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Pseudo Random Binary Sequence 1¢¥1a114 Taen1s 14 Shift Register fiimsaetoundy
LU 9ILINULY Modulo 2 Tatf Shift Register A Flip ~ Flop $1uaumiluhmssodiu
WU Series fuLae Shift Register uAnzAaziimsnodfudygauim liJe Shift Register
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[ 1 @ A o .
wiimsfmuagadedeunduie Mmuan1ue17u84 Pseudo Random Binary Sequence Tav1d

@UMS Primitive Polynomial Afifdedaud 1 8420 Samsa 2.1
Deg m h(x)
1 X+
2 XX+
3 X+X+1
4 XX+
5 X+X'+1
6 XX+
7 X +X+]
8 XX XX+
9 X+X'+1
10 X4+
11 XX+
12 XXX+
13 XLt
14 XX e+
15 X" x4+
16 Xx M xPex
17 X"+x"+1
18 X*+x'+1
19 XX x4
20 X"+x"+1
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Length of shift register Teedback taps Period of sequence
3 1,3 7
4 1,4 15
5 2,5 31
6 1,6 63
7 1,7 127
8 1,6,7,8 255
9 4.9 511
10 3,10 1023
1 2,11 2047 L
12 2,10,11,12 4095
13 1,11,12,13 8191
14 2,12,13,14 16383
15 14,15 32767
16 11,13,14,15 65535
17 14,17 131071
18 11,18 262143
19 14,17,18,19 524287
20 17,20 1048575
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Length of shift register Feedback taps
3 3,2
4 4,3
5 53
6 6,5
7 7,6
8 8,6,5,4
9 9,5
10 10,7
11 11,9
12 12,6,4,1
13 13,43,1
14 14,5,3,1
15 15,14
16 16,15,13,4
17 17,14
18 18,11
19 19,6,2,1
20 20,17

{ o o v o A .
A1319% 2.3 HaRIRNUFURUS s EHIaNS U YA Period 484 Sequence 11014 Exclusive Nor
Gate
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Time Value at poiut
a b ¢ Output

0 0 0 0 0 <

1 1 0 0 0

2 1 1 0 0

3 0 1 1 1 [~ PRBS
4 1 0 1 1

5 0 1 0 0

6 0 0 1 1 ]

7 0 0 0 |0

8 1 0 0 0

9 1 1 0 0

10 0 1 1 1

11 1 -0 1 1

12 0 1 0 0

A1571991 2.4 LAAIFIAIUYDL PRBS e1ms X +X+1
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3.1 szuvinssadavesniamd
Tassadvosaniauinaunszneuda
3.1.1 nAes %aﬂsznau'lﬂﬁamamﬁwqﬁq{f
3.1.1.1. FygIMuIRn 4.096 MHz
3.1.1.2. Mesadedygnudeyaiasudy
3.1.1.3. 2995 Divider 8 Level
3.1.1.4. 2995 MUX
3.1.1.5. 2995 Decoder 3 bit
3.1.2. nnfy °§4ﬂszﬂan1ﬂﬁaqusﬁwqﬁﬂ‘f
3.12.1. 29955998 IMsAanarnvesinlumsdedoya( BER )
3.1.2.2. WITMALAAIAR IBIHIBNUA 3 MAn
3.1.3. Nesduiadygasumuuuy lauuud

[} -] o W [ 4
ausmhnessdnnd@suduuionlaszunsuddumshonldfegun

CLOCK 4.096MHz

P2 P
_+ l +—--m PU—4p2
l P4 n

!
) 'pi’mx TRANSVISSION LINE I

PEb — 405 P12 PRBS {.oo g PCM SYSTEM RECIEVER
p'] DG !
PE¢-—aP7 |
PO4-—4P8 :

Rgloul
DEVIDER 8 LEVEL
DECODER

wNeUl 38 RS ,
T Il ERROR RATE];
|
(BER) |
INPUT 3 BIT |
MOMITOR |
i

d
317 3.1 szvnTasendrevesaniauad
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1ngifi 3.1 Tudsesmadesztlsenou1ufiag 2997 Divider 8 Level 92vhin1snts
o h ' 4w iy @ 4 .
ffoyay1nu Clock 4.096 MHz 8oy uilus Clock fiszAuaIaA 1Y 8 A1WA. Lz 929 1FyI993

MUX ufudgana Avaoa 3 In Tumsifendgygnai Clock pONIT 1 AW 910 8 AW

1 4

Tastmualfanuduiufsenindyguadaoa 3 dndudygn Clock ya g armdiiudei
dyanAdnena 3 In dieygy e Clock
000 2.048 MHz
001 1.024 MHz
010 512 kHz
011 256 kHz
100 128 kHz
101 64 kHz
110 32 kHz
111 16 kHz

AT NN 3.1 ﬂ’J'liJﬂiJWHgSZH’)"Nﬂfum'lﬂlﬂ% 780 3 unnuag g Clock N9 8 ANUND

A ] 1 4 . A
dioldfygn Clock Aidesmaudaee1ddyauiiflowdigases prBs isliiaes
. 4 _ .
e 14 Fesgauns Polynomial 8wy ud 92192993 Decoder 3 Bit thonaumsunldifios 1
v L4
aumsiniu TasdmuanuduRusseni193993 Decoder 3 Bit AUANMS Polynomial ¥4 8

- ¢
uu fudatl

Decoder 3 Bit HUN15 Polynomial
000 X+X+1
001 X4+X+]
010 X+X+1
011 XX+
100 X+X+1
101 x"x’+1
110 x%+x" 4+
111 XXX

' 9/
15199 3.2 ﬂ’J'l)Jﬂll"NuﬁiZﬂ'TN'Ni)? Decoder 3 Bit NUAUNIF Polynomial Y14 8 LUU
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4 udA 4 usa
PRE BRE
40 old 4o o}
Aok obk Aok obb
CIR | CLR_ ]
19 7474 7 7474
0l 02

nuTruT

2‘1] 3.2 2997 Pseudo random binary sequence Y03TUAIT X+x+1

74128
740 /
1
j
2 N \B
UTA”

4 u3a 4 UaA 4 _usa U2A
PRE PRE SRE [BRE
2p 08—y 0} 2 0f2 4o o8
3ok DS Aok obb Ack opl Lok 5p8
CiR CLR IR CLR
9 7374 ¥ 7474 19 7474 19 7474

o1 02 03 04

zﬂ 3.3 2995 Pseudo random binary sequence Y8304NI7 XX+

" ourput
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74128
/
3
TC
Ut 3
4 uza Y uBA A y7a 4 _usa
PRE PRE PRC PRE | ]
14y o8 ® o2 A wl2 O TR 1 %2 . 5 .4 ... outpur
Fox opb Aok 6p° Aok BbE Aok opb
- CIR_ _CIR_| | _CIR | CLR
Y 7474 9 7474 " 7474 7 7474
01 02 03 04 a5
COCK .
. 5
iﬂ 3.4 7495 Pseudo random binary sequence YD30UMGT X +X+1
74128
7404 /i
( 3
11N %
0 > 3
o
A4 1A 4 uza A ysa A uaa 4 usa e
PRE BRE PRE | _ PRE PR |BRE
t4p o2 2p o2 2p  of2 p of2 dp  ol2 4o ol2 QU
Aok Gpb 3ok Bpb Lok B Jeok opd 3ok opd ek Bpd
TR TR CR TR TR TR
19 7474 19 7474 & 7474 W 7474 19 7474 19 7474
o1 02 03 04 05 06
)CK Lo

51 3.52995 Pseudo random binary sequence Y94aUNT X X+
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- ~ e i ~ - L

g0 »0E 590 ¥ gac wioE 590 ¥1OF g0 M0¢ 80 W% gd0 Mg g0 0§ 590 »W§
34d 34d 3yd 34d 3yd 3ud 3ud 3ud 3ud
viAg voifl ver & viR g von R, ven g vol ven § ven §

dnlnnemanon nave

31) 3.6 2995 Pseudo random binary sequence YE4TUMS X +X +1
36846
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~

31 3.7 2495 Pseudo random binary sequence Y9N3 XX+
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o 0 MoEdo FOEEF0 ¥OEEA0 HVEFAT HNVEFECO HVEFEG0 HOEEA0 HVFEAQ XV FFA0 MVEFFGR HOEFGR MOEEQ MDEEAC WOEHA0 HOE

tH +

ONll 51 G410 a5%0 gy omdo GF 510 a5<0 OM|m|o 510 0710 owlumlo OM._

| 3ud 3ud yd 3ud 3ud 3y4d 3ud i 3yd Jud
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.
q

O¥L
8CLPL

51 3.8 7493 Pseudo random binary sequence YIS X +X +1
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1N q

31/ 3.9 2495 Pseudo random binary sequence Y8AUN3 XX P+x e+
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3.3 HanNSe8NULVIATBIIABATIN1AANA 1A YeITN

o o ¥ o a o) LY 79 &4 [y Ao A
dmsunmsiasasimsiananvesin  Taolddydnueideyanwsudn  UiTToy
-~ A o [ | A o -
FouimafudunmaduiodaniuAanmaiildlay
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o A w A ] L] ] y o Yo o/
2. fufiadygiu PRBS fimads udrdssiugesdygn udimaiuldiudygno
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o o ot o a o« a o o a oo
ﬂzﬁg'Nﬁf.uf.u1m°ﬂu°m‘ﬂ’]u¢ﬁqnuiunauﬂﬂ’lﬂu His ﬁmfy1mﬂ1ﬂiﬂﬂn15°ﬁqIﬂiulu‘vn'u.ﬂ']ﬂfh

T lnsserfeuesrseiniadunaansgy 3.11
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Clock <
input >
A
O O . )
<+ Shift Register
PRBS —»> g
o)
input
B
ya
(
<
Comparator ——p— Initize Error
Detector

To Counter

717 3.11 uerme InssadumsadasimsAawanvesiin

P o o A _ § 2 v 0 L =) a ¢ 14
Tavlunsuusniininfuessuiindeyanwsusuiududassnieaindogh
° ' o Y &£ o 4 o a A w 1 A a P
dgumb B dygrudeyanwsusuinmadugnuls suifisuiuniadeiaeeinlisudisy
4 - y 4
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v L4 L4 *
fndpemarmnnlutiwmdug  Anfuseihhiaesfudufmanawdanma  Mdygu
A a ] 3 1 é o) L4 o L
i Weind ldegiidumis A dafumsdalasluddoya  ndsnnaindoglu

o o ¢

N : 4 o a4 o 3 v d v da
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minegla 2 AedBunniitaesefusz Iioniymdiu « 1 > SBuymilsgmiouiuold

d o ¥ - a do o A [ | &Y = et ¢ AL A

i « 0 7 dwmfuduidusinddmiudendygnu Iifugadmii Tmasd Fedlvug
L4

9 fin Wudmfusunndaiuannsaléreesiadminmes ( Multiplexer ) udmaeonuuulu

r ¥ 1
ftoonuuy Tneldhessnnilmleifamsenuguifegluans ledufuaud1d Taonide

Huaing 2 nudegal 3.12
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B
To Shift

Register

" L~

Synchronize

d dove wAdd o
U7 3.2 urasesilfvhmdiiduaing

o o o 14 A v oa ~
nngudgygudslns ludiffudyonaeniymaneesfudufimeanuianma &
.73 o =~ A o d'u o
foyguan1ie © 0 7 dygrunnduym A duiludygraniunnmadelasasaninms
Felaslud 19905 SaumesnmnTusuindygaldlifinuesefuiunnds L{ﬁﬁ"lﬁ'ﬁym‘lm

- o a 4 o a a
Falastugillugnnae « 1 7 wihdygannduyn B daffumsfleundunngadwis ta

s W da daa o ")
wesIdNNINNS s NNnTued
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3.3.2 N1708NILUIIOTT UANAIAAINAA

dmiumsesnuuueeniutaz s ududmaniwin aunseesuendnms 1dfe
dv L4 v = . . A ya daa el v o = o &
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Error Out
. Count 50 A
Clear
Clear |
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-—’— Count 100
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Count 16

Out

Clear

o y 4 -
111 3.13 uamadnnisves TS uAuAmAnNAR
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3.4 HENN1500NILUNINUTRAINA
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.
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T T T
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Entity vit is port(
clk,A,B,C :in bit;
Q1,Q2,Q3,Q4,Q5,Q6,Q7,Q8 :inout bit;
Z :out bit);
ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"clk:1 A2B:3C4" &
"Ql:14Q2:22Q3:15Q4:21 " &
" Q5:16 Q6:20Q7:17Q8:19" &
"Z:18";
end vit;
architecture archvit of vit is
signal D1,D2,D3,D4,D5,D6,D7,D8:bit;
begin
s1:process(clk,D1,D2,D3,D4,D5,D6,D7,D8)
begin
if{clk'event and clk='1"then
Ql <=DI;
if Q1='1'then
Q2 <=D2;
if Q2='1" then
Q3 <=D3;
" if Q3='1" then
Q4 <= D4;
if Q4='1" then
Q5 <=D5;
if Q5='1" then
Q6 <= D6;
1f Q6='1' then
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Q7<=DT7;
if Q7='1' then
Q8 <=DS8;
end if;
end if;
end if;
end if}
end if;
end if;
end if;
end if;
end process;

D1 <=not(Q1);
D2 <= not(Q2);
D3 <= not(Q3);
D4 <= not(Q4);
D5 <=not(Q5);
D6 <= not(Q6);
D7 <= not(Q7);
D8 <= not(Q8);

s2:process(A,B,C,Q1,Q2,Q3,Q4,Q5,Q6,Q7,Q8)
begin
if A="0"then
if B="0"then
if C="0" then

Z<=Ql;
else

Z<=Q2;

end if}
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else
if C ="0' then
" Z<= Q3;
else
Z<=Q4
end if;
end if;
else
if B="0"then
if C="0"then
Z<=Q5;
else
Z <=Q0;
end if;
else
if C="0" then
Z<=QT7,
else
Z<=Q8;
end if;
end if’
end if}
end process;

end archvit;
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Entity vit is port(
clk,a:in bit;
Q7,Q8,Q9,Q10,Q11,Q12,Q13,Q14,Q15:inout bit;
Q16:out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"clk:l a5" &
" Q16:23 Q14:22 Q12:21 Q10:20" &
" Q8:19Q15:14 Q13:15QI1L:16 " &
" Q9:17Q7:18";
end vit;
architecture archvit of vit is
begin
sl :process(;:lk,Q7,Q8,Q9,Ql 0,Q11,Q12,Q13,Q14,Q15,3)
begin
if(clk'event and clk="1"then
Q16<=Q15;
QI5<=Q14;
Q14<=Q13;
Q13<=Q12;
Q12<=Ql1;
Q11<=Q10;
Q10<=Q9;
Q9<=Q8;
Q8<=Q7;
Q7<=a;
end if;
end process;

end archvit;
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Entity vit is port(
clk,x1,x2,x3:in bit;
b,c,d,f,g,h,i:in bit;
Q1,Q2,Q3,Q4,Q5,Q6:inout bit;
e,y:inout bit;

z,j:out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"clk:l x1:2 x2:3 x3:4" &
"5 c6 &7 £:8 g9 W10 1" &
"Q6:23 Q4:22Q2:21 Q5:16" &
"Q3:15Ql:14 y:19 z:17 e:18 j:20 ";
end vit;
architecture archvit of vit is
signal kl:bit;
begin
s1:process(clk,Q1,Q2,Q3,Q4,Q5,0)

begin

if(clk'event and clk="1")then
Q6<=Q5;
Q5<=Q4;
Q4<=Q3;
Q3<=Q2;
Q2<=Ql;
Ql<=¢;

end if}

end process;

s2:process(x1,x2,x3,b,¢,d,f,,h,,Q1,Q2,Q3,Q4,Q5,Q6,y.kl)

begin
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if x1="0" then
if x2="0' then
if x3='0" then
e<=not(Q3 XOR Q2);
y<=Q3;
else
e<=not(Q4 XOR Q3);
y<=Q4;
end if;
else
if x3='0" then
e<=not(Q5 XOR Q3);
y<=Q5;
else
e<=not(Q6 XOR Q5);
y<=Q6;
end if;
end if;

else

if x2='0' then
if x3="0' then
e<=not(c XOR Q5);

y<=c;

else
e<=not(d XOR ¢);
y<=d;

end if;

else

if x3='0" then
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e<=not(h XOR g);
y<=h;

else
e<=not(kl XOR b);
j<=not(h XOR fXOR Q4);
y<=i;

end if;

end if;
end if}
end process;
z<=not(y);

kl<=not(i XOR '0');

end archvit;
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Eatity vit is port(
clk,set,rst,d :in bit;
b,c,Q16:0ut bit;
Q10,Q11,Q12,Q13,Q14,Q15:inout bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"clk:l set:2rst:3d:4" &
" Q10:14Q16:22 Q11:15Q15:21 " &
" QI12:16 Q14:20Q13:17¢c:19" &
"b:18";

end vit;

architecture archvit of vit is

signal a :bit;

begin

sl:process(clk,set,rst,Q10,Q11,Q12,Q13,Q14,Q15,a,d)
begin
iflclk'event and clk="1")then

Q16<=Q15;
Ql15<=Ql4;
Q14<=Q13;
Q13<=Q12;
Ql12<=Ql1;
Q11<=Q10;
Ql0<=d;

if rst='1'then
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c<="0",
end if}
if set='1" then
a<="l";
else
a<='0';
end if;
ifa="1' then
~ if set="0' then
b<="1';
c<="1";
end if;
else
b<="0';
end if}
end if}
end process;

end archvit;
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Entity vit is port(
ctk,b,c.e,21,22,23,74 :in bit;
z,Q9 :out bit;
Q8,Q7,Q6,Q5,Q4,Q3,Q2,Ql:inout bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"ckilb2c3ed" &
"zl:522:623:724:8" &
" Q8:15Q4:22 Q7:16 Q3:21 Q5:23 " &
" Q6:17Q2:20 z:18 Q1:19 Q9:14 " ;

end vit;

architecture archvit of vit is
begin
s2:process(clk,Q8,Q7,Q6,Q5,Q4,Q3,Q2,Q1,b,c.e,z1,22,23,74)
begin
if{clk'event and clk="1"then
Q9<=Q8;
Q8<=Q7,
Q7<=Q¢;
Q6<=Q5;
Q5<=Q4;
Q4<=Q3;
Q3<=Q2;
Q2<=Ql;
Ql<=cand (e orb);
end if;
z<=z]1 or z2 or z3 or z4;

end process;



end archvit;
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Entity vit is port(
x1,x2,x3,x4,n2 :in bit;
Q1,Q2,Q3,Q4 :in bit;
t1,t2,t3,t4 :inout bit;
d1,d2,d3,d4,z4 :out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"x1:1x2:2x3:3 x4:4" &
"QI:5Q2:6 Q3:7Q4:8n2:9" &
" dl:15d3:22 t4:16 d2:21 d4:23 " &
" t1:17 t2:20 24:18 t3:19 " ;
end vit;
architecture archvit of vit is
begin
sl:process(x1,x2,x3,x4,t1,t2,t3,t4,Q1,Q2,Q3,Q4,n2)
begin
if x1="1' then
if x2 ='1" then
if x3 ='1" then
if x4 ='1" then
tl <='0';
t2 <='0';
3 <='0;
t4 <='0';
else
t1<='0";
t2<="1",
t3<='1";

t4<="0";
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end if;
else

if x4 ="1' then

t1<='0";
12<='0';
t3<="1";
t4<='0";
else
t1<='0';
t2<="0";
t3<='0";
t4<='0";
end if;
end if;
else
if x3 ='1" then

if x4="1" then
ti<='1";
t2<="0",
13<='0";
t4<='1";

else
t1<='0";
t2<="0";
t3<='0";
t4<="1";

end if}
else
if x4 ='1' then

ti<='l";
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12<='0";
t3<='0";
t4<="0';
else
t1<="1"
t2<='0;
t3<="1";
t4<='0";
end if;
end if}
end if;
'else
if x2 ='1" then
if x3 ='1' then
if x4 ='1" then
t1<="0",
t2<='1";
t3<="0';
t4<="0';
else
tl<=1"
t2<='0";
t3<="1";
t4<='0’;
end if}
else
if x4 ="1' then
tl<='1";
t2<="0";

t3<='0';
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td<='0";

else
t1<='0';
12<='0";
t3<='1";
t4<="0;

end if}

end if;
else
if x3 ='1" then

if x4 ='1" then
t1<='0";
t2<="1";
t3<='1%;
t4<='0";

else
t1<='1";
t2<="1";
t3<='0";
td<="0;

end if;
else

if x4 =']" then
ti<="1";
t2<='0';
t3<="0';
t4<='1";

else
ti<="1",

12<='0';
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t3<="1%;
t4<='0";
end if;
end if;
end if;

end if;

if t1="0'then
di<='0';
else
di<=Ql;
end if;
if t2='0'then
d2<='0';
else
d2<=Q2;
end if;
if t3="0' then
d3<='0';
else
d3<=Q3;
end if;
if t4="0'then
d4<="0"
else
d4<=Q4;
end if}

if n2='0' then



if t4="1'then
z4<=Q4;
elsif t3='1'then
z4<=Q3;
elsif t2="1"then
z4<=Q2;

elsif t1="1'then

z4<=Ql;
end if;
else
ZA<='0';
cnd if;
end process;

end archvit;
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Entity vit is port(
x1,x2,x3,x4,nl :in bit;
Q5,Q6,Q7,Q8 :in bit;
t5,t6,t7.t8 :inout bit;
d5,d6,d7,d8,23,n2 -out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"x1:1x2:2x3:3x44" &
"Q5:5Q6:6Q7:7Q8:8nl:9" &
" d5:14 d7:22 15:16 d6:21 d8:23 " &
" 17:1716:20 z3:18 n2:19 18:15 " ;
end vit;
architecture archvit of vit is
begin
sl:process(x1,x2,x3,x4,t5,t6,t7,t8,Q05,Q6,Q7,Q8,n1)
begin
if x1="1" then
if x2 ='1" then
if x3 ='1' then
if x4 ='1" then
t5 <='1";
t6 <='0;
t7 <='0";
t8 <='0;
else
t5 <="1";
t6 <='0';
t7 <='0;

t8 <='0’;
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end if}
else
if x4 ='1" then
t5 <='0';
t6 <='0';
t7 <='0';
t8 <=0,
else
t5 <='1";
t6 <='1";
t7 <='0';
t8 <='1"
end if;
end if;
else
if x3 ="1" then
if x4="1' then
t5 <='0";
t6 <='0";
t7 <="0";
t8 <='1";
else
t5 <='0',
t6 <='0';
t7 <=0
t8 <='0",
end if;
else
if x4 ='1" then

t5 <=0,
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t6 <='1';
t7 <=1}
t8 <='1"
else
t5 <='1%
t6 <='0";
t7 <='0';
t8 <='1";
end if;
end if;
end if;
else
if x2 ='1" then
if x3 ='1" then
if x4 ='1' then
t5 <='1";
6 <='1";
t7 <='1';
t8 <='0";
else
t5 <='0';
t6 <='1';
t7 <='1%;
18 <='0";
end if;
else
if x4 ='1" then
t5 <=0
t6 <='0';

t7 <=vll;
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t8 <='0';
else
t5 <='0’;
t6 <='0;
t7 <='1";
t8 <='0';
end if;
end if;
else
if x3='1" then
if x4 ='1' then
t5 <='l';
t6 <='1";
t7 <='0",
t8 <='0";
else
t5 <='1";
t6 <='1';
t7 <='0';
t8 <='0’;
end if;
else
if x4 ='1' then
t5 <='0";
t6 <='0;
t7 <='0";
t8 <='0';
else
t5 <=0,
t6 <='0";
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t7 <='0';
8 <='0";
end if}
end if;
end if;

end if;

if t5='0'then
d5<='0;
else
d5<=Q5;
end if}
if t6="0'then
d6<='0';
clse
d6<=Q6;
' 9nd if;
if t7="0" then
d7<='0;
else
d7<=Q7,
end if;
if t8="0'then
d8<='0';
clse
d8<=Q8;

end if}

if n1='0' then



else

end if;
end process;

end archvit;

if t8='1"then
z3<=Q8;
n2<="1";
elsif t7="1'then
z3<=Q7;
n2<="1";
elsif t6="1'then
z3<=Q06;
n2<=']"
elsif t5='1'then
23<=(}5;
n2<="1"

end if;

23<='0";
n2<="1";
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Entity vit is port(
x1,x2,x3,x4,n :in bit;
Q9,Q10,Q11,Q12 :in bit;
t9,t10,t11,t12 :inout bit;
d9,d10,d11,d12,22,n1 :out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"x1:1x2:2x3:3x44" &
"Q9:5Q10:6 Q11:7Ql12:8n:9" &
" d9:14 d11:2219:16 d10:21 d12:23 " &
" t11:17 t10:20 z2:18 nl:19t12:15";
end vit;
architecture archvit of vit is
begin
s:process(x1,x2,x3,x4,t9,t10,t11,¢12,Q9,Q10,Q11,Q 12,n)
begin
if x1="1" then
if x2 ='1" then
if x3 ='1" then
if x4 ='1' then
t9 <='0";
t10 <=0,
t11 <='0";
t12 <='1";
clse
t9 <='0;
110 <='1";
t11 <='0"
t12 <='0';
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end if;
else
if x4 ='1" then
t9 <='0';
t10 <='1";
t11 <=0
t12 <='0';
else
t9 <='1%
t10 <='0";
tl1 <='0%
t12 <='0";
end if}
end if;
else
if x3='1" then
if x4 ="1" then
t9 <='1"
t10 <=0";
t1l <='0",
t12 <='0;
else H
t9 <=1
t10 <='0;
t11 <=0,
t12 <='0;
end if;
else
if x4 ='1" then

t9 <='0';
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t10 <=0
ti1 <='0';
t12 <='0";
else
t9 <='0';
t10 <='0";
tl1 <='0",
t12 <='0";
end if;
end if}
end if;
else
if x2 ='1' then
if x3 ="1" then
if x4 ='1' then
t9 <='0',
t10 <='0;
t11 <='0;
t12 <='0';
else
t9 <='0';
t10 <='0";
t11 <='0";
t12 <='0";
end if;
else
if x4 ='1" then
t9 <='0";
t10 <='0"

til <=0,
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t12 <=0";
else
t9 <=0';
t10 <='0',
ti1 <=0";
t12 <='0;
end if;
end if;

else
if x3 ='1" then
if x4 ='1" then
t9 <='0";
t10 <='0;
tl1 <='0";
t12 <='0";
else
t9 <=0
t10 <='0';
til <=0,
t12 <='0';
end if;
else
if x4 ='1" then
t9 <='0";
t10 <='0";
til <='0";
t12 <='0";
else
t9 <='0';

t10 <='0';



end if}
end if;
end if;

end if;

if t9='0'then
d9<='0;
else
d9<=Q9;
end if;
if t10="0'then
d10<='0";
else
d10<=Q10;
end if;
ift11="0' then
dl1<="0";
else
dil<=Ql1;
end if;
if t12='0'then
di2<='0"
else
di2<=Q12;

end if;

if n='0' then

73

t11 <='0";
t12 <='0";



else

end if}

end process;

end archvit;

if t12="1"then
22<=Q12;
nl<='l
elsif t11="1'then
2<=Qll;
nl<='1";
elsif t10='1'then
22<=Q10;
ni<='l";
elsif t9='1"then
72<=0}9;
nl<='1";

end if}

22<='0;

nl<="1}
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Entity vit is port(
x1,x2,x3,x4 :in bit;
Q13,Q14,Q15,Q16 :in bit;
t13,t14,t15,t16 :inout bit;
d13,d14,d15,d16,z1,n :out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"x1:1 x2:2x3:3 x44" &
"Q13:5Q14:6Q15:7Ql6:8" &
" d13:14 d15:22t13:16 d14:21 d16:23 " &
" t15:17 t14:20 z1:18 n:19 t16:15 " ;
end vit;
architecture archvit of vit is
begin
s1:process(x1,x2,x3,x4,t13,t14,t15,t16,Q13,Q14,Q15,Q16)
begin
if x1="1" then
if x2 ="1" then
if x3 ='1' then
if x4 ="1" then
t13 <=0
t14 <='0";
t15 <='0";
t16 <='1";
else
t13 <='0;
t14 <='0";
t15 <='0";
tl6 <='0';
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end if;
else
if x4 ='1" then
t13 <='0';
t14 <='0';
t15 <='0";
t16 <='0";
else
t13 <='0";
t14 <='0";
t15 <='0';
t16 <='0";
end if;
end if;
else
if x3 ='1" then
if x4 ="1" then
t13 <='0';
t14 <='0";
t15 <=0
t16 <='0";
else
t13 <='0";
t14 <='0';
t15 <='0";
t16 <='0";
end if;
clse

if x4 ='1" then
t13 <='0";
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t14 <='0';
t15 <='0",
t16 <='0';
else
t13 <=0,
t14 <=0,
t15 <='0';
t16 <='0';
end if;
end if;
end if;
else
if x2 ='1" then
if x3 ='1' then
if x4 ='1' then
t13 <=0,
t14 <='0';

t15 <='0",

t16 <='0';

else
t13 <=0
ti4 <="0';
t15 <='0';
t16 <='0';
end if;

else
if x4 ='1' then
t13 <='0';
t14 <='0';
t15 <='0
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t16 <='0";

else
t13 <='0";

t14 <='0';

t15 <='0";
t16 <='0";

end if}

end if}

else
if x3 ='1" then
if x4 ='1" then
t13 <='0';
t14 <='0";
t15 <='0";
t16 <='0';
else
t13 <='0%
t14 <='0';
t15 <=0
t16 <='0';
end if;
else
if x4 ='1" then
t13 <='0";
t14 <='0";
t15 <=0,
t16 <='0';
else
t13 <='0;
t14 <='0",
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t15 <='0",
t16 <='0';
end if;
end if;
end if}

end if;

if t13="0"then
d13<='0";
else
d13<=Q13;
end if;
if t14="0'then
d14<='0',
else
dl4<=Ql14,
end if;
if t15="0" then
d15<='0
else
d15<=Ql5;
end if}
if t16="0'then
dl6<='0";
else
d16<=Q16;

end if;
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if t16='1'then
z]<=Ql6;
n<=1"
elsif t15='1"then
z1<=Ql5;
n<='1"
elsif t14='1"then
z1<=Q14;
n<='1%
elsif t13="1'then
z1<=Q13;
n<='1';
end if;
end process;

end archvit;
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Entity vit is port(
d1,d2,d3,d4,d5,d6,d7,d8 :in bit;
h,i :in bit;

f,g.j :out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"dl:1d2:2d3:3d44" &
" d5:5 d6:6 d7:7 d8:8 " &
"h9i:10" &
"f:18 g:19j:20" ;
end vit;
architecture archvit of vit is
begin
s1:process(dl,d2,d3,d4,d5,d6,d7,d8,h,i)
begin
f <=d1 xor d2 xor d3 xor d4;
g <=d5 xor d6 xor d7 xor d8;
j<=hzxori;
end process;

end archvit;
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Entity vit is port(
clk,a:in bit;
Q7,Q08,Q9,Q10,Q11,Q12,Q13,Q14,Q15:inout bit;
Ql6:out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"clkil a5 &
" Q16:23 Q14:22Q12:21 Q10:20" &
" Q8:19Q15:14 Q13:15Ql1:16 " &
"Q9:17Q7:18";
end vit;
architecture archvit of vit is
begin
s1:process(clk,Q7,Q8,Q9,Q10,Q11,Q12,Q13,Q14,Q15,2)
begin
if(clk'event and clk="1")then
Ql6<=Ql15;
Q15<=Q14;
Q14<=Q13;
QI3<=QI12;
Ql2<=Qll;
Ql1<=Q10;
Q10<=Q9;
Q9<=Q8;
Q8<=Q7;
Q7<=g;
end if;
end process;

end archvit;
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Entity vit is port(
clk,x1,x2,x3:in bit;
switch,Q9,Q11,£,Q14,Q15,data:in bit;
Q1,Q2,Q3,04,Q5,Q6,Q!6:inout bit;
er,yr:inout bit;

zr:out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10";
ATTRIBUTE pin_numbers of vit:Entity is
"ck:l x1:2 x2:3 x3:4" &
" Q9:5 QI1:6 Ql4:7 Q15:8 switch:9 data:10 £:11" &
"zr:23 Q5:22 Q3:21Q4:16" &
" Q6:15 Q16:14 er:19 Q2:17 yr:18 Q1:20 ";
end vit;
architecture archvit of vit is
signal p,mn:bit;
begin
s1:process(clk,Q1,Q2,Q3,Q4,Q5,p,Q15,mn)
begin
if(clk'event and clk='1")then
Ql6<=Q15;
Q6<=Q5;
Q5<=Q4;
Q4<=Q3;
Q3<=Q2;
Q2<=Ql;
Ql<=p;
end if;
cnd process;

s2:process(x1,x2,x3,switch,Q9,Q11,£,Q14,Q15,data,Q 1,Q2,03,Q4,Q5.Q6,Q16,yr.er)
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begin
if x1='0' then
if x2='0" then
if x3='0" then
er<=not(Q3 XOR Q2);
yr<=Q3;
else
er<=not(Q4 XOR Q3);
yr<=Q4;
end if:
else
if x3="0" then
er<=not(Q5 XOR Q3);
yr<=Q5;
else
er<=not(Q6 XOR Q5);
yr<=Q6;
end if;
end if;

clse

if x2="0' then
if x3='0" then
cr<=not(Q9 XOR Q5);

yr<=Q9;

else
er<=not(Q11 XOR Q9);
yr<=Q11;

end if;

else
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if x3="0' then
er<=not(Q15 XOR Ql14);
yr<=Q15;
else

er<=not(f XOR mn);
yr<=QI6;
end if;
end if;
end if;
if switch="1' then
p<=er;
else
p<=data;
end if;
end process;
zr<=not(yr);
mn<=not(Q4 XOR '0");

end archvit;
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TWsunsuvoamndalnslud
Entity vit is port(
clk,Q13,Q15,Q16 :in bit;
count :buffer bit_vector (6 downto 0):= "0000000" ;
go:inout bit;

f:out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"clk:l QI13:2 QI5:3 Ql64" &
" count(0):14  count(1):15 count(2):21" &
" count(3):20  count(4):17 count(5):19" &
" count(6):18  f:16 go:22",;

end vit;
use work.int_math.all;
architecture archvit of vit is
BEGIN
upcount: process (clk,20,Q13,Q15,Q16)
begin
if (clk’event and clk ='1')then
if go="1"' then
count <= "0000000";
eise
count <= count+1;
end if;
end if}
end process upcount;
go<='1" when count(6 downto 0) = "1100100" else '0';

f<=not(Q13 xor Q15 xor Q16);



END archvit;
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Entity vit is port(
clk,check,error,x1,x2,x3,n,k,I,m :in bit;
count  :buffer bit_vector (4 downto 0):= "00000" ;
switch:inout bit;

j.g.h,izout bit);

ATTRIBUTE part_name of vit:Entity is "¢22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"eclk:l x1:2 x2:3 x3:4" &

" check:5 error:6 m:7 k:8 1:9 m:10" &
"count(0):23  count(1):14 count(2):15" &
"count(3):21  count(4):16 switch:22" &
"g:18  hl9 j:17 120"

end vit;
use work.int_math.all;
architecture archvit of vit is
signal b,e:bit;
BEGIN
upcount: process (clk,b,e,count,switch,check error,n.k,l,m)
begin
if (clk'event and clk ='1")then
if b="1" then
ife='1' then
count <="00000";
else
count <= count+1;
end if;
end if;
end if;
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if b="1" then
if x1='1" then
if x2 ='1" then
if x3='1" then
if count{4 downto 0) = "10001" then
<=1
end if;
else
if count(4 downto 0) ="10000" then
<=
end if}
end if;
else
if x3='1" then
if count(4 downto 0) = "01100" then
g<='l";
end if;
clse
if coqnt(4 downto 0) ="01010" then
g<=1}
end if;
end if;
end if;
clse
if x2 ='1" then
if x3='1" then

if count(4 downto 0) = "00111" then
h<='I';
end if;

else
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if count(4 downto 0) = "00110" then

h<='1";
end if}
end if;
else
if x3="1" then
if count{4 downto 0) ="00101" then
i<='1};
end if}
else
if count(4 downto 0) = "00100" then
<=1
end if;
end if;
end if;
end if;

switch<=n or k or | or m;
end if;
if check="0'" then
count <="00000";
switch<='0';
j<=0;
g<='0;
h<='0";
i<='0";
end if}
end process upcount;
b<=not(switch) or pot(check);

e<=b and error;



END archvit;
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Entity vit is port(
clk,error,go :in bit;
count :buffer bit_vector (5 downto 0):= "000000" ;
b:inout bit;

check:out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"clk:1 error:2 go3 " &
" count(0):15  count(1):17 count(2):20" &
" count(3):16  count(4):18 count(5):19" &
" b:21 check:22 " ;

end vit;
use work.int_math.all;
architecture archvit of vit is
BEGIN
upcount: process (clk,go,error,b)
begin
if (clk'event and clk ='1")then
if go="1" then
count <= "000000";
b<='0';
elsif count="110010" then
b<="1";
elsif error="1" then
count <= count+1;
end if;
end if;

end process upcount;



check<=not(b and go);

END archvit;
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HWaunsuvesmnmaSounauiin
Entity vit is port(
clk,z,x1,x2,x3,w2,w1:in bit;
Qr1,Qp2,Qp3,Qp4,Qp5,Qp6,Qp7:inout bit;
Qp8,error,yl:out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is

"clkil 22 x1:3 x2:4 x3:5" &

"wi6 w28 "&

" Qp7:23 Qp5:22 Qp3:21 Qp4:16 " &

" Qp6:15 Qp8:14 yl:19 Qp2:17 error:18 Qpl:20 ";

end vit;

architecture archvit of vit is

begin
s1:process(clk,z,Qp1,Qp2,Qp3,Qp4,Qp5,Qp6,Qp7,x1,x2,x3,wl,w2)
begin

if(clk'event and clk='1"then
Qpl<=z
Qp2<=Qpl;
Qp3<=Qpz;
Qp4<=Qp3;
Qp5<=Qp4;
Qp6<=Qp5;
Qp7<=Qp6;
Qp8<=Qp7;

end if}

if x1='0' then

if x2='0" then



if x3='0" then
y1<=Qp3;
else
yl<=Qp4;
end if}
else
if x3='0" then
y1<=Qp5;
else
yI<=Qp6;
end if;
end if}
end if}
if x1="0' then
error<=wl;
else
error<=w2;
end if;
end process;

end archvit;
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Entity vit is port(
clk,Qp8.x 1,x2,x3:in bit;
Qp%,Qp10,Qp11,Qp12,Qp13,Qp14,Qp15,Qpl6:inout bit;
y2:out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is

"clk:1 Qp8:2 xI1:3 x2:14 x3:5" &

" Qpl5:23 Qpl13:22 Qpll:21 Qpl2:16" &

" Qpl4:15Qpl6:14 y2:19 Qpl0:17 Qp9:20 ";

end vit;
architecture archvit of vit is
begin
s I :process{cik,Qp8,Qp9,Qp!0,Qp11,Qp12,Qp13,Qpi4,Qp15,Qpl16,x1,x2,x3)
begin
i f(cik'event and clk="1")then
Qp9<=Qp8;
Qp10<=Qp9;
Qpl1<=Qp10;
Qpl2<=Qpll;
Qpl13<=Qpl2;
Qpl4<=Qpl3;
Qpl5<=Qpli4;

Qpl6<=Qpl5;
end if}
if x1='1" then
if x2='1" then
if x3="1" then

y2<=Qpl6;
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else
y2<=Qpl5;
end if}
else
if x3='1" then
y2<=Qpll;
else
y2<=Qp9;
end if;
end if}
end if;

end process;

end archvit;
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Entity vit is port(
clk,zr,vl,v2,dl:in bit;

wl,w2,d2:0ut bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"clk:l vi3 v2:4 5" &
"dl9" &
"wl:18 w2:19 d2:15";

end vit;
architecture archvit of vit is
begin
s1:process(clk,zr,v1,v2,d1)
begin
if(clk'event and clk='1")then
wl<=vl XOR zr;
w2<=v2 XOR zr;
end if}
end process;
d2<=not(dl);

end archvit;
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TWsunswlua i ndme dvetases
Entity vit is port(
clk :inbit;
count :buffer bit_vector (7 downto 0):= "00000000" ;

c:out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"clkil" &
"count(0):14  count(1):15 count(2):2]1 " &
" count(3):16  count(4):20 count(5):17" &
"count(6):19  count(7):18 ¢:22";

end vit;
use work.int_math.all;
architecture archvit of vit is
BEGIN
upcount: process (clk)
begin
if (ctk'event and clk ='1")then
count <= count+1;
end if;
end process upcount;
c<="]" when count(7 downto 0) = "10000000" else '0';

END archvit;
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Entity vit is port(
¢c,v7 :in bit;
count :buffer bit_vector (5 downto 0);
t,epa:inout bit;

clear,ape:out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"viil c2 " &
" count(0):22  count(1):16 count(2):20" &
" count(3):17  count(4):19 count(5):18" &

" t:14 clear:23 ape:2l cpa:15";

end vit;
use work.int_math.all;
architecture archvit of vit is
BEGIN
upcount: process (c,v7,count,t,epa)
begin
if (v7'event and v7 ='1")then
count <= count+1;
end if;
if t="1" then
clear<='l";
else
clear<='0";
end if}
if count="111110"then
epa<='l';

end if;
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end process ;

t<=c and not{count(0)) and count(1) and count(2) and count(3) and count(4) and count
(5);

ape<=not(epa);

END archvit;
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Entity vit is port(
t:in bit;
p0,p1,p2,p3,p4,p5,p6,p7,p8,p9:in bit;
r0,r1,r2,r3,r4,r5,r6,r7,r8 r9:out bit);

ATTRIBUTE part_name of vit:Entity is "c22v10" ;
ATTRIBUTE pin_numbers of vit:Entity is
"t:1 p0:2 pl:3 p2:4 p3:5 pd6" &
"p5:7 p6:8 p7:9 p8:10 p9:ll" &
"10:23 r1:22 12:21 1320 419" &
"r5:18 16:17 r7:i6 18:15 19:14";

end vit;

architecture archvit of vit is

begin

s1:process(t,p0,p1,p2,p3,p4,p5,p6,p7,p8,p9)
begin
if (t'event and t='1"then

r0<=p0;
ri<=pl;
12<=p2;
13<=p3;
r4<=p4,
r5<=p3;
r6<=p6;
r1<=p7,
r8<=p8;
r9<=pY;

end if;



end process;

end archvit;
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Compiling: pro_b.vhd

clk = 1] 124]* not used
x1=2| ' [23}= q6
x2=| 3| [22]= g4
x3 =| 4| 21]= g2
b= 5| |20]=j
c=| 6| [19=y
d=|7| [18=c
f=| §| 7=z
2=9 |16]=q5
h ={10] 1151= q3
i=(11] |14]=ql

not used *{12] |13]* not used




Compiling: pro_a.vhd

lk = 1]

a=| 2|

not used *} 3|

not used *| 4|

not used *| 5|

not used *| 6|

not used *| 7|
not used *| 8|

not used *| 9|

not used *|10]
not used *|11|

not used *|12]

[24]* not used
|23}=ql6
[22}=ql4
I21}=ql2
|20]=q10
119]=q8
|18]=q7
[17}=q9
|16{=ql1
[15]=ql3
[14}=ql5

[13]* not used




Compiling: project.vhd

clk=| 1]
a=|2|
b=| 3|
c=|4|

not used *| 5|
not used *| 6|
not used *| 7
not used *| §|
not used *| 9|
not used *|10]
not used *|11]

not used *|12|

|24|* not used
|23]* not used
122}= q2
[21]=q4

120]= g6
|19}=q8
|18}=z
117}=q7

116/= g5
|151=q3
|14/=ql

{13|* not used




Compiling: synl.vhd

clk=| 1
ql3 ={2|
ql5={3|
ql6 =| 4|
not used *| 5|
not used *| 6|
not used ¥ 7|
not used *| 8]
not used *| 9|
not used *{10|
not used *|11]

not used *|12]

|24]* not used
{23]* not used
22]=go

|21]= count_2
[20]= count_3
|19]= count_5
|18]= count_6
|17]= count_4
[16}=f

{15]= count_1
|14j= count_0

[13]* not used
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Compiling: syn2,vhd

clk =| 1] |24|* not used
x1 =] 2] |23]= count_0
x2=| 3| |22}]= switch
x3 ={ 4 |21}= count_3
chéck =| 5| [20}= i
error =| 6| {19]=h
n=|7| [18=g2
k=] 8| |17)=j
1=| 9| [16}= count_4
m =|10| J15= count_2
not used *{11| |14}= count_1

notused *|12| |13|* not used
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Compiling: syn3.vhd

clk =] 1 [24]* not used
error =| 2| |23|* not used
go=| 3| [22|= check
not used *| 4| 21}=b
not used *| 5| |20f= count_2
not used *| 6] |19]= count_5
not used *| 7| |18}= count_4
not used *| 8| |17}= count_1
not used *| 9| 116]= count_3
not used *|10] [15}= count_0
not used *|11 |14{* not used

not used *|12] |13]* not used
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Compiling: shil.vhd

clk =| 1 [24}* not used
x1={2| [23|= zr
x2 =| 3 [22|=q5
x3 = 4| 21]= g3
q9=(5| 20}=ql
qll=| 6| [19}=er
qi4={7| {18}=yr
ql5 =j 8 17]=q2
switch =} 9| |16}=q4
data ={10| [15]=q6

f={11] [14}=ql6

not used *|12| |13]* not used
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Compiling: detl.vhd

clk=| 1|
not used *| 2|
not used *| 3|
not used *| 4|
not used *| 5|
not used *| 6]
not used *} 7|
not used *| §|
not used *| 9}
not used *|10]
not used *|11]

not used *|12|

|24]* not used
|23/* not used
[22]=c

|21}= count_2
[20}= count_4
119}= count_6
|18]= count_7
|17}= count_5 |
|16/= count_3
|15]= count_1
|14}= count_0

J13]* not used
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Complling: det2.vhd

v7 = 1]

c=| 2]

not used *| 3|
not used *| 4|
not used *| 5|
not used *| 6|
not used *| 7|
not used *| 8|
not used *| 9|
not used *|10)
not used *|11|

not used *|12]

|24]* not used
[23|= clear
[22]= count_0
[21}= ape
|20}= count_2
|19}= count_4
{18]= count_5
{17|= count_3
|16}= count_1
115 = epa
[14]=t

|13}* not used
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Compiling: mui.vhd

t={1] [24]* not used
p0=| 2| 123|=r0
pl =3 122=rl
p2={4| 21)=r2
p3 = 5| 1201=13
p4=| 6| |19=14
p5=|7| |18]=r5
p6 = §| [17}=r6
p7=|9| |16]=r7
p8 =|10| (15]=1r8
p9 ={11| [14=r9

not used *|12 [13]* not used
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Compiling: parel.vhd

clk = 1 [24]* not used
z=|2 |23]= qp7
x1=| 3| {22}= qp5
x2 =| 4| 21]=qp3
x3 = 5| |20~ gp1
wl=| 6| [19}=y1
not used *{ 7| |18|= error
w2 = §| |17}= qp2
not used *| 9| |16/= qp4
not used *|10| {15]= gp6
not used *|11| |14}= qp8

not used *{12| [13]* not used




Compiling: pare2.vhd

clk =| 1]

qp8 =| 2|

x1 =3

X2 =| 4|

x3 =| 5|

not used *| |
not used *| 7|
not used *| §|
not used *| 9|
not used *|10]
not used *|11]

not used *{12|

[24)* not used
|23}=gp15
[22]=qp13
|21]=gpl1
[20]= gp9
[191=y2
|18]* not used
[17]=qp10
|16/= qp12
|15|=qpl4
{14}=qpl6

[13]* not used
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Compiling: pare3.vhd

clk = 1

not used *| 2|
vl =3
v2={4|

zr = 5|

not used *| 6|
not used *| 7|
not used *| 8|
d1 = 9|

not used *| 10|
not used *{11|

not used *[12]

|24/* not used
I23]* not used
|22]* not used
[21]* not used
|20]* not used
[19]= w2

[18]= wl

[17}* not used
[16]* not used
|15=d2

|14]* not used

. 113]* not used




' PALCE22V10 COM'L: H-6/7/10/15/25,Q-10/15/25 IND: H-10/15/20/25
PALCE22V10Z COM'L:-25 IND: -156/25

MERRERE  PALCE22V10 and PALCE22V10Z
l BEY(OIND PERFURMANCE Fami'ies
24-Pin EE CMOS (Zero Power) Versatile PAL Device

DISTINCTIVE CHARACTERISTICS

¢ Asfast as 5-ns propagation delay and 142.8 MHz fyyay (external)
1 ¢ Low-power EE CMOS

4 ¢ 10 macrocells programmable as registered or combinatorial, and active high or active low to
match application needs

4 ¢ Varied product term distribution allows up to 16 product terms per output for complex
functions

'{ ¢ Peripheral Component Interconnect (PCl) compliant (-5/-7/-10)

3+ Global asynchronous reset and synchronous preset for initialization

¢ Power-up reset for initialization and register preload for testability

1 ¢ Extensive third-party software and programmer support

4¢ 24-pin SKINNY DIP, 24-pin SOIC, and 28-pin PLCC

{¢ 5-ns and 7.5-ns versions utilize split leadframes for improved performance

{ GENERAL DESCRIPTION

i
f''hc PALCE22V10 provides user-programmable logic for replacing conventional $51/MS! gates and
1 flip-flops at a reduced chip count.

'l'hc PALCE22V10Z is an advanced PAL® device bullt with zero-power, high-speed, clectdeally-
{crasable CMOS technology. It provides user-programmable logic for replacing conventional zero-
{ power CMOS SSI/MSL gates and flip-flops at a reduced chip count.

{1hc PALCE22V10Z provides zero standby power and high speed. At 30 pA maximum standby
fcurrent, the PALCE22V10Z allows battery-powered operation for an extended period.

1he PAL device implements the familiar Boolean logic transfer function, the sum of products. The
PAL device is a programmable AND array driving a fixed OR array. The AND array is programmed
(0 create custom product terms, while the OR array sums sclected terms at the outputs.

§1hc product terms are connected to the fixed OR array with a varied distribution from 8 to16 across
{ihe outputs (sce Block Diagram). The OR sum of the products feeds the output macrocell. Each
dmacroccll can be programmed as registered or combinatorial, and active-high or active low. ‘The
foutput configuration is determined by two bits controlling two multiplexers In cach macrocell.

Mnblicatione 16564 Rev: B
] Amendinent/a Instie Date: Novetnber 1998
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FUNCTIONAL DESCRIPTION

The PALCE22V10 allows the systems engincer to implement the design on-chip, by programming
EE cells to configure AND and OR gates within the deviee, according to the desired logic function.
Complex interconnections between gates, which previously required time-consuming layout, are
lifted from the PC board and placed on silicon, where they can be casily modificd during
prototyping or production.

The PALCE22V10Z is the zero-power version of the PALCE22V10. It has all the architectural features
of the PALCE22V10. In addition, the PALCE22V10Z has zcro standby powcer and unused product
term disable.

Product terms with all conncctions opened assume the logical HIGH state; product terms
connccted to both truc and complement of any single input assume the logical LOW state.

The PALCE22V10 has 12 inputs and 10 1/O macroccells. ‘Ihe macrocell (Figure 1) allows onc of four
potential output configurations registered output or combinatorial 1/0, active high or acdve low
(scc Figure 1. 'the configuration choice Is made according to the user's design specification and
corresponding programming of the configuration bits Sy - S;. Multiplexcr controls arc connceted
to ground (0) through a programmable bit, sclecting the “0” path through the multiplexcr. Erasing’
the bit disconnccts the control line from GND and it is driven to a high level, sclecting the “17 path.

The device Is produced with an EE ccll link at cach input to the AND gate array, and conncctions
may be sclectlvely removed by applying appropriate voltages to the circuit. Utllizing an casily-
Implemented programming algorithm, these products can be rapidly programmed to any
customized pattern.
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l Variable Input/Output Pin Ratio

The PALCE22V10 has twelve dedicated input lines, and cach tacrocell output can be an /O pin.
§ Butters for device inputs have complementary outputs to provide uscr-programmable input signal
i polarity. Unused input pins should be ted to Vi or GND.

J

AR | 1o
. 1 11
e DQ 0 0 5110,
clk—p T 1
S'P s S So Output Configuration
1 Sy 1 0 0 |Regered/ciive Low
0 1 Reglstered/Acitve Liigh
P 0 1 0 Gombinatorial/Acilve Low
—o 1 1 1 Comblnatortal/Active Wigh
I i 0 = Programmed EE bil

1 = Erased (charged) EE bit

16564€-004

Figure 1. Output Logic Macrocell Diagram

Registered Output Configuration

f Each macroccll of the PALCE22V10 includes a D-type flip-flop for data storage and

synchronization. The flip-flop is loaded on the LOW-to-HIGH transition of the clock input. In the
registered configuration (S, = 0), the array feedback is from Q of the flip-flop.

{ combinatorial 1/0 Configuration

£ Any macroccll can be configured as combinatorial by sclecting the multiplexer path that bypasscs

the flip-flop (S = 1. In the combinatorial configuration, the feedback is from the pin.
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So:O N So=0 /
S1=0 S1=1

I S

b. Combinatorial/active low

§g=1

— Si=1
a
a
[ ]

clLk —p Q0

¢ Registered/active high d. Combinatorial/active high 16564E-005

Figure 2. Macrocell Configuration Options

Programmable Three-State Outputs

Each output has a three-state output butfer with three-state control. A product term controls the
butter, allowing cnable and disable to be a function of any product of device inputs or output
feedback. The combinatorial output provides a bi-directional 1/0 pin, and may be configured as
a dedicated input if the buffer is always disabled.

Programmable Output Polarity

The polarity of cach macrocell output can be active high or active low, cither to match output
signal nceds or to reduce product terms. Programmable polarity allows Boolcan expressions to Ix:
written in their most compact form (true or Inverted), and the output can still be of the desired
polarity. It can also save “DeMorganizing” cfforts.

Scleetion is controlled by programmable bit §, in the output rhacrocell, and aftects both registered
and combinatorial outputs. Sclection s automatic, based on the design specification and pin
definitions. If the pin definidon and output cquation have the same polarity, the output is
programined to be active high (S, = 1).

Preset/Reset

For initialization, the PALCE22V10 has presct and resct product terms. These terms are connected
o all registered outputs. When the synchronous preset (SP) product term {s asserted high, the
output registers will be loaded with a HIGH on the next LOW-to-HIGH clock transition. When the
asynchronous reset (AR) product term is asserted high, the output registers will be immediately
loaded with a LOW Independent of the clock.
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§ Note that preset and reset control the flip-flop, not the output pin. The output Jevel is determined
if by the output polarity sclected.

Power-Up Reset

;i All flip-flops power up to a logle LOW for predictable system inltialization. Qutputs of the
"§PALCE22V10 will depend on the programmed output polarity. "lhe Ve rise must e monotonic,
§ and the reset delay time is 1000ns maximum.

Register Preload

 1he reglster on the PALCE22V10 can be preloaded from the output pins to facllitate functional
§ testing of complex state machine designs. This feature allows direct loading of arbitrary states,
i making it unnccessary to cycle through long test vector sequences to reach a desired state. In
B addidon, transitions from illegal states can be verified by loading illegal states and obscrving

. B proper tecovery.

| Security Bit

“H Afier programming and verification, a PALCE22V10 design can be secured by programming the
i sccurity EE bit. Once programmed, this bit defeats readback of the internal programmed pattern
i by 2 device programmer, sccuring proprictary designs from competitors. When the sceurity bit is
fl programmcd, the array will read as if every bit is crased, and preload will be disabled.

The bit can only be crased in conjunction with crasurc of the entire pattern.

D

Programming and Erasing

‘{ The PALCE22V10 can be programmed on standard loglc programmers. It also may be crasced to
§ reset a previously configured device back to its unprogrimmed state. Erasurc is automatically
performed by the programming hardware. No special crase operation is required.

,;s Quality and Testability

_{'The PALCE22VI10 offers a very high level of built-in quality. The crasability of th(. device provides
4 a dircct means of verifylng performance of all AG and DC parameters. In addition, this verifics

" fl complete programmability and functionality of the deviee to provide the highest programnming
ylclds and post-programming functonal yiclds in the industry.

Jprocess. The array conncctions are formed with proven EE cclls. Inputs and outputs arc deslgned
§

~§ 10 be compatible with ‘L'I'L devices. "This technology provides strong input clamp diodes, output
fislew-ratc control, and a grounded substrate for clecan switching.

PCI Compliance

.‘ iming cnsurcs (.omph'mcc with thc 1’(‘1 AC spcdﬁcatiom indc_pc_ndcm ot the dcslgn.

Zero-Standby Power Mode

'. The PALCE22V10% features a zero-standby power mode. When none of the Inputs switch for an
# cxtended period (typically 50 ns), the PALCE22V10Z will go into standby mode, shutting down
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Imost of its internal circultry. "The current will go to almost zero (I < 30 pA). The outputs will
Emaintain the states held before the device went into the standby mode. :

. ; R . ] N

| When any input switches, the internal dreultry is fully cnabled, and power consumption rcturns
{10 normal. ‘This feature results in considerable power savings for operation at low to medlum
 frequencices. ‘This saving s illustrated in the L vs. frequency graph. '
| Product-Term Disable
10n a programmed PALCE22V10Z, any product terms that are not used are disabled. Power is cut
| off from these product terms so that they do not draw current. As shown in the leq; vs. frequency
i graph, product-term disabling results in considerable power savings. ‘This saving is greater at the
# higher frequencies.

fl Further hints on minimizing power consumption can be found in a scparate document cntided,
§ Minimizing Power Consumplion wilh Zero-Power PLDs.
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LUT I

)1 {ABSOLUTE MAXIMUM RATINGS

f Storage Temperature. . ... ..., -65°C 1o +150°C

j Ambicnt Temperature with
FPower Applicd . . ......... ..., .. -55°C 10 +125°C

 supply Voltage with
 RespecttoGround ..ol 05V +7.0V

§ DC Input Voltage ... ......... V5V Vie+10V
B 1)C Qutput or 170 Pin Volage. . .-0.5 Vo Ve + 1.0V

g Satic Discharge Volage .. ............... 2001V
| Latchup Current (Ty, = 0°C 10 +75°C). . . . .. . . 100 mA

d Stresses above 1hose Ilsled under Absolule Maximum Ralings
R may cavse permanent device fallure. lunctionalily al or above

OPERATING RANGES

Commercial (C) Devices

Ambient Temperature (Ty)
OpecratinginFree Alr. ... ..ol L L

Supply Vohage (V) with

e e et i s

0°C 10 +75°C

Respectto Ground. .. ... ... +4.75 Vo +5.25V

Operaling ranges define ibose limiis belween which tbe func-

tonality of the device is guaranieed.

ibese lhmils Is ol implied. lixposure lo Absolute Maxinim
§ Ralings for exiended periods imay affect device relfabilily.
¥ Programming condilions may vary.

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
Yot Output 111G Yoliage. Loy = -3.2mA, Yy = Yy or Vn‘7 Yx; = Min 24 Y
Yo Ouiput LOW Voltage l()l: = 16mA, V[N = Vl“ or V"’ V(x: = Min 0.4 \]
; (iuaranteed Input Logtical 111GH
4 Ve Input LIGI! Yoltage ' piil Lrg 2.0 v
: Yoltage for all inpuis (Note 1)
(iuaranteed Input Logical LOW
Y loput LOW Voliage 0.8 Y
Yoltage for all Inputs (Note 1)
e Input 111GN Leakage (xtrrent iy = Y Yo = Max (Note 2) 10 HA
h Input LOW Leakage (urrent Yiy = 0, Viy; = Max (Nole 2) -100 pd
- Of-State ()ll‘lplll Leakage Your =Yoo Yuo = Mavf, 10 pA
Qurrent HIGH Yiy= VIL or Vm (Note 2)
)-Stale O Yorp =0V, Ve =M
- Of-State Output Leakage oL (1, = Max, 100 pA
- (urrent LOW Yyy = ¥}y, or ¥y (Note 2)
Output Short-Qreull , . ;
lse: Gurrent You1 = 0.5 Y, Y: = Max (Nnte 3) -30 -130 mA
ke (Static) Supply (urrent Ouiptts Open, {1y = 0 mA), ¥y = Max 125 mA
L, (Dynamic) Supply Current Oulputs Open, (typ = O mA), Voo = Max, [ = 25 MIlz | 140 mA
Notes:

2. VO pin leakage s ibe worsi case of Iy and Ié yze (or dyppand Iy, ).

1. 1bese are alsolule values with respeci lo the device ground, and all overshools due 1o systent and lesier nolse are included.

3. Nol mare than one oulpui should be lesied al a lime, and the duration of tbe short-cireull test should not exceed one second.
¥our= 0.5 ¥V bas been chosen lo awid lesi prablems caused by lester ground degradaiion.
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A APACITANCE 1

" # Parameter
«tt. | Symbol Parameter Description Test Conditions Typ Unit
i ‘ q Input Gapaciiance le =2.0Y V(I; a5y 5
. 8 : ' Ty = 25°C pF
O Output Capacliance Your=20V f= 1Ml 8
Note:

I 1. 'Tbese paramelers are nol 100% lesied, but are evalualed al initial characlerization and al any thne the design s inodfied where

capacilance inay be affected.

( Parameter -5
. B Symbol Parameter Description Min Max Unit
IQ.T, Input or Feedhack (> Comblnatordal Ouiput 5 ns
] i ,IST Setup Nme from Input or Feedback 3 ns
\
[ Setup Time from SP lo (lock 4 ns
l " lold Time 0 ns
8leo (1ock to Ouiput 4 ns
‘ — Skew Between Regstered Ouiputs (Nole 2) 0.5 s
i Asynchronous Reset io Registered Ouiput 75 ns
| Ylaw Aspachronons Resel Widfh T ns
AT Asynchronous Resef Recovery Time 45 ns
; o Synchronous Presel Recovery Time 45 ns
! L lock Widih ik 25 hal
it Gu 2.5 ns
] Bternal Feedback Ui + ) 128 Mile
fax Maximum Frequency (Note3) | lnternal Feedback ({y) 1/(tg + i) (Note 4) 150 ML
1 No Veedhack Wiy + tw) 200 Mtz
Pl Input io Quiput Enable Uslng Product Term Control 6 s
B [ (nput to Output Disable Uslng Produdt Term Coatrol 5.5 ns
N Notes:
B 1. See “Switching Test Circuit” for lest condittons.

42 Skew (s measured iwith all ouipuls swtiching in the same direction.

3. Tbese paramelers are nol 100% tested, bul are calculaled al inltial characterization and al any thpe the design is modified where

Jrequency imay he affecled.

1. lcr Is a caleulaled value and s nol guaranieed. I¢y- can be found using 1be following equatlon:

ler = Vfpax (lnternal feedback) - 1.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature. . ... ... o -65°C 1o +150°C
Amblcnt Temperature with )

Power Applied . ................. -55°C 10 +125°C
supply Voltage with Respect

wGround ..................... 05V +7.0V
DCInput Voltage .. .......... V5V Vee+ 10V
DC Qutput or 1/0 Pin Voltage . . .-0.5 V1o Vi + 1.0V
Static Discharge Voliage ................. 2001V
Latchup Qurrent (Ty = 0°C 10 +75°C). ... .. .. 100 mA

dtresses above those Iisied under Absolule Maxtmum Rallngs
nay cause perimaneni device fallure. lunctionalily al orabove
tbese limils {s not tmplied. tixposure to Absolule Maxtmum
Ralings for extended periods may affect device reliabilily.
Progranuning condilions may vary.

OPERATING RANGES

Commercial (C) Devices

Ambient Temperature (Ty)
Opcrating in Frec Ale, ............ .. 0°C 1o +75°C
Supply Voltage (Vi) with
Respectto Ground. ... ... ... ... +475 Vi +525V

Operating ranges define those Hmnils between which ibe func-
tionallly of the device &s guaranieed.

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES

Symbol Parameter Description Test Conditions Min Max Unit
Yﬂl (’l\l[ﬂll men Ynl(age l()" =-3.2mj, VIN = V”l or v“‘a Vu; = Min 2.4 \4
Va ()u!pu( LOwW VDlMgE l(".. L] l(imA, le = V“l or V”‘, V(x; = Min 0.4 \

Guaranieed Inpul Logical 11611
i 16 ¢ 2.
Yin oput MIGH Voliage Yoliage (or all lnpuis (Note 1) Lo Y
Gy teed tnput Logical LOW
Y Input LOW Voliage taranteed Input Logical I 0.4 v
Yoltage for all Inputs (Note 1)
bt Input INGH Leakage (xrrent Yin = Yoo Yo = Max (Note 2) 10 pA
In Input LOW Leakage (urrent Yiy = 0V, Vy; = Max (Note 2) -100 pA
Of-State Output Leakage . ,
lnz-" Current BIGH V()l‘l‘ = V(x;, V(x: = Mﬂ.\, Vl‘ a VIL or yl” (‘lole l) 10 }IA
OM-State Ouiput Leakage .
107.[ (urrent LOW V()l.'l' =0 V, V(x: = MAX, Vlv = VlL or V"| (‘{ole l) -100 l,ll\
Output Short-(Ircult Your = 0.5 ¥, V(X = Max .
ke (urrent Ty = 25% (Nole 3) -30 -130 mA
ke (Satic) Supply Current Outpuis Open, {1y = 0 mA), ¥y = Max 115 mA
ke (Dynamic) | Supply Current Outpuis Open, (logr = 0 mA), Yig; = Max, [ = 25 MLz 140 mA
Notes:

1. ‘Tbese are absolule values with respect o Ibe device ground, and all overshools due fo sSyslem and lesler notse are included.

2. VO pin leakage I5 tbe worst case of Iy and Iy, (or lyy and I 92117

4 3. Nol nore than one ouiput sbould be tested al a time. Duration of the shori-circull test should nol exceed one second.

¥our= 0.5 ¥ bas been chasen lo avold lest problemns caused by tester ground degradaltion.
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CAPACITANCE 1

Parameter
Symbol Parameter Description Test Conditions Typ Unit
G {nput Gapacitance Yiy=2.0Y Y =50V 5
Ty = 25°G p¥
Cout Output Capacliance Your =20V (= 1Mz 4
Note:

1. ‘these paramelers are nol 100% lested, bul are evalualed al inllial characierlzalion and al any lime 1he design s modified where
capacilance may be affecled.

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1

-7
Parameter PDIP PLCC
Symbol Parameter Destription Min Max Min Max Unit

Isp loput or Feedback to Combinatortal Output 3 15 3 75 ns
Ly Setup Time [rom Input or Feedback 5 4.5 ns
™ Setup Time from SP to Clock 6 6 8
W tlold Ttme 0 0 ns
ko " 1lockio (utput 2 5 2 45 ns
e Skew Between Registered Ouipuls (Nole 2) 1 1 ns .
[ Asynchronous Resel Lo Registered Quiput 10 10 ns ' g
v Asynchronous Reset Width 7 7 ns o
Lmm Asynchronous Reset Recovery Time 7 ns : E
kg Synchronous Presel Recovery Time 7 7 ns ] 5
m (dock Widih LW 33 30 = a
[ niGn 3.5 3.0 ns

External Feedhack 'l/(ls + l(;()) 100 111 Mile
fusk ’(\?::;“:)m brequency ';;::;l Feedhack V(s + L) (Note 4) 125 133 Miiz

No Yeedback ity + ) 142.8 166 Mz
' lnpul (o Ouipul Enable Using Product Term Control 7.5 15 ns
op Input to Nutput Disable slng Product Term Control 15 15 s
Notes:

1. See *Swiiching test Clrcull” for lest conditions.

2. Shew ts measured with all ouipls swiiching tn 1he same direction.

3. 1bese paramelers are nol 100% lesled, it are calculated at indital characlertzation and af any lime the design bs modifled where .
Srequency may be affected.

4. I b5 a caloulaled valte and b5 nol guaranieed. iy can be found using ibe following equatlon:
I = Ufpgax Cinternal Jeedback) - Ig.
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’ ABSOLUTE MAXIMUM RATINGS

¥ Storage Temperature. .. ... ... .. 65°C to +150°C

§ Ambicnt Temperature with
frower Applied .. ......... ... .., -55°C 1o +125°C

g supply Volra ge with Respect
JioGround . ........... ... ... 05Vio+7.0V

1 Input Voltage .. ... ... ... 05V10o Vee + 1.0V
{ XC Output or 1/0 Pin Voltage . . .-0.5 Vo Ve + 1.0V
| static Discharge Volage ................. 2001V
| Laichup Gurrent (T, = 0°C to +75°C). . . . .. . . 100 mA

§ Siresses above thase lsted under Absolute Maxtinum Ralings
¥ may cause permanent device fallure. lunctionallly al or above
these limlis &s not hinplied. lixposure lo abisolule maximuin ral-

OPERATING RANGES

Commercial (C) Devices

Ambicnt Temperature (Ty)

Opecrating in Frec Alr. . .. ... ... ... .. 0°C 1o +75°C
Supply Voltage (V) with
Respectto Ground. .. .. ..., +475Vio 525V

Operaling ranges define tbose limils between which the fune-
tonality of the device Is guaraniced.

B Ings for extended perlods inay affecl device rellabillly.
8 Programming condlilions inay vary.

{; DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
‘ Yon Output UG Yolage g = -3.2 mA, Yy = ¥y or vlL, Y1 = Min 2.4 Y
Vo Output LOW Voltage lp = 16mA, Vyy = Vyj or Viy, Vg = Min 0.4 v
® Y Input 1G11 Yoliage Guaranteed Input Logical 111G1] Voliage for afl Inpuis (Note 1) 2.0 Y
i (iuaranteed Input Logical LOW
I g 1 OW Yolt 0.
ng u aput LOW Voltage Voliage (or all Inputs (Nole 1) 8 v
! f A Input 111611 Leakage Current ¥Yin = Yo Yo = Max (Note 2) 10 PA
gy Input LOW Leakage (urrent Yy =0V, Yi; = Max (Note 2) -100 pA
T Of-Stale Ouiput Leakage ]
lﬂlll Current 1IGH V()l,T ™ V(l> Vu; = Max, VIN = Vll. or Vul (Note 2) 10 A
Of-State Output Leakage YouT =0V, Y, = Max
o (urreot LOW Yiy = ¥y, or ¥y (Note 2) 100 n
Output Short-(1rcuit YouT = 05 Y, VI = Max . ;
ke (urrent Ty = 25°C (Note 3) 30 130 mA
I (Dynamic) | Supply Qurvent Outputs Open , (1o = O mA), Yoo = Max, [ = 25 MIkz 120 mA

2. VO pin leakage Is ibe worst case of g and Ly (or Ly and 1 2z

Notes:
’ 1. 1bese are alsolute values wiih respect 1o ihe device ground, aud all overshools cue lo system and lesler nolse are included.

3. Nol more iban one ouipul should be lested al a lime. Duration of tbe shori-circutit test sbould not exceed one second.
You= 0.5 ¥ bas been chasen lo awold lest problems caused by tester ground degradation.
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Parameter
Symhbol Parameter Description Test Conditions Typ Unit
Inpul Capacitance Yy = 2.0V V=50V 5
Ty = 25° p¥
Outpul Capacilance Youp =20V (= 1Mz 8

Note:

1. 1bese parainelers are not 100% lesled, bul are evaliaied al intiial charactertzatlon and at any iiine the destgn Is modified where
capacliance may be affected.

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1

1. See “Swliching Test Clrcull” for lest condilions,

Jrequency may be affected.

Iy = Ufpax (internal feedback) - 1.

3. lep s a calculated value and &s not guaraniced. lpy: can be found using the following equalton:

Parameter -10
Symhol Parameter Description Min Max Unit
n Input or Feedhack io Combinatorial Output 10 ns
sy Setup Nme {rom Input or Yeedhack 6 ns
ks Sequp Time (rom SP* to Clock 7 ns
i Hold Time 0 ns
o (ock 1o Ouiput 6 ns
e Asynchronous Reset {o Regisiered Oulput 13 08
LW Asynchronous Resed Widi 8 ns
Isrr Asynchironous Resel Recovery Time 8 ns
(T Synclronous Presel Recovery Time 8 o8
i ock Widih Wow ! =
Kt IHI 4 s
Z Maxtmum icternal Feedhack 1t + L) 833 Ml
fux Frequency Internal Feedback ({~yy) | V(g + i3 (Note 3) 110 Ml
(Note 2) No Feedback gy + hwr) 125 Milz
o Input to Output Enable Using Product Term Control 10 s
||zn laput io Output Disable Lsing Product Term Control ) ns
Notes:

§ 2. IDese paramelers arenol 100% lested, but are calculaied al inliial cbaracierization and al any thmeibe design s wmodifled where
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JABSOLUTE MAXIMUM RATINGS

4 Storage Temperature. .. ... ... ... . .-65°C 10 +150°C

Ambient Temperature with

Power Applicd. ......... ... .. ... -55°C 1o +125°C
Supply Vohiage with Respect

oGround ... ... Lo 05V +7.0V
DG Input Voltage .. ..........-05Vi0 Ve + 10V
DC Qutput or 1/O Pin

Voltage ................... 0VS5Vio Ve +10V
Static Discharge Voltage .. ............... 2001 v
Latchup Current (Ty ~ 0°C o +75°C). ... .. .. 100 mA

Siresses above 1hose Iisled under Alsolule Maxtmum Ralings
nay cause prermanent device fallure. lunctionality al or above
these limils Is nol tmpdied. Iixposure 1o Absolule Maxtmum
Ratings for extended preriods may affect device reliabilily.
Prograniming condilions may vary.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ty)

Operating in Frec Alr. ... ........... 0°C 10 +75°C
Supply Volage (Vi) with
Respectto Ground. ... L. +4.75 V10 45.25V

Operating ranges define those Iinils behween twehich the func-
tionality of the device is guaranieed.

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES

2. V0 pin leakage Is lbe worst case of Iy and lozy (or Iy and [yz).

4. 'Ihis parameler is guaranieed wors! case under lest condilion, Refer lo the lee vs. frequency graph for Iypical ¢
characieristics.

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
Yo Output HIGN Vollage l()" =-3.2m\, V]\‘ £ V"I or V", V(;(; = Mln 2.4 \d
Yo Ouipul LOW Vollage g, = 16 mA, Yy =¥ or V“’ Y(x: = Min 04 \4
\ Guaranteed Input Logical 11G11 .
) {
Y topul IIGH Volizge Voliage for all Inputs (Note 1) 20 Y
(iuaranieed Input Logical LOW
)

Y Inpul LOW Vollage Yoltage for all Inputs (Note 1) 08 v
hn Input H1G11 Leakage (urrent iy = Yoo Yoo = Max (Note 2) 10 A
h loput LOW Leakage (urrent Y1y = 0V, Yy = Max (Note 2) -100 pA
o Of-State Output Leakage Your = Yoo Yo = Max - \

& urrent 111G Viy =Yg, or Yy, (Nole 2) #

"[OF-State (nuiput Leakage Vour = 0¥, Yy = Max
g (urrent LOW iy = ¥y, or Yy (Note 2) 100 w
Oulput Short-(Arcult Yot =05Y,Yy=5V ' ,
1 . ? ' . -
% Qurrent Ty = 25°G (Note 3) 3 130 mA
Yy = 0Y, Outpuis 0 lorp = 0mA),

ko (Statlc) Supply Qurrent Ly =0 ¥, Outpus Open (logy = Oma) 55 mA

. Vcc a Max (Nme “)
Notes:

1. Ibese are absolule vakues with respect lo 1be device ground, and all overshools dute lo syslem and lesier noise are included.

3. Nol more than one oulfnil sbould be lested ai a thne, and tbe duration of the sbori-circutl test should nol exceed one second.
Your= 0.5 ¥ has been closen 1o acoid lest rroblems caused by lester ground degradation.
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| CAPACITANCE !

Parameter’
J| Symbol Parameter Description Test Conditions Typ Unit
| Input Capacitance Viy =20V Vo =50V 5
Ty = 25°C Y
Cory Ouiput Capacliance Your =20V (=1 Mz 8
Note:

1. ‘These paramelers are ol 100% lested, bul are evalualed al infiial characlerizallon and al any tine the design ks modified where
capacilance may be affecled.

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1

Parameter -10
Symbol Parameter Description Min Max Unit
Ip Input or Peedback o Comblnatortal (niput 10 ns
i Setup Time (rom Input, Feedback or P (o (Jock 6 ns
iy lold Time 0 . ns
o (lock Lo Output 6 s
1R Asynchironous Reset (o Registered Output 13 ns
hre Aspnchronous Resel Widih 8 ns
LirR Asynchrenous Resel Recovery Time 8 ns
[ Syndironous Presel Recovery ime 8 ns
kL LOwW 4 ns
e ock wadh . men 4 ns
External Yeedhack (L5 + I 83 Ml
fux Maximum Frequency (Note2) | Internal Feedback (yy) | 1/(ls + ) (Note 3) 110 Mlle
No Feedback Wty + ) 125 MLz
ley Input to Qutput Eoable Using Product Term Control 10 ns
ter Inpul {0 Output Disable L:alng Product Term Control 9 ns
Notes:

1. See “Swliching lost Circull” for lest conditions.

2. ‘lbese paramelers are nol 100% lested, bul are calculated al infiial characlerizalion and al any ttme ibe des(gn & modtfied where
Jrequency may be affecled.

3. ey s a caleulated value and & nol guaranieed. Iy can be found using the Jollowlng equallon:
Iep = Whiax (internal feedback) - i, ¢ '
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature. . ... L ... -65°C to +150°C
Ambicent Temperature with

Power Applied . . ... ... .. ... -55°C to +125°C
Supply Voliage with Respect

wGround .. ... ... .. L. 05V +7.0V
DCInput Volaage ... .. ..., .. A5V Ve +05V

FIXE Quiput or 1/0 Pin

Wlage ................... A5V Vi +05V
Static Discharge Voltage .. ............... 2001V
lacchup Gurrent (T, = 0°C 10 +75°C) . ... ... . 100 mA

Slresses above 1hose Isted under Absolute Maxtmum Ratings
imay cauvse permanen! device fallure. l'unctionallly al or above
tbese Hindis s not implied. lixpostre 1o Absolule Maximuum Ral-
Ings for extended perfods may affect device reltabiliy.,
Programming condilfons may vary.

OPERATING RANGES

Commercial (C) Devices
Ambicnt Temperature (Ty)

Operating In Frec Ale. . ............. 0°C 10 +75°C
Supply Voltage (V) with
Respect to Ground (IV/Q-15) . . ... +4.75 Vo +5.25 V
Supply Voltage (V) with
Respect to Ground (1/Q-25) . ... ... +H5Viwo+55V

Operaling ranges define 1bose limils betiween which ibe func-
tonalily of the device is guaranteed,

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
Vm ()ulpul HiGH \’ollage l()“ = -32 mA, VIV = Vl” or Vu’ V(x; = Min 24 Y
™ Output LOW Voliage lon = 16mA, ¥y = Vi or Vpy Vs = Min 04 v
Y Input LIG11 Voliage Guaranteed Inpul Logical 11611 Yoltage (or all Inputs 20 v
(Note 1)
Y toput LOW Voltage (iuaranteed lnpul Logical LOW Voltage for all Inputs o "
(Note 1)
it Input NIGH Leakage Current Vix = Yo Yo = Max (Note 2) 10 pA
I Input LOW Leakage (trrent Viy =0V, Vg = Max (Note 2) 100 pa
Of-State Ouipwi Leakage .
loznt Current HIGIH V()l.T = V(x;, V(x; = Max, vl.V = vll. or V"| (Note 2) 10 HA
Off-State Output Leakage .
lt Qurrent L()Wp‘ & V()(‘T =0V, Y = Max, VIN s V"‘ or V"l (Nole 2) -100 pA
Output Shorl-(Ircult Your =05V Yy =5V ) ’
R Current Ty = 25°C (Nole 3) 30 130 mA
Yix = 0Y, Ouputs Open i 90
Supply Qurrent ; mA
'(‘.C pp') (la:r =0 mA), Vcc = Max Q 55 m
Notes:

1. 7Dese are absolule values with respect lo the device ground, and all overshools due 1o system and lester nose are included.

2. VO pin leakage s the worsi case of Iy and oz (or fypand Iey,p,).

3. Nol snore than one oulput should be lested at a time, and tbe duration of the shori-circull test should not exceed one second.
You = 0.5V bas been chasen 1o avold test problems caused by tester ground degradation.
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CAPACITANCE !

Parameter
Symbo} Parameter Description Test Conditions Typ Unit
(b Inpul Capacitance Yiy=20V Y =50V 5
Ty = 25°C plf
Cort Output Capacliance YorT =20V (=1 Milz 8
Note:

1. These paaramelers are nol 100% lesied, bul are evaluated ol intital characlerizallon and al any Hme the design €s modlfied where
capacilance may be affected.

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES !

Parameter -5 -25
Symbol Parameter Description Min Max Min Max Unit
0 Input or Feedback to Combinatorial Output 15 25 ns
1 Setup Nme from lnput, Yeedback or 5P to (fock 10 15 ns
b lold Time 0 0 ns
ko (Jock to Outpui 10 15 ns
hr Asynchronous Reset 1o Registered Ouiput 20 25 ns
Wrw Asyachronous Reset Widih 15 25 ns
kg Asynchronous Resel Recovery Tine |y 25 0s
Lipg Synchronous Preset Recovery Time 10 25 ns
3 LOwW 8 13 ns
:-1[1 (lock Widih T " m -
- 21‘1\;1"1'“(“ Frequency | Exiernal Feedback /(1 + L) 50 43.3 Milz
Note 2) Internal Feedback ({yy) | 1/(1g + [3) (Nole3) | SBH 35.7 Ml
oy Input to Output Enable {sing Product Term Control 15 25 ns
kg laput to Ouiput Disable Using Produd Term Control 15 25 ns
Notes:
1. See “Swilching Test Clrcuil” for lest condilions.
2. 1hese paramelers are nol 100 lested, bul are evaluated al iniiial characlerization and al an 1y Hine
the design is modifled where frequency may be affected.
3. ler b a calculated value and & nol guaranieed. Ip can be found using the following equation:
lep = 1Vypay (internal feedback) - 1.
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

. T e o0 ot . .
Storage Temperature. ... ... L. .. -65°C to +150°C industrial (I) Devices
Ambicnt Temperature with Ambient Temperature (Ty)
Powe ed. .. -55°C 1o +125°C ' A . .
power Applicd 357G 1o +125% Operating in Free Alr. ... ... . ... -40°C 1> +85°C
N r Voltaoe ~
z;‘l().l::u:;l“g(' with Respect 05V 0470V Supply Voltage (V) with
AOHRE e SO Respeetto Ground. ... .. ... ... ... +4.5V 10 +55V

M 1/ ~ . Toere 7
PC Input Volage ... 0.3 V1o Vi + 05V Operaling ranges define those limits belween wbich ibe func-
DC OQurput or 1/Q Pin tionallly of ihe device is guaranieed.
anmgc ................... '0.5 Vio \'('(: + O.S Vv ‘
Static Discharge Voltage ................. 2001V
Latchup Current (T = -40°C to +85°C) .. .. .. 100 mA

Siresses above Ibose listed under Absolule Maximum Ratings
nay cause frermaneni device fatlure. lunctionality al or above
these Hmils &s not implied. lixpasure lo Absoluie Maximinm Ral-
Ings for extended prertods may affect device reliabiliy.
Programming conditions may vary.

DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
¥ P
\/ Output 16 Voltage oy =-3-2m7, ¥y = Y01 ¥y Yy = Min 24 \]
ol g 01l IN = o vy, Yo
You Oulput LOW Voltage Iy = 16 m4, Yiy=Vyor V", Y = Min 0.4 A4
Guaranteed laput Logical BIGH
Y ! HGH Yolt 2.0 Y
n uput MG Voliage Vollage lor all Inpuis (Note 1) 4
(iuaranieed Input Logical LOW
X \4
Y Input LOW Voltage Yoliage for all Inputs (Note 1) o4
I Input 111G Leakage Current Yin = Yoo Yoo = Max (Nole 2) 10 pA
h Input LOW Leakage (urrenl Yiy=0¥Y, Y = Max (Note 2) -100 [Th
lon Of-State Oulput Leakage Current 1IGH YorT = Yo Yo = Max, Yyy = ¥V or Vi1p (Note 2) 10 pA
7 OC-Stale Quiput Leakage Curreal LOW | Veyop = 0V, Yy = Max, Vyy = Yy or ¥py; (Note 2) -100 7Y
1 8 oLt (tH NS VRO Yy !
Yorr=05Y Y =5Y
Output Short-CIrault (urrens OuT ' (L -30 -130 mA
Ise Jutput Short-(Ircult (irren T, = 25° (Nole 3) 3 3 M
11-20725 = 100
lee (Statle) Supply Current ¥iy = 0% Ouipuis Open ] mA
110115 | oy = D mA), Vi, = Max 10
. Yy = 0V, Oulpuis Open ;
' , N 4
lg; (Dmamic) | Supply Current (Ioxs = 0 WA), Yo = Mas, [ = 15 Mite 130 mA

Notes:
1. Tbese are absolule values with respect 10 1be devtce ground, and all oversbools due 1o system and lester notse are included.

2. KO pin leakage is the worst case of i and toze (or lyppand ieyq ).

. Nol more than one oulpul should be lested al a thne, and e duration of the sbort-circull test should not exceed one second.
Your = 0.5 V bas been chasen lo avold lest protlems catsed by lester ground degradalion.
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CAPACITANCE 1

capacilanc

¢ nay be affecled.

1. Tbese paramelers are not 100% lested, bul are evaluated al iniiial characlertzation and

Parameter
Symhol Parameter Description Test Conditions Typ Unit
Gy Inpui Capaditance Yiy=2.0V Yo =50V 5
Ty = 25°C pr
Cour Output Capacliance Yo = 20Y [= 1Ml 8
Note:

al any time the design s modified where

SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES !

}
i
1

o 1. See “Swlching Test Clrcuil” for test condiions.

Parameter -10 -15 -20 -25
Symbol Parameter Description Min | Max | Min | Max | Min | Max | Min | Max | Unit
n Input or Feedback 1o Combinatoral Output 10 15 20 25 ns
M Setup Nime [rom Inpud, Feedback or S to (Jock 7 10 12 15 ns
g liold Time 0 0 0 0 ns
ko tlock to (xiput 6 10 12 15 ns
: Hir Asynchronous Reset to Reglstered Ouipul 13 20 25 25 ns
WRW Asynchronous Reset Widih 8 15 20 25 ns
Lrg Asynchronous Resel Recovery Time 8 10 20 25 ns
g Synchronous Presef Recovery Time 8 10 14 25 ns
LOw 4 8 10 13 ns
::, ock Widh Gl ' 4 8 10 13 ns
Maxlomm | External Feedback 1ty + ) 833 50 41.6 33.3 Mlle
hux Frequency  flnterual Feedback () | 17015+ L) (Note3) | 110 548 45.4 35.7 Milz
(Note 2) N Feedback 1Vt + byyy) 125 83.3 50 385 Mile
oy Input to Outpul Enable Uslng Product Term Control 10 15 20 25 ns
by Input 1o Qutpul Disable Lslng Product Term Control 9 15 20 25 ns
Notes:

1 2. ‘these paramelers are not 100% lested, bui are calculated at inttial characlerization and al any line the design ts nodified iwhere
Jrequency may be affected.

i

T T NN T 1 0

—

Iy = Mlyax Cinternal feedback) - 1.

3. ler s a caleulaled walue and & 1ol guaranieed. ler can be found ustng the following ¢

qQualion:
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature. .. .. .. w . -65°C 10 +150°C
Ambient Temperature with

Power Applied . ... ... ... .. -35°C 1©0 +125°C
supply Voltage with Respect

oGround ... L L oL, 05Vio+7.0V
DC Input Voltage ... ... ..... 05VwoVee+05V
NG Qurput or /O Pin

Volage ......... ... ... A5V Ve + 05V
Statlc Discharge Voltage ................. 2001V
latchup Qurrent (Ty = -40°C o +#85°C) . ... .. 100 mA

Vsiresses above those sted under Absolule Maximum Ralhngs
may cause frermaneni device faflure. Iunctionallly al or above
these Hmlis &s nol impiled. lixpasure lo Absolute Maximtm Ral-
Ings for exiended pertods may affect device rellabiliy.
Programining condilions inay differ.

OPERATING RANGES

Industrial (1) Devices

Ambicnt Temperature (T) .. ... . .. .. -40°C 1o +85°C
Supply Voltage (V) with
RespecttoGround. ... ... .. +45Vw0+55V

Operaling ranges define 1hose lhmils beliveen which 1he Junc-
tionality of the device Is guaranteed.

DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES

Parameter
Symbeol Parameter Desaiption Test Conditions Min Max Unit
Viy=Yjory Ion=-6mA 3.84 Y
You Output G Yoltage IN = Vi or VL on
Yy = Min Ipy1 = -20 pA V0.1 v
lgy, = 16mA 0.5 Y
. Yiy=YorY
Yol Oulput LOW Voltage v‘-“ o Lo, = 6mA 0.3 v
« = AMIn
w lop, = 20 pA 0.1 v
: Guaranteed Input Logleal 11HGI1 Yollage for all tnputs
i 2.0 Y
i Input 111G Yoltage (Notes 1, 2) b
Guaranteed Input Logical LOW Voltage for all Inputs
f 0.9 Y
i Input LOW Voliage (Notes 1, 2) 9
'm lnpul a1 l.eakage Qurreal VN = V(x;, V(x; = Max (NME 3) 10 ].I:'\
lopul LOW Lealcage (urrent Yiy = 0V, Y = Max (Note 3) -10 HA
h 8 N w
un Of-State Outpul Leakage Current 1GH Yout = Yo Yo = Max Yy = Vjor Yy (Note 3) 10 HA
O-State Outputt Leakage Current LOW Yorr = 0V, Vs = Max Yy = Yy or ¥y (Nole 3) -10 A
Al 8 oL o N = Yo v u
ke Outpui Shost-Qreutl (uirrent Your = 05 Y, Yx; = Max (Nole 4) -5 -150 mA
" Supply Qurrent Outputs Open (I = 0 md) f=0Mlz 30 BA
' Vg = Max (= 15 Mlte 100 mA
Notes:

1. ‘these are absolule values wlh respect lo device ground, and all overshools due to sysiem or lesler nolse are hicluded.
2. Represenis the worst case of 1€ and 11CT slandards, allowing compatibiliy wiih either.

1. VO pin keakage is 1he worst case of 1y and I¢yzy (or lypand ey ).
{

. Nol mare than one oulpul should be sboried al a time, and the duration of the shori-circuil should not exceed one second.
Youn = 0.5 V bas been chasen lo awold test problens caused ly tester ground degradation
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| CAPACITANCE '

Parameter
Symbol Parameter Description Test Conditions Typ Unit
Gy Input Gapaditance Viy =20V Vi =50V 5
Tl\ = 25°C * pl‘
Cony Ouipuit Capacliance Your =20V =1 Mz 8
Note:

1. ‘Ibese paramelers arenol 100% lested, bul are evaluaied al nltial characterization and al any time the design is modified where

capacilance may be affecied. |

SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 1

Parameter 15
Symbol Parameter Description Min Max Unit
rp Input or Yeedhack io Combinatorial (niput 15 ns
i Setup Time from Input, Feedhack or $F lo (Jock 10 ns
b Htold Time 0 ns
o tIock to Outprit 10 ns
[ Asynchironous Reset to Registered Outpul 20 ns
gw Aspnchronotts Reset Widih 15 ns
XY Asynchronous Resel Recovery Time 10 ]
Lopg Synclironous Preset Recovery Time 10 ns
st LOw 8 ns
(- ock Vadh e ) ns
Ixlernal Feedback V(U + 4gp) 50 Ml
hux :::::T)m Frequency  fioternal Feedback (foyp) V(i + 1g) (Nole 3) S8 Milz
No beedback Uty + b)) 62.5 Mile
oy Input In Outpul Enable Using Product Term Controf 15 08
IR Input (o Ouipit Dizable Using Product Term Control 15 ns
Notes:

1. See *Swcliching Test Clreudl” for lest conditions.
2. ‘tbese paramelers are nol 1009 lesled, bul are evaluated al inltfal characierization and al any itme ibe design ts modified
where frequency may he affecled.
3. Iy &5 a calewlaled value and s nol guaranieed. Igy: can be found using the following equation:
Iy = Wfaax (hlernal feedback) - Iy.
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ABSOLUTE MAXIMUM RATINGS

8 Storage Temperatee. . ... ... n e -65°C 10 +150°C

Amblent Temperature with
@ Power Applied .. ... -55°C 1o +125°C
Vel supply Voltage with Respect

MoGround ............ ... ... 05Vio+7.0V

A1 Input Voltage ... ... u. .. V5V Vee+t05V

PC Output or 170 Pin
Volage ............. ... ASVw Ve +05V

Satlc Discharge Volage ................. 2001V
Latchup Current (Ty = -40°C 1o +85°C) . ... .. 100 mA

8 Siresses above 1hose lisled under Absolule Maximun Ralings
I inay cause permaneni device fallure. 1amctionallly al or above
B these Huniis (s not implied. tixposure 1o Absolute Maximinn
1 M Ratsugs for extended periods may affect device rellabilily.

8 Programming conditions may differ.

OPERATING RANGES

Commercial (C) Devices

Ambicnt Temperature (Tp). . ... o000 0°C10 +75°C
Supply Voltage (V¢ with

Respectto Ground. ... ..ol +HT75Vi0 4525V

Industrial (I) Devices

Ambicnt Temperature (Ty). .. .. ... -40°C 10 +85°C
Supply Voltage (V) with
RespecttoGround. ..o oo oo in s +H45Vio+55V

Operaling ranges define those lhnlis belween which ibe func-
tonallly of 1be device s guaranieed.

§RANGES

£DC CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL OPERATING

- owoN

Parameter
Symbol Parameter Description Test Conditions Min Max Unit
Yy = Loy = -0 mA 3.84 Y
A von Output 11IGH Voltage 1N = Vi or¥iy ol
' Vi, = Min lou = -20 pA V0.1 v
l()l.’ 16 mA 0.5 Y
Yiy=Yory
Yo Output LOW Voltage N Iy, = 6 mA 0.33 "
o=
l()L = 20 }II\ 0.1 Y

" I Giuaranteed Input Logical 11G1E Yollage for all Inputs

g 3 . o

Vi Input LIG11 Yoltage (¥oles 1, 2) 2.0 Y

Guaranteed Input Logical LOW Voltage for all Inputs
!
i loput LOW VYoliage (Noles 1, 2) 0.9 Y

.+ vl [ Input 111G11 Leakage Current Yiy = Yoo Yo = Max (Note 3) 10 [ThY

Hin loput LOW Leakage Current Viy =0 Y, Yy = Max (Nole 3) -10 A

““ b OF-Stale (atpuat Lakage(mrrenl JHG V()[_'l‘ = V(;(;, Vu; = Max, VIN = Vm or V]L (Note 3) 10 i

h lt Of-State Quipnt Leakage Current LOW Your = 0, Yy, = Max, Vjy = Yy or ¥y, (Note 3) -10 pA
' ke Output Short-(rault (urrent Youy = 05 Y, Vi = Max (Nole 4) -5 -150 mA

g " Supply Current Outpuis Open (gt = U mA) [=0Mil 30 i

& Vi = Max [ = 15 Mz 120 mA

& Notes:

1. Ibese are alsolule values wii respect o device ground, and all overshools due lo sysiem or lester nolse are tncluded.
Represents the worst case of 11¢ and 11¢1 standards, allowing compatthiliy with eltber.
VO pin leakage 1s the wworst case of Iy and Ieyyy (or lyppand Ieyz; ).

Not mare than one oulpul should be shorted al a time, and the duration of the shori-circull should not exceed one second,
Vouy= 0.5 V bas been chasen to awold lest problems caused by lester ground degradation.
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i CAPACITANCE 1

Parameter
’ Symbol Parameter Description Test Conditions Typ Unit
[ Input Gapacitance Viy =20V V=50V 5
; Ty = 25°C ¥
i | lonr Outpui Capaciiance Your=20Y (a1 Mz 8
i Note:

f 7. Ybese paramelers are nol 100% lested, bul are evaluated al infital characlerization and al any lime the design is modified where
capactiance may be affecled.

! SWITCHING CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL
{ OPERATING RANGES !

Parameters -25
Symbhol Parameter Description Min Max Unit
p Input or ¥eedback 1o Combloatorial (uiput (Note 2) 25 ns
4 1t Setup Time from Input, Yeedback or SP Lo (Jock 15 ns
b Hold Time 0 s
I o (lock (o Output 15 ns
: g Asynchronous Resel Lo Reglstered Output 25 08 -
Urw Asynchronous Reset Widih 25 ns e
A Asynchronous Reset Recovery Time 25 ns o
u |l Synchironous Presel Recovery ime 25 ns : ":?'
" Low 10 08 . E,’ ;
(ock Width . -8,
- 1IGH 10 ns a0
External Peedback (ks + gy 33.3 Milz e
e :;“:::‘;')“ Frequency Intemal Feedback (fgyy) | 1701 + Leg) (Note 4) 35.7 Milz ‘
No Feedhack Wby + byy) 50 ' Milz
oy Input to Ouiput Enable Using Product Term Control 25 ns
R Inpul lo Oulput Disable Using Produc Term Control 25 ns
t Notes:

1. See “Swliching Test Clrcull” for lest conditions,

2. Ubis parameler Is lesied (n Standhy Mode. When ibe device Is nol in Standhy Mode, the Iy will iypically be S ns faster.
3. 1bese paramelers are nol 100% tested, hut are evalualed al initial characterization and at any tme

the design 1s modified where frequency 1hay be affected.
4. lcp Is a calculaled value and & nol guaranteed. ler can he found using the following equation:

ler = Wfsrax Cinternal feedback) - I, )
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{ sWITCHING WAVEFORMS

Input, /0, or Input, 1/0, v
Feedback Vr or Feedback T
«—1pp_pm -ty — | Ty
{ Combinatorial V. v
A Output T Clock T

- 1c0 »-
Registered
Output Vr
16564-007 16564-008
a. Combinatorial output b. Registered output

- WH
Clock ) Input Vr
1eR tea
- W Vs 0.5V
OH™ V-
Output W i
/. /HE VoL + 0.5VA\ \
16564-009 16564-010
€. Clock width d. Input to output disable/enable
Input t ) Input
Asserting ARW Asserting
{l Asynchronous /VT Synchronous T
l Preset N Preset
b - tAR — 15 iy tspr
Registered
Output Vy Clock Vr
! EAng tco
ARR V. Registered v
T Output T
Clock P
16564-011 16564-012
e. Asynchronous reset f. Synchronous preset
H Notes:
H1. vr-15v,
2. Inpul pulsé amplitude O V 10 3.0 v,
,! 3. Inpui (L»*e and fall thmes 2 ns io 5 ns iypical.
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"1 KEY TO SWITCHING WAVEFORMS

ot

WAVEFORM INPUTS QUTPUTS
Must be Will be
{ Steady Steady

May Will be
—m_ Change Changing
from Hio L fromHio L
May Will be
ﬂ— Change Changing
from L to H fromL1ioH

V'V Don't Care, Changing,
X‘A‘A‘X‘X I Any Change State

[T

LN

Permitled Unknown
' Does Not Center
p Apply Line is High-
' Impedance
*Oft" State
| ) 16564£-013
? SWITCHING TEST CIRCUIT
I 5V
!
]
!
’ 5
1
Ry
: Output o _I &) Test Point
% RZ CL
= = 16564-014

Commerdal Measured Output
Spedification LY C Ry Ry Value
lpn, lco (Insed 15v
Al except 11-5/7:
Z 1t Open 50 pb eacept 11517
{1} Mo L5y
Z - L: (Josed 300 Q
U~ Z Open 3 11-577: 1 Z: Vo - 05 ¥
lpg Sp¥ .
L~ Z: Closed 3002 L—Z ¥y +05Y
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; TYPICAL Icc CHARACTERISTICS

5’ Vec=5.0V, Ty = 25°C
j
150 T
125 22V10H-5
‘ 22V10H-7
) 22V10H-10
22v10Q-10
22v10Q-25
50 .
i
25 —~
|
0 10 20 30 40 50
Frequency (MHz)
Icc vs. Frequency 16564E-015

The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered,
and the other half were programmed as combinatorial Half of the avaitable product terms were used for each macrocell, On
any vector, half of the outputs were switching.

By utilizing 50% of the device; a midpoint is defined for Ic., From this midpoint, a designer may scale the lcc graphs up or
down lo estimaie the Ioc requirements for a particular design.

356 PALCE22V10 and PALCE22V10Z Families



4 <l

T v

j

v

¥

:I
:
2

|
!
"

d
R

!
i TYPICAL I CHARACTERISTICS FOR THE PALCE22V10Z-15
i VCC = 5.0 \’, TA = 25°C

10 100%*
50%

75 e

60 ~-
Icc (mA)
45 ++

30 1~

15 -

*

25%*

0 } } i
0 15 30 45
“Percent of product lerms used, Frequency (MHz)

lcc vs. Frequency Graph for the PALCE22V102-15

I TYPICAL lcc CHARACTERISTICS FOR THE PALCE22V10Z-25

Vee=5.0V, Ty =25°C

= mien

60

 ———

16564E-016

120 +—
100%*
100 + 50%*
25%*
80 -
Icc (mA)
60 -~
40+
20 -1+
0 1 ; t J J } J t t i
0 5 10 15 20 25 30 35 40 45 50
*Parcenl of product lerms used. Frequency (MHz) 16564E-017
Icc vs. Frequency Graph for the PALCE22V10Z-25
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J ENDURANCE CHARACTERISTICS

I 'lhe PALCE22V10 is manufactured using Vants' advanced clectrically-crasable (EE) CMOS process.
This technology uses an EE ccll to replace the fuse link used in bipolar parts. As a result, the deviee
fl can be crased and reprogrammed—a feature which allows 100% testing at the factory.

g Symbol Parameter Test Conditions Value Unit
;z! Ing Mln Patlern Data Retentlon Time Max Slorage Temperature 10 Years
f N Max Reprogramming (ycles Normal Programming Conditinns 100 Cycles
I

% INPUT/OUTPUT EQUIVALENT SCH EMATICS FOR SELECTED /4 DEVICES*

I

' [

: L 100 kQ Vee .

| T

gl ESD

b

: Proteciion ~'

Input

T Vee TVcc Vce

100 k(2 i]_

i‘!
: P‘*'i
: — , ’ &
-s —C | ]
4 Preload Feedback

i . Circullry Input
k' Device Rev Letter
§< PALGEZZYI011-15 Output 16564E-018
3 PALGE22VION- 2011 ]
,{* PALGEZZY1011-25
0 [ awcezzviog-zst 1
'|
|

E

}
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 ROBUSTNESS FEATURES

3 The PALCE22V10X-X/5 devices have some unique features that make them extremely robust,

§ especially when operating in high-speed design environments. Pull-up resistors on inputs and 1/0
pins causc unconnected pins to default to a known state. input clamping clreuitry limits negative
overshoot, climinating the possibility of false clocking caused by subsequent ringing. A spccial

. nolsc filter makes the programming clreuitry completely inscnsitive to any positive overshoot that
has a pulsc width of less than about 100 ns for the /5 version.

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR /5 VERSION AND DEVICES

—— VYee

[

Vee

> 50 ko2

Programming -L P
Pins onl - Programming ositlve
ESD d Voltage »| Overshoot |—= Pr%g’:g‘:rl\tmlng '
Protection Detection Filter y
and )
cl I )
amping Typical Input . ‘.'2_1
Vee Vee o
g
0.
> 50 kQ2
i
Provides ESD KE
1; Protection and
%' Clamping Preload Feedback
i Clreuitry Input
i L 16564-16
i Typlcal Output

S e vrcwres e s -
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I INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR PALCE22V10Z

ik —— V<
ESD Input Programming L.
Protection Transition | Pinsonly Programming Positive
and Detection Voltage Overshoot Programming
Clamping Detection Filter Circuitry
Typical Input
Vee

| Provides ESD
Protection and
| Clamping

Preload Feedback Input
= Clreultry Input  Transition
Detection

Typical Qutput 16564E-020

360 ] PALCE22V10 and PALCE22V10Z Families



y POWER-UP RESET

The power-up resct feature ensures that all flip-flops will be resct to LOW after the device has been
powcred up. The output state will depend on the programmed pattern. “This feature is valuable in
simplifying state machine Inidalization. A Uming diagram and parameter table are shown below.
Duc to the synchronous operation of the power-up resct and the wide range of ways V. can rise
to its sicady state, two conditions are required to ensure a valid power-up reset. ‘These conditions

arce:

¢ ‘The V. rise must be monotonic.

-

¢ tollowing resct, the clock input must not be driven from LOW to HIGH until all applicable input
and fcedback setup times are met.

Parameter
Symbol

Parameter Description

Max

Unit

e

Power-up Resel 1ime

1000

ns

i

Input or Feedback Setup Time

i}

(Jock Width LOW

See Swiiching
(haracteristics

Power

Registered
Active-Low
Output

Clock

Vec

4v
V¢ Off

Figure 3. Power-Up Reset Waveform

16564E-021

N

PALCE22V10 and PALCE22V10Z Families
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TYPICAL THERMAL CHARACTERISTICS
PALCE22V10

Mcasured at 25°C ambicnt. "These parameters are not tested.

Parameter Tye

Symbol Parameter Description SKINNY DIP PLCC Unit
(')jc Thermal impedance, Junction 1o case 20 18 °Crw
"j:l Thermal impedance, imction to amiient 73 55 °C
200 fpm alr 66 48 °Crw
400 lfpm alr 6l 43 °C

(’jma Thermal impedance, Juncilon to amitent with alr llow
600 lfpm alr 55 40 °Crw
800 [fpm air 52 37 °Crw

Plastic Ojc Considerations

1be data lisied for plastic 8fc are for reference only and are not recommended for use in calculating junclion temperaiures. 1he
bealflow paibs in plastic-encapsulaled devices are complex, making the 8jc measurement relalive io a spectfic localion on the pack-
age surface. Tesls Indlicale ihis ineasurement reference poinl is directly below 1he die-allach area on 1he hollom cenler of he package.
tarthermore, tjc lests on packages are prerformed in a conslani-lemperalure batlh, kesping the package surface ai a constant tem-
peraiure. therefore, the measuremnenis can only be used i a siimtlar envirommnent.
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CONNECTION DIAGRAMS

Top View
SKINNYDIP/SOIC PLCC
L
cug (1 . 24hv 2 Q o ®
o4t oo s -3¢ $dd
b2 23 [] /0g ininlninlnlinle!
—

lo 13 22 ] Vog 4 3 2 1 28 27 26

I [] 4 21 [] 10y a5 ¢ 25 [ 110,

4 ()5 20 [} VOg h[]® 24 [T /O,

I5 ;_J 6 19 [] V05 s []7 23 7] Og

le [‘ 7 18 [] 104 NG[]8 22 7] GND/NG *

I7 []8 17 [ Vog ls ]9 21 [7] 10,

g b 9 16 [] 110y Iz ] 10 20 [7] /O3

Ig [} 10 15 [] V04 lg ] 1 18 [ VO,
o [ 11 14 [ v0g 12 13 14 156 16 17 18
GND [} 12 13 [] 144 l_;,”—ngJ%’E'%'E’
-z 2 Q09
g = =

16564E-002 16564E-003

“For -5, this pin must be grounded for guaranteed data sheet pertormance. If not grounded, AC timing may degrade
by about 10%.

Note:
Pin 1 is marked for orientation.

PIN DESIGNATIONS

CLK = Clock

GND = Ground

| = Input

1O = Input/Output
NC = No Connect
Vcc = Supply Voltage
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ORDERING INFORMATION

Commercial and Industrial Products

Vantis programmable logic products for cominercial and industrial applications are available with several ordering options. The

order number (Valid Combination) s formed by 1 combination of:

FAMILY TYPE

PAL = Programmable Array Logic

PAL CE 22 V 10 H
T -1 7 -

[

-6
T

JC 5

T

PROGRAMMING DESIGNATOR

TECHNOLOGY
CE = CMOS Blectriadly Erasable Blank = Tnitial Algoritun
/4 = First Revision
NUMBER OF /5 =~ Sceond Revision
ARRAY iNPUTS (Sumc Algorithm as /4)
OUTPUT TYPE OPERATING CONDITIONS
Y - Versatile (&8 = Commercial (0°C 1o +73°C)
| = Industrial (-40°C 10 +83°C)
NUMBER OF OUTPUTS PACKAGE TYPE
POWER [} = 24-Pin 30 mil Plastic
Q = Quarter Power (90-140 mA e SKINNYDIP (P11 3024)
1 = Half Power (90-140 mA lee) J = 2B-Pin Plastic Leaded Chip
Z = Zero Power (15 pA lae standby) Carricr (PL 028)
5 = 24-Pin Plastic Gull-Wing

Smull Qudine Package
(50 024)

SPEED
- 5 =3 nstppy
Valid Combinations 7 - 7505ty
PALCE2ZYI0LL-5 K -10 = 10 s 1py)
PALCEZ2V1011-7 PG JG -15 = Lnstpyy
- — /5 =20 - 20 ns lp‘)
PALCE2ZY101)-10 )G, S, 1, )1 .25 - 2505 tppy
PALCEZ2Y106-10 Pe JG
PALCLEZZYIOU-15 1,6, P J), 56 “®
l'.-\uil-.'l'lVIUQ-lS e, JG /5 Valid Combinations
PALCEZZVI 0120 o1 7 Valid Combinations list cor.mﬁgur;fuons: pltnned to be
supported in volume for this device, Consult the local
PALCLE22Y1(1)-25 G, JG SG Lt “ Vantis sales office o confinm availability of specific valid
PALGEZZVI)-25 PG, JG combinutions und to check on newly releasced
combinuations.
PALCE22Y10Z-15 Py
PALCEZZVIOZ25 | PG, SC, I, )1, SI
L]
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5404 /7404 Hex [nverter

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package | Package . Package X Package
Device Type Device Type Device Type Device Type Device Type
¢ YPe [CTRIM[CF YPe rCTPIMICF YPe [eTPIMEF C[PMEF c[PIM[cF
SNS4S04 3@ Wil | SNSAHOA 31 wi SNSAL S04 J i w1{ SNS404 I w3{ SNSILO4 3 DIND] TR
Tl SNT4S04 S IND SNIEHO4 JIIND SNTL S04 3§ |NGY SN40L 17 INT SNTLO4 JDIND|TE
£ MSAS04 'F M3504 |Dif F MS4HO4 - F M3H04 [D'1 F 2| Frusacso, FepLsod (3 rf | FMS40478 manpa |Ou F
FAIRCHILD £CT4S50¢ °FCISCe (O #D FC14HO04/FCIR0S |O.7 [PT. FETLS04 7 FORSDL 1 "D T | FMm1a08 FCeNOL  |OeiPY
MC2108 L F MC5404 i Fd
MOTOROLA MCJI008 L) [Py F0O] SNTaLS04 [ i1 MC 1404 L PL
DM S4HO4 JINT DM54L.504 OME404 JGNT w2 OM54L04 SN Fa
N.S.C. DATiS0t e RYYETET) RACT DMT2LS04 DMI404 51 DML yONT] [Fal
PHILIPS N4S04 i N74H04 [ NT4L S04 K 1 FIH241 '780¢ p K
554504 A Wi S54104 FMAG wl 55404 FTlay W2
SIGNETICS N14504 Ay Wi | NTaH0e F Al N4 S0¢ . latt) N1498 £ AL
I
SIEMENS ; - o -
FUITSU N Tal S04 M MB4S «y prab
|
HITACHI HD74504 1 1P HD T4L S04 Py| { [rOr0a vZ2322 D
+ c
MITSUBISH! MSS004 @ T ML 508 P 1 M$3204 IGXY
NeC 74504 R N LS04 X wPB233 i
- : { -
TOSHIBA 1 1D340¢A PIl
Electrical Characteristics SN54L504/5N74L504
sbsolute maximum ralings over operaling free-air lempersture range
Suorn ohae V(€ v Ogeroreq Fee-an T srsas 30w an .
T ™ N [Swacs P Schematics (each gate)
S aur IemDerRIre CaneT ~6¥YC  ta 1%0¢C
recommended cperaling conditions
SNSALS04 SN7RLS04 T
— LI BT Y S S U i
Turen wew VEE . - P s R s ' n v
HQrrievel ovipul cwrent. 10y T - a00 wt Vee
Lowdevel Bulpl Curtemt, Igy [ . [y -4 »
Quertatng bearan tempasaivre, ¥ o ExYY 141 L] n c
electrical characteristics over recommended operating
free-air temperature range Rl
PARAMETER TEST CONDITIONS | MIN TYP § MaAX [ UNIT
Vin Hugh-level mput votiage 2 v
Vi Low-tevel nput voltage 8.B| Vv
vy Input_ctamp votiage Veg =MIN, 1= —18mA -5 Vv T
Veg=MIN, Vi = vy max, o
gh-l 4 v
VOoH  Hwgh-level ouiput voliage 1p = MAX 8] k] oo <ol 0w] 500 i
VegEMIN,  Vig=2v, tnput Clamp diades not on .
VoL Low-level output voltage loL = dma 04 Vv SNSAL TINTAL * cirevits. S04 CIRCUIT
N freut curront Al veoE MAX, V= IV 01| ma *04. 'LO4 CIRCUITS
mavimum inpul voltage
by High-level nput current Veg*MAX ., Vjy=2.7v W] uA
TR Low-level nput Surrent Voo =MAX, V) =0.4v ~0.4] mA
Shorl oot [ saLs Fanuy | - 20 — 100
[ =MA
05 output current_* VeC=MAX 1 s Famiy | <10 Ti| ™
J &
'GCH__ Supply current vege=MAX Total, oulputs gh 1.2 2.4 mA
lcoL _ Supply current Total, outputs low | 36 6.6 mA
Average per gaie
¥ ol 5 v = A
fec  Suply curon Cr 5V | (sass guty cycle) 0! "
' Propagatior delay bme, 9 '
PLH Vow-10-Ngh-level utpul vge = SV, Ta=25C. "
Prapagation delay ime, C_=I5PF, Ry =IKQ -
10 1
PHL tgh-1o-low-level oulpul o
Pin Assignments (Top View)
Vi
® ® » ﬂ% )
YOG GA 8Y $A S5Y 4A &Y l'l u §Y GND sv sA av -t IMpYT
Jul ) [ e {e] [ | 1 A outrur A
$ S
~
P’I [Dj P‘l | P‘] HO4 CORCUIT "L804 CIRCUIT
ElaBaball [} 1 2 3 Dal
A IY 2A 2Y JA 3Y GNO l Y 2A vCC 3a )Y 4A
positive logie ©
Y=A Resistor vafues shown are nominal and in ohms
i

1For conditions shown &8 MIN or MAX, use tha appropriste value spscifind urder recommended Operatng Conditions,
1Al typical vajues are 81 Voo™ SV, TA=25C,
*Not more than one outpul should be shorleg at a time, 8nd for SNSAH‘/SNTAH' ana SNSIS'/SNT4S', dwration of short-cirout shoutd not exceed 1 sevund,



5447TA/T44TA

BCD-to-Seveen Segment Decder,/Driver (15V Output)

o1t correwponds 10 tp| KNG L4 corresponds 10 YpKL,

Schottky TTL High-Speed TTL Low-Power Scholtky TTL Standard TTL Low-Power TTL
Package . Package . Package . Package . Package
Device Type Device Type Device Type 4 Device Type Device Type
‘ C| P |M]CF| CPIMCF C| P |M|CF| C|P|M[CF C| P|M|CF]
T ] SNSELST m w 1] SNsaaTa R w il shsaLar
o SNI4L S 3 AN SN4IA 1N
FMSAaT FM9351B (D ¢ X
FAIRCHLD “rcua Fessie [op ey i 17
MC5a4? ] B
MOTOROLA MCTa0 Life e N
T
DMSALS4T ' DMSeaTA '
NS.C. DML 54T ' DMIseTA [ B
J— fd - - - i DR S T
PHUPS | N7a47 v
1 - R . — [ B - - N BN T
SIGNET'CS T il
SIEMENS  b——— e =i =t — JEN S D U R SR T T
FLLINY
FUTSU  f—m - - .- ez o ef [T St S
HTACH P - T [T nbiasa R e e I e R
¢
MTSUBISH - Nt i I B o Tt 5‘4;w 1 EEE 1453247 ny T T
NEC PR D U _———— 4 - - | . - B - R I I I B
12532041 D
e e foed e e b . ! . -1 -
TOSHIBA i I . TH4TA i
Electrical Characteristics' SN54L.S47A/SN74LS47A
absolute maximum ratings over operaling Pin Assignment (Top View)
free-air tempersture range
Swwly owt T YNy @
Wbt ———— '
Input vollave - W _I‘I (.lu we (ll\l‘Uls
Current torced o I | ma DAt s 65°C 10 150°C "W a9
any tuip! 0 the ot sile [ U N - - e i .. 4 r I]] l”] I'—“’l’_i—’
recommended operaling conditions T_l 1 I—:’ I
SNS4ALS47A SN74aLSa7A [ oo I S
WMiN_ NOM MAX |MIN_NOM_max]
Swoply votaee. Vog a5 S $.5]475 5 5.25 v B Comone O 4
Off-state outout voltage, Vo {ofl) athiu g 5 5 v T
On-stae outout curtwn, lg{on) a8 thru 12 2 ma l' ’—T T L*I l
High-feves oulcut curret. 101 BI-RBO -~ 50 =50 [ » m— )
Low-fevet cutput cuerent, 10y 81-RBO 1.6 1.2 mA T £ LA AD D BT GND
Loeiating tre-aw lomperature, T o -85 125 0 0] ¢ weurs TFST UIVIEMVIS s
electrica actstics over recommended operating Posilive logrc nea lunclion taite
free-air tenpersture range
PARAMETER * TEST CONDITIONS t MIN TY] MAX [UNIT
Vi High-tevel mpul volttage . 2 v .
Vi, Low-tevel inpyt votlage 0.8 v
' wnput clamp vofiage, any
v VoC=MIN, = —18mA - Y
! nout excepl 61/RBO cc 1= am s
High-level Voo =MIN, V= 2V,
v BI/RBO 2.4 4 v
UM gt voitage | 2'7E Vi =00V, lgp - - S0uA ? ,
. v MIN, V=2V,
voL Lot B1/,ABO co= MM Y= 025 04| Vv
oulput vollage Vi =08V, Igy =1.6mA
Ott-sats oupn| Voo EMAX. iy 2V,
1
0 (otf) curront atmu g vy 0.8V, Vg (r_;_ll)"M“ 250 wA
On-stato outpwt VOC=MAX, V=2V
v v
0 (om) Lonage e v Vi =08V. 1 (on)=I2mA 0.z 04
Iopul current aly Any mput
Ll maximum gyt ' Vee=MAX. VTV 01| mA
voltage except BI/ABO|
High-isval w»put { Any input .
[ Voo=MAX, V=20V A
™M cutent oxcept B1/RBO| C¢ = wp-
Any mout —0.4
W Lo exceptBI/RBO |VGo=MAX, Vi=0.4V ma
wout ourent b -2
Short-ovouit
DI/A Ve #MAX . - A
05 ouiput currant /noo ve” 0.3 nr-
SNSALS ? 2] NOTES : 1, The blank 1 (D) must be n or hotd sl & by love!
Yrn=MAX I A ng mpu us! open o & hgh logeo leve! when
lec  Swpiy outent ce [snacs 7 ) T} output functions O Iheough 1§ we desired. The fpple-blanking put (R8I} must
1 Twa-ofl time from Anput B 100 te cpen or high of blanking of 8 decimel’ zoro 13 nol deswed.
2 n 2. When a low 10910 lewel 13 sophed dreotly 1o the blanking mput (B5), o
- from A vog=%V, Tam=avc.
| lon Jwaren “.'"' om A toout co=3Vv. TA 100 sogment oulpuls we Off reger dess of the fevet of any other mpul.
lor _ Twnoll time from RBI fpul o =i5pF, Ry = 6630 199] 3. Wnen npple-dlanking mput (RBI) end wputs A,B.C.and D wre st 1 low
on Turn-on-time ftom BRI nput 100 Sevel with the lamp test mput tugh, uil segment outputs go off and the
rpple-blanking oulput (RBQ)goes 10 3 low level (reaponse condition). y
4. When the blanking nput/cppie blanking output {BI/ABO) is epen or had
tugh and s low i3 apphwed 1o the femp-tast mput, sll sepment Ovlpuls are on.
£ BI/RBO is wre-AND loglo sorving as blaning mout {B1)mna/or ripple-
blanking cutput (RBOD).
1 For conditions shown as MIN or MAX, use tho appropriate vatue under ing for the yps,
2 Al typroat values are al Voo =SV, TaA=25C
wicers measured with il outputs open and oll inputs 8t 4.5V CONTIMUED ON NEXT PACE
—



5447TA/T7T4A4TA(CONTINUED)

Function Table

DECIMAL mNPUTS OUTPUTS
on BI/RBO B NOTE
FUNCTION|LT|RBI]0 C B A 0 ® [ d 3 ! g
] CREN DM [l oN|[ on]| oN] ON| on | oNT{oFF | 1
[ Hl X |L L L H H OFF | oN | ON |OFF |OFF |OFF |OFF [
2 HI X{L L H L H ON| ON{OFF | ON| ON|UFF | ON
3 Hl x L L H n H ON| ONJ ON ] ON|OFF JOFF | oN
4 H] x|L H L L " OFF | ON| ON|OFF |CFF | ON | oON
S H X L H L H H ON | OFF ON ON | OFF oN oN
6 H|l x L n o n o H OFF fOFF | oN]| on| on| on{ on
1 Hl X}t H v H H | on] on| onloFF |oFF | OFF |OFF
] M| R R L L L H T ONI ON| ON| ON| ON| ON|[ ©N
E] Hl xtH L L K H on] on| onjoFF {oFF | on | on
10 | xfH L on oL H oFF |oFf JoFF | on | on | OFt oN
" H x H L H H H OfFF QrF ON ON | OFF OF F ON
. H X | M oL oL M orr ON | OFN | OFF | OFF on oN
3 H| x|H H L H H ON 1OFF [OFN | on|oOFF | on | on
" M X [ H “ OFF | OFF | OfF ON ON N ON
15 Hi X |H H H " OFF {oFF [ore [OoFF [OtF fofF JorF
B x| x [x Tk x x| Ty TTofF | oFF [orr [oFF [oFF [oFF jorF ] 7T
no: L L A N R & L offF | OFF [uFF | ofF [ oFf [OFF JoFF | 3
ey dedrga x o x k) ow dowf onf ow| ow] on| o] on; 4
H=tigh lovel L low tovel, X s wiglevent
.
Schamatic
93 ouIPyY
] .
INPUT (1t =
* I
CRILE
L
weur Ll_l__ surs "0 OU'"‘UY
= iy
. b
c ——-—-D . am ouTPUY
oy :
NeUTISl |
o | 2l [ " ouTPUY
e ’
Fp=
81/ RBO
BALMNKING

[0
INPUT OR —

RIPPLE-BLANKING

ouTPUT
LAMP-TEST (3)
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54T4/TAT4

Dual D-Type Positive-Edge- Triggered Flip-Flop with Preset and Clear

Schottky TTL High-Speed TTL Low-Power Schottky TTL Stendard TTL Low-Power TTL
Package Package Package . Package . Package
Device Type Device Type Device Type Davice Type Dovice Type
c[P[M[cF P¢ [cTP[MIcH] Pe IcTPIMIcH c[p[mcH c[P[McF
SNS4ST4 SO SNSAIH 1q wQ| SNSALS T4 JO SNS4M 1D W SNSAL T4 JOIND{T,
T, SNUSTH 1OND SNUHU JOIND SNULSH JOIND SNMUN JOND] SNMUL JINDT®
- RCHILD FMS4S74/F M35 74 10D F MS4AH14/F MIH M DD F Q| rsasn/texsn [ 10] FMS4T4U/FMINTG DD F
FAl FCI4514/F C3574 JOD| 1D FCIHI4/FCIHI [DOPO]  [F @ rousi/rensit oD} rD fO{ FC1a14/F CINTL oopg[
P .
MOTOROLA , SNTILS T P oY , |
C OMSIH T4 1DQIND OMSILS 1R P Qi OMS4N JON W{ DM5SAL 14 1 QIR FQ
NS.C. DMUSH ND DA TAHT4 1 DIND DMMLSTE DM 144 JOIND] DM ML 1 OIND FO
L
PHILIPS NS¢ [0) GJJ131/TAHT NTAL ST i €1J131/7474 D
S 54574 SS4HT4 FD]Al wd) 55474 FOJAD)] W
SIGNETICS NT4ST4 N7aHT4 F@la NTALST¢ AT NTST4 Z 0
S
SIEMENS FLI [
FUNTSU 14 S M MB420 DM
HITACH! HDT4ST: QP N HDMLS N P HD1£74/HD2SI0 [ G
MITSUBISHI MUSTE PG| ML S T4 e T MS3ZT/MS314 P (1
NEC TS T8 Cq) LS H C i »PBZH 00| C D}
TOSHIBA TC3l4a FG
Electrical Characteristics SNS4LS74/SN74LS74
abseluts mexrmum ratings aver cpersting free-eir lempersiure range
Seaty vonape ¥CC " ooy woeas [ snucs SIWC v it Pin Assignments (Top View)
et vetoys 5 av tvorstve 1o [T SNILS €c w0 wC
— t SIwage impmaterd 1ongr ~65T 1 19T (D @
d P H ¢ i
— 2
SNS4LS74 SN74LS74 oy VoG CLA D XK PR 20 N PR 10 10 GCND 20 20 »R
s MOM  maxjwen  how  uax [ s} [l i fiol 3L ). fis) iz 10 {9] [s
Swesry vomage, VCC 48 3 33 | by + s n . 1 ¥ = l] l
Hgholewsd st mrront, bgu - 00 - 00 wh 1_L] l l
R p— T ' o [
o 1 Onet e 5 2 . PR CLN CLR PR »J
et &t e 5 ] _— ! cr [
. High-leset gate 51 o1 = +
R o
o Lowiavel gaia 0 EH -5 o | s
ot Na1d o, Yo st It s V12 HsHsHsH 7 wl} DallaOalkin
Oporareg beras wmpwanse, Ty -1 " ) " T ¥ WD Cx PR 10 W0 GND cK 10 ' Voo ! 10 XK
CLR CLA %}
nlecln'cnl characteristics over recommended operoting Functional Table
free-sir temperature range 74 HI4 X N
PARAMETER S TEST CONDITIONS 1 | MIN TYP1 MAX JUNIT < H74, 'L574, 'ST74 (See Note 2)
v High-level ingut voltage . 2 v INPUTS : JOUTPUTS
i Low-levei npul voliage 0.4 v PRESET CLEAR CLOCK D Q Q
A{] Inprrt clamp vollage VEC=MIN, 1j=-1imA ~1.5 v L H X X H L
VEC mMIN,  Vyym 2V, H L 3 H L H
v High-lovel
oH gh-lovel outpul vollage Vi 0.8V, loy=MAX 2,7 14 v L N x x Woow
Voo aMIN, V=2V, H H 1 H H oL
v, Low-evel o
oL ow-evel outpul woltege ViL=0.8V. o = ma 0,25 0.4 v H H 1 L L H
D, 4.%. 0.1 H M L x 10, O
Input current at -
L} npul Clest Voo =MAX, V=1V 021 a
Preset cc A B 0.21-
vollage 4 . .
Clock LN - Functional Block Diagram
D. LXK, 0
High-level T l T
- igh-level Clear VeeTMAX. Vi 2.V 0 7y raracs - ond
oul cureant Preset <0 )
Clock 20
0,J.K. ~-04 TS g —a
' Low-evel Claar 2 veaaMAY. V=04V -0.8 A ’—
L mput current p reset cc s o8] "
Clock ~0.8 .
Short-crcunt Series S¢S ~20 - 100 Tote — — -
[ Voo =MAX p——————
0S outpul current & [Series 74U 5] | CC —~20 - 108 m
Supply current
1 Voo =MAX, Note 1
cC (Averags per 1ip-tiop) cc X. See Note 4 8| ma .
U clock frequency 25 3 MHZ 74, "ST4, "MIC, LSY4, "L74-DUAL D FLIP FLUP WTH CLLAR AMD PRESET
Voo =5V,
PLH | yom closr. preset or clock Ta=isc, 1 % N
p— CL=i%F, ns
(83 wppropraie) 10 0 o« O
L8 AL =220 5 Ll]
NOTES I 1 Wnh it oviputs open, 1GC i measwred wih the O and O outputs Mugh w tura,
Al the time of maeswement, the clock spul 18 grounded
2 H=high lavel (steady siate), L =low level {sieady siate), X =wrelavant
1 ~tranmiton from low to high love!,
: Qo=the leve! of U belors the ind: 4 wput v were ¢
+ This configuraiion 13 nonstable: thal s, 1l wifi Not Jersist when preset
and clear mput! urn 1o thew wactive (high}) lesel
1For conditons shown as MIN or MAX, use the appr vatue specified under operating
148 tysicat vakses are a1 Vop =SV, To=25C.
*Not mare than one output snoutd, be shorted at & time., '
®lpL i miwopagation defay time. low tc-migh-leve! outpul:
1Py, “provagation dslay trme. tugh-to-low-lavel ouiput;
Tha srrow indicate the wdge of the clock pulse used for refence: 1o the rimny edge



5490 ,/7490 Decade Counter

—
Schottky TTL High-Speed TTL Low- Power Schottky TTL | S‘f_[‘__d_![d TTL Low-Power TTL )
Packsge Package ) Package .\ Pecknge . Package
Device Type Device Type Device Type Device Type |-—1-— Device Type -
: YEe TP MEkF P [l mer e CTRIMICF clPmF clPMF
- ] SnsdL € 2 4 ] snsessa Tk W+ | SNSAL90A JodnqT e
1.l TS e f T 17T R o v SN 150A 1N $:74L90A J Mgty
H
: sk J01 | |6 htMses0 Fa9)e0 T F
FAIRCHILD [-emmee - +- i A —- - e R TIT T i Ghado 7 € TEIIR N
. | : : MCSe9E [ F i
MOTOROLA |- -—— + z — et 1 EX N C 1450 LP ¥ : 1
" T .0 i MSAL 90 1IN ¥ .4
' 1 IR ] w0 OMmsaL3o Nl [P
N. S C M et i RN Sak NN VPPV TN Braiag 90 {J IN F
b
1 i
] : : SRS A i ;
PHILIPS X - T 1 X NIt hed : € roa0 a0y N |
I Rl T - ]
H ¢ 75490 Foalag W ]
SIGNETICS |- - R | Nriese T T T T T [hmase TR A T
V1 - ! P
SIEMENS EEEEEE IR & - oA R rrgtet ; Y
FUNTSU | -- B T R _ I —
[
HITACH | S N Dt N et XN Y Y )
o n
g : I e ; I U R }
MITSUBISH |- A T " e e i 290 i
NEC 177 1 b s T T TaeBady e T ]
[ ; JRNRI Dot S
TOSHIBA -] JRSRRY O NN N DUV B T T i o
. - H i Top View
Eloctrical Characteristics SN54LS/SN74LS90A Pin Assignment (Top )
bsol l i atings operaling free-air temperature range [N JUMEERET "M U"
absolute maximum ratings over . 1 Vi 7] fin
o stings over ¢ o renge_ u‘:u L
Smml) voliage, Ve @ i v Qpetating Tree-an [SNSILS ~5%°C 1o 128°C
Input voltage . v femoes ature range ISNHLS 0C 1o 0C Q‘ [T On
|— - A tmeratoe a0
| mtoremater vottage fsne Nete 83§ 55V | Sieage temaniing canae ) 2 *“ e W N mtetnal £anmechen
recommended operating conditions L] Huyp b
e —— ——— . —— - Pare Fog l«, )
|__SN54aLS90A SN74L5904A IUN“ l l
TMIN _ NOM MAX | MIN _NOM MAX i
- S M o A Ti: 14 2
Sy vliage, V 08 T wsluils s e v —1“ [EptIptINEY UU
A AL L oL WEDT T s WG Veg A3 Pyg
Highrlevel outpul currem, lo.‘~___ 400 400 oA "
Low-level oulput current, gy - 4 & ma .Function Table
Count trequency. 1 count A st 9 3]0 LS 8CO COUNY SEQUENCE ar-ouNaRY (3.7} RESET-CounT
o B wput [ 16 [] [ K3 LSIE LIW (Bee ote 31 WA LSW. LI (See Mote 3] WA LSH. LN {See Noto 1)
] ' ] p
L A ot 5 5 $ L ouner OuTPUT counr). QUTPUT ﬁz:n truu“ ouTPUT
Puise wwih, 1, 8 oyt : 30 0 n3 |9 %¢ OQOA Oa Op Oc O Rert Foz, a1l Penieo «C 08 aa
Resetl inputs 15 15 N e e ot [ ° [OR S } " " t LI O S |
T Ll t t | “ l t [ 1 " " “ X t [ 1 [N
RAeset nactive-state setup, 1gerup [ 5 | ns P NP . NN N y “ wla Ll w
Opersting free-aw tampersture, Ta j-»ss 125 0 ! T ' ) ST . . v [y count
. . N N L oLt . LMoL L 8 [} . Ll coum
elactrical cheractleristics over recommended operating I N s e oL [ COUN1
free-air temperature range PRI AT o | uom y L L count
PARAMETER * TEST CONOITIONS { MIN_ TYP$ MAX | UNIT L O 1 R
" "o
Vi Highilevel nput voltage 2 v : N : : : - b
Vi Low-level mpul vollage 98 M
Vi Iy clamp vofiage VEgSMN, b= - lima LI DU A Functional Block Diagram
VECRMN,  Viymav : . e ar
! cc . H . v Bee Pore
VQH  Hugh-teve! output vollage Vi =0V, lgu® - 400ua 21 3 l s
v, = MIN, Vi m2v,
voL |Low-lavet ouipul valtage cc Ll ! 03 0% V - 2]
e AYRTOY I
nput current a 7 Any reset Vg MAX, V= IV |
1 mammym «nut | A nout veg -Max Ry —t o
vo.tage 8 wgn | VT
Heghetevel Any tesst
[ oh-leve A wnput vgo=MAX, V=2,V o 0. pA
npul current B mout 20!
Any resel 04.
. | bt AR | IS
I Voo EMAX, ViED AV 741 mA
mul current —
8 input 3.2
" a4 -20 M ~100
tos Short-crcut Voo =MAX [ snsaLs maA -
output current * [snieLs | -20 100 b
icc Suppty current Veec=MAX, Seec Note? 9 15 ma SOALISQLEO DICADE COUNTER
toun Trom A 1o outout Op 32 42 MMz
trom B 1o outout Op 16 S_J NOTES: 1. Ths s tha voitage Letwesn two emitlers of a multiple-smilter Iranststor, For
PLH 10 16 1his Cucut, tis rating appliies Detwesn the two RQ inputs, and it also apphes
L trom A 10 outoul Qp 12 18 ns betwean the two Rg inputs.
't 2 48 2. 1CC '3 moaswed with ah outpuls open, both Rg nputs grounded fotowing mo-
PLH from A fo outpul Op ¥“::;.c ;‘ ol ™ mentary cotnecton © 4.5 V,and all othar .npuls grounded.
Widal c: = 150F 1. Output Oa 18 connecied 10 input B for BCOD ocount.
PLH frem B to output Op Ry =n@ 10 16 ns Qutpul Op 18 tomecied 10 nput A for bi-quinary oount.
PHL ) 14 21 Ha=tgh fevel, Lmlcw leval, X =arelevant.
PLH 21 32 4, The s and X inputs shown v:ithout connection are for feference only and are
TPHL trom 8 1o ouput OC 23 ] functionally s1 8 high tavel,
PLH 21 3 —
‘P;L from B te outout Op 23 35 ns tFor conditions shown as MIN or MAX. usa the appropriate value specifled undel
" rec ded operating diti for the applicable type,
'PHL | trom Set-ta-O to-Any output 26 40} 03 | otan typical values are at vy, Ta=25T
1PLH | Irom Set-to-9 10 output Qa. Op 20 30} .0 @ Not more than one outpul should be shorted at a time.
tPHL | rom Sat-to-@ to outout Op. Cc: 26 40 § QaOutputs sre tested at (OL = 16mA plus the limit value for iy for the 8 Input s ¥

mits driving the B input while maintaining full fanout capability,
® 'maxmmaximum count frequency.

1 W propagalion delay tme. low o hgh-tevel oulput

1P| ™ propapalion oeldy tine, ngh-to-low-level outpul



54125/74125 Quadruple Bus Buffer Gate with Three-State Output

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Tow-Power TTL
Package Package Package Package Package
Device Type Device Type Device Type Devige Type Device Type
PO e PM]eH P [CTRIMlcH Ve Y7 IeTRmcr]  ¢° 1P° [cTPIm[cF YP® [cTPIM[cH
- SNS54125 I Wi A
Tl SN IE M
.—’"LD
FAIRCH! FTaCS125 Q)
i
MOTOROLA SNAILSITS & i
""Cf DMSALS 125 [0)
NS.C. DML 5125 () OM14125 N )
PHILIPS NTALS 125 [
] w541z
SMT'CS ! : w7128
pom [ N
SIEMENS
uemmmm———— 1
FUITSU :
HTACHI 574175 X
MITSUBISH‘ ' M14125 P
t
NEC ; -
TOSHIBA
Electrical Charistics SN54LS125'SN74LS125
absolute maximum ralings over operating free-sir lamperature range
| Swoty roraee. VeC w Oneratng Mre-arw 1 swsass -35C 10 11T
Vo vorag w temonsaive 1age | swas e v W
Sivaoe temprratere rany ~8¥C e 1S0°C
] ing i Pin Assignment (Top View)
[~ SNEALS 125 SN74L5125 N
MIN oM MAX_ | Wik wou MK ] U™
Seoniy v, Voo 3 [ sy o s X v
Hughlevel evidut Cweom. 10w -1 -2 8 vh @
Low-evet suipul e, I * 12 2 ~A
Seraieg Fea-av lemoritivt, T X0 [T 0 E) K]
Yec & aa €Y X 3 Y
electrical characteristics over recommended operating HO W S RS B
P =4 ot >
free-air temperature range .!
PARAMETER TEST CONDITIONS t MIN_ TYP § MAX JUNIT |
Vi High-level mput voltage 2 v
Vit Low-level wput voltage | v e R
Vi Input clamp vollagn VGG TMIN, Iy = - idmA 5| v T . D‘_
veo - MIN, A
Vw2V S4LS Famiy| 2.4 L
VOH  High-level output votage vmno v v U_L LJ_L.FLJ_UU
wno.gyv, LS Famiy| 2.4 1A Y 26 A ¥ OND
IgH=MAZ
VoG =MIN, V=12V,
v ies
oL Low-level output voltage ViL 0.0V, 1oy =MAX 0% 0‘55 v :u;llu fogic:
{ -
Ott-state(high-mpedance vee v MAax, vg-idv 0, Output 1s off {drasbled) when C s tgn
1p{ott) Vin: 2V, , T
siate) output Current Vo0 v 20
Vit =0.8v
W Inout currert at Voo MAX. vy a v 0t ma
maximum npul  voltage
i High-level nput current VGE ~MAX MH 7 2V wl ,a Schematic (each gate)
-
he Lowsleval inpul current Voot Max Vi =0 4V 0.4 ]' mA
2
SILSFamyy| 90 225
! ~MA
0s Shortcirewnt output current ¢ | Voo x TALSFommy T io 275 maA
vee * MaK,
fec Sv:l;iy curcent CATA INPUT =0V 1" 20 mA [ "‘
OUTPYT CONTROL ¢.Sv | CoNTROL
——— mvur -
Propagation dalay bme, #
LR ] 154 0y I &
Jow-10-tugh-level outpul — b
- Propagation delay ime. C = 45PF, . " DATA
n P Y
ML tugh-ta-tow-favel output vee sy AL 68 i ":‘"
121 Output enable tinte to tigh level Y x¢ [} 0; ns
121 Oulput_enable time 10 tevel A | DRIES 125 CiRCUIT
1HZ Ouipit disabls time fromhigh leve! Cu 5r7, . 20! n
|_1LZ Output disable umo from tuw lovet n, _es? LS
Resister values shown are nominal 3nd ;m anme
—_
'Fu Comnbtrns souwn 85 MIN of MAX, (o I%e AUDTON 8% L3 - sl 02 G Rl LI C o R THERT L AT LY

LAl ypicat valies e at vag =9V, Ta - 25¢C
SNt mixe than ok outpat sheln be shoted ot a tme



54164,/74164  B-Parallel-Out Serial Shift Register

J Schottky TTL. High-Speed TTL Low-Power Schottky TTL Standard TTL [ Low-Power TTL.
Package Packege Package . Package N Packags
Device T Device T Device T 4 Device Type Davice Type
Pe TP Imcr YPe TP mcH yee IcTrIm[cH <lpn clP[micH
SNSAL S 164 1@ SNSAIE4 10| "] snset 164 ) OINOITD
Tl SN4LSI6d I DOIND] SNT4I64 ) DIND SNTAL 164 J DINDTO
[ L) O] FMS4164/F M3It64 j
FAIRCHILD " Toasa raam 80| #D] | FO] FCareasr CI31sk 10D
MOTOROLA SNTILSIM %0 MCT416¢ PO
NS.C DMIMLS 6L () OMSAL 184 ) DD
DMSALS 164 [y DML o DMI4L 164 1 OIND F
PHILIPS NT4LS164 [ NT4I64 [0]
N $54164 FOIND] D)
SIGNETICS{ g NTALS 164 2 0 NTAISE FO[ADE
T v
T
SIEMENS FLIt [0
FUNTSU TALS 164 M
HITACH: HONMLSI64 Ay HD4t64 [0
MITSUBISH M74L S 164 PO MSII64 PO
NEC AMTS [0} pPB2I64 o®
hd |
TOSHIBA T DIS03% PO .
| T I
AMD ) AmTaLS T i | | !
Electrical Characteristics SN54L.S164/SN74LS164 Function Table
absolute maximum ratings over operating free-sir tempersture range *164.°1.5164,"L.164 (see Note 2)
Supply velisge. VG TV Operatng treo-ar | SNS | —S5°C_ 10 125°C INPUTS UTPUTS
Inout vohage v temparaturs cange [ SN14 gC o 70°C CLEASfcrock] A 8 | @A a8 - aH
Storage temperature range —6°C to 150°C [N X X X L L L
recommended opersting conditions H L X X Oap Ogo Omo !
SNSALS 164 snacsies | o] " t | MW H K O Ogn
b MIN _ NOM_MAX | MIN_NOM_ MAX H ! L X | L Oaxn Oca
Suppty votises, Voo as s _ Ssslars 5 S| v H i X L 1L Oan Ogr
High-devel output current. low —400 ~400| p#A . .
Low-level outgut current, oL 4 3| mA Functional Block Disgram
Clook frequency. 0 25 0 25
Wdth of clock or ohear input puise, 1y 2 2
Data sehmp time, losnm 15 15
Dats hold time, thoyg S S
Operating free-air temperature, Tp -%e 125 [] 0
electrical characteristics over recommended operating
free-air temperature range
PARAMETER TEST CONDITIONS { MIN_ TYP $ MAX{UNIT | ~ W vt et vt et et it v
Vin High-level input voliage 4 2 v . b - 3 » . ~ - ~
Vil Lowdlersl Fout voltage - Tl 196, L510, L1680 S-8T PARALLEL-OUT SHFT REGISTER
vy Input clamp voltage, Voo =MIN, I = —~iimA -1.5F ¥
v g outpet voit VoC=MIN, Vju=2V. 21 ) v typicsl clear, shift, end clear sequences .
OH evel 0 ViL=0.8v, lou=—s00ua | -3 T
v Cow v VCC=MIN, V=2V, v . -
VoL Heve! cutpart voitsge Vi, =0.8V. _lop =tma 035 0.5 P i T LM
.
" 'x ot m VeCmMAK, V=TV 01| ma —t—
T Highievel bpt omrem VoC=MAX, Vi=2.1v ] 2 e T LU UL
i, Low-evel input ourrent Vog=MAX, V=04V 0.4] mA 3 rm
| = TSHSaLs | — 26 100 .
los Short-cirouit output casrent | Voo =MAX ]snm.s ppey 00 mA H | e T g I
arrent veemMAX, .1 | |
S lee .Slwly See Nole 1 v e L
; = 1 | P U I S
Toas Maximom 0look Fréquoncy — CL=i%F | 25 % Mz ] el
' Ton Y time, agh-lodow TamzSe 2 - X ——\L R f—m
"k wvel Ooutpuns Wom clear inpunt R‘-M‘ Co =15%F % ——
. Propegaiion éalay time, IowAo-high L CL=1%F A J 1
PLH et 0 outputs from clock input L noanm. o2 —
Propagetion (337 tme.high-todow —
PHL g0 outouts from clock input CL=i%F 2 2= L~ 1 1
Pin Assignment (Top View) S . ate L
@ wlfulln][n]fw]fslfs
I T T NOTES : 1. icc is msaswred with culputs opon, verinl inputs grounded, and B momentary
O Og & UfCitan pround, then 4.5V, applied 10 Clear.
2. H =high level (steady state), L= Lowdevel (sieady siste)
I =9 X ey input, i )
. 8 O o ~e 1 =transition from low 1o high level.
Qaq, Op0, OHO™the level of Oa Qg o Q) respectivoly, before the
! : ‘.L % % ! : » O-naw: n-ay-:m input conditions were esiablished.
- _ An, OGn ™1he lavet of Op of OG bators the most-recent 1 tranaition of
positive logic: sco Amnction adle ‘;‘. :~" P~ oy o, > he ciock: indicatss 2 one-bit shift,

For condrtions shdwn st MINor MAX, use the agoriats velue
SAN typloal vahwes are ot Vo= 8V, TA=25C.

ONmmmnI-ommmng»nunnun‘.

for e

devics typa,
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DAC0808, DAC0807, DAC0806 8-Bit D/A Converters

General Description
The DACO0808 series is an 8-bit monolithic digital-to-analog

converter (DAC) featuring a full scale output current settling |

time of 150 ns while dissipating only 33 mW with =5V sup-
plies. No raference current (Iggg) trimming is required for
most applications since the full scale output current is typi-

cally £1 LSB of 255 Iggp/ 256. Relative accuracies of bet- -

ter than £0.19% assure 8-bit monotonicity and linearity
while zero level output current of less than 4 pA provides
8-bit zero accuracy for Ingp22 mA. The power supply cur-
rents of the DACO0808 series are independent of bit codes,
and exhibits essentially constant device characteristics over
the entire supply voltage range.

The DAC0808 will interface directly with poputar TTL, OTL
or CMOS logic levels, and is a direct replacement for the

MC1508/MC1408. For higher speed applications, see
DACO0800 data shest.

Features

m Relative accuracy: £0.19% error maximum (DAC0808)
Full scale current match: =1 LS8 typ

7 and 6-bit accuracy available (DAC0807, DAC0806)
Fast settling time: 150 ns typ

ﬁéniﬁ;ening digital inputs are TTL and CMOS compati-
ble

High speed multiplying input slew rate: 8 mA/pus

Power supply voltage range: 4.5V to 118V

Low power consumption: 33 mW @ £ 5V

Block and Coﬁnection Diagrams

"

Dual-In-Line Package

w
At Al A3 M A M AT at
? ? T T ? T T ne mote 3 = U }lcemmum-
] "
to::::: CURRINT SWITEHES 9 Order Number ono T :-v“""
I EERERNN T DAC0808, DAC0807,  Yer— [ YAt
4 13
AgnLAQDIN ] |7ml fms }—oun or DAC0806 Lhias DAL —vee
T See NS Package w a1 temes LT
a0 1— Number J16A, a M .
R CURAENT vee M16A or N16A
SOUACE PaIR -4 LW
Yaeei- O—
REFERINCE cowtn uy 1
- CURRINT Ao -
Vet TUL/H/5687-1 TP ViEw TL/H/5687-2
Small-Qutline Package
Vet 16f—22 Lsa
Ve ()2 1547
Ve (=} 3 14}
couPDISATION—{ 4 13}4—as
we—{s t2f-as
. oD~ 8 123
Ve —{7 10f—12
0—{a 3|-a1 usy
TL/H/5687-12
Top View

Ordering Information

ACCURACY OPERATING TEMPERATURE ORDER NUMBERS '
RANGE J PACKAGE (J16A)* N PACKAGE (N16A)" |SO PACKAGE (M16A)
8-bit ~55'C<sTas +125°C DACO0808LJ | MC1508L8
8-bit 0°C<Tas +75'C DAC0808LCJ| MC1408L8 | DACOB0BLCN|MC1408P8 DACO0808LCM
7-bit 0°C<Ta<+75C DAC0807LCJ{MC1408L7| DAC0B07LCN|MC1408P7 DAC0807LCM
6-bit 0°C<Tas +75°C DAC0806L.CJ | MC1408L6 | DACO806LCN| MC1408P6 DACO0806LCM

“Nota. Devices may ba ordered by using either order number,



Absolute Maximum Ratings mote 1)
i Mliltary/Aerospace specified devices are required,
contact the Natlonal Semiconductor Sales Office/
Distributors for avallability and speciflcations.
Power Supply Voltage
Vee +18 Vpg
Veg —18Vpe
Digital Input Voltage, V§-V12 —10Vpgtlo +18Vpe
Applied Output Voltage, Vg ~11Vpgto +18 Voo

Reference Current, 114 5mA
Relerence Amplifier Inputs, V14, V15 Vee. Veg
Power Dissipation (Note 3) 1000 mW
ESD Susceptibility (Note 4) 78D

Storage Temperature Range —~65°Cto +150°C

Lead Temp. (Soldering, 10 seconds)

Dual-In-Line Package (Plastic) 260°C
Dual-In-Line Package (Ceramic) 00°C
Surface Mount Package
Vapor Phase (60 seconds) 215°C
infrared (15 seconds) 220°C

Operating Ratings
Temperature Range
DAC08086L
DACO0806LC Serles

Tmin S Ta £ Tay
—-55°C's Ta € +125°C
0 <Tp < +75°C

Electrical Characteristics
(Vec = 5V, Vgg = —15Vpg, VRer/R14 = 2mA, DAC0B08: Tp = —55°C to + 125°C, DAC0808C, DAC0O807C, DACOBOEC, T,

= 0°C to +75°C, and all digital inputs al high logic level unless otherwise noted.)

Symbol Parameter Conditions Min Typ Max Units
E, Relative Accuracy (Error Relative (Figure 4) . %
to Full Scale lg)
DACO0808L (LM1508-8), +0.19 %
DAC0808LC (LM1408-8)
DAC0807LC (LM1408-7), {Note 5) £0.39 %
DACO0806LC (LM1408-6), (Note 5) +£0.78 %
Settling Time to Within 14 LS8 Ta=25C (Note 6), 150 ns
(Includes tpy 1) (Figure 5)
torH, tpHL | Propagation Delay Time Ta = 25°C, (Figure 5) 30 100 ns
TClo Output Full Scale Current Drift . 20 ppm/°C
MSB Digital Input Logic Levels (Figure 3)
Vin High Level, Logic ""1" : 2 Voe
Vi Low Level, Logic “0" 0.8 Voc
MSB Digital Input Current (Figure 3)
High Level Viy = 5V 0 0.040 mA
Low Level Vi = 0.8V -0.003 ~0.8 mA
213 Refarence Input Bias Current (Figure 3) ~1 -3 pA
Output Current Range (Figure 3)
Vgg = —5V 0 20 2.1 mA
Veg = — 15V, Tp = 25°C 0 2.0 4.2 mA
lo Output Current Vaer = 2.000V,
R14 = 10000,
(Figure 3) 1.9 1.99 2.1 mA
QOutput Current, All Bits Low (Figure 3) 0 4 uA
Output Voltage Compliance (Note 2) Er £0.19%, T = 25°C
Veg= =5V, Iggr=1mA -0.55, +0.4 Vpc
Vee Below —10V- ~5.0, +0.4 Ve




Electrical Characteristics (continued)
(Vec = 5V, Vgg = — 15 Vpe, Vrgr/R14 = 2 mA, DACO808: T = —55°C to + 125°C, DAC0808C, DACC807C, DACO806C, Ta
= 0°C lo +75°C, and all digital inputs at high logic level unless otherwise noted.)

Symbol Parameter Conditions Min Typ Max Units
SRIper Reference Current Slew Rate {Figure 6) 4 8 mA/us
QOutput Current Power Supply -5V € Vgg € —~16.5V 0.05 2.7 pA/V
Sensilivity
Power Supply Current (All Bits (Figure 3)
Low)
icc 2.3 22 mA
leg -43 -13 mA
Power Supply Voltage Range Ta = 25°C, (Figure 3)
Vee 45 5.0 5.5 Voc
VeE —-4.5 —-15 -16.5 Voc
Powar Dissipation
All Bits Low Vgg = 5V, Vgg = ~5V a3 170 mwW
Voo = 5V, Vgg = —15V 106 305 mw
All Bits High Voo = 15V, Vgg = —5V 90 mw
Voo = 15V, Vgg = —~15V 160 mw

Nole 1 Absoluta Maximum Ratings indicato Himits bayond wnich damagoe to the davice may occur. DC and ACrelectncst specifications do not apply when oporating
+tho dovice beyond its soeciind opbrating conditions.
Mote 2: Range contro! is not required.

Note 3: The { powor dissipation must ba at el d and Is dt d by Tyumax. 84, and the ambient tomperatura, T4, The maximum
sltiowable power dissipation at any temoaratura is Po = (Tyuax — Ta) 8y or the number given in the Absolule Maixmum Ratings, whichever is lower, For this
davice, Tyuax = 125'C, and the typicat junction-t ient thermal rosi e of the dual-in-line J package when the board mountad is 100°C/W, For the dual-in-

Wine N package, this number increases to 175°C/W and for the small outline M package this number is 100°C/W.,
Nole 4: Human body modal, 100 pF discharged through a 1.5 kft resistor,
Note 5: All current switches are tesied lo guaranteo al least 50% of rated currant.

Note 6: All bits switchad.
Note 7: Pin-out numbers for the DALOBOX represant the dual-in-tine package. The small outline package pinout diffars trom the dual-in-tine package.

Typical Application
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FIGURE 1. + 10V Output Digital to Analog Converter (Note 7)



Typical Performance Characteristics-
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Bit Transfer Characteristics
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A15 = 1 kA, C = 15 pF, pin 16!
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Curve A: Large Signal Bandwid:
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Test Circuits

vee
B V) and 1 apply to inputs A1-AB,
P Tha resistor tied to pin 15 is to temperature compensale the
. o bias current and -may not be necessary for all applications,
wodl M Ve ek (AI LAZ M AS AS AT A8 )
=K = —— e
30 o ° 24776 32 64 128 256
L1114 24 O
iz ol St where K = /BEE
::?.E ;3"0! . R14
woll and Ay = “1" if Ay is at high level
W— ; Ay = "0" if Ay is at low level
) \
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- vy TL/H/5687 -5
FIGURE 3. Notation Definitions Test Circuit (Note 7)
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Teét Circuits (Continued)
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FIGURE 6. Reference Current Slew Rate Measurement (Note 7)
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FIGURE 8. Negative Vper (Note 7)

Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

Tha relerence amplilier provides a voltage at pin 14 for con-
“erting the reference voltage to a current, and a turn-around
Circuit or current mirror for leeding the ladder. The reference
amplifier input currrent, 194, Must always llow into pin 14,
fegardless of the set-up method or reference voltage potarity.
Eonneclions for a positive voltage are shown in Figure 7.
The reference voltage source supplies the full current 1y,
For bipolar reference signals, as in the multiplying mode,

Vs
Rg
R4
VREF
= 1'14
5] 1
5 18
At O—" QO KC
a2 . When Vg = 0,114 = 2.0mA
AJO-—'
ALO— opacosm {1 VREF . Vs
PO ¥ A\ — A
45 O SERIES cc 0% "mis As ( )Ro
a8 O—
a1 04
12 1
A1 O —0O vee
Ro

PLLRS

S[

TL/H/5687 12
FIGURE 9. Programmable Gain Amplifler or
Digital Attenuator Clrcuit (Note 7)

R15 can be tied to a negative voltage corresponding to the
minimum input level, It is possible to eliminate R15 with only
a small sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 k2, minimum capacitor values are 15,
37 and 75 pF. The capacitor may be tied o either Vgg or
ground. but using Vg increases negative supply rejection.



I
! Application Hints (continued)

A negative reference voltage may be used if R14 is ground-
ed and the reference voilage is applied to R15 as shown in
Figurs 8. A high input impedance is the main advantage of
this method. Compensation involves a capacitor to Vgg on
pin 16, using the values of the previous paragraph. The neg-
ative reference voltage must be at least 4V above the Vgg
supply. Bipotar input signals may be handled by connecting
R14 1o a positive reference voltage equal to the peak posi-
tive input level at pin 15, .

When a DC reference voltage is used, capacitive bypass to
ground is recommended. The SV logic supply Is not recom-
mended as a reference voltage. If a well requtated 5V sup-
ply which drives logic is to be used as the reference, R14
should be decoupled by connecling it to 5V through another
resistor and bypassing the junction of the 2 resistors with
0.1 nF to ground. For reference vollages greater than 5V, a
clamp diode is recommended between pin 14 and ground.
I pin 14 is driven by a high impedance such as a lransistor
current source, none of the above compensation methods
apply and the amplifier must be heavilv comoensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of ~0.55 to
0.4V when Vgg = -5V due lo the current swilching meth-
ods employed in the DAC0808.

The negative outpul voltage compliance of the DAC0808 is
extended to — 5V where the negative supply voltage is more
negative than —10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 k2 between pin 4 and ground will
yield a voltage output of 256 levels between 0 and
—4.980V. Floating pin 1 does not affect the converter
speed or power dissipation. However, the value of the load
resistor determines the switching time due to increased voit-
age swing. Values of Ry up to 50002 do not significantly
affect performance, but a 2.5 kf} load increases worst-case
settling time to 1.2 us (when all bits are switched ON). Refer
to the subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages more nagativa than -8V,
due to the increased voltage drop across the resistors in the
reference current ampiifier.

ACCURACY

Absolute accuracy is the measure of each outout current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current dnft, Relative
accuracy is the measure of each outout current level as a
fraction of the full-scale current. The relative accuracy of the
DACO0808 is essentially constant with temperature due to

the excallent temperature tracking of the monolithic resistor
ladder. The reference current may drift with temperature,
causing a change in the absolute accuracy of output cur-
rent. However, the DAC0808 has a very low full-scale cur-
rent drilt with temperature.

The DACO0B08 series is guaranteed accurate to within %,
LS8 at a full-scale output current of 1,992 mA. This corre-
sponds lo a relerence amplifier output current driva lo the
ladder network of 2 mA, with the loss of 1 LSB (8 pA) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed vaiue of between 1.9 and 2.1
mA, allowing some mismatch in the NPN current source
pair. The accuracy test circuit is shown in Figure 4. The 12-
bit converter is calibrated for a full-scale output current of
1.992 mA. This is an optional step since the DAC0808 accu-
racy is essentially the same between 1.5 and 2.2 mA. Then
the DACO0808 circuits’ full-scale current is trimmed to the
same value with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the error
band may be displayed on an oscilloscope, detected by
comparalors, or stored in a peak detector.

Two 8-bit D-to-A converters may not be usdd to construct a
16-bit accuracy O-to-A converter, 16-bit accuracy implies a
total error of %', of one part in 65,536 or =0.00076%,
which is much more accurate than the = 0.019% specifica-
tion provided by the DAC0808.

MULTIPLYING ACCURACY

The DACO0B08 may be used in the multiplying mode with
8-bit accuracy when the reference current is varied over a
range of 256:1. If the reference current in the multipl'ylng]
mode ranges from 16 pA to 4 mA, the additional error con-
tributions are less than 1.6 uA. This is well within 8-bit accu-
racy when referred to full-scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
DAC0808 is monotonic for all values of reference current
above 0.5 mA, The recommended range for operation with
a DC reference currentis 0.5 o 4 mA,

SETTLING TIME

The worst-case switching condition occurs when all bits are
switched ON, which corresponds to a low-to-high transition
‘or ali bits. This time is typically 150 ns for settling to within
+ 1/, LSB, for B-bit accuracy, and 100 ns to ', LS8 for 7 and
6-bit accuracy. The turn OFF is typically under 100 ns.
These times apply when Ri £ 5000 and Cg < 25 pF.

Extra care must be taken in board layout since this is usually
the dominant factor in satisfactcry test rasulls when mea-
suring settling time. Short leads, 100 uF supply bypassing
for low frequencies, and minimum scope lead length are all
mandatory.





