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In the cirenit shown in Figure 3.1, it is assumed that the value of the feedback resistor, Ry, is large
enough so that it can also serve as one of the two resistors in the voltage divider that develops the
base voltage. If RF eirenit design considerations dictate that Ry should be chosen to be smaller
than is reasonable for the bias network. an additional resistance can be used in series with Iy and
this resistor would then be bypassed with a capacitor.

3.2.2  Analysis of input/output impedance and power gain

For approximate analysis of this cirenit using pencil and paper. we can use a simplified [low-
frequency) hybrid-m model for the transistor and asswmne that the transformer is an ideal 1:1 trans-
former, i.e. that the two windings are perfectly coupled. An ideal transformer can be described by
two equations. Denoting the voltage across each of the windings by V) and V5 | and the carrent di-
rected into the dot assoeiated with each of the windings by I; and fs, then an ideal 1:1 transformer
satisfies:
h=Va (3.1)
I =—-Iy (3.2}

The small signal equivalent circuit for the amplifier is shown in Figure 3.2, The ideal transformer
relationships have been incorporated into the figure by explicitly showing that the currents flowing
through each of the windings of the transformer are equal to I and the voltage across each winding
is equal to V..

Figure 3.2: Small signal model for the amplifier shown in Figure 3.1.

The input impedanee of the amplifier (e, the impedance seen by the source with Thevenin
impedance Rg) can be shown to be:

(RL + R,I':”:Rr + Tz + ﬂ'rrll?e T,,-:|

in — (33}
R.+r.+ R+ By +ger= (R + 2R
The output impedance of the amplifier is:
g Ryl R, T m AT Rg
Zout = Wit + f:”: +Tet g . :| s u (3—.”

R.‘:\" + -ﬁ‘r' +re + F]'Tr.l"-:rriRe' + ER".-:'

The voltage gain is (note that V; is the voltage across the amplifier input terminals, ie the voltage
between the base of the transistor and ground):
V. Ry IRy 1 i

Ay =2 =2, — + :
.i'.i RI+R_|"]-+R<“;TH+_T:I RJ+H_I|‘

(3.5)

™
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We can now use equations 3.3 through 3.5 to derive values for the independent parameters g, f.,
Ry, that will yield useful inpedanece and gain properties. One of our goals Is to design an amplifier
that will be simultaneously matched to 5000 at both ports. 1o develop a design equation that will
enforee the simultaneous conjugate mateh requirement we specify:

Zin|lR,—n =R (3.6)

Z-::-.u..'l”;—_; R = i (3.7}

Later, we will set @ = 50 ). Using constraints 3.6 and 3.7 in equations 3.3 and 3.4 we obtain two
equations:
= (ft +R,I':”:Fr'+r7r+ﬂ'rr|ﬂ<rr:|
RB.+r.+ B+ R+ gnr-(R. +2R)

(3.8)

= (H+ R_f WH. + 7+ ﬂmﬂn-rﬂ:l + RR_I'

(3.0)
B+ R.+ 7+ gumr- . + 21)

Multiply both sides of equation 3.8 by the denominator of the right-hand side to obtain:
BR.+Rro+ B+ REB+ guroR(R.+2R) = RE.+ Br, + g RB.r + Ry Ro+ Byro + g BBy,
Combine terms to obtain:

R 1+ 2gurs) — Rp(Re + 17 + gmrnR. — B) =0 {3.10)
Carrying out the same procedure on equation 3.9 yields:

1?2(1 +2gmra) — Bp( R+ 1 + g B + B) =0 (3.11)

Equations 3.10 and 3.11 differ in the second term, and they cannot be satisfied simultaneously
unless i < B, 41y + g f.. 0 which case the equations become essentially identical. In practieal
applications, the approximation 7 = g, r- % 1 will hold, and if we choose values of K., Hy, and
v, such that & < B, +r, + g, 788 equations 3.10 and 3.11 yield, approximately:

2AR*

e ——— 3.12
f e+ 30, i j

We can view equation 3.12 as one of the design equations for the amplifier, as it specifies what
value of feedback resistor must be used onee the other parameters have been determined.

Mext, consider the voltage gain with Ry = R, under the asswmption that 7 2% 1:

N —23RR; R
(R4 Rp)r.+ 3R R+ Ry

(5.13)

oy P

1he second term will be less than 1. We will be interested in the parameter regime where the
amplifier has voltage gain significantly greater than 1 so this term can be neglected. Since we have
specified a simultaneous conjugate mateh with equal source and load impedances, the power gain
is simply the square of the voltage gain. (If we had specified a simultaneonus conjugate mateh with
different source and load impedanees, this wouldn't be true!) Also, recall that under conjugately
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matched conditions, the operating, transducer, and available power gains are equal. The power

gain of the amplifier is:

G=|

5o far, the approximations that we have emploved are 3 2 1 and B < R 4+ rp 4 gora e, I we

—23RRy

(R+ By)ire + AR,)

]z

(3.14)

make one more approximation by constraining the value of iy to be much larger than B = 50(2,

(R % R). then equation 3.14 simplifies

b

—24R

G=(

r- + 3R,

2

a

(3.15)

LThis extra constraint is useful becanse it makes the gain independent of the feedback resistance

Ity We can use equation 3.15 to choose I, to set the gain of the amplifier once .

A, and .

are determined. Then the value required for 7y can be determined using equation 3.12 in order

to satisfy the conjugate mateh eriterion. In practice, the value of 7 will be determined by the
transistor that is chosen for the amplifier, and then the quiescent colleetor eurrent will determine
re. We are free to choose the value of collector current (and therefore r.) to satisfy some other
eriterion such as mininmm noise figure, or we may choose to use the collector current that optimizes

the transistor’s gain-bandwidth product in an attempt to achieve highest gain.

Now, consider some typical nnmbers, Suppose that B = 508, = 100, and Irg = 10mA so that
re 2 200181 . lo satisfy the approximation iy 2 R, it is reasonable to require that Iy be at least 10
times as large as K. i.e. By = 50010 Likewise, to satisfy the approximation R < F. +r; + g..7- i,
we require 5000 < (R, +r.+ 3R, ). or R, > 2.4 Then the power gain of the matched amplifier

can be written (in dB) as:

G = 80 — 201og(260 + 100R,)

(3.16)

The power gain as a function of the series feedback resistance R, is swmmarized in Table 3.1. For

each value of R, the value of Ry that would give a simultaneous match to 504 is also given.

[ R. () [ G dB) [ By (0 |

] 317 1923
1 259 1584
2 26.7 LOBT
3 25.0 503
4 236 T8
O 22,4 G5
i 21.3 552
T 2004 521
8 19.5 472
9 18.7 431
10 15.0 307

Table 3.1: Gamn and slunt feedback resistance as function of series feedback resistance.

Notice that smaller values of B, (less negative feedback) result in larger power gain. In order to
satisfy the approximations that were made in the analysis it is necessary to have R, > 2,410 and

-~

Iy = 50061 From 3.1 this implies that 2,40 < R, < 7.5{, since choosing 7, to be larger than
about 7.5 wonld require iy to be smaller than 50082

RF Lab Page 6

De=sign egn 2



