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VERY LARGE SCALE INTEGRATED CIRCUIT DESIGN
(VLSI DESIGN)
DECHA VILAIRATANA
TAWATCHAI PRAMAULCHAROENKIJ
SANTHAN TRIMATASIN
DR.SOMKIAT SUPADECH : ADVISOR
MR.SOMSAK CHOOMCHUAY : ADVISOR
1988
ABSTRACT
This report explains the desingning of Microchips, very large
scale integrated circuit technology. With used 32 bits computer
(Workstation Computer, SUN Microsystem, 3/11@) and CAD tool is
CIRCAD II by UNSW (University of New South Wales) Australia.
The circuits are
1. ALU8BIT : Arithmetic logic unit 8 bits : This circuit is
the heart, of central processing unit in digital computqr.
2. FREQUENCY COUNTER : This circuit can count the digital
signals and display on LED 7 segment.. This maximum frequency which

it can count is 1@ MHz.
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00: 43 Friday 3 March 1989
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\

31aul5enaunay ALUSBIT

-8 5uwm a w5y word A, AB-AT

-8 Euqm #w¥u word B, B@-BT7

- 4 select input, S@-S3

- M, mode control input 1¥ﬂiuquﬂﬂiLgaﬂTﬂN@ﬂﬂiﬁﬁﬁﬁuﬂﬂﬁﬂaﬂﬁﬂﬂm%
WianTIndEns

-~ carry input, cn

- 8 output dwiy word F, F@-F7 L umaFudannnasusesaana

NINAURERASHI 20T INANERS T2 e word A uae word B

- carry output , cn+8
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ACTIVE“0"DATA.
SELECTION - ., _ . S
M=1 : M =0 ARITHMETIC OPERATIONS
o LOGIC T
$3 S2 SI S0-| FUNCTIONS Cn =0 (no camy) Cn = 1 (with carry)
0o 0 0 o F=A F=AMINUS1 F=A
60 0 o0 1 F=AB ~ F=ABMINUS 1 F=A
o 6 1 o0 F=A+B F=AB MINUS 1 F= AB
0.0 1. -1 F=1l-_. _F=MINUS1(2sCOMP) | F=ZERO._-__ __
o 1t o0 o F=A+B F=APLUS(A +B) F=APLUS(A+B)ILUS |
0.1 0 1 F=8 F=ABPLUS(A +B) F= ABPLUS(A+B)PLUS]
o1 1 0 F=A®B F= A MINUS B MINUS 1 F = A MINUS B
o 1 _1-_ 1| Fjﬁéf':i;}:__ F=A+B F=(A+B)PLUSL _
1 0 0 0 ; F=AB~ F=APLUS(A'+B) F=APLUS(A+B)PLUS 1
1 0.0 1 F=A®B F=APLUSB F=APLUSBPLUSI
1.0 1 0 F=B ~F=ABPLUS(A+B) . ‘F=ABPLUS(A +B)PLUS 1
! 0 1 1 | F=A+B E=(A+B) .. F=(A+B)PLUS1 .
17 170 0 | F=0 | F=APLUSA | F=APLUSAPLUSI
1 1 0 1 } F=AD F=ABPLUS A F=ABITLUSAPLUS1 .
1 1T 1 ¢ F=AB F=ABPILUS A F=AB PLUSAPLUS 1
1 1 1- 1 | F=A F=A F=APLUS1
S$HS2 S 8o
e n MY IR (O
© Bi-—o '
-4 ——
— - 3
— D—
- D—
= N
—- b—
B6 — F—
T — —Fo
—
-
- ALUBBIT
—3
___cc "‘Ct‘\ﬂ%w
Ao —
L Va4
- WM —d - GND

—————e e
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32 WanN15NN9UBasBY(chip) ALUSBIT

o ' ) o 3 'S
et l8nanamuiaindy ALUBBIT awntanieu e eeiinsiaaiuazns
N ' s o < [ Vo 2"
asanendas  Tagihman TN S TR AT 1B . .
o ’ Vs
- 16 AT ININIUN AT TNEEIRT v
o - 4
- 5 219NINIUNINEUREIdnT
o » 'S < r's
- 8 AN TIMUTIWINN AT INFAIRA TR AL N AR R T
< 3 ~ o 4" < ) o I's
Toeh lsus (node) N19NINIULRAANTT B LWARE L AANIIREN N WUNINATINAERT
. ‘ o ' F 24
W aneenadnaas  Geaa i

y . & a 4
131897 m pRGSARIUE" 138 LTINININUNINAT INENFA T ‘

- - .
Tasndeifun siieugmasaLaann 91 s3,s2,51Uas S8 TasiinnTi138n
< o [ %) - LR ar )
L Reunn i usnsastnaate - Hladeidu
13la s3 s2 s1 s@ = 0006
Wan1sNINuAa F = Abar

1gub1 a7 a6 a5 a4 a3 a2 al ad

1169 1001

untdacls £7 fe £5 £4 £3 f2 f1 £ = 9011 9118 Fqaz11Fau dau 16Ky 8

bit inverters uav A
AT A unun1T19a NI (bruth table) \ita F = (A+B)bar @8

s3 s2 sl s = 9100

LUl a7 aé a5 a4 a3 a2 al a@ = 9411 9911
‘b7 b6 b5 b4 b3 b2 bl bs = 8181 @161
wasidas 1y £7 £6 £5 £4 £3 2 £1 @ = 8100 0100

F9faz 1 Nay 18fiy 8 bit 2-inputs NOR gates
Ar9Res Ll maana19aNae (bruth table) \3la F = (Abar)B #a

s2 s2 sl s@ = 1000

vdubn a7 a6 a5 a4 a2 a2 al ad = 9111 4111
b7 b6 b5 b4 b3 b2 bl bd = 1281 1601
nasuiar 18 £7 £6 £5 £4 £3 f2 f1 f0 = 10008 1000

o ¢ - 9
ﬂﬂ1nﬁﬁqu1uﬂaﬂﬁumﬂumﬁiﬁﬂﬂaﬁuaie(truth table) 138 F = AB h)

s3 s2 s1 s = 1110

\uln a7 a6 a5 a4 a3 a2 al a@ = 9116 1001
b7 b6 b5 b4 b2 b2 bl bd = 1618 1218
wamias 18 £7 fe £5 £4 £3 f2 f1 f0 = 9010 1000
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F9faz 1 faul8fy 8 bit 2-inputs AND gates

A719R79 e A BuR a1 T19A2 A3 (truth table) 3a F = (A+B) @B

s3 s2 s1 sO = 1011

1dul1 a7 as a5 a4 a3 a2 al a0 = 1011 0010
b7 b6 b5 b4 b3 b2 bl bo = 1001 0011
wasudaely £7 f6 £5 £4 £3 f2 £1 f0 = 1011 0011

Fehazinavlefny 8 bit 2-inputs OR gates
AT elitled funan 7192 8aS e (bruth table) (da F = A XOR B @a

s3 s2 s1 sO0 = 1001

vduln a7 a8 a5 a4 a3 a2 al a0 = 0011 0011
b7 b6 b5 b4 b3 b2 bl b0 = 1000 1000
wasudarls €7 fe £5 £4 £3 f2 £1 £f0 = 1011 1011

?ﬂﬁﬂztﬁﬂﬂWﬁﬁu 8 bit 2-inputs XOR gates

I3 ° Y] 4 Y &
811380 s3 s2 s1 s0 = 1100 nqsnﬁquaﬂnqn F fannusiihs "o Fefee

]

b 74
5@aniﬁaﬂaﬁuﬁaizaﬂﬂau@ﬂna A Uaz B

H113an s3 s2 s1 sO

1l

& ° 4 S <
0011 ﬂﬁzﬂﬁqﬁtaﬂﬂwﬂ F fgouziihe "1" Fefiae
P
ﬁﬁLﬂQ1ﬁ11Lﬁ%ﬂﬁiSQﬁﬂauHﬂﬂﬂ A wav B

1010 fa=ld F

H113an s3 s2 s1 sO B

1111 e ld F

i

war s3 s2 sl s0 A

sﬁqinq1ﬁiq ﬂ15ﬁ1qquﬁqaaéﬁoﬁiﬁﬁﬂuﬂiaﬂizqnﬁqﬂquﬁnﬁmznae 8 bit
multiplexer l&
A fldan ALveBIT (Th@wiidansateunaeaandadad Bvanailediiu - e
st dwnn i ALUSBIT feiusmy Gate Arrays 16

4 0 ¢
1111 m udaedEn e "0 aztﬁunﬁinﬁcﬂuMﬂﬁﬂ&mﬁﬂﬁmi

o r'e .

ATRNNUNISARANFR Tz sEnaueng word A, word B uas input carry

o ¢ 1 ' o [
Toswaiuias 1un word F uaz output carry legihifunismemleun nasuan

. . . : . H r's °
(Addition), awau(Subtraction) warATTLAnu(Shift) TaafilaAtun19nenn

a fc i o
NNARHIRRTARINTAL AN 1N S3 52 51 WAE SO GNATTINAIINARIN

- ar ' 4 ] Ve 4‘:14‘

HanTniinadelrdunismeou Baetias

Lilataan s3 s2 s1 sO = 0000 WAz Cn = O NIFNNNTUAR F = A MINUS 1

tdudn a7 a6 a5 a4 a3 a2 al a0

0110 1101

ATTNAN9UAR 0110 1101
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-1
0110 1100
az Wuaduwies £7 £6 £5 4 £3 £2 f1 £0 = 0110 1100

v

LiBLRan s3 s2 s1 s0 = 1001 U Cn = O ANINNAA F = A PLUS B

tfubin a7 ab a5 a4 a3 a2 al a0 = 1100 1000
b7 b6 b5 b4 b3 b2 bl b0 = 1010 1010
N1INNIUAE 1010 1000
+1010 1010 )
10111 0010

Az fuafiuida £7 £6 £5 f4 £3 £2 £1 0 = 0111 0010 uay Cn+8 = 1

\latRan s3 s2 s1 s0 = 0110 War Cn = 1 ANTMNUAR F = A MINUS B

tdufin a7 a6 aS ad a3 a2 al a0 = 0110 1110
b7 b6 b5 b4 b3 b2 bl b0 = 0010 0110
21N NUAR 0110 1110
-0010 0110
0100 1000

¢ [Guafuida £7 f6 £5 £4 £3 £2 £1 0 = 0100 1000
\ila1den s3 52 81 80 = 1100 ua¥ Cn = 0 AMARAeLAR F = A PLUS A
LN a7 a6 a5 a4 a3 a2 al a0 = 0110 0010
AT 0110 0010
+0110 0010
1100 0100
Az uafuidla £7 £6 £5 £4 £3 £2 £1 £0 = 1100 0100
AA1TNINW F = A PLUS A ﬂzﬁqgﬂqiﬁiﬂLﬁunﬂitgauﬁmiﬂanﬁﬁawﬁo
Tt av
wanAMANFReL aWIEneRna AR S Tagaswis  Tumefion o udavdaus
0" § LR wnTalH ALUBBIT fhesianisemadnanfuasassndrsaddninly
fndnvLdu
\iia1¥an s2 s2 s1 s0 = 1101 War Cn = 0 AMFINNWAE F = AB PLUS A
Tasfnadudas laan1mih A was B un AND #u i luwoniy A
tgubn a7 a6 a5 a4 a3 a2 al a0
g b7 b6 b5 b4 b3 b2 bl bo

0110 1101

]

0101 0001
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ANTNNNUAD 0110 1101

AND 0101 0001

0100 0001
+0110 1101
1010 1110

¢ [uniiuifn £7 £6 £5 f4 £3 f2 f1 fO = 1010 1110

33d7ulindfiauasiimnlun7aanuun ALUSBIT

9 V¥
Tunysaanuuy ALUSBIT # ilfai feuasihmwassday 1l
£ A "N\ ¥
~qwﬂaqa5n1¥1unw5aaﬂuuumﬁu3ﬂ1uaaﬂn1masuﬂiu(1og1c diagram) i av
ﬁeuanﬁiﬂ gas¥amasnnannendiansue Bivindu - Sl aa Tunmiae delay)
' I o ) [ 3 4 1
A9 ?qanﬁﬂaqLdaﬂﬁﬁa§a1utaﬁﬂi(non—valld)naqnaﬁﬂgm AL 2anaauiig
unfaLTE 129w lutBams)

‘ i . 3 - '
a2 midasdon [y (maxinum frequency) iAnlaeann 5.5 tunnz1Efa
—ilavant thduntssntamue 8 Ja Jefhduiiswoundaulitenn  aadse

Y Yy v o [~4 o o c Iy PN

NI 33 17 NNHEIRANANTARRWIUTN L TINDIRENN AR L WAN (multiplex) TOW

< 4
Wm3n L a1ime

M YR -, r's
- lnaamwiain luavseanuuu i ¥aaunintnaddaalun1vaanuuy Tas
é I's 5 '

W cireap 11 e funoddaaTunasasnuuy  DetimnTunaa v waautinenn
- ¥ - 4 <~ dll.d & o v a )
AnNNAIINL MRS I n1Taanuuiil i Naeia3anagn  aen Ui Aeauanta lunng
aanuin

ALUSBIT | ihdundaotudmnsa lun1anieu vanaviiag fetiluns 3

o e 4 vy e
ﬁﬁutiﬂaﬁuﬂiﬂuﬁuﬂﬂisqnm Tﬁunutnnaﬁtiﬂ(Gate Array), n19uIn(Addition)

. & . o ¥ XY, o
, A19au(Subtraction) WaTATLRAU(Shift) 18 nquﬂuagﬂuﬂdﬂumaqnﬂiﬁa@§1§
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. YALUBBIT TREK v1.0 0508 Friday 17 February 1989

i _.r\irﬁmw = =TTl — L
- S % 10
A L o T ?HHIIWJ F ol N L1 T T . »o
- : aQ
= (Y 4 Y L _ T =L <% I / t
- L _ = i > _r . L. b1
- I L ...llll_\ __ = » S _ - x | s
- \ 4 4 V! . Vi \ /1 t2
'f 1 1 I ANy Q| % Sa _LJ [ | 1 b2
-1 L 2 a2
o L S | U L 1 Ji 1 i / 1 . t3
s SO R ISR s SN s IO AN X S =, i . _Lrlz

i
]
]

Time (x A.Omwm seconds)
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" _ALUBBIT TREK v1.0 .05 14 Friday 17 February 1989

] A : JLJ — <. —
4 LI 1__71 7 ul.._,jl_lf . | a
1[44|.‘I|.r g
] — - L. L Lur. e 21 "
e L 7 U | 1
-1 / l [ . [T 12
41 J 1 [ | I I L] 1 | _ _ L1 ] I ]
- . . . .22
-~ ] / | { . p 3 ] ] 13
LT I Y /| o Fd AIwLII_I ] : ] | by
R . [ ]
/1 [ l [ v T
L N R . T ———u
: =1 ) "
i ] =3 . ] ; . I )
I ] = afis e I I . _.|IUH nn
L 1l * \ g b= \ i~ i 1 18
] I T X &t I I : e a"
~ 5 I 1 : N
[~ | I L U.un || ﬂlnrnL I h
n J _ IT ] 551132 LT a0y 44 Tl w0
- . ; 1
- : . 3 ) .2
~ : : \ g : 3
_ _ ﬂ - — _ 2
Lt 1 P ] | IS TP O — I 1 1 b1 1 -
--------- T T T T T T L— T T T T T LA | T T T T T I
1. 2 3
Time (x 1.0e-6 seconds)
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dgj I dl Y o U 14 dl = 1 gj 1 Y o ¥ v 1%
nansiiluenansianulidwiunisldnuienisfinyirintu leygelihllduselesimunism

Lidnsdilansdu Snviwvnuiilvisaudadiiont wazdednededadivaaenaisynasaninisiluly
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NYTaaNUULE Lanuandy (State machines) Taa1¥ fidel

s Aaafun1saanuuneaslaall finite state machines th H3nA7
aaﬂunnﬁdauiﬂqéaaﬂnuasﬁﬁLﬂa"Tuﬂﬂsﬁwuqmuqanﬂuzﬁaiﬂuazaunﬂ1naqLaﬁﬁﬁn
Fatt lunrsaanuinining Ba Lt s1awnaa Weafa fdaslunsaanuun 1§

1 Fidel

fidel 1fhludendicludafvuadfidaalunsaanuinneassediy VLST CIRCAD
11 Taas  fidel Az L vilaun RNt L aasn i e lun 1 TR L AT e
(synthesis) finite state machines (FSM) ﬁﬁguﬁﬂutﬁéﬁﬁUﬂjiaaﬂ
WN9ITRIRaAAIE] @0l Fidel BaalERnlitewihedneiu

2 Anvacnasnm i fidel

Tulud fidel ﬁngnuﬂeaansﬁuﬁaeﬁau fa
1 declaration block : Lﬁudauﬁuanﬁﬂvmsnaeﬁuwn,Laﬂﬁwﬂ HATED UZR1Y
2 transition block : ﬂztﬁuﬁﬁuﬁnaﬂﬁaﬂaLﬁﬂ?ﬁﬂﬁﬂﬁﬂzﬂ?ﬁﬂ%ﬁﬂ(state
transition)

3 n3ndtuwin biitIauls (Unconditional Transition)

\fufnuenas  state machines ﬁdﬂﬂﬁgm naba  liliEwemidalaniun la lige
Lﬁsqﬁnanwuynaq state ﬁeﬁaaéﬂqTﬂsunsuﬁasuﬂmﬁqﬁqda1ﬂﬁ ForfuTumnasne
Al 4 wnnwu (4 ring counter) il
module counter 4
{
state
sg ,s1 ,s2 ,83 3
s@ : -> s1 3
sl : -> 82 3
s2 : -> 83 3
83 ¢ -> s0 3
}
W LR fnfnud " -> " v nﬂisﬂgﬂuuﬂaQQWﬂanqusLéuﬁu (present,
state) (Ui fhmanefialil (mext state)
4 nynaddwunsh $auln (conditional Transition)

. vl y - ) £y % 1as -
state machines a&7unniiu niﬁu%ﬁunaquuTuiﬁLﬁuﬁanﬁuﬁnuagnuaaﬂusa1uﬁu

. ¢ ' 8 tas g (X' 4ll < 3 2 9 -
AN LAHIL N ummwuuagnmqau\lmmawﬁnnmzum'w F9t91198n state
v

: ; . X x
machines Fnunetiinethuwmmsndiuunils $auly ﬁqaaﬂqTﬁsuﬂﬁunnzuameﬂﬁgﬁ
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vfhe 2vaTiidi-ae 4 Tn (4 bit up-down counter) FeTHHANNTRANIMTANIIAT
ﬁUQsQﬂﬂ?ﬂQNTﬂﬂ igpu "up" %otﬁuTﬁsuniuﬁLﬁu state machines unnﬁnﬁﬂuﬁ
Hunasihil au'la ‘ .
module updown-cntr 4 '
{
input,
up ;
state
s@, sl1, s2, s3;

s@ : if (up) -> s1 ; else -> s3;

we

s1 : if (up) -> s2 ; else -> s@;

s2 : if (up) -> s3 3 else -» sis

s

s3 ¢ if (up) -> s6 ; else -> s2;

-4

A3 "switch" zqﬁqunﬂ1a§nﬁﬂqmﬁuﬁanaqninuﬂﬁuuunﬁtgauTn R
aéﬁeTﬂsuniuﬁﬂsuHQQTﬁaﬁeda1ﬁﬁ
s@ :'switch (a, b, ¢)
{
case (1, @, 1) = => s1;
case (@, 1, 1) ¢ => s23
default: -> 803
}
d1udnde default unsBensamwiatioman b lina1teludnde  switch
(oo
Taefia Tl 5755 Heunsnidtunas state s 1§ n 35 Tasl¥ade if...
.elseif....else ﬁﬁﬁ
S :
if (B1) ....
else if (B2) ....
else if (B2) ....
else ....

v oo & o o o
Hnaandy  else naqémqsﬁﬂ%aWuﬁnWﬁuasﬁﬁﬂinwﬁﬂﬁmyaﬁunaqﬁugn

¥
H



' Lo ¢ fos 1 3
mwequuuTaLﬂait1Lmaimema1ﬂu
"%." yinnany "and"”
"1 wunane "or
" gsagne "mot”
0 e o - - <f 0 o o Y c
TaaUnRR G UN1ITNTENINAULAE A IERAIIUR AL ST la9L AL
'Y o o o < FYy) I3 o
Tunan3ﬂunqznisnwmﬁﬂmmyaaumna TmaﬁaﬂaﬂuquqoLanngnnssnﬁnau
g "I L < ar < . < 2
Note : ﬁaw%aﬁmmanamﬂuﬁﬁﬂmmyaﬁutﬁumquﬁiauwnﬁuwa 1 el

5memummmmm

Wﬁuﬁitaﬁﬂwﬂﬁﬂuﬂiﬂﬂ1ﬂuﬂﬂ11€1ﬂﬂqﬁtﬂiaﬁﬂuﬁﬂ "t Tmauaﬂunnm@u
compid "=" number ";"
nﬁq%ﬁanaﬁﬁﬁﬁﬂﬁwnumdﬁaﬂuﬂﬁaLﬁu1ﬁ%@ﬁ1uﬁisaﬂﬁqnunn 1 Im  wiauuy

array Faifusumansinimulti bit) @ Number FefandrefhelEfeansmidy
vidas v (Rastufuiag  7ax”) vidasmuta (Fasiubuliag '8 wiazudas
(HasTubuiiag %)

fradneidu  LansudadRa '%@0-1-8° (Huyinedl *-’ Aa don’t care)
5ﬁ1ﬁ1ﬁﬁﬁwumdﬂﬁquﬂiunnLaﬂﬁuﬂuwﬁauasﬁaiqﬁquﬂ7§u§dﬂLﬁu B agnauin

5.1 Laﬂﬂuﬂdtmin(state out.put.)

1unﬁsaanunn state machine T@ﬂﬂaiﬂiﬂuuUUﬁaﬁLaﬂnunuﬂtnﬂuﬁaenu
§01us state iiia state machine 1@1nﬂﬂiﬂﬂmu@ua1ﬂﬂna0LaqﬂqﬂquTNnan
ﬁutgauTnﬁahﬁuwn(input condition) a9

Laﬂﬁwﬂatmin(state output) ngﬂﬁwuumqu Fidel nawtSauluiug #n
a8l U

S2 ¢ C@=13 Cl=0;

if (request) -> S1; else -> S2;

Hradeil unnTiuean 1 qﬁtaﬂﬁqn CO wax 9 Wﬁaaﬂﬁyﬂ c1 iia

state machine ﬁﬂé state S2

4 : ey
5.2 tafunnuiiidau laccondition output)

74 ) [ )
tngasaii Aaauiitaunasduniasdausiia B @ wrTaiasasa iy
] -1 o ¢ y ey e
%auuﬂvaqaﬂnuaﬁiﬁTmﬂnwmumLaﬂnwﬂuunﬁtﬁauin(condltlon output) Wi vz
sl LannuﬂuuuutqauiﬁLﬂa1ua~ﬂ1uﬂauaaﬂﬁﬁﬂﬁuﬁaqdaﬂuuLsumu wazLIau

1nnaﬁauun(1nput conditions) mquamqqumdaaﬁqu
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S2 : CB = 1; C1 =, 88

if {("reset)

else

-> 523

4 4 -] o
LaﬁﬂqnuuuﬁL3Qu1ﬁﬁgnﬂﬁwua7ﬂa C2 = 1uax C3 =0

6 81198 (Arrays)

pe-t : AN NI A . '
aﬂLiaﬁﬂﬁTuniﬁﬁEugnﬁ%ataﬂnqnﬁwaiuﬂutﬁu state machine Qﬂqﬂiiu

- o"u . 5 ® ”-
fugunadiivasnaizuan (external device) TﬂﬂzﬁunUﬂ1ﬁﬁﬂzﬂ§18ﬂﬂﬁqﬂ1uﬂﬁﬁﬂ

C #a ‘

input vec[81;

- v N ' o o N ) a o
QﬁﬂWQQﬂqﬂuﬂuqﬂﬂqu?ql771a1§ﬂ1§0 vec 1uﬂﬂinaﬂqﬂn1ﬂnnﬁaugﬂunn

' - 5 + < J ' o [v)
gatvgmuna 8 ﬂﬂ(ﬁﬂ veclPl...,vecl7]) %ﬁumazuﬂﬁﬁuﬁiaﬁﬂzL%ﬂﬂﬂuﬂﬂﬂu1@

Tasddszidu

vecl®1 = 13 vec[2] = @3

bl o + l‘«e"«..;
ﬂiﬂ?sﬂﬁﬂuﬂﬂﬂLﬁuﬂquﬁaﬁﬂﬂﬂMQﬂﬂulﬂu

vec[1:4] =33

7 . A1TaENLINNITRaNT LUTuaaIn (combinat ion logic)

eaTRaut uiuaadnia it state machine wiuea g @

' Y M ° 4 4
ﬂﬂqﬁaﬂﬂﬂ state machine ﬂggﬂﬂﬁﬂuﬂﬁﬁﬂﬁﬂquz 1 da e uaz&33u1ntaﬂﬂyn

a Y ¢
Lintugaiinad1ene s fhness full adder

module combadder
{ .
/% FULL ADDER %/
input
a, b, cin;
output
sum, cout;
switch(cin, a, b

{



case(d,
case(d,
case(d,
case(g,
case(1l,
case(1,

default:

D
2)
2)
1
1
@)

cout,

"cout,

cout,
cout
cout,
cout,

cout

i

i}

sum
sum
sum
sum
sum
sum

sSum



56

n79 I8 INGRED
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Ingred 1ihe cap W lunnedonuinizexs VLIST  logssfifyyinedons

DEVICE, WIRE,TOOL @74 9 nrednrniln Ut s 19 00nuuL AYTERNNLL e

fielilksudsonsnne wlasn g e 2 winda

1. \MoS
2. CMOS
Tng DEVICE WIF I NMoS uas cMos =e Lilvvilanfiuasiliinanduansdin ng

€ 0

N800y (Design rules) feretin Tunami3asy
NMOS Wzi38n INGRED filename to edit

Lﬁaiﬂ%’mﬁwﬂmsﬁu window 9829 ‘ingred. 3 13 .
CM0S Ardinspanteina ulain lan thawn oos HeihieliaeJon
INGRED-P CMOS filename to edit

TOOL s N0s ez CH0S .ﬂ'rzﬁ'\\minsmﬁa\uﬁuinazi'm wsiasil Device Teing

A T ity

o 6
£6u [N 90 Nkt

Tanunfseutsaonihi 2 sefivbioaiie

1. 9sdu Module =wifhiassyouae ligRetinaminian leafcell  unda
fis command I ingred fasumnateiiuiséiy leafesll
. 2. aufiu leafcell avifhneasdan Ha¥icteSmnanly @wasoeeian
anaafu trsasoune lwiil command W ingred &1 :3n7s6Y module
n3t3an ingred 1 Newfile m“’s’ma:s%:mag"lu module  t91d"
m‘xmﬁﬁau‘h‘ﬂﬂé‘he leaf cell Tas’l¥ mouse idenld Lisasnuineasty

ey lefcell 18
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CD54/74HC377
CD54/74HCT377

o —% »—i o .
S 0 — P Q1 - - .
02 - S o2 Octal D-Type Flip-Flop with Data Enable
03 79; L2 a3 i
04 — 112 44 Type Features:
§8.05 2 15 o8 s Buffered common clock
% oe - 16 ¢ s Buffered inputs ‘
.; 07 REN s Typical propagation delay = 17ns @ C. = 15pF, Vec = & '.".'Ta =25°C
% ® 60 MHz typical maximum clock frequency
‘zo: cp “I Veer 20 @Vee=5V, CL=15pF, IA=25°C
3 ¢ ——— L] GND =10
A 5 92CS5-384€ 7 1Rt
;5 FUNCTIONAL DIAGRAM
g‘The RCA-CD54/74HC377 and CD54/74HCT377 are octal Family Features:
i,_D—type.Thp-flops'wnh a puﬂered clock (CP) common to alt ® Fanout (over tempera:ure range):
) Felght fhp-flo‘p's. All the flip-tlops are loaded simultaneously Standard outputs - 12 LSTTL loads
%on the positive edge of the clock (CP) when the Data ? Bus driver outputs - 15 LSTTL loads

; nable (E) is LOW. |~ ® Wide operating temz2rature range:
e CD54HC377 and CD54HCT377 are supplied in 20-lead CD74HC/HCT: -4G 1o +85°C

eramic dual-in-line packages (F suffix). The CD74HC377 s Balanced propagaticn celay and

F3and CD74HCT377 are supplied in 20-lead dual-in-line transition times
lastic packages (E sufhx) and in 20-lead dual-intline w Significant power recuction compared to
urface mount plastic packages (M suffix). Both types are LSTTL logic ICs

Aiso available in chip form (H suffix). ® Alternate source is P+ dips/Signetics

8 CO54HCICD74HC types:
2to 6 V operation
High notse tmmumnity: Nu= 20%. Nwu=30% of Vec
@ Vcc:s v &
@ CD54HCT/CD74HCT types: ™ -
4.510 55 V operatizr~
Direct LSTTL tnput iog:c compatibility
Vie=0.8 V max., V=2 V min.

TRUTH TABLE CMOS input compar ity
K<1pA @ Vou Vo
INPUTS OUTPUTS
OPERATING MODE -
CcP E Dn Qn s~
£ — F— vee
Load “t” s A h H o0 2 119 o7
- ] )‘( r& 0o = He o7
- h no change
Hold (do nothing) ’ h X Ch g o1 G
v . no change o 3 1°6 o
%" = HIGH voltage leve! steady state. » 0z 2 ce
= HIGH voltage level one setup time prior to the LOW- 02 AL
% to-HIGH clock transition. | . 8 11
= LOW voltage level steady state 03 o
= LOW voltage level one setup time prior to the LOW- a3 2. s
. 10-HIGH clock transition. ; ono 29 'F o
B 2= Don't care. - -
X7 LOW-to-HIGH clock transition. . s mes

TERAMINAL ASSIGNMENT -

ark(s)®Registered Intormation fumished by ACA Is Deieved 10 be sccurate and
reliable However, noresponsibiiity is asaumed by ACA for its use,
nor for any intrngemaents of patents or other Nghts of third partes
in USA/5-86 whiCh may result from Its use No license 13 granted by implicstion
des issue dated 1-85 Or Otherwiss under any patent or patent nghts of RCA. .

File Number 1675
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v

o
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Flip-Flop Detall

Y Fig. | — Logic diagram

-2-

Flle No. 1675 - CDS4/74HCay
¢ CDS4/74HCT377
02 o7
7 i8 G2z
: ' C
. !
|
i
IL_CL 1= 14 _—;‘_?I
o FFO FF2 e 11
a 9 - |
A 4{ |
I 2 % 9 12 15 16 Yg é -
Cp 00 o a3 Qs o 06 c7
cL ct
| |
P [
D
82CL-38576R1
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Vec

-JRECOMMENDED OPERATING CONDITIONS:

For maximum reliability, nominal operating conditions should be selected so that operation is always within
#e following ranges:
P

: # : 8 8 CHARACTERISTIC R LS ey UNITS
?pply-Vouage Range (For Ta = Full Package-Temperature Range) Vec:”
#  CD54/74HC Types 2 6
£ CD54/74HCT Types . Y 45, . 55
OC Input or Output Voltage V.. Vo g 0 Vec
Operating Temperature Ta:
*  CD74 Types -40 +85 i
% CDS54 Types -55 #125
Input Rise and Fall Times t,, t,
i, wat2vVv 0 1000
< atasv 0 500 ns
T BV Ny 0 400
Unless otherwise specified, all voltages are referenced to Ground.

g - : File No. 1675
MAXIMUM RATINGS, Absolute-Maximum Values:
C SUPPLY-VOLTAGE, (Vcc):
R S TRTBHCRA O GIOUNT) 1 - 5 . sis Sm Tt maie s, ols w79 S oo s & ¢ 's SUAS > S50l SBT3 ARTAIS w58 e w LA s 5 0T a s 0 o505 b b bl 75 0510 +7V
JNPUT DIODE CURRENT. Iix (FOR V, < 05 VORV, > Vee $0.5V) «ouue e iiinneiaioiieeeeniiiaeianansss iiomne s s o i +20mA
EOUTEIT DIODE GURRENT. los (FOR Vo < 0B V.OR Vo > Vee +05V) <. it ninesonnson conssbe st e it o +20mA
0€ DRAIN CURRENT, PER OUTPUT (lo) (FOR 0.5V < Vo< Vee # 0.5V) Lo oniiininini ittt A% ZOEA
BRI L INOIBURHENT (lcc) ... o comh et Pt Tt bo e e i P SR p S35 e O et et s i st ... *50mA
POWER DISSIPATION PER PACKAGE (Po) 3
B B S BT (PAOKAGE TYPEE) oo ot s oo o o DR U D Tt 2 b o AT + e 0 o v 500 mw
B D FES P ACKAGE TYPE E) i o o o S e e o) Derate Lineariy at 8 mW°C to 300 mwW
For Ta= -5510 +100°C (PACKAGE TYPE F. H) i.ivvuiinnniiniaeaaaaennns. SRR Tt el e.....)500 mW
ForTa= +10010 +125°C (PACKAGE TYPE F, H) .. itotiineiiniiiane i eaeaieaaaain Derate Linearly at 8 mW = C to 300 mW
DL TaP 4010 +70°C (PACKAGE TYPE M) ..o oo s s 2o o a's s oia datas siaiia b aisain oo niaisansinny ean s DI
ForIan 47010 +125°C (PACKAGE TYPE M) .. a0 eesrmsmmms: © ¢ ol c o+ 0o Derate Linearly at 6 mW/°C to 70 mW
QPERATING-TEMPERATURE RANGE (Ta)
R T TR R R NI A SRt SIS N WA W O O TR A SR, Wy e S e R SR <5510 +125°C
PREREE TYPEE M ... ........ a0 g .. i iSO NN ol ol g oot o o Ny W 2.0 R S e ) -40to -85°C
STORAGE TEMPERATURE (Tog) 4 % - v oo oo s g e SnNAGA RRALA A ot o™i o RN R T Ikt o 65t0 +150°C
_EAD TEMPERATURE (DURING SOLDERING) %
“Atdistance 1/16 = 1732 in. (#.59 = 0.79"mm)liromcasefor 0 smax,) .. = Sl e e drrsm R G . .+ +265°C
Unit nnsgneh into a PC Board (min. thickness 4/16in., 1.58 mni} .
with salder contacting leaditips only, ., ... L1 P AR S A/ Lod AN B At ™ Ll oo e R +300°C

RCA-1!
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CD54/74HCar
- CD54/74HCT3y

File No. 1675 =

STATIC ELECTRICAL CHARACTENST!CS

s
CD74HC377 CD54HCIT? CD74HCTI77 CZ34~CT377
| - J'
! 25 ¥ ' T ]
| TEST | 78HC/S4HC | 74HC 54MC TEST | TAHCT §amT™  74HCT 1 54HCT
; CONDITIONS TYPES ! TYPE | TYPE |CONDITIONS |  TYPES TYPE | TYPE
4 | 4
CHARACTERISTIC y-ter) t UNITS
|
| .40/ .55 . -40 -85
- [ | «sc i S, \25 C !
V. % PVt +85 C <125 v Vel -85 C ' +125 C
o 4 { = v
v mA |V }ﬁ - r v v o - .
{ ! 1 $
i |Min Typ Max { Min Max M W2 | Min Typ Maz:r M Max Min Max
= i e -
High-Le.e S =2 I teerog L2 i - s
finputivaaie SRRl Mema. S - y 2.
. + |
A —t— + x l
i | By a2 i- SR L B P iy, 5 !
LN L
Low-Le.= !? - - ODJ—:JE - S g 35+ i ! i i
' ! ! T
InpLt Vo taze VA |45 9 138} LT e - o | - i o= lpel— 108
oMY - e - - A T
’ b2 v°~r,»1.9]—-a- : (\ | |
: - PR R B L9\ ‘
Outpyt. wig #3€ VL geot or { £ 700" 4511.' 1 |4.: w I Sat 16 134 = 3 s
A i A ! Ll g
CM@l cacs: 'L X & M9/ W | 9 VN ! | B
F o o < L 4
s '
=AU B = L\
TTLLza%s e R EET U R iy VS TRIA'S AN 1Y st R A N, | st sall & yga - e |
fove | L Lsi2 a5 Bbiads A = | BT 1 U | !
R, - ' & T T 1 ? 1
; Low-Lze ey, 2 I R X N O L — 3L alx | ol
\ i {
i t {
Outpdt Vit rage , V or 002 PSS L LI gtaneed || | — FRI o .:5‘- - - io:,-—%o
i
Mk sae® T M 1] QLT =0 || PP TP e vy B | g
4 + T ; 3
¥ ;‘ | 1 ! 5 | % ’ IK {
Y T .4 ! | {
TTL 4N R O S A, @m0 26 |/Ela i - s c £ £ AR i 503:‘;- 0
: | 3 4 | ' {
v G0 100 3] Pimns (B (057 9 22| i e
} b 1 ! I
s P T ' I i
Input Leasige v I i | | { |
! ! ! P ‘ s :
Currer: : RO 8 o — S No¥ | | - 55 | - - i e =
1 ' ' i H
G 1 | ‘ | f : i |
I 2 !
i | [ | l
Quiesce~’ v P i i ! v ¥ !
e fee e ™ ey :
| Devics r 0 g | g B0 — 5T 59 = — {80! &
| i f { { { | !
Currer: ! Gno i ! | | Gno !
1 i i ! "
Agoitiota & a5 £k
Quiesce~t 3 i ] i
Device C.rrent V 2y o eeriaGE (359 5 — [350F — {49
per .np.t oir 1 i | i
1 unit 0a2 Bl | 55 | ! | { i

*For g.a -supply systems thecreiical worst case (Vi=24V. Vec=55V)spectcar o s? 8 mA

HCT Input Loading Table

__Input { Unit Loads® =
& ; 15 s

cP 05 ET3

All Dn Inputs ' 0.25 i

*Unit Load is Alcc limit specifiec «n Static Characteristic
Chart, e.g.. 360 A max. @ 25°C -
-

15




File No. 1675

C. TYPICAL
oF) SYMBOL He HOT UNITS
15 S 60 50 MHz
15 o 14 16 ns
. tony -
%
Power Dissipation Capacitance® -_ Ceo 31 35 pF ],
e J
x | Min |Max oo is Used to determine the dynamic power consumption, per flip flop
fo=Cro Vec* 1 + X (Cy Ve fo) where:
{= input frequency
&= output frequency
C v & = output load capacitance.
?&; = supply voitage.
3| — {08 v R 4
PREREQUISITE FOR SWITCHING FUNCTION
25°C -40°C to +85°C +55°C to +125°C |
e B H~ CHARACTERISTIC Vec HC HCT 74HC 74ﬂCT 54HC 54HCT |UNITS
% Min. |Max. | Min. [Max. | Min. [Max. |Min. [Max.{Min. [Max. Min. [Max.
Maximum Clock 2 6 — =\ 0 150 [, = AR, — 4 S
i Frequency fmax 45 MOl STHES R/ |\ JaisllleONS— 1720 § & | 16 | — | MHz
e e é_ 6 sl |- |l=t2w|=-t=|=1]128]|= -]
goek Pulse 2 B0 | &= | = 00=ge= 1 — @20 = | — | —
width te-t—ts  THe {Ivivaalh A a2 [IoF |03 § & ‘ 30| — | ns
£ 6 1 === T =~ = (20 | = | — | —
5§ % t-up Time 2 B0 R (79% A= — |80 § & ’ - | — 5
i : E Datato CP o |48 P2l =92 = s fr— 418y - {18 — [ 18| — | ns
6 bodl— b — D2l 13"l T =L 1500— | — | —
i!'bld Time ‘ 2 3 - 0| T = | = 3 | — ‘ — | -
{isg P Ros ;patatoCP tu | 45 Y\ RS /ISP |& 140 = 13— ns
= 6 3 - | — | = 3} —-—|—-—t—=—F3 | —=—1—1=—=
i Hold Time 2 55 — | — = bl &= | =1—41/5 | — | — | —
Erocp b 45\ e S S TP |- N FAAS | = | 5 —| rs
ool 23 6 5 NN —1s | A —4#£15 | =1 —]|—
ki SWITCHING CHARACTERISTICS (C, = 50 pF, Inputt, 1= 6 ns)
; 25°C -40°C to +85°C -55°C to +125°C
Y Vee HC HCT 74HC 74HCT 54HC 7‘ S4HCT |UNITS
Min. [Max. | Min. |Max. | Min. |Max. | Min. {Max. | Min. /Max. Min. Max.
toum 2 e RLCH e RS Bl Bl ol B i e 265 | — | —
tw. | 45 | — | 35| — | 38| — |44 | — |48 | — | 83| — | 57| ns
6 Sl S EEl ST b atal s (A ]
2 - |75 =-—]|—-—]|—=—]9%}|=—]|—-—]—{110}| =]
tren 45 — {15 —|15}|—|W9]|—]|19|—}|22}—]|2 ns
tri 6 - || -|—-—]—-—16|—-—]—=—|—=—119|—=]-
- C — 110 [— Ww|l—-|10|=|10]|—]10]—1|10 pF
i
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Dn -
INPUT LEVEL

T Vs
e

cp "1"sutLl
'37{__\_
— ke tpLH

Qn i

£ vs

CD54/74HCTgy,

»
i

e
wInput Level

{-Switching Voitage, Ve

INPUT LEYE
Dn
—{'suiL)
INPUT LEVEL
3 Vg vs
- L‘—'muv
—1 e
o sulL)
Akt
& ! |
0? ‘ - i vs
et 1
T PHL
92CS-38475RIN **
54/74HC .| 54/74HCT
Vee 3V
50%Vcc 13V

Fig..2 - Setup and hold times and propegation deley times

OPERATING AND HANDLING CONSIDERATIONS

1. Handling
Al inputs and outputs of RCA CMOS devices have a
network for electrostatic protection during handling.
Recommended handling practices for CMOS devices
are similar to those described in ICAN-6525 "Guide to
Better Handling and Operation of CMOS Integrated

- Circuits.”
2. Operating
Opersting Voltage

During operation near the maximum supply voitage
limit, care should be taken t0 avoid OF sSUppress power
supply turn-on and turn-ofi transients, power supply
ripple, or ground noisé; @ny.of these conditions must
not cause Vee — Gndto exceed the ebsolute maximum
rating 4

ORDERING INFORMATION

RCA CMOS device packages are.identified by letters
indicated in the foliowing chart. When ordering a CMOS
device, it is important that the appropriate suffix letter be
affixed to the type number of the device.
Package

Dusali-In-Line Plastic

Dual-In-Line Frit-Seal Ceramic
Dual-In-Line Surface Mount Plastic

Chip

Suffix Letter

IE7mm

-6-

‘Input Signals b
To preventdamage 10 the input protection circuit, ings
signals should never be greater than Vec nor less tha
Gnd. tnput currents must not exceed 20 mA even whe

the power supply is off.

Unused Inputs y €
A connection must be provided at every input termi
All unused input terminals must be connected to elth
Vee 'or Gnd, whichever is appropriate. g

Output Short Circulis o
Shorting of outputs to Vec or Gnd may damage CMO
devices by exceeding the maximum device dissipatio

The CD54HC/HCT series is supplied in dual-in-line frit-ses
ceramic packages (F suffix). The CD74HC/HCT series &
supplied in dual-in-line plastic packages (E suffix) and #
dual-in-line surface mount plastic packages (M suffix). Bo!
series are supplied in chip form (H suffix).
For example, a CD54HC377 will be identified as B
CD54HC377F. The CD74HC377 will be identified S’
CD74HC377E. w2
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ircuit, inpy!
or less tha”
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Solid
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CD54/74HC4518, CD54/74HCT4518

igh-Speed CMOS Logic

-
o
°

o

1cey =4

oyt R B

2 e | GND 8
CZMR— Vec:16

92CS 39562

FUNCTIONAL DIAGRAM

7 At g

CD54/74HC4520, CD54/74HCT4520

Dual Synchronous Counters
CD54/74HC/HCT4518 — BCD

r— CD54/74HC/HCT4520 — Binary
?zcvo-i ; b ;
. 10 cL e Type Features:

20Py— H— 202 y
; " _T”_‘_ZQ, ® Positive or Negative Edge Triggering

8 _Synchronous Internai Carry Propagation

The RCA CD54/74HC4518 and CD54/74HCT4518 are dual

i CD54/74HCT4520 are dual binary up-counters. Each device
. consists of two independent internally synchronous 4-stage
counters. The counter stages are D-type fiip-flops having
' interchangeable CLOCK and ENABLE lines for incre-
menting on either the positive-going or the negative-going
transition of CLOCK. The counters are cieared by high
levels on the MASTER RESET lines. The counter can be
" cascaded in the ripple mode by connecting Q3 to the
- ENABLE input of the subsequent counter while the CLOCK
input of the latter is held low.

The CD54HC/HCT4518 and CD54HC/HCT4520 are

_Supplied in 16-lead ceramic dual-in-line packages (F suffix).

¢ The CD74HC/HCT4518 and CD74HC/HCT4520 are
supplied in a 16-lead plastic dual-in-line packages (E

£ suffix), and in 16-lead surface mount plastic dual-in-tine
' packages (M suffix). The CD54/74HC/HCT4518/4520 are
also supplied in chip form (H suffix).

BCD up-counters. The/RCA CD54/74HC4520 and

Family Features:
® Fanout (Cver Temiperz wre Range)
Standard Outputs - : T _STTL Loads
Bus Driver, Outputs:~ 153 LSTTL Loads
® Wide Operating Temp=-a‘ure Range:
CD74HC'HCT: -40t> +85°C
® Bajanced Propagation Deiay and Transition Times
®. Sigmiicant Power Reductson Compared to LSTTL
LogicICs
® Alternate Sourceis Ph~ s Signetics
8 CD54HC/CD74HC Tyoes
2 to 6.V Dperation
High Noise Immunéw
Ni.=30%, Njw =30 0f Vee, @ Vee =5 V
B CO54HCT/CD74HCT Types
451055 V Operatico
Direct LSTTL Input Logic Compatibility
Vie = 08V Max. ¥..=2V Min.
CMOS Input Compatbility
'S T pA@ Vo Vo

ice —J' 16 b—vce

aE——l 2 15— 2 MR

tQO-—% 3 14— 203

19ty 13— 202

1Q2 s 12 p— 2Q1

s 193 L3 1 —2Q0
iMR ? 10— 2E

GND i 9p— 2Cr

$ZC5-38408

TERMINAL ASSIGNMENT

10 be accurate and

od by RCA for its use:

File Number 1665

rk(s)® Registered Information by RCA is
" ¥ reliable "o iy is
(') “"h (') nor for any infringemaents of patents or other righta of thurd parties
nted in USA/4-86 which may result from its use. No license is granted by imphication
issue ©r otherwiss under any patent or patent rights of RCA.
1+85.

RCA
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Flle No. 1665 : .CD54/74HCA4518, CD54/74HCT4
: 2 CD54/74HC4520, CD54/74HCT4
B3 e hs e

4(12) 5(13)

Do{>—0

K

et et Fg b CD54/74HC 'HCT4518 Logic Diagram

Q0 02
? 3(11») 412 5(13)

S2CM-38548R!

b’ Q 0 O}

BF = FF
p CP_ © cP_ 0
h 8 R R

=5 it

1 P

vec e
-

Fig. 2 — CD54/74HC HCT4520 Logic Diagram

S2CM-38547R1

TRUTH TABLE

ok cp E MR ACTION
R < L H L Increment Cou i
o 5 L e L Increment Coun's
N X L No Change
X T L Nc Change
— i L & No Chang#
Ly cL cL Q o s T No.Change »
> ICDL ch X X H QO thru Q3
cp! - : ;
X = Don't Care H = High State L=Low 3%
& 92Cs- 30348 » /= low-to-high transition
Fig. 3 - Detail of each D Flip-Fiop 5 : \_= high;to-low transition



HCT4518
HCT452

EN——

TION

nt Couri=’
nt Couriz’ |
:hange o
hange 5
hange .
hange 3
1Q3=0

= Low Stz

z
<
54/74HC4518, CD54/74HCT4518 . : File No. 1665
54/74HC4520, CD54/74HCT4520

XIMUM RATINGS, Absolute-Maximum Values:
SUPPLY-VOLTAGE, (Vcc):

. (Voltages referenced to0 ground) ... ... ....eeecilenirnninenanernnens e S AT S Y54 S ais VT e 4 o ik S A A 0S5to+7V
‘DC INPUT DIODE CURRENT, I (FORV,<-05VORV.> Ve +05V) ....ovveninnnn Ve A TR R S h iy e TR IN *=20mA
DCOUTPUTDIODECURRENT o (FOR Vo S OBV OR Vs > Voe H08V) oo oiianssinsosiialiv o iiiomaie sinvs simaianissninl +20mA

DRAIN CURRENT, PER OUTPUT (Io) (FOR 0.5V < Vo< Vee + 0.5V) . iiiiniintieiii e i iiie et eeiteanaeanennnnenn +25mA

DC Vec OR GROUND CURRENT, PER PIN (166) « 2 nvvserseneeieennaeanesrnasnneennen R e R =50mA
PPOWER DISSIPATION PER PACKAGE (Po)

B A A 0 R (PACKAGE TYPE ) it iinasinsis s ries oo o Dy inaais s v o pk s B AT A bit v b achon A a3 NS 500 mwW
t S S B0 IR RSP CHPACKAGE TYPEE) (0ot vcoes v noari S S Ay 5 5 S a8 Derate Linearly at 8 mW/°C to 300 mW

BRI =~5510 +100°C (PACKAGE TYPE F. H) ... i i s« o v6 o v o5 6 5« in e tow aiasin anle & oia 055 50 o orslaina s x v s aobNS 500 mw
© For Ta= +100t0 +125°C (PACKAGE TYPE F, H) Derate Linearly at 8 mW/°C to 300 mW
; EE T = =40 10 570° C (PACKAGE TYPESMI gl it W v oo e ses e s it Wi e os o st 400 mwW

PO VA = 7010 #125° C (PACKAGEFYREM) . ool ine v b do o) i veipannnieanns s o Pime s+ Derate Linearly at 6 mW/° C to 70 mW
"PERATING TEMPERATURE RANGE (Ta) .
¢ PACKAGE TYPEF, H ......... : -55t0 +125°C
i . PACKAGE TYPE EM .. J . ... -4010 +85°C
sTOnAGE TEMPERATURE (Tas) -65t0 +150°C
LEAD TEMPERATURE (DURING SOLDERING)
_ Atdistance 1/16 £ 1/32in. (1.59 +.0.7 mim) 1rom CASE 10T 10'S MR, L .uu T r e o v oo ok Totmma e e v e b b eee AR +265°C
% Unit inserted into a PC Board (min. thickness 1/16 in., 1 59 mm)
;ﬁm solder contacting lead tipS 0N .« .cwen o oo o[ e Y PU o S TUSRECTRNS, Q) VEERR o e +300°C
RECOMMENDED OPERATING CONDITIONS:

br maximum reliability, nominal operating conditions should be selected so that operahon is always within
following ranges: :
LIMITS
CHARACTERISTIC B MIN. MAX. UNITS
iSupply-Voltage Range (For Ta = Full Package-Temperature Range) Vec'*
CD54/74HC Types 2 6 v

: CD54/74HCT Types 45 5.5 Vv

DC Input or Output Voitage V., Vour 0 Vee v

rating Temperature Ta: : ?
CD74 Types -40 +85 °C

A CD54 Types =55 +125 °C
tInput Rise and Fall Times t., ¢,

at2v 0 1000 " ns
at45Vv 0 500 ns
# a6V 3 0 400 ns

ess otherwise specified, ali voitages are referenced to Ground.

.~
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-
File No. 1665 : CD54/74HC4518, CD54/74HCT451y .
CD54/74HC4520, CD54/T4HCT452,
STATIC ELECTRICAL CHARACTERISTICS
CD74HC4518/CD54HCAS18 CD74HCT4518/CD54HCT4518
CD74HCA520/CDS4HCAE520 CD74HCT4520:CD54HCT4520
TEST 74HC/S4HC 74HC S4HC TEST 74HCT/54HCT | 74HCT S4HCT
CONDITIONS SERIES SERIES | SERIES | CONDITIONS SERIES SERIES | SERIES
CHARACTERISTIC UNITS
-a0/ -85/ -a0/ 55/ :
25°C +25°C
v, 1o Vee § +85°C | +125°C v, Vee +85°C | +125°C |
v mA v v v T ' :
: t
Min | Typ |Max | Min |Max  Min /Max Min | Typ [Max | Min [Max | Min IMax
High-Level SsNS ] — L — 1 15 " ]S § — 45 i
Input Voltage Vi 45 |315| — | — [3115| — |35y — — 10 2 -~ 2 - 2 - v
6 [42)' = | = 42|~ }42 | — 55
Low-Level 2t —=p=~l08})~<-105]| 1105 45 i
input Voltage V. X 51 & 3= [135]=1351% {135 — %Y | — o8|~ jo8|—{os8 f
E IS d = 1 1a A Vi s 55 l:
Hhgh-Level Ve 2 CAPL L B LN e = v, |
Output Voltage Ve or 002 45 |44} -~ |~ [4a = 144 | — or 45 44| - - |aa | — laa | — |
CMOS Loads Ve © 159 /— |44 |59 =489 = W |
Vi V.
TTL Loaads or -4 45396 — | — {384 — 137 | — o 45 {388 — — (384) — 137 ]| — v
Vi - 52 6 {548} — | — I534| — |52} — Ve
Low-Leve! Va 2 | =4 ~—tori—~101|— 101 Vi
Output Voitage - Vo, or 002 as54 = | = jor{ =011 - |01 or 45 | = | = o1 {— |01 | — |O v
CMOS Loads Vs === o1 | Bkoad — | o Low et
Vi Vi i
TTL Loads or 4 a5 212 lozs| Aol [6aF o |65 4 = lo2s| — |o33]— |oa| -
i
Vi 52 o 62/ = lo26] —fom} ~fodT v. 3 2
Input Leakage Vee Any !
Vo'tage l
Current 1 or 6 | — | = |01] = |2 b poA\i}Betwedn $85 | — | — |01 — |21 | — |21 oA
V-
Gnd & Gnd I
{.
Quiescent Vee Vee |
Device or 0 6 |—|—|8|=18|— [160 or s5s| —|—|8 |- 80 |="]wO1 -*
Currént lee Gnd Gnad i 2
Agaditional 45 g
Ousescent by
Device Current Vece-21 to | — [100{360| — (450 | — 420! ~
per input pin
1 umt ioad Alec* 55
*For dual-supply systems theoratical worst case (Vi = 2.4 V, Vec = 5.5 V) specification is 1.8 mA.
HCT Input Loading Table
Input Unit Loads"*
: MR 12
CP - 088
ENABLE 0.5

*Unit Load is Alcc limit specified in Static Characteristic
Chart, e.g., 360 4A max, @ 25°C.

il
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D54/74HC4518, CD54/74HCT4518 2 File No. 1665
54/74HCA4520, CD54/74HCT4520 ¢
FITCHING CHARACTERISTICS (Vcc =5V, Ta = 25°C, Input t, 1, = 6 ns)
. . c TYPICAL
CHARACTERISTIC L SYMBOL
(pF) HC HCT e
imum Ciock Frequency 15 Fraax 50 50 MHz
opagation Delay toiw ’
CPtoQn 15 e g 28 ns ,l
: toL :
Enable to Qn 15 t:: 21 30 ns =
». MR to Qn 15 ::w Lo £
i Power Dissipation Capacitance® = Cep 3 1 33 | pF
eo iS used to determine the dynamic power consumption, percounter fa = Oulput frequency ;
?’Z Ceo Vec? f, + X C Vec? f, where C. ="outputioad capacitance
= input frequency. Vee = supply voltage
MEREQUISITE FOR SWITCHING FUNCTION
P : 25°C 40°C 1o +85°C | -58:Cio +125°C |
CHARACTERISTIC | SYMBOL | V.. HC HCT 74HC | 74HCT 54HC 54HCT |UNITS
Min. {Max. | Min. |Max. | Min. |Max. | Min. Max.|Min. Max. |Min. [Max.
Haxim m Clock . Y (7 SN Tkl 1= 1N\ — :
‘o e:c ; g | 451123 ff 472571+ W20 NN POK B Mt | &Y = | MMz
it e SR SN L0 T [RA sl ool P A R
b . 2 1008 G ol /125 B (1 SO S ¢ B b
i Clock Pulse Width cP 65 204 3 20y STH26 Rea/|NS oecilan Y [ag | & ns
3 6 1L TS 4 S \F LA R oy e~ lo” R &
: 25T TOON - /| SIS AL Folooro b T 1 [V (B8
R Pulse Width MR 450G | Y [t esily ANl 255 tesmi80” (7L | 3o |2 ns
6 375 ATRENINA | b il eede— ' | == |48
Tink 24 RO = [| @bt higsHen) 7 SRR — [l B 4
3 z:e =3 - 45" 120 e 1200}/ 1 25" [ 2547~ Faa bt |30 | 2 | ns
6 W — IS do21 =gl — ImiSe | — A 8
oval Time . 2| Tl R LB Brt o7 2000 - S
5 - to CP tagm 45. 0 - (¢} = 0 = § A ~— 0 L v 0 e ns
B 6 0 |\ Al /NS~ | 0 | [£F] —
o Tiind € [ 120 i\ G o | 125 L TSN — A £ [ =
g | o 4571020 | — 20 ne PO54fm 126 | — l8a ] £ ¥30 | — | ns
2 e 8 Mol — | = |SINA T | ol Vsl |
e 2 0% el — | —lol—1"\9 4 | | —
t- U 1
- ";L::;e tew | 45 KN ) ar il 0 RAME | At — | 0] = | s
i © 6 [ e O e B B0 T oS
CHING CHARACTERISTICS (C, - 50 pF, Input t..t, - § ns) ’
3 25°C -40°C to +85°C -55°C to +125°C
| CHARACTERISTIC | SYMBOL | V.. HC HCT 74HC 74HCT 54HC 54HCT |UNITS
'5"' Min. [Max.[Min. [Max.| Min. [Max. | Min. Max. Min. Max. |Min. ‘Max.
; tocn 2 = J@el = — = hes = e e s
i Propagat lay, :
cgatfgnoe i bk 45 | — |85 —leo|—fea|—|7s|~]8|2)o0| ns
6 et 7 £ ettt Wl Bt 11 B Pl P O B O ot S
i . 2 =4S~ | — | — 85| = = s |
@ Enable to Qn t"" 45 | =881 — 1% | — et~ toe |~ |83 }— 112l ne
. i 6 vl S B Doty Mol e NG (O s it vt i 0 ey
ik : 2 bt 1 <111 Eatl R (R 0T R T BRSNS Oy [P ST s
% MR to On i 45 =180 1 — 1 40| =150 |-—-150 | — | ‘604 -1 60 ns
£ g 6 b 1, £ il e B (ol . < Y D 8 oy B (705 EERND (0
ot 4 2 T i et e, O MEEE TN RS MRS BELS TV Sy S5
Resition Fime ""‘ 85 J= sl =it lwlaotnl o o5l
4 bz 6 ot 102,185 (bl a0 10 RO [hceoritd ooy e | Sl (SRR
Pt Capacitance C =iV = J 0= JW0 = |10 = |05 | 0] oF
] -5-
W5 ]
%‘ A e,

RCA-227
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CD54/74HC4518, CDS4/74HCT4514

File No. 1665

CD54/74HC4520, CDS4/74HC7452(
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Fig. 4 — Timing Diagrams for CD54/74HC/HC 4518714520,
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