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AVGO - MMC 4047

LOW-POWER MONOSTABLE /
ASTABLE MULTIVIBRATOR

GENERAL DESCRIPTION FEATURES

The MMC 4047 is & monalithic integrated circyit ® Low-power consumption: special CMOS osciltator
processed in standard Al-gate CMOS technology configuration )

guailable in 14 lead dual in-line package. The MMC ~ ® Monostable (one-shot) or astable (free-runing)
4047 consists of a gatable astable multivibrator operation

with logic techniques incorporated to permit posi- ® True and complemented buffered outputs

tive or negative edge-triggered monostable multivi- ® Only one external R and C required

brator action with retriggering and external coun- ¢ Buffered inputs

ting options. Inputs include +TRIGGER,-TRIGGER,
ASTABLE, ASTABLE, RETRIGGER and EXTERNAL

RESET. Buffered outputs are Q,G and OSCILLATOR.
In all modes of operation, an external capacitor must
be connected between C-Timing and C-Cammon
terminals, and an external resistor must be connaec-
t;eii between the R-Timing and RC-Comman termi-
nals.

A-'OLUTE MAXIMUM RATINGS

Voo* Supply voltage: G and M types 05 to 20 V'
E and.F.types 05 to 18 '
Vi lngut voltage 05t Vput05 vV
I DC input current {any one input) 10 mA
Fsm Total power dissipation (per package) 200 mw
Dissipation per output transistor
for Ta = full package-temperature ran ge 100 mw
Ta Operating
temperature : G and H types -55¢to 125 °C
E and F types -40 to 85 °C
Tt Storage temperature -65to 150 °C
* Aii voltage values are referred to Vgs pin voltage
RECOMMENDED OPERATING CONDITIONS
Vop* Supply voltage: G and H types 31to 18 \
E and F types dto 15 Vv
Vi Imput voltage Oto Voo v
Ta Operating
~ temperature : G and H types -55to 125 °C
' E and F types -40 to 85 °C
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LOGIC DIAGRAM
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FUNCTIONAL TERMINA)L. CONNECTIONS

TERMINAL CONNECTIONS QUTPUT OUTPUT PERIOD
FUNCTION® PULSE OR
N TOVgo | TOVes | pNERTS| FROM |  PULSE WIDTH

Astable multivibrator:

Free running 4561478912 - 10,11, 13 | t4110, 11=4.480 RC

True gating 4,6 14 7.8,9.12 5 10,11, 13| tA(13=220 RC

Complerment gating B, 14 5780912 4 10, 11,13
Manostable multivibrator:

Positive-edge trgger 4,14 58674912 B8 10, 11

Negative-edge trigger 4,814 5 7.9 12 B 10,11

Retriggerable 4,14 5678 812 | 1011 tm(10. 111=2.48 RC

External countdown®* 14 5678912 - 10 11

' In afl cases external capacitor and resistor between pins 1, 2 and 3 {see ingic diagramsl
" input pulse to reset of external countirg chip.

External counting chip output to pin 4
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MMC 4047
STATIC ELECTRICAL CHARACTERISTICS
iover recommended operating condiLions)
TEST CONDITIONS VALUES
PARAMETER V, Vo [liod|Voo] Tow 25C Then  |UNIT
] v} WAV | V) T max, | min. typ | max. | min. | max.
b Quiescent GH|O/5 5 1 002] 1 30
: current types|0/10 10 2 0.02 2 60
0/15 15 4 oo2 4 120
/204 20 20 og4g 20 600 A
E.FJO/5 5 4 0.02 4 30
types 1(3/10 10 8 0.02 8 60
0/15 15 16 002]| 16 120
Vor Output high 0s5 <1 5 14985 4.95 495
voltage 0/10 <1] 10 |995 995 985 v
0/15 <1] 15 1ags 14.95 14.95
Vg. -Output low 5 /0 1< 5 005 005 0.05
voltage 10/0 « ) <1 10 .05 0.05 0051 Vv
150 -1 15 005 o005 005
Vin Input igh 057451 <1 51 35 35 35
voltage 1/9 <1 00| 7 7 7 vV
197135 <1 15 111 1" 1
Ve  Input iow 45705 <1 o} 1.5 1.5 1.9
voltage a/1 [ <1| 10 3 3 3 Vv
135/1.51 <1 15 4q q 4
oM Output G.H]0O/ 5 25 5 |2 ~1.61-3.2 -1.19
drive typesl0/ 5| 46 s {-0.64 ~051 -1 - 0.38
current 0/10 85 01186 -13[-26 -09
0/15] 135 15 | -4.2 -341|-68 -2.4
mA
E.Fl0O/ S 25 5 1-183 —-1.34-32 -1.1
types) 0/ 5 46 5 |-052 —044 -1 ~0.3§
os10] 95 10 }|-1.3 -1.1{-28 -09
0/715] 135 15 {36 -301-68 -2.4
Iy Output GHYO 5 04 5 |1 064 0511 1 0.36
sink typesj0/10 05 10 1.6 1371 26 09
current 0/15 15 15 | 42 341 68 2.4
mA
E.F|DO/5 04 2 | 052 044 1 .36
types |0/10 05 10 1 1.3 111 286 049
0715 15 15 36 30| 68 24
b b Ioput G.H ~
/1 _ 3
leakage types /18 Any 18 £01 +10™1 +01 +1
current uh
t
EFloss] ™ 15 +0.3 +10°% +0.3 +1
types
C, input
capacitance Any input 5 7.5 pF

* Tiow = —55<C for G. H devices; —40°C far E, F devices.
" Togn = +125°C for G, H devices; ~85'C for E. F devices.
The Noise Margin for both *1” and "Q" tevel s
TVminwthVap= 5V
2V min with VDB = 10V
25 Vmn with Vpn= 15V
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DYNAMIC ELECTRICAL CHARACTERISTICS

(Ta = 25°C, C_ = 15 pF. B, = 200 kohm, typical temperature coefficient for all Vpp vaiues is 0.3%C, all nput pge
and fall times = 20 ns)

CTEST VALUES
PARAMETER CONDITIONS " UNIT
VDD v) min. Lyp. | max
Leu  Propagation Astable, Astable 5 200 | 400
Lol delay time 10 0SC. out 10 100} 200| ns
. 15 801 160
Astable, Astable 5 3501 700
e G 10 1751 350 ns
19 125 | 250
+ or — Trigger to 5 500 11000
6.3 10 2251 4501 ns
15 180 390 :
Retrigger to 5 300 | 600
Q.G 10 1501 300 ns
15 100 § 200
External Reset 5 2501 500
to Q@ 10 100 § 200 ns
15 701 140
vt Transition time osc. out @, 3 5 1001 200
Lk 10 50| 100 ns
15 40 80
tw nput pulse +Trigger, 5 200 ¢ 400
width: ~Trigger 10 80 | 160 ng
15 50 | 100
Heset, 5 1001 200
10 50 1 100 ng
15 30 80
Retrigger 5 300 | 600
10 1151 230 ns
15 751 180
t. b Input mse and fall urne 5
Alt inputs 10 Unhmited WS
15
3 or Q deviation from S0% 5 +0.5] 1
Duty factor 10 +05] 21 Y
15 1011 +05

APPLICATION INFORMATION
1 - Circuit description

Astable aparation is enabled by a high fevel on the ASTABLE input. The perod of the sguare wave at the Q
angd 4 Outputs m this mode of operation 15 a function of the external components empioyed True” mput
pulses on the ASTABLE wnput or Complement” pulses on the ASTABLE input alow the crout to be vsed
35 g gatable muitivibrator. The OSCILLATOR output period will be half of the Q tertmnal outpul n the asta-
bie mode However, a 50% duty cycle s not guaranteed at this output In the monostable mode, posiive-
edge mg'?erm 15 accomphshed by application of a leading-edge pulse to the + TRIGER input and a low level
to the TRIGLER mout. For negative-edge triggenng. a trating-edge pulse 15 apphed to the - TRIGGER and
A high tevel s appled to the  TRIGGER Input pulses may be of any duration relative to the output pulse.
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- . RE.
The multivibrator can be retnggered (on the leadin edge only) by applying a common pulse to both the
TRIGGER and +TRIGGER inputs. In this made the %ut ut purse remains ﬁlgh as long as the input pulse 9:;
riod is sharter than the period determined by the RC components. An external countdown option can|
implemented by coupling .3 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 levei on the EXTERNAL RESET input assures no Dutput pulse during an ,ON
wer condition. This input can also be activated to terminte the output pulse at any time. In the monosta-
e mode, high-level or power-on reset pulse, must be applied to the EXTERNAL RESET whenever Vpp is

applied.
2 - Astable Mode

The following anlysis presents worst-case variations from unit-to-unit ag a function of transfer-voltage
Vg shift (83%—B7% Vpp) for free-running (astable) operation.

Astable mode waveforms

Vip
tt =-RCin ————
PN 13 [e1 Jeafer e[ " Voot Vrm
PN 10 [tA/2 [1as2 Voo = Vra
t2=-ACIh ———
tA 2Vpo — Vi

[VTR](VDD - VTg]
(Vpp ~ VTRll@Vpo — Vrd)

ta =21 +t2A=—2RCIn

Typ: V';nz"“ 05 VDD fa= 440 RC

Min: Ver= 0.33 Voo ta= 4.62 RC

Max: Vrg= 0.67 Vpp ta=4.62 RC '

thus if ty = 4.40 RC is used, the maximum variation will be (+5.0%, — 0.0%) In addition to variations from
unit-to-unit, the astable period may vary as a function of frequency with respect to Vgp and temperature.

3 - Monostable Mode

The following analysis presents worst-case variations from unit-to-unit as a function of transfer-voltage
(Vyg) shift (33%—B67% Vpp) for one-shot (monostable) operation,

Monostable waveforms

v
ens _J L] L t1=-RCIhh —8__

Vpo+ Vpo
PN 13_JerLeal (o1 Leo ] t0=~ ACIn 2o~ VIR
2Vop— Vrn
T (V1R) (Voo — Ve
PIN ‘!{3_J M UtM l_ tM= (t1+t3 =— RCin tr) {Vop

IEVDD - VTH)[2VDD]

where t\, = monostable mode pulse width. Values for ty are as follows:

Typ: V'r;qI 05 VDD ty= 248 RC

Min: Vyp= 0.33 VDD tm=2.71 RC

Max: Vrq = 0.67 Vg tm= 24BRC

Thus if ty= 2.48 RC is used, the maximum variation will be +8.3% — 0.0°n}

Note: In the astable mode the first positive half cycle has a duration of Ty, succeding durations are t,/2.
in_ addition to variations from unit-to-unit, the monostable pulse width may vary as a function of frequency
with respect to Vg and temperature,

4 - Retrigger mode

The MMC 4047 can be used in the retrigger mode to extend the output-pulse duration, or to compare the
frequency of an input signal with that of the internal oscillator. In the retr ger mode the input pulse is ap-
pled to terminals 8 and 12, and the output is taken from terminal 10 or 11, As shown in Fig. A normal mo-
nostable action is obtained when one retrigger pulse is applied. For two input pulses, Lhe = Lyt £y + 2L,
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For more than two pulses, trel@ OUTPUT) terminates at some variable time tg after the termination of
the last retngger pulse. tp is varable because rﬁ%{l} CUTPUTI terminates after the second positive: edae

of the oscillator output appears at flip-flop 4 (see logic diagraml.

Fig A" Retrigger-mode waveforms

+TRGGER [ N s

RETRIGGER . |

PIN 8,12 . . o
OSCILLATOR J;-‘_al_ M_{_ _I I— _ { l l
OUTPUT PIN 13

oourruteNte ] o L. o e L tee

S5-External Counter Dption

Time ty can be extended by any amount with the use of external counting circuitry. Advantages include -
gitally controlled pulse duration small timing capacitors for fong time periods and extremely fast recovery

time.
A typical implementation is shown in Fig. B. The pulse duration at the output 15

L {N-- ’ntn + [T.M + tn/gi
where t,,, = pulse duration of the circuitry, and N 1s the number of counts used

tn

6-Power Consumption

In the standby mode (Monostable or Astable), power dissipation will be a function of leakage current in the
circut, 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 formula:
Astable Mode: P = 20V {Output at Pin 13)

P = 4CV. [Qutput at Pin 10and 11 _
Manostable Mode: P = (1/T) {2.9 CV2 {Duty Cyciel. (Output at Pin 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 fre-
quency 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 vatue of C. The value of B would depend on the desired period twithin the kmitatiors discussed abovel.

[

The capactor used i the circuit should be non-polarized and have low leakage be. the parallel resistance
ot the capacitor should be an order of magnitude greater than the external resistor used. There 15 no up-
per or lower limit for either A or C value to maintain cscilation, However, in consideration ot accuracy. C
must be much larger than the mherent stray capacitance in the system lunless this capacitance can be
measured and taken into account). B 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 nstalatity
with respect to bme may be noted

The rectomended values for these components Lo maintain agreement with previously caloulated formu-
tas without tremming should be:

C 2100 pF, up to any practical value. for astable modes;

C 2 1000 pF. up to any practical value, for monostable modes. 10k £ R < 1M,

7 - Timing-component limitations

Fig B tmplementabion of external counter option
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