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CMOS _
Binary Rate Multiplier

High-Violtage Types { 20-Volt Rating)

® CD4089B is alowpower 4-bit digital
rate multiplier that provides an output pulse
rate that is the clock-input-pulse rate multi-
plied by 1/18 times- the binary input. For
example, when the binary input number is
13, there will be 13 ocutput puises for every
16 input pulses. This device may be used in
conjunction with an up/down counter and
control iogic used to perform arithmetic
operations (adds, subtract, divide, raise to a
power}, solve algebraic and differential equa-
tions, qenerate natural logarithms and trigo-
metrie- functichs, A/D and- DIA conversions,

and frequency division. :
For ‘words "of more than 4b|ts 0040@8

devices may, be cascadcd ;n two- d]ﬂgrent
modes: :an-Add mode and a Multioly mode
(see F'gs ﬂﬂ'ld 15). !ntheAddmodtsaneaf'
the gaps hfrbv the more ,mmﬁﬁm unit at
the ‘count ‘bt 15 are filled in By the ‘less
ssgm!u:mi units Foi'" cxmple when two
units 'are"cascadéd in the Add mode and
programmed to 11 and 13, respectively, the
more significant unit will have 11 output
pulses for every 16 .input puises and the
other unit will have 13 output puises for every
256 input pulses for a total of

U 13 188

16 255 256
in the Multitly mode the fraction pro-
grammed into the first rate multiplier is
multiplied by. the fraction ‘programmed into
the second multiplier. Thus the output rate
will be n 'I3 143

16 16 256

MAXIMUM RATINGS, Absolute-Maximum Vaiues:
DC SUPPLY-VOLTAGE RANGE, (Vpp) -

* ' CD4089B Types

Features: ‘ )
& Cascadable in: multigies of 4-bits :
® Set to 15" input and **15” detect output
® T00% tested for gitiescent current at 20 V
® 5.V, 10-V, and 15-V parametric ratings
u Standardized, symmetrical output charactristics
& Maximum input current of 1 uA at 18 V over
full package-temperature range; 100 nA at
18V and 25°C
= Noise margin (full package-temperature
range) =
- “1Vat VDD =5V -
2VatVpp=10V
25Vat VDD- AV

= Meets all -requnements of JEDEC
Tentative Standard No. 138, “Standard
Specifications for Descﬂptlon of ‘B’
Series CMOS Davices”

Applications:
lkhiumériéql cdﬁtrol;

W Instrumentation | -
u.Digital fiftering

® Frequency synthesis

The CDA4089B has an internal synchronous
4-bit counter which, together with-one of the
four binary input bits, produces pulse trains
as shown in Fig, 2.

If more than one binary input bit is high, the
resulting pulse train is a combination of the
separate pulse trains as shown in Fig, 2.

The CD4089B types are supplied in 16-lead
ceramic dual-in-line packages
(D and F suffixes), 16-lead dual-in-line
plastic packages (E suffix), 16-lead
small-outline package (NSR suffix), and in
chip form (H suffix).

Voliagesa referenced t6Vgg Terminal) ..............cooviuiana.n, e e reetreneererane e, -0.5V o +20V
INPUT VOLTAGE RANGE,ALLINPUTS ... ......c00ivvvinnnins et -0.5Vio Vpp +0.5V
DEINPUT CURRENT, ANY ONE INPUT .. ... . iiiiiiiiiiiiiiiiiiiiisninsnsnaansasnssnensnans Lol OmA
POWER DISSIPATION PER PACKAGE (Pp) :

ForTao=-650C10+1009C 1. \uirneireranieeinninenaanaransns R 500mW

ForTp = +1009Cto +1259C...... ree i eeie e R Derate Linearity at 12mW/°C to 200mW
DEVICE DISSIPATION, _PER OUTPUT TRANSISTBR

FORTp = FULL PACKAGE-TEMPERATURETRANGE (All Package TYPOS) .. .......ooevusnereennsnn 100mW
OPERATING-TEMPERATURE RANGE (Tp)..... e bra et rmearraaatiae e aaneen -559C to +1259C
STORAGE TEMPERATURE RANGE fl'a ) Ferertereeraaes -659C to +150°C
LEAD TEMPEHATURE {DURING SOLDEFIING)

Atdistance 1/16 £ 1/32inch (1.59 £ 0.79mm) from casefor 1OS MAX .. ... coviverinnernrennrnnnns +265°C
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- CD4089B Types _ L

DRAIN-TO~-SOURCE VOLTAGE {vps)—Vv

RECOMMENDED OPERATING CONDITIONS at T4 = 25°C, Except as Noted. For maximum

=15 =0 -5 Q
reliability, nominal operating conditions should be selected so that operation is always within e T L Lot R R
the following ranges: . : o : ",'L,L'}m‘? CE VOLTAGE (gl -5 v satss il E
CHARACTERISTIC 1 Vob LIMITS UNITS 5 ks
V] | Min. | Max. ! BoE &
H t IpY 1 3
Supply-Voltage Range (For T = Full Package- . B st
AT , 3 18 \ fH g
Temperature Range) . T 5 g
o
5 {160 | - [ = St ;
Set or Clear Pulse Width, tw 10 90 - - ns H i
15 | 60 - B H £
- . HH 3
5 (330 [ - H] :
Clock Puise Width, W 10 170 | - ns o .
15 100 - Fig. 5§ — Minimum autput high (source} current
5 12°° characteristics.
Clock Frequency, foL B |1} “de 25 " MHz AMBIENT YEMPERATURE (7, 1+293¢ 3 : A
: B S ] ! T
15 35 | HRs
— ' Y A
‘ v 5, H - ot
Clock Rise or Fall Time, tyoL of ticL ' - 15 us i
. . 10,16 L Y H
, ‘ s |10 | - : Y ittt Sl
Inhibit In Setup Time, : tsu 10 40 - | ns a I H R
15 | 20 - : shsstiness i
o 5 240 - ssasiiidiiin:
Inhibit In Removai Time, tREM 10 130 _ ns ; R H
E L o 15 | 110 S i i
. - o ST LD CAPNCITANGE (CLi—
£ . . L] 50 - . c sCs-2HS4
Set Removal Time, . tREM 10 80 - ns Fig. 6 — Typ gation deley time as &
15 50 i function of load capecitance (Clock-
5 60 _ or Strobe to Qutl. .
Clear Removal Time, tREM 10 40 - ns ‘ AMDIENT TEMPERATURE (Tq)=28°C
15 30 -

a *
) é é)
TRANSITION TIME (HTpy .t TLH)—ns

-0 ::J__ ouT
3 b .
E E . g1 & LOAO GAPACITANCE (G )— pF
92CS - 24322
CLOCK : o
s — % lO_cj " . I .
syncrron|— Gof | 0p— -~ Fig. 7 — Typical transition time as a function
ous a-air[— %pf | Yo . of load Gapacitance.. o
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Fig. 8 — Typical dynamic power dissipation as a

Fig. 4 — Logic diagram. function of input frequency.
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CD4089B Types

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C;
Input t,, t¢ = 20 ns, Cy_= 50 pF, R, = 200 k2

TEST
CHARACTERISTIC CONDITHONS UNITS
v LIMITS
DD
\" Min. Typ. Max.
Propagation Delay Time, teHL. tPPLH 5 - 10 220
Clock to Out 10 - 55 | 10
15 - 45 90 ns
5 - 150 300
Clock or Strobe to Out 10 - 75 150
15 — 60 120
Clock to Inhibit OQut 5 - 360 720
High Level to Low Level 10 B 160 320 ns
15 — 110 220
5 - 250 500
Low Level to High Level 10 - 100 200 ns
15 - 75 150
5 - 380 760 _
Clear to Qut 10 - 175 7| 350 ns
15 - 130 260
5 — 300 600
Clock to ‘9" or 15" Cut 10 - 125 250 ns
15 - 20 180
5 - 90 180
Cascade to Out 10 - 45 90 ns
15 - 35 70
5 - 160 320
Inhibit In to Inhibit Qut 10 - 75 150
15 - 55 110 ns
5 - 330 660
Set to Out 10 - 150 300
15 - 110 220
5 - 100 200
Transition Time, THL. ITLH 10 - 50 100 ns
15 - 40 80
5 1.2 24 - .
Maximum Clock Frequency, foL 10 25 5 - MHz
15 3.5 7 -
5 - 165 330
Minimum Ciock Pulse Width, tyy 10 - 85 170 ns
15 - 50 100
5 - - 15
Clock Rise or Fall Time, t.c|, tscL 10 — - 15. | . wus
15 - - 15
"5 - 80 | 160
Minimum Set or Clear Pulse Width, tw 10 — 45 90 ns
15 - 30 60
: 5 - 50 100 -
Minimum Inhibit-In Setup Time, tgy 10 - 20 40 ns
15 - 10 20
Minimum Inhibit In . 5 - 120 240
Removal Time tREM 10 B 65 | 130 ns
) 15 - 55 110
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Fig. 11 — Input-current test circuit.
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Fig. 12 — Input-voltage test circuit.
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CD40898B Types

DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = ?5°C {cont’d)
Input t,, t; = 20 ns, C_= 50 pF, R = 200 kfl ,

TEST
CHARACTERISTIC CONDITIONS - UNITS
: v T LIMITS
DD
V 1 Min. | Typ. | Max.
5 | - 75 | 150
Minimum Set Removal Time, tgRgm : 10 - 40 80 ns
15 Y 50
5 - '30 60
Minimum Clear Removal Time, tggm 10 = - 20 40 ns
: 15 - 15 30
Input Capacitance, Cin |Any tnput| — = 5 7.5 pF
STATIC ELECTRICAL CHARACTERISTICS
U
CHARAC- CONDITIONS LIMITS AT INDICA_TED TEMPERATURES (9C) |N
TERISTIC : T
Vo | Vin|VoD +25 s
v V)| (v}] 65 | —40 | +85 [+1256 |Min. | Typ. [Max.
] - 05| 5 5] 5| 150{ 150] — 0.04 5
Quiescent
Device - 0,10] 10 10 10.| 300| 3009 — 0.04 | 10],a
FU"EGL - 0,15] 15 200 20| e600| s00| - 004 ( 20
ax.
oD — |o20] 20| 100] 100 3000 3000 - | o008 100
05| 5| 064] 061 042| 036| 051 1| -
Qutput Low 04 6 0
{Sink} Current| 0.5 10| 10| 18| 15 1] o9| 13| 26| -
loL Min. 15 |015] 15| 42| 4| 28] 24| 34| 68| -
) -0.64| -0. -0.42|-0.36 | -0. 1| -
Output High 4.6 05{ 5 |-0.64|-061|-042|-036|-051 1 mA
{Source) 2.5 0.% 5 -2 -1.8 -1.3|-1.16 -1.6] -3.2 -
Current, 95 |0t0]| 10| -16] -15| —1.1] —09| —13| -26] -
|0H Min. - <
135 |o3s| 15| 42| -4 -28| -24| -34] -68] - |
Output Voltage:— 05 5 ' 0.05 ] - - 0005
Low-Levet, - 0,10 | 10 0.05 - 010.05
VouMax 7 To1s | 15 0.05 - 0foos] |
Output - 05| 5| 4.95 4.95 5| -
Voltage: - | 1 0.95 10| -
High-Level, : 010] 10 4. : 9.95
Vou Min. - fo01s] 15 , 14.95 1495 15] -
N 0545 - 5 15 _ 1 15
Input Low
Voltage 1.9 - 110 3 - - 3
ViLMax.  hgi135| - |15 : 4 - -1 4]y
Input High 0545] - 5 35 35 -1 -
Voliage, 1.9 | - 10 7 7 -1 -
MELUE ST Y] S T 1 "l - -
tnput Current = 018 | 18 |20.1 +01 [ 1 +1 — |+10-5] 201} uA
i|N‘Max. :




CD4089B Types

TRUTH TABLE

MOST SIGNIFICANT CEAST SIGNIFICANT
DIGIT DT

INPUTS OUTPUTS s
Number of Pulses or Number of Pulses or ?:
Input Logic Level Qutput Logic Level t—
{0 = Low; 1 = High; X = Don’t Care) {L = Low; H = High) ,:
plc|BlAjcLK|INH | STR] cAs [cLR | seT CuUT} OUT | INH |"15" H
IN ouT]out
olojojo|16]| o 0 0 0 0 L H 111 od
010101116 0 0 1] o 0 1 1 1 1 cLacK 926525008
oloj1]o| 16 0 0 0 0 0 2 2 1 1. Fig. 13 ~ Two CD40898B's cascaded in the “Add”
ofofrf1[18] o 0 0 0 0 3 3 111 Mode with 3 grest number
ofifolof1e| o 0 0 0 0 onas(ﬂiﬂ)
4 a 1 1 16 256 256
ol1]oj1]|16] o 0 0 0 ] 5 5 1 1
ol1|1|lo]16]| © 0 ] 0 0 6 6 1 1
ol1|1|1]16]| © 0 0 0 0 7 7 1 41
1|ojojo| 16| © 0 0 0 (] 8 8 1|1
tjojojr |16} o 0 0 0 0 9 9 1 1
1|oj1|o]|16] o 0 0 0 0 10 10 1 1 I 3
1]10j111}164{ © 0 0 0 0 1 1 1 1 =T T — o-—anm®our—
—C ouT ——~ G SuT —
17|00} 16 o 0 0 0 0 12 | 2 T | P A | s e
q K
1f1le]1] 16| o 0 0 0 0 13 13 1 | case casc
1|1{1|o] 16| o 0 0 0 0 14 14 1] e e
1|1|r|1|16]| 0 0 0 0 0 15 15 1 ] SLEAR 3 SHEAR S
x|x{x|x| 16] 1 0 0 0 0 t t H{t ot )
x|xix|x| 6] 0 1 0 0 0 L H T 11 s205-28009
x|xixIx| 16 0 0 1 0 0 H * 1 1 Fig. 14 —Two CD40898 s cascaded in the “Multiply”
mode with a preset number
1{x{x|x{ 16} o 0 0 1 0 16 16 H|L 113 143
o|x|x|x| t6] o 0 I+ 1 0 L H H|L 0f743(,6x§=m)
x|x{xix| 16| o 0 0 X 1 L H L |H

* Oulput same as the first 16 lines of this truth table {depending on values of A, 8, C, D}.

Depends on internal state of counter.

(2.286-2489)

4-10
{0.102-0.254)

105-H3 |
f 12.667-2.870)
92C5-29156R2

Dimensions and Pad Layout for CD4089BH

woo J JUUUUT UYL UUL

INPUT B=H

COUNTER STATE 031 2 3 &4 5 8 7'.3'! 10 # 12 13 t4 153 0
*
1 "
+
()
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M n_ | fid
|
1
t

INPUT Ceht _J-L m n ﬂ
VPRSPPI I N N N U ) O I ) A

1
AN OUTPUT BIT MAY BE FILLEDIN THIS CQUNTER SVATE
BY A LESS SIGNIFICANT CD4GB9 CASCADED IN THE ADD MODE. 4,0 ncoem

Fig. 15 - Timing diagram.

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

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto TI's terms
and conditions of sale supplied at the time of order acknowledgment.

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

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which T1 products or services are used. Information published by Tl regarding third—party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265

Copyright 00 2002, Texas Instruments Incorporated



