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Analysis of a Transistor Monostable
- Multivibrator

BY GILBERT M. NEILL
Unclassified

A demonstration of a simple and rapid process of numerical analysis,
which furnishes practical values for specific transistor circuit designs.
The measured characteristics of the transistor, rather than models chosen
for analytical convemence are used to get the final values.

The explosive growth of the electronic digital computer during the
postwar years has aroused a profound interest in switching circuits.
One of the switching circuits that is used extensively in the modern.
computer is the multivibrator. The multivibrator (MV) has three
forms: a-stable MV (or free-running), monostable MV (or single-
shot), and bi-stable MV (or flip-flop). The circuit to be analyzed is
a monostable MV and was chosen because it is somewhat easier to
analyze; but the same principles apply to the other two. The pro-
fessional relevance of this paper does not lie in the circuit that is
analyzed but in the method of analysis: that of making approxima-
tions and assumptions (later checked) as to the conditions in the
circuit and then calculating specific values and waveforms. This
method has wide application to digital and pulse circuits, and makes
a relatively easy task out of an otherwise involved analysis. More-
over, when the analysis has been completed the designer is in an
excellent position to note the effect. of different component values
and to make appropriate alterations. Our objective is to demon-

. strate this method by calculating the important waveform voltages
~of a specific MV circuit.

The monostable MV is an MV in which the circuit can stay indefi-
nitely in one stable state, but only momentarily in the other. This
usually means that one transistor (or tube) is permanently biased so
asto be cut off (region I) while the other transistor is biased to be in
the conducting region (either region II, the linear region; or region
11, the saturated region). A pulse is applied which reverses the state
of the circuit by turning the first transistor ON (conducting) and
the second one OFF (non-conducting); but this condition exists for

only a short time before the circuit reverts to its original state and
awaits another pulse.
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Such a circuit is shown in Fig. 1. It is called an emitter-coupled
MYV because part of the coupling between T1 and transistor T2 is
through the common-emitter connection. The remainder of the
coupling is from the collector of T1 through the 0.01 mfd capacitor
to the base of T2. Observe that the first path is a DC coupling
path whereas the second is an AC coupling path. This is quite
common in monostable circuits but not necessary. The only neces-
sary condition is that the circuit possess one stable state. By inspec-

“tion of the above circuit, we notice that in the quiescent condition,
(t = T;)the base of T2 is biased through the 75K resistor to a nega-
tive voltage with respect to its emitter. Therefore T2 is ON (region
IT or region 1I1?). As to whether T1 is ON or OFF weé must begin
with some quantitative calculation of the initial conditions. Let us
assume for the moment that T1 is OFF, and also that T2 is saturated
(region III). If any of the assumptions are incorrect, a contradic-
tion will appear when the actual values are later calculated. We
can find the initial conditions by substituting the standard equivalent
circuit for T1 (OFF) and T2 (ON and saturated):

~22.0v

< ] )
1) teo ,
: .
b Ipg 300 0.1v
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Both I,, and I,, are quite small and can be ignored; moreover they
tend to cancel each other in the emitter circuit because I., is nega-
tive and I, positive. We can therefore consider T1 as an open cir-
cuit. In the base of T2 we shall substitute an equivalent resistor
and battery, which are both typically small. However the small
resistor and low voltage battery in series with the 75K resistor will
make no practical difference in the value of v, which we calculate.
The equivalent circuit therefore reduces to: .

3

i }

Fig. 3.
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It is importajat to note why these simplifications were possible. We
now solve for the initial conditions in the circuit:

v, = 3K(;221({3;€\'{7)5K) = —=9T1v.
4K + 5K
iy = —22 —;5(K—9.71) - —164 pa.mps
o = “2 29T - 307 ma
— Iy = ——% = —3.24ma.'

We can now check our two assumptions. Since the emitter of T1
is at —9.71 v and the base is at —6 v, T1 is OFF. To check the
saturation of T2 we look on the 2N104 transistor curves. Following
the saturation line on the collector curves, which is the almost vertical
line, we find that for i, = —3.07 ma and v, = 0 a base current of 75
u amps is required to saturate T2. Since our calculated value for i,
was —164 ;. amps, T2 is well-saturated (in region III); and so our
assumptions were fortunately correct. Using the i, vs v, 2N104
curve, the equivalent base resistor and battery in the base circuit of
T2 may be found respectively by measuring the slope of the curve
at i, = —164 x amps and the intercept with the horizontal axis.
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will switch (¢ = T,) when T2 becomes conducting (region II),i.e.,
when the base of T2 goes negative with respect to its emitter. An
excellent approximation is to assume that this regeneration takes place

at v, = 0. The circuit therefore switches at vy = v, ( = —5.86 v.).
The period T is found by solving the equation:
Vens (T) = —5.86 = ~22.3 + 20.6 ¢ 717

Tir = 0226, T = (0.226) (800 us) = 180.8 (180 us)
The value of v,,,; at't = T, will also be useful in our next calculations:
Vs = —12.5 —1.37e7i7= —12.5 —1.37 (0.798) = —13.6 v.

At time ¢ = T, the circuit switches back to its stable state of T1 OFF
and T2 ON. However the circuit is not ready for another trigger
pulse because we must wait for the circuit to ‘“‘settle. down.” That
is, we must wait for the 0.01 mfd capacitor to regain the charge lost
during the quasi-stable state. Therefore we must find the voltage

across the 0.01 mfd capacitor at time t = 7T,. We need a new cir--

cuit at time ¢ = T to calculate our final “settling” waveforms. The
voltage V. at time ¢ = T, is the same as at time ¢ = T';:

Ve =Upng = Ve t =T; = —5.86 —(=136v.) = +7.7v.

Now the recharge current must flow through the 75 K resistor to the
base of T2; hence T2 is even more saturated at T = 77 than it was
initially, and so is in region III. "Qur equivalent circuit at t > T,
is T1 OFF (regarded as an open circuit) and T2 ON (and saturated):

124 196K

Ry —

N P
:

Vel Yie?

¢i'|'|

»
E 3

Fig. 9.
. E 220 —99 7.7 '
L= I—i etr, = 696K et", = 0.6 e¥7, ma.
72 = (0.01 mfd) (6.96 K) = 69.6 u sec.
Une = —9.9 —i(196K) = —99 —12et7,
Uemw = —22.0 + i6K) = —22.0 4 3 e,

Us = Upnz + (i-+i2) (300) + 0.14 v.
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Observe that if the circuit is eventually to return to the original con-
dition, the 9.9 v. must be the original v,.,—as indeed it is.

_ 22 - 99

2

v. —9.9 —12 ev7, 4 300 (160 pa + 0.6 e*7, ma) + 0.14

—9.71 —12ev7, .

Uenz2 = U,

We now have calculated all the important waveforms for a mono-
stable MV and these are shown summarized on the last page. Time
constants are shown, as are the initial and final voltage of the wave- .
forms. Also the voltage toward which the waveform is heading is
shown.

The only remaining inquiry is that concerning the trigger pulse
itself. In order for the circuit to be in the regenerative condition we
must cause both transistors to be in region II. As stated previously,
a trigger pulse applied through the 0.01 mfd capacitor causes the base
current to decrease in magnitude and if the pulse is large enough,
will cause v, to decrease. v. must decrease enough to cause T1 to
conduct slightly. Therefore v, must change from —9.71 v. to —6 v.
Since vy, = 0 in either region II or region III, the minimum ampli-
tude of the trigger pulse applied to the base of T2 must be equal to
the required change in v,. The minimum amplitude is hence 3.7
volts. Observe that the diode will disconnect the trigger source
from the MV as long as the amplitude is less than 8.1 v., so that the
trigger will not affect the operation of the circuit.

In closing, an interesting sidelight is that this monostable MV cir-
cuit becomes an a-stable or free-running MV if the battery voltage
applied to the base of T1 is increased. By increasing the battery
voltage to approximately 10 volts we no longer have the stable
initial condition, and so the circuit oscillates. :
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