CHAPTER

Hybrid Parameters

10.1. INTRODUCTION

The basic construction, appearance and characteris-
tics of bipolar junction transistors (BJTs) were dis-
cussed in chapter 8. We now begin to examine the
small-signal ac response of the BJT amplifier by re-
viewing the models most frequently employed for rep-
resenting the transistor in the sinusoidal ac domain.

One of our first concerns in the sinusoidal ac analy-
ais of transistor networks is the magnitude of the input
signal {(an amplifier may use either small signal opera-
tion or large signal operation). Study of small signal
operation may be done either graphically or by using
small signal equivalent circuit for the BJT operating In
the active region, however, the second methed is more
convenient. The large signal operation may be best stud-
ied graphically because of involvement of certain non-
linear operation in it. For study of small signal opera-
tion, the transistor may be replaced by its equivalent
cireuit (or model) and then the usual method of network
analysis may be used to obtain expressions for its oper-
ating characteristics e.g., input impedance, output im-
pedance, voltage gain, current gain etc.

We here take up the study of hybrid (h-) param-
eter equivalent circuit (or model) for the transistor
and analysis of low frequency small signal common-
emitter (CE} amplifier using this model.

10.2. TWO-PORT DEVICES AND THE HYBRID MODEL

A box representing a two-port network is iNustrated
in Fig. 10.1. The terminal behaviour of a two-port
device may be specified by two voltages and two
currents (voltage v, and current 1, at the input port
and voltage v, and curvent i, at the output port). The
conventional positive polarities* of voliages v, and v
and currents ; and i, are shown in the figure. Out o%
four quantities (vy, Uy, Iy and.i,), any two may be
selected as independent variables** and the remaining
two be expressed in terms of the selected independent
variables. This leads to various two-port parameters,
out of which following three are more important.

1. Open-circuit impedance parameters or

Z-parameters Z,q, Zy, Zg; and Zyy

2. Short-circuit admittance parametérs or
Y-parameters Y,;, Yyq, Ygy and Y,

*

R

or hyy = —L—\ t
1 vg =0 Uy

3. Hybrid parameters or the h-parameters.

+ I n o+
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PORT No.1 DEVICE PORT No. 2
44— ———0

Fig. 10.1. Conventional Positive Polarilies of
Voltages and Currents in a Two-Port Network

In transistor amplifier analysis, Z- and Y-param-
eters were used earlier. But now hybrid or the
h-parameters alone are used in a transistor circait
analysis and, therefore, only the h-parameters will
be taken here for discussion.

10.2.1. Hybrid Parameters or h-Parameters.
For the two-port network illustrated in Fig. 10.1, if
input current i; and the output voltage v, are taken
as independent variables and the two-port shown n
the figure is linear, we may write
v, = [ Ry vy {10.1)

is = hgy i+ Byy Uy . {10.2)

In the above equations, the hs ave fixed for a
given circuit and are called the hybrid or h-param-
eters. Because these four parameters have mixed
dimensions (hq; has dimension of ohm, Ay, and Ay,
are dimensionless, and h,, has dimension of mho or
siemen) so they are called hybrid or h-parameters.

1. Meaning of h-parameters. By assuming that
the given two-port network has no reactive element
and by applying open-circuit (i; = 0) or short-circuit
{v, = 0) conditions to Fqs. (10.1) and (10.2), the
h-parameters can be defined as below :

If the output terminals are short-circuited,
(Fig. 10.2) cutput voltage v, becomes zero and Iigs.
(10.1) and (10.2) become

vy =Ry i thyx0=h,y
and i, = hgy iy Fhyy X0 = hgy Iy

LINEAR
CIRCUIT

i
and hy = i
b

Fig. 10.2

vg =0

"The currents are taken positive when they enter the device and negative when they leave it.
In general, we are not free to select the independent variables arbitrarily-—for cxample in case of an ideal transformer, two voltages v, ani:

cannot be sclected as the independent variables because their vatio is a constant and is equal to the turn-ratic of the transformer.
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Since h,; is the ratio of input voltage and input
current with output terminals short-circuited, it is
called the input impedance with output short-circuited.
The subscript 11 of hy; defines the fact that the
parameter is determined by the ratio of quantities
measured at the input terminals. Its unit is ohm.

Similarly h,, is the ratio of output and input
currents (i.e. i,/i;) with output terminals short-
circutted, so it is called the forward transfer current
gain with output short-circuited. Obviously it is
dimensionless quantity.

If the input terminals are open-circuited and we
drive the output terminals with voltage Uy, a5 shown

in Fig. 10.3, input current iy becomes zero and Egs.
(10.1) and (10.2) become

Uy = hyy X0+ Ry vy =hy, v,

and i, = hgy % 0+ By wg = hos U,
v + . _ i +
ot hyy = —L o
Uy . S LINEAR %}
2l =0 OPEN &y GIRCUIT Ya
; o | !
d hyy = 2 - -
an = = ]
N Fig. 10.3
=0

|

Thus the parameter h 4 is the ratio of input voltage
to the output voltage with zero input current (i.e. 1, =0).
It 1s dimensionless quantity and is called the open-
circuit reverse transfer voltage ratio, the subscript 12
of b, reveals that the parameter is a transfer quantity
determined by the ratio of input to output measurements.

Similarly h,, is the ratio of output current to the
output voltage with zero input current (i.e. i;=0). Itis
called the open-circuit output admitiance and is meas-
ured in siemens. The subscript 22 in h, Indicates that
1t is determined by a ratio of output quantities.

2. Notations. The convenient alternative sub-
script notations recommended by the IEEE Stand-
ards are given below :

i =11 = input ¢ = 22 = output
f = 21 =forward transfer r= 12 = reverse transfer

In case of transistors, another subscript (b, e or ¢)
ig added to designate the type of transistor configu-
ration. For example h,, = hyi, = input resistance in
common emitter configuration. .

Nctations used in transistor amplifier for the three
configurations are tabulated below (Table 10.1).

Since the two-port network (or the device) de-
scribed by Eqs: (10.1) and (10.2) is assumed to have
no reactive elements, the four parameters Ry Byg

hy, and h,, are real numbers and voltages and cur-
rents vy, vy, and 1, i, are functions of time. How-
ever, if the reactive elements had been included in
the device, the excitation would be considered to be
sinusoidal, the h-parameters would in general be
functions of frequency, and the voltages and currents
would be represented by phasors V,, V,, and Lo

10.2.2. Hybrid Model. The hybrid circuit for any
two-port network characterized by Eqs. (10.1) and
(10.2) is shown in Fig. 10.4. If Kirchhoffs voltage

CI U] L2

j 5
Fig. 10.4. Hybrid Model For The Two Port Network
Shown in Fig. 10,1

law and Kirchhoff's current law are applied to the
input and output ports, Egs. (10.1) and (10.2) respectively
will be obtained. Thus model given in Fig. 10.4 truely
satisfies Egs. (10.1) and (10.2). '

The input circuit derived from Hq. (10.1) appears
as a resistance A, in series with a voltage generator
hyy vs. The output circuit, derived from Eq. (10.2)
consists of a current generator ho i, and shunt resist-
ance fg,. This circuit is called Aybrid equivalent be-
cause its input portion ig a Thevenin's equivalent (or
a voltage generator in series with a resistance) while
the output portion is a Norton's equivalent (or a cur-
rent generator with shunt resistance). Thus it i a
mixture or hybrid. The symbol ‘%’ is simply the ab-
breviation of the word hybrid (hybrid means “mixed™.

'The hybrid equivalent circuit (or model) given in
Fig. 10.4 is an extremely important one in the area
of electronics today. It will appear over and over
again in the analysis to follow. There are two main
reasons of popularity of hybrid model. First, it iso-
lates the input and output circuits, their interaction
being accounted for by the two controlled voltage
and current sources—the effect of output upon input
18 represented by the equivalent voltage generator
hiovy and the effect of input upon output is repre-
sented by the current generator higyiy- The value of
the former depends upon the output voltage v, while
the value for the latter depends upon the input cur-
rent i;. Secondly, the two portions of the circuit are
in a form which makes it simple to take into account
the source and the load circuits. '

TABLE 10.1
S.No. h-parameter Common Base Commeon Emitter Commeon Collector
Configuration Configuration Configuration
L. by By i by
2. h‘l? hrb hre hrc
3. hay hg, hy, R
4. }?’22 hob hoe hoc




10.3. TRANSISTOR HYBRID MODEL

The basic assumption in arriving at a transistor lin-
ear model or equivalent circuit is that the variations
about the operating or quiescent point are small and,
therefore, the transistor parameters can be consid-
ered constant over the small range of operation.
Many transistor models have been proposed, each
one having its particular merits and demerits. The
transistor model presented here, is given in terms of
the h-parameters, which are real numbers at audio-
frequencies, are easy to measure, can also be obtained
from the static characteristics of a transistor, and
are particularly convenient to use in analysis and
design of circuit. Furthermore, a set of h-parameters
is specified for many transistors by the manufacturers.
To derive a hybrid model for a transistor, let us
consider the basic CE amplifier circuit given in
Fig. 10.7. The variables ip, ic, v and v, represent
the total instantaneous values of currents and voltages.
We may select the input current ig and output voltage
v as independent variables. Since input voltage vg
is some function f; of i and v, and output current
i is another funetion
f2 of ip and v, we may
write
vy = fy lig Q) (10.3)
io = fy G ve) -(20.4)
Making a Taylor’s
series expansion of Eqs.
(10.3) and (10.4) about

the zero signal operat- Fig. 10.7. Basic CE
ing point (Ig, V) and Configuration
neglecting higher order terms we have
s = L I w08
SLB V(_‘, SUC EB
& h
nig = 22l 4 B a0
dig Ve Un -

% : o 5 8f1 5f2
whetre partial derivatives i and _SiB are taken
B - -
keeping collector voltage V. constant while partial

. 81 81y ,
derivates —— and — are taken keeping base current
'SUC . SUG

I; constant.

The quantities Avg, Avg, Aly and Ai, represent
the small-signal (incremental) base and collector
voltages and currents and may be represented as t,
U, g and ic respectively as per standard notations.
We may now write Egs. (16.5) and (10.6) as below

v, = hy, i, R, U, {107
e = T B 8 Ry (10.8)
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TABLE 10.2
Configuration Circuit Schematic Hybrid Model v-i Eguations
i Common Vp = h’ia ib 5 hre v,
Em}tt-er, CE ic = hfeib * hoe Ve
Common Ve = Ayt t R, v,
Base, CB ic = hfb ie * hob ve
Common vy = b1, + A, u,
I Collector i, = by 3y + by v,
. CC
) _ Sfl SUB Ub I[.‘ = h’fe Eb + hoe VCE ...(10.11)
wheze fi;, == 81 > = %) w0 For measurement of h. and A t ut-
s |y 5 |y by wg . rent o £ . Parameters, o
¢ - ¢ : put is ac short-circuited [Fig. 10.8 (a)) by making
hy, = yﬁ_ T 1l te ..(10.98)  capacitance C, deliberately large. The result is that
dig Wi big i Ylvg =0 the changing component of ‘collector current flows
5f, Sup v, through C.Z instegd of Ry and ac ‘troltage developed
by = ro I = ~(10.9¢)  across Cy is zero t.e. V,, = 0. Here it should be clari-
g Gl il =0 fied that setting V_, =0 does not mean that the dc
ho- 61y i e (10.94) collector-emitter voltage, Vo 18 zero. It simply means
® o Bugl Bug v g o T that ac output is short-circuited.
B B g =

The partial derivatives of Eqs. (10.9) define the
h-parameters for the transistor in common-emitter
{CE) configuration.

Equations (10.7) and (10.8) are found to be of
exactly the same form as Fqg. (10.1) and (10.2) hence,
the model shown in Fig. 10.4 can be used to repre-
sent a transistor.

The common-emitter (CE), common-base {CB), and
common-collector (CC) configurations, their hybrid
models and their terminal volt-ampere equations are
summarized in Table 10.2.

The circuits and equations in above Table 10.2 are
valid for either an N-P-N or P-N-P transistor and are
independent of the type of load or biasing method.

10.4. EXPERIMENTAL DETERMINATION OF HYBRID
PARAMETERS

Determination of hybrid parameters of a general lin-
ear circuit has already been discussed in Art. 10.2.1.
For determination of hybrid parameters for a CE tran-
sistor, consider the circuits given in Fig. 10.8. The rms
values will be considered in discussion. Volt-ampere
equations for a CE transistor are as given below :

Vye = by T+ h, V -(10.10)

Substituting'Vce = 0in Egs. (10.10) and (10.11) we have

Vie = B Iy + by x 0
or h;, = % for V,=0 L(10.12)
and I, = h}:Ib +h, %0
or h, = ;i for V, =0 -(10.13)

b

Thus from Egs. (10.12) and (10.13) h-parameters
h;, and h. can be determined. It is'to be noted here
that I and I, are ac rms base and collector currents
respectively. Also V,, is the ac rms value of base-
emitter voltage,

For measuring hybrid parameters h,and k_ the
input is ac open-circuited, a signal generator is ap-
plied across the output and a large inductor L is
connected in series with Rp. as illustrated in
Fig. 10.8 (b). The inductor L, having dc resistance
very small, does not disturb the operating point but
does not allow flow of ac current through Ry, Fur-
thermore, a voltmeter of high input Impedance is
used to measure base-emitter voltage V. and hence
there are no paths connected to the base with any
appreciable ac current. Thus base is effectively ac
open-circuited fe. I, =0.
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0+ Vo

QUTPUT-SHCRTED
Vee=0

(o) Circuit For Measuring hy, and
h,, of CE Transistor

+Vee

INPUT
OPEN

(=0

(b) Circuit For Measuring k., and
h,, of CE Transistor

Fig. 10.8

Substituting I, = 0 in Eqs. (10.10) and {10.11) we
have

Vbe = hie x 0+ hre Vce
v
or h, = f"" for I, =0 (10.14)
ce
and I, = hfe x 0+ h,V,
1
or h,, = 5 for I, =0 .. (10.15)

ce
Thus by measurement of V,,, V,, and I, the hybrid
parameters i, and &1, can be determined.

Example 10.2. The following test results were obtained in
a CE amplifier circuit while measuring h-parameters ex-
perimentally,
(i) With ac output shorted I = 20 pA, L =1 mA, V, =
22 mV and V,, = 0
(ii) With ac input open-circuited Iy =0, V, = 0.25 mV,
I.=30pAand V,,=1V
Determine hybrid parameters of the given transistor.

Solution ; From short-circuit test datc

Vs 22 %1077
h!‘-e = 41;?“ (fO]‘.‘ Vce = 0) = W = 1.1 k& Ans.
refer to Eq. (10.12)
I, 1x10°
hfe = fb— (fOI‘ Vce = 0) :W = 50 Ans.

refer to Eq. (10.13)
From open-circuit test data

0.25x1073
1

=25 % 107" Ans.
refer to Eq. (10.14)

Vb(’
hoy = > (forT,=0) =

re
ce

I
£~ (for I, = 0)
ce

-6
= &‘,lli_ =30 x 10 S or 30 uS Ans.

>
i

- refer to Eq. {10.15

10.5. DETERMINATION OF h-PARAMETERS FROM
STATIC CHARACTERISTICS

Functional relationships for the CE configuration of
total instantanecus collector current and base voltage
in terms of two variables (base current and collector
voltage) are given by Eqgs. (10.4) and (10.3) respectively.
Such functional relationships are represented by families
of characteristic curves of transistors, already described
in chapter 8. Two families of curves are usually
specified for transistors. The output characteristic
curves depict the relationship between the output
current and voltage, with input current as the
parameter. Figures. 8.18, 8.25 and 8.29 give the typical
output characteristic curves for the common-base,
common-emitter and common-collector configurations
of a transistor. The input characteristic curves give
the relationship between input voltage and current
with output voltage as the parameter. Typical input
characteristic curves for the common-base, common-
emitter and common-collector configurations of a transistor
are illustrated in Figs. 8.17, 8.24 and 8.28 respectively.
h-parameters can be determined graphically from the
input and output characteristics of a transistor for a
particular configuration.

10.5.1. Determination of Hybrid Parameters
hﬁz and h . For a common-emitter configuration,
the output characteristic curves given in Fig. 8.25
are reproduced in Fig. 10.9. In this figure let us
consider the curve for ip = I = 60 pA. At a point Q
on this curve, the quiescent collector current and
collector voltage are I and V,, respectively. If a vertical
straight line is drawn through point Q intersecting

curves for iy =40 pA and iy, = 80 pA at points @,
and Q, respectively, the corresponding collector
currents will be icl and i02 respectively,

&
X
T Lo
RATION REGION

-
sarl

COLLECTOR CURRENT, I INm A
@

TUT OFF REGION
1 2 3V, 4 5 6
——— COLLECTOR-EMITTER VOLTACGE, Vg iN VOLTS——

Fig. 10.9. Qutput Characteristics For Common
Emitter N-P-N Transistor
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Now from Egs. [10.9 (b)] and [10.9 (d)] we have

51 ; o, — 1
hp= o8 = Aol ey Tl ..(10.16)
dig Alp Vo B, ~ip,
31 At
and h = 8 = MG

du, Avg -

= Slope of the output characteristic curve at the peint
AC

= & ..{10.17
B ( )

Thus the value of h,, at point Q is given by the
slope of the output characteristic curve at that point.
Thus slope can be determined by drawing a line
tangential to the characteristic curve at the point Q.
The slope can also be determined by drawing an
incremental triangle ABC about point Q and noting
the values of AC and BC, _

The parameter h, is the most important transistor
small signal parameter. This common-emitter current
transfer ratio, oxr CE alpha, is also written o, or f,
and called the small-signal beta of the. transistor.

10.5.2. Determination of Hybrid Parameters

h and h.. For a common-emitter configuration, -

re

the input characteristics are shown in Fig. 10.10, In
this figure let us consider the curve for Ug =V, At a
point @ on this curve, the quiescent base voltage and
base current are Vg and Ij; respectively. If a vertical

straight line is drawn through thispoint Q intersecting

curves for g, and Uc, atpoints Q, and Q, respectively,
the corresponding values of base voltages will be vp,’
and vg, respectively.

Now from Eqs. 10.9 (¢) and 10.9 (@) we have

B s dug _ Avg _Yp, —Up, (10.18)
i Bug Avg iy Vo, ~U
& A c s
A, = oY% ?B = Slope of the input characteristic
8 ig Aig Ve
curve at the point = —gig ...(10.19)

=
o
Ry

-BABE-FMITIER VOLTAGF, Vg INVOLTS —m

—

BASE CURRENT, Ty IN uA

Fig. 10.10. Input Characteristics For Common
Emitter N-P-N Transistor

Since h,, is of the order of 1074 so Avg << Avg
and hence the above method is not accurate in prac-
trce, though it is correct in prineciple.

Slope of the input characteristic curve giving the
value of i, can be determined by either drawing a
straight tangential line to the input characteristic curve

at point Q or by drawing an ineremental triangle ABC -

about point @ and noting the values of AC and BC.

The above procedure explained for the determi-
nation of the common-emitter h-parameters can also
be used for determination of the common-base and
common-collector h-parameters from the appropriate
input and output characteristics.

10.6. VARIATIONS OF HYBRID-PARAMETERS
OF A TRANSISTOR

The variation of h-parameters depends upon junc-
tion temperature, collector current and collector-to-
emitter voltage Vo Among these factors, the vari-
ations due to junction temperature and collector cur-
rent are significant and thus discussed here.
10.6.1. Variation of h-parameters Due to
Temperature Variation. From the above discussion
it is obvious that all the four h-parameters of any
transistor configuration (viz. CB, CE and CC) can be
determined from the slopes and spacing between curves
at the quiescent point Q if it is specified. Since the
characteristic curves, in general, are neither straight
lines nor equally spaced for equal variations in collector-
emitter voltage or base current, the values of h-parameters
depend upon the position of the Q-point on the curves.
It is also known that the shape and actual numerical
values of the characteristic curves depend on the junction
temperature. Thus h-parameters of a transistor depends
upon the temperature. Most transistor specification sheets
include curves of the variation of the h-parameters with
the quiescent point and temperature. Usually I[o=1mA
is taken ag the reference collector current and collector
junction %nperature of 25°C is taken as the reference
temperature.

10.6.2. Variation of h-parameters Due to Variation
in Collector Current

(@) The parameter h;, varies with operating value of
collector current I as shown in Fig. 10.11 (a) ie h,
decreases with the increase in the operating value of T,

(b) The parameter h,_, varies with the operating
value of I, as depicted in Fig. 10.11 (). From the curve
shownin Fig. 10.11 (b), it is obvious that h,, first decreases
with the increase in the operating value of I, reaches to
a minimum vahue at a certain value of I» and thereafter
increases with the increase in Ie.

{¢) The parameter hfe varies with I as shown in
Fig. 10.11 (¢). The graph shown in Fig. 10.11 (¢) indicates
that & fe first increase with I, attains a maximum value
at a particular value of I, and then decreases slightly with
L. The value of 118 temperature dependent and increases
with the rise in temperature,

(d) The parameter h,, varies with I. as indicated
in Fig, 10.11 (&), i.e. h,. increases with the increase in
I but not linearly.
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c 2 =

i x T2 =

r= ] 8

| | | |

—COLLECTQR CURRENT—* —— COLLECTOR CURRENT —* — COLLECTOR CURRENT—+ —COLLECTOR CURRENT——
IinmA Icinma

(a) Variation of h,, With I,

(b) Variation of h,, With I

Fig. 10.11

10.7. TYPICAL VALUES OF h-PARAMETERS FOR A TRANSISTOR

Typical values of h-parameters of a transistor for CE, CB and CC configurations at I; = 1.3 mA are given

below 1 Table 10.3.

. LginmA ]
(¢) Variation of h,, With I,

Ig inmA
(d) Variation of h,, With 1.

TABLE 10.3

Configuration Common’ Emitter Common Base Common Collector
Parameter CE CB cC

A, 1.1 kQ 21.6 Q L1kQ

h, 2.5 x 107 2.9 x 107 =3

hf 50 - 098 - 51

h, 25 pS (pA/Y) 0.49 uS (uA/V) 25 pS (pA/V)

1/h, 40 kQ 2.04 MG 40 kQ

10.8. CONVERSION OF HYBRID PARAMETERS IN
TRANSISTOR THREE CONFIGURATIONS

Some transistor manufacturers provide only the.
four CE hybrid parameters while others provide
CB h-parameters. Sometimes, for a specific pur-
pose, it becomes necessary to convert one set of h-
parameters in one configuration to another set in
another configuration. The conversion formulas can
be obtained using the definitions of the parameters
mvolved and Kirchhoff's laws.

For example, let us convert common emitter h-
parameters to the common-base h-parameters. For this
purpose first the CB hybrid model is drawn as shown
in Fig. 10.12 (@) and then it is redrawn in CE configu-
ration, as shown in Fig. 10.12 {b). The latter corre-
sponds in every detail to the former except that the
emitter terminal E is made common to the input and
(;utput ports.

By definitions

hip hop — L+ hg) by,

e
Thus h, = 1+ .(10.20)

ce

Vee | hiphop +(1=hy) (A +hg)

:

(a) Comm(}r\r, Base Hybrid Model
: g Lo

B, Voo = Ve + Vee = e Voo
Veeli, =0 Ve hy=o Vee ft, =0 - . . .
IfI, = 0, then I, = — I, and the current T in h,, in {(b) Cireuit of Fig (a) Redrawn in CE Configuration
i 'l a7

Fig. 10.12 (6) is 1= (1 + hp) I, = Ay, Vi,

Applying Kirchhoff's voltage law to the output mesh of
Fig. 10.12 {(b) we have

h’ib Ie i h’rb Vcb ¥ Vbc + Vce =0
Combining the above two equations we have

Fig. 10.12
This is an exact expression. The simpler approxi-

“mate formula is obtained by noting that, for typical val-

ues given in Table 10.3 b, << 1 and A by << (1+ rm

hiph _ noo= Pahe .410.21
1:_ hO/: Vbc - hrb Vbc & Vbc * Vce =0 So re 1+ hfb hrb o
v -(l+hg) v
or —% 1o be

V.. gl oy + (1= Ry ) (1+Fy)

ce

By definition k, = 7
B Ve =0
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If terminals C

b Ic

B
and E are connected "
together in Fig. 10.12 iy
(b), we have circuit
shown in Fig. 10.13.

From Fig. 10.13,
we see that

Ven
il

]

Vep T Vbc = Vbe

Applying Kirchhoff's voltage law to the left hand

mesh, we have

Vie * hip T, + by Vo = 0
Combining the above two equations we have

Fig. 10.13

Applying Kirchhoff's current law to node B in
Fig. 10.13, we have
I, +1,+ hfb IL,—h,V,.=0

Approximate conversion formulas for transistor

or T, =(1+ hfb)

_ Thus k,, =

Vbe -

Vbe o hob Vbe
hib

~ b

By = I+hg

I, by b +(=hy) (L)
This is an exact expression. Since Ry, <<1andh,,
Ay << (1 + hp), so the above equation is reduced to

..(10.23)

1= oAby parameters are given below in Table 10.4.
be
‘ Ry TABLE 10.4
Configuration Common Common Common Equivalent
Emitter, CE Base, CB Collector, CC T-Circuit
Parameier
' h hib L. * Te
ie L1kQ Tehg, ic g Rt
h; h r
} —4 ib Tob 1— i e
(o 2.5x10 T4y, b A, = )
h ‘o
h 50 e db —(1+h,)* =
fe 1+ hy A e l-a
h 25 1S (1 AIV) Lot B * 1
oe " 1+hy o r, (1-o)
k.
b K 2160 ~h. /e, r,t{l—ayr
fz b
I 1 + hfc 2o e
by, h, | P R R
h, - h;: =" 2.9.% 10 g2 fCOC -1 Ty,
h‘fb ;_}_"I'e_ —0.98 _ Mf& w3l
1+ hy, by
By P 0.49 pS (p A/V) = P 1r
¢ 1+ hy, Ay, £
h, ho* LT 1.1k r, + )
i ‘e 1+ hfb b —
b 1—h_=1* 1 1 s e
i e B (L— o)
a1 1
h — {1+ h, )" -51 -
fo { fe) 14hy l-a
h 1
A h * ob 25 uS {!,l A/V)
2 oe 1+ h’ﬂ; " r. {(1-a)
i
o __hL_ o hfb 1_+_}I'L 0.98
1+ hfe hfc
1+h,* ke *
;. B 1 } e 2.04 MO
hoe hbb oo
Py " h 1-h *
I TH * e
r@ hoe hlb h h@b (1 v }Lfb) h’OC 10 Q
by~ i
5 ol L ]
r, R I W h;; i+ —LfC— (1-h)* 590 0
oc oc

* Stands for exact.

..(10.22)
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Example 10.3. hfe = 50, h;, = 0.83 kQ, find out the current
gain (hﬁ,} and input impeﬁanee (h;;) for a transistor in CB

configuration.
_ _ -h, _ =50 _
Solution : hlfb = s = — (.98 Ans.
1+ hfe 1+50
; 3
by = —te = 08310 - 4657.0 Ans.
1+ hfe 1+ 50

Example 10.4, The h-parameters for a CE configuration
are h;, = 2,600 Q, hy, = 100, A, = 0.02% 10% and h,, =5 %
1078 S. Find h parameters for CC configuration.

Solution : h,, = h;, = 2,600 Q Ans.

h’f = —(1+ hfe) =_(1+100)=-101 Ans.
h_=1-h,=1Ans

h,= h,=bx 107% S Ans,

10.9. TRANSISTOR AMPLIFIER CIRCUIT
PERFORMANCE IN h-PARAMETERS

A transistor amplifier can be formed simply by
cannecting a signal source to the input and an external
load to the output terminals of a transistor, as shown
in Fig. 10.14 and giving proper bias to it. All transistor
amplifiers, connected in any one of the three possible
configurations, are basically two-port devices, as shown
in Fig. 10.14, that is, there are a pair of input terminals
and a pair of output terminals. In Fig. 10.15, the
transistor has been replaced with its small-signal
hybrid model without specifying the configuration.
The circuit shown in Fig. 10.15 is valid for any type
of load whether it be a pure resistance, an impedance
or another transistor. This is true because the
transistor hybrid model was derived without any regard
o the external circuit in which the transistor is
tncorporated. For an amplifier there are six quantities
of great interest (input impedance, output impedance,
cwrrent gain, voltage gain, power gain and phase relation-
ship), each of which will be discussed in detail here.

I, 2
res Q
Tl
TWO-PORT
ACTIVE
' NETWORK Va Z
(TRANSISTOR}
1
_ i
‘ hiah SN
; >

ZBU(

Fig. 10.15. Small Signal Hybrid Mode!l of Transistor
Amplifier Circuit Shown in Fig. 10.14

For the resulting equations to be useful, how-
ever. the quiescent point must be established and
the resulting h-parameters must be known:

1. Input Impedance. The input impedance Z;,
is defined as the ratio of input voltage to the input
current i.e.

7

From the input circuit shown in Fig. 10.15 we have

V, = k1, +h, V, ..(10.25)

Su.b.fa,titu.ting\l1 =h, I, +h V,in Eq (10.24) we have

7, - hhth Vo :hﬁh“yi
L 15
From the output circuit shown in Fig. 10.15 we have
I, = hely + R, Vy

_ Y (10.27)

7 ..(10.
The minus sign is used here because the actual
current flows in the direction opposite to that of I.
So %2— = e b hf}
i h, + z
L

L1024

...(10.26)

...(10.28)
. Vs :
Substituting value of 1 from Eq. (10.28) in
fq. (10.26) we have '

Input impedance Z;, = h; - e ..{10.29)
’ h, +5-
Zy,

= h.

13

It is seen that Z, depends on Z; i.e. ac resistance

of the load across the output terminals of the transistors.

~af b or Z;, is very small.

9. Current Gain. The current gain 1s denoted
by A, and is defined as the ratio of output eurrent
to input current.

I -1
fe A = k=22 .(10.30)
L L

Applying Kirchhoffs current law to node A in
the output circuit

Substituting V,= -1, 2 from Eq. (10.27) we have

1, = hely—h, L 7

=y . By
I,  1+h, 2,
or h, Zy << 1 ..(10.31)

or Current gain A, = = — hf if Z; 1s zero

Current Gain Taking R into Account. The source
current is not the transistor input current because it
partly flows through R, and partly through Z;,. 5o
the voltage source V, with
series source resistance R,
is replaced by the Norton's
equivalent source, shown
in Fig. 10.16, consisting
of current source I, with
gource resistance R, in
ghunt. The overall current
gain A, is given as

Fig. 10.16. Nortan’s
Equivalent For The Scurre
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N 1
A, = 2 = T_z_._l =4A, L ...(10.32)

s 1 g £

F i ! Ry
rom Fig. 10.16, T = 7+ R
in
AR

So A, = ﬁ ...{10.33)

Note that if R; = o then A, = A., Hence A; is the
current gain for an tdeal current source (one with
infinite source resistance).

3. Voltage Gain. The voltage gain is denoted by
A, and is defined as the ratio of output voltage to
the input voltage i.e.

V V. -
A = % = ﬁ_ = %_ ...(10.34)
! ! ¥in Lho + ZLJ Zin,
L
V. -h
.+ from Eq. (10.28) ~% = — [
1
1 ho L
Zy,
Voltage Gain Taking R_ into Account. Overall volt-
age gain A _ is given as
V, V, V, \
== =A, -1 ...(10.35
vs V V V - Vs ( )

From the equivalent input circuit of the ampli-
fier given in Fig. 10.17, we have

& e Zi,
Vs Zin + Rs ,
So AUS = ﬁ-— (10 36)

8

Note that if R, = 0 the
A, = A, Hence A is the
voltage gain for an ideal
voltage source {one with zero
internal resistance). In
practice, the quantity A _
more meaningful than A since usually, the source
resistance has significant effec:t on the overall voltage
amplification.

Independent of the transistor characteristics, the
voltage and current gains taking source impedance
into account, is related as

ZL
AUs - Azs R

Fig. 10.17. Thevenin’s
Equivalent For The
) Source

...(10.37)

provided that the current and voltage generators have.

the same source resistance R,

4, Qutput Admittance. The output admittance
Y. is defined as the ratio of the output current to
output voltage with V, = 0 i.e.

. I
Yoo = == with V, =0 ...(10.38)
V2
Il
e hf\T +h, ...{10.39)

2

w from Eq. (10.27), I, = hely + R, V,

Now from input circuit shown in Fig. 10.15 we have
R, I, + &Ly + B, V,=0..(10.40) taking V. =0
i h

OF ol =i Swr -{10.41)
V, h; + RS
L _
Substituting Vﬁ2 Bt R from Eq. (10.41) in Eq.
(10.39) we have
o hf kr
Y. =k, o .(10.42)

It 1s to be noted that output admittance is a func-

v
tion of source resistance R_. If the source impedance 18

purely resistive, as it has been assumed, then Y
real (purely conductance).

In the above definition of Y . the load Z; has
been considered external to the amphﬁer If the out-
put impedance of the amplifier stage with Z; included
is required, the load impedance can be determined as
the parallel combination of Zp and Z, (e, N7 0

5. Power Gain. The average power delivered to
the load shown in Fig. 10.14, P, equals [Vollf cos ¢
where ¢ is the phase angle between v, and I,. For
s1tuat10n under discussion power dehvered
P,=-V, I, cos ¢. The minus sign arises for the
same reason discussed in the derivation of input
impedance. It indicates that the load is absorbing
power and not supplying to the amplifier circuit. For
purely resistive load, cos ¢ = 1 and Py=-V, I, The
input power is V, I,. 8o power gain

Ap = P _ Vs 1y = A, A, ..(10.43)
P Vv L i
AsVy = - L, Rpand I, = A, I,
A = Y_g -4 T Ry
tl Vl VI
—_ _Ai R’L _ _Ai RL
Vl-/Il Zin
-A R
So power gain, Ap =i, Ai - [_ELW_LJ A
2
= AiZRL .{10.44)

[

6. Phase Relationship. The phase relationship
between the output current or voltage and the input
current and voltage can be determined simply exam-
ining the Eqgs. (10.30), (10.31) and (10.34).

All the h-parameters are positive except h for
the common-base and common-collector conflguratlons
(Table 10.3). For the common-emitter configuration’
it is obvious from Egs. (10.30), (10.31) and (10.34)
that for the purely resistive loads, the transistor output
current I, 1s in phase with the input current I, while
the output voltage, due to the negative sign, has a
polarity opposite to that of the input voltage i.e. out-
put voltage attains its negative maximum when the
input signal attains its positive maximum. For the
common-collector and common-base configurations the
opposite is true because of negative value of hf.




