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The Driving Point Impedance (DPI} method is used fo calculate the
voltage gain of a typical operational amplifier circuit. The meihod
simplifies the calculation and shows how the answer can be written by
inspection without the need to draw an equivalent circuil.

1. Introduction

The driving point impedance method provides an easy way
of calculating voltages in linear analog electronic cireuits.
This method is based on representing transistors by the
approximate equivalent circuit {1,2]. In this paper, the
method is explained and then applied to the calculation of
the output voltage of a typical operational amplifier circuit,
which shows an interconnection of many bipolar {ransistors.

2, Driving Point Impedance (DPI)

Itis assamed that the active devices in the circnits considered
are bipolar transistors only, and are represented by the
approximate equivalent circuit as shown in Figure 1.
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FIGURE 1: Approximate Transistor Equivalent Circuif

Definition: The driving point impedance at the emitter, base,
and collector terminals of the bipolar transistor are defined,
respectively, as follows:

collector

(DPI)emilrer = (“}-) (1)
‘ I‘ emitter
E
(prD),,., = —’) %))
Ii base
E
(DPI)colIecror = _l) (3)
i

where E_is a voltage applied to the appropriate terminal
I

and f; is the resulting current.
(DPI)__ . : The circuit shown in Figure 2ais used to obtain
the Driving Point Impedance at the emitter. The equivalent
circuit is shown in Figure 2b.

It can be seen that the emutter - base equation is

given by

E, = -iR; - (hl.e + RB)ib

Pertinent discussion will be published in Janunary, 2003 West Indian Journal of Engineering if received by November, 2002.
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FIGURE 2:
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Since i = —i,, the Driving Point Impedance at the emitteris
given by

E ] B
(DFI) =t =R _+———

emitter i

&)

(DPD), __: The circuit shown in Figure 3a is used to obtain
the Driving Point Impedance at the base. The equivalent
circuit is shown in Figure 3b.

It can be seen that the Driving Point Impedance
at the base can be obtained from the loop equation

Ey =Ry + 1y, Yiy + Ry, 6)
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aj: Circuit for calculating (DPT) . (b) Equivalent Circuit

buti, = (1 +hy, )ib - Hence, substituting for i, , the Driving
Point Impedance at the Base is given by

E.
DPI =(—’me +h, +(1+h IR 7
( )base \ ib } B ie ( fe) E ( )

(DPI)

In this case, the circuif is as shown in
Figuare 4. The voltage E, cannot excite the emitier - base

.
eollestor”

Jjunction in order to produce the base current on which the
collector current depends. Hence, the collector current is
ZET0.

The Collector Driving Point Impedance is thus

given by
E. E.
(PPD syitector = (l_) = (Ze:o) = (_‘) = (8)
3.  The(DPI),, Equation

The (DPI)_ equation, which is used for the calculations, is
another way of stating Norton’s Theorem. It states that the
output voltage V_ at any terminal in a circuit relative to
ground is given by
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FIGURE 3: a): Circuit for Caleulating (DPI), . (b} Equivalent Circuit
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FIGURE 4: a). Circuit for Calculating (DPI) (b} Equivalent Circuit
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Vou = I_X(DPD)_) ©)

Where I is the current flowing in a short circuit at the
§C

terminal, and (DPI)_ is the outputimpedance at the teyminal.
The major advantage of the method is that the expressions

for I and (DPI)_, can be written without resort to node or
5

loop analysis, and it is not necessary to draw an equivalent
circuit before obtaining these expressions; the two terms
can be written by inspection by wsing the Driving Point
Impedance equations together with the voltage and current
divider principles. A simple emitter follower circuit is used
to illustrate how the Driving Point Impedance method is
used, after which the operational amplifier calentations will
be carried out.

3.1 Emitter Follower Amplifier:
Consider the emitter follower circuit and the equivalent
circuit as shown in Figure 5. It is desired to obtain V_ .

1t can be seen that

Vi =iy(Ry +hy, )+ iRy (10)

If the emitter cusrentis expressed in terms of the base current,

ie, i, = (1 +hy, )ib , the base current is given by

:4—ii|

Vee

hie hfe
—eYout

FIGURE 5: a} Emitter Follower Circuit.
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V. is given by
Vour = 1R
=1+ hff)REib
VinRE(i + hfe)

RB + hz‘e +(1+ hfe )RE

V.R
_ in E (12)

(R h. J
E 4 B ie
£ 1+hfe

This is obtained after a number writing a number of
equations.

The Driving Point Impedance (DPTy method is used
toobtain V__ as
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Vour = U XIDPI) 5) (13)

at the emitter, where [ is the short circuit current at the

point ‘X’, and the (DPI)
measured at the same point.

oue 18 the output impedance

I, can be written by inspection, and is given by
v '
i
R +h
B :

ie

S

1+ hfe) (14)

The output impedance can also be written by inspection and
is given by

Substitution in equation (13) gives

Ry + b,
1+hg,

(DPI},,, = Rg (15)

- Vin(1+he) < RB +hr,e
o "3 R +h El 1+h
B ie fe

anRE
L Rethy
1+ hy,

B (16)

The result is the same as equation (12). However, equation
(16) is written by inspection. Tt is sufficient to give the
answer as the product of the short circuit current and the
output impedance, without carrying out further
simplification. That is the elegance of the Driving Point
Impedance method.

4 Application of the DP| Method to an
Operational Amplifier Circuit

Figure 6 shows a typical operational amplifier circnit; the
small-signal circuit is shown in Figure 7.

In order to obtain the output voltage V.V, is
calculated firse, V . can be written down by inspection as
(7).

The equation states that

Vg = (iscl + isﬂXDP )

T
out
where i is the short circuit current from i, and i, is the
short circuit corrent from i_. It can be seen from the circuit
that DPL | = (R, + 31).

The output voltage V_is calculated in terms of V
using the DPI method.

(18)

(R, +h ) Only one of the cutput transistors T, and T, is on
vV +h ) 1+ h ata time since they operate in Class B, mode v_is calculated
_ i Pllp | —F by the DPI method. Assume T, is on. Thus
"1 R +h E R_+h
B ie R + B ie
E 1+#h e
iyZR
il -y (hﬁ,ﬁ)
s T
Ry +hy +(1+hf,ﬁ{R3 SR J
_ Jes
vcﬁ = 4 ?{R‘l +3rd}
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FIGURE 6: An IC Operational Amplifier [3]
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FIGURE 7: Small-Signal Circuit for Operational Amplifier {3]
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v, = (ISCXDPI)MI

Y o hie7
= ("i‘;—) (1 + hfe,?)( i 67)

ie7

= vcﬁ

Substifution of numerical valves gives

Ve =
10(:03)
dic (99)
i 3 K
100107y + 2. 5010
10(103) + 2,5(103>+100t5(103) aaun )¢z X ))J
100
10x10°
—ic {100)
2 3 Juoao?y+ 2. 5003y
10016°) + 2.5(10°) + 100{ 5007
100
5(10°) 99 3 3
o) (1190072 +0.07510%)
3
5(103)+(10(103)+2.5(10 1)
160

~ (40.09/ -3911i )(10.075x10°)
cl c2

Assume1 = P,=1,

Theny = 104 =v
<b 4

o

This agrees with calculations in [3].

22

5. Conclusion

The Drving Point Impedance method has been used to
obtain the output voltage of a relatively complex circuit.
It has been shown that the equations can be written down
by inspection and in a step-by-step fashion as we ‘travel’
through the circuit from the input to the point at which the
output is required. All that are required are the basic DPI
equations for the transisior, and the application of the current
divider principle at the nodes in the path of the current.

No assumptions have been made in writing the
equations, apart from representing the transistors by the
approximate equivalent circuit, which is adequate for most
practical calculations.

The expressions obtained are rather long and no
effort is made to simplify them. The reason is that each term
in an equation can be written by inspection.

An example of a typical operational amplifier has
been worked out. The result of the numerical calculation
for the circuit agrecs with that obtained vsing other methods.
The appeal of the DPI method is that it avoids the need to
write and solve simultaneous mesh or loop equations for
the circuit.
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