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Available Source Power vs Power Actually Delivered

Avallable Source Power

2
P - ‘Ngen,(RMS)H generator load
J 4R
P, isdelivered to Z iff Z = Z;en Xgen Rgen _l

Xload Rload
Vgen

Power Actually Delivered To load

P =1 .|'R ».___ R
load — H IoadH load — ‘Ngen )

_ Ve

4R, 12,0 +Z

2

4R .. R 4R .. R

gen "’ ‘load . gen ' “load

2 — Tawg
|12y +Z

2

load load

Key point : we can consider either power available, or power actually delivered



Input & Output Power Transfer with a 2-port

Connection between generator & amplifier :
We can consider either :

P, = power available from generator,

P, = power absorbed by amplifier input. generator - amplifier load
gen 7

Connection between amplifier & load Q?

We can consider either :

P... = power available from amplifier output,
P, = power absorbed by load.

Ratios of output to input power define power gains.

There are consequent ly **at least ** 4 different power gain definitions.
All are used as * tools * during amplifier design.
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Power Gain Definitions: Summary
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Transducer Gain

/P

— "load av,gen

load power

power available from generator
= general - case gain

Operating Gain

Vgen

G,=P._,/P

~ "load gen,delivered

load power

- power delivered from generator
= gain with input matched

Available Gain

Zs
o *
out
Vgen
GA = I:)av,a / I:)av,gen

_ power available from amplifier

- power available from generator
= gain with output matched

Maximum Available Gain

ZL:Zout*
Vgen - - ¢
GMax = I:)av,a / I:)gen,delivered

_ power available from amplifier

power available from generator

= gain with both ports matched
...MAG may not exist...

Insertion Gain
7,

l\/\,

Vgen

2
H521H = I:)av,a / Pav,gen

_ power delivered to Z, load
power available from Z  generator

= gain in a 50 Ohm enviroment

After impedance-matching:

2

=G

max,raw

HSZLmatched

S1l,matched = S22,matched = 0

...but only if unconditionally stable...
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Types of 2-Ports To Consider

~

The 2 - port might be a transistor Y gen

A= -
...ngither S, nor S,, =0 (? S |—|LL

out

l hN 0

The 2 - port might be a Ven i S
: . . . ) £ i— match match _=_‘0m
transistor with matching built -in — _|—| [z
S;; &S,, close or equal to zero i l l : l
' Vo I\
The 2 - port might be a general Z, S, 5 ou
amplifier with arbitrary S, CIP g I/l/ § i;,

For all of these, we could choose to add * additional * matching networks
at the generator and at the load.



Rodwell, copyrighted 2009

Insertion Power Gain

From S - parameter properties,

V

out

S, =2

en
g den :ZL:ZO

“14z,

av,gen

But if Zy,, =Z, = Py, g = Vgen

And if Z, = Zy = Py = Mol 1 Z,

load

— I:)Ioad /Pav,gen = Nout‘2 /4Ngen : = H821H2 but Only If den = ZL = Z0

H821H2 __ Ppowerdeliveredto Z, load  _ gainina Z, (50 Ohm?) environment

power available from Z_ generator
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Transducer Power Gain

/P

oad av,gen

power delivered to load z,

power available from generator
. Vgen
= general - case gain

GT:PI

Amplifier input impedance might or might not be matched to Z .. (Ze.)-
Amplifier output impedance might or might not be matched to Z,_,.

Generator impedance might or might not be Z,

Load impedance might or might not be Z,

G; depends upon both Z_ and Z, .
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Operating Power Gain

GP — I:)Ioad /Pgen,delivered Z=Zjp" | :

load power @

= . Vgen
power delivered from generator

*

NOte : I:)Ioad /Pgen,delivered — I:)Ioad /Pavg — GT Iff den — Zin
hence G, = gain with input matched

Amplifier input impedance *is*matched to Z, .. (£ )-
Amplifier output impedance might or might not be matchedto Z,_,.
Generator impedance might or might not be Z,

Load impedance might or might not be Z,

G, depends upon Z, but not upon Z..
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Avallable Power Gain

G,=P,./P

av,a av,gen

Z

_ power available from amplifier °
Vgen

*
out

power available from generator

*

Note : P, /Py = Poa / Pag =G Iff 2,y =2

load out

hence G, = gain with output matched

Amplifier input impedance might or might not be matched to Z, ., (Z,)-
Amplifier output impedance *is* matchedtoZ, ;.

Generator impedance might or might not be Z,

Load impedance might or might not be Z,

G, depends upon Z, but not upon Z, .
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Maximum Available Power Gain

Gmax — I:)av,a / I:)gen,delivered .
_ power available from amplifier 77 + |
power available from generator @ : : »
Vgen : : i

Note: P, /P

gen,delivered

= I:)Ioad /Pavg = GT Iff (Z = Z; and ZIoad = Z:ut)
hence G, = gain with both input and output matched

gen

Simultaneo us input/outp ut matching may not be possible - MAG may not exist.

Amplifier input impedance *is*matchedto Z .. (Z,).
Amplifier output impedance *is*matchedto Z,_,.
Generator impedance might or might not be Z,
Load impedance might or might not be Z

G,... depends upon neither Z_ nor Z,.
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MAG Does Not Always Exist

S,,and S;, represent interaction terms between input and output.
If S,,S,, #0, then input & output tuning become mutually interactive.

With sufficiently large S,,S,,, simultaneous matching of input & output
IS not possible.

In this case, G, no longer exists.

This condition corresponds to potential amplifier instability.
Will be covered later.



||S,4]]° After Matching to Z,= MAG Before Matching

2
H 2 . . HvoutH /Zo
21,matched - T 2
Vo | [Vou| /42,
— PIoad /P
bUt I:)Ioad /P max,raw
2 S11,matched — S22,matched — O
SO : HSZLmatched — Gmax,raw

The dB insertion gain of the amplifier is the dB MAG of the transistor.

Implication : examining the transistor MAG before we design a matching
network tells us the gain we should expect to obtain after matching.
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Mason's Unilateral Power Gain
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1) Cancel device feedback with external lossless feedback
—->Y,=5,=0
2) Match input and output
Resulting power gain is Mason's Unilateral Gain
2
‘Y21 _le‘

U =
4(611622 - G21612)

Monolithicamplifiers are not easily made unilateral
— U mostly of historical relevance to IC design

For simple BJT model, U rolls off at - 20 dB/decade
— U useful for extrapolation to find f_,

In I11-V FETSs, U shows peak from C - R, - R, interaction
— U hard touse for f,_., extrapolation

For bulk CMQOS, C issheilded by substrate
— U should be OK for f__ extrapolation

generator

shunt
feedback

™ lossless
matching
network

o£' ks
-

-

I

series
feedback

lossless
matching | i
network |

=

MSG/MAG, dB
-
o1

' Common Collector

Common emitter

1
ES
T

Common base

100
Frequency, GHz




class notes, M. Rodwell, copyrighted 2009

Why Ga and Gp Matter: Matching Network Design

available gain operating gain

Circuit simulators (ADS, etc)
provide contour plots of Ga vs
source impedance and Gp vs load
iImpedance.

in=a.891
ain=2 391
ANTR=F By

T 5an Afas a1

These, the Ga & Gp circles, show
the variation in transistor gain as
generator and load impedance are } \

tuned. Zs,oﬂ I_Z)L,opt

The center of these circles are the
(generator, load) impedances
required for maximum gain

GAcircles
GPcircles

We can then separately design ...added to device, the amplifier is realized
Input & Output Tuning Networks " , !
H - |l—= \1—}—«—1
to provide these impedances... - 5 o
L=1.0H MLIN 35&10” L=1.0H SRC2
R= L : s R= Idc=15 mA
Subst="BCB_wiring" Subst="BCB_wiring"
MLIN MLIN W=7.0 um W=7.0 um C
TL4 TL3 L=160 um L=240 umm c2
Subst="BCB_wiring" Subst="BCB_wiring" C=1F
W=7.0 | | W=7.0 | Tl 1
L=160 LL:I: L=240 Ll:: C> : } I | R— h AR | } |l Q
; I _ P11 Tl il T P2
MLIN = ;2 Mum=1 C=1F LS R=5 Ohm TL2 Num=2
§ TL2 R=50 Ohm Subst="BCB_wiring" Subst="BCB_wiring"
o \?V'if;éiﬂu?-‘“’i’iﬂg” W=20.0 um 1. W=20.0 um
_L . Subst="BCE, wiring" [ez00un N L=280 um = L=543.8 um
= W=20.0 um Subi = AL MRSTUB
L=290 um Subst="BCB_wiring" ‘;(' = Shiby e
Wi=20.0 um _ex=10 Subst="BCB_wiring"
L=100.0 um Base_conl=4.6 Wi=20.0 um
Angle=90 Emitter_width=0.5 L=100.0 um
Crmittar lamntinmt i i

Caution: the above assumes that MAG exists; we must examine this critical point in the next lecture



Simple FET model;C , =0— S, =0 I R
— unilateral device.

G, =P./P,=P.s /P, because R, =R,
P =I’R andV = I;, /oC

o
Pout = I,zoad I:Qload = (gm gs /2) Rds 40)2(:55 Rds
2 2
Pout _ gzm ds — fmgx Where fmax — gm I:zds
P, 4w CgsRln f 27C | 4R,
2

If we impedance - match, then ||S,,| = f]j‘gx at f = f

match

while, from inspection, S,, ., = — 29 (Ros [ Zo)
, 1+ Jo(R;, +Z,)C
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Simple Matching Example: Unilateral Device Model




