~~LfluiL~uu1~ a ue-t .. 

• 
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2J o 

a ' G ~u"~~L"U~t1u~n1~uun~u T 
111 9- 7 n11~~tl1 54/74L91 ~~~Lflu4uuUL~uuiu"~ 8 nfl ~~~11 
" " ~~ulluuu RS a ~1 ~u~uun1"Li1u~~uun1"uun ~i11~~u1111~un11n1~~u , , , 

~1Ut1uu~ut1u~~~~1rau1~n1 

~~iJ~~ulluuu RS ~~1unu~~11~~ul1uuu JK 111 9-3 ~iiJ~~uU RS ~~ 
" LI OJ 11 tm II I tJ I I 

~u~"n1~Lt11 R = o u~~ s = 1 ~1u R = 1 u~~ s = o Lt11~nuu~~~~ 
" " ~1~1niui1"1~u1~~i1~ R u~~ s t1u~~~iJ~~ul1~1u1n 1~~1~~1~1u 

.. .. .. ~ .. ....... ' "" ~~1U ~iiJ~~uUUUU D ~n1~Ltl1L~U1 tlu"~~~L~uULtl1~1~~L~u1UUUuun1"n 
" " , 

II d, II d I II "" G ... ' 11' n1~L~1 A ~1u B n ~ ~~L~u11t1u"~n A <~1u B> nn~u"~~L"u" ~~uLnfl 
" " uuuuuu~ iu"~Li1~n1~Li1 R t1u~~iiJ~~ul1~1u1n ~1U~u"~~L"U~L1'i1 s 

" " Ln~uuuuuu~~ 2 n1~L1'i1~u A u~~ B ~11~1i1i~u A u~~ u 
e 11"nu <1.11 

11 u~~ 12> u~1~uuiu"~Li1n1~t11 i1"« ~1 A ~~1L~u 1 ~~ L ~fl~itl~crnll 
" ~1LL1n <~u 1 L~uuL1'i1~~~11~~mJihLL1n> Lrlu~~~1rau1nt1u-lu1~n1l111n!Jiu 

_,I U "" II 1~ ' ~1uB1~ 9-2 1~~1~11~~uu1~~u~11nnn1'1Lt11t1u-l u~Luu1 54/74L91 u~~-1 

1iL~ui1 1 Lrn~ o L~uuri1JJnuLi1~1~~Lflui1~mh-11'1 
" 

Data 

0 
Clock - -----< X>---..._ __ _ 

u .f .. <n> ,~~uf111n~~1u~n~1 <ti> ,~~uf111ni~1u~n~1 
" " "li1u L ~mJiiJ~~uiJ ~1u1 L ~mJi1hohrniJ 

,11 9- a ~1uri1~ 9-2 
" 

• 
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,. 11 9-B u~~~fl11nn1~L~,~~tJ~~utJ~1u1n 11.J 9-Bn ~uu~u"~ 
" " " 

o n1~L~1 s Lflu 1 LDu~ruru1rau1~n1~u~~ 
MM " 

~n1~L~1 ~~L~uUL~1~W~UW~uU 1u1u 9- 811 
" " Lflu 1 n1~L~1 s Lflu o LDu~~~1ra 

c c 
Data L L 
outputs 0 0 

c c 
Vee OH Oa OF OE K .K 

14 13 12 11 10 9 B 

54/74164 

2 3 4 

A 8 OA o, Oc Oo GND 

~ 
Dell Data 
Inputs outputs 

<n> ... 
ni1~ri111 

CLEAR 

CLOCK 

A 

8 

Parallel data outputs 

C 1J > LL~USl1'W'111n 

1U 9-9 54/74164 1~~Lflu4L~uu1~ s Ufl 
" 
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DOC> ' I C. .,. .1 I DODO ' J.. .1 9 1 
uun~u~1~~L~u1U~~t;U~L~El~1~ 1u11~~u~1~~L~u1LLUUUAu 1" - ~ · 

1 "" ' " """" ' al .. 1"' .. .. u~LUu1 54/74164 LUU1~~L~u1LLUUL~uU~u"~ ~ ~u~ 8 u~ 
v 

uun1"L~1 ~u1uuun · u~un1~n11~~~1 u~t;1~~1~11nu~~~~~1tl 9-9 ~~~i1~ 
1 v 

~1mJ~tliJ~uULLuu RS )jA11"11~u~ruru1C1Lu1~n1~1u~u1tl 9-9~ ~ A~1EJnu1u~ .. .. v 
' .:J I II II I '1 • 1.r LUu1 54/74L9t nn~11"1u~1 uun~1n 2 ~u~uLuU 

1 n1~uun~1~~u~LL~~t;iJ~iJiJ~utlLflun1~uun~u~1~~L~ui ~~~u~1L~~ 
c. col d 'l """' ' .I col ., u .I,. .., s u~nLnULU1~~L~u1~t;u11nDTITI1~uun~1u"nu <UAu~nltC\Lt;'Yll~uunuuu~u1u> 

DOC> ' Gil 'I I II U U al Q~ Q ' II U ll 2 1 ~ ~ L ~ u 1 L u u LL u u rn L '111 ~ ~"' 1 t; nu L "u" r1cyry 1 CIL L A~ El 1 L ~ 1 "1 ~ ~ u u 
~11i~ruru1C1L)j~1~1 ~n1~L~1LA~EJi<~1 9> ~t;n11iiJ~tliJ~utlnn~1Ln~n111L~~ 

.. .. 1 

<LAiEJi> ~~Ln~1~i1n11n1~1u~u~n1~Li1LAiEJiLiluuuu1~Ll1~~"1t; ~u1~ 
~u~u1AEJ~cycy1C1Lu1~n1 ~11uLn1~n1~Li1LA~EJi)j~1~1 n1~uun~u~iJ~tliJ~ufi~t; 
~~A~)j~1~1 <1~~L~ui~t;U11~ 0 11nnu~> 

1 1 

n11L~uu~u"~uuuuun1"L~1~1~~L~ui 1f~;n11L~UL~EJ1nui1lu~ 
v 1 v 

n~11"1u~1 ~~1i1u~ 54174L9t iu"~Ll1~n1~Ll1uuuuun1"~t;LU~EJu1u~1" 
v v 1 

~ruru1C1L u 1~n1~1u1u~ ~ ~~u ~~ ~ L n~?iu~1~L1~1 L ~1EJ"~1Lrnt;~1~L1~1A ~~rnu&-; .. .. v 

~1n~~u1u~ ~&-;1~~1~L1~1L~1EJ"~1~uEJ~~~ 30 ns u~&-;~1~L1~1A~~n1u&-; 
v 1 

., al ., .J"'"' ' al ~ !'\ ., ""' ., 0.0 ns 'llu"~~&-;nnL~uUL'll1~1~~L~u1L"ur1cycy1C1LU1~n1~1UU1n"1n~ 'llu"~~t; 
v v v • 

u QI c:: I col U 111 I ~ ll 
EJ~A~~n1Ut;L~nEJ1LUUL1~1 30 ns nuU'Yl~t;1Un11n1t;~U U"LL~t;r1illill1CILUU~t;A~ 

1 .... 

~uri~u1tl~uni1~ruru1C1Lu1~n1~nU~1u~u1tl 
ti MW ., 

o au .l 
'Yl1~1U"~~U 

e ~~,~~ Ln~uuuuuu~~t;n1~1u lu"~Ll1n1~ A uuuuun1" ~1u~1n~ui1 
• v 1 

' ., ., al ., .J"'"' ' 
Ln~uuuuuu~ 'llu"~n1~L'lll~t;L~uuuuuuun1"L'lllr11~~L~u1 v . 1 v 

e ~~,~, n1~uun'llu~Ln~uuuuuu~nnfi~~u1in~,~~ Lilu~~1in1~Ll1 R ~~ 
v v • 

Lrn&-; s ~1 c iJ~iJiJ~utl1 L ~rt> L ~u~ruru1C1Lu1~n1~1uu1n~mL1n~1u 1 tl o ~&-; L ~uu .. .. .. 
L~1~iJ~tl'W~utlil1LL1n ~ruru1cuu1~n1~n~u ri 1ufiL~uu o ;J1n~LtlLl1~1~~L~ui 

., .., ... ti \I 

I II , QIQI ,,,. I Ill U 

u~~~1n~cycy1cuu1~n1~1u~u tl a ~n •~~L~u1"A1 o u11~uEJ'Yl~ a ~1 
v 1 • 
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U I U I d II 1'] Cl II 

~1BD1~ 9-4 ~1nfl1u~1\I 9-8 ~\1~1L1~1TI~u"~uULU~n11~L~n~1 LL~~~u"~ 
v v 'II 

~~LU~~UUU~\11U~1\IL1R11fl 

71.l 
'II 

c1cick 

I-- 100 ns __J 
clock period - -.f 

0---' 
I 70ns 1 30n1~ 
rdata t'.ansitlon -s~tup 

time time 

U I 

9-10 J11u~1\I 9-4 

II '1 a I d U ~1n1U 9-10 ~u"~~~u~ U~n11~L~n~1 80 ns nuUTI~~Uu"1un11n1~ 
'II 'II 'II 

~u~1na~cy1mu1an11~uuu1n L~u1~1u~cycy1mu1~n1~uuu1nu~1 ~u~~~~LU~Eu 
utl~\ILU~1\IL1~1 70 ns 

1UA~u1u1tl 9-11 u~~\ln11n1\11u~u\1Lu~Lllu~ 54174164 iu"~ 
• 'II • 

.. .,I .,I~ i1 .. .,: ~ "" ' 
uUn1>JL~1TI A (~1 1) ~m~TI~ruru1mA"Lnfl uUL~1TI B (~1 2> ~ruru1mLA~U1 

" UU ~ MU 

~nu1ni1uuLi1~~1 9 ~L1a1 A ~~tl~auuTin~1~~uri1u~n11~iL~fl <Ltiu o> 
• , v 

acycy1m U 1~n1L~"~L1a1 B UflL>H~in11 L tl~uuutla \I ~u \l~cycy1mu 1~n1 
'1 A "" I :. .,I 0 

~uuu1n LU~m~U~1EA1UA"<~1U B> "A1fl1 TIL1a1 c ~1EA1UA"~~~\I "~~Ufl 
, , 'II 

II A al II ..JCICI ,.,i 
~u>JaUflU1n CO) ~~nnL~uUL~1N1~~Lflu1TIL1a1 D 

'II v v 
.. "" "" al .. 0 ... "" ~u"rrnn 7 Ufl ~~nnLauUL~1fl1>J~1flU TIL1~1 E, F, a, H, I, J 

'II 'II 

ua~ K acycy1mu1~n1~\IA\liirl1~\l~~\1~1nL~UL1~1 K LULL~1 LLrHna~ 8 UflAu 
'II 

al .. ..J"""" ' . '1.1.1 "" ll 0010 1100 nnL~uUL~1~,~~Lflu1 u~~Luu11nnn~1ETI1\luunTI\I s ~>J1EA11>J 
'II • :.I 

i 1Ufl~iiumhflru~1 ~~nn L ~DUL ~1rluULrn~ L Uuri~ Q" ~u>J1n11 L ~uU~~ L ~>JVlU l ~11 
u " • .. 

~u"aiifl~1\I ~ ~\ILDU~u\IL~"~~L~uULtl 
v 
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Time 
A 8 C D E F G H J K L 

I I I I 

Clear-U 1. I u-
I I 
I I 

Data (Al UJTl 
I I 
I I 

Control (Bl 

Clock 
I I I 
I I I 

QA 0 LJ! 0 
I I I I 
I I I I 

o, 0 LJ!o 0 
I I I 
I I I 

Oc:::.::. 0 H, L£_ 
I 

Oo == 0 I 0 I o 
I I I 

OE:::.:::. 0 I ~ 
I I 

--1 I 

OF - _I 0 ~ 
I I 

- -1 
OG - _I 0 0 :o 

I I I 
--1 

OH _ _ I 0 lo lo 

,-1J 9-11 
" 

~~~~n1a~~~ CLEAR ~n~u)J1~~tl,-1nD~L1~1 L \Jitl\J~utlnn~1~~ 
1 " 1 

~L~~Lflu o u~~n1,-L~uuiu)J~~~L~)J~U~u1tl1~~ ~~~L~u{~~nnLrl~a{L~u 
" " ~1 ari11J'1)J 8 ~1 ~\I~~ au>JL u~ruru1rau 1~n1rh \11 u L ~u~ruru1rau 1~n1 L tl~mrn ti~ \I 

1 _,U WM 

• 9-4 ~U1UL~1-uun~~uun <Parallel in-serial out> .. 
fl d .. ,.. ""_, u "" .. .. 
LU~uunu~1 L,.1 ~n,-111uu1rlfl~1~,.1JL~uu~u)J~u1111uun,->JL~1u~~uun 

'II 1 
aa i o o II II 

~,n,.~~L~u,. ~~~~11ra1n1,-u1~u>J~L~1u1111~u1u u~un1~~,.,.n~u\I 54/74166 
" 

.., ~ ""'" ' "' ~ 0 ... LU,.tl 9-12 L1JU1~~L~u1 8 1J~ ~~r1nH1n1,-n1\11U1\l~,.Lfl~1~1n 8 1\1~,. 
" u~un1~~,.,.nu~~n1,-~fl~1~u-:i1u~ Luu{ 54174166 ~\IU~fl\11u 

,-l.] 9-12 . ~1n~~un1,-1~1u~~~uu~11un~1Lilu~~~L~u{ uuuL~uuiu>J~1~iu 
'II " 'II 

~ruru1ran1-:iL-ll1161~ \I LL uuuun,->JLL~~ ~u 1 u n1 \I uun~u -:i it:1>J~ L iluLL uuuun,-)J ~~ 
u., .. ti .. 

~\ILn~Ldu~1~\Jitl\J~t:11.lU1J1J RS 8 ~1 ~tlL~u)JfiULflU1\l~,.~,.,.n L,.1~~ 
1 L rl,.1~J1 \l~,.\J~tl\J~tltl L tia \I~~ \IL ULLtl~ u~11 iH~ \1~71n L ~)J L ii>J 11' L ~)J,.U 

'II 
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Clear 

B 13) 

c (4) 

Parallel Parallel inputs 
Shift/ Input Output~ 

Vee load H OH G F E Clear 

Shift/ H OH G F E 
D (5) 

load 

Serial Input Clear 

CK 

E (IOI 

Serial A B D Clock Clock GND 
Input Inhibit 

Parallel Inputs 

F 111) 

... 
<n> n11-..ifl'll1 

G (12) 

H (14) 

Clock _.;.;l7:.;.l_r-, 
Clock Inh ibit _._(S_) --iL..-/ y,------....W 

( '11) LLr.JUfl1\.1~11n 

111 9-12 Lu~Ltrni 54/74166 
v 
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s Q lXl 

Clock----' 

Control 

Control• 1 

(XI s Q 

Clock--~ 

.,: ' ('ti) L 'WJJ L n¥JLL1.J1.J'Uu1 

lXl 

Clock-~ 

( 1) 
s Q 

Clock-~ 

(>J) il1ti~1.:i 9-5 

11l 9-13 
v • 

n11~u~'l!'l!1iuu 1~n1 LL~~ih n~u~1 L ihnmJa1hJ~mhLuu Rs 1 u1tJ 9- 1 an .. 
L nfl u '1 ~nu1tJ LL uu'tl ti >Jl.Ja 1hJ~mhL uu o ~ruru 1iu u 1~n 1~~f"l11.Jf"IJ.Jiiti>J~TI1 >J L ii1 L 1iu " ., ., .. .. 
n1iiu>J~U~ x L~1~lJ~tJiJ~titJ f"lull'W~L>JU~'tlu.:J x ~~~nn~>JLii15n't11.:J~U.:J~1fl 

v v v 

n1 x = o u~~ R = o u~~ s = ~1L~'tl 1 ~~nnL~uuLii1~iJ~tJiJ~titJ 
v ,. 

fl 1 >Jn1,. L tJ~fJ ULL tJ~ '3 mH ~'!!'!! 11U u 1~n1 
n1~1Ln~uuuuti{ ~tiLii1'1tJ~>J1tJ 9-13'!.I 't11~U>J'tltl'3Ln¥lLL1.J1.JUtl{~u~'3 

v 

~1fl~U 'llti3J~U¥l x 1Jtl'3'!J1~U>J~~nnn~'U~ruru1iuii1fl L nflLL'U1.JUu4 L 1iu n1 x = 1 v u .,., 

't11'3tltln'tltl'3Ln¥lU1.J'UUtl4~~1ii x = 0 <~11iTI1.:JLii1 s = 1 • R = Q) Ltiu~~ 
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i11't.I .. 
i1'l Efl'l 1JfUli1 -II 

0 II ..I x 1JVl11u3J~n .. ,. v l 

nri 'ht 
I ..I 

i11BflltJfl2'fh 
... II x 1Jfl1lu3J~n .. v :a 

nri '1 u 

= 

1~il1J~ruru1cu~nmio ·HL~rt'3fl'311.l 9-13'3 n1'3oon Q ~~rir\1Lfl'U 1 L~o 
MM ~ • 

W~UW~uUL~flJ~~~1CU'U1~n1 X
1 
~~~nL~u'ULf1~W~UW~uU 

1LA11~~1'3~1L'U1U 9-13A ~'3Lfl'UL~~'31'3~1L~~1~1n 8 1'3~1~u'31U .. .. 
~ '1 ~ ' """ ' d II 111 "'o I u 9-12 LlJU o~ L1Ju1 54174166 1~~LV1u1U1J1JL~u'U1lu3J~ rt L3Ju'U11'3~1vionu 

v 

u II II 

1 . 11J11u3J~L1!1U1J1J1J'U1'U 
v 

2 fo3.1~~~L~ouLf1~•~~LV1o{ulJ1Juun13.1 L~3J~1nw~uw~ou~1u1n QA 
v v ~ 

~U~'3~1~ri~1~ QH ~~~o fo~~TI1'3uun QH Lfl'UU1J1Ju~n13J 
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nlLU x2 LflUTil~Lill'llu~iu"~~'" 9-13~ ~~~1~n1JTil~Lf1 A Lu1tl 
v vv v 

9 - 12 iu"~u~~nn~~~1U'\Jitl'\J~utlU~~~~1 nlTil~Lil~~ 8 UTIU~1a A, B, C, 
v v 

D, E, F, G U~~ H ilu"~~~~L~l~u ABCD EFGH ~~Lflun11~1iu"~ 8 n~ 
v v 

Li1U1JlJ'lJU1ULU7tl 9-12 Lf SHIFT/LOAD L~U~1~~11J~" · L~u SHIFT/LOAD 
v , 

~~~1 Ln~u1111uuu~~1~1~'llu~u~~~'\Jitl\J~utl~~au"fuiu"~Li1n~~~ a ~~nn 
v v 

1 ~~~ L i1~'\Jitl'W~utl'Wf u"nu~1m~ruru1cuu1~n1 d;ja ~ ~n L ila1 ~ ~ L flu~nlffil~ imrn 
• MU • • 

II L 'lJ1LL1JlJ1JlJ'lJU1U 
11 'j 11 .l 'U .l°".1.1 .I I U 
nlLU~la SHIFT/LOAD 'lJU~~ LnflU1JlJUuU'1~11JU'lJu~w~uw~uuUfl~~~1 

v 

~~n1~1 u Til H il1 'llu H n~LL 11mLuu~~111u~~-t11iui,i~ L ~u~cyqpcuu1~n1 L tl~au 
1tl iu"~u~~~~~1n'\J~tl'W~utluU~111~~~1n~111 Lnu~ruru1cuu1~n1L11~au111t~a~ 

V MM 

~ATI1~ aA 1tl aH ~u~uiu"~nnL~uu~1u1~~L~u4uu11uun1" Lnfluu11uuu~~1 v v , 

1JU'llu~'\Jitl'\J~utl~1u1n L~aui1 Serial input u~uuun1"Lf1 ~~11"~"1ai1 , 
iu"~Li1~~~~L~u4u1111uun1" t~auuufu"~Lf1n1~ Serial input v v , ., 

SHIFT/LOAD ~, ~ruru1cuu1~n1L~a~~nLila1~~tu~ri iu"~~~ a Ufl <ABCD 
uu ~ w 

EFGH> Li1~1~~Lj'Ju41uL1~1L~a1nu ~~L11L1an'lJU1ULi1 
v 

SHIFT/LOAD a~ ~ruru1cuu1~n1Ltl~aun11ffu"~L~uULf1~\Jiu\J~uULL1J1JuUn1" .. .. .. . ,. "' 

L~~tiuuiu"~Li1~ Serial input 
v 

~ 111•'1 ~ s. _., 11..I 11l! 
L71~~~~Ln~ ~11Luitl 9-12 ~cycy1cuu1~n1~~~nuuUL'lJ1TITI1~L'lJ1TI~ 

'~ o au J 2 'llu~Ln~u1111uu1 ~~n11n1~1u"ri~u 
al ~ ~ f\. I '111 ll J Lm) CLOCK INHIBIT ~un ~cycy1cuu1~n1~~~1ULnj'JLL1JlJUu1 Pl . n~u 

~cycy1cu~uun~~n~1Jfl1J~Clj'Y1Cll L ;J1 \Jitl\J~uUL U 1~~ L j'Ju4~~ 11f\un11 L U~fllUL U~ ~ 
TI1~1J1n'llu~~cycy1cuu1~n1 1un1~~·~nuf1"n1 CLOCK INHIBIT "~,~~ TI1~ ., 

1111fLi1~\J~ulJ~u11 
v มห
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Inputs 

Clear Shih/ Clock Clock Serie I 
load Inhibit 

L x x x x 

H x L L x 

H L L t x 
- - - -- - - --

H H L t H 

H H L t L 

H x H t x 

X •Irrelevant. H • High level, L • Low level 
f • Positive transition 

Internal Levels 

Parallel QA and Q 11 A . .. H 

x L L 

x QAO Q/10 

• . . . h II b 
,__ - - --x H QA• 

x L QA• 

x QAO Q/10 

• . . . h •Steady state Input level at A . .. H respectively 
QAO• QBO. Level at QA• a • ... before steady state 
QA•• 0 0 • • Level of QA or Q1 before most recent clock transition ( f ) 

Outputs 

Q., 

L 

Q.,o 

h 

--
Qo. 

Qan 

Q.,o 

1u 9-14 ~111~~1A11"~1~'tlu~ 54/74166 
• 

fl111~~1A11"~1~1u 9-14 a1un11n1~1u'tlu~ 54114166 
" UUUL~uU~u~~L~ 'tlU1~ 8 U~ 

" 

..... ' 

.,~aL~u1UtJtJ'tlU1U 

9-5 ~u1u1i1-~u1uoon <Parallel in -parallel out> 

00 ' cl 
1~aL~u1LLUtJTI 4 

'tlU1U 

1u ~-15 ua~~n11~~'tl1'tlu~Lu~~~uu~'tlu1~n~1~ a u~ 54174198 
• 

LDu7~~Lfluiuuu'tlu1uL~1-'tlu1uuun ~~~~Ln~i1~ 24 'tll 16 'tl1LfluTI1~L~1 
u~~TI1~uun'tlu~~u~~ uun~1n~~1~LDu7~~L~ui'tlu1uL~1-'tlu1uuun u~1~~ 

" 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



Shilt 
left 

serial In pu t Input Input Input 
Vee s, Inpu t H OH G Oa F OF E OE Clear 

24 13 

H OH G Oa F OF E OE 

Sa 54/7498 Clear 

R A 8 CK 

12 
Sa Shilt In put QA In put a. In pu t Oe Input Do Clock GND 

right A 8 c D 
serial 
inpu t 

111 9-15 54/74198 ... ,.. ' 
,.~a L flu,. 8 Ufl L ~uutlu"~ L 1i1 uunLL uu~u 1 u '1 ~ 

" .. 

.,. 
a1"11'nL~uu~u"~~1u1~~Lflui'1~~~ 2 n1~rlu al "" .if L~u'U~11U~~L~DU 1~ ~1-..11J 

" aa 'd I ., 
Lflun11'L~uu~11~1n~~11~~ul1 Q,._ '111~~ ~u '111~~ ,.~~Lflu1nn~11"1u~1 Qll 

n~11n~n11'L~uu~1~ 
Lu~Luui 54/7495A " a"" ' L 1J'U1~~ L flu1' 4 
o 11 o aa 'tf 1 u 

~u1~ a Ufl flu~u1,.~~Lf1u1u"1fluuun1"nu 
1 

~~~~~1"11nL~uu~t:1"~'111n1~f1~ u~~~11'1~~1~ 
" ~1~iuL~~1u1~L-u1u111 9-16~ ~~unu~1'1u~ a .. 

LS95 U~~ L95 fl1"~1~1J 

54/74164 1u111 9 - 13f) 
" 

Q ., ., " """" ' Ufl n1~~~11~L1JU1'~~Lflu1 

'1 "" ,,1 " .. .. 
u~L1Ju1'UL1Ju~u~uun1'"L~1 

1 

n1,.~~~1~~u~~~1u111 9-16 .. 
Luui ~1iunu~u'1~~u 95A 

n1~uun~u~1iu"~uuu~u1u~un1~t:1un Q ~u~u~~~~~11~~o111u1~aLflui 
" a1"11n1~Lflu~1n1~uunuuuoun1"'1~ ~1tID"~L~uu 

1 .. 
"" rl11"~,.~~1n1~uun Q

0 

~1u1~aLflui~1n~1~111~11 
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Clock 1 
right shift 

{9){71 

Clock 2 
left shill --1-8-11-81~L_J 

Outputs Clock 2 
,------~----..Clock 1 L shift 

Vee OA 0 8 Oe Do A shift (load) 

CKI CK2 

Serial input 

A 8 c D Mode 

7 

Serial A 8 c D Mode GND 
input control 

Inputs 

., 
<n> ni1~i1111 

Data Inputs 

A 8 

(2)( 14) {3)(2) 

a, 
Note: The pin numbers In parentheses correspond to 

the {'95A, 'LS951{'L951. respectively. 

C ii ) LL r.J '1Ul1'WW177 n 

11.l 9-16 54/7495A 
v 

' 

c 0 

{4){3) {5)(5) 

Outputs 
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~'ll'l!OJ1Cll u 1~n1 'tluu~utl·n n!J nl,. L ~uu 1iu~~ L fluLL1.J1.Ju~n1" 1 rimL'1~1aJ~tl\J~mJ-..it: 
L~u1iu~~LL~1L~ua'1u1tln1~'tl11 -..iun~\J~tl\J~utl~riTI1a Q

0 
~~uuLflun11L~uu 

iu"~uuuuun1"1t1n1~'tl11 
" ~ 

1un11L~uu1iu"~1t1n1~~1fJ ;;u)J~L;;1n1~ D ~~Lflu DATA INPUT ~~ 
" " uari~1u1tl 9-17 ~1Ltiu-..it:~u~.lu Q 1t1 c,Q 1t1 s u~t: Q 1t1 A L~u 

\I D C 8 

MODE CONTROL ~1~uu~a~ U~1iu)J~';,lt:L~uUL1i1~\J~tl\J~utl Q ~~-..it:nnL~1JLL~1 
\I " " V D " 

L ~uU 1 tln1 ~-H1an~t:\J~tl\J~utl L ~u 1~i'1J~CUCU1CllU1~01'!Ju1J~1.JLL~~t:flf ~ ~ ~UlJ L ilu 

Mode 

input 

Clock 1 
right shif! 

Clock 2 

(95A, 'LS95)( ' L95) 

left shitt--
1
-
81

-
18

-
1 
-L..~ 

A 
(2)( 14) 

.... 

8 
(3)(2) 

1tl 9-17 54/7495A ~u1~-;.}1L~uU~1fJ 
" 

Data inputs 

112)(12) 

a, 

c 
(4)(3) 

Outpull 

Serial data input 

1111110) 
De 

D 

(10118) 

Do 

-..i1n1tl 9-17 lia1u~ruru1Cllu1~n1 L ih 2 a1fJ ~u CLOCK 1 LL~t: ,. .... 
CLOCK 2 ~ H tlu~ruru1Cllu 1~n1~L on~1uf u L ~uu;Jmrn 1 UTI1 ~ '!!11 nun·Hi1!1 ~ ~ LLfJO .. .. " 
nu~1~u1n n11~~1Lflu~u~L~LU~u CLOCK 1 nu CLOCK 2 11"nu ~'l!'l!1Cll 

~ I ' '"i' 1 IQ U I 
u1~n1-..it:~1uLn~uuuuuuri u~t:Ln~uuuuu1Lflf1 ""n11n~ufl1 

"A11)J11~u~CUCU1CllU1~n1'tlu1J~1J .... 
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25 1 

~1u~1~ 9-7 ~~~f1~111~du~~1~i1~~1~unuL~~n~n1A 4 ~~ ~u 1010 on .. " L~uUL~1~Lu~Luu4 54/7495A UUU~U1U .. 

.. " " ni1 10 ns nuU~~~1WU1~n1~uU~U~~U11n~CL1~1Lfl12Jll;)1> ~ruru1rau1~n1 .... 
1$ .. .... ' u ., ., •• ~ u 1 .1 

~uU~UA1~L~~1 ,~~L~u1~~,U~ull~L~1~11~ 1uA~U~~u~~~ U1u 9-18 '111,J .. " " 
~~~~1rau1~n1111n1~n1 ~~~~1n~1~L1~1LU~~U~rl1U~ T full~TI1~Lf1~~ 

" Ll1~21u1llu~1~L1~'1111~~1"~~an11i Q.._, Q. 'QC LL~~ QD Lll~2JULLllcH 

9-6 1~~~UUUUU1~UW1U <Ring counter> 

Ldu1iL"~A1111utluuu1un11Lduufu11a1u~~~Lflu4 

RS ;J1u1n 

" 

1-------
Mode 

0 

Clock 
1 _fl___ 
0 I 

1 I 
A I 

o I 
I 
I 

8 1 . I 

o----'-' ----1 
I c1----.,....,----

o I 
1 I 
DO--~'---~ I 

. I 
QA 1 ------,-----

0--- ---1 
I 

1------1 
0, I o-------,-----

1 ------'-----Oc I 0------1 
1------1 

Oo I (!-----------. I 
Time--~----

T 
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'1 "" ' Lu~LUt.11 54/74164 LDu~~~L~u/L~t.1uiu"~uuut.1un1"t.1~1~d1~ v , 

1~1~~1~11n~1u1u"t.1u~t.1un~u 

1tlLDun1~Li1 o ~u~w~tlw~utl A 

1~~~un1~uun~u~w~tlw~t.1tl~1a~TI1~ QH 1i , 
~~LDu~1u1n ~~1tl 9-19n ~t~~Ln~1~ 

v . 

~1 n1~Li1iu"~ A u~t s ~uLi11111"~u a""~~1witlw~t.1tlnn~1nn1L~~ v , , v 

u~tjj~ruru1rau1~n1~jjA1~t.1LUu~L1i1~w~tlw~utl~t12JLn~ut11~uL~~ ~un1t~-l 
w w v 

't11Hi1 D <'t11Hi1 A ~u11" 8) ~u-lW~UW~utlih LL1njjA1~1 rinrif-l~~cyry1u 

Clock 
I I 

DA~.__ _______ __.r-i~ ________ _.r 
D,~ ! r-1._ _______ _ 
De : r-1 I ,---,.._ ______ _ 

Do : !l fl._ ____ _ 

DE-...., ____ __,,--,._ ___ ~-------',---,_~~~-

DF_....:-------'11 r-i ___ _ 
Do: !l 11_ 

DH-t n 11.. 

.1 al al """" ,,,. d u u ,,. 
(~} 1uf'l~UL"u7~aL~u1" 0 L~~~1 1 ~1L~~1 ·v 

1tl 9-19 ~1iu1~uu1u 
v 

u1~n1«ua~ o 1uwitlw~utlu~~t~1~~L~uultl~witlw~t.1tl~1fi~1tl ~ra~« o 1u 
v v 

witlw~utl H ~~Lflu~1a~Til~ ~~L~U't11~L~1LULU1~~1"uU~uun~" LL~~L~uU , 
L il~Witlwrrntl A ~~ LllU~1LL1n rhwitlw~mJnn~1uriL uarn1~1 L ~~~cycy1rau1~n1 v , v 
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u~at:an~t:;L~fl~~u~auuL~~1U~1 n11~n1~uun~u~~~u~auunn~1n~1~1 o ~t: 
'II , 

~ 1]<11<11 ' 
LauULU1~~Lflu1 1~~~t:1u1u1uu ~ 1~~LfluiL~~1UL~unn ~ an~u~~ruru1ra 

, " .. u 

u1~n11h1n11 

~n5u~u~fl1"~ruru1rau1~n1 .... tlfim~mtCILt:ml~1 ~~1UULLUU1 ~LL~1U ~~LL~~~1'UA~U 
'II 

il~1u 9-19~ 
'II 

I fOAl RESET _II.___ ___ _ 

f08 l READ __l_J-i__ 
' I I I 

f00 l COMPLEMENT __J_LJ_J1_ 
I I I I I 

101 l WAITE __J_j_J___J_JL_ 
I I I I I I 

Control logic 

RESET 

READ } 

1-

c_o_M-PL-EM-E-NT- ~~~~1~
1 

WAITE 

1'UA~U 1 uc~mtmt:~ 1.n"1n 1 U1't:UUfl~¥JuaA1 .UA" 1~~ 1-HA1UA" L ~¥ln1'·nif " , , , 
cl ... C: OIU 'l clo I ' cl .. ocl 
nLn~~u¥J1"a1~u LUL1a1nuuuuu L~u L~~n11rau11nDn A ua1Ln~n B 

u~1~ c u~t:~uLUL~u~ ~ ¥11"•1ilu n1~¥i11n1u1u 9-20 u~~~n11~1LU~ 
'II 

~~~1!1' RESET READ COMPLEMENT LL~t: WRITECfiu~~~ruru1CILA1UA") ~~Ltlu 
, .. u , 

~~~L~A1uA"~a~L~Ln~~u~1"~1ilu 1~~A1UA"~ruru1ran1~uun~u~~~u~~uu 
" , 1 ., .. 
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ifryi.t1lh~n11i.t'1\I'll!:HJ111 ~,. urnL uu111 LL i.t1 u "1u 1u111~1uu~~iJr)1 1 L tlfJ 11 

A1L~fj1 LL~1L~uU1 u L ~ ufJ 'J L ~u 't ~n·u~ryqporn 1~n1 L un1 ~ L n~ Lu \I l Utt11 iJ'!11~ 
1~~L~fJ n1filL11iiuu1w1iuri111~1u~~n1filL111L~~ i.t~uLA~fJ{ <1L~~ilA11iJ 
'\.t~1fJL'\.t~uUn1.JLA~fJ{) L~u'liw~uw~uUTin~1Lflu 0 111~1~1~~~1"LflU1\1~1U1.J , 
uuu111ui.t1uL~a11~1n1"il 1 'lu111~1~1Lflu~~~u11~1Lt~i.t~uLt~c~1Lt~ilA11iJ 
i.t~1fJL~uL~fJ1nuL~~> 1i~r)1 1 uri1uw~uw~uu~1"~~u11n11 .. 

+Vee 

• 
R 

To CLEAR 
A 

0 

Power IC ON 

From "Power-<m-reset" above. 

CLEAA-._-d 

'------lR X 

cJ .. I/ II U <'l.I> 111~1~11nnuuUfJuun~u 

1u 9-21 111~1~11n~1L~~1i ~1L~fJ1nu o L~~~1'lu 14154 .. 
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~1~e1~ 9-e ~in1~~Lflu41u 9-19 LDui~~~~1ran1~L~1 CLEAR ~~TI1i~ 
" ~~u~~uunn~1Ltiu o ~~u~~~1fiLtfl 1 L~~~~1L~~1Li1~1~~Lflu4 

~ " 

n11UuUL~L~11~~1Ltiu1L~fl<Power on Reset) ~11~~11U 9-21n 
" ~~i«iun11n1LU~~~~~ULLAU ~ ~~~~Ln~fuLDuL~"~un1i~1w~1 C+V ) L~1 
cc 

a1~uu nuUUuun1i~LW~1Li1 ~11"~1~An~A1u"~1L~UU1~~Lflu o 
" 1 

II O 'J II I ~ ' t .., d .I ~ 4 +V L~1 ~~n1L~~11"fl1~"n~A1u"fl1LnUu1~~~U~1n 0 LUU+ v aa ~ cc 

al 1al I -., O I O ~ 
L1~1A~n~u~1~~, RC LL~~~~A~u~n +V fl11ULn11~UU~~n1~1Uu~ Ln~A~U v ae v 

~~1U 9-21n 01~u A Lil CLEAR ~u~ 54/74164 W~UW~uunn~1nn1L~flLflu 
" 1 " 

0 nunL~u + V L~"UuULi1~1~UU 
aa v 

1~~1fl11n~uuu~uuniu ~~1u 9-21~ ~~TI1L~Ln~ 1 ~1L~~1 L~11u 
i 

1u1~~Lflui n11n1~1u~u~1~~,~~~u 

1 ~~~~1~~1nn11uuuLwLi11~~1Ltiu1L~fl ~~nnniu~ruru1ra LL~~ 
" u u 

II ... Ad ,,i 4 • I a. .1. I .1 " , II ' ... I 
~1u"nuun~~L1"L~~w~uuw~uu x LUU~1L~fl ~n1~uun~u~LnflLLUUuu1 fl1~1~ 

1 

~~ dlu 1 L ~u ~~~1rau1~n1LL1nu11n~~u~~ L ~uu 1 L ~1~ Q,. 

I .. d. I' ' 2 L~u Q" ~u~~ ~~u~~uu x ~~1L~~ ~ra~u1~~L~u1~~" 1 1u Q 
" A 

u~~" o uri1u~~uw~uurlu ~ ~~uw~uu x ~~~~A~~1uri~11uL~1~n1i~1w~1 
" " 

CV ) ~~A~UuULi1~1~uuuri u~~iu"~~1n QH ~~~1ULn~LLUUuu4~1~1~ fl1~ 
ca ., v ., 

Li1dn1~L~1~u"~~u~ AB ~1 1 ~~"~1L~~1 u~~ 0 ~~~L·~~1 ~~L~uULU 
" " L~u~ ~ ~1uw~uw~ouLL~~~~1iu1~~Lflui1u~1"~~~1~~u~~~~1rau1~n1~u11n~ 

Clock 

Control 
waveform 
desired 

1 ~~1UULLUU1 ~LL~1Ul U1U 9-19 ~1"11nn11 ~ L n~~h 1 "1nn-h~u~~1 
. " 

1u1~~Lfloin11~~1"1fi~~n~11 ~~~1"11~u11u1nA1uA"oun1~~~u~o~1~ ~~ 
1 1 

1 1u c u~~~~u~~ou 
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~ .. ..I 
LL tm Iii mu1111111 9 

~~U1~1U1U~~1.l~~u1.1~1-H~f1~1~~Lj']uiL~uu1~~A1111~ 
~ 

n 

2 

3 

4 

0 0 ~ La'UTI1S11A 6 Uj'] 'lJ La'UTI~S11A~~n~ 32 f"l La'UL~~~n1ri n~ F 
'II 

~~uun~u1~~Lj']u4L~uu1~~~ 4 ~u~uat:~~11~11.1a~ur\at:~U~ 
'II 

~~11~1UA~U~L~L~uULa'Un1n1A 1010 L~1~7~~Lj']ui1u11.I 
" " " ~t:1-HL1a1u1uLn1111un11L~uu~u"aLa'lln1n1ri a Uj']L~1~ 

" 'II 

9-9 01~~~1rau1~n1Lflu 1 U"JU 
" n 1 MHz ' 'lJ 5 MHz 

9-3 

54/74164 

s ~t:L~L1a1u1uLn1111un11L~uu~u"aLa'lln1n1ri 16 Uj'] L~1~7~~L~ui 
'II " 

LL UUu~n1"~1nih fl 1 ll'll11 01A11"rl'Uu ~ ~~~1ra U 1~n1 L flu 1 • 5 MHz LLat:01~t1n 
1~~ L j']u.f~1"1,-nu1 ;Julia L '1'11 LL UU'UU 1 UL~ ~t: L-H L 1a1 U1 L ih L n1L1 

'II 

6 ~~11~11.lri~un1~L,"l1uat:n1~uun'Uu~ 54/74166 1u11.I 9-12 
" " 

0 I 

~""~11 
~ 

L~'lJTI~S11A~1U1U 190 nnL~uUL'l'i1~7~~Lj']uiuuu 
'II 'II 

n 'lJU1U 'lJ uun,-" 
~ 

7 ~~11~11.IA~U~~1Lflu1un11L~uU ... "' j']1 L ~fl1 
'II 

L ~uU 1vi1 U"JU 9- 16 

8 

CLEAR 

9 ~~ufiu1fln11ri1~1U'Uu~ 54174165 7~~L~uiL~uu1~ au~11~,-1.1~~1.l~au1.I 
" inu~~1~~11u 8 1~~,. ~~1.11t:nuU~1flLnj']UUUUUU~ 2 1~~, ~~1LA11t:,n11 

ri1~1u1un,-lar\u11.IU 
... ... 

n 'Uu"aL'U1UUU'UU1U 
" I 

'lJ L ~uU'U11 
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..:::J 
'lJ 111'1 1 0 

1~~~uu <COUNTER CIRCUITS> 

1~~1uuLDu1~~1~u!l~U!l"L;fnu"1n~~fl 1u1tuu~~~u~1~~1uuu1~!l , 
~~ry1rau1~n1Lflu~1lu n11UuLDun11uu~1u1u~n~~u~u~~~~1raµ1~n1 LUu~ 
~1n~~~1ra"~~~ ~~~~11"rlLL~~~1uL1~1~uuuuu ~nHrat~u~n11uu" 2 i;~u 

uuuu~~~i~,u~ <Asychysonons> w•un11uuuuu1~Lf1~~~1tnu 

1~~1UUUUU1~~unA~U <Ripple Counter> LflU1~~1UUUUU~l!l ~ 
L;futln1~n1~5L~nn1uUnd1~"1nun w~tlw~utl~1~fl"1u~~t~1nnn1t~U~1!1 , w , 

w~tlw~utl~1rluu ~1~L1~1~L;{Lfluuuu~t~" <Cumulative setting time> 

w"1!l~~Lflu~~11"~u~~1~L1~1wu1~~u~~~tl~~u~ufl~~~1 1~~1uuuuufL9!ln~1 
uuuuun1"~~uuuu1~Lf1~~w1~nu , 

w1uLLuuLf1~~w1tnu ~~tlwautlnn~1nnn1t~ULfl!l~rury1rau1~n1anL~!l1nu <LDu , w , .. w 

~nlffiL~n11n1tn1~~fu~nu> LL~tL1a1~1;{"~1Ln1nu~1~L1a1~u1~~u~~~tl~autl 
a " .., L ~!I Ul1 L fl!J1 

I} ol (,,J II (;! I} lJ U I I U 

LUuun1ran~u~n11A11"11flL11 ~~1~1~~1uuuuuuun1"~u11"nuuuu , . , 
~u1u :ft~ L '!lmLuu~~"flu11"nu 1flm:rnmLuu'l~1 -if~a~~u ~~ryry1rau1~n1an L ~fl1 

v 

Ltln1t~UL~Lnfln11n1~1u1~~~1!Ju~1~L~U uu~u uu~~ n11~~~fli~~tl~autl , 
Ufla~~1LDu o w1u'L~~ L«u~1'lu~~tl~autl~~u~1u~n11uunuuu 

(Asynchronous counter circuits> 

1~~1uuuuu1~aun~duL~~nin1~ ~f1~~1nwitlwautluuu JK 1tl 10-1 
'II 

LDuw~tl~~utl JK LLuu"1~L~u{ ~~1w ~uL1fl~nuccascade> · ~ryry1rau1~n1u1 
Ltllu~~tlwautl A nl~uun A U1Ltlluw~UW~BU 8 U~~nl~uun 8 U1Ltllu C 
n1~Lf1 J ua~ K ~uLf1nu +V w~tlW~utlu~~t~1Ltl~fJU~n1u~Lflu~1~f1" ea 

TIUnL~u1~1u~ryry1rau1~n1~ull~ULf1~1 
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SlSL J A J c 
Clock -<>-<I> 

K· B K C 
Clock 

A 8 c iran•itions C B A 

Out pull 0 0 0 0 

I 0 0 I 

<n> ~1UUL~'!ln~n1ALLUU7~~unA~U 3 n~ 2 0 1 0 

3 0 I I 

4 0 0 

Clock 6 0 I 

A 6 1 0 
B __ _, 

7 I I 
c ____ __, 

0 0 0 0 

< 'll J 7tlA~U 
'II 

7tl 10-1 ~1UULLUU,~Lf1~~u1~nu 
'II 

L 1i1~\J~1hJ~mJ 
" U U 1tl "' ,l I U al .. U '1 I 11 U 

~lnri L71L7an1~~7LLUUU111~~7UULLUU7~~unA~UU7u1~~7UULLUUL"L'll1~~ 

U .l""tl·' ti II tlal I ,,J u1~nu<Asynchronous counter> w~ w~u A ~~~u~L ~au~n1u~nuun~~ 

n1~~u\J~tl\J~utl B LL~~\J~tl\J~utl s ~u~Ltl~au~o1u~riuu~~n1~~u\J~tl\J~utl c , , 
~I II al al "''l t: II ,J, al111 

~~Luu11n11n1~~ULA~uunuuu1~~unA~u uu1 ri1aLu~u~1~L1~1n~1n1'llu~ , , 
~~~1raLnu~~1nn11L~un1~LfluL1~1uu1~'llu~~~1~~1ii~1Ln1nu~~11"'llu~L1~1 
~~1.fi1 L nu ~·•nnn17 L fiun1 ~ml ~~~~1ra'llu ~ LL~~~\JiiJ\J~m.IL ~U ~1H1~1UU1 ~ 
'!lu~\J~l.l\J~ul.lu~~~~1~u 10 ns L1~1uu1~'llu~1~~1\Jil.l\J~ul.I 3 ~1~u 30 ns 

11..IA~u'l u11..I 10-1 'll u~ri ~n11n1 ~iu'llu ~1 ~~1uuA~1m~~~1rau1an1~ ~ 
'II 'II 

~""~\J~tl\J~utlnn~10n1L~~LU~~~ 0 uun~~U"il 01Li A Lflun~"Ua~1~ru~1~il , .. " ... , 
LL~~ C L flun~~iJifo~1~ru~ ~~ii L 71n~11 Lfll1 L U1 ~~7UUiJ L\luU1 CBA = 000 

~'II , 

1$ al "" al al 
~nA1~n~~~1rau1~n1'lluu~ul.111nD \J~l.l\J~ul.I A ~~Ll.l~au~o1u~ n~ri 

~ d U ~ al .! I '1 al 
a UUL~UL1~1 A '!JU~~ n~ri b ~~n~U~~~1 n~ri C ~~'llU~~U~~~uLUL7ua ~ 

'II , , v . 

~~11..I 10-t'll L71~~~~Ln~~ui111..IA~u~n1~uun'llu~\J~l.l\J~ul.I A iiA11"rlLDu 
'II 'II 

I I al 
A7~uu~'!lu~A11"o'!lu~~~~1rau1~n1 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



259 

L11~~L~u11n1~uun A n1~U1~Lflu~cycy1mu1~n1~u~w~tlw~utl B ~n 
1$ ..: .1 "' :. 0 q ".1 ... 1.1 .1 .1..I " u " u .. 

A1~n1uA~U A ~~~1~~n1L~w~uw~uu B Lu~nu~n1u~Luu~1~nu~1"nu~u~L~" 
" u t ..: . ~ .: u :. ..: u .: ..: 

~~uun~~ b uuL~UL1~1 B ~~~u~~u~~n~u~~~1n~~ d u~~n~u~u~~n~~ r , " , " , 
L11~~~~Ln~~u1111IA~U~n1~uun~u~W~UW~utl B "A11"rlLflUA~~~u~~u~A11" 

" rl~u ~ A LL~~ L flu 114 ~u ~A11"rl~u ~ ~cycy1mu1~n1 
n1~uun B nl~Ul~Lflu~ruru1mu1~n1~u~w~tlw~utl C nnAf~~1llA~U B ., .., , " 

"~~1~~n11~w~uw~uu c Lu~Eu~n1u~Lilu~1~nui1"nu~u~L~" ~~~ d uu , 
L~uL1~1 c ~~tu~~u~~niu"~~1~nAf~~~~ h A11"rl~u~1tlA~u c "~1Ln1nu 

" , " 
112 ~u~A11"rl~u~ s u"~Lilu 110 ~u~A11"rl~u~~cycy1mu1~n1 

U I 

fl'lilB1~ 10-1 

..: ..: " A~Un c L lJU 24 JJs 

..: ..I A"u 1 "nn c Ln~~1n~cycy1mu1~n1 0 ~n 
" " ~~~UAlUL1~1~u~~cycy1mu1~n1 = 24/8 = 3 JJs 

I I 

uu~uA11"n~u~~cycy1mu1~n1 = 11c3x10-•> = 333 KHz 

L11~~~~Ln~1~11Liuu1~ ~Ln~~u~n1~uun~u~w~tlw~uu~~LiluL«~ 
n1n1A '~"~1Ln1nU~1U1U~n~u~~ruru1mu1~n1~uU«U~Ln~tu nuU~~~n~~~ a " ..,..., , 
UUL~UL1"1 n1Liuu1~LflU CBA = 000 ~~~ a UUL~UL1~1Liuu1~nl~uun , 
~~LudEuLflu CBA = 001 ~~~1~n1JL"~ 1 1un1n1AU«~Lilu~~~Ln~~ln 
~cycy1mu1~n1~uu«u ~u~~cycy1mu1~n1~n~ 1 "1n1~~u A 1~n~n1u~Ltl~EuLtl 
Lflu~1~nui1"~~~ b nL~uuL~Lilu csA = 010 ~~~1~nuL~~ 2 1un1n1A ~~ , 
Ln~~1n~cycy1m~uU«U~u~~cycy1mu1~n1~n~ 2 nlL~ A n~n1u~LU~EULULflu~1~ 
nui1" C~1n 1 LflU O> U1TI1~uu0~1n A Lflu~ruru1mu1~n1n1~~U B nlL~ B .. .. , 
LU~Eu~n1u~Lilu~1~nui1"nu~n1u~L~" <Ltl~Eu~1n o Lflu 1> ~~~~L n~1~ 
11~ruru1rau1~n1Ln~~u 2 "n LflUL~uU~uLtlL~uE ~ ~~~Ul11UA~U~u~1~~1U1J 

.... u .. v 

<CBA> ~~~u~A~u~nuL«~n1n1ALL~~"~1Ln1nu~1u1u~nA~u~u~~ruru1rau1~n1 ~ .. .. .. 
"~cycy1ra~uu~u1t1n1~~uw~tlw~utl ~~~111~1uiu 10-1A 
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~UAuLiuu1~TI1~uunu~~~~1LU~111~~1A11"~~~LflUL~~Tilfi1A~~ufl 
Aiiu ~ tlU~l U 1un11 L U~fl ULL iJ~ ~ ~'!!'!!')Ol U 1~n1 n1 "r~uLL UlJ~fl"'~UtlU~u ~\lliiJ\IJ~uiJ 
ll '1 .1 ~ u 0 al "' u " 
TI~ 3 LU"ru 10-1 L1JU1~~1UUL~~TI1fi1AUUU1~~unA~U ~U1fl 3 u~ 1~~1UUU 

" '1 ... u ~ ~ 1 ... .cl u d ... .cl .,: ~ IJ 
L~UU~ruru1wu1~n1 fl"1nTI~fl 7 ~n 1~~1UUL1"~UTI 000 u~~L~"~UA"r~~~ 1 .. ~ .. " 
l ULL~~~~n'ilu ~~rurulOLUl~nl ~Un"r~~ ~UU 1;( 111 fi ~~flu ~~ L nrin111 L ~~n~U 

" MM , 

Lflu ooo LL~~L~"uu1uuL~"n11~1~1u~u~1~~1uu~nHw~~L1fln n11~uu~u 
<Count-up Mode> 

nl"\IJ~iJ\IJ~uU n ~1 Liuu1~TI1~uun~uu1;(~~" 2" Liuu1~ ~~~Un1 
"\IJ~iJ\IJ~uU 3 ~1 L~uu1~~u~TI1~uun = 2

3 = 8 Liuu1~ <OOO fi~ 111> 
~ I J''1 al u "' .cl,,. I ""' al • 1"' .1. I .1 u I u 

LUUL~UULUL"rufl ~ ~1L~~TI1fi1ATI"Al~~TI~flL"uw~uw~uu 11 ~1flunUU1J1J~U1U " , 
~~"~1Ln1nuL~~n1n1AAu 2"-1 L~u1~~1uun\IJ~u\IJ~u11 3 ~1~~uu1il~~~ri~ufl " , 
Aiiu~tlUL~~Tilfi1AAu 2

3
-l = 7 n1n\lliu\IJ~uU 5 ~1 ~1~~~ri~uu1il~~~ufl " , 

Aiiu~tlUL~~n1n1A~u 2
5
-l = 31 n1n\11~11\IJ~u11 6 ~1 ~~1;; 63 LDu~u 

1~~1uu~n\IJ~u\IJ~ul1 3 ~1 ~~"Liuu1~n1~uun 0 Liuu1~"'1un~n1u~ 
n1~uun~~"'"fl1~11" 0 ~n1u~ L11L1fln11" "uri~~ - 0 "'1u ~uri - 0 

" u ll u .c1,,..1"".1.1 .1 u ~ ... <Modulus - 8 or MOD-8> fl~UU1~~1U1JTI"w~uw~uu 4 ~1~~LUU"ufl - 16 

1~~1uu "uri -120 "\lliu\IJ~uu~~~"ri 1 ~1 L~,.,~ 2
7 = 120 . 1~~1 

uu "ufl -32 1~~1uu "uri -32 "\11~11\IJ~uu 5 ~1 L~~n1n1A~Lflu111u ~uri 
0 

<~1U1U 
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TI1\luun~~"11n~~ Q9 , Qc u~~ Q0 ~\IL~u1\1~1«uL~'T.ITI~n1Auuu1~~unA~u 
"ufl - a A~1~1" 10-1 1un1ra~~~"~"u" A ~~1"1~ 

v 

('9JAl('L93I 64/74L93 8 

1121( 131 
J 0 OA 

1141( 141 
Input A -------<V CK 

K 

191(91 

111181 J 
0 0 • 

In.put 11-----+--a> CK 

K 

181(101 
0 Oc 

1111( 12) 
Oo 

CK 

K 

< n > LLt.JunTwr111n 

1" 10-2 54/74L93 
v 

4 

Ro111 Ro111 NC Vee NC NC NC 

Positive logic: see function tables 
NC - No in1ern1I connection 

" ('ti) 011';,)fl'T.11 

'93A, 'L93, 'LS93 Count sequence 

0 L L L L 

L L L H 

2 L L H L 

3 L L H H 
4 L H L L 

5 L H L H 

6 L H H L 

7 H H H 

8 H L L L 

9 H L L H 

10 H L H L 

II H L H H 

12 H H L L 

13 H H L H 

14 H H H L 

16 H H H H 

rhifou~cycy1cuu1~n1L1i1~Til \IL 1i1 A Lrn~lJ~1hJ~mJ Q ... fiurl1JTI1 \IL iii 8 

1 11 " d 11 o 
L11';J~ rl1\1~1UUUUU1~~unA~U "u" - 16 L~'T.ITIAn1A 4 Uri TI1\luun~u Q ... , 

QB, Ac u~~ QD ~111\1~1A11"~·\l~\IU~fl\11u1~ 10-2A 
v 
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, 
~~~~n1~1UL~tl'Yl1~L~11L~~"~1~1 ~~11N1'Yl1~L-if11L~fl R Cl) LL~~ R <2> 

<> <> 

~u~Ln~uuuuuu~ ~i~~~~~1~~~~n11i~~uiJ~uunn~11L~~~fu~nu ~~~Hn~L~ 
v v , 

cl ., ., 

11n111L~~u1~~uurinu~ruru1rau1~n1 v w w 

<U I 

fl1ilE'l'1 10-3 ~~~f1~1UA~U'Yl1~~un'7lu~Ltl~LUu4 74L93 
v 

II 

amri - 16 

Time 
a b c 

Clock 

QA 

Os 

De 

Do 

I 
II 

1u 10-3 1UA~'U'7lu~ 74L93 irnri - 16 
v .. 

.1 .,: u •• al ~ "' "" •t') u .. 
1uA~UU~rl~rl~1u 10-3 'Yl~rl a UUL~UL1~1LUu~1'Ylu~LU1~~1UUAu .. .. , .. 

0000 L ~u"~'1!'1J.1N u 1~n1 '7JuU~uiJ11nDLLfi~~A~ ~~~n11 i L ~u~1 L U1 ~~1UU L ~uu 1 iJ 

LLu111~~unA~u L iiu L ~viJ·nn!J~'Y'l!1Nu1~n1m1mrn '7liH~n~ 1, 2, s, 4 •••• 

LUu~11u1~~1uu~~Lflu 0001, 0010, 0011, 0100 ••••• fl1"~1~11 ~u 
LUu~11u1~~1u11 "~,~~~riLflu 1111<~1~n11L~'7l 15 1un~n1A> fl1~nu~ri b " , , 
UUL~UL1~1 ~~" c 1~~1UU~~1L~~Lflu 0000 LL~~L~";;uuu~u111~u1~~1U1J , 
II OI ._ Q "" ~ 1 llOI I "u" -16" 16 ~n1u~coooo n~ 1111> L~'7ln1n1A~~~rinLnu ""A1 15 .. , 

ii11~~1UUUUU1~~unAdu'7J'U1rl 3 n~LU1U 10-1 "1L~~UL~~~nAf~L'U .. 
,-11 10-4 ~ruru1rau1~n1'7lu~1~11un1~;lu~n1H.if1'7Ju~iJ~iJiJ~uiJ A ii1At:1"~~L"u~ 
" .. ., 1 

'7Jtl~ A ~tl A 1un1~;luiJ~uiJ~uiJ B n1'Uu~L~~1nu ii1 B 1iJ~uiJ~iJiJ~uiJ c ~~ 
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+Vee 

..n.....n_ J 

\clock 

Time • b 

Count 
clock 

A 

26 3 

A J c 

State c 8 A 
A 8 c 

7 1 

< n > 
6 0 
5 0 
4 0 0 

---
c d II h 3 0 

2 0 0 
0 0 1 

0 0 0 0 ---
7 

( 11) (fl) 

1tJ 10-4 
u u rniurn.J 

" 
II II - cl • c nnn1~flu~1~ B u~~ c ~~LtJ~au~n1u~ 

" ~ 

~~LU~au~n1U~LflUfl1'3nU~1" t~anA1~'3~ ,, 

~~L-ui11'3~1«unnfi'3~u1i~1'31uuuu«u~'3 ,, 
ni1~il1'3~1~'31U 10-4 Lflun11~iluuu«u~'3 

" 
A 8 

Note : TheJ and K inputs are all tied to + Vee · 
The counter outputs are A, B, and C. 

cl u u .! 1un 10-s fliuu11u-~~ a ufl 
" 
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26 4 

1~~1uuuuun1~rl11~wfu"nu~u1~ 3 n~ UUL~~n~n1A~l"~1iu 1u 

'" io - s Lflun1111"1~~1uuuuu«u u~~uu~~Lf111~1~nu ~1uu~~11~1~A1u ., 
A"uua~ <Count-down> ~~l~l ua~~1uu~u1i~l~A1UA"iu«u <Count - up> , , 
~~,~~ 1uA~u~u~n11iua~u~~~i~1u l0 - 4~ ., ., ., 

~~~A11~~Ln~Au~~~u~~,u~n~~1~L1~1uu1~~u~Ln~~l~L~u~u~n11 

10- 2 Ln~nu~1ia <Decoding gates> 

Ln~~~,~~<u1u~1> Lw~~uri1~L~~1~LfluLnuu1L~uL~~1nuLnuu1~u~1~~1uu ., 
L~UU1Ln~nu~1U~~uLf1nu1~~1UULLUU1~~unA~U~U1~ 3 n~ 1U 10-6n ~u~ 

I I 
., u')11111 .a a " 

n11m1~1u~ rn ~~n1u~n 1 c CBA :::: 111 > L "un1 -.n ~, A :::: 1, B = 1 Lrn~ 
0 111 'U Q a I U .:') lJ .,j c :::: 1 n1 un1~uun~u~Ln~uuuuuu~~1L~~1"A1~~ Ln~~1UL~unu~n1u~n 1 ., 

w~tlu~u~1ufuLn~~1UAu 7 :::: CBA ~111~~1A11"~1~1u 10-1 L~uUL~ CBA ., w 

:::: 111 Ln~«u L~u~ruru1cuu1~n1an~ 1 "1n1~~u1uA~ULL~~~1u1u lo-s~ 
MM V 1 W w 

J A 

Ciock ----<cp 

Clock 

A 

B __ _. 

c ____ _... 

<~> 1UA~U ., 

K A 

J 8 J c 

K B i< t 

7 
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~1Lllu~~~u~~f1~~1•1~A1A11"~1~~u~1~~•UULL~~~~~~u~U~U ~1~1uLn~ 
" u~~~~1 ~iuri1~L~u ~u~n1•nu~•i~1i1~~n1u~~ 5 ~1n~1•1~A1A11"~1~~~ 

,~ CBA
0

= 101 L71~~1in1~L~1~u~Ln~UUUUuU~Lllu A= 1, i = 1 u~~ 
, ~ Of} II .., Aa I ~ · f}!J .., " d c = 1 Luu~~n1L~n1~uun~u~Ln~~1u"A1~~ ~~L71L~Ln~~1uunu~n1u~n 5 

~n1u~ 1 
~ d 1 I 

ua~L•"n 1 ~" 

g=L)--o 
~=o--4 

Clock 

A 

8 

c 

2 

3 

4 

6 

6 

,, 

" d I a. .., ol 
5 = CBA Ln~nn~11n~u~~~~~•u 10-6A 

• 

iD--1 iD-2 ~D--3 

~D--5 ~D--6 iD--1 
c n > Ln~ 

Clock 

A 

8 

c 
0---, 

11- 2 

r 3 

4 

6 

8 

<~> an11~«u;u <Ai~n11~iua~ 

•tJ 10-1 Ln~nu~•i~~1~fu~1iu•~~unA~ULa~nin1A 
v 

A 

s u~ 

•tJ 
" 
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~1~~1~ 10-4 ~~ua~~~&nu~1ia 1~~1fLnflUUUUuU~ 3 n1~Lf1~1U1U 3 ~1 

~~L~uLnflnil~1ia~uLf1~u1a~Luil4 54Ls11 Ltia1f1~1iaan1u~ 1,4,u~~ 
6 1~~1f1~~11u1u 10-s 

" 
8---------~ 
c----
c-----~--~ 

+Vee 

A---' 

8----+-----+--~ 

6 

A-----------------' 

• 

U~Ufi1'WL,~fl11nU~~n11~'1~1~il~1a~LUD4 54LS11 uari~~~1U 10-8 
'W~tlmH u~u~1 'lirhuurian1u~'-ia 1 = c 8 A , 4 = c B A LL~~ 6 ,, 
ni1~a1~~1n1~aan~a~~lu~~auLtia1iL~u1~~1«u uari~~~1u 10-0 

c1o'ck 

A 

8 

c 

6. CBA 

'L 1, 
11 -

Glitch ill 
II 

" 

8 6 A~ 
Cloe~ 

<n> 1UA~U (~) Lnfl~L~UaLfl1U ,, 
1U 1o-9 1tl~ruru1raml ~~1 «rnL~~aLfl1U " " ...... 

" 
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ti al al _. " 1 .1 A " .l , flaUnLnfl~1n1'1~1UU U1u 10-5 LUUUUllUU'llU 
'U " 

TI1'100ntlD'1~~11~ROtlU~fl'1~'11tl 10-9 ~'1,flU~fl'1~'1n11~~L1a1~tl1'1~0'1W~U 
'U • 

WautlU~~~~1~1E ~~~'1Ln~L~U11~cycy1rau1an1n1~~U~~~iJWautl A 1t1A~U 
~o '1 °A .ft1n11~cycy1rau1~n1mnrnuo~ t D ~i~iufi1AOJJ'W~ L JJU~'llo" A fio A 
~~t111nDL~~ouLtiUL'11~0'1 A 1un1~~nL'11 

L~u A n1~U1~n1~~u 8 1U~~u B ~~.n11tlLTI1nll~1'1L1a1~tl1'1~u'1 , " 
~~tlwaotl 1 ~1 ~~'1~1nn11n1~~ufl1E~ouau'!lo'1~cycy1ra~oon~1n A 1tlA~u c , " 
~~f11t1Ln1nu tD ~a,,~1n1~iun11n1~~u~1n~cycy1m'!louau~Ln~~1n a 

L1~1~~11tluu11L~uucy~1~~1~cyJJ1n L~ou1Ln~nofl1~~fl0Li1nu1"~, 
~uuuu1~~onfl~u( 01~~~tl11nD~a~~uAu<Gtitches> ~n1'1oun'llu'3Ln~~1 
1flfl1~U_,~;u~R1Efl1 L~U n1L~Ln~nufl1~~1•1~~n1u~ 6 'W~~'llu'1U~ufio 6 

" = C B A 1U l 0-9 U~fl '3n11 L nflaa~LLAULLa~n1'nLfi'1 ,, 'l -~~~~~u~1£1 L ti L ~u 
• 

c = 1, a = l u~~ A= 1 ~i1•n1'1oun'llu'1Ln~nfi1~'1Lflu~~1•1~~n1u~ 6 · 
't 'U 

.. u ' cl .. .l al u .. 1 ·• u 'W~11m1'Wa~LLAllnLnfl'llU LJJ01'1~1UULauU~1n~01U~ 7 u£1'1~01U~ 0 
cl _N ~ I ~ - J: al I 

n~fl a UUL~UL1~1 ~~L~U11 A ~'1~1 CA '!JU~'1) LUu'1~1nn11~U1'1L1~1'llu'1 , " 
~~tl~aotl B ~~L"a'1~1~Uni1~~0'1~fl b UUL~UL1~1 1~~i1'1~fl a ~~~~fl b .. .. .. 
UUL6'UL1a1liL~Du111flo c = 1, B = 1 LLa~ A= 1 in11'10t:Jn'lluHn~~~~" 

11 

LL~~~~L"fl~a~LLAll ~'1LL~fl'11u1tlA~U 6 = c B A 
" ~a~UAULflu~~~~L11'1"Piu'1n11 L~o1no:a TTL ~"A11JJL1iH ~~~ 

.Jc. II . 

UJJA11JJn11'1 2-3 ns 
" 

ifiun'1 'llfim ~JJ ~1~1tl ~n1 H ,'11 'llu H nm-t1o 1 ~1 '1~1uu 
UUULl1~'1~1~nu ~"~~n~11n'11u~OUfluLtl 

111 10-9 Lflun111~Ln~uuuuou~ 4 n1'1L,j1 8fl1~~1f'1~~n1 u~ 6 
11 • 

~cycy1rau1~n1~n1~1,.\'LflUL~~uU~L~1tl ~1n1t1~~'Wui1~cycy1mu1~n1~1~~fl a 

LL~~ b uu L clu L 1 al Lrn~ij~a~LLAUll11nD~U C11 L ,-11i.\'~cycy1mu1~n1tlrh~" ~a~ 
'1 1 .. J:,., al ~ 

LLAU~~ '-1~111110 L Ofl'lJU fl 'llmtrn c = 1. B = l LL a~ A = 1 LLa~ ~cycy1m 

u1~n1ijfi1~'1 1UA~U~01U~ 6 ~~~Lnfl~UL~ L11~~1f~a~u1n;i"ij'llU1flLTI1nU 
11 ,, 

~ S al A J: 11 u ~ S al .I d 11 

~cycy1mu1wn1~nn 6 LOfl'llU'W1uJJnUfi'!!'Y1mU1wn1~nn 6 u110DTITI1"L'll1 CLOCK 

al111 ~ ,I o II al ~ "l" .lu ' '1•• .I al '110'1Ln~TI ~~n1u~ 6 ~'1~01U~U~~TI1~U1TILUU~L~1u'W~aLLAU~~~1£1 LJ 1uAaUfl 
" 11 

'1~~1n 6 = cBA. cLocK LnAUAUu1'11.lt1,-~£Jn~1~nuLn~nofl1~~~15u ~ '1~ .. 
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Clock -----+--a> 

K C 

( 11 ) 

c 8 A Count 

0 0 0 0 
0 0 1 1 

• b c d , g h 
Time 

0 1 0 2 Count 0 2 3 4 6 6 0 

0 1 1 3 Clock -- -
1 0 0 4 A 
1 0 1 5 
1 1 0 6 8 

I 1 1 7 c L._ 
0 0 0 

<n> <A> 

1U 10-10 1~~1UUL~1JTI~n1ALLUU1JU1U ~u~-8 
• 

10-3 1~~1uu~UULi1~~w1~nu <Sychronous counters> 

1~~1uuuuu1~~unA~u~f1~1~d1~u~n~~41n~ L~u~11u11~1uL~~1nu 
A11>J~~ ~ 'l iJ~uiJ~uuLL~~~ihn~1H1~ii.tu1 ~ il ~n~11>J1LL~11u1 ~~' urnLuu 

• I 

,~~unA~U 1~~,n~1~L1~1 ~ U1~LTI1nU~~,1).J1Jtl~~1~L1~1i.tU1~1Ju~iJ~tliJ~utl 

LL~~~~1 nA1U1~>JlraLTI1nu~~Ara1Ju~~1~L1~1i.tU1~1Ju~iJiuiJ~uULL~~~~1 nu 
v 

-.l1u1 uiJ~ulJ~uU~ ~i.t )J~ LL~~n1 unl ~ L n~-W«~LLAU~Til ~ uun1lu ~ L n~flu~1~a U'l!i.t 1 
t c: "1'1 ')_I/ U t/U U C8 If I 
TI~au~Ual>J11flLLn 1JL~~ t ~ ~ ~1UULLUUL111~~i.t1~nUi.t1tlLLUU1JU1U 1JtlLL~n~1~ 

~L~u~~~u iJ~tliJ«uu~n~1~~~nn1~~u1~n1~1u~fu>Jnu~1~~'1!~1rau1~n 1 
1U 10-10 u~~~1~~1UUL~1JTI~n1ALLUU1JU1U ~111~~1A11).J~~~LL~~ 
• 

1UA~u•1i.tiun11uu~1>J~1ilu u~~~~n1u~ · c41u1uuu> au~A~u~nuL~11n~n1A 
v 

L11~~1~~1~1ari1u~unu41u1uuu ~ii.tiuiJ~tliJ~utluuu JK ~in1~L~1 J "~~ 

K ~~~~A n1~uun~~n~uari1u~LDun1~nu~1>JTinAf~~n~ruru1rau1~n111uu~u 
v " "' .. ., 
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U~a~an"1n1~~U 1u1u tO - tOn 1iTI1\ILl1 J U~~ K n~l~\l~\I~ lflfl~unu 
" 1 .. .. v 

+vaa ~~u~auu A ~11Lu~F.Ju~n1u~Lilufl1\lnul1" L~u1~1u~~~1rau1~n111uuau 
I 

LLfla11~n 

" 
Liiu A a~ Ln•mtJtJUilU~ x 'W-i'u"~~11n1~1u ua11-Wa~11u\1~~~1rau1~n1 

" ~~~1ULnflL~1~W~uwaDu B '\I B ~11LU~fJU~01U11LflUfl1\lnul1"nn ~ flf\I~ " , 
1lH'mlcycy1C1u1~nl'llulJ~lJ Flu~fl b, d, f LLa~ h 1JUL~UL1~1 , 

A ' all! al .,Jll ..I 
'W~11C1'1LnflLL1JlJUDUfl y L"uTI\I A "~~ B "fl1~\I Lnflfl1U~1il"TI~l1 ,, 

n1 ~iuLrn112'~~cycy1C1u1an1 L ~i~w~uwm:iu c w~uwrrnu c 'til11 L u~F.Ju~n1utn ilu 
OJ 11 l! "''1 11 OJ Ji ~ ..I I OJ ~ OJ 

fl1\Inu111 "~nfl1 \ITI L fl1u~cycy1rau1-wn1 'I.I illJ~lJ'llil \I ~nn 4 LLfl~~fl1 11 \I LL~fl \I fl \I ~fl a 

ua~ h 1J'U.L~UL1~1 
OJ "~ OJ~ Q OOJ Qo 

1\l'til1UlJU1JlJULlJUU1JlJUlJ'llU'll~\IL~'llfl1fi1flfl1"a1fllJ 'tilln 000 0\1 ttl 

'\l~ilflfl~il \I nu~ruru1ra u 1~n1 'llillJ~lJLL~~11~n ~U~un11uu L ihrn mH 11~\1'1-t1 ~nu 
uu v 

al II A -.,, A &I ~ 
U1ilUlJlJ'll'U.1'U. "ilfl -8 ~'til11ra1UlJLa'llfl1fi1flU1JlJ'U.U'llU 

.I ~ ol d OJ 11 OJ OJ a 1 I 

1u tO-tt LlJU1ufl~U'llil\11\l'til1UlJUUlJL'll1~\l'l-t111n'U.Ua~"~1\IL1a1'1-tU1\I ,, ,, 
t 'llu\lw~uw~uuu~~11~1 ~\1~1u1~~\lf 

I> 1 

~ruru1rau1~nl'llilU~lJLUn111~u1~w~UW~ilULU~fJU~01U11Lflu~1\ll1" 
u u , 

Time--------------.-. 

Clock 

A 

8 

c I 
I 

I I 

L 
L 

6 _________ __.ll,_ __ 
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s L~u~~1nLtiun11Lu~uuuu~~uuuLi1~~u1~nu ~11i1~L~~-w~~uAu 
~n1~uun~u~Ln~ou~1~" L~u Ln~ou~1~"1i1~"01u~ 6 ~~1u 10-11 1~~1 

" L~Uflu~~~L~1u~n1~L~1~u~Ln~ou~1~" ~~~uLn~nu~,~~1u1u 10-1 ~111110 
" iI11111.n1 u1 ~~1uu'J!u~il1~ l~u 1iJri1u~fi ~i1cyu1 L ~u1nu-W~~LLAu 

Note: All J and K Inputs are tied to +Vee· 

< n > Lrnun1lrJ~11n 

Clock 

A 

c _____ -' 

D ___________ ___. 

t II 

< ~ > n.lri~uuu1iu 
v 

B b Cd e g /1 k tnfl 0 pq 
Time-_:;_-;__:;____:;__....;..__,_~--T-..,.--T---r-,..,--.---,---,-,--,--

Clock 

A 

s_J 
c 

D 

v 
old .., II u u o 1uTI 10-12 1~~1'UU~~UUUL~1~~U1~nu 4 u~ 

" 
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1\1~1uutu-~" uuu'llu1u~i1"1~~"1tl 10-12 ~~tl~CilutlLu~1«1~~1" 
v 

1u~o11~uu~u~~tl~~utl~~Ltl~~u~o1u~Lflu 

I 

L j'ju~~tl~~utlih 

fl\111.I 10-1211 .. 
11 II 1al~ ,., 1.: 
01 Count up Fl1\lu~Tifl1 LnflU1J1JUuUflfl11JU xl, x

2 
u~~ x

111 
~ 

II .,j D _., ~ ~ II al )I 11 

\il1ul.JTI~~TI1\11U uuUN~~1mU1w01L1J1TI Count down N'!!~1ra~~fl1\IL1J1 

iJ~tl~~utl A u~~L~1~~~tl~~utl~1~U ~ 1fl~LnflU1J1JUuU~ yl,y2 u~~ ylll 

W~tlW~utl A ~~"~01u~ri1\lnu,j1lJ~nFif \l~~cy~1rau1~n111uu~utl11nD~U 
tJ ti ll al ' 11 al .o )I fl\11 10-12Fl l10Fl1\ITI A ~" LnmLUULLuUfl y l \il1ulJ'Yl~~TI1'11ULLCil~NM1ra 

" , v 

U1~01~~ri11\\'w~tliJ~utl B n~1J~01U~LflU~l'r\lnU,j1JJUUL~UL1Cil1~~fl a , c , e 
' , 

I 1•• al al , d II - ll I ( 11 d 
g U"~flD uL1ub ~ Ll.Ju flnfl1JJ01 A UCil~ B ~\ITI\IFI LnflU1J1JUDUfl Y

2 
\il1u>J'Yl 

v 'II 

';J~TI1'11 ULLCil~ ~cycy1ra U 1~n1 ~~ L '2i1 ~iJ~lliJCilmJ C TI11 l\' C L 1.l~trUcHll Utn flu'1.,. '3 nu 
II ~ .,.t o .,, , o .. tJ 

'll1JJ1JULNUL1~1TI~fl a~ e 'i. mu"~ g fl1JJCil1fl1J U'Yl1Uu'3Lfltl1nULnmL1J1J , 
LLuu~ y_ ~~r'h1\\'~ru~1rau1~n1L,j1~iJ~tliJCilutl D L~u A. 1B Lrn~ c tir11~.:J~\I 

g .., " .. 

U>Jfl iJ~tJiJ"utl D ~~n~1J~01U~LflUfl1\lnU;J1lJ 1JUL~UL1"1~~fl a LLCil~ i 1U 
, v 

al &I ol I 4 
FICilUU~fl\lfl\11u 10-12Fl ~\IL1JU1\1~1U1J~\l~~~nri~1n 1111 ~" 0000 

" ~D.:iri11~~uuu~ua\lri11n11u\11u~ Luu4 54174193 ~\IU~fl\11u1tl 
" 
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10-13 L11~~wu111~1\1~1f111n LU"uu1\1~1uu1u1u 10-12 1\1~1TI1\11uLtlu ,, 
1\1~1UU~\IUUUL~1~\IU1~nu 4 nfl 1UA~U~L~~~1n1u~Luu4 54/74193 LU"DU ,, 

1u1u 10-12 ~nLiun1\luDn~u\l~~u~~uu~~LU~flu~n 1 u~LDD 
~~~\1Lnf11~11~~~1rau1~n1n1flUDnUD UL~1~ 

II .:» II I "" tJ "" I cJ .. I{ 111 
TI1\IL~1 Count up "1u Count down ~~flu\1~1u~1n~uu1noun~~uuu U1\1~1 

fl11n~u \IL nflLLUULLUU~- uui ~\IL llun1 \IL i'h~~~1rau1~n1~D \l~~u~~DULL~rH:: il1 

U I Cl ' OI '~ I tJ I 
~19014 10-5 ~\IL~fJUW~U~u\IU~U~u\ILnflLLUUUuU~TiflDnU~1~1\l~u\ILn~uuu 

v 

ooi ~\IL~~un1\IL~1~u\1~~~1rau1~n1~L~1~~~u~~ou Q
0 

~D\I 54174193 ,, 

' "' "" w~u~u\IU~UAu x = <Count - up Clock> CQ >CQ ><Q > 
V ~ B C 

1U. 10-14 u~~\11\1~1UUtu-~\I UUU~U1U L11~11~111\1~1UUUUU ,, 
~U1UL1~1~~~u~~uUfl1L~ ~ ~~LU~fJU~n1u~~Uu~nu~n1u~~D\l~~u~~DUil1nDu 

• 
uu1U L '!ful u~n11~uutu~~U~crnu~~n~u~n1 u~ L tlUf11\lnuth>.rnnL1~1~~~U~~DU 

1 

fl1flt)U~h~n1u~~ \I ( 1 ) LL~~cl~~1rau 1~n1 L U~fJULLU~ \I a1ui'u~n11 ~ UUfhl~~u~~mJ 
~~n~u~n1u~Llluf11\lnu~1~L~u~~u~~Du~1nouuu1Un~n1u~~1<0> · 

' 192, ' 193 .. . J, N, or W package 
· L192 , · L193 . . . J or N pack age 

'LS192. ' LS19J .. . J, N, o r W package 

!Top view) 

Loyic : low Input to load sets OA • A , 
0 11 • B, Oe • C. and 0 0 • D. 

1u 10-13 ,, 

< n > 

Inpu ts Ou tputs Inpu ts 
,.----"----., ~ ~----''------... 

Vee Da ta A Clear Borrow Ca rr y Load Da ta C Da ta D 

16 

A Clear Borrow Carr y Load C 

B 0 

Co unt Coun t 
d o wn .u p 

B 

Data 0 11 Q A Coun t Coun t De Do GND 
B '---y--' down up '---y----1 

Input Outpu u '--v---' Outputs 
Inputs มห
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' 193, 'L193. 'LS193 

'\__ 1131 
r Borrow outpul 

' 1121 
r Carry ou rpu t 

01t1 Input A 1151 
'-

Countdow 
r=t---.f .I. 

131 141 QA n Output QA 

r 
Countu 

151 
p QA>-

n LJi 
Olla input B 111 , 

r----1 1 

~ 
Q• 

121 

r 
D,~ 

~ 

Output 01 

/ 

0111 Input C 
1101 -, 

~ 1 
H Qc 

161 
Outpu 1 Oc 

r 
.... H De'-

~ 
_I 

0111 Input O 
191 

' 
Clur 1141 - f=L-/ 1 

___. 
Qo 

(71 
Output 00 

- r 
- - -

'----1 Do '-

111 I -R 
J Lo1d 

( 11 ) 

1tl 10 - 13 <ilu> 
v 
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Typical clear, load, and count sequences 

Illustrated below is the following sequence. 
1. Clear outputs to zero . 
2. Load fpresetl to binary thirteen. 
3 . Count up to lourteen , lilteen, carry, zero, one, and two. 
4. Count down to one, zero, borrow, fifteen, fourteen , and thirteen. 

Outputs 

Clear 

I 
.....-:--'--"--"--ii - - - - - - - - - - - - - - - - -

~----------------1 
~----------------_________ :...,_ ______ _ 

.........:__:_-~!- - - - - - - - ---- ----
'--------- ------- --

-'--'---.l---- -------------
~----------------

I 
o, : .J1-..;____;--'--~ 

I ~I_;__"'------. 
Oc :lJ_J 1 

I I I I I 
0

0
- 1 1 ~ - _L!.,__J i i I_, ___ _;__.:.,_ ___ _, 

I I I I I 

Carry I I I I I LJ I 
t I I I I I 
I I I I I 

Borrow I I I I I I 
10 I 1131 ~5 0 1 21 ~ 0 15 14 131 

Sequence illustratad 
~~ Count up- Countdown-
Clear Preset 

Notes: A. Clear overrides load , data, and count Inputs. 
8 . When counting up, count -down Input must be high; when counting down, count -up input must be high. 

11.J 
" 

Cll u " 

<A> 1UA~U~u'1 54/74193 
" " u "' 10-13 1'1~1UU~U~'1UUU~U1U 

'11 UJ.Jrl '1 U 

1 :,,1~uu~u'1n1'1Lf1 Ju~~ K <Ltiu~1~9u~'1> 
" 2. 1li~ruru1cuu1~n1L1.J~vu~1 n ~,,~~1 

~~ ~ . 
a ~'1Ln~n1'1uun~u"~~u~~u1.JL1.J~vu~n1u~Ltiu~1'1nu~1" 
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Count up --1-----------,-----------.. 

_n_n_ 
Clock ----r------+-----t-----~~---~-----_J 

Count down--e-----------+----------__J 

< n > 

I 
Count up 

J 

D c 8 A Count 

0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 Count down 
0 0 1 1 3 
0 1 o · 0 4 . 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 

1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 10 
I 0 I I 11 
I 1 0 0 12 
1 1 0 1 13 
1 I 1 0 14 
1 1 I 1 15 

0 0 0 0 0 

( 'ti) 

11.f .. 
.., .: 

10-14 1~~1UU'llU~~UUU'llU1U 

~~~1~L~u1~~,"~111~~1~11"~•~1u1tl 10-14'1.1 
v 

A ~~ L tl~uu~n1u~iin~1~L11n~~cycy1cuu1~n1 L ii1u~~"1~1hJ~mJ A ~~ 
.. II #j II 1.,I ~ 1.!/ t '1 .: '1 1 1 "n1~L'll1n~ J u~~ K ~1~Dun~n1u~~~ ~~ nn~~n11~UU'llU u~~uu~~ · u~~ " 

'II " 

nA11"41Ltluq~~o~1~1~q1fl11n~1MfUlJ~tl~~Otl« 
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u .. 
10-4 1~~1UU2.Ju~-3 <Mod-3 counter) 

Lrlu~~~1rau1~n1~1uL~1~\J~u\J~uu~t16l~~~1rau1~n1uun"1 LL~"A112.J 
~LL'1n~1'31u~1nL~2.J ~t:~Hn'1L~ui1~run11rau1~n1 2 ~ndh~\J~u\J~uu 1 ih 

uu v v 

~t:16l~~~1rau1~n1uun>J1~'Yll'3uun'!lu'3\J~u\J~uu 1 ~n ~u~u~~~1rau1~n1~TI1'3 
uun'!lu'3\J~u\J~uuLfluA~'3uU'3'!lu'3'Yll'3L~1Lu"uunu~~~1rau1~n1u116l1a 2 L7an 

i1 1'3~1Un>Ju~~~Lllu 2 u1u1'3~1"u~-2 nlL~\J~u\J~uu 2 ~1~uuun1>.Jnu " , 
d I Ill d Ill d ..: "")/ ~ Ill d Ill 

'Yl1'3uun1'3~7'Yl 1 '1uL'!ll'Yl'Yl1'3L'!ll'!lu'31'3~7'Yl 2 L2.Ju2.J~~~1rau1wn1L'!ll'Yl'Yll'3L'!ll 

d 0 "" 1 "')I ~ d d 
'!lu'31'3~1'Yl 1 ~1u1u 4 ~n ~'3~~ ~~~~1rau1wn1uun>Jl'Yl'Yl1'3uun'!lu'31'3~7'Yl 2 
o do d )I ~ d ~ 
~1u1u 1 ~n ~~L~u11A11>.Jn'!lu'3~~~1rau1wn1n'Y11'3uun'!lu'31'3~111>.J~~~'3LUU 

" 
4 Ln1'!lu'3~~~1rau1~n1L~2.J~TI1'3L~1'!lu'31'3~111>.JL71L7~ni1 1'3~111"""u~~~ 

" 
Lflu 4 u1u"u~-4 ~tL~ui1~1u1u>Ju~~~'!lu'31'3~111>.Ja1"1'nu11~~1nA11>.J 

" 

2.Ju~~a = 2" 
" L~u n Lflu~1u1u\J~u\J~uU~U12.J1U1~nuuLllU1'3~1712.J 

~~L~ui11'3~1UU~t"~1U1UUUfi17"~1~Lflu1u~12.J~12.Ju~~a \J~u\J~uU .. 
1 1'3~1 n11'3~1uu"u~-2 16l \J~u\J~uu 2 1'3~1 n11'3~1UU"u~-4 1~ \J~u 

\J~uu 3 1'3~1 n11'3~1uu"u~-a 16l ~1n~1u1u\J~u\J~uu~u1>.J1~uuun1>.Jnu , 
n11ia1>.J11naf1'31'3~7uu1in~1U1UUUfi172.J~1~LflU 2 4 8 16 32 U~t: 
~u ., 1 u16l 

~tL~ui11'3~1UU~n~112.J1LL~1~1'3~U ~t~~1U1UUU~112.J~1~Lflun1rim .. 
'1lu'3 2 «u ., 1u u~1un11L~'31u~11uu1~41L~u~u'31~41u1uuutt11>.J~1~ 
~u~n~1'3uun1u L~u ~u~-3 ~~~-s ~u~-6 "u~-10 Lllu~u ~'3~1Lflu 
~u'3nn11u1UU1'31'3~7UU712.J 1in1tL~~~12.J~'3U1tUUU1'3~'3U1~'!Ju'3~'3U1tUn~ , 
L~~u1'3 Ltiu~~~1u1uuuB172.J~1~'!lu'31'3~7UU~'3 L~u 1'3~7UU"u~-3 ~t:~u'3 
1i\J~u\J~uu 2 ~'3~7 u~~u1'3~11in1tl~~~1>.J~'3~1tun~1uL~a 1 ~'3~1t 

1'3~7UU"u~-3 1~\J~u\J~uu 2 1'3~1 ~uLDU1'3~7112.JLU1U 10-15n 
" ~'3"1UA~U '1171'3rl1A112.J~1'3 Lrnt~~~nHcl 1u1u 10-16'!1 A Lrnt '3 ~111~1 

" " 
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8 b c 
Time-~--.--.----

1-'4>--..:,.._--1 J 8 

K A 

A 

c n > LL~1rn1~'111n 

8 A Count 

0 0 0 
0 1 1 

0 2 

0 0 0 

I Q 

(F)) '11'11~"11"111~~1~ 

1 

2 

~-;;}fl a 1.J'UL~UL1i'n 
1 

~1:n1 'hh nfl 

n A n~m Du 1 

'!l a 1 L ~fl L Du o 
I 

TI-;;Jfl b 1JUL~UL1~1 
1 

ti "" 0'}110 
11n~n b -;;it:n1L~Lnfl 

8 

I 

< 'll> 11.lri~u ,, 

Clo~k Mod -3 

A 8 

A = 0 LL~t: 8 = 0 

1flVL~fl~n1~Lf1 J U~t: K 'llu~fl'ULu~n~1a~ 
1 ,, 

1flVL~fl~n1~Lf1 J ~1 LL~t: K a~ 
1 " 

A= 1 LL~t: B = o ~cycy1rau1~n1'llulJ~lJ 

n A n~uLDu o t cJ ., flV L \Ol't1n1~L111 J LL~t: K 'llu~fl'UL u~cH 
1 " 

1flv L ~&i~n1 ~ L oih J LL~t: K 'llu~flULu~a~ 
1 ,, 

A = 0 LL~t: 8 = 1 ~cycy1ru. u 1~n1 'llulJ~u 

B n~udlu 
3 ~-;;}fl c U'UL~UL1~1 

1 

1111n~~ c -;;it:n11~Lnfl 
n A 1L~'1LDu o 1flVL~fl~n1~Lf1 J 'lJu~'1ULu~~1U~t: K a~ 

1 " 

'!J B 1L~'1Lllu 0 1flVL~fl~n1~Lf1 J 'lJu~fl'ULu~~1U~t: K a~ 
1 ,, 

OI 1110/ I ll )i 9 I OI t 
4 1~-;;i1uu fluu~1uan1ut:n~a1"~ruru1rau1~n1 1 ~nflun11uu 1 ~'~ 

~ ~ " 
n1L~a1~11naf1~1~-;;i1uu'l~n~1u1uuufi11"~1~ 

6 c2xs>,12 <4X3> ~u ~ 1u1~5n"1n 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



278 

~1iln1~ 10-7 ~~11~1uF1~u~n1u~~11u1~~Lflu1~~u~1~~1uu"u~-s ~in 
" ni11~~~u~~uU1~~,.~u~~u~1~~U11~~·uu"u~-3 LU1U 10-15 

+Vee 

Clock-+--<:!> 

0 

Clock 
input 

Mod- 3 

A 

"" <'IJ> 1UF'l~U 
" 

" 

8 

1u~~~uu~ 54/7492A 1~~1uu~11 12 L~u1~n1~uun Q 9~Qc u~~ 
Q

0 
u~1ifuu~cycy1onn~n1~n1 ~ dh B ~~n1 ·nudlu1 ~~1uu 3X2 "u~-6 Li1ifuu 

~cycy1mu1~n1~n1~L~1 A 1~n1~uun aA ~~n1~1uLDu1~~1uu 2x3x2 "u~-12 

Input A NC OA 

A 

8 

2 3 4 5 

Input B NC NC NC Vee R011 1 R0111 

Positive logic : See funct ion tablas. 

Note: Output QA connected to Input 8 

en> ni1~~~1 

1u 10-11 1u~Luui 54/7492A 
" 
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J 0 

CK Input A..;.ll_4.;...l ---~1> 
• 

K 

Input B ...;.ll...;_l __ -+-+-4-<b CK 

K 

J 

!o-1--a>CK 

K ij 

K 

C ti> LUHUl1'4fl11n 

,-tJ 10-17 fl[) .. 

112) 0 
A 

1111 o, 

19) 0 
c 

18) 0 
0 

10-5 
u • 

1 '11~1'11.UJrn~-5 

Output 
Count 

Oo Oc a. QA 

0 L L L L 
1 L L L H 

2 . L L H L 
3 L L H H 

4 L H L L 
6 L H L H 

6 H L L L 
7 H L L H 

6 H L H L 

9 H L H H 

10 H H L L 
11 H H L H 

I "" (fl) '1111 \Jfl1i'l11)J';,J"J \I 

CA mod-5 counter> 

w~tJW~utJ 3 1\J';,J1lU1U 10 - 18 "~1U1UUUfi11)J~1~Lflu 8 .. 

279 

J\t:11\J';,}11fn1~1~6l~1"~\1~1~tJn~1tJL~~ 3 41u1uuu ~\JUUfl1"~1~uL~t1nin1ri 
1 ULLrliH~~ntl[) \J~ryry1cuu 1~n1 L flu 000 ';,JU~ \Jfl1f.J l 00 ~\IL 1f.ln-h 1\I';,J1UUilu61- 5 

c 
0 

0 

0 

0 

1 

0 

8 A 

0 0 

0 1 

1 0 
1 1 

0 0 

0 0 

<n> 

Count 

0 

1 

2 
3 
4 

0 

Count 0 1 2 3 4 O 

Clock JUULrlJLr 
A__r-t_ri__ 
8 __ _. 

( 'lJ ) 

111 10-18 1\J';,J1UUL~'lJTiin1riilu61-5 .. 

• 
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Clock Mod- 5 

Clock ---+--+-<::V 

K ii 
A B C 

( "' ) ( \I ) 

"itl 10-lBC~u> ,, 

101> 

A 7L~~ A Ltl~~u~1n 1 Lflu 0 
~ tld ~ 

nnn1~~uL ~~uan1u~ o Luu 1 " , 
3 c ~L~~~1n 1 Lflu o 
4 5 1t1an1u~t1n~ 2 <CBA = 010> 

L~~.:i~ruru1rau1~n1 1 ~n 
MM \j 

an1u~~~Liu 6 CCBA = 110) LL~~an1u~~~Liu 7 <CBA ~ 111) ~ 

a1"11n~11~at1u1~11 ~n1u~ 6 1t1Lfluan1u~ 2 u~~an1u~ 1 LtlLDuan1u~ 
o L~L~~.:i~ruru1rau1~n1~nL~~1 

MM ,, 

1.:i~1uu"t1~-5 u11t11~af1.:i1.:i~1uu"t1~-10 u1t11.:i~1uuau ~.:i1~ 
t11~1~'11~1~"1n 

Lt1~1\1~1UU~U 54/7490A Lu1tl 10-19 01L~TI1\IL~1 8 nUTI1\IDtln ,, 
QB QC LL~~ QD ~~1~1.:i~1uu"t1~-5 LU~uu1t1 10-18 LL~01L~TI1.:JLi1 A 

u~~n1.:it1t1n QA ~i"L~11t1~1~ ~~~1~1.:i~1uuau 
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!oput(l41 
A 

1!0<11 
131 

K 

----<r>CK 

K 

( n) Ut.JUSl1Wrl'J'Jn 

(121 
>-----QA 

(Bl O.; 

(11 I 
-0,, 

'JU 10-19 54/7490A ., 

281 

'90A, 'L90, 'LS90 '90A , 'L90, 'LS90 
BCD count sequence Bi -q~inary 15- 2) 

(See note Al !See note B) 

Output Output 
Count Count 

Do De o. QA QA Do De 

0 L L L L 0 L L L 
1 L L L H 1 L L L 
2 L L H L 2 L L H 
3 L L H H 3 L L H 
4 L H L L 4 L H L 
5 L H L H 5 H L L 
6 L H H L 6 H L L 
7 L H H H 7 H L H 
B H L L L 8 H L H 
9 H L L H 9 H · H L 

I 0 
( 'lJ ) r1111 ~fl1fl113J';,)'J ~ 

Input A NC QA Do GND OB De 
8 

QA a. 
A De 

8 Re111 

Ro111 Rom Rg111 

4 6 

Input B 1?0111 R0111 NC Vee R
91

, 1 R
9111 

Positive logic : See function tables 

· Note: A Output QA connected to Input 8 

B Output 0 0 connected to input A 

a. 

L 
H 

L 
H 

L 
L 
H 

L 
H 

L 

niu11~o;.i1uu~u3.11~uuun13.1nuLfluu~nuu1~ 
~ 

1~1~-;.i1uu1~n~ 999 1u1u 10-20 ., 

Reset pulse 

D 

c ..flSLfl_ 7490 7490 74!!0 -8 

A 
Hundreds Tens Units 
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u ll , • 
10-6 1~~~UU~'3ao1uu ~ <Presettable counters> 

L llu 1 '3 ~1UU~ii2Jufl~~'lJU1fl~ '3 LL~;ju '3n11L-H L \;jEI '3111 '3~1 U Lfl 
" " 0 ~" '10 0. ... " ... .. c: "' ... 

n1LUU1'3~1U1J 4 1J~O~ti2Jn1'3L'll1 n1UUVl~flL12J~U'llu'3TI1'3L'll1n1UUfl~1UUU'3 , 
4 U~L-H~1uiun1~Ufl~flL~2J~U ~~u~~uU 3 1'3~1ii~1u1uuufi112J~1fllfl B uu , 
~~u~~uU 4 1'3~1ii2Jufl~~u1u~1U1UU1Jfi112J~1fllfl 16 uu ~1n DCBA = 0000 

" 
fi-l DCBA = 1111 n1~u-ln11TI11'3~1uun1iLflU1'3~1UU~ufl-10 TI1LflLflE1n11 

~'3~flL~2J~Un~uLflu DCBA = 1001 ~'31U 10-21 , ~ 

r--, r--~ r--, 
: 12 l : 11: : 10: 
L---' L--.1 L--• 

To Clear Input 
(Pin 11 

<~> u~un1wn11uiuu1-lLiLflu~e:ivi-10 , 
1U 10-21 n11uiuu1'3~1U1J~i)fl-16 1iLDU~1U1J~i)f)-10 
~ , 

54/74161 U~ti 54/74163 

~1ufun1~~u1'3~1uuu~n~1'3 ~ , 
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191 
Load 

f 141 
QA J QA 

CK 

0111A 
131 

K 

J Os 
{131 

a, 

CK 

01118 
(41 

K 

Clock 
(21 

Oe 
f 121 

Oe 

CK 
(51 

0111 c 

(111 
Oo Oo 

CK 

01f1D 
(61 

Clear 

(151 Ripple 
carry 

c n > Ur.J\U)1li.1'1"J1 n 
Outputt 

Carry 
QA Vee output Load 

16 9 

Carry OA o. Oe Oo Enable 
output T 

Clear 64/74163 Load 

CK 

8 

Clear Clock A 8 D Enable GND 
p 

Data Inputs 
... 

( 'lJ} ni1~6l'l.11 

,. iJ 10-22 54/74161 Lrnt: 54/74163 .. 
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.. "" .... 10-7 1~~~UUL"HUL~ <Shift counters> 

Lflu1~~1uu~~un1~uun'llu~~~tl~~utl1~~,.~~n1~ L~1n1~Li1'llu~~~u 
1 

~~uU1~~~U1n n11i~n11UULflU1~1uUL~~n~1 1~~1UUL~uu1~ 
·. ~~tl~~uULLUU JK >J1~L~ui ~~,~ 3 1~~1~uLllu1~~1UUL~uu1~1u1tl .. 

10-24 
., 

L'll1 J 'lltH A 

< n > 

6 2 3 4 5 6 2 3 

B __ _, 

c .--

( '11 ) 

1tl 10-23 1~~L~viL~vu1~ 3 n1~~vu~vun~un1~~u .. 
1in11~~1uuL~uu1~ 

CA mod-10 shift counter with decoding> 

~~tl~~utl 5 1~~,1~~i1~1~~1~uL~uuL~~u~-10 1u1tl 10-24 1~~,. .. 
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J1..JL 
Clock-.,._f--__ .,._ __ _._ __ __,..__ _ ___, 

en> 

E 0 c 8 A Sta le 
Binary 

S1a1e 10 

Clock 
2 3 4 5 6 8 9 10 

0 0 0 0 

equ ivalent 

1 1 1 
2 J 0 0 0 1 1 

0 0 1 1 1 3 7 
0 1 1 1 1 4 15 8 __ _, 
1 1 1 1 1 6 31 
1 1 1 1 0 6 JO 
1 1 1 0 0 7 28 

c ___ __, 

0 

E 

1 1 0 0 0 B 24 _____ _. 
1 0 0 0 0 9 16 ______ __, 
0 0 0 0 0 10 0 

0 0 0 0 ' 1 1 

(~) (~) 

1U 10- 24 ~1UUL~uUL~~1n~~u~~uU 5 1~~1 
'II 

1un11nu~1fa1~~1~u~u~-e ~~~u~1~Lnfluuuuuu~ 3 ni~Ll1 
Ltiu~u~-10 ~~~u~1iLnflUUUUuU~ 5 n1~L~1 

II 
n1 

I ol., "' ~ ... ,.. i 
lilu11an1u~ 1 Ln~~u UL1~1n A ~~ u~~ B fl1 ~~ ~LnflUUUUuU~ 

'II ... 
L lil!h1 2 n1~L~1 TI1~L~1LnflUUUUuU~Ltiu A "~~ ~ ~"n11u~u~u xl = AB 

v 

L Url1Uu H flll1rlU ~, }J ' Cll II .. O 
an1u~ 2 n ~Lnfluuuuuu~L~ll~ 2 ni~L'lll~uLn~ 

u~~ ~ ~, 1~~"n11u~uLtiu x = Bf u~un1~~11n 
'II 2 

.:. al II 

'lJU L "un1 H '111 B ~ ~ 
v 

u~~1u~~uu~~~1u1u 10 - 25 
v 'II 

;=0--x,•AIJ ;=0--x,•BC x, _fl n x, __fl n 

~D-:X3 •C0 ~=t=)-x. · o( X 3 __fl n x. n n 
:=o-x8 •AE ~D-x0 •ilB 

X s n n 
Xo n n 

~D-x1 •BC ~D-X8 •CD 
x, n n 
Xe n IL_ 

~D--X1 •0E ;=t=)-x,0 •M Xg n IL 
x ,o ! n IL 

<n> <'11> 

1u 10-25 Ln~nu~1«~~1~fu1~~1uu1u 10- 24 
'II v 
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!'I ... ,,, 
LL 1J1Jwn1UlUTITI 10 

~~11~uCJun1~~11n ~,,,~~1A11"~1~ u~~itJA~u 
'II 

A~U~~tJ~~utJ 2 1-3~1 A~1~1U 10-1 
'II 

A11"rl"llu~~ruru1rau1~n1LfluLn111L~uA1uL1~1~ s .... 'lu,-tJ 10-1 dlu 
'II 

2 

1000 ns 

3 ~~11~1ULn~~~1LflULUn1,-nu~1U~ 16 ~01U~~u~ 74L93 n1~1ULU~uU 
'II 

,-tJ 10-3 
'II 

4 - ~ -:i 11~1tJLrnun1~~11n ~111-:i~1A1111~1-:i Lrn~ 1UA~'U~u ~il1uuL1i1 ~ -:iu1 ~ 
'II 'II 

'lu1tJ 10-13 'lu~n11~uu~u 
'II 

.1"' 'l .I 'Jll 'd'J!J u~ 5 ~'311~1uA~U~u~ 74191 LU1u 10-15 LU~"lJ1raLJJuL~~1'U'UlJ~U 
'II 'II ¥ 

6 ~~u1~1u1u~~tJ~~utJ~u1111~f1~1~~1uu~u1tJu 
IJ &I &I IJ II 

"u~-6 JJu~-19 "u~-11 JJu~-31 "u~-15 

1 ~-:i11~1tJLn~nu~1i~u~~1tJA~u~-:iu11~~u-:i1-:i~1uu'lu1tJ 10-11 
'II 'II 'II 

8 
.I u .I d ll u 'l .I 

~'311~1uLn~nu~1U~U~~1uA~Un'3UJJ~~u'31'3~1UlJLU1u 10-20 
'II 'II 'II 

9 ~'311~1;UA~U~u'3 QB, QC u~~ QD ~11~Vi11iluu~cycy1cuL1i1~n1~L1i1 B 

"llu-3 7490A 

10 ~~11~~~~11n~u~ 74162 u~~u~~~n11LiLflU1'3~1UlJ~u~-7 'l;{LnAUA 

L ul'.iuu'l uitJ 10-22 11~uCJun1~~n1u~ 
'II 
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B!nary Hexadecimal urrc~y1e Lo~~~~e __ 
0000 0000 00 0 0 
0000 0001 01 256 I 
0000 0010 02 512 2 
!XJOO 0011 03 768 3 
0000 0100 04 1,024 4 
0000 OIOI 05 1,280 5 
0000 0110 06 1,536 6 

' 0000 0111 07 1,792 7 
0000 1000 08 2,048 8 
0000 1001 09 2,304 9 
0000 IOIO OA 2,560 10 

!XJOO 1011 Oil 2.Rl6 II 
!XIOO 1100 oc 3 ,1172 12 
(X)()() I IOI OD 3,328 IJ 
O<XXl 1110 OE 3,584 14 
(X)()() 1111 OF 3,840 15 
000 I !XlllO 10 4,096 16 
()()(JI (")()(JI II 4,352 17 
IXKl 1 IKJI 0 12 4,60K 18 
Ol.llll 0011 13 4,864 19 
0001 OIOO 14 5,120 20 

0001 OIOI 15 5,376 21 
0001 0110 16 5,632 22 
0001 0111 17 5,8K8 23 
0001 1000 18 6,144 24 
0001 1001 19 6,400 25 
0001 1010 IA 6,656 26 
0001 IOI I IB 6,912 27 
0001 1100 IC 7, 168 28 
0001 I IOI ID 7,424 29 
0001 1110 IE 7,6RO 30 

0001 1111 IF 7,936 31 
0010 0000 20 8,192 32 
0010 0001 21 8,448 33 
0010 OOIO 22 R.704 34 
0010 0011 23 R,960 35 
0010 0100 24 9,21h 36 
0010 OIOI 25 9,472 37 
0010 0110 26 9,72R 38 
OOIOOlll 27 9,984 39 
0010 1000 28 10,240 40 

0010 1001 29 I 0,4'J6 41 
0010 IOIO 2A 10,752 42 
OOIO 1011 211 11,IJOR 43 
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Binary Hexadec imal Upper Byle · Lower By1e 

00 10 11 00 2C 11, 264 44 
00 10 11 0 1 2D 11,520 45 
00 10 111 0 2E 11 ,776 46 
00 10 1111 2F ' 12,032 47 
00 11 0000 30 12,288 48 
00 11 000 1 3 1 12,544 49 
00 11 00 10 32 12,800 50 

00 11 00 11 33 13,056 51 
00 11 0 100 34 13 ,3 12 52 
00 11 0 10 1 · 35 13,568 53 
00 11 0 11 0 36 13,824 54 
00 11 0 111 37 14 ,080 55 
00 11 1000 38 14,336 56 
00 11 100 1 39 14 ,592 57 
00 11 10 10 3A 14,848 58 
00 11 IOI I 3B 15 , 104 59 
00 11 1100 3C 15,360 60 

00 11 I IOI 3D 15 ,6 16 61 
00 11 111 0 3E 15 ,872 62 
00 11 1111 3F 16 ,1 28 63 
0 I 00 0000 40 16i384 64 
0 100 000 1 4 1 16 ,640 65 
0100 00 10 42 16 ,896 66 
0 100 00 11 43 17, 152 67 
0 100 0 100 44 17,408 68 
0 100 0 10 1 45 17 ,664 69 
0 100 0 11 0 46 17 ,920 70 

0 100 0 111 47 18 , 176 71 
0 100 1000 48 18 ,432 72 
0 100 100 1 49 18,688 73 
0 100 10 10 4A 18 .944 74 
CJI OO 10 11 4 U 19,200 75 
0 100 .1100 4C 19,456 76 
0 100 I IOI 4[) 19 ,71 2 77 
0 100 111 0 4E 19 ,968 78 
0 100 1111 4F 20 ,224 79 
OIO I 0000 50 20 ,480 80 

0 IO I 000 I 5 1 20,736 8 1 
OIO I 00 10 52 20,992 82 
Cll 0 I 00 I I 53 2 1,248 .8) 
Cll 0 I 0 I 00 54 2 1,504 84 
CJIO I 0 10 1 55 21 ,760 85 
()10 1 0 11 0 56 22.0 16 86 
OIO I 0 11 1 57 ·22,272 87 
0 10 1 IOOO 58 22 ,5 28 88 
0 10 1 100 1 59 22,784 89 
0 10 1 10 10 5A 23,040 90 
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Binary Hexadecimal Ur.per Byte Lower Byte 

0101 101 l SB 23,296 91 
0101 1100 SC 23,SS2 92 
0101 l IOI SD 23,808 93 
0101 1110 SE 24,064 94 
OIOI 1111 5F 24,320 9.'i 
0110 0000 60 24,S76 96 
0110 0001 61 24,832 97 
0110 1¥.110 62 25 ,0KK 98 
0110 0011 63 2.'i.344 99 
0110 0100 64 2.'i,600 100 

0110 OIOI 6S 2S,8S6 101 
0110 0110 66 26,112 102 
0110 0111 67 26,368 103 
01 IO 1000 68 26,624 104 
0110 10()1 69 26,880 10~ 
0110 1010 6A 27.136 106 
0110 1011 6B 27,392 107 
0110 1100 6C 27 ,648 108 
0110 I IOI 60 27,904 109 
0110 1110 6E 28,160 110 

0110 1111 6F 28,416 111 I 

II II I I )()()(l 70 28,672 112 
Ill I I 0001 71 28,928 113 
0111 0010 72 29, 184 114 
01110011 73 29,440 I IS 
0111 0100 74 29 ,696 116 
0111 OIOI 75 29,952 117 
0111 0110 76 30,208 118 
0111 0111 77 30,464 119 
0111 IOOO 78 30,720 120 

Olli 1001 79 30,976 121 
01 l I 1010 7A 31,232 122 
0111 10,1 l 78 31,488 123 
0111 1100 7C 31,744 124 
0111 I IOI 7D 32,000 12S 
0111 1110 7E 32 ,256 126 
0111 111 l 7F 32 . .'i 12 127 
1000 0000 80 32,768 128 
1000 0001 81 33 ,024 129 
1000 0010 82 33,289 130 

IOOO 001 l 83 33,536 131 
IOOO !JIOO 84 33,792 132 
1lroo OIO I 85 34,048 133 
1000 0110 86 34 .304 134 
1000 0111 87 34 ,S60 13S 
IOOO 1000 88 34 ,816 136 
IOOO 1001 89 35,072 137 
1000 1010 81\ 35.328 138 
1000 1011 BB 35,584 139 
IOOO I 100 RC 35,840 140 
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----
Binary l lcxaJccimal Up;>cr Bylc Lower Uy1i: 

IOOO 1101 8D 36,096 141 
IOOO 1110 8E 36,352 142 
IOOO 1111 8F 36,608 143 
1001 0000 90 36,864 144 
1001 0001 91 37,120 145 
1001 OOIO 92 37 ,376 146 
1001 0011 93 37,6~ ~ 147 
1001 0100 94 37 ,888 148 
1001 0101 95 38, 144 149 
1001 0110 96 38,400 150 

IOOi 0111 97 38,656 151 
1001 IOOO 98 38,912 152 
1001 1001 99 39,16S 153 
1001 1010 9A 39 ,424 154 
1001 1011 9U 39,680 155 
IOU! 1100 9C 39,936 156 
1001 1101 9D 40,192 157 
1001 1110 9E 40,44S 158 
1001 1111 9F 40, 704 159 
1010 0000 AO 40,960 160 

1010 0001 Al 41,216 161 
1010 0010 A2 41,472 162 
1010 0011 A3 41,72S 163 
1010 0100 A4 41,984 164 
1010 OIOI A5 42 ,240 165 
1010 0110 A6 42,496 166 
1010 0111 A7 42,752 167 
1010 1000 AS 43,008 168 
1010 1001 A9 43,264 169 
1010 1010 AA 43,520 170 

1010 1011 AB 43,776 171 
1010 1100 AC 44,032 172 
1010 1101 AD 44,28S 173 
1010 1110 AE 44,544 174 
IOIO 1111 AF 44,800 175 
IOI I 0000 BO 45,056 176 
IOI I 0001 Bl 45,312 177 
IOI I OOIO B2 45,568 178 
1011 0011 133 45,824 179 
IOI I !llOO U4 46,080 180 

1011 OIOI B5 46,336 181 
1011 0110 B6 46,592 182 
1011 0111 137 46,848 183, 
IOI I 1000 BS 47,104 184 
1011 1001 B9 47,360 185 
IOI I 1010 BA 47,616 1116 
IOI I IOI I uu 47,872 187 
1011 1100 BC 48, 128 188 
1011 110 I UD 48,384 189 
1011 1110 BE · 48,640 190 
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Binary Hexodccimol Upper Byte Lower Byte -
IOI I 1111 BF 48,896 191 
1100 0000 co 49,152 192 
1100 0001 Cl 49,408 193 
1100 0010 C2 49,664 194 
1100 0011 C3 49,920 195 
1100 OIOO C4 50,176 196 
1100 OIOl cs 50,432 197 
1100 0110 C6 50,68R 198 
lHlOOlll C7 50,944 199 
1100 IOOO CH 51,200 200 

llOO 1001 C9 51 ,456 201 
1100 1010 CA 51,712 202 
1100 1011 CB 51,968 203 
1100 1100 cc 52,224 204 
1100 I IOI CD 52,480 205 
llOO 1110 CE 52,736 206 
1100 Ill I CF 52,992 207 
I IOI 0000 DO 53,248 208 
1101 0001 DI 53,504 209 
I IOI CXllO 02 53,760 210 

I IOI 0011 D3 "" 54,016 2 ll 
I IOI 0100 04 54,272 212 
I IOI OIOI D5 54,528 213 
1101 0110 D6 54,784 214 
llOI 0111 D7 55 ,0-10 215 
1101 IOOO DR 55,296 216 
1101 1001 D9 55 ,552 217 
1101 1010 DA 55 ,80H 218 
1101 IOI I DB 56,064 219 
I IOI 1100 DC 56,320 220 

1101 I IOI DD 56,576 221 
1101-1 llO DE 56 .H32 222 
I IOI 11 ll DF 57 ,088 223 
1110 0000 EO 57 ,3-1-1 224 
1110 0001 El 57 .600 225 
I llO 0010 E2 57,856 226 
11100011 E3 58, 112 227 
1110 0100 E4 58 ,368 228 
1110 0101 E5 58,624 229 
1110 0110 E6 58 ,880 230 

1110 0111 E7 59.1 36 231 
lllO 1000 EB 59. 392 232 
1110 1001 E9 59.6-18 233 
1110 1010 EA 59 '904 234 
1110 IOll ED 60, 160 235 
1110 1100 EC 60,416 236 
1110 1101 ED 60,672 D7 
1110 1110 EE 60 ,9~8 2:l8 
11101111 Er 6 I, I K·I 219 
1111 000(1 HI 61 ,440 2-10 
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Binary Hcxauccimal Upper Byte Lower Byte 

1111 0001 . r1 61,696 241 
1111 0010 F2 61 ,952 242 
1111 0011 Fl 62,208 243 

1111 0100 F4 62,464 244 

1111 0101 F5 . 62.720 245 
1111 0110 F6 62. 976 246 
1111 0111 F7 63,232 247 
1111 1000 FK 63 ,488 248 

1111 IOOI F9 63,744 249 

1111 10 IO FA 64,000 250 

1111 1011 FB 64,256 251 

1111 1100 FC 64,512 252 

1111 I IOI fl) 64,768 253 

1111 11 IO rE 65,024 254 

1111 1111 FF 65,280 255 
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a ' fl1Ae.JU1n 2 'Yl AtllJ\tJrl L >JU~ 
'II • 

---- ------
POSITIVE NEGATIVE 

--· -------- ----- ·--- ------ ------
Decimal I lcxadccimal IJinary Binary I lcxadccimal Decimal 

0 OOH 0000 0000 0000 0000 0011 0 
I 0111 (:XJOO !JOO I I II II FFll - I 
2 0211 0000 0010 I 1110 FEii - 2 
3 0311 0000 (XJl I I 1101 FIJll - 1 
4 0411 0000 0100 I 1100 rc11 - 4 
5 0511 UOUO CHOI I IOI I FBI I - 5 
6 0611 uoou 0110 I IOIO FAii - 6 
7 0711 0000 0111 I 1001 1'911 - 7 
8 0811 0000 IOOO I IOOO FRll -R 
9 0911 0000 1001 I 0111 F711 - 9 

10 OAll 0000 IOIO I Ol IO Hill - 10 
II ODii 0000 IOI I I OIOI f-511 - II 
12 OCll 0000 1100 I 0100 F411 - 12 
13 0011 0000 I IOI I 0011 f-311 - 11 
14 OEH 0000 1110 I 0010 F21 - 14 
15 OFll 0000 1111 I 0001 p II - 15 
16 IOU. 000 I O< l(XJ I 0000 FOi - 16 
17 1111 000 I OOU I H I II I EFI - 17 
18 I ill OOl 11 00 I 0 10 I 110 EEi - II! 
19 1111 000 I 00 I I IO I I II I EDI - 19 
20 1411 000 I O 1110 10 11110 ECI - 20 
21 1511 000 I O IO I 10 r'o 11 EUI - 21 
22 1611 0001 0110 10 11110 EAi - 22 
23 1711 0001 0111 I 0 IOO I E91 - 2) 
24 1811 0001 IOOU 10 1000 EKI - 24 
25 1911 0001 1001 10 011 I E71 - 25 
26 IAll 0001 1010 10 0110 E61 - 26 
27 11311 0001 IOI I 10 OIOI E51 - 27 
28 ICH ()()() I I I 00 10 0100 E41 - 28 
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POSITIVE NEGATIVE 
- ---- -·--··--- ---- --- -· ···------------ ----- ------ ·------- -- --------. 

Decimal 

29 
30 
31 
:n 
:n 
1.1 
)5 
3<1 
37 
38 
39 
40 
41 
·12 
4) 

44 
45 
46 
47 
4K 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
(J() 

61 
62 
63 
64 
65 
66 
67 
6K 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
:10 

I lcxadeci111;~I _____ ll!1~ '.1ry _ _ ___ _ ______ !l!n~ry __ _ ~! ~~ ~~l~~!!!~~· -1 ___ Decimal 

IDll 
IEH 
IFll 
2011 
2111 
2211 
2111 
2·111 
2511 
2611 
2711 
2811 
2911 

2All 
21111 
2Cll 
2011 
2Ell 
2Fll 
JOI I 
3111 
3211 
3311 
3411 
3511 
3611 
3711 
3811 
391-1 
JAii 
31111 
3Cll 
3Dll 
JEii 
JFH 
401-1 
411-1 
4211 
431-1 
44H 
4511 
4611 
471-1 
481-1 
4911 
4All 
41311 
4Cll 
4DH 
4Ell 
4FI I 
5011 

OllOI 1101 
0001 1110 
0001 1111 
Oil I 0 0000 
Oil I ll 0001 
Oil I ll llll I () 
110 I 0 llll I I 
llO I o O II 10 
110 I ll 0 1111 
110111 0110 
OOIOOlll 
0010 IOOO 
00 I 0 I 00 I 
0010 1010 
OOIO 1011 
0010 1100 
0010 I IOI 
OOIO 1110 
0010 1111 
0011 0000 
Oil I I 000 I 
0011 0010 

011 0011 
0011 OIOO 
0011 0101 
0011 0110 
0011 0111 
0011, 1000 
0011 1001 
0011 1010 
0011 1011 
0011 1100 
0011 I IOI 
0011 1110 
0011 1111 
0100 0000 
0 I 00 000 I 
OIOO 0010 
0100 0011 
0100 0100 
0100 OIOI 
0100 0110 
0100 0111 
0100 IOOO 
01(10 1001 
OIOO IOIO 
0100 IOI I 
OIOO 1100 
0100 I IOI 
01()0 1110 
01110 1111 
OIOI 0000 

11100011 
1110 0010 
1110 0001 
I I IO 0000 
I I 0 I I I I I 
I I II I 111 O 
110 I 110 I 
11111 I l(Hl 
I I 0 I Ill I I 
I I 0 I llll 0 
1101 1001 
1101 IOOO 
I I 0 I 0 I I I 
I IOI 0110 
1101 OIOI 
1101 0100 
1101 0011 
1101 0010 
1101 0001 
I I 0 I 0000 
1100 111 l 
JI()() 1110 
1100 1101 
1100 1100 
1100 1011 
1100 IOIO 
1100 1001 
1100 IOOO 
11000111 
1100 0110 
1100 0101 
1100 0100 
1100 0011 
1100 OOIO 
1100 0001 
1100 0000 
1011 1111 
1011 1110 
IOI I I IOI 
1011 1100 
IOI I 1011 
1011 1010 
IOI I 1001 
1011 IOOO 
1011 0111 
1011 0110 
1011 OIOI 
1011 0100 
1011 0011 
1011 OOIO 
I 0 I I 000 I 
I 0 I I 0000 

E311 
E2H 
Elli 
EOll 
IWll 
DEi i 
Dl>l I 
DCll 
DB I I 
DAii 
D911 
D811 
0711 
1)611 
DSll 
D-111 
D311 
D2H 
DIH 
DOii 
CHI 
CEii 
CDH 
CCII 
COii 
CAii 
C911 
C811 
C711 
C6H 
C511 
C411 
CJH 
cm 
Clll 
COH 
BFH 
BEii 
BDH 
BCH 

. BBi-i 
BAH 
13911 
8811 
B71-1 
0611 
13511 
B-111 
B311 
B:?ll 
Biii 
13011 

-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 
-54 
-55 
-56 
-57 
- 58 
- 59 
-60 
- 61 
-62 
-63 
- 64 
-65 
- 66 
-67 
- 68 
- 69 
- 70 
-71 
-72 
- 73 
- 74 
-75 
-76 
-77 
- 78 
- 79 
- 80 
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POSITIVE NEGATIVE -- ---------
Decimal Hexadecimal Binary Binary 1-lexadecimal Decimal 

l!I 51H OIOI 0001 1010 1111 AFH - 1!1 
82 5211 OIOI 0010 1010 1110 AEH - 82 
83 5311 OIOI 0011 IOIO I IOI ADii - BJ 
84 5411 OIOI 0100 IOIO 1100 ACH -84 
85 551-1 OIOI OIOI 1010 IOI I AOH -85 
86 56H OIOI 0110 1010 1010 AMI -86 
87 571-1 OIOI 0111 1010 1001 A9H -87 
88 5811 OIOI 1000 1010 1000 ASH -88 
89 5911 OIOI 1001 1010 0111 A71-I -89 
90 5AH OIOI 1010 1010 0110 A6H -90 
91 501-1 OIOI IOI I IOIO OIOI A5H - 91 
92 5CH OIOI 1100 1010 0100 A411 - 92 
93 501-1 OIOI I IOI IOIO 0011 A3H - 93 
94 5Ell OIOI 1110 IOIO 0010 A211 -94 
95 5FH 0101 1111 IOIO OU<JI AIH - 95 
96 601-l 0110 0000 IOIO 0000 AOH -96 
97 611-1 0110 0001 1001 1111 9Fl-l - 97 
98 621-1 0110 0010 1001 1110 9Ell - 98 
99 631-1 0110 0011 IOOI I IOI 901-l - 99 

100 64H 0110 0100 1001 1100 9Cl-I - IOU 
IOI 651-1 0110 OIUI 1001 IOI I 9131-1 - IOI 
I02 6611 OllUOllO 1001 1610 9All - 102 
103 6711 0110011! 1001 1001 9911 - 103 
104 6811 01 IU l!JOU 1001 IUOO 9811 - 104 
105 6911 UI IU 1001 1001 0111 9711 - I05 
I06 6All 01 IO 1010 1001 0110 9611 - 106 
107 6011 UI 10 IOI I IUUI OIOI 9511 - 107 
108 6Cll 0110 1100 1001 0100 9411 - IOK 
I09 6011 0110 I IOI 1001 lXJI I 9311 - 109 

10 6Ell UI 10 1110 1001 0010 9211 - Ill 
11 6Fll UI 10 1111 IUOI 0001 9111 - II 
12 70!1 01 I 0000 1001 0000 901--1 - 12 
13 7111 01 I 0001 1000 1111 BFl-1 - 13 
14 721-1 01 I llOIO IOOU 1110 HEii - 14 
15 7311 UI I 001 I IOOU 1101 8011 - 15 
16 7411 01 I 0100 IUOO 1100 8CH - 16 
17 7511 01 I OIOI IOOO IOI I 8011 - 17 
IR 761-1 01 I 0110 IOOO 1010 KAI-I - IR 
19 7711 01 I 0111 1000 llJOI 8911 - 19 
20 7811 0 I I IUOU 1000 IOUU KKll - 20 
21 7911 01 I IU0-1 IOOO O I 11 8711 - 21 
22 7All 01 I 1010 IOIXI 01 IU 8(>11 - 22 

123 7Bll 01 I IOI I IOOO 010 I 8511 - 123 
124 7Cll 01 I I IOU IOOO 0 IOU 8411 - 124 
125 7011 0 I I I IO I IUOO 00 I I 8311 - 125 
12<> ?Ell 01 I 11 IU 11100 OOIU 8211 - 126 
127 71'1 I 01 I 1111 IOOO 000 I 8111 - 127 
128 1000 0000 8011 - 128 มห
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TABLE I 

Decimal 13CD Binary 

0 0000 0000 
I 0001 0001 
2 · 0010 0010 
3 0011 0011 
4 0100 0100 
5 OIOI 0101 
6 . 0110 0110 
7 Oll I 0111 
8 IOOO 1000 
9 1001 1001 

10 0001 0000 1010 
II 0001 0001 1011 
12 0001 0010 1100 
13 0001 0011 1101 

98 1001 1000 1100010 
99 1001 1001 1100011 

100 000 I 0000 0000 1100100 
IOI 000 I 0000 000 I 1100101 
102 0001 0000 0010 1100110 

. ....... . 
578 0101 0111 1000 1001000010 

. ....... . 

TABLE 2 4-8/T BCD CODES 

Decimal 7421 6311 5421 5311 5211 

0 . 0000 0000 0000 ()()()() 0000 
I 0001 0001 . 0001 0001 0001 
2 0010 0011 0010 0011 0011 
3 OOll 0100 OOll 0100 0101 
4 0100 0101 OIOO 0101 Olli 
5 OIOI Oll I IOOO IOOO 1000 
6 0110 1000 1001 IOOI 1001 

-7 1000 1001 1010 IOll 1011 
8 100 1 IOI I 1011 1100 1101 
9 1010 1100 llOO 1101 1111 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



297 

TABLE 3 MORE 4-8/T BCD CODES 
-

Decimal 4221 3321 2421 1!42i 742i 

0 0000 0000 0000 0000 0000 
I 0001 0001 0001 0111 0111 
2 0010 0010 0010 0110 0110 
3 0011 0011 0011 OIOI OIOI 
4 I 000 OIOI 0100 0100 ()I 00 

5 0111 1010 IO 11 IOI I 1010 
6 1100 1100 1100 IOIO 1001 
7 1101 1101 I IOI IOOI 1000 
8 1110 1110 11 IO IOOO 1111 
9 1111 1111 1111 1111 1110 

TABLE 4 5-8/T BCD CODES 

Decimal 2-out-of-5 63210 Shift-Counter 86421 51111 

0 00011 001 IO 00000 00000 00000 
I 00101 00011 00001 00001 00001 
2 00110 00101 00011 00010 00011 
3 01001 01001 00111 00011 00111 
4 01010 01010 01111 ()()I 00 01111 
5 01100 01100 11111 00101 10000 
6 IOOOI 10001 11110 01000 11000 
7 10010 10010 11100 01001 11100 
8 10100 10100 11000 10000 11110 
9 11000 11000 10000 IOOOI 11111 

TABLE 5 MORE THAN-5 -BIT CODES 

Decimal 5043210 543210 9876543210 -
0 01 00001 000001 0000000001 
I 01 00010 000010 0000000010 
2 01 00100 000100 0000000100 
3 01 01000 001000 0000l)0 I 000 
4 01 10000 010000 0000010000 
5 10 00001 100001 0000100000 
6 10 00010 100010 0001000000 
7 10 00100 100100 0010000000 
8 10 01000 101000 0100000000 
9 10 10000 110000 I 000000000 
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Decimal 

() 

I 
2 
3 
4 
5 
6 
7 
8 

· 9 

Decimal 

0 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 

TAULE 6 EXCESS-3 CODE 

DCD 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
IOOO 
1001 

TAULE 7 GRAY CODE 

Gray Cude 

0000 
0001 
0011 
0010 
0110 
0111 
0101 
0100 
1100 
1101 
1111 
1110 
1010 
IOI I 
IOOI 
IOOO 

Excess-3 

0011 
0100 
OIOI 
0110 
0111 
1000 
1001 
1010 
I 011 
1100 

Di nary 

0000 
0001 
0010 
0011 
0100 
OIOI 
0110 
0111 
IOOO 
1001 
IOIO 
1011 
1100 
1101 
1110 
1111 
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Cal 
No. 

GATES 

74L soo 
74A LSOO 
74l 
74A 

74l 
74A 

74l 
74A 

SOI 
L~OI 
503 
LS03 --
502 
LS02 

74l 
74A 

soa 

74i 
!~~ 
74l 
74A 

LS08 ---
509 
l5D9 
510 
LS10 
512 
LS12 

74L 
!4A 
74l 
74" 

5 11 
L511 

74i SI S 
74A l515 
74l 
74A 

520·--·-
l520 
522 
LS22 

74l 
74A 
74l 
74A 

521 
L S21 
528 74l 

74l 
74A 

- ----

74l 
74 A 
74l 

74l 
74A 

74i. 
74A 
74l 
74A 

527 
LS21 -- ---
528 
l521 - ----
5 30 
532 
l532 - . . 
533 
l533 -· · --
537 
LS37 -----
538 74l 

!~A 
74L 
74A 

l538 ·----
540 
L540 

74l 
74A 
74L 
74L 
74A 

551 
LS5 1 . . - · ·-· 
5!>4 - -
5 55 
LS55 - .. ---
586 
si :;:; ·--

74i. 
74L 
74l 

74L 

74L 
74L 

sii& -----
5260 
-~---

S2U8 - --- --
5389 

MOTOROLA 
Schollky 

Low Po.,,er 
74LS Series 

511s 
2mW 

SN74LSOON 
-
SN1 4LSOIN 
-
SN 74LSOJN 
-
SN7 4LS02N 
-
SNl4LSOBN 
-
SN/4LS09N 
-
SN1 4LS ION 
-
SN74LS12N 
-
SN 74LS I IN 
-
SN7 4LS 15N 
------ -
SN14LS20N 
-
SN74LS22N 
-
SN7 4LS2 1N 
- ----
:,iN/4LS26N 
SN1 4LS27N 
--· c-
SN14l::i2BN 
- ----------
S~ 74LSJON 

SN14LSJ2N 
-· ··---- -
SN 74LSJ3N 
-----··--· 
SN14LS J 7N 
·-
~N74i:s 3iiN 

·-- ·-------
SN 74LS40N 
... -----
SNl4LS5 IN 

------- ----·---
SN / 41 S ~4N ----· - · - ---
SN/41 So~N 
- -·---·--- · ··- ···· 
::iN 14LSU6N 

---SNl4L S t3~N--

SN14LSIJGN 
--sNl4 i:s26uN ---------
___ S~~!:_~~!iN 

SN 14LS306N 

299 

Schollky Dt'scrlplion No. 
Adv~11ced T yµical gate propigalion delay. ol 
Low Power Power di-;sipalion per gate Pins 

74ALS Series ~· 50% duty cycle 

- Quad 2·hrpul NANO Gales (Acl ive Pull·UpJ 14 
SN74ALSOON 14 

- Uuad 2-lrrµul NANO Gales (Open COllf clor J 14 
SN74ALS01 N 14 

- Quad 2-hrpul NANO Ga tes (Open Collec lorJ 14 
SN74ALS03N 14 

- Quad 2-lrrpul NOil Gates (Acl ive Pull -UµJ 14 
SN74ALS02N 14 

- Quad 2-lrrput AND Gates (Active Pull-Up) 14 
SN74ALSOBN 14 -- ·------ ---- Quad ?-lr rpul AND Gales (Open Collec lor J 14 
SN14ALS09N 14 

- Triµle 3 -lnpul NANO Gates (Aclive Pull -UµJ 14 
SN74ALS10N 14 

- Triple 3-lnpul NANO Gates (Open ColleclorJ 14 
SN74ALS 12N 14 

- Triple 3-lnput AND GAies 14 
SN74ALS I IN 14 
- - lr ipi~pul AND Gales (Open Culleclor J 14 
SN74 ALS 15N 14 --- - ------------ l.Jual 4·1nru l NAND Gales 14 
SN74ALS20I~ 14 

- Dual 4-hrpul NANO Gales (Open Colleclor J 14 
SN74ALS22N 14 

- Dual 4-hrpul AND Gales 14 
SN74ALS2 1N 14 - ·-·-- ·-·----_,,_ Ouad 2-hrput Interlace NANO Gale 14 

- · 14 
SN74ALS27N Tr i11le 3-lnout NOil Gate 14 

- 14 
SN74ALS20N O.IJ~•d 2- hp_t!I NOl_!.Q_~ler 14 

- 8 -hrµul Positi ve NAND Gate 14 

- 14 
SN74ALS32N Ouad 2~ Oil Gates 14 

-- 14 
SN 74ALS33N __ __Quad_2-hrpu1 NOil Buller (OC) 14 

- 14 
SN14ALS3 7N ~.IJad 2-lr rput NANO Bullers 14 
- 14 
SN74ALSJON Quad 2-lrrpul NANO Bu llers (Uµe11 Collector) 14 
- 14 
SN74ALS40N Dua~ ~-_!! •.p_u l NA.!'!!J_~tters 14 
- Dual ANIJ/Oll/INVFlll Gate 14 
SN74 ALS5 ~N __ 14 - - . -- - - - -·-- ·- - - - ----- ANIJ/U l l/ INVt"ll l l>altl 14 

--"Tu .. 1 4 i~~U i A N 1jiUit i iNvflllG~ 1 es ·--. - 14 
SN74ALS~5N 14 -----·-- - - ---·- - ------- ----- Uua tl I XCl.U01Vt" /Ull Uato 14 

---13 1,-;pu1 N1'i~ iju7.i ;; ----- - -· - 16 
---uu7.li E:xcLLisiVE1o n Gates tOµen c u1iCZiU. -J --------- 14 
1------ -· -··--- ·--- ---

- Dual 5-lnpul NOi i Ualo 14 

- o~~ ~xCi:Us!VEtNORGaie (Open c onccto• J 14 

- Ouad EXCLUSIVE/Oil Galo 14 
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JOO 

Cil l . 
No 

LATCHES 

m§ 75 

Schollky 

t o w Power 
74LS Solius 

5ns 
2mW 

SN741.S75N 

MOTOROLA 
Schollky 
Adv.1nc e:d 
Low f'owor 
74AL S Sor lus 

-
!~'=§ [1 __ ,_§N74L S77N -
!~~§ ~58 
m§ ~~9 
rn.:§ m 
74LS 373 

-· -
74LS 375 --
c 1!> 10 

C11 1. 
No. 

FLIP-FLOP 

m §nA 
74L 
74A 
74L 
74L 
HL 
74L 

74L 
74L 
74L 

74i: 
74[ 
74L 
74" 
74L 
74L 
74" 
74L 
74L 

SHA 
L874 
S78A 
S78A - --
S107A 
S109A --
8112A 
- · · - ~-
811JA 
Sii4A - ---
S174 
si15 --
5273 
LS273 ---
5374 
53n 
L5377 
sJie -- · - -
5379 

SN74LS256N -
SN74LS259N -
SN74LS279N -
SN74LS373N -
SN74l S375N -

MOTOROLA 
Schollky Schollky 

Advanced 
Low Power Low Power 
74LS Se1ies 74ALS Series 

5ns 
2rnW 

SN74LS73AN -
SN74LS74AN -
- SN74ALS74N 

SN74LS76AN -
SN74LS78AN -
SN74LS107AN -
SN74LS t09AN -
SN74LS 112AN -

--SN7 41 .S 11 JAN -
SN74LS 114AN -
SN74LS 174N -
SN74LS 175N -
SN74LS273N -
- SN74 ALS273N 
SN74LS374N -
SN74LS377N -
- SN74ALS377N 
SN74LS378 -
SN74LS379N -

------~· 

(, 1!1 11 

l.. 11. 
flu 

INVERTERS 

741.504 
74ALS 04 

74LSOS 
74ALS 05 
74LSJ6 
74LSJ6 
74LSJ6 
74LSJ6 
74LS 12 
74LS 12 
}4i_5;9 
74LS796 
74[s79 
74LS79 

SA 
BA 

7A 
BA 
SA 
6A 
5-

7 
6 ·-

MOTOROLA 

Schollky Schollky 
Advanced 

Low Power Low Power 
74LS Sedes 74ALS Serles 

5ns 
2mW 

SN74LS04N -
- SN74ALS04N 

SN74LS05N -
- SN74ALS05N 
SN7 4LS365AN -

-SN7 4L S366AN -
SN7 41.S 367 AN -
SN7 41 S368AN -
SN7 41.S t 25AN -
SN741.S t 26AN -
SN74LS795N -
SN74LS796N -
SN74LS 797N -
SN74LS 790N -

No 
ol 

Doscrlplion Pins 

Typical gale propaoalion delay. 
Power di;s1palion per gale~ 

50% duly cycle . 

4-B[I Latch 16 

4-811 Bl · S!~~IQ.1~!£h 14 
Dunl 4-011 Add Laich 16 

6-B[l I a!£h 16 
Quad Sel/Resel Laich 16 
Octal Trnnsparenl Laich 20 

Qu~d Latch 16 

No 
ol 

Descriplion Pins 

Typical gale propagalion delay. 
Power t.li ss1pdlion per gale ('ll 

50% du~y cycle. 

Daul J-K Masi er Slave wilh Clear 14 

p ual D Flip-Flop 14 
14 

Oual J-K FliQi!QP 16 

Oual J -K Flip-Flop with Preset Comm Clock 14 

Dual J-K Flip-Flop 14 

Dual J -K Posil ive Edae Triggered 16 

Oual J-K Flip -Flop 16 

Dual J-K Flip-Flop 14 

Oual J-K EdQ~Qered Flip -Flop 14 

Hex D Fl ip-Flop wilh Clear 16 

Quad D Flip-Flop 16 

Octal D FF w/Clear 20 
20 

Octal D FF, 3-Slale 20 

Octal D FF w/En . 20 
20 

Hex D FF w/En . -
4-Bil D FF w/ En. --

No 
o l 

Descriplion Pins 

Typical gale propagalion delay. 
Power dissipa tion per gate ® 

50% duty cycle 

Hox Inverter (Active Pull -Up) 14 
14 

Hex Inverter (Open Collector) 14 
14 

3 State Hex Buller 16 
3 State Hex lnvcr1 cr 16 
3 Slate Hex Buller 16 
3 Slalo Hex Invert er 16 
3 S1 a10 Quad Buller 14 
3 S1 a1e Quad Buller 14 

Octal Buller (61LS95) 20 

Octal Buller (0 tL S96) 20 

Octal Buller tB tL S~ 7) 20 
Octal Outler (8 t LS~O ) 20 
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MOTOROLA 

AdvAnced No 
Cal . Low Power Low Power or \ 

No. 741.SSerles 74ALS Serles Descrlplion Pins 

line T lf'icnl gale propagalion delay. 
2mW ower dissipation per gale@ 

50% duly cycle. 

ARITHMETIC LOGIC 
lli.§83 !:N74LS83AN - 4-Bil Full Arlrlor 1fl 
74LS111 SN74LS 181N - Arilhmelic LoQiC Unit 24 
74LS182 SN74LS 182N - Look Ahead Carry 16 
74LS113 SN74LS 183N - Dual Carry/Save Full Adder 16 . 
74L8213 SN74LS283N - 4-Bil Full Adder 16 
74LS315 SN74LS385N - Quad 4-Bit Adder/Sub. .... 16 

C· l513 

COMPARATORS 
74LSISN SN74LS85N - 4-Bit Magnitude Comparator 16 
74LS512 SN74LS682N - 8-Bil Mag. Comp. 20 
74LS883 SN74LS683N - 8-Bil Mag. Comp. J -Slale 20 
74LSt184 SN74LS684N - 8-Bil Mag. Comp. 20 
74LS515 SN74LS685N - 8-Bil Mag. Comp. 0 -C 20 
74LS&ll SN74LS686N - 8-Bit Mag. Comp. 24 
74LSt117 SN74LS687N - 8-Bll Mag. Comp. w/Enable 24 
74L56aa SN74LS608N - 8-Bil Maa. Co1111>. 20 
74LS&lt SN74LS689N - 8-Bll Maa. Comp. 20 

C-ISt• 

MULTIPLEXERS 
74lS 151 SN74LS151N - 8 Line Mulllplexer 16 
74ALS151 - SN74ALS151N 16 
74LS153 SN74LS t53N - Dual 4- 1 Mull lolexer 16 
74LS155 SN74LS t55N - Dual 2-lo 4 Demux. 16 
74LS15tl SN74LS 156N - Dual 2-lo-4 Demux. 16 
74l8157 SN74LS t57N - Quad 2- 1 Mul11plexer 16 
74ALS157 - SN74'ALS 157N 16 
74LS158 SN74LS ISBN - Quad 2- 1 Mulliplexer 16 
74A,LS151 - SN74ALS t58N 16 
74ALS231 - SN74ALS2J8N 1-ol-8 Dccodr ./Ocmux. . 16 
74ALS23t - SN74ALS239N 1-ol-4 Dccodr ./Demux 16 
74l5251 SN74LS25 tN - 3-Slote Mull iplexer 16 
~~!-~251 - SN74ALS251N 16 

m!!~53 SN74LS25JN - Dual 4- I Mulll. J -Stalo t6 
!'.!!-nm._ ._.§!:l7 4L S25 7 AN - Quad 2- t Mulllulcxcr t6 
m!!m~ __ S!:l.!~!Jm~AN - Ol!~ 2· 1 Mul!!elc11;er t6 
74l52H SN74LS2~UN - Quad 2- t Mulllulcxcr t6 
74LS352 SN74LSJ52N - Dual 4-Bil Mux. (Inv . Oull t6 
74LS353 SN74LS35JN - Dual 4-Bit Mux. (Inv . Ou1) t6 
!4LS391 SN7dLSJ98N - Quad 2·Mux. w/0 neQ. I 20 
74LS3H SN74LSJ99N - LS39B w/Q & 0 pulpu l t6 
!4LS604 SN74LS~04N - Octal 2 -~.!_Mull iolexcr 28 

m!!~ ._.§N / 4LS605N - Octal 2-lnoul Mull1ulcxer 28 
H!-5808 SN74LS606N - Ocla[2·1n11ul Mullinlcxcr 28 
~l,~'l.<!.7 SN74LS607N - Oc lal 2·1rHJUI ~lcxe! 28 
74ALSt171 - SN74ALSG7 tN Eli<.li1ecllo11al SRILalch/Mux. 20 
!4ALStl72 - SN74ALSG72N Eli<.li1cclional SR/lalch/Mux . 20 
74AL5690 - SN 7 4Al§~90N Decade C!_ Rl lalch/ Mux. 20 
74AL5691 - S!'!r~!.§~~!!:!__ ~~.!!:!Lf- nl chlM_l!• · 20 
!~Al5t192 - SN/ 4ALS692N lJcca<.le C I lll lnlch/Mux. 20 
~~,l.5693 - SN 7 4ALS69JN Oir1a1v CI n1Lalcl1/ Mux . 20 
r~!-5694 - SN74ALSG94N Decade C fn/lalch/Mux. 20 
74Al5695 - SN74ALS695N Oi11:11~ CTn/La lchlMux. 20 
74L57B3 SN74LS78JN - Sv11ch . Add Mux. IMC6683l 40 
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J0 2 

Ca1 Low Power 
lln 74 LS Serles 

5ns 
2mW 

ENCODERS/DECODERS/DRIVERS -------- -
74LS 
74i:s 
74L5 
74t.s 
74L5 
74L5 
74Al 
141.5 
HAL 
74LS 
74LS 
74LS 
74L5 
74AL 

74L5 
HAL 
74L5 
74AL 

42 
47 
48 

49 --
137 
138 
5134 - ·--
139 
S1J9 ---
145 
i47 
i4a ---
240 
5240 

241 
5241 
244 
5244 
247 
248 
249 -- -
348 

540 
541 
748 --

74L5 
74L5 
74l5 
74LS 

!~1,_5 

!~!,_~ 
74L8 
74i:s 848 
C. l!. 16 

C: r11 
N lJ . 

TRIGGERS 

74L5 13 
74L5 14 
74L5 15 --
74L5 122 

· ·-
m§ !~3 
74LS 132 
74L5 221 

c ltl 11 

C.i1 
tlo 

SHIFT REGISTER ----- -
74L5 

1~~~ 
74LS 

74L6 

74LS 
74LS 
74LS 
74LS 
74LS 

!~I,.§ 
74LS 
74i:s 
74L5 
74L5 
74i:s 

91 
95 - -
184 --
185 
168 ---
170 
173A 
194.A 

195A 

~~5A 
299 

322 
323 
395 
--
670 

-

SN74LS42N 
SN74LS47N 
SN74LS48N 
SN74LS4nN 
SN741S137N 
SN74LS 138N 
-
SN74LS 139N 
-
SN74LS 145N 
SN74LS 147N 
SN74 LS 148N 
SN74LS240N 
-
SN74LS241N 
-
SN74LS244N 
-
SN74LS247N 
SN74LS248N 
SN74LS249N 
SN74LS348N 
SN741.S540N 
SN74LS541N 
SN74LS74BN 
SN74LS848N 

Low Power 
74LS Series 

5ns 
2111W 

SN74LS 13N 
SN74LS 14N 
SN74LS 15N 
SN74LS 122N 
SN73LS 123N 

'• SN74LS 132N 

SN74LS221N 

Low Power 
74LS Serles 

5ns 
2rnW 

SN74LS91N 
SN74LS950N 
SN74LS 164N 

SN74LS 165N 

SN74LS 166N 
SN74LS 170N 
SN74LS 173AN 
SN74LS 194AN 
SN74LS 195A N 
SN74LS295AN 
SN74LS299N 
SN74LS322 AN 
SN74LS323N 
SN74LS395N 
SN74LS670N 

MOTOROLA 

MOTOROLA 

MOTOROLA 

• 

Advanced , No. 
Low Power Dosc1tf)llon of 
74ALS Serres Pins 

Typical gale propogallon delay 
Power 0 1ss1pa11on per gale 

(!>, 50% duly cycle 

- BCD 10 Decimal Decoder 16 

- BCD 10 7-Seg. Decod. Dvr . 16 

- BCD lo 7 -Seg. Decod. Dvr. 16 

- BCD lo 7 - S c\!_.!:?~c /Dvr. (OC) 14 

- 3 ·ol -8 Dec /Dcmu• 16 

- 3-hne 10 8-line Decode1s/Demu•s. 16 
SN74ALS 13BN 16 

- Dual 2-llne 10 4-lino Dec./Domu• . 16 
SN74ALS 139N 16 
- OCD 10 Dec. Decoder Dvr . 16 

- 10/ 4 Pr iorrly Encot1e1 16 

- OtJPriorr1 y Encodo1 16 
- Ocral Inv. Bus/Uno Dvr . 20 
SN7 4ALS240N 20 

- Oclal Inv Bus/Line Dvr . 20 
SN74ALS241N 20 

- Ocral Bus Lrne D1iver 20 
SN74ALS244N 20 
- BCD lo 7-Seg Dec./Dvr . (OC) 16 
- BCD 10 7 -S£9· Dcc ./Dvr . lw Pull Uol 16 
- BCD 10 7-Sen. Dec ! Dvt . (QC) 16 

- 9:jQ.JiTnePrio111v Encod 13-Slalel 18 
- Oclal Buller/ lino Driver 20 
- Oclal Bulfer / line Driver 20 

- 8-10-3 line Priorily Enc. 16 

- 8-10-3 line Prioril v Enc. 3-Slale 16 

Advanced No. 
Low Power Descrlpllon ol 
74ALS Serles Pins 

Typical gale propagallon delay 
Power Drsslpa11on pt!I gale 

h 50% duly cycle 

- Dual Sch mill Trigger 14 
- He• Schmill Tringer 14 
- Triple 3-1 Schm111 Tr igger 14 
- Rclriggerable Mono. Mullivibralor 14 
- Dual One Shol 16 

- Quad Schmill Trigaer 14 

- Dual One Shol (Very Srable) 16 

Advanced No. 
Low Power Descriplion ol 
74ALS Series Pins 

Typical gale propagation delay 
Power D1ss1pa 11on per 11a1e 

ei 50% duly cycle -

- 8 - B i~~ll Rcgisler 14 

- 4-Bil A-Si l -SIR 14 

- 8-611 Shih Reg1s1er 14 

- 8 - ~ i l s~~!_f!~91s 1 e r 16 

- 8-Bil Shill Regisler 16 
- 4 • 4 Rcq1s1er File 16 
- Quad D Reoisler 16 

- 4-Bil Ai l Shi!I Regisler 16 
- 4-Bil Shill Reaislcr 16 
- 4-Bil Shill Rea. 3-Slale 14 

- 8-Bil Shill /S iar Rgslr . 3-Sfale 20 

- 8-Bit Shill / Star Rostr . 3-Slate 20 

- 8-Bil Shill /S lor Rq~lr. 3-Slale 20 

- 4-Bit Shill /Reg. 3-Slale 16 

- 4 x 4 Regisler Frie 3-Slale 16 
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MOTOROLA 

Advnnced No. 
Cal. Low Power Low Power Description ol 
No. 74LS Series 741\LS Series Pins 

Typicnl gate propagation d~lay 
5ns Power Dissipation per gale 
2mW C!!I 50% duly cycle 

COUNTERS & DIVIDERS 
74LS90 SN74LS90N - Decade Counter 14 

74LS92 SN74LS92-N :.,.... Divide bv 12 Counter 14 
74LS93 SN74LS93N - 4-Bil Binary Counter 14 
74l61604 SN74LS 1601\N - Presertable Decade Counter 16 
74ALS 180 - SN74ALS160N 16 
74l6161A SN74LS 16 IAN - Presellable Binary Counler , 16 
74Al51111 - SN74ALS 16 IN 16 
74l8182A SN74LS 1621\N - Presellable Decade Counler 16 
~~~182 - SN74ALS 162N 16 
74l6163 SN7 4LS 163AN - 4-Bil Bin Cir Synch Reser 16 
74ALS183 - SN74ALS 163N 16 
74LS168 SN74LS 16BN - Up/ Down Decade Counler 16 

!4LSl69 SN74LS 169N - Up/Down Binary Counler 16 
74LS190 SN74LS 190N - Synch Up/Down Decade Counler 16 
74ALS190 - SN74ALS 190N 16 
74LS191 SN74LS191N - Up/Down Binary Counler 16 
74ALS191 - SN74ALS191N 16 
74LSl92 SN74LS 192N - Up/Down Decade Counter 16 
74ALSl92 - SN74ALS 192N 16 
74LS193 SN74LS193N - Up/Down Binary Counler 16 
74ALS193 - SN74ALS 193N 16 
74LS196 SN74LS 196N - Presellable Decade Counler 14 

74LS197 SN74LS 197N - Binarv Counter 14 
74LS290 SN74LS290N - Decade Counler 14 
74LS293 SN74LS293N - 4-Bil Bin31v Counter 14 

Z4LS390 SN74LS390N - Dual Decade Counter 16 

~_!-5393 SN74LS393N - Dual 4-B·I Binary Counter 16 
74LS490 SN74LS490N - Dual Decade Counter 16 
74ALS560 - SN74ALS560N 4-Bil Decade Cir ./3-Slale 20 
74ALS561 - SN74ALS56 IN 4-Bil Binary Cir ./3-Slale 20 
74tsssa SN74LS568N - Dec. Up/Down Cir . 3-Slale 20 
74ALS568 - SN74ALS568N 20 - · 74LS569 SN74LS569N - Bin . Up/Down Cir . 3-Slale 20 
74ALS569 - SN74ALS569N 20 
74LS661 SN74LS66BN - Svnch. 4-Bil U/D Dec. Cir . 20 
74LS669 SN74LS669N - Bin. U/D Cir. 3-Slale 20 
74LS716 SN74LS716N - Pro . Dec. Cir. IMC40 16} 16 
74LS718 SN74LS71BN - Pro. Bin . Cir . IMC4018! 16 
C-1519 

-

. -·--"~-~-~S_P_~_:._~_rs--M-O_T_O_R~O-LA __ ~_;_;_:_;i_c~_=_:_~_s ___ _._ ____ "'--D-e_s_c~rlp-l~lo~n"'--'--------'----=-i_'s_ Typical ga le propaga tion delay 
5n5 Powe' Oissiµal ion per gale 
2rnW ~· 50% dul y cycle 

PARITY GENERATORS/CHECKERS 
74LS280 I SN7 4LS200N Par ity Generator Checker 14 
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J04 

CMOS GATES 
Cal. Molorola RCA No. 01 
No. Descriµlion Parl No. Parl No. Pins 

4000U D11a l 3-111pu1 NOn Gale+ lnverler MC 14000UOCP CD4000UBE 14 
4001 011ad 2- lnp11 1 NOA Ga le MC 14001BCP CD40010E 14 
4001U Quad 2·111pul NOil Ga le MC 1400 1 UOCP C04001UOE 14 
4002 Dual 4·1np11I NOA Gale MC14002BCP C04002BE 14 
4002U Dual 4·1llOUI NOil Ga le MC 14002UBCP C04002UBE 14 
4011 Quad 2·1npul NANO Galo MC14011BCP C04011BE 14 
4011U Quad 2·1npul NANO Gale MC14011UOCP CD4011UBE 14 
4012 Dual 4·1npul NANO Gala MC14012BCP C04012BE 14 
4012U Dual 4·111pul NANDGale MC14012UBCP CD4012UBE 14 
4019 Quall ANO/Of! Sclecl Gale - CD4Q~QE 16 

4023 T liplo 3-lnpul NAND Galo MC1402311CP CD40230E 14 
4023U T liplo 3-lnpul NAND Galo MC 14023UIJCP CD4023UOE 14 
4025 l liplo 3-111pt1I NOil Ga lo MC 140251\CP CD4025DE 14 
4025U Tliplo 3·111pul NOil Galo MC 14025UOCP C04U25UBE 14 
4030 Ouacl E KCluslvo on Galo - C04.Q~QQE 14 --
4037U Triple AND/011 Ga le - C04037AE 14 
4048 EKpa11dalJle B·lnpul Gale - C04046BE 16 
4068 B·lnpu l NANO Gale MC14068BCP - 14 
4068RCA 8-l11pul NANO/ ANO Gale - CD4068BE 14 
4070 Quad EKclusivo OR Gale MC14070BCP C04070BE 14 

4071 Quad 2·1npul on Gale MC14071BCP C04071BE 14 
4072 Dual 4 ·lnpul OR Gale MC 14072BCP C0407 2BE 14 
4073 Triple 3·1npul ANO Gale MC14073BCP C04073BE 14 
4075 Triple 3·1npul 011 Gale MC 14075BCP C04075BE 14 
4077 Quad E•clusive NOR Gale MC 14077BCP C04077BE 14 

4078 6 -lnpul NOA Gale MC1°407BBCP - 14 
4078RCA B·lnpul No n 1011 Gale - C04078BE 14 
4081 Quad 2·1npul AND Galo MC 1406 IBCP C04061BE 14 
4082 Dual 4·1npul AND Gale MC 14082fJCP C04062BE 14 
~085 2·1nl!ul AND/OR Inver I Ga le - C04085BE 14 

4086 Expandable 2·1npul ANO/On Inver! Gale - C04066BE 14 
4093 Quad 2-lnpul NANO Scl1mill Trigger MC140931JCP C04093tlE 14 
4501U Tripple Gale MC 14501UBCP - 16 
4506U Dual Expandahle ANDtOn Inver! Gale MC 14 506UOCP - 16 mg 4·0rl ANO/OR Soleclor MC 145190CP - 16 

4530 Dual 5-lnpul Loyic Gnlo MC 14 530RCP - 16 
4572U llox Galo MC 14 5 72UOCP ,.- 16 -
Nole: Sullix .. U .. in ca inloguo nurrrber indicales unbullered inpul. 
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CMOS COUNTERS 
Cnl . MOIOt Olfl llCA tlo . 01 
tlo. Doscrlflllon Pnrl llo . P1111t10 Pirr~ ----- -----
4017 Dccnde Counlor ·Oivldor MC I 40 1 lllCP CIMOl 711E 10 
4011 P11!Sc llab le OivltJe l>y -N Courrlor t.tC 1401flllCP cum 1u11E 16 
4020 14 S1auu 1Ji11ary n•rilo Counler/Oivkler MC1402011CP CIM02011E 16 
4022 Divide by ·6 ·Co11nler/Divlder MC 1402211CP CIH02211E 16 
4024 7·Slane Binary llopplo Coonler l,IC 140?411CP CQ~Q~~llE 14 
4ii2e Oecnde Cmm1e1/01vider - C0402611E 16 
4029 Presellnble Up/IJown Counter MC1402!JllCP CO•I02911E 16 
4033 Oecncte Cow1lr.r/Oivlder -- C040JJllE 16 
4040 12 Uil Binary Ripµle Counler MC140400CP C0404011E 16 
4045 2 I Stage Cm111ler - --~Q~Q~~l!E_· __ ___ 1_6_ 

4oS9U Pr ogr•rnrnablP. Divide by-N·Counrer - CD405~AE 24 
4060 14 -Slaye Dinary Cou111e1 nnd Osc1lla101 MC 140GOllCP CD40GOllE 16 
4160 Decade Courrler (Asynchronous Clear) MC 1416011C P -- 16 
4181 4 ·1-l•I Binary Counler (Asynchronous CleAr) MC 1416 lllCP - 16 
41e2 Decade Counlor (Synchronous flear I MC 1416211 CP - 16 
4183 4-Bil nrn,1ry Counler (Synchronous Clear) MC i4i63nc P ~ 16 
4510 DCD Up/Down Counler MC 14~1011C P - 16 
4511 Binary Up/Down Counler MCl451GllCP CD45161JE 16 
4511 . Dual UCO Up Counler IACl451611 CP CD451811E 16 
4520 Oun! Binni y Up Counler -~~~~~~~P ___ C04520UE ~L - - -------
4522 Prournmr11olilo Divlde·by-tl Counl~r (llCD) tACl4 52'11CP - 16 
4521 Prog,n111111nhle Olnary [)fvide -by-"4 Couuter MC I 452GllCI' - 16 
4534 Rual Time 5 -Decede Counler MC 14 5J40CP - 24 
4553 3 -D•uit BCOCounler I.IC 145SJUCP - 16 
4561 Phase Cornµaralor and Proaramrnable Counter MC l4568UCP - 16 
im High Speed Dual Programmable Counter Mc145()9iicP - 16 
401112 Presellable Synchronous Ouol BCD Down Cir . - C04010 211E 16 
40103 8 · llil O•nar y Down Counler - C040 IOJOE 16 
40110 Upl[)awn Cou1rlcr - C0401 IO!lE 16 
40180 62'!!£_,Qtrcode Coun~er (Asy~!!!?~!" Clem! - ___ C!!~Q l~~~f:_: __ 16 ----
40111 Sync . Blnar~atmler (Asynchronous Clem) - Cl 14016 llJE 16 
40112 Fully Sync . code Counler (Syr•c . C•cnrl ' · - Cll401621JE 16 
40183 Fully Sync . Olr1nry Counlur (Sync . Clem) - CIHOl6JBE 16 
40192 Presellable UPIOOWtl BCD Counter - C04019 20E 16 
40193 Presellable UP/DOWN Binary Counler - CD4019JBE 16 

C-U91 

CMOS REGISTERS 
Cal . Molor ola RCA No . QI 
tlo. Oescriplion Par! tlo Par! No. Pi11s 
4ooe IB ·B•I Stnlic Shill neg;s1er MC1400GOCP C0400GBE 14 
4014 8 ·£1•1 Slatoc Shill llcgislcr MC 140141JCP C040141JE 16 
4015 Dual 4 Bir Sia lie Shill Reylsler MC 1401 5fl CP CD401511E 16 
4021 8 ·Bi1 Slalic Sl1lli Re111s1er MC 1402 IBCP C0402 11JE 16 ---
4031 64 ·Bll Slnlic St1111 ncyisler - CD40J !OE 14 
4034 8 ·Bil Unlvers• l Bu• llrylsler MC 140J40CP CD40J411E 24 4035 4· 011 Pornliul Irr/Qui Shill lleglsler MC 140J511CP CD4Qj51JE 16 
4079 Ount.I 0 Type Rrplsler MC 1407GOCP C0407GllE 16 4094 8 -811 Bus ·Coonpatll!le Shill Store lolch MC 140941JCP CD4094UE 16 
4194 4·Ail llolver snl SM! neyrstor ~iCi4194ncr - 16 4517 Dunt 64 ·Bil Sin lie Shlll lr.111s1er MC 1451 lflCP C045171JE 16 
4541 Suci:rs stv~ A1111101hrra1ion llc11151or I.IC 1454~0C I' - - 16 
4557 1·64 VnrlnlJI" l•nglh Shlll nnul•llll MC 14~SlllC I' - - 16 
4551 S!;!~~~~! ~!'ro•l_!!•nllo~lstur MC l45!1911CP - 16 
4512 120·1Jll Slnlic 5hlli lleul•ler - . ------------ --MC lit~1l i:'l!C f ' - 14 
4590 4 a 41 Multlprul f1r>ql-.lor MC 14 ~,noncr -- 24 
40100 32·11•1 Slnllc Un lleulsler -- CD40 IOOllE 16 
40104 4·011 Stii ll neyl~ l e• - CD4010·111f: 16 
40105 4 • 161l~U11e2:s 1cr - CIJ40 IO!i!IE IG ·- --

--c:o~ii iiiiiiir:-: ------40101 4 1 4 Mull ipml lleyls ler - 24 
40194 4·011 Sloolt fleqisler - CIJ4019 ·111F. 16 
40201 4 • 4 Mu1t oµo1 1 negls tcr - C04020BIJE 24 มห
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CMOS DECODERS ENCODERS & DRIVERS 
Cal . Motorola 
No. Description Part No. 
4028 Dec~de Coun ler/Oivider (Display Enable) -
4021 BCD to Decimal Decoder MC 14028BCP 
4033 Decade Coun1er/Diviclcr (Ripple Blanking) -
4054 4 Segmen1 Display Driver -
4055 BCD-to-7-Se11menl Decoder/Driver -
4056 BCO-lb-7-Segmenl Decoder/Driver -
4495 BCD-lo-7-Segmenl Hex Decoder/Driver MC l4495PI 
4511 BCD- lo-7 -Segmen l Laich/ Decoder/Driver MC l4 51 1BCP 
4513 BCD· lo· 7 -Segmenl /lalch/Decoder /Driver MC 1451JBCP 
4514 4/ 16 Line Decoder (High l MC l4514BCP 

4515 4/ 16 Line Decoder (low) MCl4515BCP 
4532 8 -Bil Pr iori ly Encoder MC 145J20CP 
4543 BCD-lo-7 -Segmenl / la lch/Decoder /Driver MC 14 543BCP 
454-4 BCD-lo· 7 ·Segmenl / l alch/Decoder/Drlver MC 14 54 4BCP 
4547 BCD-lo· 7 ·Seamen!/ Decoder /Driver MC 14 5418CP 

4555 Decoder/ Demull iplexer MC 14 5550CP 
4556 Decoder/Demulliplexer MC 14556BCP 
4556 BCD-lo-7 -Segment Decoder MCl4558BCP 
40110 ' Decade Up/Down Counter/Decoder/Driver -
C - ISOO 

CMOS BUFFERS INVERTERS & LEVEL TRANSLATORS " 
Cat. Motorola 
No. Descriplion Pail No. 

4000U Dual J -inpul NOR Gale + Inverter MC I 4000UlJCP 
4D07U Dual Compllrnent;u y Pair-+- Inverter MC l4001UBCP 
4D09U Hex Inverter Buller -
4010 Hex Buller -
4041U Quad True Complimentary Buller -
4049U Hex lnvP.r ler/Buller MC 14 049UOCP 
4050 Hex Buller MC 1405011CP 
4069U Hex Inverter MC 14 069UOC P 
4502 Strobed Hex Inverter/Bu ller MC 14 502BCP 
4503 Hex 3-Slale Buller MC 14 50JBCP 

4504 Hex Level Shillm MC 14 5040CP 
4584 Hex Schmill Tr ~l!ICr MC 14 5840CP 
40107 Dual 2-lnpu l NANO Oullcr/Dr iver -

CMOS MULTIPLEXERS/DEMULTIPLEXERS/BILATERAL SWITCHES ---
Cnt. - Moloroln 
No. Oe~llon P111 I No . ---------
4018 Oun<I 1Jllnh•1nl Rwl!ch t.AC 140 HHlCP 
4051 8 ·Ctmnncl Annlt1g Mulllplo• MC 1405 llJCP 
4052 Dual 4-Cflnnnol Mulllpln• MC 14U 520CP 
4053 Triple 2-Channel Mulllplex MC 140530CP 

4068 Quall Oilalornl Swllch MC 14066flCP 
4067 16-Ctrnnnel Mulllplexpr -
4097 Dillcrenllal 8-Cbanncl Mulllp lexor -
4512 8-Channcl Dal a Selec tor MC l 45120CP 

4511 4-Brl /\NO/OR Selec tor MC 14 5190CP 
4529 Dual A-Chnnnel Dinil Mulliplexer MC 14 5290CP 
4551 Ound 2· 1 An;ilog Mull ipl1J11t MC 14 55 10CP 
4554 2111.2 -01 1 Pnrnllt'I Olnm y Mulliplexcr MC 145!i 41JCP 
4555 Decoder Mul11plexer -
4556 Decoder Mul1 iplexer -
40257 Quad Mulliplexer -

CMOS OPERATIONAL AMPLIFIER/COMPARATOR 
-------~-MC14573CP Quad Proyramrnable Operal io11al /\mplilier 

MC 14574CP Quad Proprn1111rn11Jlc C:ornp;Hn lor 
MC 14 5/JCP 
MC 1457 4CP 
MC 14575CI' 

llCA 
Part No. 

CD40260E 
CD40280E 
CD40JJBE 
CD4054BE 
CD4055BE 
CD4056BE 
-
CD451 IBE 
-
CD4514BE 

CD4515BE 
CD45J 2BE 
CD4543BE 
-
-
CD4555BE 
CD4 556BE 
-
CD401 IOBE 

RCA 
Part No. 

Cll4000UOE 
CD4007 1JOE 
CD4009UOE 
CD40 IOllE 
CD404 IUBE 

CD4049UBE 
CD405013E 
CD4069UOE 
CD4 5020E 
CD450JBE 

-
-
CD4 0 IOIBE 

llC/\ 
Par t No. - CIJ4011Jl1E 
CD405 lflE 
CD405?1JE 
CD4 0530E 

CD4 06GIJE 
CD406 llJE 
CD409 IOE 
CD45128E 

-
-
---
C0455SOE 
CD45 561JE 
CD4025 70E 

No 0 1 
Phis 

16 
16 
16 
16 
16 

16 
16 
16 
18 
24 

24 
16 
16 
18 
16 

16 
16 
16 
16 

No. DI 
Phis 

14 
14 
16 
16 
14 

16 
16 
14 
16 
16 

16 
14 
8 

No. 0 1 
Pins 

14 
16 
16 
16 

14 
24 
24 
16 
16 
16 
16 
16 
16 
16 
16 

16 
16 
16 M_ C_1_4_5_75_C_P ___ .__ Ou~l/Dual Pr O!,J~a_ll1~21?c rnl!O~!.!P!!i!!'.'..:~r~1J!i!.!!'' or 

----~---------~-----
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CMOS FLIP-FLOPS/LATCHES ---
Cal. 
No 'Descriplion 

4013 Dual Type Flip-Flop 
4027 Dual J·K Flip-Flop 
4042 Quad I alch 
~043 Quad NOR A-S Leich 
4044 Quad NANO R·S Leich 
4071 Quad D 1 ype Heglsle1 
4099 8-811 Addressable Laich 
4501 Dual 4 -Brl Laich -- -
4511 8-BC0-10-7-Segmenl Laich/Decoder/Oliver 
4597 8·Brl Ous·Compalible Counter/Laich 
4591 8 Brl Bus·Compalible Addressable Laich 
4599 8-Bil Addressable Laich ----
40174 He• Typo 0 Flip-Flop 
40175 Quad Type 0 Hip -Flop 

CMOS ALU RATE MULTIPLIERS 
toil ____ --n;;;;,h na1c Mulliplie1 
4527 BCD alo 1Aulllplie1 
4554 2• 2-011 Parallel Bonory Mulllplier 
4511 4-0 rl Arilhmelic Logic Unil -·. ~ 
40111 4-Brl Arilhmelic Logic Unil 
401U Look-Ahead Ca11y Block 

MUL TIVIBRATORS 
4047 Monoslable Mullivibralor 
4091 Dual Monos1able IAullivibralor 
4521 Dual Monoslable Mulllvibralor 
4521 Dual 4-Channel Mullovibralor 
4531 Dual Precision Monostable Mu11ivibra1or 

ADDERS/COMPARATORS 
4009 
40 
40 
406 
45 

32 
JI , 
60 

45 
45 
45 

61 
12 
85 -

4-Bil Full Adder wilh Parallel Ca11y 
Trrple Serial Adder (Posilive Logic) 
Triple Ser ial Adder (Negative Logic) 
4-811 Magnolude Comparilor 
NBCD Adder 
9 's Comphmenler 
Look Ahead Ca11y Block 
4-811 Magnilude Comparator 
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Molorola RCA No. 0 1 
Pm lj lo. Parl No Pins 

MC14013BCP C04013BE 16 
MCl40270CP C040270E 16 
MC 14042RCP CD404 ?RE 16 
MC 14.Q4311CP CIJ40'!_~E 16 
MC 14044RCP CD404·•1JE 16 
MC 140760CP CD407GOE 16 
MCl40990CP CD40!J911E 16 
MC14 508RCP CD450BBE 24 

MC14 5 1 IOCP CD4511RE 16 
MC14 5970CP - 16 
MC 14 59BOCP - 10 
MC 14 59911CP - 16 ---
MC 14174RCP CD40174BE 16 
MC1417 5flCP CD4017~RE 16 

- CD40A90E 16 
MC 14 5270CP CD45270E 16 
MC 14 55 4RCP -- 16 
MC 14 50 IOCP - 24 

- CD4010 IOE 24 
- CD401020E 16 

- CD4041BE 14 
- CD409BBE 16 
MC145208CP - 16 
MC14 529f!CP - 16 
MC1453BOCP C0453BBE 16 

MC1400BOCP CD400BBE 16 
MC140320CP CD4032BE 16 
MC1403BOCP C0403BBE 16 
- CD4063BE 16 
MC14560BCP - 16 
MC 14 56lOCP - 14 
MC 14 5B20CP - 16 
MC14 565BCP C04 585BE 16 

CMOS SCHMITT TRIGGERS 

I
...:....:...~-~~-~ 

Quad 2·1npu1 Schmi11 Tr igger 
Dual Schnnll Trigger 
He• Schrnill T11yyer 
He• Schmill Trigger 

4093 
4513 
4514 
40108 

MC140930CP CD4093BE 14 
MC 14 5B311CP 16 
MC 14 584 RCP 14 

C040 I OGBE 14 

CMOS GENERATORS 
MC 14411 Bi1 -Ra1e Frequency Generalor MC14411P 24 
4!»61 lnduslrntl l ime Base Generalor MC14566f!CP 16 

C040101BE 14 401_0_1 ____ _..__9_·8_1_1_Pa_r_11Ly _G_e_ne_r_a1_o_rl_C_h_ec_k_e_r _______ _._ _________ _,_ ________ ..._ ___ _ 

CMOS PARITY CHECKER 
4531 I 12 ·0r1Parolylree 

CMOS COMMUNICATIONS/TELEPHONE FUNCTIONS 
M 
M 
M 
M 
M 

M 

C14401 
C14409 
C14410 

Ci«it 
C14412 

C14411 

Binary -lo -Phone Pulse Converler 
Binary -lo-Phone Pulse Converler 
2-ol-8-Tone Encoder 

Bil Rnle Generalor 
Urnvu,snl Low Spend ~odem 

2·ol ·8 Keypnd ·lo-Olnery Encoder 

MC 1453 IOCP 16 

MC 1440BP - 16 
MC 14409P - 16 
MC14410P - 16 

MCl4411P - 24 
MC 1441 2VI - 16 
MC 1441 2VP - 16 
MC 144 19P - 16 
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Ca t. 
Nu. 

JOB 

MC 14457P 
MC 14450P 
MC 14469P 

1G 
24 
40 ____ _._ _________ .___ ___ _ 

OTHER CMOS COMPLEX FUNCTIONS 
Mc144tt ---IJuad Precision T imer /O riv-;;;---------~--M-C-14_4_1_5_V_P ___ ~---------~---1-6-

MC14460 A111 011101iv0 Sr ecCl Con11 ul Processor MC 14460P 16 
MC14490 llt!x Co111nc1 fl<111nce F.11111111.llor MC 14400P 16 
·-- ·-- - ·- -·----- ---·- ·----------''---- --·--·----- ---------~------

HIGH. SPEED CMOS LOGIC 
Molorola RCA No. ol 
Pa 11N..:o~·-----'----'P'--a:::•.:..l "N~o.:..· _ __ __, _ _.::;O-"es~c~1Ii~11-"o-'-n----'----------------------L---P-in_s __ 

~-~QDERS/ENC~DE_RS ___ ~--- -----~--------------------------~---
741iC42 MC7 411C42N C07411C42E 1-o l· 10 Decoder 16 
741iC 138 MC 7•111C 13UN CD74HC 13UE l ·ol ·O Oeco<ler 16 
74ftC1J9 MC7411C 139N CD7411C139E Dual 1·o l - 100ecodcr 16 
741iC147 MC7 411C 147N C074 HC 141E 10·1u·4 Plio111 y 16 
74HC 15-'-1--l---'MC7 4HC.-'1-'-5-'-1'-'N----l C07 4_;..H..o:Cc.lc:5..c.1..oE _ __,l---6-·l_npul Mu:~llCJ:i :::IC:.:•:::C.:..r ----------------------l'--1:..::6:__ 
74HC1SJ t.1C74HC 153N C074HC 153E Dual 4·1npul Mulliplexer 16 
741tC 154 MC7411C 154N CD7411C 154E 4·1o· 16 Decode1 24 
711tC157 MC 74HC 157N C07411C 157E Quad 2-111pu1 M11ll1plexer 16 
74HC 158 MC74HC 156N C074HC 158E Quad 2·h1pul Mulliµlexer. lnver led 16 
!~It~~~--__________ ,_ _ _ CQ2_41_1C_2~_E __ ,__1_- o_l -_8_D_e_c_u~.:..r ______________________ .__..c.16"--
74HC251 MC74 11C25 1N 
74ttC253 MC7 4HC253N 
74tiC257 MC74HC25 7N 
741tCJS4 MC7 41 IC35 4N 
74HCJ56 __ 1----'-Mg~C356N 

74HC4511 MC74HC45 1 IN 
74HC4514 MC74HC45 14N 
74HC4543 MC74HC4543N 

GATES AND BUFFERS 

C074HC25 1E 
CD74HC253E 
C07411C257E 
C07411C354E 

__ CD74HC~56E 
CD74 11C451 IE 
C074HC4514E 

-------~---~----~ 

8·111pu1 Mull1plexer. 3-Slale 16 
Dual 4·1npu l Mulliplr.xer. 3-Slale 16 
Quad 2-lnpu l Mullrplexer. 3 ·Slale 16 
6·l11pul Mull iplcxcr, 3·Slale 20 
8-lnpul Mull iplcxr.r . 3_,·S:'.-'l.:.:a:::le:.._ _________________ +----=20 

BCD·lo-7-Segmcnl I a1ch/Oecode1ID1iver 16 
4-Atl l alch/4 -lo- 16·1 ine Decoder 24 
LCD BCO-lo-7-Segi nenl Lalch/OecoderlOriver 16 

74t·tCOO MC l411COON CD/·l llCOOE Quad 2-111pul NANO 14 
741tC02 MC7411C02N C07 4HC02E Quad 2·111pul NOil 14 
741tC04 MC7 411C04N C0 7411C04E tlcx l11vcrl er 14 
74HCU04 -~1C 74~1C UO~_N _ ___ CQ~~~g~ __ 11c~!l~~~ l~~l-~werlc r 14 
74ttC08 MC l4 11COON CIJl4 1 ICUUE Cltt:td 2·111pul /\NI> 14 
74tlC10 MC l411C ION CIJ/411C IUE l11plo 3h1pu1NAND 14 
74tiC11 MC 74 11C I IN CD74 11C I IE lrlplo3-lttpul /\Nil 14 
74ttC14 MC 74 11C 14N C07 411C 14 E 1-l r.x Scl11nill l ri111Jer lnvorler 14 
~~~~O ___ --~Q~C20_N _ _ ~~1-IC~OE Dual 4-lnpul NA_l~_0 ___________________ -1--_ _ 14 __ 

74HC27 
74HCJO 
74HCJ2 
7411C51 
74HC58 

MC74 11C27N C074HC2 7E Triple 3-lnrul NOil 14 
MC74 11C30N 6-lnpttl N/\ND 14 
MC74 HC32N CD741tC32E Quad 2-111pul Oil 14 
MC 7 41 ICS IN 2-Wide. 2-lnpul/2 -Wide. 3-lnpul ANO-OR-INVERT Gales 14 
MC 7 4HC56N ___ l---------~--2_-_W_i_de~._2_-_l n~p_u_l l_2_-W_idc. 3-ln1i:::u:.:l..:.A.:.:N.:.:D::.·_,0:..:R.:..G=a:..:le:.::s ___________ f--_.:..14.;..__ 

74HC125 MC7 4HC 125N Quad3·SlalcNoninverlingBuller 14 
74HC126 l~C 74HC 126N Quad 3-Slale No11i11ve1 ling Buller 14 
74ttC 132 MC7 411C 132N C074HC 132E Quad 2·1np111 Sch1111ll Trigger NANO 14 
74HC1JJ MC741-1C 133N 13 lnpul NANO 16 
741tC266 MC7 411C?uGN Ouacl 2·111pt1I l.xclu,;ive NOil ___ o:-:---:-=o-=---:-:--------+----:-:14:--
74i1c:i6s __ __ MC i41iC:iu~ l1 CDt,1 i 1c3~r:-- --tlmJSi;;io n 11s O;iv~r wrlh Com1110112·1npul NOil Enal.Jle 16 
7411CJ66 MC 141 tCJGGN CIJ74 1 IC3GGE I lex 3·Slalc l!us Driver will! Co111111on 2-hipu l NOn Enable. h1vcrled 16 
74ttCJ67 MC 741 ICJG IN CIJl41 ICJG I E I h!K 3 Sia lo lluo Dr iver wilh Sepa"r le 2-Dil attd 4·0il Sec lions 16 
74tiCJ68 MC7 411C368N C0741 IC368E llex 3:S lale Uus Driver wilh Separale 2-Bil and 4·Bil Sec lions, lnverled 16 
74ttC4002 ~Q~!~~QQ~~Q~~!:!~QQ?L_ _ _Qual~N_O_n _____________________ --1--__ 14 __ 
7411C4049 MC 741 IC404UN CD7 41 IC4049E Hex B11ll c1. lttvellcd 16 
7411C4050 MC 7411C4050N C07 411C4050E ll e.x Oullc1 16 1 
741iC4075 MC7 41 IC4075N Triple 3·htpUI on 14 
741iC4078 MC7 411C4U78N 6 lt1µul NOii 14 

- ~--- - ---- ._ _______________________________ , ____ _ 
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Cal . 
No. 

Mo1oro1a 
Par!No. 

FLIP-FLOP/LATCHES 
74HC73 MC74HC73N 
74HC74 MC741-tC74N 
74HC75 MC74HC75N 
74HC71 MC74HC76N 
74HC107 MC74HC107N 

74HC109 MC74HC109N 
7411C112 MC74t1C112N 
7411Cl1J MC7411C 113N 
7411C 137 MC74HC 137N 
7411C 174 MC74t1C 174N --··- --
7411C175 MC74HC 175N 
7411C2J7 IAC74HC23 7N 
7411C251 MC7411C259N 
7411C27J MC741tC273N 
7411CJ7J MC74HC373N 

7411CJ74 MC74HCJ74N 
74HC53J MC74HCSJ3N 
7411C534 MC74HC534N 
7411C513 MC74HC563N 
7411C514 MC74HC564N 
7411C57J MC74HC573N 
7411C574 MC74HC574N 

TRANSCEIVERS/LINE DRIVERS ·--
7411 
7411 
7411 
7411 
!~!! 
7411 
7411 
74H 

74H 
7411 
7411 

C240 
C241 
C242 
C24J 
~~!4 
C245 
CMO 
C14J 

C145 
CMI 
Cll48 

COUNTERS 
74 
74 
74 
14 
74 
74 
74 
74 
74 
74 
74 
74 
74 

HC110 
llC111 
llC112 
HC18J 

HC192 
llCllJ 
HCJ90 
HCJIJ 
llC4017 

llC4020 
llC4024 
llC4040 
HC4060 

REGISTERS 

1411C114 
7411Ctl5 
74HCl81 
74HC173 
!~!!C114 
7411C195 
7411C29t 
74llC511 
7411C51S 
7411C517 

MC74HC240N 
MC74HC241N 
MC7~HC242N 
MC 74HC243N 
MC74HC244N 

MC74HC245N 
MC74HC640N 
MC74HC643N 

MC74HC645N 
MC74HC646N 
MC74HC648N 

MC74HC160N 
MC74HC161N 
MC74HC162N 
MC74HCl63N 
MC74HC192N 
MC74HC193N 
MC74HC390N 
MC74HC393N 
MC74HC4017N 
MC74HC4020N 
MC74HC4024N 
MC74HC4040N 
MC74HC4060N 

MC74HC164N 
MC74HC 165N 

-
MC74HC113N 
MC74HC194N 
MC74~tC 195N 
MC74HC299N 
MC74HC589N 
MC7411C595N 
MC74HC59m 

MISCELLANEOUS 

7411Cl5 MC74HC85N 
!_!!1£~!0 MC74HC280N 

7411CHI MC74HC688N 
7411C45JI MC74HC4538N 

RCA 
Par! No. 

CD74HC73E 
CD74HC74E 
CD74HC75E 
-
CD74HC107E 

CD74HC 109E 
CD74HC 11 2E 
-
-
GD74HC 174E 
CD74HC175E 
-
CD 7411C259E 
CD74HC273E 
CD74HC373E 
CD74HCJ74E 
CD74HCSJJE 
CD74HC534E 
CD74HC563E 

CD74HC564E 
CD74HC573E 
CD74HC574E 

CU74HC240E 
CU74HC2 41E 
CD74HC24 2E 
C074HC243E 
CD74HC244E 

CD74HC245E 
CD74HC640E 
CD74HC643E 

-
CD74HC646E 
CD74HC648E 

CD74HC 160E 
CD74HC161E 
CD74HC 162E 
CD74HCl63E 
CD74HC192E 
CD7411C 193E 
C074HC390E 
CD74HC393E 
CD74HC4Q17E 
CD74HC4020E 
CDT 4HC4024E 
CD74HC4040E 
CD74HC4060E 

CD74HC 164E 
CD 7411C 165E 
CD74HC 166E 
CD74HC1 73E 
CD74 HC 194E 

CD74HC 195E 
CD74HC299E 

-
-
-

CD74HC85E 
CD74HC280E 

CD74HC688E 
CD74HC4538E 

" 

HIGH SPEED CMOS LOGIC (ctd. 

Descrlplion 

Dual J-K wilh Clear 
Dual D wilh Sel and Clear. Positive Edge Triggered 
4-!Jil D Laich 
Dual J-K wilh Sel and Clear 
Dual J·K wilh Clear 

Dual J·K wilh Set nnd Clear. Posilivo Eduo· T!iugurccl 
Dual J·K wilh Set 1111d Clear . Neg.1l ivu Ed!)c ·l n!Jgcred 
Dual J·K Flrp·Flop with Sel 
1 ·o l-8 D~cotler /Dc111ulliplc•er w1lh Address Laich 
Hex D Fllu·Flop 
Quad D Flip· Flop 
1-ol -8 Ducoder/Domolt iplc11.ur wllh Address I ntch 
8· 011 Addrescal!lu I alU1 
Oc tal D Flrp-Flop wilh Cor111 11on Clock end Reser 
Octal Tr ansuarn111 t.a1ch J-Slale 

Oclal D Flip-Flop 3·Slale -
Oclal Transparent Laich. 3-Slale Inver l ed 
Octal D flrp·Flop. 3·Slale , lnver1ed 
Octal Transparent Laich , 3-S1a1e. Inverted 

Oclal D Flip-Flop.J ·Slalc, Inverted 
Oclal Tra11sparenl Lar ch. 3·Slale 
Octal D Flip·Flop, 3·Slale 

Octal Buller/line Driver. 3-Slale . Inverted 
Oc tal Buller/line Driver . 3·Slale 
Quad Bus Transceiver. Inverted 
Qund Ous 1 r t1nsceiver 
Octal Buller /line Driver 3-Slale 

Oc1al Bus Transceiver. J ·Slale 
Oc1al Bus Transceiver . 3·Slale 
Oc1al Bus Transceiver . 3-Slale 

Oc1al Bus Tr ansceiver, J ·Slale 
Oc1al Bus Transceiver. J ·Slale 
Oclal Bus Transceiver, J ·Slale 

BCD Decade Counter . Asynchronous Reser 
4 ·Bil Binary Counter . Asynchronous Resel 
BCD Decade Counter, Synchronous Reser 
4·flil Binarv Counter. Svnchronous Rese l 
BCD Decode Up/Down Counter 
4·Bil Binary Up/Down Counter 
Dual Decade Counter 
Dual 4 ·Oil Binary Counter 
D~cado C~!! r 1ler /Divider 
14-Bil Oinary Counter 
7 ·Stage Binary Counter 
12·Bil Binary Counter 
14-Slaqe Binary Counter 

8·Bil Serinl· lo·Parallel Shill negisler 
B Oil Pninllcl-lo ·Scdal Co11vc11c1 
8·811 Serial/Parallel In. Sellai Qui Shill Register 
4-011 D negisrer . 3-Slnle 
4-Bil Bidueclional Universal Shill ReQisler 

Universal 4·Bil Shill Register 
8-Bil Universal Shill/Store Register. 3·Slale 
8-Bil Serial -or Parallel-lnpul/Serlal·Oulpu l Shill Register. 3-Slale Oul. 
8-Bil Serlal -lnpul/Serial-or Parallel-Ou lpul Shill Reg1sler . Latched 3·Sta le Qui. 
8·Bil Serlal·or ParalleHnoul/Scrial·Ouloul Shill Reoisler w/lnoul Laich 

4-Bil Magnitude Comparator 
9·Bil Odd/ Even Pari ty General or/Checker 
8-Bil Equality Comparator 
Dual Precision Relrigyerable/Resellable Monostable Mullivibralor 

30 9 . 

No o f 
Pins 

14 
14 
16 
16 
14 

16 
16 
14 
16 
16 
16 
16 
lf.i 
20 
20 

20 
20 
20 
20 

20 
20 
20 

20 
20 
14 
14 
20 
20 
20 
20 

20 
24 
24 

16 
16 
16 
16 

16 
16 
16 
14 
16 
16 
14 
16 
16 

14 
16 
16 
16 
16 
16 
20 
16 
16 
16 

16 
14 

20 
16 
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HIGH SPEED CMOS TTL LOGIC 
-----~--------~------~---------- -- -----------~----
Ca l 
No. 

M n 10 10 1a 
Pa11 No. 

DECODERS/ENCODERS 

7411CT42 -
74HCT138 -
74HCT139 -
74HCT147 -
74HCT151 -- ----74HCT153 -
74HCT154 -
74HCT157 -
74HCT158 -
74HCT238 -
74HCT251 -
741tCT253 -
74HCT257 -
741tCT354 -
74HCT356 --· ·- - - -
74HCT4051 -
74HCT4052 -
741tCT4053 -
741iCT4511 -
741iCT4514 -

GATES AND BUFFERS 
74HCTOO -
74HCT02 -
74HCTG4 • -
74HCT08 -
741iCT10 -
74HCT11 -
74llCT14 -
74HCT20 -
74HCT27 -
74HCT30 -- - -
74HCT32 -
74HCTB6 -
74HCT132 -
74HCT133 -----·-
7411CT266 -
74HCT365 -
741lCT366 -
741iCT367 -
74HCT368 -- -----
7411CT540 MC74HCT540N 
74HCT4002 -
FLIP-FLOP/LATCHES 

RCA 
Pan No. 

CD74HCT4 2E 
CD74HCT 138E 
CD7411CT 139E 
C07411CTl47E 
CD7411C I ISIE 
co14iic 11 s3~ 
CD74HCT 154E 
CD74HCT l 57E 
C074HCT 158E 
CD74HC f238E 
CD7 4 llCT25 IE 
CD74HCT253E 
CD7 ·111CT257E 
CD7411C T3 54 E 
CD7411CT35GE 
CD74HCT4051E 
CD74HCT4052E 
CD741 ICT405 3E 
CD74HCT451 IE 
CD74HCT45 14E 

CD74HCTOOE 
CD7411C102E 
CD7411C f04E 
CD74 11C108E 
CD74HCT 10E 
CD741ICT 1 IE 
CD74 11Crt4E 
CD7411Cl20E 
CD741 ICT27E 
CD74 1 ICT30E 
CD741 ICT3 2E 
CD741 ICT86E 
CD7411CT 132E 
CD741~CT 133E 
CD 7 4 i'iCT26fi E 
CD7411Cf3G5E 
CD741 ICT3GGE 
CD74HCT367E 
CD74HCT368E ----
C07411Cl 540F 
CD 7411C l"4002E 

Fune lion 

I ·ol - 10 Decoder 
1-ol -8 Decoder 
Dual l -o l-4 Decoder 
10-10-4 P11orily 
6·111 pul Mull1plc11er 

- Ounl 4-lnpul M~l1ip1cxcr 
1-lo- 16 Decoder 
Quad 2 lnpul Mull 1plexer 
Quad 2-lnpul Mull 1plexer. lnvcr led 
l -ol -8 D~coder 

8-lnpul Mulliplexer. 3·Slale 
Dual 4-111pul Mulliplexer. 3-Slale 
011ad 2 -lnput M11Uiplr. xer. 3-Slate 
8·1npul Mulliplex er. 3-Sla lo. 
8-l11pul Mullip~~·er . 3 - ~~n le 

8·Channel Analog MUX/DEMUX 
Dual 4-Channel A11nlng MUXIDfMUX 
Tr iple 2-Chnn11el Analog MUX/DEMUX 
BCD·I0 ·7-Seymen l I a1ch/ Decoder/Driver 
S-811 Lal ch/ 4-lo- 16 L1110 Decoder 

Quad 2-lnpul NAtm 
Quad 2-lnµu l NOil 
Hr.x l11vcr lcr 
Ouad 2-111pul ANO 
T riplc 3-lnpul NANO 
Triple 3-lnrul ANO 
Heic. Sch111111 Trirn1cr lnverler 
Dual 4-lnpul NANO 
Tllple 3-lnpul NOil 
8-lnpul NANO 
Quad 2-lnpul on 
Quad 2-lnpul fKclusive on 
Ouad 2-lnpul S~hmill Trlygcr NANO 
13-lnpu l NANO 
Quad 2-lnpul Exclusive NOil 
llex 3-Slale Bus Driver wilh Common 2-lnpul NOR Enable 
I lex 3 Sin le Bus Driver wilh Corn111on 2·111pul NOil Ellabln . lnverlod 
Hex 3-Slalc Bus Ddvcr wilh Scparale 2-Bil and 4-Bil Secllons 
Hex 3·S lale Bus Driver wilh Scpa1ale 2-Bil and 4-Bil Seclions . lnverled 
Oc lal l1ulle1 1.i111> Driver . 3·Slnle, lnverll11y 
Dual 4-lnpul NOi i 

741tC.T73 C0 /41ICT1 3E 011111 J·K wilh Clear 
7411CT74 CD74 1 IC r /4E D11;ol D w1lh Sr.I and Clea1 . Posillve Edoe Trlguercd 
7411CT75 C07 411Cl75E 4·1lil D Lai ch 
74llCT76 CD7 41 IC T7GE D11al .J K wi lh Sr. I a11d Clear 
74HCT107 CD74 HCT 10/E Dual J-K w1lh Clear 

No o l 
Pins 

14 
16 
16 
16 
16 I 

16 
24 
16 
16 
16 
16 
16 
16 
20 
20 
16 
16 
16 
16 
24 

14 
14 
14 
14 
14 

14 
14 
14 
14 
14 

14 
14 
14 
16 
14 
16 
18 
16 
16 

20 
14 

14 
14 
16 
16 
14 - -+-----------+---- ___ ,,_ _____________________________ _,_ _ __ _ 

7411CT109 CD74 11CT 109E Dual J·K wilh Sel and Clear. Posi live Edgc-Tr igge1ed 16 
74HCT112 CD74 11CT I 12E Dua l J·K wilh Sci and Clear . t-Jega live Edye -Tr igyered 16 
7411CT174 C07 411CT 174E Hr.• D Flip-Flop 16 
741tCT175 CD74 11C fl 75E 011arlOf11p-flnp 16 
7411CT259 CD7 41 IC T2~!JE 8· fl1I Atlo.Jr essal.llc Laich 16 - -·----- ---------l--------- -----------
7411CT27J CD/4 1IC 1273 [ Oc1;1l D l"llp-fl<•p w/CINU 20 
7411CT373 MC741 1C l 373N CIJ/4 llG l313E Oc l al lor11 qia1 e11l I alch, 3-Slale 20 
7411C1374 MCl 411C l374N CIJ7411C l 3141' Oclal Orhp-rl11p 3-!; 1;1IP. 20 
74HCT377 CD741IC.I31 /E Ocln l D· I ypc Flip ·rlu11 wilh Dnln Enable 20 
~!:1~:!:5_3_3 __ , ___ ~_1C_7_4_~_1 C_T_S_.3_3_N _ __. __ CD7 411C I 533E Oclal 11 an~paicnl Laich, 3-Slale . lrivellcd 20 

MC7 4HCT534 N C074HCTSJ~--cJci:i1 D rlip -rlop. 3-Slalc, lnveil ed 20 74HCT534 
7411CT563 
7411CT564 
74llCT573 
74HCT574 

CU74 11C l ~63E Oclall1 anspa1 r. 111 I al ch. 3·Slale. 111•e1lcd 20 
CD7 41IC I 56 4E Oc lal 0 Fl1p ·l"lop, 3 S1a1e. Inver led 20 
CD7 411C T573E Oc lal Tra11sparen1 I al ch,3·Slale 20 

__ .CD7 .~~IC T 5 74E___ ~~~'!..~ .~l~ · ~!"I~~ ~ :~_!.~---------------------~ มห
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.HIGH SPEED CMOS TTL LOGIC (ctd.) 
Cnl Motorola ncA I No. ol 
N~o~~~~'--~P~a-• l_N_o~-~~~~-'-~-P~nr~t_N~o~- ~~~--'-'---'-F~un~c~•-~lo~n~~~~~~~~~~~~~~~~~~~~~~~~-'-~-P_lns 

TRANSCEIVERS/LINE DRIVERS 
74H 
74H 
74H 
7411 
BH 
74H 
74H 
74H 
74H 
7411 
74H 

CT240 
CT241 
CT242 
CT243 
CT244 

CT245 
CT$41 
era.co 
CTM3 
CTMI 
CTMI 

COUNTERS 
74HCT 
74HCT 
74HCT 
7411CT 
!~H«::T 
74HCT 
74HCT 
7411CT 
74HCT 
HHH 
74HCT 
7411CT 
7411CT 
74HCT 

~~!!«::.! 

190 
111 
192 
193 
191 

112 
113 
390 
393 
~Q17 
4020 
4024 
4040 
4060 
~~20 

!'l~Q!STERS 

74HCT 
74HCT 
7411CT 
74HCT 
!~!!«::! 
74HCT 
74HCT 
74HCT 
7411CT 
74HCT 

184 
195 -
199 
173 
~M 
115 
291 
170 
40104 
40105 

MC74HCT240N 
MC74HCT241N 

-
-

MC74HCT244N 

MC74HCT245N 
-

MC74HCT640N 
MC74HCT643N 

-
-

-
-
---
-----
--- · --

-
-
-
--
-----

!'!'!ISCELLANEOUS 
74 
74 
74 
74 
74 
74 
74 
74 

HCTl5 
HCTl23 
llCT221 
llCT210 
~•i::!m 
HCT314 
llCTl81 
HCT4531 

--
-
-
-
-
-
-

C074HCT240E 
C074HCT241E 
C07 4HCT242E 
C074HCT243E 
CD74Hffi44E 

CD74HCT245E 
CD74HCT54 IE 
C07 41 ICT640E 
CD7 4HC1643E 
CD7 411CT646E 
CD74HCT648E 

C074HCT160E 
C07411CT 161E 
CD7 4HCT 162E 
C074HCT t63E 
C074HCTl91E 

CD74HCT 192E 
C074HCT 193E 
C07 4HCT390E 
C074HCT393E 
COi 411CT 40 17E 

CD7 4HCT 4020E 
CD7 4HCT 4024E 
C074HCT4040E 
C07 4HC f 4060E 
C074HCT4520E 

CD74HCT t64E 
C074HCT 165E 
C074HCT166E 
C074HCTl73E 
C074HCT 194E 

C074HCT 195E 
C074HCT299E 
C074HCT670E 
CD74HCT40104E 
COi 4HCT 40 t05E 

C074HCT85E 
C0 74HCf 123E 
CD 7411Cl22 I E 
CD7411Cl280E • 
CD 7411G l29 7E 

C074HCT384E 
CD74HCT688E 
CD7 4HCT 4538E 

Oclal Buller/ Line Driver. 3-Stare . lnverled - 20 
Oc tal Buller /Line Driver. 3-Sla le 20 
Quad Bus Transceiver. lnverled 14 
Quad Bus T 1 ansceiver 14 
Oclnl Buller/tine Driver. 3-Stale 20 

Oc lnl Dus Transceiver. 3-S1.11e 20 
Oc lnl Buller Lone fJrivw. 3-Slalo 20 
Oc lal Bus Transceiver . 3-Slale 20 
Oc lal Bus Transceiver. 3-Slate 20 
Oc lal Bus Transceiver . 3-Slale 24 
Oclal Dus Transceiver 3-Slale 24 

BCD Decade Counter . Asynchronous Reset 16 
4-0il Oinary Counter . Asynchronous f-i esel 16 
BCD Decade Counter. Synch1onous Reser 16 
4-Bil Bi11a1y Counler, Synchronous Resel 16 
Presellable Svnc 4-Flil A•narv Un/Down Counter 16 

BCD Decade Up/Down Counter 16 
4-Bil Brnary Up/Down Counler 16 
Dual Decade Co11n1er 16 

, , Dual 4-Bil Binary Cuunler 14 
Decade Coun!cr /Oivi<ler 16 

14-Dil Binary Counler 16 
7-S laoe Binary Counler 14 
12-Bil Bonaiy Counter 16 
I 4-Slage Aina1y Counle1 16 
Dual Binary Uo Counter 16 

8-Bil Se1ial-10-Paiallel Shilt Register 14 
8-Bil Pa1 allel-l o-Se1ial Converler 16 
8-Bil Seiial/Parallel In , Serial Our Shill Regisler 16 
4-Bil D Register . 3-Srn te 16 
4-Bil BuJirec llonal Unive1sal Shill Reaisler 16 
Unive1sal 4-Dil Shilt Register 16 
8 -Bil Universal Shill/Sto•e Re.gister . 3-Stale 20 
4 • 4 Regisler File. 3 -Slale 16 
4-Bit Billireclional Universal Shill Register. 3-Slale 16 
FIFO Shilt llcy lsle1 16 

4-Bil Magnilude Compaia lor 16 
01 1al Ret11yuerable Monoslable Mullivibralor 16 
Ounl Mo 11ostnblc Mul1 iv1 t.Jr11lor 16 
9 -IJit Odct / Even Pa111{ Gc11i·in101/Chccker 14 
01y11al Ptmsc-Lockcc I 001J f 1ller 16 

8-B•t Selia! Mulliplier 16 
8-Bil Equality Compa1a tor 20 
Dual Retr i<Jge1able Precision Monoslable Mullivibralor 14 

: 
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r .111 
Speed & Powe1 No 

0 1ss1pnllon o f 
Dcscnp lion ns mW P111s 

------~'- ------'-----.._ _ ___ _Ji.---
Nw 11 1Je r 

ECL GATES -- --
MC10100P Quad 2- 1 NOR W/S lrobe 
MC10102P Q11 ad 2- 1 NOR Ga le 
MC10101P Quad Ofl i NOR w/S lrobe 
MC 10103P Quad 2· I OR Ga le 
MC10104P Quad 2· I AND Gal e ---------
MC 10105P Tr iple 2-3-2- 1 ORINOfl 
MC 10100P l11µ1c 4·3·3 · I NOi i Ga lo 
MC10107P l' rtplo Ex e. 0 11/ NOfl 
MC10109P D11al 4-5 · I OR/ NOR Ga le 
MC10110P D11al OR Line Dvr . - - ---· 
MC10111P Dual NOR Line Dvr . 
MC10113P Quad E xc . OR Ga le 
MC10117P Dual 2-W 2·3- 1 OA /OAI 
MC1011BP Dual 2 -W 3- 1 OR-A ND Ga le 
MCIOl19P 4-W 4-3-3-3- 1 0 11-ANDGale ----------
MC10121P 4-W OA I OAI Ga le 
MC10197P I lex A ND Ga le 
MC10210P I Ii-Speed Dual Line Dvr-OR 
MC10211P Hi ·Speed Dual Line Dvr·NOR 
MC10212P Hi· Speed Dual Line 

Dvr-ORI NOR 

ECLLATCHES ------- -MCl0130P Duat D Lai ch 
MCl01J2P Dual MUX w/Lalch & Resel 
MC 10133P Ouad l alch 
MC 10134P Dual MUX w/ l a lch 
MC1015JP Quad Laich ----·· -·-
MC10168P Quad Laich. Corn. Clk . 
MC10173P Quad 2- 1 MU X/Lalch 
MC10175P Quin1 Laich 

ECL FLIP-FLOPS 
MC10 
MC10 
MCIO 
MC10 
MC10 

- -
131P 
1JSP 
176P 
186P 
231P 

Dua l D M·S FF 
Dua l J -K MS FF 
Hex D Masi er-Slave FF 
Hex D M -S FF w/Resel 
Hi-Speed Dual D M·S FF 

ECL COUNTERS 
MC10136P Univ . Hc1c Counl er 
MC10137P Univ Dcc arle Counler 
MC 10138P Oi-Oui11a1y Counte r 
MC1017BP Oi11ar Co11n1er 

ECL MULTIPLEXERS 
MC1015BP Quad 2· 1 MLI X (Non-Inv.) 
MC 10159P Quad 2- 1 MLIX (Inv .) 
MC10164P 8 Line Mull iplexei 
MC10174P Dual 4· 1o · I Mull i. 

ECL GENERATORS 
MC10160P 12 -1111 Pa rtl y Gen./Ckr . 
MC 10170P 9 t 2 I lt l P.1 fily Ckr . 
MC10181P 4 Otl AU l!Func lio n Gen. 
MCI0182P 2-nil J\LUt r unc 1io11 Gen . 

ECLDECODERS 
MC10161P 
MC 10162P 
MC 10171P 
MCl0172P 

11 111. l o l · U nee . (I nw ) 
1111 1. In I ·O Dec (I l1y lt) 
Dual Bin . lo 1-4 Dec . (L ow) 
Dual 0111. 10 1-4 Dec . (Hiuh) 

20 
2 .0 
2 .0 
20 
2 7 

2 0 
2 0 
2 5 
2 .0 
2.4 

2 4 
2.5 
2 .3 
2 .3 
2 .3 

2 .3 
2 .8 
1.5 
1.5 
1.5 

2 .5 
3 .0 
40 
3 .0 
4 .0 

3 .0 
2 .5 
2 .5 

-
-
---

2.5 
2 .5 
3 .0 
3 .5 

50 
4 0 
50 
7.0 

40 
40 
40 
4.0 

100 
100 
100 
100 
140 

90 
90 

110 
60 

160 

160 
175 
100 
100 
100 

100 
100 
160 
160 
160 

155 
225 
310 
225 
310 

3 10 
2 75 
400 

235 
280 
460 
460 
270 

6 25 
625 
370 
370 

19 7 
2 10 
310 
305 

320 
300 
600 
575 

31 5 

325 
325 

16 
16 
16 
16 
16 
16 
16 
16 
16 
16 

16 
16 
16 
16 
16 
16 
16 
16 
16 
16 

16 
16 
16 
16 

~ 
16 
16 
16 . 

16 
16 
16 
16 
16 

16 
16 
16 
16 

16 
16 
16 
16 

16 
16 
24 
16 

16 
16 
16 
16 

Pnll 
Nu111ber 

Speed & Powor No 
Oisslpal lon a l 
ns m W Pins Dcsc1ipllon _ ________ _ ..c._ ____ ..._ _____ ._ __ 

ECL LINE RECEIVERS 
MC10114P T npte t 1ne Rccei"YCI 
MC10116P Tr iplc Line Receiver 
MCIOt15P Qua d I inr. n ecPiver 
MC10216P H1·Speec1 ·1 riplc Line flee. 

ECL SHIFT REGISTER 
MC 10141P j 4-811 Univ. Shill Reg . 

ECL SPECIAL FUNCTIONS --
MC10123P Trip le 4-3·3- I nus Dvr . 
MC10124P Qua a 1 Tl. lo MECL Trans . 
MCI0125P Quad MECL lo TTL Tr ans. 
MC10163P Err or Del. Correcl ion Cir . 
MC10165P 8- 1 Prin rily Encoder 
MC10179P Look -Ahead Carry Block ---- -
MC10180P Dual 2 Bil Adcler /Sub 
MCI0190P Quad MST In MECL IOK Trans 
MC10191P Hex MfCI I OK 10 MST Tums. 
MCI019JP Et1 o r Ont Co11 oc 1100 C i1 . 
MC10194P Dual Ous T 1 nnsce1ve1 
MCI0195P Hex lnvc rrer / Buller 

ECL GATES -
MC1660L Dual 4- 1 Ga le lti ·Z 
MC1662L Quad 2- I NOR Gal e Hi-Z 
MC1664L Q11ad 2- 1 nn Ga le Hi·Z 
MC1672L Triple Exe . OR Ga le Hi·Z 
MC1674L Tr iple Exe . NOR Gale Hi-Z 

ECL OSCILLATORS 
MC164BL 
MC1648P 

Emill er Coupled Osc . 
Emili er Cou led Osc . 

ECL LATCHES & FLIP-FLOPS 
MC1666L Dual fl ·S rr Hi ·Z 
MC 1670L Siflqln D fF Hi·Z 
MC1690L 500 MHZ D IT 

ECL MUL TIVIBRATORS 
MC1658L Voll. Con lr . Mulli. 
MC1658P Voll. Conlr . Mull i. 

ECL COMPARATORS -----
MC165-0L Do 1al I li!Jh Speed AID Comp. 
MC1651L Dual Hi!Jh Speed A ID Comp. 

ECL SPECIAL FUNCTIONS - - -
MC16?;4L Binary Counlef 
MCtB6BL Dual D FF ltl-Z 
MCIB7Bl 01 -0 ui11r1 ry Counler 
MC1692L Quart Line Receiver 
MC1694L 4-0 11 Sholl Rey . 

2.4 
2.4 
20 
1 8 

30 
35 
4 5 
5.0 
7.0 
4.0 

4.5 
2.5 
2.2 
7.5 
25 
2 .0 

1.1 
1.1 
1.1 
1.3 
1.3 

1.8 

3.5 
3.0 

-
1.8 
-
1.1 
-

160 
80 

110 
100 

425 

310 
300 
380 
520 
545 
300 

360 
215 
245 
520 
405 
200 

120 
240 
240 
220 
220 

150 
150 

220 
220 
200 

125 
125 

2 75 
2 75 

750 
220 
750 
220 
750 

16 
16 
16 
16 

16 

16 
16 
16 
16. 
16 
16 

16 
16 
16 
16 
16 
16 

16 
16 
16 
16 
16 

14 
14 

16 
16 
16 

16 
16 

16 
16 

16 
16 
16 
16 
16 
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7410 7411 

GNO 

7420 7421 

GND 

14 

7427 7430 

GNO 

7451 

GNO 

I 

13 

2 

GNO 

GNO 

8 

7 

GND 

6 7 

GND 

313 
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314 

Vee 

7400 7402 

GND GND 

7404 7408 

GND . GND 
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J15 

1J1' 'J'll 1 Uff'UJ 
• 

1A1fi11uu~. L~autLaut1i iei~~~ea. n1~Lnw1 u1in ~L5~~L~-
" v 

~u ~ln~, 2530. 304 uu1. 
~ II .., _.! ' I 

u1~1~. •an~~~eaua~n1-rL~~1u. n1~Lnw1 Au~~uL~7"n1'~Lnw, 
.. v .. 

2530. 319 uu1. 
... ' .I • 1 ~~-r111a11 L mu~u. n1~Lrt'41 ~;~flfi1, 2524. 117 'M\11. 

.. 1 

~a~LnAUA· n1~Lnw1 u~"in~1, 2515. 231 uu1 . .. 
U UC U ' U ' al 9 0 a 1 _! A A 
rnycy~uw·a1uLrna: e:npmt L WuUi-11. nq1t!)Ua1mT1 ~~1u1~~·nl~~ila. 

n1~Lnw1~n1uuLn~1u1a~w1a:~t1"Ln~11n~1L~~L~1~mn~11a1~n-ra:u~ .. .. 
II 

2523. 415 uu1. 

~1nvi, 2524. 197 uu1. 
I I 

1~~~ L~uu"1°LLa~Lwt1u. 1~~-r~~~ean1A~U"~· n~~Lnw1 ~~1"u11mn11 
o ( II w"\oJ' 2520. 126 uu1. 

u u cJ ...... 
"~~aa:~1~vi. ~~~aan1An~aa~. 

0 ""' 
1\oJ~ 

II 

2520. · t26 uu1. 

OU ~ d i:J 0 U II u1Hn ~LuVl~L~~u ~•nvi, 2529. 344 uu1. 
v 

L~~~vi. ~L~nn-reun~~1wiuAa~~1L~e{. ~HmLanr n1~i~1~~n~ .. 
~m~in~1A1~~{ "u1in~1~~A7u~7un1111~, 2529. 435 uu1. 
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