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Abstract :

The u.h.f. remote control through a.c. line invented
for control the on/off house appliance by remote using control
panel. The control panel system‘ consists of a.c. line of all
house appliance and control operation by remote control. The
principle of this project is encode signal by i.c. and then
modulation with u.h.f. transmitter. The u.h.f. receiver is decode
signal for control the on/off house appliance. The u.h.f. in this
project designs low power output for protect interfernce in u.h.f
communication system. Example cellular phone,pagging etc. Exeause
of the characteristic of wave travelling and the size of
transmitter and receiver antenna. So it is the interesting
freqency range and each point of electrical equipmant have the
a.c. 220 v line back up. It should be use the a.c. 220 v line for
the advantage of reduce the trouble of wiring a.c. line.

The producers considerable the problem in this project

and espect to develope this project in the future.
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ML926/7

REMOT! CONTROL RECEIVERS
(WITH {,OMENTARY OUTPUTS) :

——————— e S i,

The ML926 and ML927 are: MOS LSt monotit ¢ circuits
for use as receivers of remote control signals fo television
control and many other apphcations, They are v neral pur-
pose devices each receiving s1,teen of the thirty ~vo codes

lransmitted by the SL490 circunt as pulse pos: in modu- roumegt s 9267 fio | e

lation (PPM), s q‘ sha

FEATURES : oes

7/ A Fig.1 Pin connections (top view)

B Minimum Package Size - 8-Lew Minidip -

M Four Outputs Indicate in Binary the Cor:o o —— | — L roee
Currently Being Received. and Are Swii :hed Off Sor] orme e oscnuaron °°":"'"
{Low) When No Valid Code is Detected.

B On-Chip Oscillator 1

B High Power, Free Drain, Output Buffer:. P —

-voo ComPaRaTOR

OPERATING NOTES :

The receiver operates on a timescale fixed by - internal vss A

oscillator and its external timing components. Th iscillator i’“—‘l

may be adjusted to any vaiue between 15Hz a: 150kHz
(allowing different receivers 1o respond to different
transmission rates withint the same area).

Checks.are made to ensure 6 pulses, or 5 bits, ar: received
tor a word to be valid, and only after two conse ‘tive'and
identical words is the receiver allowed to respc 1 to the
incoming code.

The ML926 responds only to codes 00001 to 0 11 from
the SL490 transmitter whereas the ML927 respond: o codes
10001 to 11111,

ABSOLUTE MAXIMUM RATINGS

.. Voo supply and inputs w.r.1, Vss +0.3\ 10-25v
' Storage temperature —55"C 1o 125°C
Operating temperature ambient -10°C ,+65°C

40

-VuoC|° sfjo

OSCRLATOA Tivt CONSTANT - ML 7f)c

Fig 2 Block diagram

PPM INPUTS
0

Fig. 3 Test circuit

|
M
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ELECTRICAL CHARACTERISTICS

Test Conditions (uniess otherwise stated):
Voo = —16V, Vss = 0V

ML926/7

Tamb = 25°C
Value
Characteristic Pin - - Units Conditions
Min. Typ. | Max.
Operating supply voltage range 12 14 1 \
Current consumption 1 2 3 mA
PPM input .
Input leve! high 3 -1 (e} \
Input level fow 3 Voo - A 1
input pulse width 3 1 2" sec | T=
put pi osc| H Tose
Oscillator time constant See Note 1
Oscillator frequency 2 15 | 1ok Hz
3k Hz Typical TC: 22nF toVss
100kjto
Variation wrt Vpp 1 %V 00kito Voo
Output voltage high 5-8 15 ( v R =3.0Kto VDD
Output device feakage (Output OFF)| 5-8 ’ HA 7
Note 1. Ry (Pin 2)is 56k-156n0 - flosc o (TT;—Cﬁ £20%

PIN FUNCTIONS
POSITIVE LOGIC ‘1" = Vss, ‘0" = Voo

1. Voo
—14V to —18V power supply

2. Oscillator time constant

An RC time constant of a capacitor and resistor at this
pin defines the internal clock frequency. The clock
frequency may be varied from 15Hz to 150kHz.

3. PPMinput

The output of the ‘front end’” amplifict is connected 10 this
pin; the signal must consist of a normal ‘low’ level with pulses
to high level corresponding 1o the PPM pulses from the
transmitter. .

4. Vss
0V (ground)
5-8. A.B.C.D

Four open drain high power transistors give a binary
coded output of the valid code being received.

Momentary binary outputs

Transmitter

Code ML926 ML927
EODCBA DCBA DCBA
00000 0000 0000
00001 0001
00010 0010
00011 0011
00100 0100
00101 0101
00110 0110
0ot 0111
01000 1000
04 001 1001
04010 1010
61011 1011
64100 1100
014101 1101
01110 1110 4
04111 1111 AR
TO0000 0000 0000
10001 0001
10010 0010
10011 0011
10100 0100
10101 0101
10110 0110
10111 0111
11000 1000
11001 1001
14010 1010
14011 1011
14100 1100
14101 1101
14110 1110
14 111 [ [ 17111

Table 1 Response to SL490 codes

41
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SL490B

A REMOTE CONTROL TRANSMITTER
: Plessey Semiconductors have developed and produced a
range of monolithic integrated circuits which give a wide 9V ako 9 [+ 18 1] CARRICR Tiwt CONSTANT
variety of remote contro! facilities. As well as ultrasonic or o[} sTasursen voTage
infra red transmission, cable, radio or telephone links may wwr{ N ST——
3 also be utilised. Pulse position modutation (PPM) is used .
with or without carrier and automatic error detection is also vat-w [ TP o sarm
incorporated. Although initially designed with TV remote oooxx (f s v [J o m"'
control in mind the devices may equally easily be applied for P T n ] xam
use in radios, tuners, tape and record decks, lamps and warax § oo d, i
lighting, toys and models, industrial control and monitoring. mi SILECTION MATAX o s
» The SL490B is an easily extendable, 32 command, pulse . n e o R
position modulation transmitter drawing neglible standby e s o 1o DP18
current. it may be used with the ML920 series of remote

control recelvers. Fig.1 Pin connections - top view

FEATURES
| ic or Infra-réd Transmissi
= U!trasomf: or Infra-red ransmcssaon QUICK REFERENCE DATA
Direct Drive for Ultrasonic Transducer B s ) . .
W Direct Drive of Visible LED when using Infra-red Oporating g2 Standoy Gmicroamps,
: :e:y '-:W ._P°Wi; Re?“" ements - B Modutation: Pulse Position with or without Carrier
ulse Position Modulation gives Excellent Immunity ing: 5 Bi i ; .
from Noise and Muttipath Reflections X %%g%,,snggc‘gom gving a Primary Command Setof
n Single Pole‘ Key Matrix B Key Entry: 8 x 4 Single Pole Key Matrix
B Swilch Resistance up to 1kohms Tolerated B Data Rate: Selectable 1 Bit/Sec to 10k Bit/Sec,
M Few External Components M Carrier Frequency: Selectable OHz (No Carrier)
B Anti-bounce Circuitry On Chip 10 200kHz
SWITCH 4
CURRENT 1——0 voq
l ] SELECTOR
( ]
& D,
7 RE’GutATOR J Vaea
TRIX J s I
OU“AMENT o ENCODER
SOURCES oS — CODE
° REGISTER MULTIPLEX
[ S——
) 11
© i 4
12
~
[13 : o
swren | ‘6—] encooen
MATRIX
CURRENT 15
SINKS oy
1 N "
+ OSWC“ .R:grnoﬁ [———0 TIME CONST

Fig.2 SL4908 transmitter block diagram 129
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated)
Tamb = 25°C Vec = +7Vto +10.5V

Characteristic Pin - ‘.’r‘;p“e Ma—] Units Conditions
Operating supply current 4 95 16 mA | Vec =95V
Standby supply current 4 10 HA
Stabilised voltage 17 4.1 49 \'
Output current available from
stabilised supply 17 1 mA
Output voltage swing 23 Jec -1 v Unloaded
Output voltage 2 1 vV |t =10mA *
Output voltage 3 1 V|l =5mA } Peak value < 1ms
External switch resistance 5-18 5 kQ
External carrier resistor R2 18 20 40 80 kQ | C2 = 680pF fc = 40kHz
t1 deviation from calculated value] 23 +10 % |R1 =15k}t =0.95C1R1
using fixed timing components 23 +10 % | R1 = 60k }See Fig.4
PPM resistor 16 15 30 60 K
Variation of t1 and to with Vce
.ty with Vee = 7V/t with
Vce = 105V 23 +4 %
to with Ve = 7V/to with
Vee = 10.5V 23 +4 %
Ratio to/ts 23 1.4 16
Pulse width ¢, 23 11 ts 022 t:
Interword gap 23 3 The interword gap is 3 times t1

derived by counting

i b

I

130

Flg.3 PPM word notation
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: BA BA oA
W o 1 1 .
. we | 4
NN
001
0 . . "
()
{ on .
= [0
N 100 .
L] {}10 ’ D—J
1o —{1 e—
11 {]:2 n—
J ——— s s[}— $ +10v
- A sues N !
—4j 4 s }—-——“
184 900
—{11s 4f}——evce ot
€1, o2 i i —il
. cRo
H gw - i1 }
. c2 (X7 Y A
S S >
v 2 1t =095 C1A1
el ox I 100k =07 2R
At .
Fig.4 Test circuit
$x4
KEYPAD
o hey$—tn .
'/
-~ {In s .
P———————{]n2 }—
- J i
{ 12 . [} j..—_
/vL { oA SL4908 s}
I
g ¥ 4
R
Y1) %) 'Lf;ou
[Ty ,J",tov
2 }-—'
TR2 2
. pr 80437
72X =%, L l €327 W e
oy~ 2aCav99
o2 // 12 COxXa? I
“ Fig.5 Infra-red application cir uit
131
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OPERATING NOTES

Fig.5 shows the circuit for a simple  ra-red transmitter
wherethe PPMoutput from pin2 of the .L.4908 isfedtothe
base of the PNP transmitter TR1, pro icing an amplified
currentpulse about 15usec wide. Thisy» sseisfurther amp-
lifiedby TR2and appliedtotheinfra-re :fiodesD1and D2,

The current in the diodes and the int*a-red output Is con-
trolled by the quantity, type, and conne-.tion method of the
diodes and also by the gain at high c.irents of the tran.
sistors. .

The most common solution where cost Is important is
to use 2 singlechip diodes, such as the CQY99 connected
in serles.

Improved output can be obtained b; using four CQYgg
diodes in a series parallel arrangement, t ut it is usually sim-
pler to use 2 multichip diodes such «; the CQX47 con-
nected in paralle! or a single CQX19 : hich gives similar
results, :

A significant increase in range cant: obtained by using
diodes such as the CQY99 in conjun: 1on with a plated
plastic parabolic reflector.

When building the transmitter, car should be taken
with the choice of the capacitor Cdland with the circuit lay-
out, particularly when multi-chip diodes. sre being used, as
the current pulses can be as highas6tc Amps.

Transistor choice is also important » ¢ any substitutes
should have high current gain charactc :stics and switch-
ing speeds similar to those specified in g.3. f

An increase in output can be obtair :d by connecting
TR2 in common emitter configuration, 1t care should be
taken not to exceed the rating of the dio- s,

Cholce of PPM Frequenciles

Although the ML920 serfes of femo!  control receivers
is designed to work over a wide range cf *PM frequencies,
the actual usable fange may be resti- ‘ed by the appli-
cation. The analogue outputs on the § 920, ML922 and
ML923 serve as a good example, sinc: the outputs will
step up or down, one step for each p-iir of PPM words
recelved. This In tum fixes the rate of ir :rement or decre-
ment of the volume or colour controls of : TV set.

When the transmitter is beln? used with an infra-red
link, with high current pulses fed to the « iodes as in Fig.5|
power consumption will increase with fr. quency. It Is thus
advisable that with a battery power st iply, the slowest
PPM rate consistent with adequate resy inse time should
be chosen.

Setting Up Procedure

When designing a remote control syster1 using the SL490
in conjunction with the ML820 range of re: aiving clrcuits it is
important from a manufacturing point of view for afi
transmitters to be interchangeable. The ti: Ning capacitor C1
should be chosen to give the required 11 time calculated
from the formula T1 = 14CR with R = 33k, The R value
should be made up of a series poter tiometer resistor
combination with sufficient adjustment 1. compensate for
the-1.C. and component tolerances.

132

The timing components on the receiver can be selected
using the formula

a1 =49
'RX _Wi.?o%where ’RX to

to being the PPM logic 0 time from the transmitter. .

If the recommended value of potentiometer and fixed
resistor, as shown in Fig.6, are used, then the vatue of Rinthe
above formula should be 84k0). This_gives the maximum
frequency adjustment range, which is needed to cope with
component and IC tolerances.

Final adjustment is made by setting the period on the
feceiver osclltator time constant pin to 1/40th of the trans-
mitter PPM logic 0 time using the potentiometer.
Connection to the receiver time constant pin should be
made using a x10 oscllioscope probe to reduce circuit
loading.

‘When adjusting the ML920, the monitor output can be
used for setting up, but in this case, a figure of 1/20th of the
transmitter PPM logic 0 time should be used as the monitor
output is at half the osciliator frequency.

I
—_—
c

20 osc.v/c

senes i

RECEWVER (<

ses

PUSE—

Fig.6 Recommended receiver time constant components

ABSOLUTE MAXIMUM RATINGS

7V to 9.5V
600mw

—10°C to +65°C
—55°C to +125°C

Supply voltage

Total power dissipation
Operating temperature range
Storage temperature range

an
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CD4098B Types

CMOS Dual Monostable

Multivibrator
High-Voltage Types (20-Volt Rating)

The RCA-CD40988 dual monostable multi-
vibrator provide: stable retriggerable /reset-
table one-shot operation for any fixed-volt-
age timing application.

An external resistor (Rx) and an external
capacitor (Cx) contro! the timing for the
circuit. Adjustment of Rx and Cx provides
a wide range of output pulse widths from the
Q and Q terminals. The time delay from
trigger input to output transition (trigger
propagation delay) and the time delay from
reset input to output transition {reset pro-
pagation delay) are independent of Ry and
Cx.

Léading-edge-triggering (+TR) and trailing-
edge-triggering (-TR) inputs are provided
for triggering from either edge of an input
pulse. An unused +TR input should be tied
to Vss. An unused ~TR input should be tied
to Vpp. A RESET (on low level) is provided
for immediate termination of the output
pulse or to prevent output pulses when power
is turned on. An unused RESET input should
be tied to Vpp. However, if an entire section
of the CD4098B is not used, its RESET
should be tied to Vgg. See Table I.

In normal operation the circuit triggers (ex-
tends the output pulse one period} on the
application of each new trigger pulse. For
operation in the non-retriggerable mode, { is
connected to —~TR when leading-edge trig-
gering (+TR)is used or Q is connected to +TR
when trailing-edge triggering (—TR) is used.

The time period (T} for this multivibrator can
be approximated by: Tx=%RXCx for Cx »
0.01 uF. Time periods as a tunction of Ry
for values of Cx and Vpp are given in Fig. 8.
Values of T vary from unit to unit and as a
function of voltage, temperature, and RxCy.

The minimum value of external resistance,
Rx. is 5 kQ. The maximum value of external
capacitance, Cx, is 100 yF. Fig. 9 shows time
periods as a function of Cx for values of Ry
and Vpp.

The output pulse width has variations of
12.5% typically, over the temperature range
of ~55°C to 125°C for Cx=1000 pF and
Rx=100 k2.

For power supply variations of 15%, the out-
put pulse width has variations of +0.5%
typically, for Vpp=10 V and 15 v and 1%
typically, for VDpD=5 V at Cx=1000 pF and
Rx=5 k.

These types are supplied in 16-lead hermetic
dual-in-fine ceramic packages (D and F
suttixes), 16-lead dual-in-line plastic pack-
age (£ suffix), 16-lead ceramic flat packages
(K sutfix}, and in chip torm (H sutfix).

The CD4098B is similar to type MC14528.

—
- Cxy Ry,
it M\~ Yoo

Features: e Rxcxin
® Retriggerable/resettable capability et | Is .,
® Trigger and reset propagation delays POTY ) ONO;

independent of Ry, Cx Reser {7 &5
® Triggering from leading or trailing edge
® Qand Q buffered outputs available
® Separate resets a2 L__h
% Wide range of output-pulse widths - -1 "3‘ WONOy A
® 100% tested for maximum quiescent RESET &

current at 20 V
8 Maximum input current of 1 HA st B WAt

18 V over full package-temperature Voo* 18 voo

range; 100 nA at 18 Vand 25°C vas - a1 M et
8 Noise margin (full package-temperature CD40988

range}:  1Vat Vpp= 5V Functional Diagram

2V at VDD-W v
25Vatvpp=15v

® 5.V, 10-V, and 15. parametric ratings

Standardized, symmetricai output

characteristics

& Meets all requirements of JEDEC .
Tentative Standard No. 13A, “Stand-
ard Specifications for Description of ‘B*
Series CMOS Devices.”

Applications:
8 Pulse-delay and timing
® Pulse shaping
® Astable multivibrator

MAXIMUM RATINGS, Absolute-Maxinum Values.
OC SUPPLY-VOLTAGE RANGE, Vpp!
(Voltages referenced 10 Vgs Termunal)
INPUT VOLTAGE RANGE, ALL INPUTS
OC INPUT CURRENT, ANY ONE INPUT
POWER DISSIPATION PER PACKAGE Pp).
For Ta = -40 t0 +60°C IPACKAGE TYPE £}
For Tp = +60 10 +85°C (PACKAGE TYPE E)
For Tp = ~55 to +100°C (PACKAGE TYPES D, F. K)
For Ta = 4100 to +125°C (PACKAGE TYPES D, F, K)
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (AN Pack

OPERATING. TEMPERATURE RANGE (Tt
PACKAGE TYPES D, F, K. H .
PACKAGE TYPE € .

STORAGE TEMPERATURE RANGE Teg)

LEAD TEMPERATURE (DURING SOLDERING}

Al disiance 1/16 2 1/32 inch (1,60 + 0 79 mmi from case for 10 s ouga

age Typest®

TOP VIEW

TERMINALS 1,815 ARE
ELECTRICALLY CONNECTED
INTERMALLY

92¢s-24 048

TERMINAL ASSIGNMENT

0510 +20V
0S10vVpp +05V
‘110 mA

o 500 mw
Oerate Lincarty a1 12 mw/OC 1o 200 mw
500 mwW

Derate Linearly at 12 mW/OC 10 200 mw

100 mw

55 10 +125°C
40 10 +B5C
65 10 +150°C

+265°C

RECOMMENDED OPERATING CONDITIONS
For maximum reliability, nominai operating conditions should be selected
so that operation is always within the following ranges:

Vop LIMITS
CHARACTERISTI unTS
€ ¢ v MIN. | MAX.
Supply-Voltage Range {(For Tp =
Fult Package-Temperature - 3 18 A
Range)
5 140 -~
Trigger Pulse Width tw(TR) 10 60 - ns
15 40 -
See
Reset Pulse Width wwiR) _ Dynamic Char. _
(This is a function of Cx) Chart and
Fig. 10
Trigger Rise or Fail Time
(TR, 1(TR) S B B B

286
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CD4098B Types
TABLE 1 [ JANGIENT TEMPERATURE n.)-zs‘ci
<« HHH
CD4098B FUNCTIONAL TERMINAL CONNECTIONS B 1
2 AT Hiy
. Vpp TO Vgg TO INPUT PULSE OTHER ; ""‘”“:“ vou
FUNCTION TERM. NO. TERM. NO. |TO TERM. NO. [CONNECTIONS § Jite ; L
o & 1
MONO , MONO, MONO, [MONO,, NO,[MONO, MONO,[MONO,, £ "t 4
2 H oV
Leading-Edge :H < s
Trigger/ 3.5 | 11,13 4 12 5 9 i
Retriggerable 3 (s
Leading Edge . Fil ] {
Trigger/ 3 13 4 12 5-7 119 ORAIN- TO-SOURCE VOLTAGE (Vps)— v
Non-retriggerable Fig. 1 — Typicsl output low (sink)}
Tniling-Edge current characteristics.
Trigger/ 3 13 4 12 5 11
Re!fiwrab‘e AMBENT TEMPERATURE (1,)-23°C
Trailing-Edge [ Hi
Trigger/ 3 13 5 1 4-6 12-10 ¥ HH §asss H
Non-retriggerable . c GATE - 70 S0UA
Unused Section 5 11 3,4 12,13 i Hitt
o o8
xoTES: 52 2503
1. ARETRIGGERABLE ONE-SHOTMULTE . A NON-RETRIGGERABLE ONE-SHOT § A H
VIBRATOR HAS AN OUTPUT PULSE * MULTIVIBRATOR HAS A TIME PERIOD 5
WIDTH WHICH 1S EXTENDED ONE FULL Ty REFERENCED FROM THE APPLI. (oY pA%
TIME PERIOD (Ty) AFTER APPLICATION  CATION OF THE FIAST TRIGGER PULSE. 3 T
OF THE LAST TRIGGER PULSE. 5t t T
The minimum time between —n—ﬂ-n-rL 0

retriggering edges (or trigger
and retrigger edges) is 40
per cent of (Tx).

INPUT PULSE TRAIN

RETRIGGERABLE MODE PULSE WIDTH { j— q

(+TR MODE)

NON-RETRIGGERABLE MODE PULSE
WIDTH
{+TR MODE)

fe—rx—=d

E:*ﬂ_{,

E] 0
OAAM - TO~ SOURCE VOLTAGE (Vpg)-—-V

¥2es pesm
Fig. 2 — Minimum output low fsink]
current characteristics.

ORAW- TO- souac( vo«.nc( tupgiv

-3
AMBHENT r:w(unwzn ¥ Z5°C HiHO
4 xuu.‘uuu}ﬂ#lﬂ p3heiitssatt

VOLTAGE {vgs . ?
t411t e g : _5
; 1 -
H I3 s
1 3 H
3 H
S 3
-0V 1 )
H i1 g
& i §
; i

L
Mizzzeass *
+ 3
a
Hi* é
i i i

Fig. 3 — Typical output high (source)

tas) p
current characteristics.
Vss
L] v,
]
4:<} ° Yoo DRAIN-TO-SOURCE VOLTAGE (Vpsi—V

™ .

®O——vgp —Osu0n 4 [N VortaaToRe (Ta-55°¢ RITTIH
T HEHHHHHH -
One &% VOLTAGE (Yge)e -3 V ¢
NOTE: SCHEMATIC SHOWN 1S 172 OF TOTAL - 3
PACKAGE, TWO SETS OF TEMMINAL - ‘—‘WV“T g
NUMBERS ANE SHOWN TERMINALS :nuér':c’;’;: r jk x z
18,13 ARE ELECTRICALLY CONKECTED €OS/MOS PROTEC TION H
INTERNALLY . ETWORK { HH ‘SJ
2UW-2T620Mm "ss g
Fig. 4 — CD40988 logic diagram. ]
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&
s
3 il 3
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Fig. 5 — Minimum output high (source)
current characteristics.
—
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CD4098B Types
. STATIC ELECTRICAL CHARACTERISTICS o | aseiEnT TEnPERATURE (r‘)-u'c i
‘ L
LIMITS AT INDICATED TEMPERATURES (°C) = ﬁiﬁﬂlﬁhfﬁﬂ i
Values at -55, +25, +125 Apply to D, F, K, H, pkgs. & i
g: : l’:{l\'ﬁ: CONDITIONS Values at —40,+25 485 Apply to E Pkgs. UNITS _f %&Fﬁﬁﬂlf!ﬂﬁ%ﬁgg%gm{g{ﬂgﬂg,' i
i Vo | Vin|Vbp 125 I G s R
Vi | V)| Vi) -55 | 40 | +85 | +125 [Min. | Typ. ] Max. = ﬁﬁ&iﬁ&ﬂ‘!ﬂﬁ%ﬁﬂggﬁmmmxu
Quiescent - 051] s 1 1 30 | 30 - 1002 1 e g‘égﬁgmﬁﬁﬁg
Device .~ _loi0[ 10 2 2 60 | 60 | - [002 ] 2 A 3 O ;Eﬁ: 'ggﬁ@rsulmg HEH.““
Curent - 105/ 15 ] 4 174 1120120 - ooz | a]* 3 [
lop Max. - |020] 20| 20 | 20 | 600 [600 | = 004 | 20 ::» uggﬁmgﬂmp;ﬁ[mmmmt gi
Output Low llﬁifﬂﬂﬁfﬂﬂmﬂmﬂﬂlWﬁ'ﬁmﬂiﬂﬂm Al
{Sink) 04 05| 5 1064|061 |042 (036 ]0s51| 1 - ° Lotb CaraciTANCE «:Ll—,r
Current, 0.5 0,10| 10 1.6 1.5 1.1 0.9 1.3 2.6 - Fig. & - Typical propagation delay l’lme
_'O_L Min, 1.5 0,15] 15 4.2 4 2.8 24 34 6.8 - A foad capacitance, trigger into Q Sy
Output High |46 [ 05 | 5 | —064]-061] 0.42]=0.36] 05T =" out. {All values of Cy and Ry)
(Source) 25 0.5 5 -2 {18 |13 [-1a5] 16 —32 -
Current, 9.5 0.10] 10 —-161-15{-1t1{09{-13 -2.6 ~
{oK Min. 135 (018 15 | 42| 4 |28 ~24 | -34| -68 -
QOutput Volt- %
: age: - Jos! s 0.05 - | o |oos 7
Low-Level. - 0,10] 10 0.05 - 0 0.05 . I l"'ﬂllyﬁpmmu
VoL Max. - 03515 0.05 T 0 [005 by, L %",i;iiiﬁi'ﬁ!fiiﬁfﬂIlmlf!ﬂllllﬂllliﬂlmlll il
- 2 5&mmmummnﬂumnmmmmmmmmnum
' Output Volt - i
i age: — 0.5 5 4.95 4.95 5 _ £ it ﬂﬁ;u%gxin I m:uf:ﬂm:mlﬂm!m[!l I
: . g E i
] High-Level, — 0,10 { 10 9.95 9.95 10 - H i
: Vo Min. - |05} 15 14.95 14951 15 - 3
' tnputtow [0545 | — | 5 15 -1 - lis ]
' Voltage, 19 -1 10 3 o = 3 H
" V“_ Max. 15,1385 - 15 4 - —_ 4 v
i nput High [0545 | — | s 35 35 | - | =
i Voltage, 1.9 - 10 7 7 E 1 LOAD CAPACITANCE (C( }—pf
g ViH Min. 15,135] - 15 1 n - - Fig. 7 — Transition time vs. load capacitancy
; Lg Tnput for Ry = 5 k$2-10000 kQ and
H Cy = 15 pF-10000 pF.
Current, = |018F 18 201 fs01} a1 | Lo e10-5 e pa Ay’ °
3 IIN Max.
1 Output 4
; Leakage 018 1018] 18 | t04 |+04 | 12 212 | - |10~ 0.4 | uA
; loyT Max.
| AMBIENT TEMPERATURE {Ta)e28°C [l AMOIENT TEMPERATURE (Taia28%¢ D: AMII(NY TEMPERATURE (T4 )+ 25°C
X oS / N ::- 100 un
7'°'_ - 7, _‘w 3 % :l '"g: fmu- lnu(-,x 20
> !: c"'ﬂa' / 7 // / '::Io‘;_voq it /// gni :
« 2 Cx 100 gF / ¢ F ~10V, 13V, 8V —— / / P
A= 1 a T w s 74004 2 2
sk | 7 exoner £ r 49729787 %
: 2 Laemnfy W ooy i
‘ Tl \ A— F A {v e .
E ':' !: / cx-00t,f E s J/Jf Ryo00xa IR
: £ oal. /) Yoo 13¥ — E‘o 3 < LFEr 3%
i £ M7 7 S0V Biev— 2 otk 35 —Fomom H
e S AL ] L .
n-l’ 4‘.| T l‘In £ l“ozﬂ 4‘.»,1 Q‘ln‘l !llml “l” 'o-l f 0 .oz |0’ |°4 o .oi o $3 T 3 '|'0, E K] ‘.:q»‘ F ) ‘.:O.
PULSE WIDTH ey PULSE WIOTH (PW) — 4 CXTERNAL CAPACITANCE Cxl—of
. s2CS-20736 v2Cs-2a4 137 %
1 Fig. 8 — Typical external resistance vs. Fig. 9 — Typical external capacitance vs. Fig. 10 — Typical minimum reset pulse W
‘ pulse width. puise width. vs. external capacitance.
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‘DYNAMIC ELECTRICAL CHARACTERISTICS

CD4098B Types

TEST CIRCUITS
AtTa=25°C Input t,4¢=20 ns, CL=50 pF, R, =200 k2
v,
3 TEST CONDITIONS LIMITS v
CHARACTERISTIC UNITS voo
Ry k) Cy (pF) Vpp (V)| Typ. | Max. INPyTS
Trgger Propagation Delay Time |~ 5 250 [ 500 s
. +TR, -TRt0 Q, 4 >15 10 125 | 250 ns
= ‘ 10,000
tpHL: tPLH 15 100 | 200
:wjg;um Trigger Pulse, Width, 5to 5 70 | 140
& 10.000 =15 10 30 60 ns @
twHe WL / 15 20 | 40
[Transition Time, 5 | 100 | 200 Yo s e
g Sto >15 10 50 { 100 ;i
TLH 10,000 Fig. 12 — Quiescent-device-current
15 40 80 test circuits.
Sto 1S to 5 100 § 200
foe 10000 | 10000 | 10 50 1 100
X 15 40 80
0.01 uF 5 150 | 300 ns
. 5 to 10 75 | 150 : ‘o
VY tTHL 10,000 to
‘s 0.1uF | 15 65 | 130 meuts outrurs
' 5t 0.1 4F 5 250 | 500 e L’
% 10,000 to 10 150 | 300 S .
z. ‘ 1uF 15 80 | 160 Vi [~ .
_Reset Propagation Delay Time, 5t 5 225 | 450
B 215 10 125 | 250 ns . vas
g. Tpue. TeLH 10.000 15 75 | 150 uméi:'“l’nvv'gmlnnm neI-2Mam
5 100 | 200 )
15 10 40 80 Fig. 13 — Inputvoltage test circuit.
15 30 60
ns
5 600 | 1200
100 1000 10 300 | 600
15 250 | soo
5 25 50 )
0.1 uF 10 15 | 30 s r
¢ 15 10 20 weyrs |
‘rigger Rise or Fall Time 5 to Voo - # -
B (TR). 1 (TR) = B .| - |00 #s 0= - Seovtrciy,
- Ve - TO 80TH Vpp AND Vg
se Width Match S 5 10 SomeCT AL uersen
, Between Circuits in 10 10,000 10 75 15 % Vpo O Vgg-
Same Package 15 7.5 15 2¢s 2ea0s vis
E‘n Capacitance, Cin Any Input 5 75 pF Fig. 14 — Input leakage current tese circuit.

O] ameient Temeenatone (113

s < Px-5xaTolug N
CLe%0pF

HENRS AN

o — g
T N T

I =
o 2verags power L]

El Es \fb‘b\ & N oo 0.,“\-’” for tow than 100X duty cycle: T
53.,4 20 N Har s N~ $100 * ovorag power for YOON duty cycie
N . -
% T & \s, —] '-(—"—)rw-m'_-u-m..n.m
2 T %, o ° s T = tragyar puee parend
§§ I T AN\ \,°’u \.":' \..‘ €9 For tm 2 6004, 17 = 1000 2, Cy = 001 1F,
h:”'l:—.._ - _“ VOD"“Y
53 N S T, < (200)10% 0 - 60 0 e et
s L] vopesv—. ne an graght
ER & I SOy —.
[« AV —

o bl |

. ot < i o Tm

ONE - SHOT PULSE WiDTH ( o) =t

Fig. 11 - Average power dissipstion vs. one-shot pulse width.
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CD4098B Types

APPLICATIONS

Voo Yoo
Rxi Rx2
Cxt Cx2
i A2 i I 2 G| -TR[— s W o
+TR 4 6 " -‘t OUTPUT
v, °—C SJE‘“O.“)' Vgs —{i2+ oNO 2
o 3 Voo —{i3
INPUT PULSE —C\_ TymRy Cyy
2
OUTPUT PULSE o R o (s 2% Rya Cxa
X
Cy 20.01uF
92CS-24256R2
Fig. 15 — Pulse delay.
Voo __f Yoo
ey O p.
2Ry 2®x2
exi xz ¢ ‘00. Tx v Ry
=2 bl
AR Gl L e L Ax | 'ootAw) | 11472 | VOO
S MONO( VsS 7112 MoNo. 0k 1mA 38
‘bo.’ . 13 ]l 2 o2 |outPur i I v
s 00SmA | 053
1 25mA 32
% RUN Voo 4 ! e
Voo v, /[ 05 mA 054
vgs —o ‘ sugav: BmA £
RESET seser® — — woue | i 117
- YR s T T2 b-T1 e T2 be— 1mA 05
AT poaDav AreLy feet: P AT :
(NEGATIVE PULSE) AFTER v, @2 ——1,‘_, o i N B
SUPPLY VOLTAGE MAS HED x : g
1TS Voo LEVEL. tho b b Cxreeen 00001 MF RO ey e

Fig. 16 — Astable multivibrator with restart after reset capability.

- 4=10 s
(0102-0254)9.4 _102
(2.388-2.591)

Dimensions and Pad Layout for CD4098BH

The photographs and dimensions of each CMOS chip
Di i in pa are in milli and Pl & chip when it is part of the wafer. When the
are derived from the basic inch dimensions as :,:"’:':. ‘,’,::,",‘:; ::7,, ,..p.: I':lzl':ccl:; a’:g‘k':'!
indicated. Grid graduations are in mils (10—3 inch). different chips. The actual dimensions of the isolated
chip, therefore, may differ slightly from the nominal
dimensions shown. The user should consider a tolerance
of =3 mils to +16 mils applicable to the nominal
dimensions shown.
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scL4011B, SCL4012B
§cL4023B, SCL4068B

p—

CRiOS NARD GATES

§CL4011B — Quad 2-Input NAND
scL4012B ~— Duai 4-Input. NAND
50140238 — Triple 3-Input NAND
scL4068B — 8-Input NAND

FEATURES

¢ Buffered Outputs

¢ Diode Protection on all Inputs

4 Fully “B"-Series Compatible

¢ Balanced Output Drive Current Specifications

TRUTH TABLE

inputs Output

1 1...1 4]
All other combinations 1

FUNCTION DIAGRAMS

SCL40118

1~ 1A
_‘ 31v .
2 1B
5 1c
__l b-42vy

6 iD

2A

2B 10_L

2C 11
2D 12

SCL40128

[ L S A BN Y

©

4A 12+ 11

48 13-‘

3a11—
as 12FDo— 10 av

= ABC

SCL40688
2 —
It
P g—
5
9__}13 Y
i 2 [ R e
G 11

Y = ABCOEFGH

I

CONNECTION DIAGRAMS
(all packages)

VDp 48 4A 4Y 3Y 38 3A
1 { | 1 l | |

14 13 12 11 10 9 g
SCL4011B

1 2 3 4 5 ¢ 73

U T T 11
1A 1B 1Y 2Y 2A

Vop 2Y 2D 2¢ 2B
| | ] | | | |

M 13 12 11 10 § 8
SCL4012B
1_ 273 4 5 g 7

1 Lo 1 | | {
1Y 1A 18 1C 1D NC vgg
Vpp 3C 38 3A 3Y 1Y 1iC
1 l | 1 1 1 ]
14 13 12 11 10 9 g

SCL40238B

1 2 3 4 5 .6 7
1 1 l i 1 i 1
1A 18 2A 2B 2C 2Y vgg

Vbp Y H G F E Nc
£P 1

1 { { {
14 13 12 11 10 9 8
SCL4068B
1 2 3 4 5 6 7
i ] 1 ] | | I
NC A B8 € D NC vgg
Add suffix to packaga:

C 14-pin Cerdip ‘ -
D 14-pin Ceramic
E 14-pin Epexy

cow wFol4pinFlat. . . . ] -
H Chip

RECOMMENDED OPERATING CONDIT‘ONS i

For maximum rehabmty
oc Supply Voltage

Operatmg Temperature

TA
‘C D, F -H Dewce

Vpp- Vss ¥

“,‘.

31015 - vdc

6510 +1256 o¢
.A01t0485 op

3




SCL40118, SCL4012B, SCL4023B, SCL4068B

Y
. ELECTRICAL CHARACTERISTICS . i |
. N 4
o F
STATIC CHARACTERISTICS ' * ;‘g 4 scl
v, HEE TP N 425°C T, 2 e
PARAMETER o0 | conermions . _Teoe” © HISH__ | Unis o 3
(Vde) l M | Mas. ! Min, | Typ. | Max. | Min. Max, ,:."'
QUIESCENT DEVICE ino H i ; & —
CURRENT 5 [V < Vee o V°-’l - looe! - cooos oos| - | 15 [pac
10 fa i - 01" - 2000wl - |30 e .
. 8 feemoravoms | = oy 6002 { 020] - | 60 ) FEF
R
NOTES. ' Remsin: :ng Statie Eiectrics’ Characte siice are listed under “SCLACI0E Series Famuty Specilications”, S ‘ L
Tiow =-55"Cfar C, D, £, H gevice.
=43 Clor E deur(
Toaior = ~125°C fer €, D, F, H device 4
=+ 85°C o Edeu"& ‘ I
? These devices have beer 2esaned 1ot Raianied output Onve cutrent specdictrory Consult Famu\ Specifications. . é C
DYNAMIC CHARACTERISTICS {C, =50pF, T, =25 C} ¥ b
T
PARAMETER (\\’/35 | ™ [ Max. | Units ;'; E ¢ F
PROPAGATION DELAY THAL . - ¢ E
5 - 125 ° 250 ns T
L T 120 -
15 H - 45 80 P | DES
OUTFUT TRANSITION THIE Tem e 5 l - 100 200 ns 3
10 | - 50 * 100 R 4 T
15 - 40 80 “, L NAN
STk the
i F  such
. Vos, DRAIN VOLTAGE {vdc) 50 e M) 4 hapi
20 18 16 <14 12 .10 -8 -6 4 -2 O P T T 1 35§ %
 E—— e Vo5 = 18 Vor = e
T Ves =8 Ve //ﬁ; S o~ £ 49 5 re
VRN A R - 3 patie
T Ao ) 1
Ve, =—10 Ve 7 58 g g
20 = s % Vs =10 Vde
Vi 25 © S 2 3
3 £ =
DB =
3% = S 0Ll —
Vo5 =15 Vi 0 F £ 05 Vf-f"’:’“‘ T.=zs~c-i 11
i o 1 1 N
T 1 e 0 2 46 8 10 12 14 16 18 2054 All ¢
=50 Vos. DRAIN VOLTAGE (vée) o
Typical P-Channel Typical N-Channel
Source Current Characteristics - Sink Current Characteristics
. LOGIC DIAGRAMS
SCL4011 M
SCL4012
1
- 1
2
2.




oL 14-STAGE BINARY cou%gg‘
FEATURES ==
¢ 14 Fully Static Stages CONNECTION DIAGRAM
¢ Buffered Qutputs Available from 12 Stages {all packages)
¢ Common Reset Line
¢ 8MHz Counting Rate @ 10Vdc Vpp Q11010 08 Q@9 R CL O1
¢ All inputs Buffered 1 I 1 1 1 { | 1
. 16 15 14 13 12 11 10 9
DESCRIPTION SCL4020AB
The SCLA020AB consists of 14 ripple-carry 1 2 3 4 5 6 7 8
binary counter stages with appropriate_ input buf- T T T T T
fers and reset circuitry. Buffered outputs are ex-
ternally available {from stages 1, and 4 through 14. 012 Q13014 06 Q5 Q7 Q4 Vss
The counter is-reset to its “‘alil zeroes” state by 2
high level on the Reset input. The counter is ad- Add suffix for package:
~ vanced one count on the negative-going transition C 16-pin Cerdip |
of each input pulse. lsolation from external noise D 16-pin Ceramic |
and the effects of loading is provided by output E  16-pin Epoxy |
buffering. £ 16pin Flat
H Chip

Applications include - time delay c:rcunts
counter controls, and frequency-dividing circuits.

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
" DCSupply Voltage  Vpp-Vss 3to 15 A/

TRUTH TABLE Operating Temperature  Tp ]
— | crock { meser | outpursTATE § S\ e 65 t0 +125 {503

PR 3

’ — ] o - ) No Change
. - Advance to next
TN— 0 : state
X 1 All Outputs are low

- X = Don't Care

" LOGIC DIAGRAM * 2

1y

o4 et oY o8 00 on

o¢ o
(T Iﬂ: 7(‘5 r‘ Tﬂ‘ lat(w il Lall 0;‘;!]
- e I — ! 1 - '




ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS' *

SCL4020AB

0 2
F PARAMETER Voo | conpirtons |__Teow’ +5C ThigH Un;,
) (Vde) Min. | Max. | Min. | Typ. [ Max. | Min. | Max,
QUIESCENT DEVICE CURRENTIion | 6 [Vin=Ves o Von | — 54 ~005] 5| — [ 150 |uade
10 Al valid input = J1w0 | -lo1 | 1w - {300
15 icombinations — 15 — 0.2 20 — 600
OUTPUT HIGH (SOURCE] om
CURRENT ,
C.D. F, H device 5 Vow=da6v  l015| - lo12{05 | - |q08] _ mAdc
10 NVow=95v 1037 — 103 |aa5| - |o21] _
1 NVow=135v 25| - Lio |as | - |oes| -
Vin=Vss or Vpp
E device 5 Vou=46v  |014| — lo12]-05 | - |00l = mAdc
10 Vou =85V 0351 — 103 {115 — [opo5| _
15 Wow=135v 12 | — Lio |45 | — |ose| _
Vin=Vss or Vo
OUTPUT LOW (SINK) lov g
CURRENT
C, D, F, H device 5 (VoL =04V 015] ~ 1012108 - | 0.08 - JmAdc
10 Vo =05V 037/ — 103 {10 | -~ |o21] _—
15 VoL = 1.5V 125F ~ 110 |58 | - |oes! -
1 Vin=Vgs or Vo
£ device 5 oy =04V 0141 — 012105 | -~ o010 — lnade
10 [Vo_ = 0.5V 035 - o3 j10 | - joos] _
15 Vo = 1.5V 12 1 - 110 |58 | ~ |ogs| -
[ - VIN‘VSS or Vog
NOTES: ! Remaining Static Efectrical Characte

Trow =-55°C for C, D, F, H device
= ~40°C for E device.

Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C)

ristics are listed under “SCL40008B Series Family Specifications”.

PARAMETER :\’/33) . l Min. l Typ. l Max. , Units
CLOCKED OPERATION
PROPAGATION DELAY TIME »
Clock t0 Q1 ~ oL, toui 5 - 200 400 s
-~ 10 | - 100 200
: 15 - 80 160
Qit0Q; +1 oy H. tore 5 - 150, 300 ns
g 10 = 75 150
i 15 - 60 120
OUTPUT TRANSITION TIME [ 5 i 180 360 ns
10 A , 90 180
) 15 - 65
MINIMUM CLOCK PULSE WIDTH PWe, 5 pE 100
10 - 50
3 15 4 40
MAXINMUN CLOCK FREQUENCY for 5 20 4.0
. 10 4.0 8 -
. cmmred o35, 5. _ | 30
MAXIMUM CLOCK RISE AND FALL TIME et oy © s, 15 -
14
) 15 5 -
RESET OPERATION o
PROPAGATION DELAY TIME ene o] 5.1 - ] 300
- ' 10

MINIMUM RESET PULSE WIDTH" +;

RESET REMOVAL‘ TIME™ »

v i P z




SCL4020AB

Vs, DRAIK VOLTAGE {vdc)
6 .4

-20 -18 -16 -14 .

HND Nivug vy

hu. DRAIN CURRENT {mAdc)

N A o,

(20vw) 1n3y

0012 14

T
Vos, DRAIK VOLTAGE (vdc)

Typical P-Channe!
Source Current Characteristics

TIMING DIAGRAM

Typical N-Channel
Sink Current Characteristics

37 64 128

LS A I e I

256
Clock
Hesot

1 2 4 8 16
R e Bl Wale e
T AL N

S12

UUU’IF“JT

1024 2048 <2096 g£192 16,384

REe

TYPICAL COUNTER STAGE

"y - A‘V_WVWQ—"‘-"” ven

SCL!

—

FEATL

¢ Asy
¢ Syn
¢ Full
¢ QO

DESCR

The
Input/S
Clock @
Serial D
to eech
masier-s
from tt
the Par
serially

nously

Ciock pt
Wher

data is

Paralie!

line.

Regis
SCL402

SERIAL

t

€

n
nt1
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CMOS 4-BIT-D-TYPE REGIST

FEATURES

4 3-State Outputs with Gated Control Lines

¢ Fully Independent Clock

¢ Asynchronous Reset

¢ Fully Static Operation - DC to 12MHz @ 10Vdc
¢ Balanced Output Drive Current Specifications’

DESCRIPTION

The SCL4076B 4-bit Register consists of
four D-Type flip-flops opecating synchronously
from a common Clock. OR-gated Output Disable
inputs force the outputs into a high-impedance
state for use in bus-organized systems. OR-gated
Data Disable inputs cause the Q outputs to be fed
back to the D inputs of the flip-flops. Thus, they
are inhibited from changing state while the clock-
ing process remains undisturbed. An asynchronous
Master Reset is provided to clear all four flip-flops
simultaneously independent of the Clock or Dis-
able inputs.

TRUTH TABLE

A Next
Data Input State
. Disable Data Output
Reset Clock |G1 G2 2] Q
1 X ix X X ()}
0 o |x X X Q NC
o |/ | X X Q “NC
o |/ |x 1 X a NC
o | |e 0 1 1
o |/ 0. o0 0 0
o 1 Ix x X Q NC
o |7\ |x X X Q NC

When either Output Disable M or N is high, the outputs are
disabled {high impedance state); however sequential operation
of the flip-flops is not affected.
1= High Level
0= Low Leve!

X = Don‘t Care
NC = No Change

CONNECTION DIAGRAM
(all packages)

' pata z
.. DISABLE

Vpp R DT D2 D3 D4 G2 &1
1 1 1.1 1 |

16 15 14 13 12 11 10 9
SCL40768B
1. 2 3 4 5 6 7 8
1 1 1 I 1 I {
M N Q1 Q2 Q@3 Q4 CL vgg
OUTPUT
DISABLE
Add suffix for package:
C  16-pin Cerdip
D 16-pin Ceramic
E  16-pin Epoxy
F  16-pin Flat
H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
VoD - Vss
Operating Temperature Ta

C, D, F, H Device
E Device

DC Supply Voltage

55 to +126 ‘0
40 to +85 .

8LOCK DIAGRAM

15 — Reset Qtl—a

14— D1

13 —D2

12403 Q2t—a

11— D4

10— G2 } Dats

9 —] G 1§ Oisebte Q3p—s

7 — Clock

2—N }Qulnul

1—M Diseble Q4 —e
Vpp = Pin 16
Vgs = Pin8

190

3t015 y

Out

MA)

MIN
Dat




SCL40768

i ) ‘ELECTRICAL CHARACTERISTICS T o
s - 23 (RN T
STATIC CHARACTERISTlCS' 3o b L ! . ' : s
T, . 2 S/ 2
PARAMETER A0 | conormions | _Tuow - 1%C THIGH | yoiss
: {vde © | Min. | Max. | Min. | Typ. | Max. | Min. | Max. ,
QUIESCENT DEVICE oo )
CURRENT 5 {Vin=Vss of Vpp - 15 - {0056 — {150 |pAdc
10 |All valid input - 110 - 0.1 {10 - | 300
. 15_|combinations. — |20 - 0.2 |20 ~ 1600 .
3STATE OUTPUT LEAKAGE [z, ‘
CURRENT 15 — [#0.1 — 1107 ]40.1 — {#1.0 juAde
NOTES: ' Remaining Static Electrical Charactenstucs are listed under “SCL40008 Series Family Spectflcatlons ; ;

2 TLow =-55°C for C, D, F,H device.
= -40° C for E device.
Thigk = +125 C for C, D, F, H device.
=+ 85°C for E device.
3 This device has been designed for balanced output drive current specifications. Consult Family Specifications.

DYNAMIC CHARACTERISTICS (C, =50pF, T4 = 25°C}

vV, . .
P, oo . . L
ARAMETER ’ (vao) Min ] Typ | Max. I Units
CLOCKED OPERATION
PROPAGATION DELAY TIME
Clock to Q teLr. e 5 = 150 300 ns
10 - 70 140
15 - 45 90
Output Disable to Q lterz. terz 5 - 75 150 ns
10 - 40 80
15 - 30 60
tezH. teze 5 - 80 160 ns
10 - 35 70
. , .15 - 25 50
QUTPUT TRANSITION TIME trin. tree 5 - 100 200 ns
10 - 50 100
. 15 - 40 80
MINIMUM CLOCK PULSE WIDTH PWce 5 - 80 160 ns ‘
10 - 40 80 KN
15 - 30 .60 :
MAXIMUM CLOCK FREQUENCY foL . 5 ] 3.0 6.0 - MHz
10~ 6.0 12 -
) 15 8.0 .16 ...
'MAXIMUM CLOCK RISE & FALL TIME! tec L. ticL ] 15 - - us
4 10 15 - -
15 15 . - -
MINIMUM SETUP TIME .
Data Inputs (A 5 - 7 | 150 ns
10 - 40 80
15 - 30 60
Data Disable Inputs toorup 5 - 100 200 ns
10 — 60 120
15 - 45 90
MINIMUM HOLD TIME
All Inputs thold 5 - 75 150 ns
10 - 35 70
15 ~ 30 60
RESET OPERATION
PROPAGATION DELAY TIME torL 6 - 200 400 ns
10 - 100 200
15 - 75 150 i
MINIMUM RESET PULSE WIDTH PWgq ] - 75 150 ns
10 - 40 80
15 — 30 60
RESET REMOVAL TIME trem 5 - 100 200 ns
10 - . 60 120
15 - 45 90
! When units are cascaded, the maximum rise and fall times of the clock input should be equal to or .
less than the transition times of the data outputs driving data inputs, plus the propagation delay of

the output driving stage for the output capacitive load.
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@ MOTOROLA

MC145026
MC145027
MC145028
MC145029

Advance Information

MC145026 ENCODER,
MC145027/MC145028/MC145029 DECODERS

The MC145026 .will encode nine bits of information and serially
transmit this information upon receipt of a transmit enable, TE, (active
low) sigrial. Nine inputs may be encoded with trinary data {0, 1, open)
allowing 39 (19,683) different codes.

Three decoders are presently available; all use the same transmitter
~ the MC145026. The decoders receive the 9-bit word and interpret
some of the bits as address codes and some as data. The MC145027 in-
terprets the first five transmitted bits as address and the last four bits as
data. The MC145028 interprets the first four transmitted bits as address
and the last five bits as data. The MC145028 treats all nine bits as ad-
dress. If no errors are received, the MC145027 outputs four data bits,
and the MC145029 outputs five data bits, when the transmitter sends
address codes that match that of the receiver. A valid transmission out-
put will go high on the decoders when they recognize an address that
matches that of the decoder. Other receivers can be produced with dif-
ferent address/data ratios.
® May be Addressed in either Binary or Trinary
® Trinary Addressing Maximizes Number of Codes
® Interfaces with RF, Ultrasoriic, or Infrared Transmission Medias
® On-Chip R/C Oscillator: No Crystal Required
® High External Component Tolerance; Can Use + 5% Components
@ Standard B-Series Input and Output Characteristics
® 4.510 18 V Operation
® 29V Low-Voitage Version Also Available by Special Order

CMOS MS!

(LOW-POWER COMPLEMENTARY MOs)

REMOTE CONTROL
ENCODER/DECODER PAIRS

L SUFFIX
CERAMIC PACKAGE
CASE 620

P SUFFIX
PLASTIC PACKAGE
CASE 648

MC14XXXX Suffix Denotes

L Ceramic Package
P Plastic Package

PIN ASSIGNMENTS

Avordi 16h vpp
A2/02102 150 Data Ot
A3/034 3 14pTE
A4/DATI4 13fRTC
AS/D5 [} & 121Cr¢
A6/D6 [ 6 hRg
A7/07 17 101 A9/09
Vss (8 9 A8/D8
MC145026 MC145027
Encoder Decoder

MC145028
Decoder

MC145029
Decoder

This document contains nlormation on a new product. Specifications and informa-
Hon heremn are subect to change without notice

1
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MC145026, MC145027, MC145028, MC145029

MAXIMUM RATINGS (Voltages Referenced 1o Vgs)

Rsting Symbol Value Unit
DC Supply Voltage Vpo -0510 +18 v
input Voltage, Alt Inputs Vin -0510 Vpp+05 v
OC Input Current, per Pin Iin 110 mA
Operaung Temperature Range Ta -40 10 +85 °C
Storage Temperature Range Tsiq -6510 +1%0 °C
ELECTRICAL CHARACTERISTICS
. Vop| -40°C 25°C «85°C )
h it
Cheracteristic Symbol | Min [ Mox | Min | Typ | Mex| Min [Max] "
Output Voltage “0"” Level 50 - 1005] - 0 005} -~ {005
Vin=Vppor 0 VoL 10 - Joos| -~ 0 0051 - (005] Vv
15 - |006]| - 0 005} - (005
“1 Level 501495 - 4.95. 5.0 - 495 | —
Vin=0or VOD VOH 10 {98 - (9% 10 - ]995 | - v
15 114851 - (1495 15 - {1495{ -
tnput Voltage “0"" Level
(Vo=4.50r05 V) v 50} - 151 - 2.25 151 - 1154
Vg=9.00r 1.0V} L o] - |30} - 4.50 30| - {30
(Vo=1350r15V) 15 - 4.0 - 6.2 40 - 40
1" Level
(Vo=050r45V) v 50135] - | 35 2,75 - 1357 - v
Vo=100r90V) H bw]zol - |70 5.50 - {10 -
Vg=150r 135V} 1 [ o - 1no 8.25 - no| -
Output Drive Current Source
tVoH=25W) 60 [-25 - |-21 -4.2 - |-17{ -
VOR=46 V) 1o | 50]-052 - |[-0ea{ -o0s88 ~ {-036] - | ma
Vo =95V} 10-{-13f - (-1 -2.2% - |-09
Vor=135 Vi 15 | -36f - |-3.0 -8.8 - 1-24) -
(VoL =04 V) Sink 50 [052| — |04 | 088 — 036 ] -
VoL=05 V) oL 1013 - | 225 - {09 | - | ma
WVoL=15W! 15 136 - |30 88 -~ |24} -
Input Current — TE (MC145026, Putiup Device! 5.0 - - 30 40 9.0 - -
I wl -1 -1]1 20 2| - | -1
15 - - 35 45 0 | - -
input Current
Rg (MC145026) I 1 | - 03] - [+000001] £03} - |ti10] pA
Data in tMC145027, MC145028, MC145028)
Input Current
A1/D1-A9/D9 (MC145026! Y sol - - | - £55 fxno| - | - | wA
A1-A5 {MC145027) 10 10 - - - 4300 Jes00| - -
A1-AS (MC145028) L] It = 5 +650 |+1000| - -
Al.A4 (MC145029)
Input Capacitance (Vin =0} Cin - - - - 5.0 75| - - pF
—— -Quiescent Curtent~ MC145026 50 | - - - 0.0050 010] — -
pp | 0] - -1 - |oowo oo - | -1x
15 = - - 0.0150 030§ - -
Quiescent Current — MC145027, MC145028, MC145029 5.0 - - - 30 850 - -~
IbD 10 - - - 60 100 - - sA
15 - - - 90 %0 | -~ -
Total Supply Current—MC145026 (f¢ =20 kHz} 50| - - - 100 200 { - -
1 wol|-|-1]- 200 a0 | - | -1 pA
| -] -1 - 300 60| - | -
Totat Supply Current — MC145027, MC 145028, MC145029 50 - - - 200 400 | -~ -
e =20 kH2) b 10 - - - 400 800 - - A
15 - - - 600 1200 § - -

This device contains circurtry 10 protect the inputs against damage due to high static voltages or electric fields; however, it is advised that
normal precautions be taken to avoid application of any voltage higher than maximum rated voiages to this high impedance circut For pro-
per operation it is recommended that V,, and Vg1 be constrained 10 the range V§S s (Vin of Vour) S VpD.
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MC145026, MC1 45027, MC145028, MC1 45029

SWITCHING CHARACTERISTICS CL =50 pF, To=25°C)

Characteristic Symbot | vpp | Min Typ | Max Unit
Output Rise and Fall Time 60 | - 100 | 200
TeH 50 100
THL 10 - ns
15 - 40 | 80
Data In Rise and Fal Time (MC145027. MC145028, MC145029) 5.0 - - 15
T - | s
tTHL - .
15 - - 15
Encoder Clock Frequency 50 ] 0 - 2
fci 10 0 - 5 MHz
15 0 -~ 10
Decoder Frequency 5.0 i - | 240
(Referenced to Encoder Clock} | See Figure 10} o 10 1 - | 410 kHz
15 1 - | 450
TE Pulse Width 6065 | - =
twi 10 { 30 - - ns
1% [ 20 - -
System Propagation Delay i _ - 182 — Clock
(TE 10 Valid Transmussions Cycles
Tolerance on Timing Components
4ARTC+ACTc+AR1+AC1) - - - f{. -1+ %
(AR2+4CH - - - | +26
OPERATING CHARACTERISTICS
MC145026 bits and must be encoded to match the address input at the

The encoder serially transmits nine bits of innary data as
defined by the state of the A1/D1-A9/D9 10put pins. These

three data bit times. If the TE input is kept low, the encoder
continuously transmits the data word.

Each transmitted data bit is encoded Into two data pulses
(See Figure 7). A logic zero is encoded as two consecutive
short pulses, a logic one as two consecutive fong pulses, and
an open as a long pulse followed by a short puise. The input
state 1s determined by using a weak Oulput device 10 try to
force each input first low, then high. if only a high state
results from the two 1ests, the input is assumed 1o be hard
wired to VDD. H only a low State 1s obtained, the input is
assumed to be hard wired to Vss. if both a high and a low
can be forced at an input, it is assumed 1o be open and 1s en-
coded as such.

The TE input has an internal pullup device so that g simple
switch may be used to force the input low. While TE is high
the encoder is Completely disabled, the oscillator is inhibited,

and the current drain is reduced to-quiescent current. When*

-TEis WeTosCiflator 18 started, and the transmit
sequence begins. The inputs are then sequentially selected,
and determinations are made as 10 the input logic states.
This information is serially transmitted via the Daia Out
output pin.

Transmission must be inniated by using the TE pin rather
than by holding TE low and applying power 1o the device
because an interna feset occurs after the firgy transmit
sequence.

MC145027

7-29

receiver. It the address bits match, the next four (data) bits
are stored and compared to the last valid data stored. As the
second encoded word g received, the address must again

high and will remain high until an error is received or until no
input signal is received for four data bit times.

Although the address information is encoded i trinary,
the data information must be either a one or a zero. A tinary
{open) will be decoded as a logic one.

MC145028

This decoder operates in the same manner as the
MC145027 except that nine address bits are used and no data
Oulputis available. The Valid Transmission output is used to
indicate that a valid address has been received.

Although address information is normally encoded in
trinary, the designer should be aware that, for the
MC145028, the ninth address bit (AS) must be erther aoneor
a zero. This part, therefore, can accept only 2x 38= 13,122
different codes. A trinary {open) A9 will be interpreted as a
logic 1. However, if the encoder sends a trinary (or logic 1)
and the decoder address is alogic 1 (or trinary) respectively,
the valid transmission output length will be shortened 1o the
R1xC1 time constant,

MC145029

This decoder operates fike the MC145027, but 1t assumes
the first four received bits to be address bits and the remain-
ing five received bits 10 be data.

DOUBLE TRANSMISSION DECODING

Although the encoder sends two words for error checking,
a decoder does not necessarily wait for two transmitted
words to be received before issuing a vaild transmission out-
put.
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MC145026, MC145027, MC145028, MC145029

PIN DESCRIPTIONS

MC145026 ENCODER

A1/D1-A9/D9, ADDRESS/DATA INPUTS (PINS 1, 2,3,
4,5,6,7,9, 10) — These inputs are encoded and the data 1s
serially output from the encoder

Rs. CTC, RTC. OSCILLATOR COMPONENTS (PINS 11,
12, 13) - These pins are part of the oscillator section of the
encoder {f an external signal source 1s used instead of the
internat oscillator, 1 should be connected 10 the RS input
and the R1¢ and CTC pins should be left open

TE, TRANSMIT-ENABLE INPUT (PIN 14) This actve low
nput inwates transmussion when forced low An internat
pullup dewvice keeps this input normally high

Data Out, DATA QUTPUT (PIN 15} — This 1s the output
of the encoder that senally presents the encoded word

VpD. POSITIVE SUPPLY (PIN 16} ~ The most positve
power supply

Vss. NEGATIVE SUPPLY (PIN 8} — The most negative
supply (usually ground).

MC145027, MC145028, MC145029 DECODERS

Al-A5 (MC145027), A1-AS (MC145028), At1-A4
(MC145029), ADDRESS INPUTS — These address inputs
must match the corresponding encoder tnputs in order for
the decoder 10 output data.

D6-D9 (MC145027), D5-D9 (MC145029), DATA OUT-
PUTS — These outputs present the information that is on
the corresponding encoder inputs. Note: only binary data
will be acknowledged; a trinary open will be decoded as a
logic one.

Ry, C1, PULSE DISCRIMINATOR (PINS 6, 7) These
pins accept a resistor and capacitor that are used 1o deter-
mine whether a narrow pulse or a wide pulse has been en-
coded. The ime constant Ry x C1 should be set 10 1.72 en-
coder {transmutter) clock periods R1C1 = 3.95 RTCCTC

R2/C2, DEAD TIME DISCRIMINATOR (PIN 10) This
PN accepts a resistor and a capacnor 10 VSS that are used to
detect both the end of an encoded word and the end of
transmission. The ume constant R2 x €2 should be 33.5 en-
coder (transmitter} clock periods (four data bt periods)
RyCy = 77 RTCCTC This ume constant 1s used 10 deter-
mine that Data In has remained low for four data bit uimes
lend of transmission) A Separate comparalor looks at a
voltage-equivalent two data bit umes (0.4 R2Cy! 10 detect
the dead time between transmitted words

VT, VALID TRANSMISSION (PIN 11) — This output goes
high when the foliowing conditions are satsfied
1. the transmutted address matches the recerwver address, and
2. the transmitted data matches the last valid data received
{MC145027 and MC145029, only}
VT will remain tugh untd a mismatch 15 received, or no n
put signal s receved for four data bit nmes.

VDD, POSITIVE SUPPLY (PIN 16) — The most positive
power supply.

Vss, NEGATIVE SUPPLY (PIN 8) — The most negauve
supply (usually ground!

FIGURE 1— MC145026 ENCODER BLOCK DIAGRAM
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MC145026, MC145027, MC1 45028, MC145029

FIGURE 2 — MC145027 DECODER BLOCK DIAGRAM
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FIGURE 3 ~ MC145028 DECODER BLOCK DIAGRAM
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MC145026, MC145027, MC145028, MC145029

FIGURE 4 ~ MC145029 DECODER BLOCK DIAGRAM

* 5 )05

Control
Logic y

5-Bit Shift Register
Latch
o
~

Sequencer
Circuit
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Ad| 4

Data 1/?, Data
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internat
Enable

Ttus oscillator witl operate at a frequency determined by the exter-
nal RC network, 1@ ,

1
f& om——— (H2)
23 Rrc Cr¢’
for 1 kHz <400 kHz
where C1('=CyC+ Clayout+ 12 pF
Rs~2Ryc
Ag=20k
Rrcz10k
400 pF<CTC < 15 uf

The value for Rg should be chosen to be = 2 mes RTc Thes
fange will ensure that current through R $ is insignificant compared
10 current through RYc The upper limit for R must ensure that
Rg x5 pF linput capacitancel 1s small compared to Rycx Crc.

For frequencies outside the indicated range, the formuls will be
less accurate. The mimimum recommended oscillation frequency of
this circunt is 1 kMz. Suscepubility 10 externally induced noise signals
may occur for frequencies below 1 kHz and/or when resistors utiliz-
ed are greater than 1 Ml.
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MC145026, MC145027, MC145028,' MC145029". - . i 55 -, « -

FIGURE 6 ~ ENCODER/DECODER TIMING DIAGRAM
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MC145026, MC145027, MC145028; MC145029.. -

FIGURE 8 —. MC145027/MC145029 FLOWCHART
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MC145026, MC145027, MC1 45b28;‘ MC145029

FIGURE 9 —.MC145028 FLOWCHART
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MC145026, MC145027, MC145028, MC145029

FIGURE 10 — fax ¥s Clavout
MC145027, MC145028, and ME145029
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MOTOROLA A
| SEMICONDUCTOR \
TECHNICAL DATA

6-Pin DIP Optoisolators

Triac Driver Output

These devices consist of gallium-arsenide infrared emitting diodes, optically coupled
to a silicon bifatera| switch,
They are designed for applications requiring isolated triac triggering.

® UL Recognized Fite Number 54915 A\ 6-PIN DIp

® Output Driver Designed for 240 Vac Line OPTOISOLATORS

® V50 Isolation Voltage of 7500 v Peak TRIAC DRIVER OUTPUT

® Similar to MOC3010 and MOC3011

® Standard 6-PIN Plastic DIP

® VDE approved Per standard 0883/6.80 (Certificate number 41853), with additional
approval to DIN IEC380NDE0806, IEC435NDE0805, JECBSNDEOBSO, VDE110b, covering
all other standards with equal or less stringent requirements, including lEC204/‘
VDE0113, VDEO160, VDEQ832, VDE0833, etc. = ge3

® Special lead form available (add suffix “T" to pant number} which satisfies VDEO0883/
6.80 requirément for 8 mm minimum creepage distance between input and output
solder pads. .

® Various fead form options available. Consult “Optoisolator Lead Form Options” data c;xf&;sgé-oz
sheet for details.

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)
INFRARED EMITTING DIODE

Reverse Voltage

Forward Current — Continuous

Total Power Dissipation @ Ta = 25°C
Negligible Power in Triac Driver
Derate above 25°C

OUTPUT DRIVER
Off-State Output Terminal Voltage
Peak Repetitive Surge Current

(PW = 1ms, 120 Pps)

Total Power Dissipation @ Tp = 25°C
Derate above 25°C

TOTAL DEVICE

Isolation Surge Voltage (1)
(Peak ac Voltage, 60 Hz, 5 Second Duration})

2. CATHODE
LN
4. MAIN TERMINAL
5. SUBSTRATE
DO NOT ConNgCT
6. MAIN TERMINAL

Total Power Dissipation @ Tp = 25°C
Derate above 25°C

NG
mwrC
Junction Temperature Range : “ -40to +100 n

[ e [ W] ]
T




WINLOVLY, VIULOUCL T, IVIULAIULZL, IVIUGSUZ23

3 l|
I
N
i 1i ELECTRICAL CHARACTERISTICS (T, A = 25°C unless otherwise noted)
4.
i [ Characteristic [ _svmbol T mMin | Tvp | max [ unit |
! INPUT LED
( Reverse Leakage Current IR - 0.05 100 HA
il (VR = 3V)
‘, Forward Voltage ’ VF - 115 15 Volts
il {Ig = 10 mA)
{
| ", OUTPUT DETECTOR {Ig = 0 unless otherwise noted)
:i Peak Blocking Current, Either Direction IpAM - 10, 100 nA
:I (Rated VpRp. Note 1}
Peak On-State Voltage, Either Direction Vim - 1.8 3 Volts
(fTmM = 100 mA Peak)
; Critical Rate of Rise of Off-State Voltage (Figure 7, Note 2) dv/dt - 10 - Vius
! COUPLED
LED Trigger Current, Current Required to Latch Output IFT mA
{Main Terminal Voltage = 3 V, Note 3) MOC3020 — 15 30
MOC3021 - 8 15
MOC3022 —_ — 10
! MOC3023 — - 5
g Holding Current, Either Direction Iq - 100 -—_ uA
H Notes: 1. Test voltage must be applied within dv/dt rating.
’ 2. This is static dv/dt. See Figure 7 for test circuit. C ing dvidt is a fi ion of the load-driving thyristor{s) only.
3. All devices are guaranteed to trigger at an If value less than or equal to max {rT. Therefore, ded op. g If lies b max
IFT (30 mA for MOC3020, 15 mA for MOC3021. 10 mA for MOC3022, 5§ mA for MOC3023) and absolute max IF (60 mA).

TYPICAL ELECTRICAL CHARACTERISTICS

Ta = 25°C
2 +800
At /

— v 1/

g 7 z )

3 | ———— PULSE ONLY /27 E +40 /

z ————— PULSEQRDC TV £ )

Q LA w

g s PP £ 4

Q ] /I 2 E 1]

2 14 4 ,’ = yd

2 1 L1 ‘é’ //

Z Ao LT T G- L

> ] 2| 1] | L1 //' = /

! LT /
1 8°C —~ 800

, 1 10 100 1000 = =2 o 7
: I¢, LED FORWARD CURRENT (mA} VIM. ON-STATE VOLTAGE (VOLTS)
. - - I

Figure 1. LED Forward Voltage versus Forward Current Figure 2. On-State Characteristics
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MOC3020, MOC3021, MOC3022, MOC3023

. . |
SN g, NORMALIZED YO:
é_ 12 3 PWin = 100 ps
S &
z <9
iRE} 2 15X
3
' g . 8
3 - ] 2 10
(=] o_g L1 wi
« ~ B S &
8 . 2
2 08 z
= S 5 ~
£ t T
= e
06 0
-9 -2 0 20 @ ) 80 10 1 5 10 0 %
Ta, AMBIENT TEMPERATURE (*C) Wi LEG TRIGGER PULSE WIDTH {us)

Figure 3. Trigger Current versus Temperature

LED Pulse Width

Figure 4. LED Current Required to Trigger versus

- LT T hy
. - —STATCover | | ST
. CIRCUIT IN FIGURE 7 10 =
- f “
3 I 3 TEST CIRCUIT IN FIGURE 7
2 ] 2
by =
8 7 s .
s [~ ‘ 6
] \\\ ]
S~ 4
2
0 2
L N N N T 0 04 08 12 18

© Ta AMBIENT TEMPERATURE (°C)

Figure 5. dv/dt versus Temperature

e T
Vde }

I ) } ”

PULSE the D.U.T,

F:TEST
INPUT

MERCURY
WETTED
RELAY

Vimax = 400V
APPLIED VOLTAGE max
WAVEFORM

oS —— L | —_ ™

Figure 7. Static dv/dt Test Circuit

6-95

et = 263 Vonay _

=
TRC

Ry, LOAD RESISTANCE {k(})

Figure 6. dv/dt versus Load Resistance

1 The mercury wetted relay provides a high speed repeated pulse to

2. 100x scope probes are used, to allow high speeds and voltages.

3. The worst-case condition for static dv/dt is established by triggering
the D.U.T. with a normal LED input current, then removing the
current. The variable Rypgy allows the dvidt to be gradually
increased unti the D.U.T. {

1o trigger in

to the

applied voltage pulse, even sfter the LED current has been removed.
The dvidt is then decreased until the
measured at this point and recorded.

D.U.T. stops triggering. e is




MOC3020, MOC3021,- MOC3022, MOC3023

Rin 1
Ve O—am——0—  MOC O HOT
2 + 3020
3021 p] 20
3 3027 VAC
s ~ 0.01 uf
LOAD GROUND
“This optoisolator should not be used to drive a load directly. it is In this circuit the “hot” side of the line is switched and
intended to be a trigger device only. the load connected to the cold or ground side.
Additional information on the use of optically coupled triac drivers is The 39 ohm resistor and 0.01 y.F capacitor are for snub-

ilabte i lication Note AN-7! ;
svailable in Application Note B0A. bing of the traic, and the 470 ohm resistor and 0.05 uF

capacitor are for snubbing the coupler. These compo-
nents may or may not be necessary depending upon the
particular triac and load used.

Figure 8. Typical Application Circuit

OUTLINE DIMENSIONS
: NOTES:
ormonaL ST 1. DIMENSIONING AND TOLERANCING PER ANSI
WA WAL ) I 1. ANOOE YILSM, 1982
} CONFGURATION ;:;m 2. CONTROLUING DIMENSION: INCH,
DML T
Y VR 1P M;&csmaormmnmm
t 5 SUBSTRATE
Y vy & MAN TERMINAL
—¢ == MELLMETERS WCHES
« | ‘ q O | M | MAX | W | MAX
| | A 180 [ 88 o0 | 030
B | 610 | 660 | 020 | 0260
B C | 2% [ sos | ons | 0200
s ! ™ o_| oa 50_1. 0016 | 0020
P N € | 102 |- 107 | o0 | 00t
f h 3 G | 2 0100
G Jaest 4 1021 | 03 | o8 [ o012
€ ~ [¢[ennwn® [ Ts@Ta®@] K | 03 | 264 [ 0015 | 0100
S L 18 0300 BSC
e I I TS I T
[#onows® [r[a@]s@] cAsE 730A-02 N_| 251 | 381 § 0000 | 01%
PLASTIC
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‘ MOTOROLA

TLOS1
TLO82
TLO84

Specifications and Applications

Information

® & & ¢ ¢ o o o

JFET INPUT OPERATIONAL AMPLIFIERS

These low-cost JFET input operational amplifiers combine two
state-of-the-art linear technologies on a single monolithic inte-
grated circuit. Each internally compensated operational amplifier
has well matched high voltage JFET input devices for low input
offset voltage. The BIFET technology provides wide bandwidths
and fast slew rates with low input bias currents, input offset cur-
rents, and supply currents.

These devices are available in single, dua! and quad operational

amplifiers which are pin-compatible with the industry standard
MC1741, MC1458, and the MC3403/LM324 bipolar products. De-
vices with an “M" suffix are specified over the military operating
temperature range of —55°C to +125°C and those with a “C”
suffix are specified from 0°C to +70°C.

Input Offset Voltage Options of 3.0, 6.0, and 15 mV Max

Low Input Bias Current — 30 pA

Low Input Offset Current — 5.0 pA

Wide Gain Bandwidth — 3.0 MHz

High Slew Rate — 13 V/us

Low Supply Current — 1.4 mA per Amplfier
High Input Impedance — 1012 ()

Industry Standard Pinouts

JFET-INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

P SUFFIX ~ JG SUFFIX
PLASTIC PACKAGE  CERAMIC PACKAGE
CASE 626-04 CASE 693-02

D SUFFIX
% PLASTIC PACKAGE
8 N3 CASE 751-01
S0-8
TLOB1
Oftset Null O [ NC {Top View)
v~ [nput n.} JVee
Noninvt Input ﬂ‘ Output
vee Offset Null
Output A [ Vee
inputs A { :l} ﬂ: Output B
Ve B oligl nputs B _ TLoB2

(Top View)

ORDERING INFORMATION

Op Amp Temperature
Function Device Range Package
TLO81ACD, BCD, CD S0-8
TLO81ACJG, BCJG, CJG 0 to +70°C™ | Ceramit DIP |
Single TLOB1ACP, BCP, CP Plastic DIP
TLO81MJG -55 to +125°C | Ceramic DIP
TLO82ACD, BCD, CD SO-8
TLO82ACJG, BCJG, CJG 0to +70°C | Ceramic DIP
Dual TLO82ACP, BCP, CP Plastic DIP
TLO8ZMJG —-55 to +125°C | Ceramic DIP
TLOB4ACD, BCD, CO SO-14
TLOB4ACY, BCJ, CJ 0to +70°C | Ceramic DIP
Quad TLOB4ACN, BCN, CN Plastic OIP
TLOBAMY -55 to +125°C | Ceramic DIP

N SUFFIX J SUFFIX
PLASTIC PACKAGE CERAMIC PACKAGE
CASE 646-05 CASE 632-02
{TLO84 only) MO-001AA
(TLO84 only)
- D SUFFIN—-— --m -
&. PLASTIC PACKAGE
P +34 CASE 751A-01
! SO-14
"
Out 11— ! Faoua
gx_ |55
inputs 1 ] =, . Inputs 4
I hh e
Vee [ 3 Vee
a
Inputs 2 E___,; S _r 5 Inputs 3
ou2— L—Iqous

TLO84 (Top View)

MOTOROLA LINEAR/INTERFACE DEVICES
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- TLO81, TL082, TLO84

MAXIMUM RATINGS

Rating

Supply Voltage

Differential Input Voltage

Input Volitage Range (Note 1)
Output Short-Circuit Duration {Note 2)
Power Dissipation
Plastic Package (N,P)
Derate above Tp = +47°C
Ceramic Package (J,JG)
Derate above T4 = +82°C

LAY
Operating Ambient Temperature Range , TA

Storage Temperature Range

ELECTRICAL CHARACTERISTICS Vec = +15V, Vgg = -15 V. TA = +25°C unless otherwi

Characteristic

Input Offset Voltage (Rg < 10k, Vem = 0)
TLO81, TLOS2
TLo84
TLo8__A
TL08__8

Average Temperature Coefficient of Input Offset Voltage
Rs =500, Tp = Tiow to Thigh {Note 3)
Input Offset Current (Vem = 0) (Note 4)
TLo8
TLO8__A, TLOS___B

Input Bias Current (Vem = 0) (Note 4) ig
TLos .
TLO8__A, TLOB__B

Input Resistance

Common Mode Input Voltage Range
TLOS.
TLO8__A, TLos__B

Signal Voltage Gain Vo = =10V, R( 2.0 k)
TL08

Large-

TLo8__A, TLos__g

Output Voltage Swing (Peak-to-Peak} Vo
RL =10k .
Common Mode Rejection Ratio (Rg=10k) CMRR
TLo8___ 80 100 - 70
TLO8___A, TLOS__B — — —_ 80
Supply Voltage Rejection Ratio {Rg=10 k} PSRR
TLOB. 80 100 —_ 70
TLO8___A, TLOS__8 - - - 80
Supply Current (Each Amplifier) [} — 1.4 28 | —
Unity Gain Bandwidth BW — 4.0 — | -

100
100

100
100

1.4
4.0

dB

mA
MH2

MOTOROLA LINEAR/INTERFACE DEVICES
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TLO81, TL082, TL084

ELECTRICAL CHARACTERISTICS (Vec = +15V, Veg =

—15V, To = +25°C unless otherwise noted).

TLO8 _.C
TLO8 _AC
TLO8__M TL08__BC
Characteristic Symbol | Min Typ Max | Min Typ Max | Unit
Slew Rate (See Figure 1) SR 8.0 13 - — 13 — Vius
Vin = 10V, R = 20k, CL = 100 pF
Rise Time (See Figure 1) t — 0.1 — | — 01 . us
Overshoot Factor - — 10 - | - 10 — %
Vin = 20mV, R = 2.0k, CL = 100 pF
Equivalent Input Noise Voltage en - 25 - | = 25 — |nvivAZ
Rg = 1000, f = 1000 Hz
Channel Separation — —_ 120 - — 120 - ds
Ay = 100 :
ELECTRICAL CHARACTERISTICS (Veg = +15V, VEE = -15V,Tp = Tiow 10 Thigh (Note 3.}
TLO8.___C
TLO8__AC
TLOS__M TLO8 __BC
Characteristic Symbol | Min Typ ' Max | Min Typ 0' Max Unit
Input Offset Voltage (Rg <10 k, Vem = 0) Vio ! . mV
TLO81, TLO82 — - S0 | — - 20
TLOB4 - - 15 1 — - i 2
TLOB__A = - - — — 75
TL08___.B — - — — - 5.0
Input Offset Current {(Vcm = 0) (Note 4) o nA
TLO8__. = - 20 | — - 5.0
TLO8___A, TLO8.__8 — - - =~ — 3.0
Input Bias Current (Vopm = 0) (Note 4) lig nA
TLO8 = — S0 | — - 10
TLOS__A, TLOB__B NS0 PR RIS | SR EY
Large-Signal Voltage Gain Vo = =10V, Ry #2.0 k) AvoL , Vimv
TLOB 15 —_ - 15 - —
TLOB. _A. TLOB__B -] = |~-|s] - |Z
Output Voltage Swing (Peak-to-Peak) Vo ! | 9
(RL=10 k) 24 - — | 24 - |-
(R 22.0 k) 20 — — 20 — | —
NOTES (continued):
3. Tiow = —55° for TLO81M, TLOB2M, TLOS4M Thigh = +125°C for TLOGIM, TLOS2M, TLOBAM
= 0°C for TLOB1C, TLOS1AC, TLOS1BC = +70°C for TLOBIC, TLOBIAC, TLO81BC
TL082C, TLO82AC, TLO82BC TLO82C, TLO82AC, TLOB2BC
TLO84C, TLOB4AC, TLOB4BC TLOBAC, TLOB4AC, TLOB4BC
4. Input Bias currents of JFET input Op Amps approximately double for every 10°C rise in junction temperature as shown in Figure 3. To
maintain junction temperature 8s close to amblent temperature as possible, putse techniques must be used during test
TEST CIRCUITS
FIGURE 1 — UNITY GAIN VOLTAGE FIGURE 2 — INVERTING GAIN OF 10
FOLLOWER AMPLIFIER
- — A ) 10k
1.0k
Vo Vin Vo
Vin
RL = 2.0k Cp, = 100 pF = RL CL = 100 pF

MOTOROLA LINEAR/INTERFACE DEVICES
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TLO81, TLO82, TL084

WING

il
Tl
i

. See Figure 2

FIGURE 4 —. OUTPUT VOLTAGE B)
versus FREQUENCY

FIGURE 3 — INPUT BIAS CURRENT
versus TEMPERATURE

L]

|
lil@jlm

=)

i

- <
{v4) IN38¥N) Svig Lndng 8

I

il

.",",’,I’I,il.m’

]

_______________

<

10k 100k

10k

7
1

i
20

15

OUTPUT voLTAGE SWING

versus SUPPLY VOLTAGE
1 1
Vs, SUPPLY VOLTAGE (+v)

FIGURE 8 —

|
-]
w
©
=2
Q
('™
°
g 3 3 = =
19-9) ONIMS 30v1704 1ndLng ‘0a

©
2
7
w i
o2
s
3e
>89
-Ul 54

Q
[
39

[
I8
w g
w >
o
=1
Q
w

SUPPLY CURRENT PER AMPLIFIER

versus TEMPERATURE

OUTPUT VOLTAGE SWING
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FIGURE 7
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See Figure 2
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TLO81, TL082, TL084

FIGURE 9 — LARGE-SIGNAL VOLTAGE GAIN AND

FIGURE 10 — LARGE-SIGNAL VOLTAGE GAIN

PHASE SHIFT versus FREQUENCY versus TEMPERATURE
1000 + +————4
Vg = = 15V—]
e
= 106 AL = 20k 5 = A —— noe
g Ta = 5% i} = 100
& 108 ~J = = —]
‘g N 8 3 [
z 10 AN CE ¥ !
5 N \Gam : 2 :
- 103 sy 3
3 N < g 2w :
<2 N N wi & :
Phase Shif ~N \ < -
10! \\ 15 — :
1 N 180° 10 1 {
00100 100 10k 10k 10k 10M  10M -5 -2 0 5 50 15 100 125
, FREQUENCY {Hz) Ta, AMBIENT TEMPERATURE (C)
FIGURE 11 — NORMALIZED SLEW RATE FIGURE 12 — EQUIVALENT INPUT NOISE VOLTAGE
versus TEMPERATURE versus FREQUENCY
= ] mr TTT1
2 M T T T
. 2 60 i 1 Vg = =15 Vde|[{!]
110 ] Wi © " pece
I 2 ! Rg = 10000 |
éios gso A : Ta = 25°%C “*)’
3] TN EES BRI
81.00 e \\#I l(:; 'r" N !
=1 \\ 5% - v L—']t t 4
095 g =N NI
N = '"r*—-t*\__ i
go‘so \ % 20 st I i ' Y. M T=HT T
F ] Cobg !
08s S I ",! P B l|
ool i : i
-5 -2 0 2 125 001 005 01 05 10 50 10 50 100

TA, AMBIENT TEMPERATURE

7
C

FIGURE 13 — TOTAL HARMONIC DISTORTION
versus FREQUENCY

f, FREQUENCY (kHz)

1.0 E= ':—E: =¥ == <3 HEEETr T
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£ 05 CE} -39 3 iTEr oo
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Z 0051 - 1 -
- . .8 gyt BN
2 | 1
T ¥ L A
= 001 == - % =
= 4. = 3 2
2 0005 o R = B
[=] + il HH
= —4 bt e e ey “ﬂi = 4
N 1y 5 S o
0001 BOE il ek | H

05 10

f, FREQUENCY ikHz}

MOTOROLA LINEAR/INTERFACE DEVICES

3-262

AL

ahoat

3.




tnputs

+ 0

MSB A1 5o
A2 6o—y
A3 70—
A4 Bo—
A5 9o
A6 10

A7 11

LSB A8 12 o

16

MCis08
Series

L—‘
15 pF
VEE = - 15V

FIGURE 14 —

REPRESENTATIVE CIRCUIT SCHEMATIC
(Each Amplifier)

Output

OUTPUT CURRENT TO VOLTAGE TRA
FOR A D-TO-A CONVERTER

Settling time to within v, LS
4.0 us from the time all bit

Vief and ringing (C ~ 6g PF).

Vee = 15v Theoretical Vo

2

2.0V
1.0k

MOTOROLA LINEAR/INTERFACE DEVICES
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NSFORMATION

= Yoot (5, [A1, A2
Vo R (Ro)[ tTt

Adjust Vef, R1 or RO so that v,
high level is equal to 9.961 vol

R
Vo =50k [l+1+—

! Bias Circuitry
! Common 1o All
Amplifiers

B(+19.5mv)is approxim.
S are switched.

A3,80, 45 a6 A7 a8
32 64 128 256

1 1 1

128 * 355

ately

“The value of C may be selected to minimize overshoot

0 with all digital inputs at

J

o Vce

° Vgg




L. TLO81, TLOS2, TLOS4

R1 Vi R3

VR

Clear c*

Ru&

Vin * 1NS14

FIGURE 16 — LONG INTERVAL RC TIMER

FIGURE 15 — POSITIVE PEAK DETECTOR

+

1.0 uF Y2 TLO82

T

Y2 TLO82

Polystyrene Capacitor

R-ei_e‘c/o *Polycarbonate or

TLO81

RE TLO81

T
Rsi

Time (t) = R4 C¢n (VRVR - V1), R3 = R4, Rg = 0.1 R6
if R1 = R2: t = 0.693 R4C

Design Example: 100 Second Timer

vp =10V C = 1.0 uF

R6 = 20 k RS = 2.0k

+20V

®7
~-20V
® Overshoot < 10%
ot = 10 us

*Polycarbonate or
Polystyrene Capacitor

and loyt{max):

R3 = R4 = 144 M
R1 = R2 = 1.0k at C. 05
FIGURE 18 — VOLTAGE CONTROLLED CURRENT SOURCE
R3
AAA-
R1
Vin O AAA- ¥ RS
—AAM——0 lout
R2
TLOBY
R4

v.
If R1 through R4 >> RS then Iy = ﬁlg

—0 Vout

FIGURE 17 — ISOLATING LARGE CAPACITIVE LOADS
R2 Bk

——Tw,—o—o Vout
Cc
§ 20 pF

® When driving large C(, the Vg slew rate is determined by C

! 0.02
&our _ lour , 002 V/us = 0.04 Vius (with C|_ shown)

MOTOROLA LINEAR/INTERFACE DEVICES
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Operational Amplifiers

CA3130A, CA3130

BiMOS Operational Amplitiers

With MOSFET Input/CMOS Output

Features:
® MOSFET input stage provides:
very high Z)=1.5 TQ (1.5 x 10'°Q) typ.
very low W=5 pA typ. at 15-V operation
=2 pA typ. at 5-V operation
® Common-mode input-voltage range includes

negative supply rail; inputterminals can Ideal for
be swung 0.5 V below negative supply rail single-supply
& CMOS output stage permits signal swing applications

to either (or both) supply rails

RCA-CA3130A and CA3130 are integrated-circuit opera-
tional amplifiers that combine the advantages of both
CMOS and bipolar transistors on a monolithic chip.

Gate-protected p-channel MOS/FET (PMOS) transistors
are used in the input circuit to provide very-high-input
impedance, very-low-input current, and exceptional speed
performance. The use of PMOS field-effect transistors in
the input stage resuits in common-mode input-voltage
capability down to 0.5 volt below the negative-supply
terminal, an important attribute in single-supply applica-
tions.

A complementary-symmetry MOS {CMOS) transistor-pair,
capable of swinging the output voltage to within 10 millivolits
of either supply-voltage terminal (at very high values of ioad
impedance), is employed as the output circuit.

The CA3130 Series circuits operate at supply voltages
ranging from 5 to 16 volts, or +2.5 to +8 volts when using
split supplies. They can be phase compensated with a
single external capacitor, and have terminals for adjust-
ment of offset voltage for applications requiring offset-nui
capability. Terminal provisions are also made to permit
strobing of the output stage. .

The CA3130 Seriesis supplied in standard 8-lead TO-5 style
packages (T suffix), 8-lead dual-in-line formed tead TO-5
style “DIL-CAN" packages (S suffix). The CA3130 is
available in chip form (H suffix). The CA3130 and CA3130A
are also available in the Mini-DiP 8-lead duat-in-tine plastic
package (E suffix). All types operate over the full military-
temperature range of -55°C to +125°C. The CA3130A offers
superior input characteristics over those of the CA3130.

Applications:

u Ground-referenced single-supply amplitiers
| Fast sample-hold amplifiers
& Long-duration timers/monostables
® High-input-impedance comparators
(ideal interface with digital CMOS)
& High-input-impedance wideband amplifiers
8 Voltage followers
(e.g.. follower for single-supply D/A
converter)
® Voltage regulators
(permits control of output voltage
down to zero volts)
® Peak detsctors
® Single-supply full-wave precision rectifiers
® Photo-diode sensor amplifiers

File Number 817




Operational Amplifiers

CA3130A, CA3130

ELECTRICAL CHARACTERISTICS at Tp=25°C, vtets v, v-=gv (Unless otherwise specified)

| LIMITS
CHARACTERISTIC CA3130A (T.$,E) CA3130 (T.S.E) Units
Min. | Typ. | Max. [ Min. Typ. | Max] .
Input Offset Voltage,
- 2 5 - 8
Vigl. Vi=t75V 151 mv
Input Offset Current
: ' - . 0 - 3
I'IOI iz gy 05 | 2 - 05| 30| pa
'"f_“:f;"\'f"" " =1 8513 |- s |s] pa
Large-Signal Voltage 50k {320k| - |50k ]|320k] — | vyv
Gain, AOL
Vo=1O0Vpp Ri=2kQ| 94 | 10| - |94 | 10| - | g8
Common-Mode
Rejection Ratio,cMRR| 80 | 90 | - [ 70| 60 | _ | gg
Common-Mode Input- -0.5 -0.5
Voltage Range, Vicr 0 to 10 0 to 10 v
12 12
Power-Supply Rejection
Ratio, AV 5/8v* - ¢ 32 0150 1 — ) 32 {320 pupv
vict75 v
Maximum Output
Voltage:
+
. Vom® | 12 [133] - | 12 | 133]
S 7TV iul B (177 13 e oor] _
* 114, 15 | - |a. 1 )
AtR| = o YDM_ 99 99 5
Vom™ | = | 0 [oo1 | = [ 0 {00
Maximum Output
Current:
‘0M+ (Source) @
Vo=0V 12 22 | 45 12 22 | 45
mA
lom™ (Sink) @
Vg=15V 12 20 | 45 12 20 | 45
Supply Current, I17:
Vo=75V,R| = o - 10 15 - 10 15
O L . mA
Vo=0V, R = - 2 3 - 2 3
Input Offset Voltage
Temp. Drift, -~ 10 - - 10 - |uv/eC
AV|0/AT. :
PHASE 000‘9("5‘7!0'4\ TaQ STROBE
arsery, N N O ® snose .
Ny mvuY@-—' . Q vt ’
wigs &) (&) oureus wy bur O ©oureur
NONCiNY oFFsE v @ @ RGET
NPyt NULL
(v ano case 0P vigw
ToP ViEw 20 2 a204- 29004
S and T Suffixes E Suffix
Fig.1 — Functional diagrams for the CA3130 series.
293




Operational Ampilitiers

CA3130A, CA3130

TYPICAL VALUES INTENDED ONLY FOR DESIGN GUIDANCE

TEST
CONDITIONS
| =" NS
V=475V
V-=_75y | CA3130a
CHARACTERISTIC - CA3130 | unNITS
TA=25°C |
(Unless Other- -
wise Specified) X
Input Offset Voltage 10 k2 across
Adjustment Range Terms.4 and § 122 mv
or 4 and 1
Input Resistance, R 1 1.5 N
Input Capacitance, Cq f=1MHz 4.3 pF
Equivalent Input Noise BW = 0.2 MHz 23 v
Voltage, e Rg=1MQ"
Unity Gain Crossover Ceo=0 15
o 2 MHz
Frequency, fr Cc=47pF 4
Slew Rate, SR: N
en Loo Cc=0 30
O R . < Vius
Closed Loop Cc=56pF 10
Transient Response: CC =56 pF
Rise Time, t, CL=25pF 0.09 us
Ry =2kQ
Overshoot L 10 %
= {Voltage
Settling Time (4 Vp,p Follower) 1.2 s
Input to <0.1%) b

* Although 3 1-MQ source is used for this test, the equivalent input noise femains constant for values of Rg

up to 10 Ms2.
TEST
CONDITIONS
Vt=gy
V==0v
CHARACTERISTIC o CA3130A | CA3130 UNITS
TASZC | T sE) | (Te)
(Unless Othes- o e
Wise Specified)
Input Offset Voitage, Vipo 2 8 my
Input Offset Current, o 0.1 0.1 pA
Input Current, 0y 2 2 pA
Common-Mode Rejection
Ratio, CMRR 90 80 dB
Large-Signal Voltage Vo=4 Vp,‘J 100 k 100 k v/v
Gain, AoL Ry =5k 100 100 dB
Common-Mode Input
Voltage Range, VicR 01028 Oto 2.8 \Y
Vo =5V,
300 300
+ RL = co
Supply Current, | VooIEv LA
0= <oV, 500 500
RL = 0o
Power Supply Rejection

Ratio AV, ~ /A\7+

.
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Operational Amplifiers

CA3130A, CA3130 :

MAXIMUM RATINGS, Absolute-Maximum Values
DC suppLY VOLTAGE

(Betwoen V* and V= Terminals) . ... 16v TEMPERATURE RANGE:
DIFFERENTIAL-MODE . OPERATING {all types) ... .. ~56 to + 1256°C
INPUTVOLTAGE .......5 .. . *3v STORAGE (all types) ........ ~—65 to + 150°C
COMMON-MODE DC _ OUTPUT SHORT-CIRCUIT
INPUT VOLTAGE. .. (v*48 V)10 (v— 05 V) DURATION ®. .. 3 " \NDEFINITE
INPUT-TERMINAL CURRENT ..., ..... 1mA LEAD TEMPERATURE ) .
DEVICE DISSIPATION: (DURING SOLDERING): i
WITHOUT;!EAT SINK ~ AT DISTANCE 1/16 + 1/32 INCH B
UPTOSSOC . ... .. ... ... .. 630 mwW {1.89 £ 0,79 mm) FROM CASE B
ABOVE 55°C .. .. Derate linearly 6.67 mw/oC FOR 10 SECONDS MAX. . . .. +265°C i
WITH HEAT SINK — —_— d
UPTOS0°C .. ... .. . . ... . 1w *Short circuit may be applied to ground or to either ;
ABOVEQ0°C - -- Derate linearly 16.7 mw/°C supply. - i

rcmras e
T s eEs

~ s " +
“CURRENT- SOURCE Dv
CURRENT SOURCE FOR Q6 AND Q7 : ‘| L0aD- FORURCE

OFFSEY MILL'&——COMPENSATION e C smosmcﬁ) v

i
'
OI00ES DS THROUGH 08 PROVIDE GATE - OXIDE PROTECTION I g
FOR MOS/FET INPUT STAGE .

92CM-24Tiam1

Fig. 2 — Schematic diagram of the CA3130 Series. f

!
CIRCUIT DESCRIPTION second stages. Term. 8 can be used both for

Fig. 3 Is a block diagram of the CA3130 phase compensation and to strobe the output
Series CMOS Operational Amplifiers. The stage into quiescence. When Term. 8 is tied ,
input terminals may be operated down to to the negative supply rail (Term. 4) by .
0.5 V below the negative supply rail, and the mechanical or electrical means, the output i
output can be swung very close to either potential at Term. 6 essentially rises to the
supply rail in many applications. Conse- positive supply-rail potential at Term. 7.
quently, the CA3130 Series circuits are ideal This condition of essentially zero current
for single-supply operation. Three Class A drain in the output stage under the strobed
amplifier stages, having the individyal gain “OFF" condition can only be achieved when
capability and current consumption shown the ohmic load resistance presented to the
in Fig. 3, provide the total gain of the amplifier is very high {e.g., when the amplifier
CA3130. A biasing circuit provides two outputis used to drive CMOS digital circuits
potentials for common use in the first and in comparator applications).
iH
1
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Input Stages—The circuit of the CA3130 is
shown in Fig. 2. It consists of a differential-
input stage using PMOS field-effect tran-
sistors (Q6, Q7) working info a mirror-pair
of bipolar transistors (Q9, Q10) functioning
as load resistors together with resistors R3
through R6. The mirror-pair transistors also
function as a differential-to-single-ended con-
verter to provide base drive to the second-
stage bipolar transistor {Q11). Offset nulling,
when desired, can be effected by connecting
a 100,000-ohm potentiometer across Terms.
1 and § and the potentiometer slider arm to
Term. 4. Cascode-connected PMOS transistors
Q2, Q4 are the constantcurrent source for
the input stage. The buasmg circuit for the
constant-Lurrent source is subsequently de-
scribed. The small diodes D5 through D8
provide gate-oxide protection against high-
voltage transiénts, e.g., including static elec-
tricity during handling for Q6 and Q7.

Second-Stage—Most of the voltage gain in the

CA3130 is provided by the second amplifier *

stage, consisting of bipolar transistor Q11
and its cascode-connected load resistance
provided by PMOS transistors Q3 and Q5.
The source of bias potentials for these PMOS
transistors is subsequently described. Miller-
Effect compensation (roll-off} is accom-
plished by simply connecting a small capa-
citor between Terms. 1 and 8. A 47-picofarad
capacitor provides sufficient compensation
for stable unity-gain operation in most
applications.

Bias-Source Circuit—At total supply voltages,
somewhat above 8.3 volts, resistor R2 and
zener diode Z1 serve to establish a voltage of
8.3 volts across the series-connected circuit,
consisting of resistor R1, diodes D1 through
D4, and PMOS transistor Q1. A tap at the
junction of resistor R1 and diode D4 provides
a gate-bias potential of about 4.5 volts for
PMOS transistors Q4 and Q5 with respect to
Term. 7. A potential of about 2.2 volts is
developed across diode-connected PMOS tran-
sistor Q1 with respect to Term. 7 to provide
gate bias for PMOS transistors Q2 and Q3. It

*

v
—-G
200 uA o ma® 1
cua® 1
1
1
[
|
:anm
4y % 8000X Ay® 30X
. |
1
I -
J 4
pyS w; Nu— o
S STROBE
COMPENSATION:
oFFsET (WHEN REQUIRED)
L LYY

TOTAL SUPPLY VOLTAGE {FOR INDICATED VOLTASE GANS] «13 v
ot suT ‘(M"&S M’CD 30 THAY TERM 6 POTENTIAL
S ¢T3V ABOVE TEA

* with QuYPUT vuunm. DRIVEN TO CITHER SUPPLY Ratt,

2c8-24m13

* Fig. 3 — Block diagram of the CA3130 Series.

should be noted that Q1 is “mirror-con-
nected”t to both Q2 and Q3. Since tran-
sistors Q1, 02, Q3 are designed to be iden-
tical, the approximately 200-microampere
current in Q1 establishes a similar current in
Q2 and Q3 as constant-current sources for
both the first and second amplifier stages,
respectively.

At total supply voltages somewhat less than
8.3 volts, zener diode Z1 becomes non-
conductive and the potential, developed
across series-<connected R1, D1-D4, and Q1,
varies directly with variations in supply
voltage, Consequently, the gate bias for Q4,
Q5 and Q2, Q3 varies in accordance with
supply-voltage variations. This variation re-
sults in deterioration of the power-supply-
rejection ratio (PSRR} at total supply voit-
ages below 8.3 volts. Operation at total sup-
ply voltages below about 4.5 volts results in
seriously degraded performance.

Output Stage—The output stage consists
of a drain-loaded inverting amplifier using
CMGOS transistors operating in the Class A
mode. When operating into very high
resistance loads, the output can be swung
within millivolts of either supply rail. Be-
cause the output stage is a drain-loaded
amplifier, its gain is dependent upon.the
load impedance. The transfer characteristics
of the output stage for aload returned to the
negative supply rail are shown in Fig. 6.
Typical op-amp loads are readily driven by
the output stage. Because large-signal
excursions are non-linear, requiring feed-
back for good waveform reproduction,
transient delays may be encountered. As a
voltage follower, the amplifier can achieve
0.01 per cent accuracy levels, including the
negative supply rail.

tFor generalinformation on the characteristics
of CMOS transistor-pairs in linear-circuit
applications, see File No.619, data bulletinon
CA3600E “CMOS Transistor Array"”.
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Fig. 6 —~ Voltage transfer characteristics of

COS/MOS output stage.
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Input Current Variation with Common-
Mode Input Voltage

As shown in the Table of Electrical Charac-
teristics, the input current for the CA3130
Series Op-Amps is typically 5 pA at T o =250C
when terminals 2 and 3 are at a common-
mode potential of +7.6 volts with respect to
negative supply Terminal 4. Fig.11 contains
data showing the variation of input current
as a function of common-mode input voltage
at Tp = 259C. These data show that circuit
designers can advantageously exploit these
characteristics to design circuits which typi-
cally require an input current of less than 1
PA, provided the common-mode input volt-
age does not exceed 2 valts. As previously
noted, the input current is essentially the
result of the leakage current through the

Fig. 10 — Voltage

fa

12} vs. load current,

22CI-24122

across NMOS output transistor

gate-protection diodes in the input circuit
and, therefore, a function of the applied
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Fig.11 — Input current vs. common-mode voltage.
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voltage. Although the finite resistance of the
glass terminal-to-case insulator of the TO-5
package also contributes an increment of
leakage current, there are useful compensa-
ting factors. Because the gate-protection net-
work functions as if it is connected to
Terminal 4 potential, and the TO-5 case of
the CA3130 is also internally tied to Term-
inal 4, input terminal 3is essentially *“guarded’
from spurious leakage currents.

Offset Nulling

Offset-voltage nulling is usually accomplished
with a 100,000-ohm potentiometer con-
nected across Terms. 1 and 6 and with the
potentiometer slider arm connected to Term.
4. A fine offset-null adjustment usually can
be effected with the slider arm positioned in
the mid-point of the potentiometer’s total
range.

Input-Current Variation with Temperature
The input current of the CA3130 Series cir-
cuits is typically 5 pA at 259C. The major
portion of this input current is due to leakage
current through the gate-protective diodes in
the input circuit. As with any semiconductor-
junction device, including op amps with a
junction-FET input stage, the leakage cur-
rent approximately doubles for every 10°C
increase in temperature. Fig.12 provides data
on the typical variation of input bias current
as a function of temperature in the CA3130.
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Fig.12 — Input current vs. ambient temperature.

In applications requiring the lowest practical
input current and incremental increases in
current because of “warm-up” effects, it is
suggested that an appropriate heat sink be
used with the CA3130. In addition, when
“sinking” or “sourcing” significant output
current the chip temperature increases,
causing an increase in the input current. In
such cases, heat-sinking can also very mar-
kedly reduce and stabilize input current
variations.

Input-Offset-Voltage (V 10) Variation with
DC Bias vs. Device Operating Life
It is well known that the characteristics of a
MOS/FET device can change slightly when a
dc gate-source bias potential is applied to the
device for extended time periods. The magni-

tude of the change is increased at high tem-
peratures. Users of the CA3130 ‘should be
alert to the possible impacts of this effect if
the application of the device involves ex-
tended operation at high temperatures with a
significant differential dc bias voltage applied
across Terms, 2 and 3. Fig.13 shows typical
data pertinent to shifts in offset voltage
encountered with CA3130 devices (TO-S
package) during life testing. At lower tem-
peratures (TO-5 and plastic), for example
at 850C, this change in voltage is con-
siderably less. [n typical linear applica-
tions where the differential voltage is small
and symmetrical, these incremental changes
are of about the same magnitude as those
encountered in an operational amplifier em-
ploying a bipolar transistor input stage, The
two-volt dc differential voltage example rep-
resents conditions when the amplifier output
stage is “toggled”, e.g., as in comparator
applications.
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Fig.13 - Typical incrementat offset-voltage shift
V3. operating life,

Power-Supply Considerations

Because the CA3130 is very useful in single-
supply applications, it is pertinent to review
some considerations relating to power-supply
current consumption under both single- and
dual-supply service. Figs. 14a and 14b show
the CA3130 connected for both dual- and
single-supply operation.

Dual-supply operation: When the output
voltage at Term. 6 is zero-volts, the currents
supplied by the two power supplies are equal.
When the gate terminals of Q8 and Q12 are
driven increasingly positive with respect to
ground, current flow through Q12 (from the
negative supply) to the load is increased and
current flow through Q8 {from the positive
supply) decreases correspondingly. When the
gate terminals of Q8 and Q12 are driven in-
creasingly negative with respect to ground,
current flow through Q8 is increased and
current flow through 0/12/ is decreased
accordingly.

Single-supply operation: Initially, let it be
assumed that the value of R is very high
(or disconnected), and that the input-terminal
bias (Terms. 2 and 3} is such that the out-
put terminal (No. 6) voltage is at V+/2, ie.,

o~
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Fig.14 — CA3130 output stage in dual and single Power-supply operation.

the voltage-drops across Q8 and Q12 are of
equal magnitude. Fig. 7 shows typical quies-
cent supply-current vs, supply-voltage for the
CA3130 operated under these conditions.
Since the output stage is operating as a
Class A amplifier, the supply-current will
remain constant under dynamic operating
conditions as long as the transistors are
operated in the linear portion of their
voltage-transfer characteristics (see Fig. 6).
If either O8 or Q12 are swung out of their
linear regions toward cut-off (a non-inear
region), there will be a corresponding re-
duction in supply-current. in the extreme
Case, e.g., with Term. 8 swung down to
ground potential (or tied to ground}, NMOS
transistor Q12 is completely- cut off and the
supply-current to series-connected transistors
@8, Q12 goes essentially to zero. The two
preceding stages in the CA3130, however,
continue to draw modest supply-current (see
the lower curve in Fig. 7} even though the
output stage is strobed off. Fig. 143 shows a
dual-supply arrangement for the output stage
that can also be strobed off, assuming Ry =os,
by pulling the potential of Term. 8 down to
that of Term. 4.

Let it now be assumed that a load-resistance
of nominal value {e.g., 2 kilohms) is con-
nected between Term. 6 and ground in the
circuit of Fig.14b, Let it further be assumed
again that the input-terminal bias (Terms. 2
and 3) is such that the output terminal {No.
6) voltage is a V+/2. Since PMOS transistor
Q8 must now supply quiescent current to
both R and transistor Q12, it shoutd be
apparent that under these conditions the
supply-current st increase as an inverse
function of the R L magnitude. Fig: 9 shows
the voltage-drop across PMOS transistor Q8
as a function of load current at several supply-
voltages. Fig. 6 shows the voltage-transfer
characteristics of the output stage for several
values of load resistance.

Wideband Noise

From the standpoint of low-noise perform-
ance considerations, the use of the CA3130
is most advantageous in applications where
in the source resistance of the input signal is

in the order of 1 megohm or more. In this
Case, the total input-referred noise voltage
is typically only 23 uV when the test-circuit
amplifier of Fig. 15 js operated at a total
supply voltage of 15 volts. This value of
total input-referred noise remains essentially
constant, even though the valye of source
resistance is raised by an order of magnitude.
This characteristic is due to the fact that
reactance of the input capacitance becomes a
significant factor in shunting the source
resistance. It should be noted, however, that
for values of source resistance very much
greater than 1 megohm, the total noise
voltage generated can be dominated by the
thermal noise contributions of both the
feedback and source resistors.

TYPICAL APPLICATIONS

Voltage Followers

Operational amglifiers with very high input
resistances, like the CA3130, are particularly
suited to service as voltage followers. Fig. 16
shows the circuit of 2 classical voltage
follower, together with pertinent waveforms
using the CA3130 in a split-supply config-
uration.

A voltage follower, operated from a single
supply, is shown in Fig. 17, together with
related waveforms. This follower circuit is

478 v
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Q vouTace
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Fig.15 — Testcircuit amplifier (30-d8 gain) used
for wideband noise 3
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Top Trace: Output
Bottom Trace: Input
(a) Small-signal response (50 mVdiv.
and 200 ns/div.)

Top Trace: Output signal (2 V/diy. 92CS-24739

and 5 us/div.)
Center Trace: Difference signal (5 mV/div.
and 5 us/div.)
Bottom Trace: Input signal (2 V/div.
and 5 us/div.)

(b) Input-output difference signal showing
settling time (Measurement made with
Tektronix 7A13 differential amplifier)

Fig.16 — Split-supply voltage follower with
associated waveforms.

linear over a wide dynamic range, as illus-
trated by the reproduction of the output
Fig. 17a with input-signal
ramping. The waveforms in Fig. 17b show
that the follower does not lose its input-to-
output phase-sense, even though the input is

waveform in

(a) Output-waveform with input-signal ramping
(2 V/div. and 500 us/div.)

92CS-24728RI
Top Trace: Output (S V/div. and 200 ps/div.)
Bottom Trace: Input (5 V/div. and 200 us/div.)
(b) Output-waveform with ground-reference
sine-wave input g
Fig.17 — Single-supply voltage-follower with
associated waveforms. fe.g., for use
in single-supply D/A converter: see
Fig.9 in ICAN-6080).

being swung 7.5 volts below ground potential.
This unique characteristic is an important
attribute in both operational amplifier and
comparator applications. Fig. 17b also shows
the manner in which the CMOS output
stage permits the output signal to swing down
to the negative supply-rail potential (ie.,
ground in the case shown). The digital-to-
analog converter (DAC) circuit, described in
the following section, illustrates the practical
use of the CA3130in a single-supply voltage-
follower application.
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9-Bit COS/MOS DAC

A typical circuit of a 9-bit Digital-to-Analog
Converter (DAC}" is shown in Fig.18 This
system combines the concepts of multiple-
switch CMOS IC's, a low-cost ladder net-
work of discrete metal-oxide-film resistors,
a CA3130 op amp connected as a follower,
and an inexpensive monolithic regulator in
a simple single power-supply arrangement.
An additionai feature of the DAC is that it is
readily interfaced with CMOS input logic,
e.g., 10-volt logic levels are used in the
circuit of Fig. 18.

10 V LOGIC INPUTS
L

of one per cent tolerance metat-oxide film
resistors. The five arms requiririg the highest
accuracy are assembled with series and
paraliel combinations of 806,000-ohm re-
sistors from the same manufacturing lot.

A single 15-volt supply provides a positive
bus for the CA3130 follower amplifier and
feeds the CA3085 voltage regulator. A
“scale-adjust” function is provided by the
regulator output control, set to a nominal

- 10-volt leve! in this system. The line-voltage

regulation {approximately 0.2%) permits a
9-bit accuracy to be maintained with varia-
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Fig. 18-9-bit DAC using CMOS digital switches and CA3130.

The circuit uses an R/2R voltage-ladder
network, with the output potential obtained
directly by terminating the ladder arms at
either the positive or the negative power-
supply terminal. Each CD4007A contains
three “inverters’’, each “inverter” function-
ing as a single-pole double-throw switch to
terminate an arm of the R/2R network at
either the positive or negative power-supply
terminal. The resistor ladder is an assembly

*~Digital-to-Analog Conversion Using the -
RCA-CD4007A COS/MOS IC™, Application
Note ICAN-6080. -

tions of several volts in the supply. The
flexibility afforded by the COS/MOS buitding
blocks simplifies the design of DAC systems
tailored to particular needs.

Single-Supply, Absolute-Value, Ideal Fuli-
Wave Rectifier

The absolute-value circuit using the CA3130
is shown in Fig. 19. During