£

714 apdneutladived 8 uvwuuua
PC LOGIC ANALYZER 8 CHANNEL

log

U M DAl
we lano -usdide

U%mmwﬁwué&ﬂﬂuaﬁuwﬁwmmsﬁnmmwéfnngsﬂ'%mqummﬂnswmaﬁ%ﬁmﬁm
smrdnnaluladddnnsatind
anLImNIINMEns
douu mﬂ‘[ﬂaﬁwmaumzi'u%wﬁmnmsawnszﬁq

034748

o~

-

Py

et ki



o w -, - 'd
MaUs yaninug
Favindnw

S (2
ammsanuInmn

aMa3mn
darsdnm

Wd aadnaunlatied 8 usuuua

PC LOGIC ANALYZER 8 CHANNEL
e NNd  aede '

we l@na  udide

@3, Iwda  wARWand

8. 98a  wgenalsndiy
mAlARATINATIN

2537

auMmssiamand amnuumalulagwszannduhanmms

manssls ayld liiudiggniwusatuiifludhuniisrasmsdnmnmundngas

AAEMNIINAEAITUNMTAG
)

atznsIumMIaaul3gonivus

--------------------- Y Y

....... Usemunssums

AFTNMI

...........................................

- I
Tieeeeteanean resensaisarasasans cesnseeneenns FITINATT

)

AITHMI

)

P srevsrraicaertisaanisaconsonas creveennss ATINMT

(

)

a £ - o -t v v s ar
fodnsravanrimninmasd aoiumaluladnssaninaidnaunmsananssi



W4 aadnaurladizat 8 uruuua

1CY g MNE  2aile SWd 36012008
we ldn udide s9d 36012041
Cai gem - v ¢
a1vTanuT nw @3 lwma  wnanwend
8. 18 twaNeUIndsy
T a1sdnm 2537
UnARta

Tumstnumshuddnnsaied Semsuiiugaeammingaiu
Fyopamedynuandanuasdygusisea %ﬂé’tufmmquamf{mmmh’fm%‘au'.\'a'i' A
msenAdala uaz'lunsa'ié"rumwmﬁ‘%ﬂaauzuLﬂf‘?mﬁamt?'i'minmﬂﬁﬁmuawﬁﬂmfuﬁﬁ
apdnpwnladioed Fitanmansonawlumsiadyanudinaalsvmedacdyanely
naudeny :

apdnamnladiwadiimansauamsuuuuzasdygnalavansuuuiiy
Tiring Diagram , Binary and Hexadecimal (Uusiu Toefdyanadialafuimanuiiies
mﬁmﬁmmnﬁé’mmm Time Base i'iq&ﬁ'né'tgimmmauan Taighrn 2 i

Mviueissaninanladwedi levinmseanuuul] mensarianuldly
AN Time Base gNE® 20 MHz uasianusaimstiusannmyialild iaeu

snnlumsameapudounss Snisannsadumdayafidaimslisme

i

o



-

PC LOGIC ANALYZER 8 CHANNEL

BY MR. DAMRONG AUKKAND NO.36.12008
MR. SOPHON SAE-TIA NO.36012041
ADVISER DR. PAISAL NAKPIPAT

MR. CHAWALIT BENJANGKAPRASERT

YEAR 1994

ABSTRACT

In the electronics working,.both analog signal and digital signat
are necessary. The signals can be measured by various instuments. One of them is
Logic Analyzer which it can measure and display on multi channel.

Logic Analyzer can also analyse of signal or data, i.e. Timing
diagram,Binary and Hexadecirna_l. The accuracy is so high due to the timne base is
twice of the analyse signal.

For this Logic Analyzer have been designed. The time base of as
high 20 Mhz can be used. The result can be stroed in order to make the next

calling and it can be used in searching mode too.
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‘BOA, 'L90, ‘LS90 (TOP VIEW)
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positive logic: see function tables
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U 3.8 Tassames lod wed 741590
nnlasafumeluzas lad wad 740590 Mureasns 2 wazns 5 Anduwn A
Thaninn QA Wwiwsws 2 Swwn B IHawinn QB,QC and QD Whnwens 5 dia
gpamilinaeihneaiu 10 wdadyananninighin Suwn A uas QA wfidunn B
Tog RO1 and RO2 uae R91 and R92 diardaadn 0 Nivua
daulslumsihnumee 0 set @9 RO1 and ROZ WAz 9 set @8 R91 and R92 1Hu

_ghlwen RO1 W32 RO2 waz R91 wia R92 faninillu 0 avilveesiuldenu
Usné
kg L 4 -4 - 3 1 - J - ‘v‘
-&1l%¥ RO1 and RO2 Weadniflu 1 neduar R91 wia R92 wilammianian 2
=t a o 7 o -t a o
niiaadndlu 0 wriwraneniuasiasiniiy 0
_éla1 R91 and R92 flaadniilu 1 Magdrum RO and RO2 ld3uaainaslsh
v . L4 ot 3 - < v -
Teeilieninndandiu 9 (1001) FeRmsanldnnmaeanuaiy

RESET INPUT OUTPUT
RO1  RO2 ROl  R92 Qb QC QB QA
1 1 .0 X 0 0 0 0
1 1 X 0 0 0 0 0
X X 1 1 1 0 0 1
X 0 X 0 COUNTER
0 X 0 X COUNTER
0 X X 0 ' COUNTER
X 0 0 X COUNTER
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L L H X X X L H

L H X L X X L L

L H X H X X L H

H L X X L X L L.

H L X X H X L H

H H X X X L L L -
H H X X X H L H
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ar 3 -~

1ATLANsan3nla 2 UUUAB external trigger and manual trigger
A 4 . @ - v «q ¥ -
-external trigger mauargfmmwamaum'aumnmﬂuanm'm'mm'lmmﬁwn'laﬁ

wad 741874 /Q famunily o dygnamlairnhlubhnesdudayaduimsgudaya

vl Tumibigeanua
-manual  trigger Waimnnesindenihliidyguwedsauaduluninlefiued
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-t o
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. .
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Q ] INPUTS OUTPUTS
’ CLEAR|A 8| a . @ '
L x x| L N__{,
. [ [] Amt] x. [H x].L n
20 2 2Rey/ GND X, x tpt M
CLR Coxt Cemt # o tln U
_ Mol MUY
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#include <dos.h>
#include <stdio.h>
#include <conio.h>
#include <string.h>
#include <c:\box.h>
#include <c:\w_pulse.h>
#include <c:\cur_on.h>.
#include <c:\cur_off.h>
#include <c:\view.h>

#include <c:\start.h>

void main() d

{

int =0, j=0,k=0,1=0,m=0,position,dataf256],ch=1,shift=0,flag_key=1,f1a
int x=2;

int y=1;

int fr=0,fri=0;

int cO=1,cl=1,c2=1,c3=1,c4=1,c5=1,cb=1,c7=1;

int test;

int flag_case9=0,f_i,error_buf[1024];

int mode=0; /* view mode , O=timing l=banary */
FILE *fp;

char bufl{1024],buf2[1024],name(25];

textbackground(0) ; :

clrserQ);

cur_off();

textcolor(15);
textbackground(9);
box(2.2,79,25.1);



textbackground(0);
box(10,4,73,24,0);

textcolor(4);
textbackground(1Q);
gotoxy(14,25);
cprintf("F2");
éotoxy(29.25):
cprintf("F3");
gotoxy(44,25);
cprintf(“F9");
gotoxy(59,25);
cprintf ("ALT-X");

textcolor(0);
textbackground(10);
gotoxy(17,25);
cprintf("Save"):
gotoxy(32,25):
cprintf("Open”);
gotoxy(47,25);
cprintf("Run");
gotoxy(65,25);
cprintf("Quit");

textcolor(0);

. textbackground(10);
gotoxy(x,y):

cprintf(” FILE ™);



i+=1;
break:;
default: break:
}

if(i==0) {
if(ch==13)

flag_menu=1;

textcolor(0);
textbackground(10);
gotoxy(x,y):

cprintf(" FULF P

textcolor(0);
textbackground(7) ;
cprintf(" VIEW &
cprintf(" RUN ")
cprintf(" OPTION *);
Yelse
1f(i==1)1{
if(ch==13)

flag_menu=2;

textcolor(0);

- textbackground(7);

gotoxy(x,y):
cprintf(" FILE ")

textcolor(0);



textcolor(0);
textbackground(7) ;
cprintf (" VIEW ")
cprintf(" RUN "):
cprintf(* OPTION |

wh119(ch!=45::flag_key!=0)
{
if(ch!=13){
ch=getch():
if(ch==0) {
ch=getch();
flag_key=0;
}else
flag_key=1;
}
if(ch==67)
flag_menu=3;
' switch(flag_menu) {
case 0:switch(ch)
{ .
case 75: 1f(i==0)
i=3;
’ else
: i-=1:
break:
case 77: if(i==3)
i=0;

else

")




textbackground(10);
cprintf("*  VIEW
textcolor(0);
textbackground(7);
cprintf (" RUN
cprintf(" OPTION
telse
if(i==2){
if(ch==13)

flag_menu=3;

textcolor(0);
textbackground(7) ;
gotoxy(x,y);
cprintf (" FILE
cprintf (" VIEW

textcolor(0):
textbackground(10) ;
cprintf (" RUN

textcolor(0):;

textbackground(7);}

cprintf(*  OPTION

telse

Cif(i==3){
if(ch==13)
flag_menu=4;

textcolor(0);

textbackground(7);

")

")
N

NI
b 5

Vi

).



gotoxy(x,y);
cprintf(" FILE ")

cprintf(” VIEW ")
cprintf(" RUN ");
textcolor(0): .
textbackground(10);
cprintf(" OPTION ");
}

break;
case 1l: gettext(3,2,20,6,bufl);

textcolor(0);
1 textbackground(7) ;
box(3,2,20,6,0);

textcolor(0);
textbackground(10) ;
gotoxy(4,3);

cprintf (" Open F3 ");

textcolor(Oi}
textbackground(7):
gotoxy(4,4);

cprintf(" Save F2 ");

gotoxy(4.,5);
cprintf (" Quit Alt-X ")



flag_menu=10;
ch=1;

break;

case 2: gettext(16,2,33,5,bufl);
textcolor(0);
textbackground(7);
box(16,2,33,5,0);
ch=1;
while ((ch!=27)&&(ch!=13)) {
textcolor(0);
if (mode) {textbackground(7);} else textbackground(10);
gotoxy(17,3);
cprintf(" Timing Diagram “);
if (mode) {textbackground(10);} else textbackground(7);
gotoxy(17,4); .
cprintf(" Binary Format ");
ch=getch();
if (ch==0) {ch=getch();}
if ((ch==72)!}(ch==80)) {mode = 1 ~ mode;} /* toggle mode */
} :
puttext(16,2,33,5,bufl);
if (ch==2?) {
ch=1;
flag_menu=15;
break;
}
position=0;
if(cO==1)

position=positionil;



fiag_menu=10;
ch=1;

break:

case 2: gettext(16,2,33,5,bufl);
textcolor(0);
textbackground(7);
box(16,2,33,5,0);
ch=1;
while ((chi=27)&&(ch!=13)) {
textcolor(0);
if (mode) {textbackground(7);} else textbackground(10):
gotoxy(17,3);
cprintf (" Timing Diagram “);
if (mode) {textbackground(10);} else textbackground(7);
gotoxy(17.4); .
cprintf(" Binary Format ");
ch=getch();
if' (ch==0) {ch=getch();}
ift ((ch==72)}1(ch==80)) {mode = 1 — mode;} /* toggle mode */
}
puttext(16,2,33,5,bufl);
if (ch==27) 1
ch=1;
flag_menu=15;
break:
}
position=0;
1f(cO==1)

position=positionii;



if(21==1)
position=positioniZ2;
if(c2==1)
position=position}4;
if(c3==1)
positjonsposition: ;
if(c4d==1)
position=positioni{l16;
if(c5==1)
position=position{32;
if(c6==1)
position=positioni{64;
if(c7==1)

position=position}|128;
test=view(data,position,frl,mode):

. if(test==0){
flag_menu=3;
break;
lelse

if(test==5){

ch=45;
flag_key=0;

break:

}

ch=1;
flag_menu=0;

break;



|

break:

case 3: gotoxy(35,15);

printf(* Running... "):

fri=fr;
start(data,fr):
printf (" OK.!");
ch=1;

flag_menu=0;

case 4: gettext(37,2,52,5,bufl);

textcolor(0);
textbackground(7);
box(37,2,52.,5,0);

textcolor(0);
textbackground(10) ;
gotoxy(38,3);

cprintf(" Frq_Sampling ");

textcolor(0);
textbackground(7);

gotoxy(38,4);

cprintf("- channel

“flag_menu=5;

ch=1;

break;

")



case 5: flag_case9=0;
switch(ch)
{.
case 72:if(j==0)
i=1;
else
j=0; .
break;
case 80:if(j==1)
j=0;
else
i=1;
break;
case 27 :flag_menu=0;
puttext(37,2,52.5,bufl);
j=0;
break;
default: break;
}ﬁ
if(ch==27)

break:

if(j==0) {
1f(ch==13){
flag_menu=6;
k=fr;
break;

}

textcolor(0);




textbackground(10);
gotoxy(38,3):

cprintf(" Frq_Sampling ")

textcolor(0);
‘ textbackground(7);

gotoxy(38.,4);

cprintf (" channel  ");

telse
{ if(ch==13){

flag_menu=7;

: break:

v }
textcolor(0);
textbackground(7);
gotoxy(38,3);

cprintf(" Frqg_Sampling ");

textcolor(0);
textbackground(10) ;

gotoxy(38.,4);
cprintf(” channel ");

}

break;

case 6: gettext(39,4,54,9,buf2);
textcolor(0):




textbackground(7);

box(39,4,54,9,0);

flag_menu=8;

ch=13;

break;

case 7: gettext(39,5,54,14,buf2);
textcolor(0);

tégtbackground(7);
box(39,5,54,14,0);

flag_menu=9;
ch=13;

break;
case 8: switch(ch)

case 72:1f(k==0)
k=3;
else
k-=1;
break:. _
case 80:1f(k==3)
k=0;
else
k+=1;
break;
¢ase 27 :flag_menu=5;

puttext(39,4,54,9,buf2);




break;
default: break;
}
if(ch==27)

break;

textcolor(0);
textbackground(7);

gotoxy(40,5);
cprintf("” 20 MHz
gotoxy(40,6);
cprintf(” 10 MHz
gotoxy(40,7);
cprintf(" 1 MHz
gotoxy(40,8);
cprintf (" 500 KHz

if(k==0) {
textcolor(0);
textbackground(10) ;
gotoxy(40,5):;

1f(ch==13) {
cprintf(* / 20 MHz
fr=0;
ch=1;
}
else

cprintf(" 20 MHz_. ");

Y

£,

\(2

");

*);




t ‘ break;
. telse
: if(k==1){
textcolor(0);
| . textbackground(10);
! gotoxy(40,6);
if(ch==13){
cprintf(" / 10 MHz ")
| fr=1;
| ch=1;
| telse
| cprintf(" 10 MHz
: break:;
lelse
if (k==2) {
textcolor(0);
textbackground(10);
gotoxy(40,7);
if(ch==13){
cprintf(" / 1 MHz
fr=2;
ch=1;
}else
cprintf(” 1 MHz )3
break;
telse
if (k==3){
' textcolor(0):
textbackground(10) ;
gotoxy(40,8):

/3

“):



if(ch==13) {

cprintf(" / 500 KHz

}else

cprintf(" 500 KHz  ");

break;
}
break;

case 9: switch(ch)
{

case 72:1f(1==0)

1-=1;

break;

case 80:if(1==7)
1=0;

else

break;
case 13: 1f(f1§g_case9==0)
flag_case9=1;
else ’
switch(1){
case 0:1f(c0==0)
cO=1;
else

c0=0;



break;

case 1:

cl=1;
else
c1=0;

break;

case 2:

ce=1;
else
c2=0;

break;

case 3:

c3=1;
else
c3=0;

break;

case 4:

c4=1;
else
c4=0;

break;

case 5:

13
c5=1;
else
c5=0;

break;

case 6:

c6=1;
else

c6=0;

if(c1==0)

if(c2==0)

1f(c3==0)

if(c4==0)

if(c5==0)

if(c6==0)



break;
case 7:1f(c7==0)
c7=1;
else
c7=0;
break;
}
ch=1;
break;
case 27 :flag_menu=5;
puttext(39,5,54,14,buf2) .
break;
default: break;
}

£

if(ch==27)

break;

textcolor(0):

if (1==0)
textbackground(10) ;
else

textbackground(7);

gotoxy(40.6);

1f(c0==0)

cprintf(” CH 0 ")
else

cprintf(" / CHO ")

if(1==1)



textbackground(10);
else

textbackground(7);
gotoxy(40,7);
if (cl==0)

éprintf(“ CH 1
else

cprintf(" / CH1
if(1==2)
textbackground(10);
else

textbackground(7);
gotoxy(40,8);
if(c2==0)

cprintf (" CH 2
else

cprintf(” / CH 2
if(1==3)
textbackground(10):
else

textbackground(7) ;
gotoxy(40,9):
if(c3==0)

cprintf(" CH 3
else

cprintf(* / CH3
1f(1==4)
textbackground(10);
else .

textbackground(7) ;

")

")

w3

W%

")

“);



¥

gotoxy(40,10);
if(c4==0)

cprintf (" CH 4
else

cprintf(" / CH 4
if (1==5)
textbackground(10) ;
else

textbackground(7);
gotoxy(40,11);
if(c5==0)

cprintf(" CH 5
else

cprintf(" / CHS5
if(1==6)
textbackground(10) ;
else

textbackground(7);
gotoxy(40,12);
if(c6==0)

cprintf(" CH 6
else

cprintf (" /"éH 6
if(1==7)
textbackground(10);
else

textbackground(7);
gotoxy(40,13);
if(c7==0)

cprintf(" CH 7

")

")

k-

AY'3

.5

");

“):



else

cprintf(* / CH7 “};

break:
case 10:
switch(ch)
{

case 72:1if(m==0)

break;
case 80:if(m==2)
m=0;
else
m+=1;
break;
case 27 :puttext(3,2,20,6,bufl);
flag_menu=0;
break;
default: break:;
}
if (ch==27)

break;

if(m==0) {
if(ch==13) {
flag_menu=11;
break;

}




textcolor(0);
textbackground(10);
gotoxy(4,3):

cprintf (" Open

textcolor(0);
textbackground(7);

' gotoxy(4,4);

cprintf (" Save

gotoxy(4,5);
cprintf(" Quit

telse

if(m==1)

{ if(ch==13){
flag_menu=12;
break;

.

textcolor(Qd);
textbackground(7);
gotoxy(4,3):

cprintf(" Open

textcolor(0);
textbackground(10);

gqtoxy(4.4):

F3 “);

F2 *);

Alt-X ");

F3 ™



cprintf (" Save F2 ")

textcolor(0);
textbackground(7);

gotoxy(4.,5);
cprintf(" Quit ATt-X "),

telse
if(m==2){

if(ch==13) {

ch=45;

flag_key=0;

break;

}

textcolor(0);

textbackground(7);

gotoxy(4,3);

cprintf (" Open R32W; €
gotoxy(4,4);

cprintf(" Save F2";
textcolor(0);
textbackground(10);

gotoxy(4.5);
cprintf(" Quit Alt-X ");

}

break:;




case 11l:gettext(5,4,30,6,buf2);
textcolor(0);
textbackground(7);
box(5,4,30,6,0);

textcolor(15);
textbackground(0) ;

gotoxy(6,5);

cprintf("

gotoxy(6,5);
cur_on{);
scanf("%s" ,name) ;

cur_off();

if((fp=fopen(name,"rb"))==NULL) {

gettext(25,10,53,12,error_buf);
textcolor(15);
textbackground(4);
gotoxy(28,10);
cprintf(“can't open file !..");
gotoxy(25,12);
cprintf(“press any key to continue");
getch();
puttext(25,10,53,12,error_buf);
puttext(5,4,30,6,buf2);

. puttext(3,2,20,.6,bufl);

* flag_menu=1;
bﬁeak:

}

")




fread(data,sizeof(int),256,fp);
fread(&fri,sizeof(int),1,fp);

fclose(fp);

puttext(5,4,30,6,buf2);
puttext(3,2,20,6,bufl);
flag_menu=0;

ch=1;

break:;

case 12:gettext(5.5,30,7,buf2);
textcolor(0);

textbackground(7);

box(5,5,30,7,0);

textcolor(15);

textbackground(0) ;

gotoxy(6,6);

cprintf(" ")

gotoxy(6,6):;

cur_on();

scanf("%s" ,name);

cur_off();

if ((fp=fopen(name,"wb"))==NULL) {
gettext(25,15,53,17,error_buf);
textcolor(15);
textbackground(4);
gotoxy(28,15);

cprintf(“can't open file !..");

gotoxy(26,17);



cprintf(“press any key to continues®);
gitch():
puttext(25.15,53.17.error_buf):
puttext(5.,5,30,7.buf2);
puttext(3,2,20,6,bufl);
fiag_menu=1;
break;
}
fwrite(data,sizeof(int),256,fp);
fwrite(&frl,sizeof(int),1.fp);

fclose(fp):

puttext(5,5,30,7,buf2);
puttext(3,2,20,6,bufl);
flag_menu=0;

ch=1;
break:

defau]t . break;

}
cur_on();
textcolor(?);:
textbackground(0};
clrserQ);
gotoxy(25,13);
cprintf(* Goodbye.... ! ")

delay(1000);




#include <conio.h>
void box(x1,yl,x2,y2,d)
int x1,y1,x2,y2:
unsigned char d;
v
int 1t,rt,1d,rd,h,v;
int i;
if(d==0)
1t=218,rt=191,1d=192,rd=217 ,h=196,v=179;
else
1t=201,rt=187,1d=200, rd=188,h=205,v=186;
gotoxy(x1l,yl);
putch(1t);

for(i=x1+1;il=x2;i+=1)
putch(h);
putch(rt):
for(i=yl+l;il=y2;i+=1){
gotoxy(x2,i);
putch(v);
gotoxy(x1,i):
putch(v);
}
gotoxy(x1l,y2);
putch(1d);

for(i=x1+1;1l=x2;i+=1)
putch(h);
putch(rd);



void pulse(xl,yl,p,pos,shift,type,start_nibble)
int x1,yl,pos,p[128],shift,type,start_nibble;
/* type = 0 - timing diagram

1 - binary format */

int 1t,rt,1d,rd,h;

int 1,j,flag=0,temp;
1t=218,rt=191,1d=192,rd=217,h=196;

if(shift)
switch(pos){

case 0:flag=p[0J&l;
break;

case 1:flag=p[0]&2;
break

case 2:flag=p[0]&4;
break;

case 3:f1ag=p[0]&§:
break;

case 4:flag=p(0]&16;
break; :
case 5:f1ag=p[0]&32:
break;

case 6:f1ag=p[0]&64;
break;

case 7:flag=p[0]&128;
break;

}else

flag=0;



if (type==0){
gotoxy(x1i,yl);
if(flag!=0)
gotoxy(xl,yl-1);
}
else gotoxy(xl,yl);
for(i=0+shift;i1=49+shift;i+=1) {
Jj=1-shift;
switch(pos) {
case O:temp=p[il&1;
break;
case l:temp=p(il&2;
break;
case 2:temp=p[i]&4:
break;
case 3:temp=p(ila8;
break;
case 4:temp=p[il&l6;
break:
case 5:temp=p[i]&32:
break;
case 6:temp=p[i]&64;
break; .
case 7:temp=p[i]1&128;
break ‘

ﬁ /* case */

switch(type) {
case 0:

if(temp==0) {



if(flag==0) {
putch(h);

gotoxy(x1i+j,yl-1);

putch(' *');
gotoxy(x1l+j+1,y1);
}

else

{ putch(rt);
gotoxy(x1+j,yl);
putch(1d);
flag=0;

}

} /% Af */
else {
if(flag==0)

{ putch(rd);

gotoxy(x1l+j,yl-1);

putch(1t);
flag=1;
lelse
{
putch(h);
gotoxy(x1+j,y1);
putch(' *);
gotoxy(x1+j+1,y1-1);
3
}
bre%k:

case 1:if (temp==0) putch('0'); else putch('1"):



gotoxy(x1l+j.,yl-1);
if (i%4==start_nibble) {putch(hex(p,i,pos));} else putch(' '):
gotoxy(xl+j+1,y1);
break;
} /* case */

} /* for */
} /* qu]se */

int hex(p,1i,pos)

int p[128],1,pos;

{

int ch=0;
if ((pli  1&pow(2,p0s))1=0) { ch+=8;}
if ((pLi+1]18pow(2,p0os))!=0) { ch+=4;}
if ((pl[i+2)&pow(2,pos))!=0) { ch+=2;}
if ((pli+31&pow(2,pos))i=0) { ch++;}
if (ch<10) {ch+=48;} else ch+=55;

return ch;

int pow(base,power}
int base,power; ﬁ
{
int 1,j=1;
if (power==0) { return 1;}
else {
for (i=1;i<=power;i++) {

J=3*2;




return j;

)
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void pulse(xl,yl,p,pos,shift,type,start_mnibble)
int x%,yl,pos,p[128],shift,type,start_nibble;
/* type = 0 - timing diagram

1 - binary format */
{

int 1t,rt,1d,rd,h;

int 1,j,flag=0,temp;
1t=218,rt=191,1d=192,rd=217,h=196;

if(shift)
switch(pos){

case 0:flag=p[0]&1:
break;

case 1:flag=p[0]&2;
break;

case 2:flag=pl0]&4;
break;

case 3:flag=p[0]&8;
break;

case 4:flag=p{0]&i6;
break:

case 5;f1ag=p[0]&32:
break:;

case 6:flag=p[0]&64;
break;

case 7:flag=p[0]&128;
break:

}else

flag=0;




if (type==0){
gotoxy(x1,yl);
if(flag!=0)
gotoxy(x1l,yl-1);
}
else gotoxy(x1l,yl):
for(i=0+shift;i!=49+shift;i+=1) {
J=i-shift;
switch(pos) {
case O:temp=p(il&l;
break;
case l:temp=p[il&2;
break;
case 2:temp=p[il&4;
break;
case 3:temp=p[i]&8;
break;
case 4:temp=pLil&l6;
break;
case 5:temp=pl[il&32;
break;
case 6:temp=p[i]&64; .
break; n
case 7:temp=p[il&128;
break;

} /* case */

switch(type){
case 0:

if(temp==0) {



if(flag==0) {
putchch);

gotoxy(x1i+j,yl-1);

putch(' ');
gotoxy(xl+j+1,yl);
}

else

{ putch(rt);
gotoxy(xi+j.y1):
putch(1d);
flag=0;

}

Yo/xOAF */
else {
if(flag==0)

{ putch(rd);

gotoxy(x1l+j,yl-1);

putch(1t);

flag=1;
telse
{
putch(h);
gotoxy(xi+j,yl):
putch(' '):
gotoxy(x1l+j+1,yl-1);
}

}

break;

case 1:if (temp==0) putch('0'); else putch('l');




gotoxy(xl+j,yl-1);
if (i%4==start_nibble) {putch(hex(p,i,pos)):} else putch(' ');
gotoxy(x1+j+1,y1);
break;
¥ /* case */

} /* for */
} /* pulse */

int hex(p,i,pos)

int p{128],1,pos;

{

int ch=0;
if ((pLi J&pow(2,p0s))!=0) { ch+=8;}
if ((pli+11&pow(2,pos)) =0) { ch+=4;}
if ((pLi+2]&pow(2,p0s))!=0) { ch+=2;}
if ((pLi+3]1&pow(2,p0os))!=0) { ch++;}
if (ch<10) {ch+=48;} else ch+=55;

return ch;

int pow(base,power).
int base,power; .
{
int 1,j=1;
if (power==0) { return 1;}
else {
for (i=1;i<=power;i++) {

j=j*2;




return j;
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int view(data,position,t,mode)
int data[256],position,t,mode;

{
int i,j.ch,shift=0,stnib;
char time[13]:;

switch(t){

case O:strcpy(time,"50 nSec ");
break;

case, l:strcpy(time,"100 nSec");
break;

case 2:strcpy(time,” 1 uSec ");
break;

case 3:strcpy(time," 2 uSec “);
break;

default:break;

}

textcolor(4);

textbackground(7);

gotoxy(12,5);
cprintf(" t “)}

gotoxy(12,6);

. cprintf("&s”,time);

textcolor(3);
textbackground(0);

gotoxy(21,6):



printf("
gotoxy(21,7);
for(i=0;11=49;i+=1)
if(¢i 3 5)==0){
gotoxy(21+i,7);
cprintf("i");
gotoxy(21+i,6);
cprintf("t2d”,1);
}
else
{gotoxy(21+1,7);
cprintf (" ")
}
textcolor(9);

textbackground(7);
write_pulse(&data(0],position,0,mode,0) ;

1=0;
whi]e(chi=27)
{ ch=getch(Q);
if(ch==0)
ch=getch();
switch(ch)
{
case 75: if(il=0)
i-=1;
else

shift=0;

“);




Rt

break;

case 77: 1f(i==0&shift==0)
shift=1;
else
if(i1=195)

j4+=1;

break:

case 67:return(0);
break;

case 45:return(b);
break;

default: break:

}

textcolor(3);
textbackground(0) ;

gotoxy(21,7);
for(j=i+shift;jl=i+shift+49;j+=1)
if((j & 5)==0)1{
cprintf("i");
}
else

cprintf (" ");

gotoxy(21,6);
printf("

gotoxy(21,6);

N



for(j=i+shift;ji=i+shift+49;j+=1)
i (((§) % 5)==0){
gotoxy(21+j-i-shift,6);
cprintf("t¥d",J);
}
textcolor(9);

textbackground(7);

switch(i%4){

case 0:stnib=0;break;

case 1l:stnib=3;break;

case 2:stnib=2;break;

case 3:stnib=1;break;
}
write_pu]se(&data[i],position,shift.mode;stnib):
}
return(l);

}



#include <c:\puls.h>
void write_pulse(data,position,shift,type,st_nib)
int ‘position,datal256],shift,type,st_nib;
/* type = 0 - timing diagram
1 - binary */
{
int i,x=21,y=9,temp=1,temp2,count_1ine=0;

for(1=0;1!=8;1+=1){
if(position&temp) {

count_line+=1;

textcolor(4);
textbackground(7);
gotoxy(x-10,y);
cprintf("CH Zd",i);

textcolor(5);

textbackground(7) ;

gotoxy(x-2.y);

if (type==0) {putch('0');} e]se'putch('B');
gotoxy(x-2,y-1); .

if (type==0) {Dutch('l');} else putch('H');

textcolor(9);

textbackground(7);
pulse(x,y,data,i,shift,type,st_nib);
y+=2;

}

temp=temp*2;



textcolor(15);
textbackground(0) ;
temp2=count_line;
count_line=(8-count_line)*2;
for(i=0;1il=count_line;i+=1)
{

gotoxy(11,temp2*2+8+1);
cprintf("%s","

}

}



void cur_on()

{

union REGS reg;
reg.h.ch = 0x00;
Ireg.h.c] = 13;
reg.h.ah = 1;
int86(0x10,&reg, &reg) ;



H

void cur_off()

{

union REGS reg:;
reg.h.ch = 0x20;
reé.h.cl = 0;

reg.h.ah = 1;
int86(0x10,&reg,&reg) ;

LN
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2-12: The 6116: Another Static RAM Device

In this section we will present another popular static RAM that can be
easily used in a Z80-controlled system: the 6116—a 2K X 8, common 170
static RAM. Figure 2.19 shows a partial data sheet for this device. The 6116
has operating characteristics that are similar to the 2114 static RAM.

ol be dAe

HM6116P-2, HM6116P-3, HM6116P-4
I 7
2048-word X 8-hit High Speed Static CMOS RAM
» FEATURES
® Single SV Supply and High Densnty 24 pin Package
® High Speed Fast Access Time 120ns/150ns/200ns {max.}
® Low Power Standby and Low Power Operation; Standby.  100uW (typ.)
Operation: 180mw (typ.}
e Compietely Static RAM.  No clock or Timing Strobe Required
¢ ® Directly TTL Compatible: Al input and Output
® Pin Out Compatible with Standard 16K EPROM/MASK ROM
® Equal Access and Cycle Time
8 FUNCTIONAL BLOCK DIAGRAM
(OP-24) i
ap =2 S :
L] XA € ® PIN ARRANGEMENT
g Row [ <] Memory Maws | —oGNO - —
" 1282128 A7 E E Vee
. b et T TYUIIR a8 (7] 1) 43
/ as(3] 22}A8
T I : as[d] 21] We
o ) :E Cotuma 110 i A3l S 20] O€
o nout a2{e 19]at10
: : S r?:." . Column Decoder A‘E 18 a
n S o8] 17] vos
1108 o~ 'T 1o1(9] 6] 1/07
q ‘7' At0 -uoz[10 15} w06 i
- = mnE 1aJuos
o—
o, | C::::' cnoE Euo-
‘WE o—1 - iToo View!
= ABSOLUTE MAXIMUM RATINGS : .
tem | Symool Ratng Unet
Voltage on Any Pin Astetve to GND Vin | ~0.510 1.0 v
Operating Temoerature tl - 010-+70 ‘¢ 1
Storage Tempersture . Tote ~88 t0 +128 °c &
Temperature Under Bies Tore ~10 10 +8S ‘c L
Powser Diescpation B v B 1.0 w g
a TRUTH TABLE - ;
¢S I 0€ - wE Mode H Vee Current oPm | Aol Crcie H
n X X Not Setected 53 isan Hgh Z - !
L [ H Aead Iec Dowt Resd Cycle (11~ (3)
L H | L . W icc Din Wrim Cycte (11
* L L { L Write Icc Din Wrie Cycle (21

¥

Figure 2.19: A data sheet for the 6116—a 2K by 8-bit, common 170 static RAM. .




/i

s RECOMMENDED DC OPERATING CONDITIONS (7, - 0t0+10°C

Itemn Symbol mn o, man Unst
Voo 49 50 55 v
Supoly Voltege GNO 0 0 ! 0 v
Vin 22 3.5 60 v
Input Volitege Vie ~ro- = o8 v
¢ Puite Wigth. S0 ng, OC Vg mun = =03V N
= DC AND OPERATING CHARACTERISTICS (vcc - 5V 110% GND = 0V, Te - 010 + 70°C}
HMET16P.2 HMEL16P 3.4
irom Symdol Yest Conchitions Unit
mun tyo* max mn yp* mas
inout Leskege Current st | Yoo S SV. Vin = GND 10 Voo - 10 - - 10 "y
Outout Laseage Curromt | /101 | 555 8608 Vel - N LI N B I
Oversting Powse Supoly Icc |CS- Vi fy0 = 0ma - s - 3 70 mA
Current Iccr® Z’,’é:gf\x Vi, =06V, - . - 2 - mA
Average Opersting Current ! /cc2 | M cycle, duty = 100% - 80 - » » mA
Standby Power Supoly Isa Cs; :’" v - 1S - 3 15 ™A
Curren el B0} MATAE ¥ Vil 7 Fit sl I M \\ L B
Yoo fog) ama = 34 ' = K ~ v
Output Voltage foL *»21mA - A = - 04
Vow |lom=-10mA 24 - l 2e - - v
VeV, Te»25°C
** Reterence Only
8 AC CHARACTERISTICS tvcc = 5v -10%, Ty » 010 ¢70°CH
® AC TEST CONDITIONS
Input Pulse Leveis: 0.8t02.4V input and Output Trming Reference Levels 1 5V
fnput Rise and Fall Times: 10 ns Output Load 1TTL Gate and Ct = 1000F
er ) {including scope and Jig)
e READ CYCLE [
: HMG116P 2 HMG116P 3 HME1167 4
ttem Symbot Unit
mn oen MmN mas men s 11
Assa Cycle Teme Ine 120 - 150 - 200 - nt
Address Access Tume tan - 120 : 1%0 = 200 n
Chip Setect Access Time lacs - 120 - 150 & 200 n
Chip Setection 10 Qutput in Low 2 teez 10 - 15 - [ - n
Qutput Enabie 10 Qutput Vaid tog - 80 - 100 - 120 L)
Output Enabie t0 Output in Low 2 oLz 10 - 1 - 18 - ~
Chip deseiecton 10 Output in Migh Z tenz ‘0 40 [} %0 o [} ~
Chip Disabie 10 Outout in Hegh 2 1ONZ 0 «0 0 S0 [ &0 n
Outout Hotd from Address Change ton 10 - 15 - 15 - o~
® WRITE CYCLE
N HMET116P 2 HMEV16P-) HME116P &
item Symbot Unit
men tyo men ~mea e mea
Wreite Cycte Tume we. 120 - 150 - 200 - )
Chip Selection-to End of Write lew 70 - 90 - - { w20 - e
- Address Vehid to End of Weste taw~ 108 - 120 - 140 - P
Address Set-Up Time tas 2 - 20 - 20 - )
Wiite Putse Width - tlwp 70 To- 90 - 120 - L
Writs Recovery Time twa - - 10 - "0 - L)
Output Disebie 10 Qutput n High 2 tonz o 40 -] 50 o 60 ~
Write 10 Ouiput in Migh Z twyz 0 50 0 60 0 60 n
Dats 10 Write Time Overlap pw as - 40 - 60 - L]
Oata Hold trom Write Time ton -] - 0 - 90 - ™~
Output Active trom End of Write tow 5 - 10 - © 10 - ~

Figure 2.19: Data sheet continued.
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s TIMING WAVEFORM

® Write Cycie (1) Notes) 1 fwe
S X
* LRy
twrl(3)
& / RN
cw ’\
= \\\ \\\\\\ - //////
N NN Vi
lAw
‘AS
" _\\\\\Q\ /
tonz4] twepl2]
Dout SSSSSS :
/ / / / / / —{DW 'pH
¢ SOCXX
® Write Cycle (2) Nowes) 1.6 twe
“  Adaress >< ><
tow twri3l
—_— AY
< \\\\\\\\‘5' [////////
NN N / Pi
‘aw
. twel2)
we \\ S
N4 ‘on 1
‘AS
‘ twrz 4l
tow n (8]
bout TSN ONNS S YN RN : :
////Z/[// / // 1 lDw Ipy (91
Javivavas
NOTES: 1. WE must be high during all address transitions. low tansitions or after the WE transition, output remain in
2 A mic occurs during the overisp (wp) of 3 low CSanda a high impedsance state. _
low WE . ’ o 6. OE is continuousty low. (OE = 1°72) .
3. !wR is measured from the esrlier of CS or WE going high to 7. Dguq is the same phase of write data of this write cycle.
the end of write cycle. 8. Dm it the read data of next address.

- 4. During this period. 1/0 pins are in the output state so that 9. I CS is Low during this period, /O pins sre in the output
the input signals of opposite phase tO the outPULs Must Not state. Then the daa input signais of opposite phase to the
be spplied. outputs must not be applied t0 them,

5. If the CS low transition occurs simultaneously with the WE

Figure 2.19: Data sheet continued.
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AT TRew

Lr e ey ey

gm——— .
a CAPACITANCE ¢ « 1MHz, To = 25°C)

-, item Symbol Test Conditions typ. mox.‘ Unit
input Capacitance Cin Vin = OV 3 5 oF
Inout/Output Capacitance Cro Viso = OV 3 7 oF

o Read Cycle (1) Notes) 1,56
‘RC
Address >< >£
(Y
o \\\\\\\ y//////
NN i
'0E ‘oM
Ts ‘oLz / / 4
: ; N \ /!
e lcl;(:: .
cLz
- S KXOF
© Read Cycle {(2) Notes) 1,2, 4, §
» RC
o ) & X
. laa \' forr
{OH
N N
Dout / /
® Rusd Cycle (3) Notes)1,3,4.5
= D
‘acs ' Icnz
- oLz

Dout

NOTES: 1. WE is High for Resd Cyce.

2. Device is continuoutly selected, CS =

Vi,

NS

3. Address Valid prior to or coincident with CS transition

Low.
. Q€= VL.

S. When CS 1t Low, the address input must A0t be 1n the hgh

impedance stete.

Figure 2.19: Data sheet continued.




54/74- FAMILIES OF COMPATIBLE TTL CIRCUITS

PIN ASSIGNMENTS (TOP VIEWS)

QUADRUPLE 2-INPUT
POSITIVE-NAND GATES
WITH OPEN-COLLECTOR OUTPUTS

03

pasitive logic:
Y« A8

Ses page 64

2%
3L
-
-1

.

]

L]
1 2 3 q 3 ¢ 1
W

1A " A I8 v owD
SNS403 (J) SN7403 (J, N)
SNS4L03 (N SN74L03 (J, N}

SNEG4LS03 (I, W)  SN74LS03 (I, N)
SNG45S03 (J, W) SN74803 (4, N)

.HEX INVERTERS

IV 8A 6y GCNO SV AA ey
wijoi jaiing iwl jol /o

C !

TEHRY L] [ L8 18] (?
1A Y JA Y M Y oM

SNB404 (J) SN7404 (4, N)
SNE4HO4 (J) SN74HO4 (J, N)

SNBALO4 W)™ " TSN74LO4 (J)N) T

SNSALSO4 (J, W)  SN74LSO4 (4, N)
SNB4S04 (I, W)  SN74504 {J, N)

s

HEX INVERTERS
WITH OPEN-COLLECTOR. OUTPUTS’

e e

2
W 1Y A Y A Y oNO

SNS405 (J} SN7405 {(J,N)
SNS4HOS (N SN7410S (I, N) -
SNS4LSO5 (J, W)  SN74LSOS (J, N)
SNE4S06 (I, W) SN74S08 (4, N}

1 ? ) 4 . . r
A Y 14 wec A Y 4

SN5405 (W)
SNSAHO0S (W)

HEX INVEF R AUFFERS/ORIVERS
WITHOPEN LOLLECTORA
HIGH-VOLTAGE OUTPUTS

06 -

pasitive loyic:
Y'-A

Sew page 6-24 -

calial el

i
xﬁxr‘] Hn[“[l”l”v"’
1,

3
A Y a4 v M Y GND

SNS406 (4, W) SN7406 {(J. N} -

TeEXAS INSTRUMENTS

INCORPORATED
POST OPFICK BOX 3013 « DALLAG. TEXAS 73322




54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

PIN ASSIGNMENTS (TOP VIEWS)

QUADRUPLE 2-INPUT
HIGH-VOLTAGE INTERFACE
POGITIVE-NAND GATES

26

See peges 8-24 and 6-26

SNG42¢ (J) SN7426 (4, N)
SNGALS26 (), W) SN74LS26 (3, N

TRIPLE 3-INPUT
POSITIVE-NOR GATES

27

positive logie:
Y - AR
b : w " PR
. . SNSAZI (4, W) T SN7427 (4, N)
. Soo PY) r SNBALE2T (4, W} SN74LE27 (U, N)
e A
S S [
iy = ‘.-.*- — - . =3 e = ;' ) . Y e ™
QUADRUPLE 2-INPUT L]
POBITIVE-NOR SUFFERS .",
3 $a
28 ol id
TG
positive logle: o - 5
W 000 0000)
w 1A " v oNO
SNG428 (4, W) SN7428 (4 N)
SNB4| 3 W N74LS828 (4, NI
See 620 L528 (4. W) 8 8.
= E NG M -] L. e > Y
8INPUT g witojjelin] [w] (o] fe}
POSITIVE-NAND GATES
30 . -
a 1 !
pouitive logic: . T l
Y« ABCOEFGH TFR A S
- U-IT'. T © & ¥ awo
. SNB430 {J} . SN7430 (J, N) SN5430 (W)
. SNB4H30 (3} SN74HI0 (3N} SNS4H30 (W)
. SNB41L.30 () SN74L30 (4, N} SNS4L30 (T)
Ses page 6-2 * SNBALS30 (J, W SN74LS30 (J, N)
hd . . SNE4S30 (I, W) SN74S30 {J, N) NC —No Internsl connection

TEXs.: INSTRUMENTS
INCORPORATED

POST OFFICK NOX 5413 « DALLAS, TEXAS 78222

T <19
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54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS .

PIN ASSIGNMENTS (TOP VIEWS)

QUADRUPLE 2-INPUT
POSITIVE-OR GATES

32

3.

) ]

A1

Y= A+8 silaDaliDa0ab
A £ w n
SNB432 (4, W) SN7432 {(J, N}
Ses page 8-28 SNB4LE32 (4, W) SNI4LS3I2 (I N)
SNS4832 (4, W) 8N74832 (J,N)
L d - L) A
QUADRUPLE 2:INPUT wljnliwl [n] Jul jolls

POSITIVE-NOR BUFFERS
WITH OPEN-COLLECTOR QUTPUTS
L p —_

33

positive logic:

o BaBaigaigliakl H
i YA, "l o=
SNEA33 (4, W) SN7433 U, N)
i SNBALSII U, W) SN74LRIS (4N |
| See pages 6-24 and 826 - i
)
11 i R - e v [T D) :
i QUADRUPLE 2-INPUT"" wl {o] [w] fw sl e :
POSITIVE-NAND BUFFERS

37

positive logic:
Y= AB

See pege 6-20

A W W TA 8 v oAp
SNB437 (J, W) SN7AJ7 (4, N)

SNS4LS37 (4, W) SN74LS37 (J, N}
SNB4§37 {4, Wi SNT74S37 (4, N)

QUADRUPLE 2-INPUT a
POSITIVE-NAND BUFFERS -
WITH OPEN-COLLECTOR QUTPUTS

38

positive logic:
Y« A8

See pages 5-24 anv .26

L S\ SN T T )

. - , lfc»-
. B

1A [0 WA W 3Y GmMO
SN5438 (J, W) . SN7438 (4, N)

SNS4LS38 (J, Wl SNT4LS3S (J, NI
SN54538 (3, W) SN745238 (4. N)

TEXAS| INSTRUME.. TS

NCORPORATED
FOBT O¥¢ICE BOK 3017 + DALLAS, TEXAS ¥S722




54/74 FAMILIES OF compm’sls TTL'CIRCUITS

s PIN ASSIGNMENTS (TOP VIEWS)

AND-GATED J-K MASTER-SLAVE FLIP-FLOPS WITH PRESET AND CLEAR

72

FUNCTION TABLE

INPUTS OUTPUTS
- PRESET CLEAR CLOCK J Kk | o @&
i L M X X xX|H
H L X X X H
L L X X X {H Hel 4 t ! t I
" H H JSU L L jae Gof ¢ ‘*||r1:n:r‘rmw BaBabsNalasl
H H n H L H L < w QA r & A — KI- C& M veg CLR & d1
H H L HPL M SNBATZ () SN7472 (4, N) SNBATZ (W)
H H L H W | TOUGLE SNBAW72 ()1 SN74H7Z (4, N)  SNB4HZ2 (W)
positive logie: J = J1-J2:J3: K1.K2:K3 SNSALTZ (N SN74LY2 (4, N} SNS4L72(T)
S - 6-00, and 854 NC—No Internal connection
DUAL JK PLIPFLOPSE WITH CLEAR
73 7 4 | — 3 e 'L :?ir_-x—... ‘:' e A ;‘. -
T3, WIS, LT3 L LSTIA
FUNCTION TASLE < T PUNCTION TASLE
INPUTS OUTPUTS —__INPUTS OUTPUTS
CLEAR clock 4 k| a @ CLEAR-CLOCKX 4 X| @ a
L X. X X{L H Le X o ox x| e ow
H - " WL L 110 G } L Y10 8ol .,
H i uw Ulw ot~ R oviH -
H S L H|l L K L oKL ENBATI (4, W) SN7473 (4, N}
‘H JL H W |ToGGLE W pese H | TOGGLE SNBAMIZ L, W ENT4H7I (4, N)
[ ¥ T-% N SNBALTIILT)  SNTALTIU, )
] SNSALETIA (J, W) SN74LSTIA U, N
See puges 640, 8-50, 8-64, and 6-55 ’

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED FLIP-ELOPS WITH PRESET AND CLEAR

14

ﬂjblﬁ 'l_“% R 20 28 1M g 10 ewo 20 a2
FUNCTION TABLE AR D 7"’7 LINLISY] r,l:u::l [e]l [*] [w] 1o} [+]
INPUTS QUTPUTS Lo | i i ! 1 l
PRESET CLEAR CLOCK D | @ a . ——e |
.———3-—'. L UL l 4 cun 1) o 3
L H X X M L e 3 o | ! b! 2 .
- H t "x  x|uL =n %:“ '~ ! o Jyile s ‘
- ) - ra & i -
L L x X H H ——— l f ! .1—‘ . : "ﬁl
N o O OO e D N 0D 0 Oy
H H t [ L :4 . 'c:u 10 . ¢ "o @ T 3 YT c:. 'c‘{c:. T
u i L X1% G T sNsa74(d SNTATALLNY  Snoa74 o)
SNE4H74 (J) SN74H?4 (I N)  SNSAH74 (W) .
SNB4L74 (J) SN74L74 1), N} SN54¢ 74 (T)

SNBSLST4A (J, Wt SNT4LSTEA (U, N)

- NG4STA ) 7 L NT
-« popes 648, .50, 6.64, and SNGAST4 (4, W) SNT4S74 (4

Ses enptanation of function tables on psge 3-8,

" Thie configuration is nonstable: thet a, it will not persist when Precat and clear sr. _ 1 return to thew nactlve (high) level,

- TEXAS INSTRUMENTS
INCORPORATLD.

POSY OFFICE BOX 3012 » DALLAY “¥sas ¥3222
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TYPES SN5490A, SN5492A, SN5493A, SN54130,SN54183,

L SN541S90, SN54LS92, SN541S93, SN7430A, SN7492A, SN7493A -

SN74L90, SN74193, SN74LS90, SN741592, SN741S93
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

“11H07, MARACH 197a-R¢ /ISED OCTOBER 1978

HULL( TINNO, O

0.\, 'L90, °LS90. ..
‘92A,°LS92. ..

DECADE COUNTt-1S
DIVIDE-BY-TWELVE

SNS4, SNBALS' ... J OR WPACKAGE

SNG 4™ SNTAL" SNTALS" ...

SNS4L’, ., JOR T PACKAGE

JOR % PACKAGE

COUNTERS ‘90A, "L90,”LS90 (TOP viEw)
'93A, 'L93, 'LS93... 4-BIT BINARY
COUNTERS )
Tvpes TYPICAL
POWER DISSIPATION
ana 145 mw I [ by
‘L90 20 mw sl s ef v s 0
o o 000 0eaT
‘924, '93A 130 mwW posttive togee:  see funct 5° wolet
'LS92, 'LS83 46 mW
‘L9l 16 mw . "92A,°LSB2, {(TOP VIEW)
X v : .
description . / [ ‘f oiijel:sl]e : 4 R
Each of these monolithic counters contains four I : .l .
master-slave flip-flops and additional gating to 3 i R -
provide a divide-by-two counter and a three-stage ' ,r” :’! -
binary counter for which the tount cycle length is ’ l
divide-by-five for the '00A, °‘L90, and ‘LS90, . ,w. ’
divide-by-six  for the '92A and 'LS92, -and i AR —
divide-by-eight for the ‘93A, ‘L93, and 'L.593. -
positive logic: tee funci-or *soles

All of these counters have a gated zero reset and the
‘90A, ‘L90, and ‘LSS0Q also have gated ser-to-nine
inputs for use in BCD nine's complement
applications.

To use their maximum count length (decade, divide- .
by-twelve, or four-bit binary) of these counters, the B.
input is connected to the Op output. The input
count pulses are applied to input A and the outputs
are as described in the appropriate function table. A

symmetrical divide-by-ten count can be obtained
trom the "90A, ‘90, or ‘LSOO counters ‘-
connecting the QD output to 1 A input . !
. applying the input coun* 10 the B i1 which gives o

AT, Sene S W - - e
AN ]

positive logic: se¢ function woiles

‘L93 (TOP ViEW)

. divide-by-ten square wave ot output Qp -

1 POMTIva 10QrC  Sew T T calies

rar® Hirengt LONNer tisn

107%

TEXASHI'I':L&‘?.T"R'!;J MINTS -

[




R A B

e

|2

TYPES SNSA0A, ‘324, ‘93A, SN54L90, ‘L93, SN541S90, 'LS92; 'LS93..
SN7490A, '92A, '93A, SN74190, 'L93, SN74LS90, 1592, :'LSS3
DECADE, DIVIDE-BY-TWELVE, AND BINARY. COUNTERS

‘90A, ‘190, ‘LSOO WOA, ‘L0, ‘LS80
B8CD COUNT SEQUENCE S1-QUINARY {5-2} ‘924, ‘LS92 93A, °L83, ‘LE9I
{San Note A} P {See Nor 81 COUNT SEQUENCE COUNT SEQUENCE
COUN ouveur T g OUTRUT (See Note CI {See Nete C)
Qp Oc Qg O, N Qs Gp Oc Qg ouTPUY ouTruT
o L Lt L T ; [ count ' couny
: Op Q¢ Op Os Qp Gc Og Oa
' L L L H ! Lt L oM R o |L L LU L
2 Lt L H oL P U A N 1 Lt L L H L} L L L H
3 L Lt H M i 3 L L M H 2 L L H L 2 L L H L
4 L H LU Do [ S 8 k] t L H H 3 L L B H
s L H L oK . HoLoLoL 4 L oW oLt 4 LoRoLL
6 LM H L i 8 W L L oK 5 e M oL ow 5 L W L H
7 L H H o~ v "L oML 6 H oL L L 6 L M H L
8 H L L L % [} M L H M 7 HH t L H 7 L H H H
9 H L LM L M H L L 8 H L H L 8 HoL L L
2 |H L H K 9 M L U N
D0A, ‘190, ‘LS80 10 H oM L L w0 M L H L
RESET/COUNT FUNCTON TABLE 5 Y Woln L ouom
RESET INPUTS | oureur 12 {H v oLt
Agr1) Metz) Rect) Rxn| Qo Oc G Oa T
H H L X 1. L L L
[ onia Sk SRR T I TN VRN S 0 RPN hA - 2 b VA WL
b ™ SRl O - P - b, - - NS ~f-HE MW W
IXRTX M M be oL M- . v T e = -
x L x L COUNT 4 ..
Lo oX L x COUNT P2A,'L592,83A, 'L93, "L993 ’
= 1f RESET/COUNT PUNCTION TABLE
VO RE GG oozr RESET INPUTS QUTPUT
X L L. x
Aol Roiz) [9p Oc .Qg Qa
& - W ] Y- dlL
NOTES: A, Output Qp is connectes w mout 8 for 8CD count. - x COUNT
H - 8. Cutput Qp s connectee =2 1nput A 1or bi-Quinery
x L COUNT
sount, 4 1.4 YAY, ]
© - C. Output QX is connectes mlpout 8.0 7 T LF o T
D. H = high level, L » [ow weer, X * irreilavent
functional block diagrams
‘S0A, ‘L90, ‘LSS0 ‘B2A, 'LS92 BIA, ‘L3, 'LSSI
LA R‘""ﬂD’; 3 . g 9.
Req2) 1
y PSSt (93A)L93)
08 o~ 3
INPUT A cu P Sz
0 wout A 19 A 2113 g,
15 1 iyt 4 434
|| -i LTI
eyt g 2 e h / 1, ofl Y,
. eyt g A2 x
R l:j ‘I-NPUI 8 .'!!.L!L.—

Roin
Rot)

td T -
3 —

fzy u

]

Hogn 214
INIETTE] b
012) -

The J and X inputs shown without cc-r~:"10n are for 1ol.vtnc;oﬂlv and sre functionally at 8 high level.

o (l”lﬂlk

[ARJ] l?}oo

< DALLAS, TENAS 73222

TeEXAS INSTRUMENTS
INCOK:_RATED

#OST OFFICE SOX 301,
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TYPES SN54122, SN54123, SN54L122, SN54L123 SN54L5122 SN541S123,
SN74122, SN74123, SN741122, SN741123, SN74LS122, SN7415123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

D-C T:iggered from Active-High or
Active-Low Gated Logic Inputs

Retriggerable for Very Long Output
Puises, Up to 100% Duty Ccle

Overriding Clear Terminar-: Output Pulse
Compensated fot VCC anu Temperaturs
Variations

‘122, °L122, "LS122 Have Internal
Timing Resistors

‘122,°0L122,°Ls122
FUNCTION TABLE

“923.°L123,.°Ls123
FUNCTION TABLE

!
3
i
F

INPUTS OuUTPUTS

CLEAR

CLEAR | A

L

-~ I T ITTTIIxxx

q 3

- I I xx
Lo A I S
I T ~r x Xle

‘ccgeg sz z]o

9PD .33 030Fr-rlo

T T I T~ I I r xux

U
v
hvs

Xre->-Ixnererxxiux?
rll*—rrxxnx,xxz

5

See snplanstion

x
x
S
x
t
~
t
"
"
]
-4
L]
[l
ot

function tadles on pege 3-8,

description

Ny

18 9. An enternal timing maey be

These d< triggered muitivibrators featurs output
pulse width cofitrol by three methods. The basic
puise time is programmed by selsction of external
resistance and capacitance velues (see typical spplica-
tion data). The "122, °L122, and "LS122 have internai
timing resistors that alow the circuits 10 be used with
only an externsl capacitor, i so desired. Once
triggered, the basic  'se width may be extended by
retriggering “ne gated low-level-active (A} or high-
level-active (.} inputs, or be reduced by use of the
overiiding claar, Figure 1 illustrates pulse control by
~triggering and early clear,

The ‘LS122.and '£5123 ace provided enokgh-Schmitt
hysteresls to ensure jitter-free triggering from the 8
input with transition rates “as slow as 0.1 millivoit pér
nanosecond.

2. To use the internsl timing *
3. For imoroved pulse wm
cpen ¢wcuited, -

SNS4122 SNS4LS122.,.JORW
SNG4L122, .. JORT
SN74122, SN74LI22, SNYALS12 .., JOAN
{TOP VIEW] (SEE NOTES 1 THRU 4}

VCC Ceay NC Cout NC Ry Q

Rene/

82 CLR a ano

logie: soe function table

SC—No Internsl connection,

SNB84123, WLS‘IZS JOoRwW
SNGAL1ZS .
m74!28 SN74L123, QU‘IJIZ: ..JdORN
{TOP VIEW) (SEE NOTES 1 THRU &)

TRewt/ 1 2
L

Comt  Cext 20 cr 28 2a

[+]
CLR 9

TY

1A

18 1 W3 | 20 2 2Reuy GNOD
CLR Coxt  Comt

logic: we function tare

< Detwe .

e

Cout o~ Ry o/Chypy Ivusitivel.
¢ of 122, 'L122 or L. 127, com~wct A, to Voo,

curtacy and repestabitity, con==' an eatmrnel revist0r b inren Rgat/Couy 88d Vo with Ry,

4. To obLtatn variable pulte widihi, cONNECT 8n ¢ ternal verishie reaasence hatwerr Aj,q of Ay, (/Cauy #nd Voo

TEXAS]NSTRLMENTS

OUPORAY
ROST .OFFICE BOR 3017 + Des.as TEIAS PRIFPF
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TYPES SNb4122, SN74122, SN54123, SN74123
SN54L122, SN741122, SN54L123, SN741123,
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

TYPICAL APPLICATION DATA FOR ‘122, °123, ‘L122, ‘L 123

For pulse widths when Ceyy < 1000 pF, See
Figures 4 and 5.

The output pulse is primarily & function of the
external capacitor and resistor. For Cexq => 1000 pF,
the output pulse width (ty) is defined as:

0.7
tw =K+ RT * Cext (H‘—)
Ry
where

K is 0.32 for ‘122, 0.28 for 123,
0.37 for ‘L122,0.33 for ‘L123

R is in k§Q (internal or externat timing resistance.

Coxtisinpf

lw I8 in nanoseconds
To prevent reverse ‘voltage -across Cext, it is recom-
mended that ‘the method shown in Figure 2 be
employed when using electrolytic capacitors and in
spplications utilizing the cleer function. In all applics-
tions using the diode, the pulse width Is:

> . 0.7
tw = Kp - RT *Coxe { 1+—
Ry

Kp is 0.28 for 122, 0.25 for *123,
0.33 for °L.122, 0.29 for ‘L123

Vee

Agxt < 0.6 Ry, max.
{See recomme opersting
conditions for Ry, max.)

Any silicon switching dicde

oxt such as 1ND18, 1N3064, stc.

/ “ext
terminal “tormingl -

TIMING COMPONENT CONNECTIONS WHEN
Coxt > 1000 pF AND CLEAR IS USED
FIGURE 2

Applications requiring more precise putse widths {up
to 28 seconds) and not requiring the clear feature can
best be satisfied with the *121 or ‘L12T,

Vee
Ry
o
/I\ Coxt
To Cope To Royt/Cont
terming) termenal
TIMING COMPONENT CONNECTIONS
FIGURE 3
‘122,123

TYPICAL OUTPUT PULSE WIDTH
v

EXTERNAL TIMING CAPACITANCE

weos z
W 1000 F Ve - 8V == .
Ta> B¢ 421 -
40 | —— 22 t
. fe—-am
2000
f 1 [
100
20
! e {
1 st
E ) ‘.Lt.f.:.g' .
Ay * W
B Gled — B S Ay « 0001
2, » S=AT - 1088l
- Iy-ilﬂrr
»
. "
St 2 4 10 0 @ 00 200 € 1900

Cony-Envornsl Tumeng Compastonce—pf
FGURE 4

‘L122
TYPICAL OUTPUT PULSE WIDTH
ve
EXTERNAL TIMING CAPACITANCE

000 2
2000 FYCC "5V HEF
A FTa - 257C 3l H
.
R
L - LY 13 gaV.
2 2000 » (s 1’ ”
: sl A
§ 100 5
s T 7 =
- .
5 400 oo o L - —
- "
§ 0 S I L~ \ Roue = 500
8| 100 Repy = 0 k0T
s ® =ps Roug = 208
«w ~ Pouy = 10 k0
i ¢ 4 fon o6k &
2 - | + J
el L] R

1 2 4 10 20 40 100 200 400 1000
Comi=Errornst Tirung Caen .. wo—pF -

FIGURE §
TYhess valuas of resittance exceed the meximum recommended ‘nr use

ovaer the full tampersture range of the SNB4’ snd SNB4L’ circuris

1978

: TEXAS INSTRUMENTS - e e
1*, ORPORATED

FOBY OFFICE BUA 3012 » DALLAS, TEXAS Y8223 .
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TYPES SN54122, SN54123, SH54L122, SN541123, SN54LS122. SN54L8123,
SN74122, SN74123, SN741122, SN741123, SN7418122, SN7415123

RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

AETRIGAEN PULSE
{Ses Nove)

1T

outruUTQ | =~

‘- “TOUTFUT MTHOUT AETRIGGER

description (continued)

OQUTPUT PULSE CONTROL USING AETRIGQER PULEE
u INPUT l |

CLEAR

WT'UT_.MWJT CLEAR

ouTrUT Q :

OUTPUT PULSE CONTAROL USING CLEAR INFPUT

toted pulebsmCl.

T e et e e [

Y A NOTE: Retrigger Pulse must notstert before-0.22 Ceyy lin pl atesr pr
. . - © FIGURE 1-TYPICAL INPUT/OUTPUT PULSES ‘
schematics of inputs and outputs.
’ -l Y °122,°123, 'L 122, 'L.123 CIRCUITS e
'n . hl d-4 % b
- EQUIVALENT OF EACH INPUT TYPICAL OF AU: oUTPUTS

Clesr inputs of '122,°123:
Other, inputs of *122,°123:
Clear inputs of ‘L122, "L123:
Other inputs of ‘L122, *L123:

Req * 2K NOM
Req = 4 kf2 NOM
Req = 4 k11 NOM
Req =8k NOM

“122,°123: R = 100 2 NOM
‘L122,°L123: R =200 2 NOM

‘LS122,°LS: ° CIRCUITS
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
b | — ol A
L
———e 3 120 1 NO A
17 k61 NOM_ .
4 -
) 4
- -
TEXAS INSTRUMI TS .
INCORPORATED

POSY OFFICL. BON 3012

+ OALLAS, TEXxA® 28322

1enm
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TYPES SN64LS122, SN74LS122, SN64LS123, SNT4LS123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

TYPICAL APPLICATION DATA FOR ‘LS122, 'LS123

The basic output pulse width is essentially deter-
mined by the values of “extemal capacitance and .
uming resistance, For pulse widths when Ceyr <
1000 pF, see Figure 7,

When Ceyxr > 1000 pf, the output pulse width is Vvee

defined as: At

tw = 045 - RY * Cexe

where
Cant
Ry is in kQ (internal or external timing resistance.) ,}7%\
CoxtisinPF ToCoxt T Rext/Caxt

. inel tarminel
Y, is in nanoseconds y N < YA - e )
T e Y

For best results, system gr ."A‘ 1d be spplied to

the Cext-terminal. The switching diode is not needed R .- -FIGURES

for electrolytic capacitance qgatiom. n v
L ook

-

- ea

TIMING COMPONENT CONNECTIONS

- , EtA

‘LS122,4.5423 /| _
3 TYPICAL OUTPUT PULSE WIDTH
S vs
"EXTERNAL TIMING CAPACITANCE

T2 100000 E===rrry

Sy

RT =260 k2t ?
= | Ry =160k 5
L ;
/ H
-
¢ 10000 Ayl
5 -
=2 - z A
; Lottt ] vl
2 T LTI f
& 1000 e ——e e ] gl
g s 5 1 .
3 € =T HRT = 80 kQ- | -
T 100, I N NkAT =40k |
- ERHERT = 20 kQ |
ERT = 10kQ i
RT =5k
i 1 1{EtL
) 101 [4] 1000
Cext—External Timing Capacitance~pF
T This velus of res! h the ded {or use over

the tull tempersturs range ot the SNS4LS clrcuits.

FIGURE 7 . ‘

’ - -
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TYPES SN54LS138, SN541S139, SH548138 SN54S139,
Mst » SN74LS138, SN74LS139, SN74S138. SN745139
' DECODERS/DEMULTIPLEXERS

- BULLETIN NO. OL-S 7611804, DECEMBER 1972-REVISED OCTOBER 1976

':-’.

Designed Specifically for High-Speed:
Memory Decoders
Data Transmission Systems

SNE4LS138, SN54S138 ... J OR W PACKAGE
SN74LS138, SN74S138 ... OR N PACKAGE

: (TOP VIEW)
‘S138 and 'LS138 3-to-8-Line Decoders
Incorporate 3 Enable Inputs to Simplify oATA QUTPUTS
Cascading and/or Data Reception ,_f_ggu_rv_b Yi_ v v3 o ve wve_ wved
. % HIENENDIDE
e ‘S139 and ‘LS139 Contain Two Fully
Independent 2-to-4-Line Decoders/ J_; 1 I l 1
Demultiplexers Yoo viovzovoveve
e Schottky Clamped for High Performance = ve
] G!A Q28 GV r?
TYPICAL , T
TYPICAL
TYPE PROPAGATION DELAY NIRFIERIERIENILEIRAIL
P,
(3 LEVELS OF LOGIC) FOWERDIERRATQN A B C ,C2A G G\ 'a.n;:uv“

‘LS138 22ns 32 mW g SELECT ENASLE

s138"° 8ns 245 mw b R

. "‘LSlx“ T e 22 il AW = = - - z - S

AREE 75m 300 e positive togic: se¢ function teble

! description
. These Schottky-clamped TTL MS! circuits are SNSALE130, SNEAS1I0 . . . ) OR W PACKAGE
<. designed to be used in high-performance memory- SN74LE139, SN745129 ... J OR N PACKAGE
decoding or data-routing applications requiring very (TOP VIEW)
short propagation delay times. In high-performance AL £
: memory systems these decoders can’ be used to T seLect 'vaTA oUTRITE
‘ -—mommlza the effects of system -decoding. When Veg . Ta MV v vz
”_employed with high-speed memories utilizing a fast- Bl jupjujjijnliuiie
,_cncblc circuit the. delay times of thess decoders and i .

_ . the ensble time of the memory are usually less than a b |
the typical access time of the memory, This mesans ¥ N
that the effective system delay introduced by the
Schottky-clamped system decoder is negligible. G Nen TR A
The °'LS138 and 'S138 decode one-of-eight lines i D I 4 2

. ! 1 AR RIENIR R I A RIRNIR!
depend®nt on the conditions at the three binary S S S S w
select inputs and the three enable inputs. Two 3 A N o e
active-low and one active-high enable inputs reduce . e i 2 S
the need for external gates or inverters + .n -
expanding. A 24-line decoder can be implemernied
without external inverters and a 32-line decoder { poseive logee: see function table
requires only one inverter, An enable input can b.~ i,

used as a data i mpm - demultiplexing applications.

- The ‘LS139 and '5139 comprise two individual two-line-to-four-line decoders in a snngle package. The active-low enable
input can be used as 8 data line in demultiplexing applications. i
All of these decoders/demultiplexers feature fully butfered i'nputs each ot which represents only one normialized Series
S4LS/74LS load {*LS138, ‘LS139) or 6ne normalized Series 545/74S iuod (“'138 'S$139) 1o its driving circuit, All
inputs are clamped with '\n)h performance Schottky diodes to suppre - ne-ringing and simplify system design. Series
54LS and 545 devices o1+ characterized foc operation over the full nantary temperati 1 range of —65°C to 125°C:
Series 74LS and 74S devices are characterized for 0°C to 70°C industrial systems,
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FYPES SN54LS138, SN54S138, SN54LS139, SN54S139
SN74LS138, SN74S138, SN74LS139, SN74S139
DECODERS/DEMULTIPLEXERS

functional block diagrams and logic

‘L5138, ‘5138
-LS138, S138 FUNCTION TABLE
Cd
. INPUTS ou
E:}J'_—?n ENABLE | SELECT PUTS
T\, 61 G2*[c 8 A[vYo Yl v2Y3vs vs ve V7
o - >—l_}— X H|X X X|H HHHHHHEH
ENABLE . (11}
e J—}»-ln LoX |X X X[H HHMHHHHH
G = H oL |L L L|L HHH H 4 HH
1 b4 H L (L L H|H UL HHHMHEHMH
P OATA
_M"NW“HLLNLHHLHHHHH
s H L L H Hi{H H H L.HHHRHN
1101
A o O " H L |H L L|HHHHLHHHA
H L |H L H|lHHHHHLHH
SELECT ] oy »-:D,m“
mrs'D L . H L |H H L|H HHHHHLHN
ST N O =D e W oL W # WlHHHHHHHL
- P - Ve cQ2e G2K ¢ G LT 00 :
: " i [ + = high Tevel, L = low

‘L5133, ‘5139

-
R
N . *
r;:}“_'m i ~. L8139, 3130 ..
(EACH DECODER/DEMULTIPLEXER)
(1)) o -
enance 16 > =n (e 9 FUNCTION TABLE |
! : ! g Bl -
i
w1 > ~
@ :'3* INPUTS
st “‘:Dz >t [ ENABLE | sELECT | Oon
20— [ oara ‘a [B_ _Alvovivavs
e I S g™ Sl IECT IR S T T
enanLE 26 U8 it & Y Sy J A
| 291 . L L H{H L HH
A (5 H L H H L R
(11)
:D’—"’ L H H|lH H H L

seLect {"&D: > o

INFUTS nﬂh D ke H = high levet, L = low level, X = wrelevent
L4 -

.
1
v

schematics of inpu>- and outputs : y ’ -

1 1

EQUIVALENT OF EAC*f X EQUIVALENT Of EACH TYPICAL OF QUTPUTS TYPICAL OF OUTPUTS i

INPUT OF "LS138, ‘LSt iINPUT OF 'S138, 'S139 OF LS138, ‘L5139 OF 'S138, '8139 . I

’ ; 250 1 NOM - vee o Vee ¥

. . N
vee - Vee - ! { 80 2 NOME
. 20 kil NOM 2.8 k{1 NOM}| — - -3
- * i
NP ¢ -— -
INPUT e g . INPUT - OoUTPUT OUT?U'{
{
® b2 ' - U

B I I

e ‘ .
'

1272

.- : Tex -5 INSTRUMENTS -
. IN(‘OH'?OHA'&D i



T e e S ey

L TYPES SN54153, SN54L153, SN5415153. SN54S153,
SN74153, SN74L153, SN74LS153, SN74S153
MSI . DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

BULLETIN NO.OL-5 76811862 DECEMBER 1972 — REVIEED OCTORE® 1076

- SNS4153, SNESALSIS] SNO4SIS3 .. JOR WPACY AGE
- SNGALIS] ., JPACKAGE
- SN74183, SN74L153, SNT4LSIB3, SN74S183 .. . JOA N PACKAGE

(TOP VIEW!
0
TROSt A DATA 0TS outms
LR 1S T

. Parmits Multiplexing from N tines to 1 lire
e Performs Parallel-to-Serial Conversion
e Strobe (Enable) Line Provided for Cascading

i {M lines to n lines) - .
e tugh-Fah-Out, Low-impedanca, Totem-Pole
Outputs
e  Fully Compatible with most TTL and DTL
Circuits G BELECT  patameurs | VY
?. L pasitive logei:: .see function tsble
TYPICAL szuc:‘ ) )
e PROPAGATION DELAY TIMES roven
. FAOM FROM FROM e A -
DATA  STROBE  SELECT A -
83 4 ns o e 180 mW ANLE I FUNCTION TABLE
. i St ~£CT
L1853 27ns Hm 4 80 mW il A= 71 DATAINPUTS * | STROBE | OUTPUT
‘LS153 14 s 19ns 22ns 31 mw INPUTS
I153 B, TEm 128 D2 Ol < WAL Eelemlallemtl 5,62 O a Y
(R X X X X X X H L
L L L X X- X L L
L L H x X x L H
‘ ¢ WRLNY LW X L L
. desciiption L H X H X x L, H
HooL |x x L x + t
Each of these monolithic, data selectors/multiplexers |y ot x x H X b "
contains inverters anc drivers to supply fully 4 5 x x x L 1 L
compiementary, on<cho, binsry decoding dsta HY W X XOn "% # o L la
selection to the AND-OR-awert gstes. Separate strobe Select inputs A end 8 ers comman 10 both sections.
inputs are provided for each of the two four-line HE G 1ol L Tgevel. JJ Lytivant
sections. e O° 4 °
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltags, {{‘cc tsee Note 1) . ., . e ol v
Input voltage: ‘153, °L1€3.°5183 . . . . . . . . .. e e e . ... ... B8V
B T3 £ O P S R I A
1)perating fresair temperature range: SN64°, SNE.IL°, SNB4LS’, SN54S° Circuits . s . . . -55°Ciw325°C°
$i¢74', SNTAL"; SN74LS", SN74S" Circuits . . . . . . . .. 0Cw70°C
Storage temperature rave . . . . . . . . . . . .. . . ... ... .. -65"C1150%C

" .
NOTE 1: VOltage velues 870 wir™ =  ac? 10 netwark ground termanal,

1078

TEXAS INSTRUMENTS

MPORATED
,ORT OFFICE BC 17 ¢ DALLAG, Tanas Pse?




*

.

. .- TYPES SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
m SN548162, SN545163, SN74160 THRU SN74163,
MS! SN74I.S180A THRU SN74LS163A, SN74S162, SN74S163
. SYNCHRONOUS 4-BIT COUNTERS

BULLETIN NO, DLS 77113285 OCTOBER-1976—REVISED AUGUST 18977 ~
SRR A SR

*160, "161,'LS160A, ‘LS161A ... SYNCHRONOUS COUNTERS WITH DIRECT CLEAR

‘162, *163, ‘LS162A, ‘LS163A, 'S162, 'S163 ... FULLY SYNCHRONOUS COUNTERS
' SERIES 84", BALS’, 845 ... ) OR W PACKAGE

o- [ntermnal Look-Ahead for Fast Counting SERIES 74°. 74LS". 745" .. . J OR N PACKAGE
e Carry Output for n-Bit Cascading — ‘Tg:':":f:" :
e Synchronous Counting Ve o G’ on o 0n ™% Loao
o Synchronousty Programmable wljspluwljajuriniinils
r.l'-h» L ol Line RiPPLEQ,  Og .. Og OOENA:Lq
~we Diode-Clamped tnputs e
CLIAR L0AD
TYPICAL PROPAGATION J:;::t';‘ TYPICAL
TYPE TIME, CLOCK TO CLOOR POWER
Q ouTPUT FREQUENCY DISSIPATION
*180 thru ‘163 14 ng 32 MH2 305 mV
‘LS160A thru LS163a - tans 32 MHz 93 mW
5162 and 5163 9ns 70 MHz 476 W
B ,,:r.. N e . Y /2 g e, -
. ] - < an YA -
dasmpnon

-

[ Thm synchronous, presettable counters festure an internal carry Iookahnd for apphmon m hl#upud counting

duogns The “160, ‘162, ‘LS160A, ‘LS162A, snd "S162 are dacade countars and the '161, 163, /LS161A, ‘LS163A, and
~ *""$163 are 4-it binary counters. Synchronots. operation is provided by’ hmm\g ait mp-flopa clockcd somulumouslv so
that the outpuss change coincident with esch other when so instructed by the count-enable inputs and internal gating.
This mode of aperation eliminates the output counting spikes ‘that are normsplly. sssocisted with uynd\ronous {ripple
clock} counters. A buffered clock mput tnw-r- me four flip-flops on the rlsmg lposutfvo-oomg) tdol of the ‘ciock input

T WY ——
! »m.m 3 5 BN .-,- o vr TWAALN

P

! ,.These counters are fully programmable; that is, the outputs may be presst to ﬂth« leve!”As’ pnmﬂng is synchronous,
setting up a lom level st the load input disables the counter and causes the outputs to agree withi the ietup data after the
.next clock puse regardless of the levels of the enable inputs. Low-to-high transitions'at the losd input of the ‘160 thru
1. 163 should be avoided when the clock isJow it the enable-inputs are high at-or before the transition. Thid restriction is
t not applicable to the ‘LS160A thru ‘LS163A or ‘S162 or ‘S163 . The clear function for the ‘160; 161, "LS160A, and
‘LS1B81A is asynchronous and a low level at the clear input sets all four of the flip-fiop outputs low regardtess of the
levels of clock, toad, or enable inputs. The clear function for the ‘162, *163, ‘LS162A, ‘LS163A, ‘S162, and 'S163 is
synchronous and a low level at the clear input sets all four of the flip-flop outputs low after the next clock puise,
regardless of e levels of the enable inputs. This synchronous clear allows the count length to be modified easily as
decoding the ~aximum count desired can be accomplished with one external NAND gate. The gate output is connected
to the clear inout to synchronously clear the counter to 0000 (LLLL). Low-to-high transitions at the clear input of the
‘162 and ‘162 ~ould be avou’ded when the clock is v i the enable and load inputs are high at or before the transition.

The camry look-shead clrcumy provides for cascading counters for n-bit synd':ronou: applications without additional
gating. Instru~ental in accomplishing this function are two ‘count-enable inputs and-a ripple .carry output. Both
.count-enabi» i~outs (P and T) must be high to count, and input T is fed forward to enable the ripple carry output. The
ripplé cart o.<put.thus enabled will produce @ high-level output pulse with a duration approximately equal to the
high-level portn of the Qa ouf;*-. This high-levet overflow ripple carry puise can be used to enable successiv-
cascaded stages High-to-low-level transitions at the enable P'or T inputs of the ‘160 thru *163 should occur only when
the clock inpuz »s high. Transitions at e enable P or T inputs of the "LS160A thru ‘LS163A or ‘5162 and ‘S163 are
allowed regardess of the'leve! of the cl.” « input.

'LS160A thry 1S163A, 'S162 and ‘S163 feature 2 fully indepandent clock circuit. Changes at control inputs {enabte
P or ¥, or clesrrthat will modity -the operating mode have no effect until ‘clocking occurs The function of the
counter (whet>a- enabled, disabled, loading, or counting) will be dictated solely by the conditions meeting the stable
setup and hoic - s, -

The “LST160A =4 ‘LS163A are completely new designs. Compared to the original ‘LS160 thru ‘LS163, they feature
0-nanosecond —-~mum hold time and reduced input currents iy and .
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TYPES SN54161, SN54163, SN54LS161A, SN54LS163A, SN54S163 1
* SN74161, SN74163, SN74LS161A, SN74LS163A, . SN74S5163.
SYNCHRONOUS 4-BIT COUNTERS

‘161, "LS161A, *163, 'LS163A, ‘S163 BINARY COUNTERS

typical clear, preset, count, and inhibit sequences

liustrated below is the following sequence:
1. Clear outputs to zero {"161 and ‘LS161A are ssynchronous; ‘163, 'LS163A, end *$163 are synchronous)
2. Preset to binary twelve :
3. Count to thirtesn, fourteen fifteen, zero, one, and two

4. inhibit
CLEAR l . »
LOAD ] I
- b= 0 I | S =P e . AN — —
A 14 ;
[ 7y [ ATEVXE 2N I A
; P 3 e e Ei e L T
g :\. = — — = e — e e e o e o -
o S - B
DATA —_— e = e == = e e
INP_UTS '_..-—_..—-.——_—._—.__.—
o L g "= LY WOEP W\ et Y =14 }——=
R S e e e e cmmm o b Y T ot o - et 1 e ) [t
. o_J| A/ a2 s P\ gl aoponnn M) TILAE | N

177488

|
e \ l - y S § e RYSRIPS
CLOCK | ! ; I
L ST 1 ) 1 -
1 | 1 - s .y e
ENABLE P N1 | [ 2 ] I
| ; : 1 vt . WU 3
ENABLE T e ) | . b I
] 1 1 | *
O - !
RPN ANN L S SN (sikie £ P
- 1 L]
]
— 1
NN MAYALL !
OUTPUTSi. ! :
N ) =
Qc _  _1 _|M_I - - [ b
1 ] -
—_— ! !
% __ :‘!:.L_I R !
. .. : I -' = ] =
| . : |
RIPPLE-CARRY S0 X f f : !
QuTPUT v 12 13 s 158 0 - 1 24
|h . ll COUNT } INHIBIT
SYNC PRESET -
CLEAR
© ASYNC
CLEAR
1076
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TYPES SN541S240,SN541S241, SN54I.82;$4 SN545240,SN545241,
SN741L5240,SN74LS241,SN74LS244,5N745240,SN745241 .

OCTAL BUFFERS AND-LINE DRIVERS WITH 3-STATE OUTPUTS

Typical  Typical Typical Propagation
foL oM Delay Times
(Sink (Source
., Current) Cument) Inverting Nonbwerting
. SNBALS' 12mA  —12mA- 10.5m 1208
SN74LS" 24mA —~16mA  105nms 12 ns
SNB4§* 48mA =12mA 45m 6m
SN745° 64 mA ~

—16mA 45 ns 8

e 3-State Outputs Drive Bus Lines
or Buffer Memory Address Registers - .. .-

Typileal valul Power

Enable/ o

SN741L8240, 5N745240 . .,

Dissbie {Ermbled)
Times  lewerting Noninverting
18 ns 130 mW

18 ne 130 mW 136 mw
9m 460 mW 638 mwW
o 450 mW 538 mW

SNS4LS240, SNS48240, ., J

135 mW

JORN

e P-N-P Inputs Reduce D-C Loading
® Hystaresis at Inputs Improves
Noise Margins
description
- Thess octal buffers and line drivers sre designed
specifically to improve both the performance end .
. density of threeststs miemory bddress drivers, clock e
drivers, and bus-orientad receivers and tnmmmm 3o

The designer hat a chicice of selectsd combinations of - ;- | U

Inverting and noninverting cutputs, symmetrical §

1 ATOP VIEW)}
Yee 85 Y1 M w2 3A2 w3 aar TV Ay
Clael-lwl fw] fol Iw| {w]| Jul o

(active-low output_gontrol) inputs,._and  comple- .
mentary G end G inputs. These devices featurs high .
tanout, improved ‘fandn, and 400-mV.noise-margin, « .-

Ve
.

e

C
_>t.|

[TOP VIEW)

TSNSALS24T, SNBas241. .07
1 Wle1 SNT45241 ,

e e s

SR

e OR N o oo

The SN74LS’ and SN74S° can be used' to drive

’WWIMM&'[:BO?IN' & o Al ":‘-";-"Z"ﬂ'“ '

sdnrmdcs of mputs‘lind outputs

.
3 4 L} L} 7
Vove a3 v W

A4 e o

SNS4LS244 ... J
. SN741.S244 .. .JOAN
{TOP VIEW)

£ 3o i X —-an-._..
‘LE340, ‘LE241, “LE244 Y, PVl >
EQUIVALENT OF TYNCAL OF ALL ¢
EA@!IM’T:" it . onrmm R Y B
S i ; =
INPUT ¥ >
= ! - Ve
L 3 A
-~ E
¢ - ureur]
*5240.°5241 4
i EQUIVAL ENT OF 2
EAC - INPUT
) ND
| Vee—r——
R i
1
INPUT~ -
. ‘L5240, ‘LS24 %, LS244;
I "R =50 11 NOM
'5240,°524]:
R =25 2 NOM

B vy s lvr tu
o ln wiiw| iw

a2
L

e rar
”
B
AmiL]
M o0

| 22
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- TYPES SN54LS240,SN5415241,
SN541LS244,SN545240,SN548241,SN741S240,
SN74L3241,SN74LS244,SN745240,SN74S5241 -
OCTAL BUFFERS AND LINE DRIVERS WITH 3- STATE OUTPUTS

-

¥ oo
b

DRIVER

18 L824V 0241 [

LONG-I.INE

REPEATER

| RECEIVER .
] 178 18241, 5241

INPUT | > |:|Il L&“I 20 I:‘I‘l 'LSZ" 20 Wﬂ k=3 [\OUTPUT
4\ CL

‘L8241, 'S241 USED AS REPEATER/LEVEL RESTORER

CONTROL OR MICROPROGRAM AOM/PROM
or
MEMORY ADOMESS REGISTER

_]
|
I
—y =12

SN

s

>
INPUT
PORTS

! .

14

— ——

L4

7

Y
l'__!

4]

gy

rexze

PARTY.LINE BUS SYSTEM
WITH MULTIPLE INPUTS, OUTPUTS, AND RECEIVERS

INPUT-PORT
CONTROL

INDEPENDENT 4-B17 8US DRIVERS/RECEIVERS
IN A SINGLE PACKAGE

“L5241,"8240 USED AS SYSTEM ANC/OR MEMORY BUS DRIVER-4-81T
=  ORGANIZATION CAN BE APPLIED TO NANDLE BINARY OR BCD .
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TYPES SN541S373, SN54LS374, SN54S373 SN548374,

TTL SN74LS373 SN741S373, SN74S373 SN74S374

MS| OCTAL D-TYPE TRANSPARENT LATCHES AND
sttt o, o s O e Gk b FLOPS

¢ Choice of 8 Latches or 8 D-Type Flip-Fiops SNSALSIT3, SNBASITI ... J PACKAGE

In » Single Package SN74LSI73, SN7486373 ... J OR N PACKAGE

e 3-State Bus-Driving Outputs TorviEw

©. Full Perallel-Access for Loading

e Buffered Control h\pu’h

¢ Clock/Enable lnp\;t Has Hysteresis to improve

‘Noise Rejection
e P-N-P lnputs Reduce D-C Loading on
Data Lines {"S373 and 'S374) .

o SN541S363 and SN741:8364 Are Similar But
Have Higher Vo4 For MOS Interfacs

‘L8373, ‘8373
FUNCTION TABLE  And . loghc: ses function wble
ouUTPUT ENASLE _
ouTPUT
CONTROL Q
" ¥ " SNBALSIV4, ENBASIVA . ... J PACKAQE
<t SN74LSIT4, ENTASTTA, .. J OR N PACKAGE
L. H L L (ToP ViEW
L L ¢ Qg -
H - X X [4 -
. ‘L8374, 8374
. PUNCTION TABLE
| ourrur
cLOCK o] ouTruT
CONTROL
L b4 ] H
L t L L
L L X Qg
H X X Z d logic: see functiontabde |
See enplanstion of tuncdon tables on pege 3.8, -

description

These 8-bit roqm'n feature toten. vole threestate . cutputs designed speciticslly for driving hpohly-caoacqu or
relstively lowimpodmcc losdi. The “high-impedance- thitd stste and -increased high-logicitevel drive - prov-da thesé

.-registers with the capsbility of being connectsd directly to and dmmq the bus lines in a-but-organized system without

need for interface or pull-up components. They sre particularly a%trective 'or imptementing buffer ~-gisters, 1/0 ports,
‘bidirectionasl bus drivers, and working registers,

The eight latchcs of the 'L.S373 and '$373 are transparant D-type latches meaning that while the &+ -bie (G) 13 high the
Q outpun will follow the data {O) inpu®  Whaen the enableis taken low the output ¢ be latch: 4t the tevel of the
data that was setup. -
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