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Q’ TEXAS
INSTRUMENTS

Data sheet acquired from Harris Semiconductor
SCHSO038

CMOS 4-Stage
Parallel in/Parallel Out
Shift Register

with J-K Serial Inputs and True/
Complement Qutputs

High-Voltage Types {20-Volt Rating)

® CD4035B is a four-stage clocked
signal serial register with provision for syn-
chronous PARALLEL inputs to each stage
and SERIAL inputs to the first stage via
JK logic. Register stages 2, 3, and 4 are
coupled in a serial D flip-flop configuration
when the register is in the serial mode
{PARALLEL/SERIAL control tow).
Parallel entry into each register stage is per-
mitted when the PARALLEL/SERIAL con-
trol is high.
in the paraliel or seria) mode information is
transferred on positive clock transitions.
When the TRUE/COMPLEMENT control is
high, the true contents of the register are
available at the output terminals. When the
TRUE/COMPLEMENT control is low, the
outputs are the complements of the data in
the register. The TRUE/COMPLEMENT
control functions asynchronously with re-
spect to the CLOCK -signal.
JK input logic is provided on the first stage

CD4035B Types

Features:

8 4-Stage clocked shift operation PARALLEL IN
Synchronous parallel entry on all 4 stages ln Iz Is
9 10 1)

. g
u JK inputs on first stage L el
. sletf{'gl‘_.

Asynchronous True/Complement control
on all outputs ax® |
Static flip-flop operation; Master-slave pss ] 4-STAGE REGISTER
configuration e 2]
Buffered inputs and outputs peser 3
High speed — 12 MHz {typ.) at Vpp =10V VD + 16 0
100% tested for quiescent current at 20 V Vss *8 l
Standardized, symmetrical output
characteristics
5-V, 10-V, and 15-V parametric ratings
B Meets all requirements of JEDEC Tentative
Standard No. 138, “Standard Specifications
for Description of “'B” Series CMOS
Devices™

’|5 lm ||3
\o./c‘:, /G, 03/8, 94/Gs,

T7eT 0uT
92C9- 290%4R1

FUNCTIONAL DIAGRAM

AMBIENT TEMPERATURE (1212 25°C

Applications:

8 Counters, Registers
Arithmetic-unit registers
Shift-left — shift right registers

o

sama
anmm

QUTPUT LOW (SINKI CURRENT (L, ) —mA

Serial-to-parallel/parallel-to-serial i 0V
conversions A
® Sequence generation i e -‘ﬁ
® Control circuits 3 i’} 3 s
& Code conversion . HHHT H

L
ORAIN-TO-SOUNCE VOLTAGE {vipg)—V
22€3-24318R3

FIRST STAGE TRUTH TABLE

Fig. T — Typical output low (sink)

SERIAL input to minimize logic require- —UNPUT: OUTPUT L
ments particularly in counting an?j ssqu?ence- cL t;n tKN : i’ Q-1 '":;,. = current characteristics.
neration applications. With JK inputs T
gznnected tozsther, the first stage becorl)'nes -/ |olx e ° ° [ e T TS
a D flipflop. An asynchronous ¢common S xfe 0 ! 1
RESET is also provided. _/—- %ol o ) o la' s
The CD4035B types are,supplied in 16-lead 5— TOGGLE = e sy
hermetic dual-i?-)lina cerar‘r)l‘i’c packages (D Syt of oot 1ani WggE 'é"‘ e Woebreiee s
and F suffixes), 16-lead dual-in-line plastic VAREINEE: ! ! 5. f
packages (E suffix), and in chip form (H [ x [ o[ am Onei F; HHH
suffix). 8 7sH G
N 8 . B . 2 § e
: aan,
DRAI- TO- SOUACE VOLTAGE (Vpghev
2G5 -24309m1
Fig. 2 = Minimum output low (sink)
MAXIMUM RATINGS, Absolute-Maximum Values: ‘current characteristics.
DC SUPPLY-VOLTAGE RANGE, (Vpp) DRAIN-TO-SOURGE VOLYAGE (Mpgl~Vv
Voltages referenced to Vgg Terminal) ............cccvveeieeiiiiiiiirnninennin., eiiee. =05VIO ROV T TERER B s ey
INPUT VOLTAGE RANGE, ALL INPUTS -0.5Vi0 Vpp +0.5V I R R At g 122 i
DG INPUT CURRENT, ANY ONEINPUT .. ..ot iiiiiiiie i i cirieniiinas teieiireanee TI0MAL T T Tt : HH k3
POWER DISSIPATION PER PACKAGE (Pp): . 2 =
FOrTA=-650C 1041009 ... .cvuenirnieieenenracnenaninanennirnanean,s, e 500mW } -
ForTp=+1009C10+1289C. . ... ouueiieaieneeeenninnnn, Derate Linearity at 12mW/oC to 200mW ' 3
DEVICE DISSIPATION PER OUTPUT TRANSISTOR . o sevETH »g
FOR T4 = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................euuens 100mwW . i =3
OPERATING-TEMPERATURE RANGE (T A); ......................................... ~559C {0 +125°C 1 gE=== i
STORAGE TEMPERATURE RANGE (Tgig) -+« venvveieniancnnanninneennnennnenn -659C to +150°C i %%
LEAD TEMPERATURE (DURING SOLDERING): .i_'
Atdistance 1/16 £ 1/32inch (1.59 £ 0.79mm) from case for 10SmMax ...........cevuvvennn... +2659C 3

9208~ 2432083

Fig. 3 — Typical output high fsource)
current characteristics.
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CD40358B Typeés

DRAIN=TO+SOURCE VOLTAGE {Vpg)—V

- ) s~ -5 [
-4 o .4 AMBIENT TEMPERATURE (To1+28°C
o . ? HEHHHHHH AT
. GATE -TO-SGURGE VOLTAGE (Ygae -5 V. L
o T )
1 H
= ' :-sg
HH E
ass
© g
; g o Sy :
2 t T L | [T "y T 0=
X . Vgg sasi; ©g
"‘SEYO—DH L] ] L3 ® £
s o " s T E
. - -L,._q CLP_SQ— rl:l.’_sa . ]—1¢L5§ 9 NETWORK E 15 VI §
cLock( R i ] | ’ . : + L]

: O?M 2 o — 1 _ ¥ H o
nnuzub_{>> Y . . 3
SERIAL T . L A . 5! E
CONTROL H 3

ixX 1T
92Cs-243212

Fig. 5 — Minimum output high (source)

» current characteristics.

2
TRUE /
COMPLEMENT

Pr5=0+SERIAL MODE
T/C=1-TRUE OUTPUTS

TRANSITION TIME (tyy,tT W) —~ns

COMMERCIAL CMOS
HIGH VOLTAGE ICs

_ ' T .- 3
°"_Ll>‘y L Typical Stage Detait Logic t e ° LOAD CAPRCITANGE (6, ) p¢ it
- . 92085 -
Fig. 4 — Logic diagram. Fig. € — Typica! transition time ss a function of
foad capacitance.
2 AMBIENT TEMPERATURE ( Ty )= 25%¢C T !
£ CKED OPERATION T
E -
o) Pirremp WAV ana =y
RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. £ S
For maximum reliability, nominal operating conditions should he selected so that H i
operation is always within the following ranges: ;
-
CHARACTERISTIC Vbp | LIPITS UNITS : %) :
(V) MIN. | MAX. § wV -
Supply-Voaltage Range (For Ta = Full 3 18 v s H
Package-Temperature Range) = imal }
N ) 20 4 €0 80 100
Data;_s_etup Time, tg: 13 2;8 - LOAD  CAPACITANCE (CLI=pF .o .,
J/K Lines - ns
15 60 . - Fig. 7 — Typical propagation delay times as & func-
) 5 140 - tion of load capacitance (Q output).
Parallei-In Lines 10 50 - ns
15 40 - | Loa capacrtance oo 1 B0nr © i
I - ; :
5 200 - ] Hia .
Clock Puise Width, ty 10 ag - ns 5" T 2
15 60 ~ ]
z 3T ;
5 2 £, s
Clock Input Frequency, foL 10 dc 8 MHz g ]
. 15 8 x
8
5 - 15 d s
Clock Rise or Fall Time, t,CL, CL: 10 - 15 s H
E { b
5 250 — 0 X 15 20
Reset Pulse Width, ty 10 110 - ns SUPPLY VOLTAGE Vol ¥ oia-a0361
15 80 - Fig. 8 — Tygical maximum clock mnput frequency

as a function of supply voltage.
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STATIC ELECTRICAL CHARACTERISTICS '°‘! AMBIENT TEMPERATURE (T )+ 23°C
’ V) x i
. I ’
CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C) ',“ O T T A
TERISTIC g i 1 ,.\.,/‘ v
- TILE . L S
Vo V|N VDD +25 ] §,°: & AN S
V) | v | (vi]-s5 | —a0 | +85 [+1256 [Min. | Typ. |Max. g ‘£r :};#‘ 74
. 05| 5 5 5] 150] 180 - 0o4| 5 g : S
Quiescent = ¢ f T T ————comispr 1
Device - Joaof[ ] 10 10| 300] 300] - 004 10fal % Z 1 i
/
f“"e“’,:‘- - 0,15] 15 200 20| 600 s0O| - 004 | 20 g e H f i i“ i '1
ax. | |
oo - 0,20] 20 100 100 | 30007 3000 | — 0.08 | 100 1 0 0? o3t 1 %00e% * 0s
CLOCK INPUT FREQUENCY [ 1oy )= kME  gace 303as
OutputLow |94 0.5] 5| 064] 061 ] 042} 036 0.5 - Fig. 9 — Typical dynamic power dissipation as a
{Sink)Current| 05 fo010] 10| 18] 1.5 110 09| 13| 28] - function of clack input frequency.
loL Min. 16 |ois|[ 15| a2 a{ 28 24| 34| e8| - -
4. -0. -0.61 | -0.42% 0. — - -
Output High 6 05] 5)|-064)-06 0.36 | -0.51 1 mAl
{Source) 2.5 0,5 5 -2 -1.8 -131-115| -16| -3.2 - s00.F @
O.1uF
FU"?M“:’; 9.5 010|101} -186] -15 | —1.1| —09]| -13] -28| - : iy
on 135 |015| 15 -a2| 4| -28] 24| —34f —s8]| - . "
. [ R S ) 15
Output Voltage: 0'5, 5 0.05 - 0[0.05 TS | 3 " cL==°L
Low-Level, 0.10| 10 0.05 - 0|co5 LD e
VoL Max. - 015 15 0.05 - 0|o0s]| Gt &
: N — 7 10—
Output 05} -5 4.95 4.95 5| - — o o
Voltage: . 95 1 , |
High-Level, aio| 10 9. 9.95 0 4 ?Pm"‘?z‘ 22¢5-30365
Von Min. c.15] 15 14.95 14 .95 151 -
Fig. 10 — Dynamic power dissipation test circuit.
| (L 0545 5 1.5 - 1.5
nput Low
Voltage 1.9 10 3 _ 3
Voo
ViLMax.  h5135 15 4 - v }
Voo
Input High 0.54.5 5 5 _ 35 - - ° INPUTS
Voltage, 1.9 - 10 7 7 - - vss
VinMin. - 513 15 n n| -
'?:’;‘,&;’e"' 18| 18 201 | r01 ] 01 . - |+10°5} 01| uA
Vss
Fig. 17 — Quiescent-device current test circuit.
LEFT
o[ ] wof ] uz[_O?:LFuT1
PI-1 Pl-2 P1-3 PI-4
LEFT/RIGHT —— P/S
L]
J
7 . 3
R oTeuTs INPULS cLock —feL coa03s
M ] - Voo - NOTE: 2
by S + TRUE/COMPLr——T/C
v : : %- o C = :E::::‘fl;’::&‘s RESET ——r
" - |- = Vs3 . TO BOTH vpp AND Veg: " az o 04
T ware: SRR T s e [ o onee
Vg5 t;srﬂ-lpl:}gwll"lﬂw B V‘ss Voo 58" QUTPUT TRUE /COMP. CONTROL IN TRUE MODE OuTPUT
92C3-27441R1 92e5-27402 92CS-19974R1

Fig. 12 — Input-voltage test circuit.

Fig. 13 — Input-current test circuit.
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Fig. 14 — Shift left/shift right register.
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\Using Couleur's Technique [(BIDEC)®, a
binary number {most significant bit, MSB)
first is shifted and processed, such that the
BCD equivalent is obtained when the last
binary bit is clocked into the register. The
CD403568, with the correct conversion
logic, can also be used as a BCD-to-binary
converter,

“The basic rule is: f a 4 or less is in @ decade,
shift with the next clock puise; if a 5 or greater
is in a decade, add 3 and then shift at the next
clock pulse. For more information refer to
“IRE TRANSACTIONS ON ELECTRONIC
COMPUTERS"”, Dec. 1958, Pages 313—316.

Fig. 15 — BIDEC logic.

Yoo

[ o=

9 ho Ju |z
PI-l PI-2 PI-3 PI-4
PISI 1-2 FL L
0

oL CD4035
4 4-STAGE REGISTER

R

bbb

e 1 Q2 Q3 Qq
[} [ 14 13

92¢5-19973R|

Fig. 16(a) — Double sequence generator.

| At Ta=25°C, Input t,, ty= 20 ns, C; =50 pF, Ry = 200 k2

CD40358B Types

DYNAMIC ELECTRICAL CHARACTERISTICS

CARRY
FORWARD
voo
1. QPL-2
PI-3

TEST
CONDITIONS LIMITS
CHARACTERISTICS Voo UNITS
(V) Min. | Typ. | Max.
CLOCKED OPERATION
Propagation Delay Time: 2 — 250 500
tPHL tPLH 10 - 100 200 ns
15 - 75 150
o 5 - 100 | 200
T“{::E”JLT:’ 10 - 50 | 100 | ns
15 - 40 80
5 - 100 200
Minimum Clock Pulse Width, w 10 - 45 90 ns
15 - 30 60
Clock Rise or Fall Time, t,CL, {CL* S0 - - 15 | ws
5 - 110 220
Minirlun? Setup Time: 10 — 20 80 ns
J/K Lines
15 — 30 60
5 — 70 140
Parallel-in-Lines 10 — 25 50 ns
15 - 1720 | 40
. . ~B 2 T4 _.
Maximum Clock Frequency, fc - 0 |6 12 | —~| MHz
) 15 8 16 | —
Input Capacitance, CIN Any Input - 5 7.5 pF
RESET OPERATION - §
Propagation Delay Time: V 5 — 230 460
tT:L, tPLHe v 10 - [100 } 200 | s
‘ 15 — "80 | 160 -
O 5 = 125 | 250
Minimum Reset Puise Wid‘ih’, tw 10 - 56 110 ns
15 - 40 40

*|f more than one unit is cascaded t.CL |hould be made lass than or equal to the sum of the transition
time and the faxed propagation dolty of the output of the dﬂvmg stage for the eﬂlmated eaplcmve

load. Control SE= .0 1 s
Q. Qg 03‘, Qg Qy AqQz Qa3 Q_‘

A B [ D A 8 C D~

[ ] 0 o 0 15 .1 o
1 1 1] 0 [+ ‘14 0 1 1 1
2 0 1 0 [+] 13 1 [1] 1 1
5 1 o 1 [+] 10 0 1 o 1
10 0 1 0 1 5 1 a 1 ]
4 0 o 1 o 11 1 1 (1] 1
2 1 0 1] 1 6 0 1 1 4]
31 1 o 1] 12 0 o 1 1
6 0 1 1 o 9 1 [} o 1
13 1 0 1 1 2 0 1 1] 0
11 1 1 [1] 1 4 0 1] 1 Q
71 1 1 2] 8 0 (1] [+] 1
14 0 1 1 1 1 1 [+} 1] 0
12 0 o 1 1 31 1 0 0
8 O ] 1 71 1 1 [1]

Using a control line (E)} two different state sequences can be generated.

For example, suppose the following two sequences are desired on

command (control line E)

Fig. 16(b)
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. LA Py V -7 prs #I-1 Pl-2 PI-3 PI-4
) CLOCKO L] Sle
CARRY s coaoss . CD4035
npur O T3] uniTs recisTeER L3z Tens mesisTeR
vpp O 2l O~2drrc
RESETO =1 PN o @z a3 o4 l—’n or 02 Q3 Q4
T 8] 4] 13 1] 18] W] 13
T—> |eco . ﬁ'\l
UNITS 8co
ouT Jsﬁqs
Prs /S
FahwARD FoRWARD_ T
BCD UNITS ‘BCD TENS MNEH
{BIDEC LOGIC) (BIDEC LOGIC} . . DECADE
FiG.T - ° FiG. 7
PI-2 ] PI-2 |
s .P_r.i__| V4 .:H—I
REGISTER P-4 - REGISTER | PI-4
92¢5-199T1IR2
Fig. 17 — Binary-to-BCD converter.
0 70 80 9092 :
86-} ' i
80 it a .
me l
N = T
| =
60 = {r i
I MH;'W“ 1! s
: - TERMINAL DIAGRAM
50 - | 'LL]U !l'ﬂ_} a (2.109-2.311) Top View
HTHE — —[I_‘ I
40— ||.|l|.|l.| ’l |I |m : ovti—ie 7~ 16f—vpp
T ‘ ‘ TRUE /COMP—] 2 1S |—a2/02
| I ill il T K—s 14 |—qu/88
30— = z—r == : S by ::f?
1] L : ;T”'Tj CLOCK —o & 1 j—r1-3
20 \ _j i s P I
1O~ $CS- 20PBM
o- -

(2.261- 2 463)

92CS-35056

Dimensions and pad layout for CO40358H.

Dimensions in parentheses are in miliimeters and
are derived from the basic inch dimensions as in-
dicated. Grid graduations are in mils {10—3 inch).
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 1998, Texas Instruments Incorporated



