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Logic Diagram 

S Do 

MS 

MR 
---f)..._ 
--v 

~ So 

Do CPo 

l 

Q 
D CP 

Oo 

Truth Tables (Each Flip-Fiop) 

Synchronous Operatlon 

In puls 

D n CPn 
CPc 

L __/ L 
H __/ L 
L L __/ 

H L __/ 

X L L 
X H X 
X X H 

H = HIGH Voltaga Level 
L = LOW Voltaga Level 
X = Don't Cara 
U = Undefined 

MS 
SDn 

L 
L 
L 
L 

L 
L 
L 

t = Time before CP Positive Transition 
t + 1 = Time after CP Positive Transition 
___/"" = LOW to HIGH Transition 

MR 
CD n 

L 
L 
L 
L 

L 
L 
L 

CD0 SD, 

l l 

\ M 
D CP D CP 

Co ~ So 
Co S o Co 

o, o, 
TL/F/10262-5 

Asynchronous Operatlon 

Outpuls In puls Outpuls 

On(!+ 1) D n CPn 
CPc MS MR 

On(!+ 1) 
SDn CDn 

L X X X H L H 
H X X X L H L 
L X X X H H u 
H 

Qn(t) 
Qn(t) 
Qn(t) 
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Absolute Maximum Ratings Recommended Operating 
Above which the usefullife may be impaired (Note 1) Conditions 
lf Mllltary/Aerospace speclfled devlces are requlred, 

Casc Temperatu re (T c) 
please eontael t he National Semiconductor Sal es Commercial ooc to +Bsac 
Offlce/Distrlbutors for avallablllty and speclflcatlons. 

Industrial -4ooc to + ssac 
Storage Temperatu re (T STG) -65"C to+ 150"C Military ssoc to + 125QC 
Maximum Junction Temperaturo (TJ) Supply Voltage (VEE) 5.7Vto 4.2V 

Ceramie + 17S'C 
Plastic + 150''C 

Pin Potcntial to 
Ground Pin (VEEl -7.0V to +O.SV 

lnput Voltage (OC) VEE to +O.SV 

Outpul Gurrent 
(OC Outpul HIGH) -SOmA 

ESD (Notc 2) ,;: 2000V 

Note 1: 1\bsolute maximum ratings are thooe values bevond which the de-
vice may he damagM nr hav.o its u~eful life impaired Fu~ctio~al operatlon 
undar lhasa condilions is nol impliad 

Note 2: ESD testing conforms to MIL-STD-BB8, Method 8015. 

Commercial Version 

DC Electrical Characteristics 
VEE- 4.2Vto 5.7V, Vrx, - VccA- GND, Te- O"G to +85"G (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

V oH Outpul HIGH Voltagc -1025 -955 -870 m V V;N- V; H (Max) Loading wilh 

Voc Outpul LOW Voltage 1830 1705 1620 m V orV1L (Min) 50ll to 2.0V 

VoHC Outpul HIGH Voltagc -1035 m V V;N- V; H (Min) Loading wilh 

V me Outpul LOW Voltage 1610 m V orV1L (Max) 50ll to 2.0V 

v,H lnput HIGH Vollagc 
-1165 -870 m V 

Guaranlccd HIGH Signal 
for Alllnputs 

VIL lnput LOW Vollagc 
1830 1475 m V Guaranteed LOW Signal 

for Alllnputs 

'" l nput LOW Gurrent 0.5 ,A V;N- V; L (Min) 

IIH l nput HIGH Gurrent 240 vA V;N- V; H (Max) 

lEE Power Supply Gurrent 122 65 mA lnputs Open 

Not e 3: T ha spacifiad li mi !s raprasa~llha "worsl casa" valua for l ha paramalar. Si~ca lllE~:Sa valuas normally occur al lha lamparalura axlramas. addilio~al ~o i sa 
immunity a~d guardhandi~g r.an ha ar.hiaved hy dar.rea~i~g !he allowahle ~ystam operating ra~gas Conditio~s for testing ~hown i~ !he tahle~ are r.hose~ to 
yuaraniEIEI operalian u~dar "worsl casa" condilions 
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Commercial Version iCoetle"cdl 

DIP AC E lectrical Characteristics 
VEE- 4.2V to 5.7V, Vcc - VccA - GND (Continued) 

Symbol Parameter 
Te- ooc Te- +25oC Te- +85QC 

Units Conditions 
MI e Max M Ie Max M Ie Max 

fmax Toggle Frequency 375 375 375 MH' Figures 2 and 3 

IPLH Propagation Delay 
0.75 2.00 0.75 2.00 0.75 2.00 es 

IPHL CPc to Output 
Figurcs 1 and 3 

lPLH Propagation Dclay 
0.75 2.00 0.75 2.00 0.75 2.00 es 

IPHL CPn to Outpul 

lPLH Propagation Delay 0.70 1.70 0.70 1.70 0.70 1.80 CPn.CPc =L 
lPHL CDn. SDn to Outpul 

es 
lPLH 0.70 2.00 0.70 2.00 0.70 2.00 CPn. CPc- H 
lPHL Figur es 

IPLH Propagation Delay CPn, CPc L 1 and4 

lPHL MS, MR to Outpul 
1.10 2.60 1.10 2.60 1.10 2.60 

es 
lPLH 1.10 2.80 1.10 2.80 1.10 2.80 

CPn. CPc H 
IPHL 

lTLH Transition Time 0.35 1.30 0.35 1.30 0.35 1.30 es Figures 1, 3 and 4 
lrHL 20% to 80%. 80°/Ć. to 20°/Ć. 

ts Setup Time Figure 5 D, 0.40 0.40 0.40 
CDn. SDn (Rclcasc Timc) 1.30 1.30 1.30 es 
MS, MR (Release Time) 2.30 2.30 2.30 Figurc4 

'" Hold Timc Dn 0.5 0.5 0.7 es Figurc 5 

tpw(H) Pulse Width HIGH 
CPn, CPc. CDn. 2.00 2.00 2.00 es Figurcs 3 and 4 
SDn. MR. MS 

SOl C, PCC and Cerpak AC Electrical Characteristics 
VEE - -4.2V to -5.7V. Vcc - VccA - GND 

Te- O"C Te- +25"C Te- +85"C 
Symbol Parameter Units Conditions 

Min Max Min Max Min Max 

fmax loggie Frequency 400 400 400 MH< Figures 2 and 3 

tPLH Propagation Dclay 
0.75 1.80 0.75 1.80 0.75 1.80 es 

tPHL CPc to Output 
Figures 1 and 3 

tPLH Propagation Delay 
0.75 1.80 0.75 1.80 0.75 1.80 es 

tPHL CP n to Out p ut 

tPLH Propagation Delay 
0.70 1.50 0.70 1.50 0.70 1.60 

CPn, CPc- L 

tPHL CDn. SDn to Outpul 
es 

tPLH 0.80 1.80 0.70 1.80 0.70 1.80 
CPn. CPc H 

tPHL Figur es 

tPLH Propagation Dclay CPn. CPc = L 1 and 4 

tPHL MS, MR to Outpul 
1.10 2.40 1.10 2.40 1.10 2.40 

es 
tPLH 1.10 2.60 1.10 2.60 1.10 2.60 

CPn. CPc = H 
tPHL 
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Commercial Version iCoottoucdl 

SOl C, PCC and Cerpak AC Electrical Characteristics 
VEE- 4.2Vto 5.7V, Vrx, - VccA - GND (Continued) 

Te - ooc Te- +25oC Te- +85oc 
Symbol Parameter Units Conditions 

Min Max Min Max Min Max 

lTLH Transition Time 0.35 1.10 0.35 1.10 0.35 1.10 os Figures 1, 3and4 
lTHL 2Qo,-;, to soo,-;,, 80% to 20% 

ts Setup Time 
Figuro 5 D, 0.30 0.30 0.30 

CDn. SDn (Release Time) 1.20 1.20 1.20 os 
MS, MR (Rclcasc Timc) 2.20 2.20 2.20 Figure4 

'" Hold Timc Dn 0.5 0.5 0.7 os Figuro 5 

lpw(H) Pulse Width HIGH 
CP n· CPc. CDn. 2.00 2.00 2.00 os Figures 3 and 4 
SDn. MR, MS 

IPLH Propagation Delay 
0.75 1.40 0.75 1.40 0.80 1.50 os 

lPHL CPc to Outpul Figur es 1 and 3 

lPLH Propagation Dclay 
0.70 1.40 0.75 1.40 0.80 1.50 

PCCOnly 

IPHL CPn to Outpul os 

lPLH Propagation Dclay 
0.70 1.50 0.70 1.50 0.80 1.60 CPn. CPc =L 

lPHL CDn. SDn to Output os PCCOnly 

IPLH 0.80 1.70 0.80 1.70 0.80 1.80 CPn. CPc =H 
tPHL PCCOnly Figur es 

IPLH Propagation Delay CPn, CPc- L 1 and4 

IPHL MS. MR to Outpul 
1.10 2.00 1.10 2.00 1.20 2.10 

PCCOnly os 
tPLH 1.20 2.10 1.20 2.10 1.30 2.20 

CPn, CPc H 
IPHL PCCOnly 

t os HL Maximum Skcw Common Edgc 
PCCOnly 

Output-to-Outpul Variation 100 100 100 p s 
Common Clock to Outpul Path 

(Note 1) 

t os HL Maximum Skcw Common Edgc 
PCCOnly 

Output-to-Outpul Variation 235 235 235 p s 
CPn to Output Path 

(Note 1) 

tosLH Maximum Skcw Common Edgc 
PCCOnly 

Output-to-Output Variation 120 120 120 p s 
Common Clock to Output Path 

(Note 1) 

tosLH Maximum Skcw Common Edgc 
PCCOnly 

Output-to-Output Variation 275 275 275 p s 
CPn to Output Path 

(Note 1) 

tosT Maximum Skcw Oppositc Edgc 
PCCOnly 

Output-to-Output Variation 125 125 125 p s 
Common Clock to Output Path 

(Note 1) 

tosT Maximum Skcw Oppositc Edgc 
PCCOnly 

Output-to-Output Variation 265 265 265 p s 
CPn to Output Path 

(Note 1) 

lo; Maximum Skcw 
PCCOnly 

Pin (Signal) Transition Variation 90 90 90 p s 
(Note 1) 

Common Clock to Output Path 

lo; Maximum Skcw 
PCCOnly 

Pin (Signal) Transition Variation 90 90 90 p s 
(Note 1) 

CPn to Output Path 

Not e 1: Oui+>ut-to-Output Skew i s defined as t he absolute value of t he differe~ce between the actual propagation delav for anv outpuls wit hi~ the same packaged 
device The specifiCi'ltions apply to any outpuls sVIIitchi~g in t he same dimction .oithm HIGH to LOW (tos~LJ. or LOW to HIGH (loSLHJ. or in opposite dimctions hoth 
HL and LH (los l). Parameters tos1 and lp" guaranteed by design. 
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Industrial Version 

PCC DC E lectrical Characteristics 
VEE- 4.2V to 5.7V, Vcc- VccA- GND, Te- 40°C to + ssoc (Note) 

Symbol Parameter 
Te= -40QC Te= oocto +85oC 

Units Conditions 
Min Max Min Max 

V oH Outpul HIGH Voltage -1085 -870 -1025 -870 m V VIN = V1H (Max) Loading with 

VoL Outpul LOW Voltage -1830 -1575 -1830 -1620 m V or V;L (Min) son to -2.ov 

VoHC Outpul HIGH Voltage -1095 -1035 m V VIN = V1H (Min) Loading with 

V me Outpul LOW Voltage -1565 -1610 m V or V 1L (Max) son to -2.ov 

v,H lnput HIGH Voltage 
1170 870 1165 870 m V Guaranteed HIGH Signal 

for Alllnputs 

VIL lnput LOW Voltage 
-1830 -1480 -1830 1475 m V 

Guaranteed LOW Signal 

for Alllnputs 

'" l nput LOW Gurrent 0.5 0.5 i" A V; N- V1L (Min) 

li H l nput HIGH Gurrent 300 240 MA VIN = V1H (Max) 

lEE Powcr Supply Gurrent -122 -60 -122 -65 mA lnputs Open 

Note: The specified limits mprese~tthe wor.;t r.ase" value for !he parameter Since these VBiues normally or.r.ur at !he temperature extremes, additional noise 
immunily and yuardbanding can be achievad by dacraasiny lha aliowabis syslam oparaliny rangas Condilions for lasli~g shown in lha lablas ara ellosan lo 
guarantee operatlon under "worst case'' co~ditions 

PCC AC E lectrical Characteristics 
VEE- -4.2V to -5.7V. Vcc - VccA - GND 

Te- 40"C Te- +25"C Te- +85"C 
Symbol Parameter Units Conditions 

Min Max Min Max Min Max 

fmax Toggle Frequency 375 400 400 MH' Figures 2 and 3 

lPLH Propagation Delay 
0.75 1.80 0.75 1.80 0.75 1.80 " lPHL CPc to Outpul 

Figures 1 and 3 
lPLH Propagation Delay 

0.70 1.80 
lPHL CPn to Outpul 

0.75 1.80 0.75 1.80 " 
lPLH Propagation Delay 

0.60 1.50 0.70 1.50 0.70 1.60 
CPn, CPc- L 

lPHL CDn, SDn to Outpul 

" lPLH 
0.70 1.80 0.70 1.80 0.70 1.80 

CPn. CPc - H 

lPHL Figures 

lPLH Propagation Delay CPn. CPc = L 1 and4 
1.10 2.40 1.10 2.40 1.10 2.40 

lPHL MS, MR to Output 

" lPLH 

lPHL 
1.10 2.60 1.10 2.60 1.10 2.60 

CPn, CPc- H 

lTLH Transition Timc 
0.20 1.40 0.35 1.10 0.35 1.10 Figures 1, 3 and 4 

l THL 20% to 80'%, 80'% to 20%, " 
l s Sctup Timc 

Figure 5 o, 1.00 0.30 0.30 

CDn, SDn (Release Time) 1.50 1.20 1.20 " MS. MR (Release Time) 2.50 2.20 2.20 Figure4 

IH Hold Time Dn 0.7 0.5 0.7 " Figure 5 

lpw(H) Pulse Width HIGH 

CPn. CPc. CDn, 2.00 2.00 2.00 " Figurcs 3 and 4 
SDn, MR, MS 
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Military Version 

DC Electrical Characteristics 
VEE- 4.2Vto 5.7V, Vrx, - VccA- GND, Te- ssoc to + 12soc 

Symbol Parameter Min Max Units Te Conditions Notes 

V oH Outpul HIGH Voltago 
-1025 -870 m V O"Cto 

+125"C 

-1085 -870 m V -ssac VIN - VIH (Max) Loading with 

or VIL (Min) SOH to 2.0V 
1. 2,3 

VoL Outpul LOW Voltage O"Cto 
-1830 -1620 m V 

+125ac 

-1830 -1555 m V -SS"C 

VoHC Outpul HIGH Voltage 
1035 m V 

oacto 
+125aC 

1085 m V SS" C VIN = VIH (Min) Loading with 

or VIL (Max) son to -2.ov 1. 2,3 
VoLC Outpul LOW Voltago oacto 

1610 m V 
+125aC 

1555 m V s sa c 
v,H l n p ut HIGH Voltago 

-1165 -870 m V 
-ssac to Guarantccd HIGH Signal 

1. 2. 3,4 
+125"C for alllnputs 

VIL lnput LOW Voltage 
1830 1475 m V 

-ssacto Guaranteed LOW Signal 
1, 2, 3,4 

+125aC for alllnputs 

'" l n p ut LOW Gurrent 
0.50 f'A 

ssocto VEE- 4.2V 
1, 2,3 

+125QC VIN = V1L (Min) 

''" l n p ut HIGH Gurrent 
240 f'A 

O"Gto 
+125QG VEE- 5.7V 

1. 2,3 
VIN = V1H (Max) 

340 f'A -ssoG 

lEE Power Supply Gurrent 
-130 -50 mA 

ssoGto 
lnputs Open 1. 2,3 

+125QG 

Note 1: F100K 300 Sarias cold lamperalura lasliny is parlormad by lamparalura soaking (lo guara~lae ju~clio~ lemparalura aquals 5S'C) lhe~ lasliny 
immediatelv wilhout allowing tor the junction temperature to stabilize due to heat dissipation atter power-up This provides ··cold start" specs which ca~ be 
considared a worsl casa condilion al c:old lamparaluras 

Note 2: Scree~ Iasled 100% o~ each davice al 55'C. 1 25'C. and 1 125°C. Subgroups. 1. 2. 3 7 and 8 

Note 3: Samplad laslad (lvlelhod 5005 Tabla l) o~ each manufaclurad lol al 55'C l 25'-C and l 125'-C Subyroups At 23.7a~d8 

Note 4: Guaranteed by applying specified input condition a~d testing Vo~iVo . 
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Military Version (Coot;oucdl 

AC Electrical Characteristics 
VEE- 4.2V to 5.7V, Vcc - VccA - GND 

Symbol Parameter 
Te= -ssoc Te= +25QC Te = + 125oc 

Unlts Condltlons Notes 
Min Max Min Max Min Max 

f m~ Toggle Frequency 400 400 400 MH' Figures 2 and 3 4 

tPLH Propagation Delay 
0.50 2.20 0.60 2.00 0.50 2.40 os 

IPHL CPc to Output 
Figurcs 1 and 3 

tPLH Propagation Dclay 
0.50 2.20 0.60 2.00 0.50 2.40 os 

tPHL CP n to Output 

IPLH Propagation Delay 
0.50 2.20 0.60 2.00 0.50 2.40 CPn, CPc- L 

tPHL CD n, SD n to Output 
os 

IPLH 0.50 2.40 0.60 2.10 0.50 2.50 CPn. CPc- H 
IPHL Figurcs 

1. 2, 3 
1 and4 

tPLH Propagation Dclay 
0.70 2.70 0.80 2.60 0.80 2.90 CPn. CPc =L 

IPHL MS, MR to Outpul 
os 

IPLH 

tPHL 
0.70 2.90 0.80 2.80 0.80 3.10 CPn, CPc- H 

trLH Transition Time 
0.20 1.40 0.20 1.40 0.20 1.40 Figures 1, 3 and 4 os 

l THL 20% to 80°,-;,, soo,-;, to 20% 

t, Setup Time 
Figura 5 o, 1.00 0.80 0.90 

CDn. SDn (Release Time) 1.50 1.30 1.60 
4 

" MS, MR (Rclcasc Timc) 2.50 2.30 2.50 Figure4 

th Hold Time Dn 1.50 1.30 1.60 " Figure5 

tpw(H) Pulse Width HIGH 

CPn, CPc, CDn. 2.00 2.00 2.00 os Figures 3 and 4 

SDn. MR, MS 

Note 1: F100K 300 Sarieos cold temperalura lasli~y is performad by lamperalura soakiny (lo yuaranlee junclion lemperalure equals ss~c) lhan teosli~y 

immediately without allowhg for the ju~ctio~ lamperatura to stahilize dua to haat dissipatio~ after powar-up This provides cold start" specs which can he 
co~sidered a worsl casa co~dilio~ al cold lemparalureos 

Note 2: Sersen Iasled 100<;-; oneach device al l 25'C Temparalura only Subyroup A9 

Note 3: Samplelasled (Melhod 5005 Tablel) oneach lvlfy lot al +25~c. Subyroup A9. and al +125'-C a~d -55'C Temp .. Subyroups AtO and At t 

N ole 4: Not tested at + 25~C, + 125'C a~d -55' C Temperature (design characterization data) 
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Test Circuits 

Notes: 

Vcc. VccA = +2V, VEE = -2.5V 

L 1 and L2 = Equallength san impedance lines 

RT = 50!1 terminator interna! to scope 

Decoupling 0.1 f.LF from GND to Vcc and VEE 

Ali unused outputs are loaded with san to GND 

CL = Fixture and stray capacitance :::;;: 3 pF 

L1 ,-, 
r-------....;. l \l 

l j_ 
l 
l 
l 
1+1.05V 

TL/F/10262-6 

FIGUR E 1. AC Test Circuit 

son 

-=-L2 -l \ 

' l 

j_ 
-= 

-= 

Rr 

TL/F/10262-7 

FIG URE 2. Toggle Frequency Test Circuit 
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Switching Waveforms 

DATA 

CLOCK 

OUTPUT 

OUTPUT 

FIG URE 3. Propagation Delay (Ciock) and Transition Times 

SOn, CDn 
MS, MR 

CLOCK 

OUTPUT 

0.7±0.1 ns 

FIGUR E 4. Propagation Delay (Resets) 

DATA 
~ ~<no;_ +1.05V 

---..1 l 11 ~ SOYo +0.31 V 
.........__,h_. 

-Jtoo- łs .,.__ JLr ____ ...;. ____ +1.os v 

7150% 

-----.J + 0.31 V 

CLOCK 

FIGUR E 5. Data Setup and Hold Time 

Note: t5 is the minimum time before the transition of the clock that information must be present at the data input. 

Note: th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 
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Ordering lnformation 
The device number is used to form part of a simplified purchasing code where a package type and temperature range are 
defined as follows: 

100331 D C OB 

Dcvicc Typc -----------------' 
(Basic) OB = Military g rade device with environmental 

Package Code 
l l L Speclal Vaclatloc 

-------------------'- and burn-1n process1ng. 

D - Ceramie DIP Temperature Range 
F = Ouad Cerpak c = Commcrcial (0°C to + 85°C) 
Q - Plastic Leaded Chi p Carrier (PCC) l - Industrial ( 40oC to + 85oC) 
P - Plastic DIP (PCC Only) 
S= SmaiiOutline(SOIC) M= Military(-5S'Cto +125QC) 
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Physical Dimensions inches (millimeters) 

0.025 
(0.64) 

RAD 

80TH ENDS 

~------~~o~~:~-------
"" 0.030-0.055 

~ 
RAD TYP 

24-Lead Ceramie Dual-ln-Line Package (0.400" Wide) (D) 
NS Package Number J24E 

0.6141 

1-<------- ~-~9:g ------+1 

LEAD NO 1 
IDENTIFICATION 

0.1043 
0.0926 

1 2 3 4 
U_~ 
r-ro:;m 

15.20 

6 7 8 9 10 

~J~ L 8:8ólg 

SEATING 1__~.[~ 
PLANETT- T 

. LMll 
0.35 

0.029 
45° XM!Q 

0.75 
0.25 

lolog~4 1 l 
ALL LEAD TIP~ 

24-Lead Molded Package (0.300" Wide) (S) 
NS Package Number M24B 

12 

0.0125 

't!f m >" ""] 

8° MAX TYPr 
0.0500 ALL LEAOS 

.... 
0;0i~0 TYP ALL LEADS 

0.40 ~2413 (REV f) 
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Physical Dimensions inches (millimeters) (Continued) 

R 0.035-0.0 45 
[0.89 - 1.14] 

0. 125-0.135 
[3 18- 3 43] 

o 145-0 200 

0.337-0.347 
[8.56-!!.81] 

~~~~~~~_l 

0.065 

-----++------....,-h_[[1.65] 
1\ 
goo-~ooo p 

[0.51 ] [3.18-3.56] TYP 

11 

~,.~257~ TYP 

~Q~~~=~:~~Jl TYP 

p 

·--..J-0.009=0.015 
[0.23 0.38 ] 

24-Lead Plastic Dual-ln-Line Package (P) 
NS Package Number N24E 

0.079±0.00.) TYP 
[0.74±0.08] 

25 

19 

0.105±0.0: 5 TYP 
[2.67±0.38] 

[~~~~=~:~~ ] TYP -+~----! 

28-Lead Plastic Chip Carrier (Q) 
NS Package Number V28A 

13 

1-o=-r:o".o"o,.,<'["'o--:. 17o"] 

V2M(REVK) 

\ 
l 

0.380 MIN 
[9.65] 

0.428 :~:~i~ 

[ 10.87 :~:~~l 

*






































*




