HARRIS SEMICOND SECTOR

& HARRIS

CMOS
Binary Rate Multiplier

High-Voltage Types (20-Volt Rating)

® CD40BYB is a low-power 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 output pulses for every
16 input pulses. This device may be used in
conjunclion with an up/down counter and
control logic used to perform arithmelic
operations (adds, subtract, divide, raise 10 a
power), solve algebraic and differential equa-
tions, generate natural logarithms and trigo-
metric functions, A/D and D/A conversions,
and frequency division.
For words of more than 4bits, CD40898

devices may be cascaded in two different
modes: an Add mode and a Multiply mode
{see Figs.14 and 15). In the Add mode some of
the gaps left by the more significant unit at
the count of 15 are filled in by the less
significant units. For example, when two
units are cascaded in the Add mode and
programmed to 11 and 13, respectively, the
more significant unit will have 11 output
pulses for every 16 input pulses and the
other unit will have 13 output pulses for every
256 input pulses for a total of

1" 3 189
= .=
16 256 256

In the Multiply mode the fraction pro-
grammed into the first rate multiplier is
multiptied by the fraction programmed into
the second multiplier. Thus the output rate
will be 1113 143

X =
16 186 256

MAXIMUM RATINGS, Absolute-Maximum Values:
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CD4089B Types

Features:

® Cascadable in multiples of 4-bits
= Set to 15" input and "*15” detect output

BINARY RATE

cuock SELECT INPUTS
Q

® 100% tested for quiescent current at 20 V .
" 6-V, 10-V, and 15-V parametric ratings (c"“"l:“
® Standardized, symmetrical output characteristics serro | 4@T
& Maximum input current of 1 uA at 18 V over Wl maany
full package-temperature range; 100 nA at CounTER
18 V and 25°C B )
® Noise margin {full package-temperature T Tsour
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FUNCTIONAL DIAGRAM

® Meets all requirements of JEDEC
Tentative Standard No. 138, “Standard
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® Numerical control

& |nstrumentation

w Digital filtering

® Frequency synthesis
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The CD40898 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.
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Fig. 1 — Typical outputlow (sink) current
characteristics,

ANGENT TEMPERATURE (Ty1225°C {

1f 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.
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The CD4089B types are supplied in 16-lead :,:-.z"“
ceramic dual-in-line packages {D and F suf- K ¥
fixes), 16-lead dual-In-line plastic packages .,2. o IR
(E suffix), and in chip form (H suftix). g HHHH
]
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Fig. 2 - Minimum output low (sink} current
characteristics,
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Voltages referanced to Vgg TErMINal) ...vvuuieneiiireeieerireseeteees e easeannnss ~0.5Vio +20V  [AUBIENT TEWERATURE TTanZsocHH TEHTTY
INPUT VOLTAGE RANGE, ALL INPUTS .. ... -0.5VtoVpp +0.5V H JOLTAGE [Vgs)--3Y s F
OC INPUT CURRENT, ANY ONEINPUT ...ttt e el *10mA N:?:,
POWER DISSIPATION PER PACKAGE (Pp): Y £

FOrTA = =B50C10 #100%C ... .tuuet ittt et et e e el 500mW f » g

ForTpa=+1000Cto+125%C. .. ... i ittt Derate Linearity at 12mW/°C 1o 200mW + + Ng
DEVICE DISSIPATION PER QUTPUT TRANSISTOR g

FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (Al Package TYRES) ... oo.vvenesennnn. .. 100mW 28
OPERATING-TEMPERATURE RANGE (Ta) -559C to +1259C b 3
STORAGE TEMPERATURE RANGE (Tgig) ... ..ven... -650C to +1500C 5
LEAD TEMPERATURE (DURING SOLDERING): H

Atdistance 1/18  1/32inch (1.59 + 0.79mm) from case for 108 MaX ..........ceeueenrnnennennans +265°C °

205263200

Fig. 3 — Typical output high (sourcel current
characteristics.
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ORAIN-TQ-SOURCE VOLTAGE {Vpsi—V

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

-is R
reliability, nominal operating conditions should be selected so that operation is always within et 'E;"f‘"l‘:“""f‘;:"l?hfﬁ:ﬁ;:g“ HH .
the following ranges: GATE - JOUGE tlt -5y i f
Fiptihes ’a T
CHARACTERISTIC Voo LIMITS UNITS e i 2 __Q
(v} Min. | Max. A Z
Supply-Voltage Range (For T = Full Package- HEH
3 18 v g
Temperature Range) g
3
5 | 160 - H
Set or Clear Pulse Width, W 10 90 - ns :
15 60 - d &
5
5 | 330 - - i °
Clock Pulse Width, tw 10 170 - ns . s2c5e243002
15 100 - Fig. & — Minimum output high (source) current
5 1.2 characteristics,
Clock Frequency, foL 10 de 25 MHz _’” ANBIENT n)-alsf::l
15 35 _.* ‘_\;;,
) 5, & e
Clock Rise or Fail Time, LCL or tieL 10,15 - 15 Hs 3“ NG
5 | 100 - H
inhibit In Setup Time, tsy 10 40 - ns ; LHEh
15 20 - o i B 2
= =
5 240 — §
Inhibit In Removal Time, tREM 10 130 _ ns g
15 110
5 |50 - LOAD CAPACITANCE {Cr)—pF
. 9203-20184
Set Removal Time, 'REM 10 80 - ns Fig. 6 — Typical propagation delay time as a
18 50 — function of load capacitance (Clock
5 60 - or Strobg to Out).
Clear Removal Time, tREM 10 40 - ns AMBIENT TEMPE]
15 30 - i

TRANSITION TIME (NTHIL A TLH)—08

0 20 40 60 80 100
LOAD CAPACITANCE (CL)—pF
F2¢8-243522
RSt Fig. 7 — Typical transition time as a function
e tous i of load capacitance.
3 } amany = =
sonTER {41 AMBIENT TEMPERATURE T4 )e25°C H
sET s  CaATES N i H‘» T '045 i ]__L"
o ] | ] SR
h 10 + oS e 3 [
. : L o d S dHiRm e
o] | 2 L | LAl THE
R g 2 _\o"/, JARY,
- = 7 f .
3 < 10 L —-»—// e O |
2 ! A7 i
. 2 ¢ 4
;‘-‘:9'-5'5 ARE PATTECTED INH:BIT QUT x 2] L i 14 I
T LMTS ARCTEIT SN Q. u
< 3 3 7 CLe50pF moer
NETACRX s < & 1o ,/ 4 e +H
Yoo 8 4 7 1
a4 : ]
—_—
* ][ 92€8.25007R3 wl | A [ ] 1 i}
[ 4
N 0 ‘ot 103 o s
O—4—AA— VHPUT FREQUERCY Uigd=AHz  yacq . a00ay
Fig. 8 — Typical dynamic power dissipation as a
g Fig. 4 — Lagic diagram. function of input frequency.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=25°C; Voo
Input t_, t5 = 20 ns, Cy =50 pF, R =200k

O o) 1soo.e
TEST T @ F
CHARACTERISTIC CONDITIONS UNITS "
Voo LIMITS i - é Q
- M
\ Min. Typ. Max. T ; 13
T
5 f - | 110 | 220 —F—:
Propagation Delay Time, PHL. PLH 10 55 110 8 kJ
Clock to Dut B = =
o o Bu 15 - 45 90 ns s2cs-29187
5 — 150 300 Fig. 9 ~ Dynamic power dissipation test circuit,
Clock or Strobe to Out 10 - 75 150 Yoo
15 - 60 120 t
Voo
_ INPYTS
Clock to Inhibit Out 5 360 720 o
High Leve! to Low Level 10 - 160 320 ns v
g 15 - 110 | 220
5 - 250 500
Low Level to High Level 10 - 100 200 ns
15 - 75 150
5 - 380 760 J
Clear to Out 10 - 175 | 350 ns % s e B W
15 — 130 260 Fig. 10 — Quiescent device current test circuit. % E
s | - | 300 | 600 28
Clock to 9" or “15™ Qut 10 - 125 | 250 ns 55
v,
15 - 90 [ 180 oo E e
5 - 90 | 180 wPugs | S35
Cascade to Out 10 - 45 90 ns Voo - :‘;‘SURE weuts 8=
15 - 35 70 ?*@" -~ SEQUENTIALLY, |
Vss ~ TO BOTH Vpp ANO Vg
O I B I - R
Inhibit In to Inhibit Qut 10 - 75 150 Vop O Vss-
15 | - 55 | 1o | vis
25-27402
5 - | 330 | 660 ] e .
Set to Out 10 _ 150 300 Fig. 11 — Input-current test circuit.
15 - 110 220
5 - 100 200 Yoo
Transition Time, THL 'TLH 10 - 50 100 ns f
15 - 40 80 IneuTS | | gureurs
5 f12 | 24 | - e T
Maximum Clack Frequency, foL 10 25 5 - MHz viL -] . %‘
15 3.5 7 - - = =
5 - 165 330 V‘ss N st any COMBINATION
Mimmum Clock Pulse Width, tw 10 - 85 170 ns oF InPuTS
15 | - 50 | 100 Lo meEam
5 - _ 15 Fig. 12 — Input-voltage test circuit,
Clack Rise or Fail Time, tCL- teL 10 - - 15 us
15 - - 15
5 _ 80 160 “15"out Iz. Voo
¢ A
Minimum Set or Clear Pulse Width, tw 10 - 45 90 ns o 3 :
15 — 30 60 SET 10”15 —] 4 CLEAR
o0t 5 CASCADE
5 - 50 100 INHIBIT IN
ur —16 {CARRY)
Minimum InhibitIn Setup Time,  1g 10 - 20 40 ns T —7 STROBE
15 - 10 20 Vs 8 €LocK
Minimum Inhibit 1n I(E; - Iég ?;g 92¢5-25005R)
Removal Time, tREM 15 - 55 110 ns TOP VIEW
- TERMINAL ASSIGNMENT
3-211
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C (cont'd) ’
Input t,, t¢= 20 ns, C|_= 50 pF, R|_ = 200 kQ2

TEST
CHARACTERISTIC ICONDITIONS UNITS
v LIMITS
DD -
v Min. | Typ. | Max.
5 - 75 150
Minimum Set Removal Time, trem 10 - 40 80 ns
15 - 25 50
5 - 30 60
Minimum Clear Removat Time, tRgm 10 - 20 40 ns
15 — 15 30
Input Capacitance, Cin |Any Input| — - 5 7.5 pF
STATIC ELECTRICAL CHARACTERISTICS
U
CHARAC.- CONDITIONS LIMITS AT INDICATED TEMPERATURES (oc) ?I
TERISTIC
T
Vo | Vin|Vop *25 s
(v) Vi | (tvif -85 | —40 +85 [+126 |Min, | Typ. |Max.
. - 0,5 5 5 5 150 150 { - 0.04 6
Quiescent -
Device - 0.10| 10 10[ 10| 3a00] 300] - 004 | 10} o
fu"e’at- - 01s] 15| 20/ 20| 600 e0o| - 004} 20
ax.
oo — lo20] 20| 100] 100 | 3000 3000| — | 0.08] 100
E 5 .64| 0.61 0.42| o. . -
Output Low 04 0,5 0.6 36| 0.51 1
{Sink) Current| 0.5 0,10} 10 1.6 1.5 1.1 0.9 1.3 26 -
lop Min. 15 Joasiis | a2 4| 28] 24| 34| e8] -
4.6 0,5 5 |~0.64| -0.61 | -0.42} -0.36 | -0.51 -1| - ImA
Output High
{Source) 2.5 a.5 5 -2 -1.8 -13}1-1.15| -16} -3.2] -
|C“"9M"‘rr‘ 95 |o10] 10| 16| -15] —ta[ —09| —1.3] —26] =
in.
OH 13.5 0.15] 15 | -4.2 -4 -28( -24| -34] -68] -
Output Voltage j._ 0.5 5 0.05 - 0]0.056
Low-Level, - 0,10 10 0.05 - 00.05
Vo Max. - fos| s 0.05 Z 0]o0.0s]
Qutput = 0,5 5 4.95 4.95| 5| —
Voitage: _ -
Fhgh-Level, 0,10 10 9.95 9.95 10
Vou Min - 0,15 | 15 14.95 14.95 15 -
0545] - 5 1.5 - -~ 1.5
Input Low
Voltage 1.9 - Y 3 h -
ViLMax. lhs135] - |15 4 - - 4y
Input High 0545| - 5 3.5 3.5 - -
Voltage, 1,9 - 10 7 7 - -
VinMin. - 3 sl — s 1 n| -[ -
tnput Current _ 018 | 18 | 0.1 +0.1 +1 +} - +10-5]| 0.1 BA
1N Max.
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TRUTH TABLE MOST Snl%'ﬂﬂcl.‘l! LEAST EIEGGIN"IFICA.’CY
INPUTS QUTPUTS s
Number of Pulses or Number of Pulses or b oru R S [~
Input Logic Level Output Logic Level '—:oc NH OUT =
{0 = Low; 1 = High; X = Don't Care} {L = Low; H = High} o
DjcisfAafcLkliNH | STR| cas [cLR | ser OUT| OUT | INH [“15” ‘E;","c‘"“ e
IN ouT|ouT LA
ofojojoji6| o 0 0 0 0 L H 11 =
0jojo|t]1e 0 0 [} 0 0 1 1 1 1 92¢5.29008
olol1lof16] o 0 0 0 0 2 2 1 1 Fig. 13 - Two CD40898's cascaded in the “Add”
olof1f1]1e 0 0 0 0 0 3 3 1 1 mode with a preset number
100 (1L, 12189
0j1]0|0] 186 0 0 0 0 0 4 4 1 1 o 16 256 256
0110{1 |16 0 0 0 1} 0 5 5 1 1
01110 16 0 0 0 0 0 6 6 1 1
0|1 (1{1] 16 0 0 o] 0 0 7 7 1 1
i(0jofo} 16 0 0 0 0 0 8 8 1 1
1(0]joj1] 16 0 0 0 0 0 9 9 1 1
110(1(o] 16| o o} 0 0 0 10 10 1 1
1/011{1] 16 0 0 0 0 0 11 1" 1 1
1(1j0]o[16] o 0 0 0 0 12 12 1 1
11rjoj1 {18 o 0 0 0 0 13 13 1 1 »
1(r)tjof 16 o 0 )} 0 [} 14 14 1 1 g §
T )1 416 0 0 0 0 0 15 15 1 1 O
- 3
=&
X{X{X|X] 16 1 0 0 0 0 t 1 H 1 ot g 6
XIX[X{x]16] o 1 ] 0 0 L H 1 {1 926423008 o=
x|x|xix!| 16| o 0 1 0 0 H 1 1 Fig. 14 —Two CD40898° cascaded in the “Multiply” | & g
mode with a preset numbec | E
1[x[xix][ 18] o [} 0 1 0 16 16 HlL 113 143 i
ox[x|x|16] o 0 0 1 0 L H H L of 143 (Ts"??ﬁ)'
X[XIX[X]| 16f © 0 0 X 1 L H L H

* Output same as the first 16 hnes of this truth table (depending on values of A, B, C, D).
Depends on internal state of counter.

COUNTER STATE 0O 1 2 3 4 5 &8 T &8 9 101 121314 1350 1§

n_ !
L
Tas outpuT
(LSBHINPUT AsH ] i’ !'AAvﬁs
TRAN
N N b (TERN 8)
1INPUT BeH = —
— 1
1
+

INPUTCsH J I-L m m N

AN OUTPUT BIT WAY BE FILLEO N THIS COUNTER STATE
-98 8YA LESS SIGNIFICANT CO4G89 CASCAOED IN THE ADD MODE.  45¢5. 25000m

90
oll(2.286-2489)
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 {10~3 inch).

4-10
(0.102-0.254)

105-113 |
! (2.667-2.870)
92C38-29156R2

Dimensions and Pad Layout for CD40898H -
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