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A negative resistance can be thought of as an energy source that puts electric energy back into
the system. In general a two-terminal active network as a switching circuit exhibits a negative resistance
over a portion of the range which is across the energy-storage element terminal. But a volt-ampere
characteristic over the input terminals of switching circuit also arises a negative-resistance.

In this paper, the above driving-point impedance exhibiting negative resistance characteristics
is analyzed logically making use of the equivalent circuits and checked by the experiments.

1. Introduction

There are basically two types of negative resistance characteristics a device, oscillator, and mul-
tivibrator might have. These are either short-circuit stable (N-type) or open circuit stable (S-type).

The physical meaning of a negative resistance is that in effect the above resistance cancels out the
resistance losses of the circuit. Oscillator and multivibrator have the negative resistance which cannot
be physically separated, although the tunnel diode and unijunction transistor, etc. are negative resistance
devices. The object here is to describe the circuit analysis and experimental results of a bistable mul-
tivibrator as a switching circuit.

2 . Analysis of Switching Circuit

In the cases of the saturation and cut off states, almost equivalent circuit using switches are in-
troduced in the analysis of the transistor circuit, and we use the equivalent circuit which is denoted
by r parameters in the active state. As the transistor Tohshiba 2SB-56 is selected, whose input im-
pedance is hie = 4K, and current gain is hfe = 80 in our measurements.

We see that this circuit shown in Fig. 1 is two stages direct coupled amplifier of which the part

R=13.9K

Fig. 1 Transistor Switching circuit
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of the output applied to the input terminals through the feedback resistance R;. Viewed in certain
aspect, the circuit composes a bistable multivibrator.

As the first step, we will divide the permissible circuit states into five regions, and the possible
regions are :
Region 1 Tr; saturated and Tre off o
Region 2 Tr: active and Trz off T
Region 3 Both transtor in their active regions
Region 4 Tr active and Tr. saturated Re g
Region 5 Tr1 off and Tr, saturated Ri R
(1) Region 1 --- Although here equivalent cir-
circuit of ‘Fig.2 logically becomes the short circuit
and hence the current goes through infinity, as the
transistor has really an input resistance, the equa-
tion of I, then, is given by T A Ra
From Eq. (1—1) we find that in this zone the in-
_put resistance of. the active circuit has some po-
sitive value.
(2 )Region 2 ------ From the circuit’s nodal
equations, referring to Fig.3, we have the next Egs.

Re

I
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+Vs

for region 1

4
Fig. 2 Equivalent circuit l

Ve +V. _ VB — Ve1
B T Tl o
VB1 + Vc _ (2—2)
Rf + Rc - IB + I
(B + Dleire + Ipiry = —vp1 (2—3)
vbi1 = VB + V (2—4)
The base current is then found to be
I = ——(V + V)
Wheré -
r=(B+ 1)re + 1 R
and .
Fig.3 Equivalent circuit
Vg + V+ V. 1 for region 2
R¢ + Re _'r(VB_l_V)_i_1
o ‘
(2—5)
The current I is then
1 1 1 1 Ve
L= (’F* Re + RC)V * (r_+ R + RC)VB TR TR
Making the actual values substitutions in the above Eq. (2—5)

The current I is found to be.
Vv

R 2—6
I BE + 1.25 (mA) ( )

From the results, we see that 3.15 k@ positive resistance region in this case. As the condition of the
change from region 1 to region 2 occurs when Ve changes from zero to negative value, the limit of
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these region takes place at v¢1=0.

By Eq. (2—1)
1 1 __ B .
(R.;-'-RB+R¢)VCl - r_v+(RB+Rf r Ve Rc_o
voltage V is then
(1 __/51) _ Vc} _
V= /9{ (RB + R¢ r Ve Rc (2=7)

By making substitution of the actual value, V=—3.07V, the current is then [1=0.276 mA. Now we
can find out the voltage V which is the transfer voltage by setting vp2=0.

_ VB = Ve, _ _
Vb2 = VB Re + R R =0 (2—8)
From the above Eq.
_T([Re (L 1 1 _ _ 8 _ Ve _
V‘,s[{RB(Rc+RB+Rf)+RB+Rf r}VB Rc] (2—9)

With the actual value, V=—2.99V, and the current is calculated by Eq. (2—6), and therefore I=0.3mA.

(3) Region 3 --- The nodal Eqs. which result the circuit of Fig.4 are

1 1 1 ) 1 Vs
= 4 =4 — T+ — Ve = — —
(RB + r * R/ " Ry ¢! Rs
(3—1)
1 1 Ve
—levw + (E +E) Vel = ——f)-vm R
(3—2)
The base voltage vbz can be calculated by the
above two simultaneous equations, i.e.,
1 Ve VB
B Ry ( Vb1 + Rc) R.Rp
Vb2 = — 1 —_1.
RoRx  Rre
(3—3)
1 = 1 1 . . o
Where R R, + R Fig.4 Equivalent circuit
° ¢ f for region 3
1 1 1 1
d — =—4—= L2
an Rxk RB Rs¢ * r

Since vi1=V+Vs , we can see that vz falls when V steps up and vice versa.
We find out the input current I using the preceding equations :

_BRo_ BR.Ve _ _BVs
_J1 1 R Ri%r? _JR®Rer  1RBRt R,
L= Rt r Rg? 1 1 [ 1 1 RcRs Ve (3—4)
RoRk sz RoRk sz

Using Eq. (3—4) , then, I can be obtained from the actual values,
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\'
I = ~o 2z 13.79 (mA) (3—5)
We can see by the above equation that the negative resistance comes out at the input terminals in
this case, which is —2122. Next, the boundary voltage between the region 3 and 4 is given by the
condition of vcz=0 , the value of V is
BRVe BVe R ( r —L)V
V = — R¢R. Rp Rc \RoR« Ry? ¢ Vs
Ro r r B%R,
Ry (R_ORT —R_fz) Ryt (3—6)
The actual values can be calculated by using Egs. (3—5), and (3—6). Thus
V = —2.92 (V) —V.
and I = —0.02 (mA) ‘I
(4) Region 4 --- To find the input current I
we only use Fig. 5. The current I is then

(e D e (e v
R r r

R¢
(4—1)
Taking the actual values as was used previously,
Iis

[ = \%
3.105

and equation tells us that the region is in the +Vn

positive resistance zone. As the change point from Fig. 5 Equivalent circuit for region 4

region 4 to 5 is V=-—Vg , if we substitute V.

V=-—2.8V into Eq. (4—2), we find I=0.

(5) Region 5 --- The current I of the circuit
of Fig. 6 is found to be Rc% éR(
Rt I

1
I =§f—(V + VB) ;5—1)

+ 0.902 (4—2)

From the actual value

\4
I =35 T 0.202 (5—2) v] .

and we see that the region has the positive value.

77777

+Vs

3. Expérimef;tal Results and Discussion
Fig.6 Equivalent circuit for region 5

In order to find negative input resistance of switching circuit, we measured the volt-ampere charac-
teristics given at the input terminals of the circuit. The experimental result is shown in Fig. 7. In this
case, it is found in the experimental results that some errors take place in a certain regions, although
the theoretical values and experimental values have a good approximation.

The two most basic sources of experimental errors in the measurements arise because both input
resistance h;je and forward current gain h¢. are not constant but widely variable parameters by collec-
tor voltage and emitter current.

In the process of the analysis of our switching circuit, we regard both of them as the corstant

parameters, namely, hi.=4.0k2 and hf.=80, respectively.
Seeking for the relation between h¢e or hie and emitter current experimentally, we see the follow-

o
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' ing matters ; that is, first h;. changes from 5.75k2
to 1.77kQ when the emitter current varies bet-
ween 0.5 mA and 5.0 mA. Then, the variation

» of hte, as emitter current varies from 0.1 mA to
2.0 mA, is almost from 38 to 82.

In the analysis of some h parameters, as men-
tioned above, we should not deal with them as
constant or, rather they need to be variable. As

——— Theoretical oL o 3.0

——— Experimental

i

such, we can understand that experimental errors r —1.0

mainly come out in the ranges of the active states. r 20
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Fig.7 The negative resistance characteristic

given at the input terminals of
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