The Design of Tetrode Transistor
Amplifiers

By J. G. LINVILL and L. G. SCHIMPF
(Manuscript received March 7, 1956) l

The design of letrode transistor amplifiers encounters problems of the type
that occurs with other tramsistor uses. Desired frequency characteristics,
limitations of parasitic elements, and other practical considerations impose
constraints on the range of terminations that can be employed. With many
transistors, one can terminate a transistor so that it will oscillate without
external feedback; this oscillation or other exceedingly sensitive terminations
maust be avoided.

The two-port parameters of the transistor in any orientation in which it
1s to be used constitute the fixed or given information which s the starting
point of the amplifier design. Using this starting point, methods are de-
veloped by which one can select, on simple bases, the kinds of terminations
that will be suitable. To facilitate the design of amplifiers, a set of charts has
been developed from which one can read power gain and input tmpedance
as functions of the load termination.

Ilustrative tetrode amplifiers are described. These include a common base
20-me video amplifier, a common-emaitter 10-mc video amplifier, an IF
amplifier centered at 30 me, and an IF amplifier centered at 70 me. Pre-
dicted and measured gains are compared.

INTRODUCTION

Junction tetrode transistors' of the type currently produced for re-
search purposes at Bell Telephone Laboratories are suitable for high-
frequency applications. They are being studied for use in video ampli-
fiers, as IF" amplifiers where the center frequency is below 100 me, for
oscillators up to 1,000 me and for very fast pulse circuits.

Their application in amplifiers brings up design considerations similar
to those encountered for other transistors but with differences resulting

1R. L. Wallace, L. G. Schimpf and E. Dickten, A Junction Transistor Tetrode
for High-Frequency Use, Proc. I.R.E., 40, pp. 1,395-1,400, Nov. 1952,
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from different parameter values and variation. The analysis presented
in this paper regarding amplifier design was motivated by the study of
tetrodes, but the results are equally applicable for other types.

The design of an amplifier begins with a characterization of the
transistor which is suitable for the study of its performance as an am-
plifier, From this characterization, or functional representation, one
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RELATIONSHIPS BELOW ARE BETWEEN QUANTITIES
IN COLUMN I. CORRESPONDING RELATIONSHIPS ARE
WRITTEN DIRECTLY FOR CORRESPONDING QUANTITIE

IN ANY OTHER COLUMN.
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Fig. 1 — Two-port parameters with summary of relationships.
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determines the potentialities of amplifiers employing the transistor and
designs a suitable amplifier circuit. This step involves answering two
questions: What performance, maximum power gain for instance, is it
possible to obtain? What source and load impedances should the tran-
sistor be associated with?

Two-Port Parameters of Transistors

For circuit applications, the two-port parameters are the most con-
venient for characterization of the transistor. These parameters implicitly
but completely characterize the device from the performance standpoint.

Four sets of two-port parameters are illustrated in Fig. 1. Any set can
be calculated from any other set, and the choice of the set to employ is
determined only by convenience in the use of available measuring equip-
ment and the preference of the designer. The relationships between
parameters, input and output impedances, voltage and current ratios
are summarized on Fig. 1. The same expressions given there for h’s can
be used for any parameter set so long as one uses the corresponding
quantities applicable to the desired parameter set.

Though the transistor can be operated as an amplifier with the base,
emitter or collector common between the input and output terminal
pairs, the two-port parameters for any of the connections can be used
to calculate the parameters for any other connection.

For determination of the two-port parameters of tetrode transistors,
R. L. Wallace suggested the use of two-terminal impedance measure-
ments with subsequent calculation of the two-port parameters of in-
terest from these. The impedances indicated in Fig. 2 have proved
simple to measure at typical operating points with conventional high-
frequency bridges. These impedances have been measured at a set of
frequencies extending to 30 mec. Because of the number of transistors
measured it has been economical to program a digital computer to ecal-
culate two-port parameters and other quantities of interest from the
measured two-terminal impedances.

THE RELATIONSHIPS OF TRANSISTOR PARAMETERS TO AMPLIFIER PER-
FORMANCE

Any of the sets of two-port parameters implicitly characterize all of
the linear properties of the transistor for the range of frequencies for
which the parameters have been measured. As mentioned before, it is
necessary to translate the parameters into answers to the following
questions. How much amplification can the transistor give at a particular
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frequency? What impedance should it be supplied from? What impedance
should it feed? What gain will be obtained using a pair of impedances
different from the optimum ones? The answering of these and related
questions amounts to establishing a convenient means of translating
the parameter values into the quantities of interest applying to the
amplifier. Such a convenient translating means for solving these problems
is described in this section. :

Earlier explicit solutions to special cases of the problem are well known.
Wallace and Pietenpol® have given simple expressions in terms of the
transistor parameters for matching input and output impedances and
the maximum available gain when the transistor has purely real parame-
ters. An implicit solution for optimum source and load impedances for
maximum gain in the complex case has been known for a long time. It
is simply that the transistor be terminated at the input and output by
conjugate matching impedances. The implicit nature of this solution
arises from the fact that the input impedance is a function of the load
impedance, and the output impedance is a function of the source impe-
dance for transistors with internal feedback. The solution for optimum
source and load impedance from this approach amounts to the solution
of simultaneous quadratic equations with complex unknowns and be-
comes involved.
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Fig. 2 — Two terminal impedance measurements for determination of two-port
parameters.

2 R. L. Wallace and W. J. Pietenpol, Some Circuit Properties of n-p-n Transis-
tors, Proc. LR.E., 39, pp. 753-67, July, 1951.
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From the approach to the problem taken in this paper, one solves first
for the maximum power gain and subsequently determines the optimum
terminations. It turns out that the solutions leads to explicit relation-
ships for optimum performance and terminations and also leads to
charts from which power gains and input impedance can be read for any
terminations.

In all expressions to be developed, the i parameters are used. Pre-
cisely the same expressions can be obtained for 2’s, 3/’s, or g’s provided
that one uses the corresponding quantities in the table of Fig. 1.

The maximum power gain is a quantity of primary interest in tran-
sistors since the transistor ordinarily has a resistive component in its
driving-point impedance. Thus voltage or current amplification is con-
strained by the limited power gain attainable. In some cases, however,
because of the inherent feedback internal to the device, instability can
result simply from proper passive terminations without application of
any additional feedback. Such cases are distinct because of this property.
Transistors exhibiting this possibility are said to be potentially unstable
at the frequency in question.

A quantity of interest presented here and derived later is a particular
power gain defined for h-parameters as

power out _ Poyg _ | Bien |* 1)

power in Pm - 4h11,-h22,- —_ 2Re(huh21)

where hyy, and hss, mean the real part of hy and of hes . Re(hishs) means
the real part of the product of hi» and hy . Unless the amplifier is po-
tentially unstable, the quantity Py/P; is within 3 db of the maximum
available gain for the transistor.

The matter of potential instability of the transistor is of great interest.
Certainly the transistor is potentially unstable if Py/Py is negative.
Otherwise potential instability is indicated by greater than unity values
of the criticalness factor

POD
Pl'O

h12

t—3 2 —_—
¢ ™

(2)

If the transistor is not potentially unstable the maximum available
gain is K 4(Po/Pw) where
_20—-v1-09)
o2

K (3)

For0 = C £ 1,1 £ K¢ £ 2. A plot of K; as a function of €' is shown

c
in Fig. 3. The function is seen to be exceedingly flat near Ko = 1 for
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C between zero and 0.6. Thus the value Py/P; in the majority of cases
where the transistor is not potentially unstable is a close approximation
to the maximum available gain.

The optimum source and load impedances can be expressed in terms
of the transistor parameters and other quantities given in terms of them
by the following relationships where the transistor is not potentially

unstable.
G =1 |Arg (—'hnhzl) = 6J‘B (4)3

5, hsha(,  CEG
Z, Opt = Z,,‘ = hu 2’122, (1 ) ) (5)
2h22r
Y,opt = —ha + (6)
1 — CI;GG

Though explicit relationships for ideal terminations and for the maxi-
mum power gain which one can achieve with a transistor are of interest,
such terminations limit the band width of the amplifiers. Therefore, it
is important to have convenient means for evaluating power gain and
input impedance for other than ideal terminations in order to realize a
desired bandwidth. A chart which facilitates computation of these quan-
tities is now developed from an analysis which leads to the other results
quoted above.

25

20

o 0.2 0.4 0.6 0.8 1.0 1.2
C

T'1a. 3 — K g plotted as a function of C.

3 If —hugha is ¢ + jd, then § = tan=(d/c); G = ¢’ and —hishe is the conjugate
of '—‘hmhzl .
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Power Flow in a Two-Port Device

A convenient point of departure in the analysis of power amplification
in a transistor or other linear two-port device is the arrangement shown
in Fig. 4. The two-port is supplied by a unit current at the frequency of
interest and at reference phase at the input terminal pair. The output of
the two-port is connected to a voltage source of the same frequency. The
input-current and output-voltage time functions are

i, = Ren/2e™' = Rer/2Ie™* )

and
es = Ren/2(a + jb)e™* = Ren/2(L + jM)(%) gt
22

= Rex/ﬁEzej” ¢

In (8), L and M are introduced for simplicity in some later relation-
ships.

The whole analysis is essentially a study of power flow in the circuit
shown in Fig. 4 as L and M of (8) are varied. All possible terminations
and excitations can be simulated simply by varying L and M. Under
some conditions the voltage source will absorb power; under others it
will supply power to the two-port. Ordinarily the current source supplies
power to the two-port, but for appropriate ranges of L and M if the two-
port is potentially unstable, the transistor may supply power both to the
current source and the voltage source. The problem of evaluating maxi-
mum power gain is simply finding the values of L and M corresponding
to the greatest ratio of power out to power in. The load impedance to
which this situation corresponds is E»/—1I,. The input impedance for
this condition is simply F,/I;, and the optimum source impedance is
the complex conjugate of the latter quantity.

(8)

I,=1+jo I
et I —ohn Niao— ==
! E;=a+jb=
(ON Lo ED2)
é, 2hzar
oy hzzo

Fig. 4 — A two-port device supplied by a current source and feeding into a
voltage source.
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Fig. 5 — Sketch of power output as a function of L and M.

PROJECTION IN L-M PLANE OF GRADIENT
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hay hyz
SLOPE OF PLANE ALONG G IS | ——
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Fig. 6 — Sketch of power input as a function of L and M.
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The output power can be readily evaluated in terms of L and M.

Iz = I]hﬂl + Eghn (9)
= (4 OV + (L M L (10)
22r
Power out = Py = Re(—E.l,) (11)
_ (L = jMha, 12 2y bz | hn |2:|
| has |* 2 o | b |*
- L 2h22r (L M) 2h22r (13)

On the basis of (13) the power output plotted as a function of L and
M 1is a paraboloid as shown in Fig. 5, having the pertinent dimensions
indicated there. Only within the circle centered at L = 1, M = 0 and
passing through the origin does one obtain positive power output. The
apex of the paraboloid corresponds to

Py = Py = Ul (14)
4h22r
The input power can similarly be evaluated in terms of L and M.
Iy = Lihy + Esha (15)
= (1 + jO)hu + (L + jM) ( h“) Ina (16)
Power in = P; = Re[FE,I] (17)
P; = Re l:hu (L + jM) (L)hu] (18)
2h22r

o () (Tushr)

= hy, — LRe o, T MIm T (19)

where Im[(hioher)/2hee,] means the imaginary part of the expression in
parenthesis.

On the basis of Eq. 19 the input power plotted as a function of L and
M is simply an inclined plane having the properties indicated on Figure 6.

Since Figures 5 and 6 turn out to be such simple geometrical figures
the problem of finding the point of maximum ratio of Py to P; is very
simple and other interpretations are easy to make. First, a negative value
of Pu(P; at 1, 0) certainly indicates potential instability for both input
and output terminations receive power from the two-port. Even if the
plane of P; intersects the L-M plane within the unit circle centered at
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1, 0, then the two-port is potentially unstable since on one side of the
intersection both input and output terminations receive power from the
two-port. The change in P; from the minimum value found on the unit
circle centered at 1, 0 to Py divided by Py is the criticalness factor, C.
Values of C greater than unity indicate potential instability.

The power input at 1, 0 is

Pay = 2hyshoer — Re(hlzble) (20)
2h22r
Using (14) and (20), one obtains
Puo | has |*
Py 4huhe, — 2Re(hisha) 1)
| hashar I
2hs0, Poo | hie
C = =2 —[— 22
2hy1-hoe — Re(hmhn) Py | ha ( )
2h22r

Now if the plane of power input, Fig. 6, is parallel to the L-M plane
and above it, certainly the point of maximum power gain is the apex of
the paraboloid, 1, 0 in Fig. 5. If the plane is inclined but always above
the unit circle centered at 1, 0 certainly the point of maximum power
gain is downward along the gradient line which lies above the point 1, 0.
This must be so since for any contour of equal power out (a circle of
fixed elevation around the paraboloid) the minimum power input (or
greatest gain) lies along the line of steepest descent from 1, 0 in Fig. 6.
Thus the problem of evaluation of the maximum available gain reduces
to the simple problem of finding the abscissa of Fig. 7 where the ratio of
ordinates of the parabola and straight line is a maximum. The parabola

Pi oR P
Poo
lPLo
CPio I
PROJECTION IN L-M
[ PLANE OF GRADIENT
- LINE OF PLANE
/ THROUGH 1,0
y 9
1,0
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and straight line are sections of the paraboloid and plane through the
gradient line of the plane over 1, 0.

A straightforward analysis indicates that the point in the L-M plane
where the maximum of Py/P; occurs is at
CKqa
2

-

L4jM=1-— (23)

where these quantities are defined as in (2), (3), and (4). The power gain
at this optimum point is K times that obtained at 1, 0. One finds that
the maximum gain is only two times Py/Py even if ' approaches unity
which corresponds to the marginal case of potential instability.

The analysis just described leads to the maximum values of power
gain and to the best terminating impedances. For many design problems
these answers are a guide but one may prefer to use other than optimum
values for other compelling reasons. For such a case charts from which
one can get the pertinent quantities are very helpful.

GLE IN DEGR
ANEEE Tgp TTEES

Ga+JBa= Y +h,,
haz = hazr +jhzai

Fig. 8 — Gain and impedance chart.
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Tig. 9(a) — Input power as a function of X.

Development of Transmission and Impedance Charts

The same point of departure employed in the evaluation of optimum
cases leads to a convenient set of charts. Equation 12 shows that a set
of coneentric circles centered at 1, 0 are loci in the L-M plane of constant
power output for a unit current source at the input. It is convenient to
plot these as is done on Figure 8, showing Py as a fraction of P .

Pu Po 2 2
S I AR ) LR 7 24
T~ Pu ( ) (24)
4h22r
Since Y, the load admittance, is —I./E. , using (10) one obtains
—Ie 2h22r
s =Y, = —he + 77— T+ i (25)

Now it is clear that if one defines G» and B: by

2h22r

= Gz +sz = YL + hey = mf (26)
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loci of constant real and imaginary parts of ¥, become the mutually
orthogomal circles shown in Fig. 8. Thus the value of I + jM is deter-
mined by the load admittance and two-port parameters.

Contours representing constant input power, with equal increments
of power between successive contours, are always parallel equally-spaced
lines in the L-M plane. However, as may be seen from (19) and Fig. 6
different cases have different directions for the line normal to the con-
tours, (the gradient line) and also different power increments for a given
spacing of equal-power-input contours. It is convenient to define a new
variable X which is the component along the gradient line of the vector
starting at I = 1, M = 0 and going to L, M. Thus

P; = Pyl + CX) (27)

Equation 27 suggests Fig. 9(a) which shows loci of constant power input
plotted as a function of X. If Fig. 9(a) is shown on a transparent ma-

90
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2haar

Fig. 9(b) — Input impedance as a function of L and M.
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terial, its center (at X = 0 along the gradient line) can be superposed
with the point I = 1, M = 0 of Fig. 8. With the gradient ling of Fig.
9(a) oriented at the argument of —hyshs , or 8 in the L-M plane, one can
easily determine graphically the power gain at any point in the L-M
plane compared to the power gain at 1, 0. With Fig. 9(a) superposed on
Fig. 8 as just described the viewer gets a bird’s-eye-impression of the
paraboloid of power output and the inclined plane of power input simul-
taneously. With such a bird’s-eye view, it is easy to assess possibilities
for power gain with all possible angles of load termination.

The evaluation in input impedance is done through use of (16) from
which is obtained

E o . (— hagha) l

I—l—zm = hu + (L'I‘JM)m— ) or (28)
. —ity | Faohan

Zin = hu + (L + ]M) (e”) o (29)

For evaluating the second component of (29), it is convenient to have
a second transparent overlay, Fig. 9(b), consisting of a rectangular grid
to the same scale as the L-M plane, Fig. 8, with coordinates marked as

(Zow —h) Ry

Re  hhar | Tush
22y ] 2z
and
B =) X
hasha hazhay
thgr 2h’."2r
This overlay is placed over the L-M plane with the
R,y
huaha
2h22r

axis making the angle 8 with respect to the L axis. Thus on the rec-
tangular overlay for any point in the L-M plane, one reads
Zin — hn
hl2h21
2h£’.2r

PARTICULAR DESIGNS OF TETRODE TRANSISTOR AMPLIFIERS

The charts and optimum relationships developed in the preceding
section are convenient starting points in the design of amplifiers. They

——e - —————— e ————— s - —_ [—
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do not ordinarily constitute a finished solution, however, since practical
constraints frequently modify the design used. Moreover, all of the
relationships are expressed on a single frequency basis, and many times
the amplifier must operate over a range of frequencies broad enough that
parameters change significantly over the range.

Four amplifier designs are described in this section: a single stage,
common-base, 20-me video amplifier; a common-emitter, 10-me video
amplifier; an IF amplifier at 30 me and a 60 to 80-me IF amplifier.
Parameter measurements made with bridges support the first three
designs.

Parameter values and associated constants of a typical tetrode
transistor are given in Table 1. The quantities shown there reveal some
interesting facts about the typical tetrode transistor represented. First,
in the common-base connection the tetrode is potentially unstable at
30 me but not at the lower frequencies. The common-emitter amplifier
is potentially unstable at 1 and 3 me. Second, the power gains of common-
emitter and common-base stages are about the same at 30 me, the com-
mon-emitter connection giving more gain at low frequencies.

The matter of potential instability requires further consideration from
a practical point of view. Potential instability at a frequency neither
implies that a stable amplifier cannot be built at that particular fre-
quency, nor does it imply that one can obtain an unlimited amount of
stable amplification at that frequency. It does mean that by simul-
taneously tuning output and input one can adjust for oscillation. The
region of potential instability corresponds to a region in which the input
resistance may be negative for appropriate loads. Instability is avoided
in the physical amplifier if one supplies the amplifier from a sufficiently
high impedance that the input loop impedance always has a positive
real part. To operate the amplifier with such a load that it presents a
negative resistance to the source is attended by the difficulty that the
amplification is more sensitive to changes in the source impedance than
it is when the input resistance is positive. Hence the possible higher gain
with internal positive feedback goes along with a greater sensitivity to
changing termination impedance.

A Common-Base 20-Mc Video Amplifier

The data presented in Table 1 gives a quite comprehensive picture
of possibilities for amplifier designs. To it must be added a practical
fact. It is difficult to connect the load impedance without adding about
2 ppf of capacitance. This means that any termination considered must
include about this amount of capacitance. By a theorem regarding

" - - R Y Py
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passive impedances® this puts an upper limit on the level of impedance
presented by the load over a band of frequencies. The greatest possible
constant level of load impedance over 20 me is

121 = % = stmaqma, =~ 9600 (30)
Thus number, though not strictly applicable to this case, nonetheless
gives a measure of the sort of value which one can expect. Hence one
observes that for a broad-band video amplifier the load impedance is
certainly going to be considerably less than 1/[ hee | which up to 10 me
is not less than 15,000 ohms. Moreover, the gain, if it is to be uniform,
will certainly be limited by the gain obtainable at 20 me.
Recognition that the load admittance will be a number of times hg,, ,

I

20K = 1.54LuLF

[ § Hha 1

AN

|h2,| 20.84-0.93

Fig. 10 — A rough approximant for the common base video amplifier. The
variation of |k | is a function of frequency and not variation between units.

five to ten, means that in Fig. 8 one will be operating near the origin
where (L + jM) is much less than one. Thus Z;, in (28) will be approxi-
mately Ay . Moreover, by superposing Fig. 9(a) on Fig. 8 at the correct
angle for a frequency of 30 me (# = —64°) one observes that negative
power input occurs only in the small section of circle cut-off by a chord
running from the 80° to the 155° points on the periphery. This region is
quite a way from the likely point of operation. Thus, this points out that
the low impedance termination precludes instability due to internal
feedback.

If the amplifier is supplied by a 75-ohm souree, its output admittance
at 30 me (Equation 4, Figure 1) is (7.0 + 720)-10~° mho. At 10 me the
output admittance is (4.2 4 78.8)-10~° mhos.

These computations reveal that the amplifier in the common-base
connection appears quite like the model shown in Fig. 10. Clearly, the

*H. W. Bode, Network Analysis and Feedback Amplifier Design, D. Van
Nostrand Co., New York, 1945.
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about 1 db at frequencies up to 10 me. Comparison of the measured and
computed values is shown on Fig. 15 for a load of 500 ohms with no
high-frequency compensation. The low-frequency gain is higher than
for the common base connection but the response is down 3 db at 7 me.
By using the combination of Ry in parallel with 800 puf in the emitter
circuit, negative feedback is introduced at low frequencies which results
in the reduction of low frequency gain tending to make the response
more uniform. In addition the L-C network has been added in the output
to compensate for the drop of | kx| with increasing frequency and the
increasing effect of the output capacitance.

This results in the response shown as the dotted curve on Fig. 15. The
low-frequency gain has been reduced to 17.5 db, but the response is now
flat to within ==0.3 db up to 13 me and is 3 db down at 18 me.

Although the data given on video amplifiers shows the results ob-
tained using one transistor, similar response curves were obtained from
some 6 or 8 units.

An I-F Amplifier Centered al 30 Mec.

The design of an IF amplifier at 30 mc is distinct from the preceding
two cases in that one can use matching techniques over the narrow band.

Reference to Table 1 reveals that the common-base connection pro-
vides more potential gain at 30 me than the common emitter connection;
in fact, the common-base connection can be made to oscillate with
certain terminations. The common-base connection is chosen for the
30-mc amplifier.

—o

( soon POt
Zs
5000 j_
' =
+10.5V
Es

Fig. 14 — Circuit of a common emitter video amplifier. B, in parallel with
800 y,uf and the L.C network in the output circuit peak the response at 10 to 12
me.
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Fig. 15 — Computed and measured response of a common emitter amplifier.

In the design of the IF amplifier one is interested in a moderate range
of frequencies. It will generally be true that the most frequency de-
pendent parameters are the output and load admittances, since the load
is to be tuned. One can take as a suitable load a parallel combination of
a fixed conductance with a frequency dependent susceptance, the sort
of termination typical of tuned circuits. Thus on Fig. 8, the locus of
G2 + jB; is one of the G, = Const. circles.

Superposition of Fig. 9(b) on Fig. 8 with the

R,
hmhzl
2h22r

axis making an angle of —64° with the I axis reveals that Z;, — hy
has a negative real part on the upper left edges of all of the contours of
constant G . On the G2 = 2hw, contour, Re(Z;,) reaches a minimum of
22.5 ohms. We select a load with G = 2hes (G2 = 3hss,) to avoid low
values of input resistance resulting from the internal feedback.

Superposition of Fig. 9(a) on Fig. 8 with the gradient line making an
angle of —64° through the point L, M = 1, 0 reveals that the maximum
value of Po/P; on the (G2 = 3hg, circle is 1.87 Py/Py and it occurs for
B; = —2hgy, . The input impedance at this point is 36 4+ 787 ohms.

For an amplifier one is primarily interested in

Py
Power Available from Source

(which is called transducer gain) rather than Py/P;, the quantities just
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Rs+jXs

T("bEs Rin+jXin | «==P{

Fig. 16 — Typical input eircuit.

read from the charts. From the source-load arrangement shown in Fig.
16, one readily computes

| E. |*Rin
P,‘ _ (Rs + li‘:;'ltl)2 + (Xa + Xin)2
Power Available from Source | B |*
AR, (32)
4R3Rin

T @+ R + (X, + Xin)?

The source impedance selected for the amplifier is 75 — 787 ohms at 30
me. The 75 ohms is selected to reduce the effect of variations in input
impedance when it is reduced further by the internal feedback. The 87
ohms of capacitive reactance is selected to tune the input reactance at
the peak of response. Using Fig. 8 with the overlay of Fig. 9(a) along
with (32) under the assumption that X, varies insignificantly over the
frequencies involved one obtains Table II. This table shows the varia-
tion of transducer gain as the value of Bs is changed as well as indicating
the value of B, required for the maximum gain. Thus, if the total output
capacitance is known, the load admittance required to give the maxi-
mum gain at the desired frequency can be computed. As will be shown

TapLE IT — EvarvaTioNn oF Transpucer GaiN or I-F

AMPLIFIER
Bs —5hazr —dligar —3haar —21aay —Ji2ap Ohasr liaar

Po/Pi...........|50 64 73 75 59 50 38
/T 22 + j48|23 + ;58|28 + 773|136 + ;87|67 + 79996 + 794(120 + 767
P;/Power avail-

able from

source. .......[0.61 0.66 0.78 0.87 0.98 0.98 0.94
Transducer gain.|30 42 57 66 58 49 36
Gain, db......... 14.8 16.2 17.5 18.2 17.6 16.9 15.5
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below, the bandwidth at which the response is down a given number of
db can also be computed.

From Table II one observes that this design provides a gain of about
18 db with half power frequencies where the susceptance B, has changed
by =3hs, mhos from its value of —2hs, at the center of the pass band.
The value of hy; corresponds to approximately 1 uuf of capacitance and
if the stray capacitance amounts to 3.5 uuf, then the bandwidth is
AB2/2( since the slope of the susceptance of a tuned circuit is

mhos
rad/sec

Thus the bandwidth is approximately

6-3.5-10°°
2:-25-1072-6.28

or 3.7 me. This is the actual value of load capacitance measured on an
experimental amplifier with a vacuum tube voltmeter connected to the
output. The measured response of this amplifier with a load of ¥, =
(68 — 7215)-10"° at 30 me (G, = 2hy,) shows a peak gain of 18.3 db and
half power points separated by 3.8 me. For a given value of G, the
bandwidth of the amplifier will vary inversely with the total capacitance
in the output circuit. The same gain as obtained in the sample given
above, can be obtained over a narrower band by increasing the load
capacitance. Since the minimum capacitance is fixed, if one wishes to
increase the width of the pass band, a higher value of G» must be used.
In the same manner as is used to arrive at the data shown on Table II,
Table 111 is computed for a value of G2 = 6has, (G = Hhas,).

In this case, the maximum value of Py/P; occurs when By = —3ho, .
The source impedance is selected to be 75 — 745 ohms at 30 me and the
remainder of the table is computed. The maximum computed gain is
approximately 16 db with half power frequencies where the susceptance

TasLe III — EvaruaTioN or Transpucer Gain or I.F.

AMPLIFIER
B» —8haay —5hoay —3h2ar —2Ma0y —hasy +hoop +4hazy
Po/Pio oo oo 25 33 43 40 39 31 21
Line o 35 4 722135 4 735(50 4 745|656 + 746|656 - J48(77 + 539|83 + ;520

P;,/Power avail-
able from source.|0.83 0.86 0.96 0.97 0.99 0.99 0.97

Transducer gain. .. |21 28 41 39 39 31 20

Gaindb...........|13.2 14.5 16.1 15.9 15.9 14.9 13.0
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Bs has changed by =-6hs, mhos from its value at the center of the band.
Using the same value of circuit capacitance as above, the indicated band-
width is about 7.4 me. The measured response on an amplifier with this
value of load impedance indicates a gain of 16.1 db at 30 mc, with the
frequencies at the half power point separated by 7.6 me.

Often it is desirable to build tuned amplifiers to work between like
impedances in which case at least the output network must perform both
the function of selectivity and impedance transformation. An example
of a simple network to perform these functions is shown on Fig. 17. The
impedance transforming properties of such a circuit are well known.
With a given value of load resistance, the load admittance presented to
the transistor can be made to have a given value at a certain frequency.
However, since the circuit performs both the function of impedance
transformation and selectivity the bandwidth is determined by the out-
put impedance selected. This circuit does not present a fixed value of
conductance as a function of frequency but for frequencies near the
maximum gain it is a fair approximation to assume it constant. The out-
put circuit of Fig. 17 was designed to present a load admittance such that
Gy + jBy = 3ha, — j2hs, at 30 me. This is the same condition as com-
puted in Table IT so one would expect the same value of maximum gain.
However, in order to present the proper value of load impedance, a total
load capacitance of about 4 uuf must be used. This indicates a bandwidth
of 3.3 me between the half power points. The measured response of this
amplifier is shown on Fig. 18 as the solid line. The points indicate the
computed maximum gain and the frequencies at which the gain is down
3 db.

1K
750 1 / V=10V
(. | _ﬂ
Es 5.6LLH
43K 4 _215—5
L |z A
RL
PM" 5K OUTPUT <750
IL |
I\ 1
_ ] =
-4.5V +15V

Fig. 17 — Simple tuned amplifier. The output cireuit performs both the fune-
tions of impedance transformation and selectivity.
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Fig. 18 — Measured and computed response of the stage shown on Fig. 17.

An IF Amplifier Centered at 70 Mec.

Although we do not have complete data on the parameter values of
tetrode transistors in this frequency range, amplifiers with a center fre-
quency of 70 me have been built and their performance measured. The
amplifier was designed to provide a flat gain characteristic over the fre-
quency range from 60 to 80 me. The stage was designed with the equiv-
alent of a double tuned transformer, interstage circuit with the trans-
former being replaced by the equivalent tee section. The selective circuit
is terminated at its output into the load resistance in the case of the last
stage or by the input impedance of the following transistor when it is
used as an interstage network. The impedance transformation of the
network is approximately 75 ohms to 1,500 ohms so it is essentially un-
terminated at the collector. By using a sweeping oscillator, such a stage
can be adjusted to result in a fairly flat frequency response. A typical
stage is shown on Tig. 19. The output terminals are connected to either
the load or the next emitter. The response obtained from a 3-stage am-
plifier is shown on Fig. 20. In order to determine the variation of gain
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Fig. 19 — Circuit of a 60 to 80-me band pass amplifier stage.
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Fig. 20 — Gain of a 3-stage band pass amplifier working between 75-ohm im-
pedances. Each stage uses the circuit shown on Fig. 19.
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- Fllg9 21 — Variation of gain for a group of transistors used in the circuit of
ig. 19,
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F1a. 22 — Noise figure for a group of transistors used in the circuit of Fig, 19,
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Tig. 23 — Noise figure for a group of transistors used in a 10-me bandpass
amplifier,
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between various transistors, 18 tetrodes were measured in the first stage
of the amplifier. If the measured gain of each transistor is rounded off
to the nearest db and the number of transistors having this gain plotted
as the abscissa, the results shown on Fig. 21 are obtained. Of the 18
transistors measured, 11 have a gain of 8 db or greater. Similar data has
been obtained on the noise figure of the same 18 transistors, the results
being shown on Fig. 22. In general, the transistors having the highest
gain also have the lowest noise figure. The noise figure depends to some
extent on the source impedance but a 75-ohm source results in a noise
figure which is within a few tenths of a db of the minimum. The value
of the noise figure does not vary a great deal as the collector voltage and
emitter current are changed except that if the collector voltage is lowered
below 6 or 8 volts the gain decreases and in general the noise figure in-
creases.

Noise Figure at 10 Mec.

Although not described here, bandpass amplifiers centered at 10 mc
with a 200-ke pass band have been constructed using tetrode transistors.
A gain of slightly over 20 db per stage can be realized at this frequency.
The noise figure of transistors tried in this circuit is shown on Fig. 23,
the data being shown in the same manner as described above. At 10 me
the noise figures are lower than at 70 me. The remarks made above con-
cerning variation of noise figure with operating conditions also apply to
this case.
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