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Generator Wave Relationships

Recall from last notes set :

V=TV, +TV" — o
SV 2o =TN o [NZo + TV /Z, 2,
Vgen —
— bg — b + 1—ﬂsagen > ZO + ZS
VA _
b, =b, +Ta,, whereb, = — -V, and T, = £s =
Z,+2, Z.+2,
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Generator Wave Relationships: Load Power

bgen — bS + Fsagen bS 1 bgen
O > O—>—
Power deliveredto Z,: P, =|lb,, rsl
_ ) ) 4gen
Power delivered toT, : P,y = [byen| — |ager
b, i B
O > Q>
by =b,/A-T,L,)  and  a, =Tb,, rSD 5
@5en
:__|of 2 el P
SO : = and |a = || -|b
gen H]-—FSFLHZ ‘ gen H LH gen
Power delivered to an arbitary load
L T L
I:)Ioad - 2 H SH — 2 Ly
- -



Generator Wave Relationships: Available Power '

Power delivered to an arbitary load bs - .
1| 1| Y
Ploas = e 'HbsH2 - e R, FSD .
-0 L-LL gen
Power delivered to a matched load I, =T
1-|r,[° 1-|r,[° b, 1 b
AVG — H S‘* 2 'HbSHZ - H SH2 2 'HbSHZ é > ‘_genh
ponnl o e of)
__Ibr
1-[r|f
_ bl _ P,

AVG

N S
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Transducer Gain

gen_ai' 321 02=l0ad

aIoad S21 — S21
b 1- Fssll _ F| S22 _ Fsrl S218'12 + Fssllrl S22 (1 - Fssn)(l - F| S'22) - Fsrl S218'12

a5= b!oad

Transducer Gain: G; =P/ Pave
AVG HbSH2 2
1_HFSH

while Py = [ ~[Boca]” = s = i
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Transducer Gain

S R 1 VA I s L

Pac | o[

Sy
b (l o Fssll)(l o F| S22) o FSFI S218'12

S

bUt aIoad —

ISl -t~ s - I

— GT = 2
H(l _ Fssll)(l_ r| S22) o Fsrl S21812H

This is the general bilateral expression for transducer gain.
It depends upon, I, and{S,,;,S,,,S;;;S,}-
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Input and Output Impedance Relationships

Recall that
1_‘in — Sll + 1_*L 821812 1_‘out — S22 + 1_‘S 821812
1-S,,I, 1-S,1%
aq 821 b2 a4 321 b2

> > O >—
S11 o S22ty IL 's Ay S1 _ Sz
S S12
g < O——
£
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Input and Output Impedance Relationships

s, I°-n=|C IF|o-|rIf
PO VWO P ¥ . Lo 3.5 o Y
1-5,I Hl_ IS =115, + IS 1S, — FSFI821812H D
2
D=|1- rs[rin o F|_ 821812 j o r|822 + FSFISZZ [Fm _ FL 821812 ] B FSFI821812
VY22t L _ 22F|_
S21812 S21312 2
=1- Fsrin + FSFL o F|822 + rsrlszzrin o FSFISZZFL B FSFI821812
B 22F|_ VY22t L
S, S,.S 2
=1- Fsrin _ F|822 + Fsrl SZZFin + FSFL e FSFISZZFL S FsF|821812
VY22t L VY22t L
1 ST ’
=1- L, - F|S'22 + 1T SZZFin + FSFLSZlSH( - _1j
1-S,,I 1-S,1,
2 2
=1- 1—151—1in _ 1—1I822 + 1—151—1I SzzrinH = H(l_ 1ﬂsl—‘in )(1_ 1—1I822)H
=L-L,G,| - L-T;S,|  --tedious, but not hard.
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Transducer Power Gain

Therefore
2
e e LS
By a similar substitution
et B Ay SR

Look carefully at these expressions::
the input - output bilateral interaction is hidden in either the I, or I, , terms.

out

We will use these to derive various power gains.
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Operating Power Gain: Gain with Input Matched

G = I:)Ioad iff P,=Pava N I:)Ioad _ GT
i I:)in I:)AVG
P.=Pyc impliesF =T
Slnce G Hr H 2 H ZIH ~ HFLHZ 2
p-r.r L-S,.I
) [, LIl
Hl in |n 2 . Hl_SZZFLHZ
G, = . ‘HSmHZ’ 1_HFLH2 wherel, =S,. + T 521517
1|, 2 Hl_szerHZ non ot 1-5,I1

G, Isused toexamine the variation in transistor gain as we vary the output match.
G, Iscomputed with the input matched.



ooooooooooooooooooooooooooooooooo

Available Power Gain: Gain with Output Matched

Pon .
_ AVA iff Paya=Pload load __
GA — 0a N GT

7 —

F)AVG I:)AVG
PAVA — Fload imp“es FL — F:ut
Since G, HF sz H le HFLHZ 2
p-sur -l
1| | 1|l
- sl
Hl_sllrst . Hl out c?ut :
1-|Ir|f 1 S,,S
G, = e : where T, , =S, + [, —212
A “1_Sllrs“2 H ZlH 1_ F;ut 2 22 S 1— 811FS

G, Isused toexamine the variation in transistor gain as we vary the input match.
G, Iscomputed with the output matched.
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How About Maximum Avalilable Gain ?

G — PAVA iff PAVA:PIoad and I:)in:PAVG N Pload — GT

max
I:)in I:)AVG

we now need I} = and I, F

out

we must simultaneously solve

Sude [andT,, =S, + T
1-S,,I, 1-S,I

S21812 *

Fin — S11 + r|_ — FL

and then substitute into
1| 1-|rJf

fi-s.r

H2 H ZlH

et

in~s

This s, at a minimum, mathematically tedious.
Worse, there may be no solution... ...more on this later.



Unilateral
Amplifier Design
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Unilateral Amplifier Design

We will now consider the various gain relationships
under the simplifying case of S, =0 .

We do this to develop better our understanding of these gains.

The unilateral expressions are not to be used for real amplifier
design, or real transistor gain calculations.

Warning : the expressions are gains for a device which happens to
*be * unilateral, not the gain of a bilateral device after we provide
feedback to* make it * unilateral. The latter quantity is Mason's
Invariant, the unilateral gain, and is described elsewhere.
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Unilateral Amplifier Design

Suppose we have a device with S, =0.

Y e Y S

- S)A-T8) ~TLS,S - TS)A-1S,)]
I N 1
T =[S 5

Hl_FSSllH H].—FLSZZH

Simple and easy to recognize!
1-[rs[ _ 1nf

G. =G.-[|S,|°-G  where G, = _
T S H 21H L S H]-—F3511H2 L Hl_FL822H2

G, Is the fraction of gain lost/gained due to input mismatch/match
G, is the fraction of gain lost/gained due to output mismatch/match



class notes, M. Rodwell, copyrighted 2009

Power Wasted Due to Mismatch

Recollect the power relationships for a generator

2 2 * | I
Foad = 1_HFLH 2 'HbsHZ - l_HFLH 7Py, bé 1’ ?_99”)_ . ‘s
L-T LT ety =y ]

_ _ i ’ 4—-b1 4;624,
Recognize the same terms in a,—> b,—>
1- | 1-[r [
G, =G -[S,,| -G, where G, = S d G, = s
T S H ZlH L S H]_—FSS]-:LHZ L H:I_—FLSZZHZ

Giventhat S.,S,, =0, S;; and S,, are the input and output reflection coefficients.
Hence G, and G, just represent impedance mismatch terms at input and output.
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Maximum Power Transfer, Maximum Available Gain

Recollect the power relationships for a generator

Pave = HbSH 2 PZO 2 's E—FL @Vgen i
L-[r]™ -] ger !

We must now match on input and output: T, =S, and I, =S_,
Recognize the same termsin

1 1 i :
rlsal o>

max — 2 s T T
LS| 1-[S,| : :
Vgen : :

-« b, - azé’

Can we make sense of this expression ?
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Impedance matching = Recyling the Reflections ! 1

Suppose we have an amplifier with S;; =0.5+ 0.
Given a50€2 generator, 25% of the available input power is reflected and lost.

If we could recycle this power,

the input power would be increased in proportion to {005

which is to say, in proportion to

1
1[5

Impedance - matching recycles the reflected power.



