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RF SMALL SIGNAL DESIGN USING
TWO-PART PARAMETERS

Prepared By:
Roy Hejhalt

INTRODUCTION

Design " of the solidstate. smallsignal RF amplitier
using two-port parameters is u systematic mathematical
procedure, with an exact sotution (hree tromn approxima-
tion) available for the complete design problem The only
sources of error n the final design are parameter
variations resulting from transistor parnmeter distributions
and strays in the physical circuit Paranmieter distributions
result from limits i measurement and random variations
among identically designed transistors

The purpose of this paper is to provide in a single
working reference. the important relationships necessary
for the complete solution of the RF small-signal design
problem using two-port parameters

The major portion of the report presents design
equations in terms of admittance parameters A section on
design with scattering parameters is also included.

This paper is based on work by Linvilll, Stern2, and
others. Those who may wish to consider the derivations of
some of the expressions should refer to the bibliography .

This report assumes that the reader is familiar with the
two-port parameter method of describing a linear active
network. Several references are available on this subject.
1,2,5,6,8,9

It has also been assumed that a suitable transistor or
other active device for the task at hand has been selected,
and that ‘Iwo-port parameters are available for the
frequency and bias poini- which will- be used. Device
selection will not be covered as a separate topic in this
Teport; rather, a thorough understanding of the material in
the report should provide the designer with the tools he
needs to select transistors for a particular small-signal
application.

The equations given in the text of this report are
applicable to the~common-emitter, common-base, or

commbon-collector configuration, if the applicable set of

parameters {common-emitter, common-base, of common-
collector parameters) is used. Equations for the conver-
sion _of the admittance or hybrid parameters of any
configuration to either of the other two configurations of
the same parameter set are given in the appendix.
While . directed ' primarily "toward circuit design with
conventional bipolar transistors, two-port network theory
has the advantage of being applicable to any linear active
network (LAN}. The same design approach and equations
may therefore be used with field effect transistors inte-

L grated circui__tsj, of any other device which may be described |

as a linear active two-port network
Finally . various parameter interrelationships and other
data wre given in the Appendix.

GENERAL DESIGN CONSIDERATIONS

Design ot the RF small-signal tuned amplifier is usually
bused on a requirement for a specified power gain at a
given frequency Other design goals may include band-
width, stability, input-output isolation, and low noise
performance After 2 basic circuit type is selected, the
applicable design equations can be solved.

Circuits may be categorized according to feedback
(neutralization, unilateralization, or no feedback), and
matching at transistor terminals {circuit admittances
cither matched or mismatched to transistor input and
output admittances). . Each of these circuit categories will -
be discussed, including the applicable design equations?
and the considerations leading to the selection of a
particular configuration EEREE TR

STABILITY

A major factor in the overall design is the potential
stability of the transistor. This may be determined by
computing the Livill stability factor! C using the
following expression: T

|#12 ¥n] :
[ — {1)
gy B33 Re by

When C is less than 1, the transistor is unconditionally
stable. When C is greater than 1, the transistor is
potentially unstable. '

The € factor is a test for stability under a hypothetxcai
worst case condition; that is, with both input and output
transistor terminals open circuited. With no external
feedback, an unconditionally stable transistor will not

- oscillate with any combination of source and load. If a

transistor is potentially unstable, certain source and load
combinations will produce oscillations. _
Although the C factor may be used to determine the
potential stability of a transistor, the conditions of open
circuited source and load which are assumed in the C
factor test are not applicable to a practical amplifier

TRe (Y12Y2]) = Real part of (Y12Y21)
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Consequently it is also desirable to compute the relative
stability of actual amplifier circuits, and SternZ has
defined a stability factor k for this purpose. The k factor
is similar to the € factor except that it also takes into
account finite source and load admittances connected to
the transistor The expression for k is:

(g, + G (ggy + Gy}

k (2}

Prygvar| + Re o

If k is greater than one, the circuit will be stable Ifkis
less than one, the circuit will be potentially unstable and
will very likely oscillate at some frequency.

Note that the C factor simply predicts potential
stability of a transistor with an open circuited source and
load, while the k factor provides a stability compulation
for a specific circuit _

Stability considerations will be discussed further in the
descriptions of each basic circuit type to follow.

GENERAL DESIGN EQUATIONS

There are a number of design equations which are
applicable to most types of amplifiers These equations
will be discussed first Descriptions of specific amplifier
types will then follow, and each will contain additional
design equations applicable to that particular amplifier.

POWER GAIN

The general expression for power gain is:

i Vz:! 2 Retyp) &

: 2 ¥ig¥
%YI “ y221 Re (Yn ~ 712 21\' ]
Yor* 'L

Equation 3 applies to circuits with no external feed-
back. 1t can also be used with circuits which have external
feedback if the composite y parameters of both the
transistor and the feedback network are substituted for
the transistor y parameters in the equation The com-
posite y parameters arc determined by considering the
transistor and the feedback network to be two “black
boxes” in parallel:
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For example, the above combimnation of transistor and

feedback network may be characterized as a single “black
box " by the following equations:T

Yyre "V Y
Yrze " Yize " Yrae
4}

Yaye * Yau Yo

Y2c ® Y2 Yo

Where:

Y11c Y126 Y21c. y22¢ are the composite y parameters
of the parallel combination of transistor and feedback
network ' ' o
Y1it. Y12t Y21t Y221 are the y parameters of the
transistor : B T
Y11f: Y12f> Y21, ¥22f are the y parameters of the
feedback network. N ‘
Note that, since this approach treats the transistor and

feedback network combination as a single “black box”

with ¥1ic, ¥12¢. ¥21c. and y22¢ as its ¥ parameters, the
composite y parameters may therefore be substituted in
any of the design equations applicable to a linear, active

two-port analysis : S
The neutralized and unilateralized amplifiers are special

cases of this general concept, and equations associated
with those special cases will be given later ’

Equation 3 provides a solution for power gain of the
linear active network (transistor) only Input and outpu}
networks are considered to be part of the source and load,
respectively I'wo important points should therefore be
kept in mind:

(1) Power gain computed from equation 3 will not
take into account metwork losses Input network
loss reduces power delivered to the transistor.
Power lost in the output fetwork is computed as
useful power output, since the load admittance
Yy is the combination of the cutput network
and its load

(2} Power gain is independent of source admittance
An input mismatch results in less input power
being delivered to the transistor. Accordingly,
note that equation 3 does not contain the term
Y

The power gain of a transistor together with its
associated input and output networks may be computed
by measuring the input and output network losses, and
subtracting them from the power gain computed with
equation 3.

In some cases it may be desirable to include the effects
of input matching in power gain computations A con-
venient term is transducer gain G7, defined as output
power delivered to a load by the transistor, divided by the

tRefer to Seshu and Balabanian, “Linear Network
Analysis " John Wiley and Sons. 1959, P321




maximum input power available from the source.
The equation for transducer gam is:

4 Re (¥) Re (¥, vy z

G, =
T 2 (5)
o » Yot U V) - Y|

In this equation, Y) is the composite transistor load
admittancecomposed of both ocutput network and its
Joad, and Y is the composite lransistor source admit-
tance-composed of both input network and ifs source
Therefore, transducer gain includes the effecis of the
degree of admittance match at the transistor input
terminals but does not take into account input and output
network losses.

As in equation 3, the composite y parameters of a
transistor feedback network combination may be substi-
tuted for the transistor y parameters when such a
contbination is used.

The Maximum Available Gain MAG is an often used
transistor figure-of-merit. The MAG is the theoretical
power gain of a transistor with its reverse transfer
admittance y17 set equal to zero, and its source and load
admittances con]ugateiy matched to y) | and y)3, respec-
tively.

Ifyjz =0, the transistor exhibits an input admittance
equal to y11 and an output admittance equal to y2.F
The equation for MAG is, therefore, obtained by solving
the general power gam expression, equation 3, with the
conditions -

S L

b4 Tt Yoz
. Lt .
and yo =¥y
where * denotes conjugate
which yields:

b
|72|
MAG z ——————————————— (6}
L Re 7))} Re tr)

MAG is a figure of merit only, since it is physically
impossible to reduce y}2 to zero without changing the
other parameters of the transistor. An external feedback
network may be used to achieve a composite y 7 of zero,
but then the other composite parameters will also be
modified according to the relationships given in the
discussion of the composite transistor — feedback net-
work “black box

10Obtained by solving the equations for transistor YN and
Yoyt with Y12 equal to zero. These equatxons are glven
later in the report, i L

CASCADED LAN'S

Design calculations for cascaded LAN's may be per-
formed by first computing composite two-port parame ters
as was done in the case of the parallel LAN's.

For the folowing cascaded LAN’s

e T T T T | New

! Ye “Black

t i Box"
o—t— ST

! Ya Yb !
N L,

The composite y paramelters are:

¥ ¥
322 Y214
Y11e ¥ Y112 - Yo2a * Y110
Yooy Y12b Y210
22c 7226 yzaa + ‘vllh o
Y212 Y210
Y222 * Y110

Y210 =

_ Nz
Y222 * Y11

Y120

where yiie, ¥22¢. ¥2le. Yi2c are the composite y
parameters of the cascaded LAN's.

TRANSISTOR INPUT AND OUTPUT ADMITTANCES

The expression for the input admittance of a transistor
is:

12 'n1
L = )

S ¥m, Y

v * ¥

The expression for the output admittance of a tran-
sistor is:

Y12 Tma
Your = Tz

(%)
™+ ¥

When the feedback parameter y)?7 is not zero, YN is
dependent on load admittance and YOUI is dependent on
source adrmttancc '

AMPLIFIER STABILITY

One of the major considerations in RF amplifier design
is stability. The stability of a final design can be assured
by including stability computations and considering stabil-
ity in all design decisions relating to feedback and
transistor source and load admiitances.

The potenual stability of the transistor should fi rst be
computed using equation 1.
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The various alternatives concerning input — output
matching and neutralization — unilateralization will now
be discussed for both the unconditionally stable transistor
and the potentially unstable transistor.

1HE UNCONDITIONALLY STABLE TRANSISTOR

When the Linvill stability factor-of the transistor as
determined by equation 1 is less than one, the transistor is
unconditionally stable Oscillations will not occur using
any combination of source and 1oad admittances without
external feedback. Stability is therefore eliminated as a
factor in the remainder of the design, and complete
freedom is passible with regard to matching and neutrali-
zation to optimize the amplifier for other performance
requirements s '

AMPLIFIERS WITHOUT F EEDBACK.

The amplifier with no feedback is a logical choice for
the unconditionally stable transistor in many applications
since: it may offer the advantages of fewer components
and a simple tuning procedure. s -

Source and load admittances may be selecied for
maximum gain and/or any number of other requirements
Power gain and transducer gain tmay be computed using
equations 3 and 5, respectively; input and output admit-
tances may be computed using equations 8 and 9,
respectively. '

The amplifier stability factor may be computed using
equation 2. While amplifier stability was assured from the
beginning by the use of an unconditionally stable tran-
sistor, the designer may still wish to perform this
computation to provide some imsight into danger of
instability under adverse environmenta} conditions, source
and load variations, etc.

Gmax

Gayx, the highest transducer gain possible without
external feedback, forms a speciat case of the no feedback
amplifier

The source and load admittances required to achieve
Gmax may be computed from the following:

i 3
SR 2 3
Gy " T Re fgg l‘ 3 Retyyp) Re trgg - Re tryaryt | - razm| ] (10}
Imiy,, ¥4
B, - - tmirgy) Sy 1}
* "2 Relyyy)
! z 21!
Oy T Rety, ) |2 Re ty;y) Re lryp) - Re lrypy) | * bnavad (12)
imlygy¥ 1)
B, - - il ——— an
t 2 ey

Therefore, if the maximum possible power gain with-
out feedback is desired for an amplifier, equations 10, 11
12, and 13 are used to compute Ys and Y{

The magnitude of Gmax may be computed from the
following expressions:

Grmay ™
4
1’z1i_

2 2
2 Rely,y) Rely ) -Rzlylzyh)uliaﬁetynjﬂeun} <Rty ]t [l l

Yi4)

Equations 10, 11, 12, and 13 can be obtained by
differentiating equation 5 with respect to Gs, Bg, G1, and
B[, and setting the four derivatives equal to zero. The Gs,
Bs, G, and By, thus computed can then be substituted in
equation § to obtain the expression for Gax, equation
14

THE LINVILL METHOD _

The amplifier without feedback design problem may
also be solved graphically using a technique developed by
] G. Linvill¥ Linvill’s technique is very useful for a
certain class of problems. Since it is so fully discussed in
many good references, we will not go into it further here.
An advantage of the Linvill technique is that it provides a
reasonably rapid graphic solution relating gain, band-
width, and stability. A disadvantage is its scope of
vsefulness, since the standard Linvill solution applies only
to an amplifier with no external feedback and the Y
conjugately matched to the transistor input admittance,

YIN
THE UNILATERALIZED AMPLIFIER

Unilateralization consists of employing an external
feedback network to achieve a composite y17 of zero

While unilateralization is perhaps most often used to
achieve stability with a potentially unstable transistor,
other circuit considerations may also warrant the use of
unilateratization with the unconditionally stable tran-
sistor For example, the input-output isolation afforded
by unilateralization may be desirable in a particular
design

Design equations for the unilateralized case are ob-
tained by first computing the composite y parameters of
the transistor — feedback network combination and then
substituting the composite parameters in the general
equations

Referring to the discussion on compaosite y parameiers
and setting up the basic condition that y2¢ must equal
zero, the other composite y parameters can be computed
Assuming that a passive feedback petwork is being used,
then

Yiup * Yeur * Yy " Yo

and since ¥ia. = { Yig o Yam* a9
then ¥y = Yo

and ¥y = Yo * oy “Yau " Fau

+ See reference 4 in the bibliography .
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Substituting the above results in equations 4 yields the
tfolowing:

The Z e Yam

Yaze “ Yo * Yim

Yioc “Yim - Yyz =0

Yoic * Yo - Vi

Substituting these complete y parameters in eguations
8,9, 3, 7, and 5 respectively, yields equations 15, 16, 17
18, and 19 respectively for the unilateralized case.

Unilateralized input admittance

i " a2 s)

Unilateralized ouiput admitiance

Your “¥22 iz (16)

Unilateralized power gain, general expression:

2
["21 -”'1z| Re {¥;) an

Gpy *

IYL ML I 712| ? Rety,y)
Unilateralized power gain with Y[ conjugately
matched to YoUT:
2
l”zl - "12|

Gy = {t3)
ARelyy; + vyt Relygy + 7yp)

Unilateralized transducer gain:

4 Re(Y) Re(¥;) Iyn --yu' * -

2
brgy * Yyg * ¥g) pp + Tp * YI)I

Note that equations 15, 16, 17, 18 and 19, are given
entirely in terms of the transistor y parameters, not those
of the feedback network or the composite.

Another benefit of unilateralization is input — output
isolation As can be seen in equations 15 and 16, YN is
completely independent of Y1, and YQut is similarly
independent of Y. In a practical sénse, this means that in
a single or multi-stage amplifier using unilateralized stages,
tuning of any one network will not affect tuning in other
parts of the circuit. Thus, the troublesome task of having
to re-peak an entire amplifier following a change in tuning
at a single point can be eliminated.

NEUTRALIZATION

Neutralization consists of employing a feedback net-
work to reduce yip to some value other than zero.
Neutralization is generally used for the same purposes as
unilateralization, but provides something less than the
ideal canceilation of the transistor feedback parameter
which unilateralization achieves. A typical example of
neutralization might be a feedback network which pro-
vides a composite b2 of zero while having only-a

negligible effect on the transistor g12. . & ..oy B 5

The equations for a particular neutralized case would
be developed in the same manner as those for the
unilaieralized case. Since there are an infinite number of
possibilities, no specific equations will be given here.

This completes the discussion of design with the
unconditionaily stable transistor. The potentially unstable
transistor will now be considered

THE POTENTIALLY UNSTABLE TRANSISTOR

When the Linvill stabitity factor of the transistor as
determined by equation 1 is greater than one, the

transistor is potentially unstable. Certain combinations of

source and load admittances will cause oscillations if no
feedback is used. In designing with the potentially
unstable transistor, steps must be taken to insure that the
amplifier will be stable.
Stability is usuaily achieved by one or both of two
methods:
(1) Using a feedback network which reduces the
composite yi2 to a value which insures stability.
(2) Choosing a source and load admittance combina-
tion which provides stabijlity .
A discussion of these basic methods is given below.

USING FEEDBACK TO ACHIEVE S1 ABILITY

Either unilateralization or neutralization may be used
to achieve stability. If unjlateralization is used, the
transistor-feedback network gombination will be uncon-
ditionally stable. This may be verified by computing the
Linvill stability factor of the combination . Since y12: =0,
the aumerator in equation 1 would be zerp.

With stability thus assured, the remainder of the design
may then be done to satisfy other requirements placed on
the amplifier. After unilateralization has converted the
potentially unstable transistor to an unconditionally
stable combination, all other aspects of the design are
identical to the unilateralized case with the uncondition-
ally stable transistor. Power gains and input and output
admittances may be computed using equations 15 through
9.

H neutralization is used to achieve stability, the Linvill
stability factor can be used to compute the potential
stability of any tramsistor — neutralization network
combination, Since in this case y32¢ # 0, C will have a
value other than zero

After unconditional stability of the transistorneutrali-
zation network combination has been achieved, the design
may then be completed by treating the combination as an
unconditionally stable transister, and proceeding with the
case of the unconditionally stable transistor in an

-amplifier without feedback. Power gains, input and

output admittances, and the circuit stability factor may
be computed by using the composite parameters of the
combination in equations 2, 3, 5,8,and 9.

SIABIUIY WIIHOU’I FEEDBACK
; A stable demgn thh the potennally unstable transnstor

g posmble wnthout external feedback by proper choice of
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souce and load admittances. This can be seen by inspec-
tion of equation 2; Gy andfor G1. can be made large

enough to yield a stable circuit regardless of the degree of

potential instability of the transistor

This suggests a relatively simple way to achieve a stable
design with a potentially unstable transistor A circuit
stability factor k is selected, and equation 2 is used to
arrive at values of Gg and Gl which will provide the
desired k In achieving a particular circuit stabitity factor,
the designer may choose any of the following combina-
tions of matching or mismatching of Gg and GL to the
transistor input and output conductances, respectively:

(1) Gs matched and G[. mismatched

(2) G matched and Gg mismatched

(3) Both Gg and Gy 'mismatched

Often a decision on which combination to use will be
dictated by other performance requirements or practical
considerations. :

Once Gy and Gi, have been chosen, the remainder of
the design may be completed using the relationships
which apply to the amplifier without feedback. Power
gain and input and output admittances may be computed
using equations 3, 5,8,and 9.

Although the above procedure may be adequate in
many cases, a more systematic method of source and load
admittance determination is desirable for designs which
demand maximum power gain per degree of circuit
stability. Stern has analyzed this problem and developed
equations for computing the conductance and suscepiance
of both Y and Yy for maximum power gain for a
particular circuit stability factor 24 These equations are
given here:

G, = \JT[lthle - Rew:z’z:']-.\{_g‘id 25 (20}
H 822

Gy = \J(“{l"lzyul + Retyrp], o] F22 “ig; 121}
2 381

(Gs + gu) Zo

Bg= P!
\J k “"12’21! * R““':z’zx’]

(GL + gzz) Za
B, - -
L 22
\l k “";2721] M Re("tz’zz’]

Where,

(22}

{23}

(Bs + bu)(GL + gzz) + (BL + b22) 1348 ¢M)/2{GL + 322)

Zz =
\J_k(I+M]

L- i"xz’zti (25)

(24}

M = Rely o¥;)} (26}

Defining I as the demoninator in equation 3 yields:

4

2
zt [k e M) .o2M] 2 s 2
Dz m— 4 ———————— " - NZ YKL + M) + A 4+ N 27

4 2

k(L + M)
where, As——g— - M, (28}

N= "“(5_'121}21], : . (29
and,

i = that real value of Z which results in the smallest
minimum of D, found by setting,

g:zz+ [« oMy e o] Z - Jm (3g)
equal to zero. _

Computation of Ygand Y|, using equations 20 through
30 is a bit tedious to be done very frequently, and this
may have discouraged wide usage of the complete Stern
solution. However, examination of Stern’s wotk suggests
some interesting shortcuts:  » B

(A) COMPUTATION OF Gg AND Gi ONLY, USING

EQUATIONS 20 AND 2i. If a value equal to
-ba9 is then chosen for Br, the resulting Y1 will
be very close to the true Y{ for maximum gain.

" The transistor Y]N can then be computed from
YL using equation 8, and B can be set equal to
Im(YIN)

Computation of Bs and By, comprise by far
the more complex portion of the Stern solution
This alternate method therefore permits. the
designer to closely approximate the exact Stern
solution for Yg and Yy while avoiding that
portion of the computations which are the most
complex and time consuming. Further, the cir-
cuit can be designed with tuning adjustments for
varying Bg and B, thereby creating the possi-
bility of experimentally achieving the true Bgand
Bj, for maximum gain as accurately as if ali the
Stern equations had been solved.

(B) MISMAICHING Gg 10 g1} AND G1. 10 g22
BY AN EQUAL RATIO YIELDS A TRUE
STERN SOLUTION FOR Gg AND G[. This can
be derived from equations 20 and 21, which lead
to the following result;

L =8 (31}
Bz P11

1f a mismatch ratio, R, is defined as follows,

ST

Ro — +— (32)
€22 En

then R may be computed for any particular
circuit stability factor using the equation:

ooeoml e kE___"z:"lzl bt He("l?y?i]] ()

28y B

Equation 33 was derived from equation 2 and
32 Having thus determined R, Gg and G[, can be
quickly found using equation 32.

B, and B can then be determined in the
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manner described above in aliernale method (A}

This alternate method may be advantageous if
source and load admiltances and power gains for
several different values of k are desired Once the
R for a particular k has been determined, the R
for any other k may be quickly found from the
equation

{34}

where Rt and R2 are values of R corresponding
to kj and k2, respectively.

{C) COMPUTER DESIGN. The compiecte Stern
design problem may be programmed into a
computer. Power gain, circuit stability factor, Yy
and Y} can be obtained from the computer for
any value of k MAG, Gy, and the Linvill
stability factor of the transistor may also be
included in the program.

After employing either the complete Stern solution or
an alternate method to obtain Yg and Y] for the
potentially unstable tramsistor in an amplifier without
feedback, power gains and input and output admittances
may be obtained using equations 3, 5, 8, and 9.

SENSITIVITY

In all but the unitateralized amplifier, YN is a function
of load admittance. Thus YN changes with output circuit
tuning, and this can be troublesome. Consequently, it is
sometimes desirable to compute the extent of variation of
YN with changes in Y. A term, sensntmty 5, has been
defined to provide a measure of this characteristic, and is
equal to per cent change in YN divided by per cent
change in Y} The eqﬂaiion for sensitivity is:

Y,

L En K. -
el
Yaa * Vi | Yy Yo > YL * By L e 135
€22 1
where, ¥a1 ¥1g
K=
€11 ¥z

8= arg (¥ afy) *
¥ ejez K {cos @+ | sin® }

A more complete discussion of sensitivity is given in
reference 5.

DESIGN WiTH SCATTERING PARAMEIERS

Scattering, or s parameters have greatly increased in
popularity since the late 1960%s, largely due to the
appearance of sophisticated new equipment for perform-
ing s parameter measurements.

A summary of s parameter design equations is given
below.

Power gain:

. {Szllz“ -
;o '|9fu|??;*i"x }2z| laslzl SERein M

(36}

38 = 814899 = 512

N :322 -DS‘I]

Transducer gain:
lsml2 {1- lz) Q -] |L|2)

“Sp g - S ) S8y 1 gl

1

(30

Inpui reflection coefficient:

§ - 518 L (35

=8
1t 11t i—Szzl‘1

Qutput reflection coefficient:

S 5,
. 12721 S
S,,=8 (39)
22 22 l«Sllr‘S

Linvili stability factor:

caxt

- ’A il '311[2 ']Szzlz ;
- 2[S1zszx| e

A5 =505 - 51980

Equation 40 which gives K, the reciprocal of C, is

presented in this form because it is the $ parameter

stability expression most often seen in the literature. K in
equation 40 must not be confused with Stern tablhty
factor k given in equation 2.

Maximum unneutralized transducer gam uncondxtlon

a]ly stabie LAN - 7
Grnax ™ s:;“‘*"“z - l’| 1
-1

'C = Linvill Stability Factor .

Source and load reflection coefficients for a conjugate
match of the uncondltlonally stable LAN in an a.mphf er
without feedback:

42

143

WhereB -1+

-]

SNETHEN
e logl +Joyf* -Jasf®
M =Sy, -msuszz-_) )

N =8y, - lasHs, )

A more comprehensive treatment of amplifier design
with s parameters is given in references 6, 8, and 9.

One cautionary note is in order.

Several papers have been published on the subject of
simplifying the s parameter design procedure by making
the assumption that the reverse transfer parameter, $12, is
equal to zero. This procedure totally ignores the entire
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problem of amplifier stability

Modern high gain solid-state RF devices will readily
oscillate under a wide variety of circuit conditions.
Stability problems are encountered even with extremely
low feedback devices such as Linear 1C’s and dual gate
MOSFEIS Therefore, amplifier design caleulations which
do not include device and circuit feedback are only an
approximation which will yield either an inaccurate
solution or possibly even an oscillator when the design is
tested in the laboratory Reference 10 provides more
detail on the shortcomings of this procedure, including an
amplifier design example which did turn out to be an
oscillator.

SUMMARY OF DESIGN FROCEDURE

A summary of the amplifier design procedure using
two-port parameters is given bélow. '

1. Determine the potential instability of the active
device. I S -
2. if the device is not unconditionally stable; decide on
a course of action to insure circuit stability. .

3. Determine whether or not feedback is to be used.

4. Determine source and load admittances

5. Design appropriate networks to provide the desired
source and load admittances.

Stability (Steps 1 and 2 above)

A stability computation for the worst case conditions
of open circuit source and load is provided by Linvill’s
stability factor C. If the C factor indicates unconditional
stability, no combination of passive terminations can
cause oscillations

Stability calculations should include the total feedback
of the amptifier. In the case of extremely low feedback
devices such as dual gate MOSFEI's and Linear ICs,
exterrial circuit feedback often eclipses the internal device
feedback In such 2 case, the designer should measure the
external circuit feedback and include it in the design
calcutations. To accomplish this, sec the carlier section of
this note on the composite parameters of two-port LAN’s
in parallel.

If the device is unconditionally stable, the design may
proceed to fulfill other objectives without fear of oscilla-
tions If the device is potentially unstable, steps must be
taken to prevent oscillations in the final design. Stability
is achieved by proper selection of source and load
admittances, by the use of feedback, or both.

Feedback (Step 3)

Feedback may be employed in the tuned high fre-
quency amplifier to achieve stability, input-cutput isola-
tion, or to alter the gain and terminal admittances of the
active device. A decision to employ feedback would be
based on whether or not its use was the optimam way to

accomplish one of the foregoing objectives in a particular
application.

If féedback is employed, the device paramelers may be
modified to include the feedback network in accordance
with standard two-port network theory The remainder of
the design may then proceed by treating the transistor-
feedback network combination as a single, new two-port
linear active network

Source and 1.oad Admittances (Step 4)

Source and load admittance determination is de-
pendent upon gain and stability considerations, together
with practical circuit limitations '

1f the device is either unconditionally stable itself or
has been made stable with feedback, stability need not be
a major factor in the determination of source and load. If
the device is potentially unstable and feedback is net
employed, then a source and load which will guarantee a
certain degree of circuit stability must be used. Also, it is
a good idea to check the circuit stability factor during this
step even when an unconditionally stable device is used.

Finally, practical limitations in matching networks and
components may also play an important part of source
and load admittance determination.

Network Design (Step 5)

The final step consists of network synthesis to achieve
the desired source and load admittances computed in step
4

Sometimes, it will be difficult to achieve a desired
source and load due to tuning range limitations, excess
network losses, component limitations, etc. In such cases,
the source and load admittances will be a compromise
between desired performance and practical limitations

SUMMARY

The small signal amplifier performance of a transistor is
completely described by two-port admittance parameters.
Based on these parameters, equations for computing the
stability, gain, and optimum source and load admittances
for the unilateralized, neutralized, and no-feedback
amplifier cases have been discussed

The unconditionally stable transistor will not oscillate
with any combination of source and load admittances,
and circuits using a stable transistor may be optimized for
other performance requirements without fear of oscilla-
tions

The potentially unstable transistor requires that steps
be taken to guarantec a stable design Stability is usually
achieved by unilateralization, neutralization, or selection
of source and load admittances which result in a stable
amplifier

Unilateralization and neutralization reduce the com-
posite teverse transfer admittance. They may be used to
achieve stability, input — output isolation, or both

Maximum power gain per degree of circuit stability
without feedback may be achieved using Stern’s equa-
tions.
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The degree of input — output isolation is described by
the term sensitivity, which makes it possible to compute
changes in input admittance for any change in load
admittance

The theory and design equations in this report are
applicable to any linear active device which may be
characterized as a two-port network. Therefore, the term
“transistor” used herein refers generally to all such
deviees, including FETs and integrated circuits
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GLOSSARY

C = }invill’s stability factor

'3 = Stern’s stability factor _

Gy = Real part of the source admittance
Gi = Real part of the load admittance

By = Imaginary part of the source admittance
By, = Imagiﬁaiy ﬁart of the load admittance
glt = Real partof y)

g2 = Real part of y2

G = Generalized power gain

Y] . = Complex load admittance

Y, “ = Complex source admittance
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GT = Transducer gain

MAG = Maximum available gain

* = Conjugate

YiN = Input admittance

Yout = Output admittance

Gmax = Maximum gain without feedback
Gy = Unilateralized gain

GTu = Unilateralized transducer gain

& = Sensitivity

s11 = Input reflection coefficient

s27 = Output reflection coefficient

I1 = Load reflection coetficient

I'g = Source reflection coefficient

K = Scattering parameter stability factor
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and h parameters.
Common emitter y parameters in terms of common

base and common collector y parameters
Yize ® i * Y1z * Taw Y Vam T Tiic
Yize = “Tim * Tam) = "Wiie * Y1zl

Va1 = Wamp * Yom! ~ Fy1e * Y21

Faoe = Yazp = Yiie * Yize * Yzic T Yoz

Common base y parameters in terms of common emitter
and common collector y parameters.

Vi = Yi1e * Fize * Y21e * Y22e T Yaac
Vi = “Wige * Tzzdd © “Uaic * Y22d
Yoo = “U2ze * Yoz = "Uize * Ya2¢!
Yog, *© Vz;e = Fype _?'12:: * Yo10 * Y22

Common collector y parameters in terms of common
emitter and common base y parameters :

Y11e = T11e = Y1p * Yim T Yam * Yo

Vize = Oue * iz - Gy * Yor

Yae = Uye * Yared = Ui ¢ Vi

Yase = T1ze * Yize * Yo1e * Y22e T Y1

Common emitter h parameters in terms of common base
and common collector h parameters

b ST
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2%¢ 22c
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Common has h parameters in terms of common emitter
and common collector h parameters
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by = =
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Common collector h parameters in terms of common base
and cormon emitter h parameters
h
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Expressions for voltage gain, current gain, input im-
pedance, and output impedance in terms of y,z,h,and g

parameters.
Voltage Gain
A, Zn 2L Fa “Bay Py €1 7L
AZ + 2y ZL Yag *+ YI. hll + AhZL Byp * ZL
L Smilery)
W -8,,1) (128,
Current Gain
A - "t b 0 A
Zp t I AY VY g * ¥y AE g, T
Input Impedance
Az + Z, ZL ¥og *+ YL ah + hn L
ZIN N z + Z =A + Y, B h Y,
22 L Yrin 22 ¥ Ty
Byz + 2y,
. LA+ gu ZL

Qutput Impedance

AZ + Zga Zs Yy * Ys bll + Zs
Z = = =
ouUl
Zyy * Zs Ay + YZZYs AR + h22 Zs
Ag + gZBYa
Bip * ¥y

Conversion between y parameters and s (scattering) para-
meters:
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- .8, Z
[(148,5) (1+8),) - 55 By | 2,

where Zo= the characteristic impedance of the transmis- |
sion lines used in the scattering parameter I
system, usually 50 chms.

Conversion between h parameters and s parameters:

(b -1) (hggv1) - Byy By,

B,, =
By y+) (nggel) - by by
2n,
812 =
(hyy+1) (hyp+1) - By, Byy
2
1
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%32 =
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(1+8,,) (1+8,,) - 8,, 8
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t1n converting from y to s parameters, the y parameters
must first be multiplied by Zg, and then substituted in
the equations for conversion to s parameters
+1In converting from h to s parameters, the h parameters
must first be normalized to Zo in the following
manner and then substituted in the equations for
conversion to s parameters:

Parameter To Normalize
h11 divide by Z,
h12 use as is
hyy use as is -
ho2 multiply by Z5

Conversion between z parameters and s parameters:

i [(1-8)) (1 -850 + 8,8, 2
17 {L-8 ) (- 8yph - 885 7o

r 251y B
Z.. =
127 115,041 -8y - 83,8y | 70
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11 22 12721

(g D2y -1 - 2,8

1220
Sy it
227 2y + DBy + D - 258y

T+11In converting from z to s parameters, the z parameters
must first be divided by Zg, and then substituted in
the equations for conversion to s parameters.
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