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CMOS Low-Power
Monostable/Astable
Multivibrator

The RCA-CD4047A consists of a gatable
astable multivibrator with logic techniques
incorporated to permit positive or negative

edge-triggered monostable multivibrator
action with. retriggering and external count-
ing options.

Inputs include +TRIGGER, —TRIGGER,
ASTABLE, ASTABLE, RETRIGGER, and
EXTERNAL RESET. Buffered outputs are
Q, Q, and OSCILLATOR. In. all modes of
operation an external capacitor must be con-
nected between C-Timing and RC-Common
terminals, and an external resistor must be
connected between the R-Timing and RC-
Common terminals.

Astable aperation is enabled by a high level
on the ASTABLE input. The period of the
square wave. at the @ and Q Outputs in this
mode of operation is a function of the ex-
ternal components employed. “True” input
pulses on the ASTABLE input or “Com-
plement” pulses on the ASTABLE input
allow the circuit to be used as. a gatable
multivibrator. The OSCILLATOR output
period will be half of the Q terminal output
in the astable mode. However, a 50% duty
cycle is not guaranteed at this output.

in the monostable mode, positive-edge
triggering is accomplished by application of
a leading-edge pulse to the +TRIGGER
input and a low level to the —TRIGGER
input. For negative-edge triggering, a trailing-
edge pulse is applied to the —TRIGGER and
a high level is applied to the +TRIGGER.
Input pulses may be of any duration relative
to the output pulse. The multivibrator can
be retriggered {on the leading edge only) by
applying a common pulse to both the
RETRIGGER and +TRIGGER inputs. In
this mode the output pulse remains high as
long as the RETRIGGER inputis high, with or
without transitions.

An external countdown option can be imple-
mented by coupling Q" to an external
- “N" counter and resetting the counter with
the trigger pulse. The counter output pulse is
fed back to the ASTABLE input and has a
duration equal to N times the period of the
multivibrator.

A high level on the EXTERNAL RESET
input assures no output pulse during an
“ON" power condition. This input can also
be activated to terminate the output pulse at
any time.In the monostable mode, a high-
level or power-on reset pulse, must be
applied to the EXTERNAL RESET when-

@ ASTABLE. ASTABLE
GATE
(:)——-QWE CONTROL.
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CD4047A Types

Thesetypes are supplied in 14-lead hermetic
dual-in-line ceramic packages {D and F
suffixes), 14-lead dual-in-line plastic pack-
ages (E suffix}, 14-lead ceramic flat pack-
ages (K suffix), and in chip form (H suffix).

Features:

® Low power consumption: special
COS/MOS oscillator configuration

B Monostable (one-shot) or astable
(free-running) operation -

B True and complemented buffered
outputs

® Only one external R and C required

® Quiescent current specified to 15 V

m Maximum input leakage current of
1 pA at 15 V {full package-temperature
range)

® 1.V noise margin {full package-temper-
ature range)

Monostable Multivibrator Features:

92C5-21431R1

CDA4047A
Terminal Diagram

Astable Multivibrator Features:

B Free-running or gatable operating modes
| 650% duty cycle

8 Qscillator output available

B Good astable frequency stability:

i . . Frequency deviation:
B Positive- or negative-edge trigger
® Output pulse width independent of =32% +0.03%/°C @ 100 kHz
o lse. we =10,6% + 0.015%/°C @ 10 kHz

trigger pulse duration

= Retriggerable option for. pulse width
expansion

® Long pulse widths possible using small
RC components by means of external

(circuits “trimmed’’ to frequency
VDD =10 V £ 10%)

Applications :
Digital equipment where Tow- -power dlSSIpa-
counter provision tion and/or high noise immunity are primary
® Fast recovery time essentially independent  design requiraments:
of pulse width B Envelope detection
® Pulse-width accuracy maintained at duty ® Frequency multiplication
cycles approaching 100% ® Frequency division
[ ® Frequency discriminators
B Timing circuits
[ ]

C-TIMING Time-delay applications
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Fig. 1 — GD4047A lagic black disgram.
MAXIMUM RATINGS, Absolute-Maximum. Values:

STORAGE-TEMPERATURE RANGE {Tgg) . . .« . .+ P ies e et Peeaws —65 to +160°C
OPERATING-TEMPERATURE RANGE (TA):

PACKAGETYPESD,F, K, H o« v v v v v vv e v s i o i v s v v e o e .. .-551t0+125°C

PACKAGETYPEE . .« . « v v v o v v v o e e e e e e e e - -40t0 +85°C
DC SUPPLY-VOLTAGE RANGE, (Vpp!}

{Voltages referenced to Vgg Terminal}: . . .. ... va P e sr e e —-05to+15 V
POWER DISSIPATION PEH PACKAGE (Pp)

FOR Ta=—40 to +60 °C (PACKAGETYPEE) . ....vucrvinesnsns PP 500 mwW

FOR Ta= 160 to +85 C (PACKAGETYPEE) ......... Derate Linearly at 12 mW/ C to 200 mW

FOR Ty = -5510 +100°C (PACKAGETYPESD,F,K) o v o s v v vv v v v s e a v a e v v e 500 mW

FOR TA =+100 to +125°C (PACKAGE TYPES D, F, K) .
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

ever VpD is applied. FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). . .. ... .. 100 mW
INPUT VOLTAGE RANGE,ALLINPUTS . . . .. . cvvivnnnoss e . =0.6to Vpp +0.56 V
LLEAD TEMPERATURE (DURING SOLDERING): o
At distance 1/16 £1/32 inch {169 £0,79 mm) fromcase for 106 mMax. . . « v v v v e e oo s ot +266 C
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CD4047A Types

RECOMMENDED OPERATING CONDITIONS at Ta= 25°C, Except as Noted.
For maximum reliability, nominal operating coriditions should be salected so that
operation is always within the following ranges:

AMBIENT TEWPERATURE (Tale2s°C
""ICVAL ':‘I,D‘!ul NE COEFFICIENT AT ALL VALUES

'“‘i‘

1
LIMITS H HH
3 ATE VOLTA I
D,F KH E UNITS £
CHARACTERISTIC VDD | Packages Package
Min. | Max. | Min. | Max. 2 oy
Supply-Voltage Range (For Ta=Full 3 12 3 12 Vv §
Package- Temperature Range) . v ETE
Input Pulse Width, tyy 6§ |1000] — |1300] - -5 :
(Any lnput) 10 400 _ 600 _ ns DAAIN-TO- SOURCE VOLTAGE (Ml_:m-: .
Trigger, Retrigger 5 _ 15 - 15 s Fig. 2 — Typical m.mzut n-channel drain
Rise or-Fall Time, t. b 10 — 5 - [ cheracteristics for Q and Q buffers.
EIIEK' 'EHPEMYUIE 1Ta}e28¢C
< TYPICAL YEMPERATURE COEFFICIENT AT ALL VALUES.
T ool S vear R
STATIC ELECTRICAL CHARACTERISTICS g ) e VOTAGE Veghs 15
Conditi Limits at Indicated Temperatures (°C) g s Ll
NEItONs ™5, F, K, H Packages E  Package i H H
Characteristics w25 %% Units g :
vo [Vin| Vo) _ss +125 {- 40 +85 i ; :
V)| (V)j (V) Typ.| Limit Typ.]Limit __‘i_ﬁ-m A T
) i — | =] 8s |5 joo3] 5 |300|s0]0.1] 50 | 700 R y :
QUIescent Dev|°e DRAIN-TO- SOURCE VOLTAGE: {vpsl—V
Current I} Max. —] -} 10|10 ]0.05] 10 | 600 {100] 0.2} 100 {1400] LA i sz¢s-21387
. ‘T=1T-T15[s0] 1 | s0 2000|500 & | 500 |5000 Fig. 3—Mi output n-channel drain
characteristics for @ and Q buffers.
Output Voltage: - 15861} 8 0 Typ.; 0.05 Max.
Low-Level,
VoL — [0 0 Typ.; 0.05 Max. v} ORAIN- m -SOURCE VOLTAGE {Vpsl—¥
H_igh Leve! - 0 5 4.95 Min.; 5 Typ. AWBIENT wn:unun: Talv He aus, R -
VoH - |00 9.95 Min., 10 Typ. P i 1
Noise Immunity: | 42| — | & 1.5 Min.; 2,26 Typ. oS
inputs Low, = — 5
V£|_ 9| -110 3 Min.; 4.5 Typ. v o . g
Inputs High 08| —-| 5 1.5 Min.; 2.25 Typ. ..§
VNH 1T -] 10 3 Min; 4.5 Typ. 5
Noise Margin: 45 [ 1 Min, §
{;‘:I)UMT. Lo 9 10 1 Min, v e o :m;m::?:'h' M A
Inputs High, 0.5 5 1 Min. scraises
VNMH 1 10 1 Min. Fig. 4, — Typical cutput p-chsnnel draln
Output Drive charscteristics for Q and Q buffers.
Current: .
s_&.%g:;lputs) 05| -1 5 [05]08| 04]0.28/0.34|0.8)|0.28|0.23 DRAI-TO-SOURCE VOLTAGE Wos)—¥ .
{Sink), e LT »
[pN Mi . 8 A cse-0-3 %/ e sv Y H
DN Min 05| — |10 [12s] 2] 1] o7]oss|2 07|06 | ™ : H L
p-Channel 45| - | 5 [os5 |08 |04|028l0.34]08|0.28]-0.23 FHER §
(Source): - T -
IpP Min. 95| — | 10 1254 -2 -1 | -0.7 ]-0.85| -2 | -0.7 | -0.6 'é
Input Leakage Any Input 5 £ 5
Current, — I - | 15 £107° Typ., £1 Max. A H
NLYH j "
R e e-sovmce vouectveg) s VIS -

$2C8-21349
Fig. 5 — Minimum output p-channel drain
charscteristics for Q and Q buffers.
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CD4047A Types

DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C, Input t, . t=20ns,Cp = 16 pF, [ e rewreianme e
s _!_VZICAL EMP COEFFICKENT AT ALL VALUES OF Vpo=0.3 % /°C
RL = 200 k2 H B
H
LIMITS 5 HiHH
conorions | BEKH £ : O
CHARACTERISTICS Packages Package UNITS g HHH rhH
VDD | pin, | Tve. |max|min.| TYP. [MAX| ¢ e
(Volts) H s s e
Propagation Delay Time: - i T H :f{
tPHL - tPLH 5 - 200 | 400 - 200 | 550 o G 20 W0 W W W 10 20
Astable, Astable LOAD CAPACITAMCE f}—sf 9205-21435
to Osc. Out _ _ Fig. 6 ~ Typical fow-to-high level propagation
- 10 100 | 200 100 | 275 delay time vs load capscitance for Q
Astable, Astable 5 — | 650|800 | — | 550 (1200 and Q buffers.
t10Q,a 10 — 1250|5001 — | 250 650 | YRR TOUR COETHENT A ALL WALUES 0F V003 %/

. B Ty Fpee s 2N FE S
+Trigger, —Trigger 5 — | 700 |1200f — | 700 | 1600 s it 1 el
t0Q,Q 10 | — | 300|600 — | 300] 800 i I

H
+Trigger, Retrigger 5 — | 300|600 — | 300800 g o
t00Q.Q 10 | — | 175|300 — | 175} 400 s
External Reset 5 — | 300)600| — | 300)800 R = i
t0QQ 10 | — j125|280| — | 126 350 TR

Transition Time: 5 - 76 | 125 — 75 | 150 LOAD CAPACITANCE foy ) —»F s2¢s-2140
tTHL - tTLH ~ Fig. 7 — Typical transition time vs load capa-
Q,ﬁ 10 - 45 76 — 45 10q ns citance for Q and @ buffers.
Osc. Out 5 — 75 | 150 — 75 | 180 1. Astable Mode Design Information
10 - 45 | 1001 - 45 { 120 A. Unit-to-Unit Transfer-Voltage
. Variations. '
Minimum Input Pulse 5 — | 500 1000] — | 500 | 1300 ns The following analysis presents worst-
Width (any input), ‘W‘ 10 — | 200| 400| - | 200]| 600 case variations from unit to- unit as a
- function of ftransfer-voitage (VTR)
. . 5 - - 15} - - | 15 shift (33%—67% Vpp) for. free-
+Trigger, Retrigger s . f
Rise & Fall Time, t;, t¢ 10 _ - 5 _ _ 5 running (astable) operation.
Average Input Any E - niniis
i Input - -| &8} - -] B8] = p
Capacitance, C| P S« v D

* Input pulse widths below the minimum specified may cause malfunction of the unit.
See Application Note ICAN - 6230

CD4047A FUNCTIONAL TERMINAL CONNECTIONS
NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 34
EXTERNAL CAPACITOR BETWEEN TERMINALS 1 AND 34

TERMINAL CONNECTIONS

OUTPUT |OUTPUT PERIOD
FUNCTION INPUT { PULSE OR
TOVpp| TOVss | PULSE { FROM PULSE WIDTH
) T0
Astable Multivibrator:
Free Running 456,14 | 789,12 - 10,11,13 |ta{10,11)=4.40 RC]
True Gating 46,14 7.8,9,12 b 10,11,13 | ta(13}=2.20 RC
Complement Gating 6,14 5,7.89,12 4 10,11,13
Monostable Multivibrator:
Positive-Edge Trigger 4,14 5,6,7,9,12 8 10,1 .
Negative-Edge Trigger 48,14 | 579,12 6 10,11 [tm(10,11)=2.48 RC
Retriggerable 4,14 5,6,7,9 8,12 10,11
External Countdown® 14 5,6,7,89,12 - 10,11

* Input Pulse to Reset of External Counting Chip External Counting Chip Output To Terminal 4 A See Text.

ta
$2C8-20027

Fig. 8 — Astable mode waveforms.

v

t{=—RCIn TR
Vpp + VTR
Vpp — V

tg=—RCIn —D2D " "TR
2Vpp - VTR

taA= 2 (t1 +t2)

(VTrNVpp - VTR!

=-2RCin
(Vpp * VTR{2Vpp — VTR)
Typ: VTR =05 VDD tA =4,40 RC
Min: Vyr=033Vpp t5=4.62RC
Max: Vrr=0.67Vpp tp=4.62RC

thus if [ta = 4.40 RC| is used, the maximum

variation will be (+5.0%,—0.0%).
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+TmgeEN(8

~TRIGGER

oo (O
vss (D

4% INPUTS PROTECTED BY

€OS/MOS
RESISTOR - DIODE METWOAK

FF2
'
Yoo Ve 5
A__ 4% .U
o { ]
vss CAUTION : TERMINAL 3 15 MORE SENSITIVE

%% HODIFIEQ INPUT PROTECTION
CIRCUIT TO PERMIT LARGER
INPUT-YOLTAGE SWINGS

YO STATIC ELECTRICAL DISCHARGE,
EXTRA HANDLING PRECAUTIONS
ARE RECOMMEMNOED

9zcH-2i432

Fig. 8 - CD4047A logic disgram.

B. Varistions Due 'to Vpp and Temperature
Changes
in addition to variations from unit to
unit, the astable period may vary as a
function of frequency with respect to

PERIOD ACCURACY FOR Q AND §-PER CENT

SUPPLY VOLTAGE (Vppd—V szcs-meas

Fig. 12 — Typical Q-and-Q-period accuracy
vs supply voltage (low frequency).

SUPPLY VOLTAGE [Vl —V s2cs-pAss

Fig. 15 — Typical oscillator-output-period
accuracy vs supply voltage (high
frequency).

Vpp and temperature. Typical variations
are presented in graphical form in Figs.
10 to 20 with 10 V as reference for
voltage variation curves and 25°C as

reference for temperature.variation curves.

AMBIENY VEMFERATUAE (Ta}i25°C
ASTABLE MODE

ACCURACY RANGE FOR FREGUENCY
OF LESS THAN 100 Hz

OfpF SEEInF

xnano

SUPPLY VOLTASE {Vpp)—-V

RAS-THUAS
Fig.*13 — Typlcsl Q-and-Q- pariod accuracy
vs supply voltage {very low frequency).

SUPPLY VOLTAGE [Vpph=—W
Fig. 16 — Typical oscillator-output-pariod
accuracy vs supply voitage
(medium frequancy) .

92C5-D446

Fig. 10 — Typical Q-and-Q-period accuracy
vs supply voltage (high frequencyl.

PERIOD ACCURACY FOR Q AND §—PER CENT

SUPPLY VOLTAGE (Vppl=—=V

ucs 2482

Fig. 11 — Typical Q-and-Q-period accuracy
PRI

vs supply voltag q )

T AMBIENT TEMPERATURE (Tyh28°C
ASTASLE MODE ’

SUPPLY VOLTAGE IV} +5VE0%

) Ll /1]
) %!

Q AND T PERIOD ACCURACY —PER CENT
b

I
ol yopf 1 vped pael g dul e e |vI|!l
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»2c5-21390

Fig. 14 ~ Typiesl Q-and Q-period accuracy
vs frequency for Vpp variation
af *10% from value indicated.
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1. Monostable Mode Design Information

The following analysis presents worst-
case variations from unit to unit as a
function of transfer-voltage {(VTR) shift
(33% — 67% Vpp) for one-shot {mono-
stable) operation.

TERMINAL 8 Jl—._“—-

Teawsar i3 J L wit
TeraraLio J M M
#2C5-20028

Fig. 21 — Monostable waveforms.

ty'= —RCIn ——
ty =ty +12)
{(Vyg! Vpp =~ VTR!
(2vpp - V7R! (2VpD!)

where tpg = Monostable mode pulse width.
Values for tyy are as follows:

tyy=—RCIn

Typ: Vr=0.5 Vpp M= 2,48 RC
Min: VTR =0.33 VDD tm= 2.71 RC
Max. Vyg = 0.67 Vpp M= 248BRC

Thus if [tyg = 2.48 RC| is used, the maximum
variation will be (+8.3%, —0.0%}.

Note:
In the astable mode, the first positive half
cycle has a duration of Tp; succeeding
durations are tA/2.

In addition to variations from unit to unit,
the monostable pulse width may vary as a
function of frequency with respect to Vpp
and temperature. These variations are
presented in graphical form in Fig. 22to 27
with 10 V as reference for voltage-variation
curves and 25°C as reference for temper-
ature-variation curves,

Fig. 19 — Typical oscillator-period accuracy
o edinm fi
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PULSE-WIDTH ACCURACY FOR O AND T—PER CENT
-
~

X

131

o 2 |
220 10 |
=3 220|300
TRe 33 B 45 425 443 65 185 w8 N
AUSENT TEMPERATURE {TA}-="C sz

s temp q )

TT[AMBENRT YEMPERATURE (TAl*25°C
o H{UONOSTABLE MODE

c R
x| oF | KO
aj 18 | 1o0| a7
8| 60| 100|220
c

ks 120 [1000] 47
A
2 ity i 2
c
5 0 5
SUPPLY VOLTAGE (Vopl—V s2cs-2us
Fig. 22 — Typical Q- and 8pulse-width
accuracy vs supply voltage

(tpg = 16, 60; 120 f1s).

0.0l pF SC L IuF
100 KRS RSWOMR

s
SUPPLY VOLTAGE (¥pp)—V
p2¢8-p430
Fig. 24 — Typical Q- and Tpulse-width
accuracy vs supply voltage
(tyy => 100 ms),
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Fig. 26 — Typlcal Q and Q pulse-width
stcuracy vs tempersature
{high frequency).
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Fig. 20 — Typical dscillator-period accuracy
vs temperature (high freq y).

SUPPLY VOLTAGE (Vpol—¥ saes-use
Fig. 23 — Typical Q- and Q-pulse-width

accuracy vs supply voltage
{tyy=0.5,1,. 10 ms).

@ AND 3-PULSE-WIDTH ACCURACY— PER CENT

AU ENT TEMPERATURE (YA 17 25°C
MONOSTABLE MODE

™

v
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15 viio % ~
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sVio%
N OVEIR
|t
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0> w0
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2¢5-2138

Fig. 25 — Typical Q- and 8 pulse-width
sccuracy vs Q and @ pulse width
for a variation of £ 10% from

value indicated.
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Fig. 27 — Typical Q and Q pulse-width
y range vs temperatl
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V.

Retrigger Mode Operation

The CD4047A can be used in the
retrigger mode to extend. the output-
pulse duration, or to compare the fre-
quency of an input signal with that of
the internat oscillator, In the retrigger
mode the input pulse is applied to
terminals 8 and 12, and the output is
taken from terminal 10 or 11, As shown
in Fig. 28, normal monostable action is
obtained when one retrigger pulse is
applied. Extended pulse duration is
obtained when more than one pulse is
applied. For two input-pulses, tgg=t¢’
+ tg + 2ty. For more than two pulses,
tge (Q OUTPUT], terminates at some
variable time, tp, after the termination
of the last retrigger pulse, tp is variable

because tRE (Q OUTPUT) terminates

after the second positive edge of the

‘oscillator output appears at flip-flop 4

{see Fig. 8).

. External Counter Option

Time t)y can be extended by any a-
mount with the use of external counting
circuitry. Advantages include digitally
controlled pulse duration, small timing
capacitors “for long time periods, and
extremely fast recovery time. A typical
implementation is shown in Fig. 29.
The pulse duration at the output is
tayt = (N=1)(ta) + {tp + t472)
where toy4= pulse duration of the cir-
cuitry, and N is the number of counts
used.

Timing-Component Limitations

The capacitor used in the circuit should
be non-polarized and have low leakageli.e.
the parallel resistance of the capacitor
should be an order of magnitude greater
than the external resistor used). There is
no upper or lower limit for either R or C
value to maintain oscillation.

However, in consideration of accuracy, C
must be much larger than the inherent
stray capacitance in the system (unless
this capacitance can be measured and
taken into account). R must be much
larger than the CMOS “ON" resistance in

series with it, which typically is hundreds

of ohms. In addition, with very large

values of R, some short-term instability

with respect to time may be noted.

The recommended values for these
components to maintain agreement with
previously calculated formulas without
frimming should be:

C =100 pF, up to any practical value, for
astable modes;

C. 2 1000 pF, up to any practical value
for monostable modes.

10kQ<R<TIMQ

V1. Power Consumption

In the standby mode (Monostable or -
Astable), power dissipation wiil be a
function of leakage current in the
circuit, as shown in the static electrical
characteristics. For dynamic operation,
the power needed to charge the external
timing capacitor C Is given by the
following formulae:

Astable Mode: P = 2CV2§, {Output at

terminal No. 13)
P =4CV2¢, (Output at
terminal Nos. 10 and 11)

Monostable Mode:

. {2.9cv2) (Duty Cycle)
T

P

{Output at terminal
Nos. 10 and 11)

The circuit is designed so that most of
the total power is consumed in the
external components. In practice, the
lower the values of frequency and
voltage used, the closer the actual power
dissipation will be to the calculated
value.

Because the power dissipation does not
depend on R, a design for minimum
power dissipation would be a small
value of C. The value of R would
depend on the desired period {within

0°FastaBLe MooE
SUPPLY VOLTAGE {Vppl®8V
.
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Fig. 30 - Powsr dissipation vs output

frequency (Vpp =5 V).
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Fig. 31 — Power dissipation vs output

frequency (Vpp=10 V).

Fig. 29 — Retrigger-mode waveforms.

the limitations discussed above). See YTy
Figs. 30—32 for typical power con- [SUPPLY VOLTAGE tvgoleisv
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Fig. 28 — Implementation of external Fig. 32 — Powar dissipation vs output
counter optlon, frequency (Vpp = 15 V),
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