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[57] ABSTRACT

An amplifier having a combination of local series and
shunt feedback to provide matched input and output
impedances permitting cascading of a number of ampli-
fiers or amplifiers and other devices without signal
degradation.

4 Claims, 3 Drawing Figures
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UNIT TRANSISTOR AMPLIFIER WITH
MATCHED INPUT AND OUTPUT IMPEDANCES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

This is a continuation of application Ser. No. 633,901,
now abandoned, filed Nov. 21, 1975, which in turn is a
continuation of Ser. No. 223,032, filed Feb. 2, 1972, which
is a reissue of Pat. No. 3,493,852,

This invention relates to unit amplifier which can be
cascaded without suffering signal deterioration.

The use of local feedback loops in transistor amplifi-
ers to reduce distortion, provide flat frequency response
and stabilize operation is well known. The local feed-
back loops may comprise passive resistance means in
series with the emitter terminal of a transistor con-
nected as a common emitter amplifier (series feedback)
or passive resistance means connected between the
collector and base terminals of a transistor connected in
an amplifier circuit (shunt feedback). Some amplifiers
have employed a combination of series and shunt local
feedback.

When several transistor amplifiers are cascaded and
operated at very high frequencies, there is a loss in gain
flatness and an increase in distortion due to impedance
interaction between stages.

It is a gereral object of the present invention 10 pro-
vide a unit amplifier having combined series shunt local
feedback to provide predetermined matched input-out-
put impedance and gain.

It is another object of the present invention 10 pro-
vide a unit amplifier which may be cascaded with other
unit amplifiers or devices such as filters, hybrids, mix-
ers, limiters or the like without suffering degradation or
attenuation of signal due to reflections caused by impe-
dance mismatch.

The foregoing and other objects will become more
clearly apparent from the following description taken in
connection with the accompanying drawings.

Referring to the drawings:

FIG. 1 is a basic circuit diagram of a common emitter
unit amplifier;

FIG. 2 is a detailed circuit diagram of a unit amplifier
in accordance with the present invention; and

FIG. 3 shows the gain, voltage standing wave ratio
(VSWR), output power capability and noise figure as a
function of frequency for an amplifier in accordance
with FIG. 2.

The basic A-C equivalent circuit of the unit amplifier
‘e shown in FIG. 1. It includes transistor Q; connected
:» 2 common emitter configuration, the line 11 indicat-
ing the common terminal. Input signals are apphied to
the base of the base of the transistor between the input
terminal 12 and the common line 11. Resistor Ry repre-
sents the signal source impedance. The emitter terminal
. connected to the common line 11 through emitter
resistor R, which forms the local series feedback path.
The collector of the transistor is connected to output
terminal 16. A local resistor R is connected between
terminal 16 and the common line 11. A local shunt
feedback resistor Rsis connected between the collector
and base terminals of the transistor Q.
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The input impedance is represented by the arrow
labelled Z;,, while the output impedance is represented
by the arrow labelled Z,,,.

The input and output impedances of the amplifier are
given by the following expression:

Zin = Rf[ 7R, + /R, ]

Ny

The current gain if the amplifier is given by

\/Rr+ /Ry )

Rt R, @)

R, + R,

I — Ry/R,
l-i—ijRb-i-RL Ibe-l'

(3)

Iy’!; ==

I/R,]

We have discovered that when the input and output
impedances are equal

Zin:-aut = R and Rr =Rb=R¢ {4)

the product:

RR, =R, (5)

and

YR (6)
5/ 2'1___;'2&_

2

Therefore, the product RR, determines the charac-
teristic input and output impedance of the circuit while
the ratio Ry to R, determines the gain of the circuit.
Therefore, the gain and characteristic impedance of the
amplifier may be any specified arbitrary value.

With the output and input impedances matched, a
aumber of amplifiers having the same impedance can be
connected in cascade to provide high gain amplifiers
without suffering appreciable degradation of signal due
to mismatch. This is especially important anf RF fre-
quencies where mismatch is typically reactive and re-
sults in variations in amplitude response. Thus, the am-
plifier may be considered a building block or module
whose gain with frequency is constant for an arbitrary
low frequency to an upper frequency determined solely
by the capability of the active device used as the ampli-
fier and at the high frequencies the physical configura-
tion of the circuit. The modules may be manufactured in
large quantity at economical prices using printed circuit
techniques, hybrid techniques, monolithic fabrication
techniques or flip-chip techniques. The amplifiers may
also be combined with other modules such as attenua-
tors, filters, hybrids, mixers or limiters having the same
characteristic impedance to perform system functions.

FIG. 2 shows a wide band unit amplifier incorporat-
ing the present invention. Like reference numerals have
been applied to parts which correspond to those in FIG.
1. The resistor R,.comprises the parallel resistors Ry, R
and R4. A blocking capacitor C; is connected between
the input terminal 11 and the base of the transistor. The
shunt capacitor C, and the series inductance L provide
compensation for the decrease in current gain of the
transistor at high frequencies to provide a flat gain ver-
sus frequency response over a relatively broad band of
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frequencies. The capacitor C; is a blocking capacitor
and serves to block DC signals applied between the
collector and base of the transistor from the output load
R;. In the circuit shown, the transistor Q, and associ-
ated circuit components serve to stabilize the operating 5
point of transistor Q. This allows the emitter of Q; to
be grounded directly through the emitter resistors
which minimizes emitter lead inductance at the higher
frequencies. The voltage drop in the resistor Rg, due to
the collector current in transistor Q,, is compared with
the voltage drop in resistor R4, due to current flow in
resistor R, to vary the bias on the base of transistor Q,
and, therefore, the emitter collector current. This, in
turn, controls the base current in transistor Q. The
resistor R; isolates the base of Q; from the collector
capacitance of Q,. The resistor Rg provides a DC path
for the collector current of Q;. An amplifier was con-
structed in accordance with the circuit of FIG. 2 in
which the circuit components and voltages were as
follows:
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Voltage volits + 12
Transistors

Q, A485

Q, 2N3905
Resistors 25

Ohms

Ry 30

R 2.2K

R, 16
R, 0 30

R« 270

Rg 6.8K

R 33K

5 22

? Capacittors

8; picofarads loog 35

Cs ' 1000

Cq microfarad 01

Cs picofarads 470
40

Inductor

Li: 3 turn #26 wire wound at .090 D.

The curve of FIG. 3 shows the gain, voltage standing
wave ratio (VSWR), output power capability (P,,,),
and noise frequency (NF) as a function of frequency for 45
the amplifier. The amplifier provides a very flat gain
characteristic with only 0.2 db gain variation with 10 db
of gain over the frequency range of 10 mHz. to 480
mHz. Also of particular interest is the very low input
and output VSWR-less than 1.1 at the input and less
than 1.3 at the output up to 400 mHz.

Thus, it is seen that by using the principles of the
present invention, by minimizing emitter lead induc-
tance and by providing high frequency compensation
consisting of C; and L) an amplifier module has been
constructed which exhibits a very flat gain characteris-
tic and whose input and output impedance are accu-
rately matched to a desired characteristic impedance.

When the transistor runs at low current, the emitter
resistor R, can consist entirely of the transistor emitter
resistance, R,=26/1,. This would provide advantages
in low noise applications since the transistor would be
running at low current and no external emitter resistor
would be present to generate noise.

Thus, 1t i1s seen that there is provided an improved
unit amplifier which can be cascaded to form high gain
amplifiers or connected with other circuit components
in systems applications. The amplifier is simple in con-
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struction. Since the amplifier includes passive compo-
nents having values which are achievable in present day
integrated microcircuit technology, it can be so formed.
The amplifier may also be incorporated in hybrid cir-
cuits combining semiconductor technology and strip-
line or microwave technology.

We claim:

[1. An amplifier including a transistor having base,
emitter and collector terminals, means for applying an
input signal between the base and emitter terminals, and
means for deriving an output signal between the collec-
tor and emitter terminals in which there is provided
shunt feedback resistance means between the output
and input means and resistance means in series with the
emitter current path providing series feedback, said
shunt feedback resistance means and series feedback
resistance means being selected to provide predeter-
mined and equal input and output impedances and a
predetermined gain whereby said amplifier has a prede-
termined characteristic inpedance determined solely by
the square root of the product of said shunt and series
feedback resistance means.’}

2. An aiplifier as in claim [1] 6 including means
connected between the base and collector terminals of
said transistor for stabilizing the operating point of said
transistor.

J. An amplifier as in claim 2 wherein said means
comprises a transistor having its emitter and collector
terminals connected between the base and collector of
said transistor to control the [base and collector of said
transistor to control and} base current of said transis-
tor.

4. An amplifier as in claim 2 including blocking ca-
pacitor means connected in series with the base and
collector terminals of said transistor and a compensat-
ing circuit including an inductance series connected to
said collector terminal and a capacitance shunt con-
nected to said collector terminal.

[5. An amplifier as in claim 1 wherein:

lfRﬁ'l‘ 1/R;
Zin =Ryl 7R T/R,

Rs+ R,
ZW'=R’[RG+.R&]
and
e 1 — Ry/R,
Y'Y = T¥ R7R, + RJ1/R; 7 /R
where

R ~feedback resistance between collector and base
of said transistor

R,=resistance in series with emitter lead of said tran-
sistor

R, =signal source impedance

R;=load impedance

Z;n=I1nput impedance

Z,,=output impedance

I; =1nput current

I, =output current

I2/1; =gain in which Ry, R., Ry and R, are selected
to provide:

Lin=2Z,,=R,and Ry = R;,=R,
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whereby
RR,=R2, the characteristic impedance and

t — NRyR, 5

I/l =

the gain. }

6. An amplifier having a characteristic Impedance R,
wherein the signal source impedance Rand the load impe- 10
dance Ry are substantially equal to each other and to R,
said amplifier comprising a transistor having base, emitter
and collector terminals, means for applying an input signal
between the base and emitter terminals and means for 15
deriving an output signal between the collector and emitter
terminals in which there is provided shunt feedback resis-
tance means between the output and input means and
resistance means in series with the emitter current path
providing series feedback, said shunt feedback resistance 20
means and series feedback resistance means being selected
to provide predetermined and equal input and output im-
pedances and a predetermined gain independent of said

equal input and output impedances wherein ’s

I/RE+ 1/R;
Zw = Re| 7R T /R,

30

Re+ Ry
Zu = 1| R R
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and

II ] = + y+ Kz <y +

where

R = feedback resistance between collector and base of
said transistor
R, = resistance in series with emitter lead of said tran-

sistor

R, = signal source impedance

R; = load impedance

Z;, = input impedance

Z,.. = output impedance

Iy = input current

I, = oultput current

Iy/ Iy = gafn

in which Ryand R, are selected to provide the character-
istic impedances: |

zin=zm”Rn="’qut
and the gain:

1 - NRyR,

Ih/Ii{ = 3 ,

whereby the characteristic impedance of the circuit is
determined by the product of Rrand R, and the gain
of the circuit is independently détemined by the ratio

of Rrand R,

$ % & % 2
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