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Using the CD4047A in COS/MOS
Timing Applications

by J. Paradise

Many applications exist today for COS/MOS muitivi-
brators— both oscillators and one-shots-in analog and digital
circuits. The requirements for these applications vary widely
in such parameters as voltage range, temperature stability,
power dissipation, drive capability, and external-component
cost. No design is optimum for all of the above considerations.
However, the RCA-CD4047A Monostable/Astable Multivi-
brator fulfills the needs of most applications in this timing
area. It can function as either an oscillator or one-shot with
many additional features, and will meet the power dissipation,
stability, and speed requirements of most COS/MOS systems.

This Note compares some simpler types of oscillator circuits
with the CD4047 A in both theoretical and actual performance,
and provides application information on the CD4047A which
should prove useful to COS/MOS circuit and system designers.

COS/MOS DISCRETE RC OSCILLATOR

The simplest type of RC-oscillator is shown in Fig. 1. 1t
consists of two inverters (which may be taken from standard

P25-22662

Fig. 1 — Simplest COS/MOS RC oscillator.

RCA COS/MOS parts, ie., CD4007A, CD4001A, CD4011A,
etc.) and a single resistor and capacitor. The operating wave-
forms for this circuit are shown in Fig. 2.

The circuit operates as follows: depending on the cutput
levels of inverters A and B, at any instant C will be charging or
discharging through R. When the waveform at point (2} in the
circuit passes through the transfer voltage of inverter A, this
inverter will switch and cause inverter B to switch. Subse-
quently, the waveform at point (2) would be expenentially

Vpp--
®
Vg5 ——
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92¢5- 22663

Fig. 2 — RC-oscillator operating waveforms.

increasing or decreasing with discontinuities equal in magnitude
to Vpp during the instant of switching. However, since
point (2) is protected by a standard input-protection circuit
common to COS/MOS devices, the waveform is clamped at one
diode voltage drop above Vpp and below Vgg. (Refer to wave-
forms in Figs. 2and Al). The calculations for the pericd of this
multivibrator circuit are shown in Appendix A; the final
equation for the peciod T is

V1R) (Vpp — V
T= _Rrem VIR (VDD — VIR) 0

(Vpp + Vp)?

where VTR is the switching or transfer point of the inverter,
and Vpy is the diode forward voltage drop.

Equation (1) shows that the pericd of the multivibrator, T,
is sensitive to changes in Vpp, as illustrated by the graph of
time period, T, vs transfer voltage as a function of Vpp in
Fig. 3. In addition to the strong dependence of actual time
period on the Vpp chosen, the graph also illustrates that, for
agiven Vpp, a full transfer voltage spread of 30 to 70 per cent
of Vpp (unit-to-unit worst-case variations) yields a change in
time period of about 10 per cent from the nominal 50-per-cent
transfer-voltage percentage values.

The above analysis is valid only at low frequencies (ie., less
than 50kHz). As the multivibrator frequency approaches this
value, other considerations must be taken into account:
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TIME PERIOD x RC— SECONDS

2 Appendix B: the equation for the period. T, for this circuit is
\ shown in Eq. 2.
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Fig. 3 — Discrere RC-oscilfator time period as & function of transfer resut is shown in Fig. 5, where period as a function of trans-
voltage.
9 2.4D , T
[. The input protection circuit has a Vppy diode with a l
finite resistance and capacitance; the diode will discharge at a 235 !
the rale associated with this small time constant. z ?
2. In the negative direction, there is a diode as wellasa ¥ 230
series protection resistor (1 to 3 kilohms): the time constant of |,
. - . . [ 4
this diede is even longer than that of the Vppy diode. x 2.25
3. The propagation delay of the inverters used is added to &
the time period during each charge and discharge cycle. Since g: 220
the delay is a function of Vpp, small changes in Vppy at high &
frequencies will cause the time period to vary. YT S
4. There is a finite output impedance associated with the
inverter which is in series with the external timing resistor. 210
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Since this output impedance also changes with Vpp, at high TRANSFER VDLTAGE (Vg)—PER CENT OF VDD  ssow-srcas

frequencies where the external resistor becomes small, the
multivibrator stability decreases with small variations in Vppy.

The negative features of the input protection circuit can be
partially compensated for by the addition of a resistor, Rg,in
series with the input protection circuit, as shown in Fig. 4.
Although the inputinverter A is still clamped at one diode drop
above Vppy or one diode drop below Vgg, the waveform at
point {4} is allowed to swing well above Vpp and below Vgg.
The larger swing reduces the dependency of transfer-voltage
variaticns upon stability; the variable characteristics of the

Fig. § — Discrete RC-oscillator time period as a function of transfer
voltage.

fer voltage is plotted for different value of Vpp and K, and
Fig. 6, which shows period as a function of K for different
values of Vpp. Variation in period with transfer voltage is
also reduced as K increases. This variation decreases from
10 per cent for K = 0 to about 5 per cent as K gets large.

There are some obvious limitations in the value of Rg that
can be used. Besides the disadvantages in this circuitif Ris to

input protection circuit and their effect upon stability are 24 [
greatly reduced. An analysis of this circuit is presented in @
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Fig. 4 — RC-oscillator with the addition of Rg Fig. 6 — Discrate RC-oscillator time pericod as a function of consrant, k.
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be made adjustable, the user must be careful with component
layout, if Rg is made very large, to take advantage of the im-
provement in stability. A time constant and phase shift is pro-
duced by Rgandstray wiring and breadboard capacitance,
see Fig. 7. This shift creates a switching delay in the circuit which
changes the time period and, in addition, may cause spurious
oscillations and glitches in the multivibrator circuit. A reason-
able value for K would be anywhere from 2 to 10, with maxi-
mum and minimum values for Rg determined by the above
considerations.

>O——
R =C
Rs
— WY
jic STRAY
205 22677

Fig. 7 — RC-oscillator circuit with stray capacitance.

COS/MOS INTEGRATED RC OSCILLATORS

The RCA-CD4047A is an integrated RC oscillator that
eliminates most of the disadvantages of the discrete circuits
previously discussed. The primary reason for this improved
performance is the special input-ptotection circuit which
allows the capacitor charging waveform to swing above Vpp
and below Vgg without the need for an external resistor. This
circuit, shown in Fig. 8, has the same time period and stability
as the circuit in Fig. 4 for the case where the value of Rg is
infinite. However, a resistor is eliminated, as well as the dis-
advantages of a time constant caused by the resistor.

32C5- 22676
Fig. 8 — CD4047 A oscillator sectiun

There are two additional reasons for expected improvement
with the CD4047A. First, the transfer-veltage point of the
input inverter, A, is tested between 33 and 67 per cent of Vpp
instead of between 30 and 70 per cent; this narcower test range
improves stability by reducing unit-to-unit variations. In ad-
dition, large buffers are used for inverters D and E; this practice
reduces the effect of changes of device output impedance with
period stability. A derivation of period, T, for this circuit is
presented in the Appendix C;the final equation for T becomes:

VTR) (VDD —~ VTR)
Vpp * VTR) (2 VpD - VTR)

T=—-RC In {3)

520

Figure 9 shows a graph of stability as a function of transfer
voltage based on this equation.

The graph of Fig. 9 shows a maximum variation ot § per
cent between minimum {2.197 RC) and maximum {2.307 RC)
time periods. A value of 2.25 RC yields a + 2.5 per-vent vuri-
ation. Typical values of period variations at high frequencies
and temperature extremes are included in the published data
for the CD4047A.!
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Fig. 8 — CD4047 time period as a function of transfer voltage.

An additional advantage of the CD4047A is a reduction in
power dissipation as compared to the discrete multivibrators
discussed previously. Inverter A in Fig. 8 is designed with high-
impedance components that limit power dissipation during the
time that the inverter operates in the middle of its transfer
region. Four additional inverters are used to gradually shift from
a very-high-impedance inverter at the input to a viry-low-
impedance driver in series with the external timing resistor.
Calculations for power dissipation and a comparison of Pgje
for the CD4047A and a discrete oscillator are presented in
Appendix D; the result is

Pyiss = 2CV2f (4)

This equation specifies the power dissipated in the external
components only. At low frequencies, where most of the
power will be dissipated in R, power can be minimized by
using a small value of C, since the formula shows the power
is a function of € and not R.

Additional power is consumed in the CD4047A chip as a
function of frequency. Fig. 10 shows curves for theoretical
minimum power dissipation, actual CD4047A oscillator-power
dissipation, and discrete oscillator-power dissipation as a
function of frequency.

CMOS DISCRETE ONE-SHOTS

Fig. 11 illustrates one of several simple monostable circuits
which can be employed in non-critical timing circuits.2 The
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Fig. 13 — Comparison of P yiss for discrete oscitlator and CD4047 with
theory.
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Fig. 11 — COS/MOS monaostable circuit.

circuit pulse width is dependent upon the transfer voltage of
inverter B as time constant RC charges to Vpp from Vgg. The
pulse width is defined as

(VDD - VTR)
T= RCIn ————— 5
In ( Vo ) (5)

Fig. 12 shows the variation in pulse width as a function of
transfer voltage for this device.

There are several alternpatives to the circuit shown in
Fig. 12.2 These alternatives have the advantage of greater
stability, but at the expense of two time constants required in
circuit and, in some cases, the addition of a diode.

3vsvppsIsy

TIME PERIOD ® RC— SECONDS
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/
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Fig. 12 — Simple one-shot time period as a function of transfer voftage.

COS/MOS INTEGRATED ONE-SHOTS

The CD4047A, when used in the monostable mode, again
has several advantages over discrete designs. A high degree of
accuracy can be achieved with one time constant, and power
dissipation is lower than with discrete designs. Fig. 13 shows
that many functions can be achieved with the CD4047A, in-
cluding leading and trailing-edge triggering, and retriggering.

The puilse width, Ty, is expressed below: its derivation is
given in Appendix E.

(VTR) (VDD) — VTR)
(2Vpp) 2 Vpp - VTR)

Tp = -RC In (6)

Fig. 14 is a graph of pulse width versus transfer voltage based
on the above equation.

The equations for monostable-mode power dissipation are
also derived in Appendix E. For a repetitive output on the
CD4047 A, power dissipation can be expressed by the following
equation:

2. 875 CVpp2

Pgiss = x {duty cycle) 7N

M

USING THE CD4047A — SPECIAL CONSIDERATIONS

A number of circuit considerations are explained below
which will aid the user of the CD4047A.

A clamping circuit is provided on the chip to reduce the
recovery time (tr) that would normally exist in other mono-
stable circuits; see Figs. 15 and 16. Fig. 17 shows a plot of
monostable-pulse-width stability as a function of duty cycle
for specific R and C external components. Note that there s
no appreciable change in pulse width until the duty cycle
approaches 100 per cent. A disadvantage to the clamping circuitis
that it introduces additional capacitance at the RC common
node (Fig. 16), which may be noticezble for short pulse widths
in the monostable mode only. Some diffusion capacitance
present at the base of the n-o-n transistor is used to quickly
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Fig. 15 — CD4047A oneshot RC waveform. Fig. 17 — CD4047A monostable accuracy as a function of duty cycle.
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charge C to Vpp after the one-shot cycle has terminared. This
capacitance is multiplied by the beta of the transistor, and is in
parallel with the external C during the time interval that the
transistor ison (Vpp — VBg <t <VRE). Thus, when values of
C less than 1000 picofarads are used, the actual width will be
longer than that predicted by the formula. Fig. 18 is a graph of
actual, typical pulse widths as a function of external C used
under these conditions. Note that the minimum values of C
used in the graph are the smallest that can be used in the
CD4047 A to assure proper operation of the circuit.

The waveform in Fig. 5 shows that two positive transitions
are encountered by the control circuitry in the CD4047A.
These transitions are necessary to make the output flip-flop at
pin 10 toggle properly to produce the single pulse needed in
monastable operation. However, at pin 13, the waveform of
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Fig. 18 — CD4047 A puise width as a function of capacitance.

Fig. 19 results: the pulse width of the spike is equivalent to
the propagation delay of the circuit. This spike will normally
prevent the user from using pin 13 in the monostable mode. In
the astable mode, however. pin 13 can be used whenever a
50-per-cent duty cycle and higher drive capability are not

'. ,M________,J[ 9205 - 22661
Fig. 19 — CD4047 A one-shot output at pin 13.

required. The advantage to the use of pin [3 under these
conditions is that the frequency of the waveform at pin 13 is
twice that of pin 10 for the sanie externat timing components.
When the CD4047A is used in the retrigger mode, the
retrigger input is connected directly to the set input of FF4,

as shown in Fig. 13. This connection meuns that the output at
pin 10 will be high during the time that a high level is present
on pin 12. Thus. if normal one-shot operation is required at
any time that the circuit is in the retrigger mode, the input
pulse should be shorter than the expected pulse at the output.
Note that in the retrigger mode the output pulse width is not
referenced to the last positive-going edge produced at the
input because of the asynchronous nature of the circuit. The
output actualtly terminates when two internal-osciltator leading
edges have been received by FF4, after the high level present
on pin 12 has been removed. The output width variation will
then be between one and two time constants referenced to the
trailing edge of the input at pin 12, see Fig. 20.
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Fig. 20 — CD4047 A retrigger-mode waveforms.

A section on timing-compenent limitations is presented in
the CD4047A data sheet.! It should be emphasized that it is
desirable to use a small value of ¢apacitance wherever possible.
The circuit wilt work well even when the value of R approaches
or exceeds | megohm. For very low frequencies, where a large
value of capacitance is needed, the selection of the capacitor is
very important. It must be nonpolarized because there is no
reference ground at either of the two pins to which C is con-
nected. The capacitor paraliel resistance (i.e., leakage) must
also be af least an order of magnitude higher than the external
R used. This criterion generally eliminates electrolytic ca-
pacitors and those made of materials which could produce
greater leakage current than that permitted for proper circuit
operatinn.

Because of the internal circuit construction, there is no
guarantee as to what d¢ level will be present on the output at
pin [0 or I1 when power is first turned on. If this condition
must be guaranteed, a system-power on pulse input to pin 9
canbe made to assure that pin 10 will initially be at a low logic
tevel. The puilse can be generated from one of the circuits
shown in Fig. 21.

Yoo Ypp
TQ PIN 5 0.05 TO PIN 9
'™ OF Co4047 WF OF C04047
0.05 ™M
i 1\ T
Vsg Vs

2205 -22669

Fig. 21 — CD4047 A power-up reset ¢ircujts.
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Although the CD4047A data sheet calls for a minimum
input pulse duration of 200 nanoseconds at 10 volts and 500
nanoseconds at 5 volts, shorter pulses (due to transients, etc.)
occur frequently in system applications where the CD4047A is
used. Such narrow pulses may not be ignored by the CD4047 A,
but may instead cause Q to go high permanently or until a reset
input occurs. The circuit shown in Fig. 22 eliminates this
problem by essentially “lengthening” the trigger pulse by
feeding back through R and C4 a current pulse when Q goes
from O to a 1. The particular values shown have been tried and
found to work well, even for extremely short input pulses
(less than 20 nanoseconds).

+TR Q OYour
100 K}
R =C
Rp
AN
20pF I0KSE 92C5- 23404

Fig. 22 — Input-pulse stretcher circuit.

APPLICATIONS

NOCISE DISCRIMINATOR

Fig. 23 illustrates an application of the CD4047 A in a noise-
discriminator circuit. By adjusting the external time constant,
a pulse width narrower than that determiined by the time
constant will be rejected by the circuit. The output pulse will

yw® I I J_ [_'_l "
3 @ LT I | Lr

oot | l 1
ir2 coal 3
5 &
O O 1R Q @ ¢y I— O
CD40474 0
]
114 CO400! 92CS - 22673

Fig. 23 — Noise-discriminator circuit.

follow the desired input, but the leading edge will be delayed
by the selected time constant. Fig. 24 shows typical waveforms
with the circuit in operation.

euTPuT (3

1 v/Div

500 as/DiV

92CS-22653
Tcpaoara =50 nus

Fig. 24 — Noise-discriminator circuit waveforms.
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FREQUENCY DISCRIMINATOR

The CD4047A can be used as a frequency-to-voltage con-
verter, as shown in Fig. 25. A waveform of varying frequency is
applied to the +TR input. The one-shot will produce a pulse of
constant width for each positive transition on the input. The

W
IN R=100 K
O——+7r

CD4047A

Vout

Q —’\/\/\/—l——o
_|_ C:0D022 uF
C=470 pF I

YPL5-22672

R+Z22k

Fig. 25 — Fregquency-discriminator circuit.

resultant pulse train is integrated to produce a waveform whose
amplitude is proportional to the input frequency. The wave-
forms of Fig. 26 were taken with the circuit in operation.
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€=470 pF C=G.0022 uF 92LE- 22652

Fig. 26 — Frequency-discriminator-circuit waveforms.

LOW-PASS FILTER

A simple circuit using the CD4047A as a low-pass filter is
shown in Fig. 27. The time constant chosen for the multi-
vibrator will determine the upper cutoff frequency for the
filter. The circuit essentially compares the input frequency

VlN +TR YOU
O{R T
E
—LC *i =f
]- T CUTOFF

92C5-22671

Fig. 27 — Low-pass filter circust.

with its own reference, and produces an output which follows
the input for frequencies less than foy ofr, and a low output
for frequencies greater than f ¢ pr. Figs. 28 and 29 show
waveforms with the low-pass filter circuit in operatior.

BANDPASS FILTER

Two CD4047A low-pass filters can be employed to con-
struct a bandpass filter, as illustrated by the circuit in Fig. 30.



The pass band is determined by the time constants of the two
filters. If the output of filter No. 2 is delayed by Cy, the
CD4013A flip-flop will ¢lock high only when the cutoff fre-
quency of filter No. 2 has been exceeded; this point is illus-
trated in the timing diagram in Fig. 30. The Q output of the
CD4013A is pated with the output of filter No. 1 to produce
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Fig. 28 — Low-pass fiftercircuit waveforms.
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Fig. 29 — Low-passcircuit waveforms.
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Fig. 20 — Bandpass filter circuit and waveforms.
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the desired output. Typical operation of the circuit is shown in
Fig. 31, where the input frequency is swept through the pass
band.

10V/DIV
200 ns/DIV
TEILTER 1 =504s TFILTER 2 <100 ks
R:22k R=47 &
C=1000 pF €= 1000 pF

FZCS - 22649

Fig. 31 — Bandpass-fifter-circuit waveforms.

ENVELOPE DETECTOR

The CD4047A can be used as an envelope detector by
employing it in the retrigger mode, as shown in Fig. 32. The
time constant is selected so that the circuit will retrigger at the

v
IN +TR
O—ReT Q

CDa047a

Vour

920522670

Fig. 32 — Envelope-detector circuit.

frequency of the input pulse butst. A dc level appears at the
output for the duration of the input pulse train. Fig. 33 shows
waveforms taken with the circuit in operation.

ViN FREQUENCY
12 wHz
VouT
0 v/0I
500 us/DIV
Tecpqoar = 120us
R =56k
€ = 1000 pF B2C5-22648

Fig. 33 — Envelope-detector-circuit waveforms.

PULSE GENERATOR

Several CD4047A units can be connected together to pro-
duce a general-purpose laboratory pulse generator, as shown in
Fig. 34. The circuit shown has variable-frequency and pulse-
width control, as well as gating and delayed sync capability.
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Fig. 34 — Pulse-generator circurt.

Gating can be controlled from a high- or low-evel input.
Automatic 50-per-cent duty-cycle capability is included, as
normal or inverted output,

CD4047A No. 1 is connected as a gated, astable muiti-
vibrator. and, with the RC values shown, can produce over-
lapping ranges of frequencies from 2 Hz to 1 MHz. For free-
unning operation, the Gate/Free-Run switch is closed, and
the Gate Level switch is placed in the high-level position.
Standby operation can be achieved with the Gate Level
switch in the low-levet position. When gating, the Gate/Free-
Run switch is open, and the Gate Level switch is set to the
appropriate position. The gate signal is applied to the Gate tn
Jack.

CD4047A No. 2 is triggered from the gated, astable multi-
vibrator,and produces a narrow sync pulse which can trigger an
oscilloscope or generator. The sync pulse is obtained from the
Sync Out jack.

if a 50-per-cent duty cycle is desired, the Duty Cycle switch
is set in the 50-per-cent position, and the output is obtained
from CD4047A No. 1. The Signal Polarity switch determines
whether the Q and Q output is used.

CD4047A No. 3 produces a variable, delayed (from 1.5
microseconds to 250 milliseconds) output with respect to the
sync pulse when the Delay switch is in the IN position. This
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one-shot is bypassed when the Delay switch is in the OUT
position (the inherent delay is approximately 400 nanoseconds).

CD4047A No. 4 is a monostable multivibrator which re-
ceives trigger pulses fromi CD4047A No. | or No. 3. It can
produce overlapping ranges of pulse widths from 1.5 micro-
seconds to 200 milliseconds with the values shown.

The signal output is buffered with the CD4041A to
ajlow the pulse generator to drive any required load. The
circuit shown has the advantages of being compact, battery-
powered, and COS/MOS compatible. In addition, it is capable
of being run from the same power supply as the device under
test to assure that the input levels are the same as Vpp when
the power-supply voltage is varied.

MISCELLANEOUS APPLICATIONS

The basic properties of good stability in the astable mode,
and stable pulse delay and width control in the monostable
mode, make the CD4047A a useful building block in many
systems, such as PMOS clock generation, audio tone gener-
ation, semiconductor memory systems, semiconductor memory
exercisers, and general-purpose functional-testing systzms. This
Application Note will serve as a guideline in incorporating the
CD4047A in a system design.



ICAN-6230

Appendix A ~
Calculation of the Period of an Astable Multivibrator Using a Single RC Time Constant

VYoo*Vo - In Fig. A-1:
1/RC
Voo t;1: VTiR=(Vpp t Vp)e 1/
VTR
t| = ~RC In =————
1 RC In Vop* VD
VIR —t4/RC
l : t2: Vpp - VTR= (VDD * VD) ¢ 2l
I |
VpD - VTR
! | ty = RC In m——rmm
| | VDD + VD
| |
vss + -
| i And the period of an astable multivibrator using a single RC
Vgg-vp—+ + time constant is:
|y te—™
pe T
" - (VTR) (VDD — VTR)
9BCS- 22657 T=t)+ty= —RCIn (Vpp + VD)2
Fig. A-1 — RC oscillator wavefaorm for the circuit of Fig. 1.
Appendix B —
Analysis of Circuit Shown in Fig. 4
Vpp* VTR
Voot Vo
Vop :\
: In Fig. B-1:
I —11/RC
ViR : t): VIR =(Vpp+Vple !
I ! \V/
TR
I I I t;} =—RClIn W’
Y5 i { — { DD D
Vg -V T I 1
50 | t ' : t2: Vpp - VTR =(Vpp t Vp)e —13/RC
| i
Veg-V foennd ¢ Vpp - V
s8R P-IA-*-——n——-'-ig*—-—lg-—-—J tz:_Rcm..u
l[=' T - VDD + VD
22C5-22664

Fig. B-1 - RC waveform for the circust of Fig 4.
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ta
i
v
Vop*Vp Rs  wpp+vTR +- _\8
it
c
R
vss
92C5-22665

Fig. B-2 - Initial conditions for soiving period t A

Circuit initial conditions are shown in Fig. B-2. In the
figure

dv V+Vpp V+Vpp—-(Vpp+ VD)

g ¢ Ry (B—1)
g
i
RS Vrp-voo +'-
-Vo O AN, * J——Ovss
C
R
92C4-22658
VDD

Fig. B-3 — Initis! conditions for solving period t &

Circuit initial conditions as shown in Fig. B-3. In the
figure

dv Vpp-V Vp+V

- B-3
¢ dt R Rg ( )
Solving Eq. (B-3) for V the final voltage across the
capacitor, yields

Kt K
= _ = B—4
V=Cye X (B—4)

where Cy = VR — Vpp = initial voltage across capacitor
K}, Ko are same values as for above for ty.
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Eq. (B-1) is solved for V; the final voltage across the
capacitor is

_ K
vec e Kita, 2 (B-2)
K

where Cy = VR = initial voltage across capacitor

RS +R
KI =
RgRC
VDR - Rg VDD
Ky = ————
RgRC

By inserting these values into Eq. (B-2) and setting the
final voltage across the capacitor, V, to Vp, t 4 becomes
[RSRC ] Rg [Vpp + V)
ty =— In
A
Rs*Rj  Rg[Vpp+ VIRl +R[VyR - VDI

Insertion of these values into Eq. (B-4), with
V= _Vpyields

[RSR(‘ } Rs [Vpp * VDl
tp= in

and T=t) +ty+ty+tg

The equations for t 4, tg, and T can be simplified by
expressing Rg as a multiple of R. Let

R.
K= -ES and combining the expressions for t} and t3. The

resulting expression for T is

| (VTR)(VDp - VTR)
n
(Vpp + VD)’

(&)
TAK+1 RCIn

(K ) K {VDD * VD)
—{ = ] RCI
K+1/ " "K [2 Vpp - VTRl * {Vpp - Vyg - Vpl

T=~RC

K [VDD +Vpl
K [VDD + VTR] + [VTR — VD]
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Appendix C -
Calculation for Period of Astable Multivibrator Using Integrated Techniques

¥po* VTR In Fig. C-1
1: V1R=(Vpp + Vyrrre MR
Voo VTR
t; =RCIp ————
Vpp + VIR
. ~11/RC
YTIR™ | 122 Vpp - VTrR=(Vpp +VTRI € !/
f
|
f Vpp -V
] : t3=-RClIn ——-—-----—-—-DD TR
V5 I 2Vpp - VTR
I
I
: | And the period of the astable multivibrator using integrated
VYR-YDD 4 1 tEChﬂiqueS is
= 1 whe 1tz —=
b T n (VTR) (Vpp - VTR)
92¢8 - 22656 = —RClIn

(Vpp *+ VTR} (2 VDD - VTR)
Fig. C-1 — CD4047A RC oscillator waveform.

Appendix D —
Power Needed for Charge and Discharge of an External Capacitor During One Cycle
T/2
Voo +Vra 1 Vv
(T/2) o dt
Voo
A T/2
2C
i 22 ™ s vppe )
| T Govomes
! : (—) 1.5 Vpp) ¢ ~Y/RE gy
VTR 1 —————— 72 RC ( pp)
P — _45¢ vpp? " e =2/RC g
—ff— T RC J,
c
92{5-22635%
Fig. D-1 — Waveform for calculating power dissipation. _ 295C VDD2 - 2yRe Tf2
Assume for this calculation that Vpp = 50-percent Vpp. T o

and that T= 2.2 RC. Since charge and discharge cycles are
symmetrical, the calculation can be performed by analyzing Substituting T=2.2 RC
a discharge cycle only. See Fig. D-1. 20C

c _ _20¢
P=—= (225)Vpp? l¢ 732 -1 =" Vpp?

V=15Vppe ~V/RC

%’ = ( EIE)(I'S Vpp) (e —t/RC) P=2CVIf
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Appendix E —
Equations for Pulse Width Ty of CD4047A in Monostable Mode

2 Vpp

»

|
}
r‘_‘ﬁ_ﬁ 1y ——4-——— te —-1
o———————— Ty ———————»| g2c5-22654

Fig. E-1 — CD4047A RC waveform, monaostable mode.

YTR™ VDD

Note that the waveform in Fig. E-1 is not symmetrical because
the timing capacitor is initially charged to Vppy. In the
monostable mode, the circuit goes through one cycle only.

Monostable Power Dissipation

To calculate the power dissipation for the circuit in the
monostable mode, refer to Fig. E-1. If it is assumed that
VTR = 50-per-cent Vpypy, Fig. 14 shows that Ty, = 2.485 RC.
t is the same as in the astable calculation, ie., t9 = 1.10 RC
and Py ; = CV2f for VR = 50-per-cent Vpyp. Thus. ty in the
monostable mode = 2485 RC — 1.10 RC =1.385RC.

1 cvay 2 Vv
—dt+
a & a @
o t

]

1 f CVdv t )
M o

where V=2Vppe ~t/RC 4nd

1
pP=—"
M

& : —t/RC
dt ("Rc)(2 Voo ¢
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t}: Vig =2 Vppe 11/RC
VTR
t} = -RCin

t2: Vpp ~ VTR =(2 Vpp - VTR) ¢ ~12/RC

VDD - VIR

ty= ~RC1
2 Cn2VDD“VTR

And the equation for the pulse width, Tm. of a CD4047A in
the monostable mode is:

(VTR (VDD — VTR)
2 vpp} (2 Vpp - VIR)

TM=t] +t5= —RCln

C 4 1
Pt) =— f (2 Vg € -f/RC)(E) (2Vgge YRC)dt
™ o

ty
L8 avgg? e —2t/RC g4y
™ RC o

C
™

3!

Substituting t; = 1.385 RC

C 1.875 C Vdd2
Pyy=——""2vdd2 [e =27 )| =———
TM TM

C vdd? C vdd?

5—-—_.—

=287

P=P,i +P,=(1875+1
t1 + P2 =( } ™ ™

For a repetitive output from the CD4047A

2.875 C Vdd?

P= x duty cycle

™
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