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alpha, the beta at any frequency can also
be determined using Fig. 10.

Alpha and beta at a specific frequency
can be calculated easily. Simply divide fo
by the frequency under consideration,
and multiply by o or B of the transistor
involved. For a limited range of frequen-
cies, « and 8 can be estimated from the
curve in Fig. 10.
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FIG. 10-—HOW ALPHA VARIES with frequency.
The value of beta varies in an identical manner.

Finally, the gain-bandwidth product,
fr» a value found on most transistor spec
sheets, is useful in determining 3 at any
operating frequency. That quantity, fr, is
defined as the product of beta and the
upper 3-dB limit of a band. By simply
considering the band here to stretch from
0 Hz to the operating frequency, it is
possible to find beta by dividing fr by the
operating frequency. For example, if the
frfor atransistor is specified as 100 MHz,
and you want to find the beta at 10 MHz,
it is 100/10 = 10.

Equivalent circuits

At low frequencies, the equivalent cir-
cuit of a transistor was considered to be
composed of two diodes. One diode, lo-
cated between the base and collector ter-
minals, was reverse biased. The second
one, located between the base and emitter
terminals, was forward biased. That cir-
cuit can be simplified farther by replacing
the diodes with their internal on- and off-
state resistances. The forward-biased di-
ode could be replaced with a low value
resistor connected from the base to the
emitter, r., and the reverse-biased diode
could be replaced with a large resistor
connected between the base and col-
lector, r... There are, of course, also
capacitances between the various ter-
minals of the equivalent circuit. At low
frequencies, those can be ignored; that, of
course, is not true at high frequencies. An
equivalent circuit including those capaci-
tances, is shown in Fig. 11.

In that circuit, almost all components
are referenced to b’, a point inside the
transistor. For instance, Ry, is the resis-
tor located between the base and point b’
That resistance becomes important at
high frequencies because it is almost
equal to the high-frequency impedance of
the various internal capacitances.

It is obviously just about impossible to
measure the various resistances and
capacitances in the equivalent circuit be-
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FIG. 11—EQUIVALENT CIRCUIT for a transistor
in a common-collector configuration. The val-
ues of all the resistances and capacitances can
be found using data on the device’s specifica-
tion sheet and readily measurable quantities.

cause those are all referred to a point
inside the transistor.But their values can
be estimated using either measurable or
specified quantities. Those are g.,,, B, h.,
h.., h;., and C,. All those factors, with
the exception of g, can be found on most
complete specification sheets. Let’s look
at them briefly.

The transconductance of a transistor,
gm, relates the collector current to the
base-emitter voltage; in an FET it relates
drain current to gate voltage. Transcon-
ductance is roughly equal to the quiescent
collector current, in amperes, divided by
0.026.

Beta, of course, is the low-frequency
current gain as specified by the manufac-
turer of the device. The no-load admitt-
ance seen when looking back into a tran-
sistor is h,.. Since admittance is the in-
verse of resistance, the output resistance
of the transistor is given by 1/h,..

Consider two voltages. One, V1, is the

voltage at the input due to voltage present
at the output of the transistor. The other,
V2, is the voltage at the output. The ratio
V1/V2is equal to h,.. That again assumes
no load at the output. The impedance seen
by looking into the input when the output
is short circuited is called h;.. The
collector-to-base capacitance of a transis-
tor’'s common-base equivalent circuit is
Cob-
All of the above parameters, with the
exception of C,,, are for a common-
emitter circuit. If the specification sheets
should list the h-factors for the common-
base circuit, hg,, hy, and hy,, rather than
the h-factors for the common-emitter cir-
cuit as noted above, the common-base
factors can be converted back to
common-emitter parameters through use
of the following three equations:

hee = Bhop (1)
he = %"‘: + hp 2)
hie = Bhy, (3)

In each case, all factors should be
altered to conform with the emitter cur-
rent and collector-emitter voltage con-
ditions under which the transistor is being
used. Curves are usually supplied by the
manufacturer of the device to help in that
task. If no such curves are available, the
data can be used as supplied but the circuit
will have to be tweaked up once it is built.
(More on that later.)

Using the h-factors, the values of the
resistances and capacitances in the high-
frequency equivalent circuit can be found
from the following:

Moo’ = Mie 4)

B )
b'e Om

lbe = r_b’_e (6)
Nre

1 7

fee = ( )

(hoe - gmhre)

Core = —3m ®
2wty
Coc = Cop )

At low frequencies, the voltage gain
can be found without resorting to com-
plex mathematics. But like « and 3, volt-
age gain drops at higher frequencies. The
frequency at which the voltage gain has
dropped to 1/1.414 of its low-frequency
level (3 dB) is:

_B+gm (BRe + row + Rg) (10
2mB(Cr)(Ry)

where:
CT=(Cb’e + Cb'cngL + Cb'cngE)

Rr=(Reg + rop: + Rg)

In that equation, all factors, with the
exception of Rg, Ry, and R, are found as
shown above. As for the exceptions, R is
the emitter resistor, Ry is the load resist-
ance, and R is the resistance of the signal
source. The gain of the device varies as
shown in Fig. 10.

The above details apply to a common-
emitter circuit. To find the high-
frequency voltage gain of a transistor in a
common-base or common-collector cir-
cuit, proceed as you would in a low-
frequency situation, except use the values
of a and (3, and the effective load on the
transistor, at the frequency in question.

Let’s now apply what we’ve learned.
Assume you have a 10-MHz signal source
with an output impedance of 50 ohms.






Using this data, gain at low frequencies
is gRpor (7.5 X 10—2)(1300) = 9.75.
Voltage gain is 3 dB down at:

1
6.28 (Rp)(Cys + Cga)

fo

In that equation, C,, the gate-to-drain
capacitance, is equal to C.Because Cgq
is insignificant in JFET transistors, that
factor can be ignored and:

1

6.28 (1300)(0 + 1.3 x 1073
94 MHz

fo =

Because of that high cut-off frequency,
voltage gain at 10 MHz is not reduced
noticeably from its low-frequency value
of 9.75. If the impedance of the signal
source were comparable to the impedance
of the circuit (which it is not), f, would
differ from the frequency just calculated.
It would be

1
6.28 (Rs) (Ciss + gm + RoCya)
= 175 MHz

fo =

Because f is at a much higher frequen-
cy in that case, the effect of the transistor
on voltage gain would be even less then
when the source was ignored. As for the
effect of Q2 on the load of Q1, itis neglig-
ible because of its extremely high input
impedance as previously noted.

Stability

RF circuits have a tendency to be un-
stable because of undesirable positive
feedback from the output back to the input
of a transistor. Oscillation caused by such
feedback is eliminated through a tech-
nique called neutralization. In that, a
capacitor feeds a signal from a circuit at
the output of an amplifier stage back to its
input. The signal through the capacitor is
adjusted so that it is 180° out of phase with
the feedback and at the same level. When
that is done, the effects of the positive
feedback are cancelled.

Filters

When working at high frequencies, a
considerable number of factors in the cir-
cuit must be calculated. Even so, due to
stray capacitances and inductances, as
well as the fact that approximations are
used in some steps in the design, the val-
ues of most of the capacitors and in-
ductors must be adjusted after the circuit
has been built. The same factors occur in
high-frequency filter design. There,
however, the technique of approximation
and trimming is not satisfactory. There-
fore, more precision is required. In the
next part of this series, we’ll look at
what’s involved, as well as at the design
of different types of high-pass, low-pass,
bandpass, and band-rejection filters. R-E





