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Class A power amplifier

Class A: amplifier that is at least nominally linear

for small to moderate-amplitude input signals.

Clearly clips (limits) for large output voltages.

Maximum voltage V,__
Minimum voltage V.
Maximum current /__
Bias drain current /,

Bias drain voltage V,,

If FET I —V characteristics were linear then
l,=1_12;V,,=(WV_ =V_.)/ 2.

max min

....but real transistors are not perfectly linear
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Transistor Output Characteristics
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Idealized:
Minimum voltage: V, .,
Maximum voltage: V,,

Maximum current: /__
FETs: [I__ o< (gate width)(# gate fingers) = N

g

/4
g 2
bipolars: [ __ o< (emitter length)(# emitter fingers) = N L,

Real
V,. dependson/, or/.

V... dependsonl/, or/.

Comments/Caution

Textbooks: V, , =V, ; Reality V, ., due to many factors

ee sat

Textbooks: bipolar V,, =V,,c50,Vercro €tC. ; Reality 1s much more complicated.

1
knee

1
knee
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Transistor Output Characteristics: measured

4 02.5mW‘lum2 ‘5leum2

250nm InP HBT o s
[, = (emitter current density)(total emitter area) a0l ‘ i
= J,(number emitter fingers)(emitter area per finger) Ng [ T
=S N4 <\EE 2.0 :— \ . =
O S
1.01 -
OO L | | 1 ! | ! | L |
0 1 2 3 4 5 6 7
vV _ (V)
ce
500nm InP HBT 400
(not sure what emitter area this is) . ]
<
£ . breakdown
w607 -
s
g 40i -
20 ] ~—
For I-V curves of state-of-art MOSFETs, ] —
please see recent IEDM conference digests. S A
VCe orV o (V)



Transistor Output Characteristics: Instantaneous Power Contours
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Instantaneous dissipated power =V _I_ or V.1,
v

out

Constant power contours: hyperbolas on / plane

out?

Low-frequency power amplifier

signal frequency << (thermal time constant)” =7,

hermal

— loadline must lie below maximum power density curve

2

High-frequency power amplifier

signal frequency >> (thermal time constant)’

— *bias point™ must lie below maximum power density curve

Note: measured DC (I,V) characteristics are influenced by heating.

Breakdown with 1

signal

>> 7. can be larger than V,, @DC.

RF loadline can surpass DC breakdown voltage.

wema ©aN be of order of s to ns, depending on transistor size.

4 02.5mW‘Ium2 ‘5mWIum2

sob /o J=I, /N, A, 1

200/ % -

1.0f e

0.0-' I LI I'I'I'I'_

o 1 2 3 4 5 6 7
Vi, V)
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Transistor parameters and cutoff frequencies vary across (I,V) plane

Bipolar Transistors:

800 1.0V_, 9-mAfum’ - 10

Low voltage and high current: 700 E go=
"Kirk effect" = space-charge-limited current = 600 1 8
T -6 =

reduction in f_, increase in C,, — reduced bandwidth © 500 Load-line current 1 3
g 400 143

= y 2

- 300 c

: . S
High voltage: 200 2 3,

all semiconductors: push-out of collector depletion edge 0 ——— '

0.5 1 16 2 25 3 35 4

Common-emitter 250nm InP HBT voe (V)

III-V semiconductors: reduction of electron velocity in collectror

reduction in f, — reduced bandwidth
Z. Griffith, 2012 IPRM
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Transistor parameters and cutoff frequencies vary across (I,V) plane

Field-Effect Transistors:

Device parameters vary strongly across (I,V) plane

(f.,/f...) vary strongly across (I,V) plane

Id (A/mm)

200

225 1.5%

190

200 180

150 G 170

1 el s 1 160

T = 150 F 150
£ - u € 140 E
125 T £
§§ 4 5 §§ 130 i

100 120

05 o5 110

75 100

50 90

[ 80

25 0 L\ " 70

0 5 10 15 20

Vds (V)

GaN HEMT experimental data (c.a. 2010) due to Kiesuke Shinohara, Teledyne Scientific



Safe Operating Area (SOA); "Fast Operating Area " (FOA ?)
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Safe operating area
standard terminology
region bounded by maximum power hyperbola, V, , 1

max

SOA includes other effects beyond the scope of these notes

"Fast operating area"
not standard terminology

region with adequately high f,, f,

Loadline must lie within both

Reliability
Particularly with St MOSFETs,
reliability deceases as V. increases.

— maximum V,; well below DC breakdown

\

Y

safe operating area [__|fast operating area

loadline

VCE or VDS

L
y

8
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Oversimplified SOA/FOA; for class 9

4\

max

]D or]c

Maximum, minimum voltages

Maximum current o< N W, or N L,

V.. V VpsOr Ve

min max



Simple class A power

analysis
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Bias point in center of rectangle.
Loadline reaches corners of rectangle
Z, =R, +j0Q=V__-V_)/I__

PDC = VDCIDC = (Vmax + Vmin )Imax /4
})RF,max = (Vmax o Vmin )]max /8 = (Vmax o I/min)2 /8RL

drain/collector efficiency at peak output power
f)RF,max — (Vmax - Vmin )1 /8

max

P. (V. +V.)_ /4

max min max

_lV _Vmin

max

ndrain/collector -
2 Vmax + Vmin

ﬂdrain/ collector =

...all expressions correct if and only if Z, = (V’

max

[D or IC

—V

min

)/ 1

max °

max

y

min

V VpsOr Veg

max
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Power-added efficiency

PAE.=(P,-P,)/ Py
P.| P 1 P
=2 ]-— =7, | 1=—— | where . =
PDC |: PO 5 :| ﬂdram/collector |: gain} ndram/collector PDC 4I>_>_>_I>
PAE _ Pout,N o Pinl _ (Pout,N o Pin,N) + (Pout,N—l o Pin,N—l) Tt (Poutl — Bnl)
overall ~— -
P +P,, +...+PDC’N P +P,, +...+PDC’N
_ 1 (1)out,1 o in,l) (ljout,2 _ Bn,2) (B)ut,N _ IDin,N)
- PDC,I + PDc,z ot PDC,N
PDCI + PDCZ T+ PDC,N PDC,I PDC2 PDC,N
1
= (Pyc,PAE, + P, ,PAE, +..+ P, \PAE, |
PDC1 + PDC2 +...+ PDC’N
Now suppose PAE, =PAE, =...=PAE,
PAE
PAEoverall = 1 BoeitFpen ot Py =PAE1
PDCI+PDC2+...+PDC’N( ’ ’ ’ )

A PA chain obtains the same overall PAE as that of 1 stage 1f
each PA has the same PAE and if each stage in the chain reaches that PAE under the same overall RF drive.

Due to accumulated gain compression, real multistage power amplifiers are rarely designed to meet this criterion.



Power Amplifier Design
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For highest efficiency, each stage should be loaded with
ZL,opt = (Vmax o Vmin) / ]max

The interstage networks are tuning networks,

not matching networks.

Thus far, we have neglected transistor parasitics.

L e
Lo e, e HEA I3



Loadline: inclusive of transistor parasitics
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Transistors have resistive, capactive parasitics.

It 1s the *internal* (I.,V.;) or ({,,V )
that must follow this loadline —

Loadline current must be electron current,

not C-dV /dt displacement current.

— Current meters must be placed inside the capactive parastics.

How do we do this ?

~

I, or IC

max

Vﬂsor VC,E

min meax

1
-~
1
)|
—
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Loadline inclusive of transistor parasitics :

If the transistor technology originates from the organization you work for, then CAD models may not be encrypted.

If so, you can edit the device CAD model to place an internal current meter.

e scaled HET bwo [2014_5_DARPA_ACT Bbcscaled HET tweeschematic] [Pushed In] (Schematic)2 - =} x
File Edit Select View Insert Options Toods Layout Simulate Window Dynamiclink DesignGuide Help
=L Bl T | || == [ — N o L B 4
CrtwmNm eV W |NEH&a XYV 4600 & 2MKE
Parts Fx -
@
t r
[Tines-Micrestrip 7]
[ -
BEiE
| &
= | = =y
= | =
Mol | [re=c}
2| D
L |
2= . e
e e e s S
= |
= |
Mo | eom l .
]“o i S
e | i Lo e L =
| | &
£ | oo R T e | ' | i
(== T i 'I e | ! e | —~ 4 -
ook e A press_ro ..rl\_\l e "F&'\!h oy T D .f-!w ! --:VFE-\ mwen O n ::
= | W 3; il s ot e i il s roi_underor_ BB rol_urieras_aita (s Heith_gap 'l e ‘J
AP | MCAFR 1 ¥ -w_,-w,--m-_r-w_,.m.lnm..u».,-w,-.auﬁ.-L.w,~ L
== | 3 : 2 = : = -
2| w L z H z 3 i ot gt o - S -
sv,uv;: [ ' = - e % : n % - e
43 | E Ry Nt s P, 1 e, g, g, i, A et 40 O g Vs "
MaAPa | AP —— =
= | = D
Mot o] o n it ki, ST AT b g e, Y S AR
- .
| X
Mang | bungh |
W | o
Mangl | MLEF
- | O o
MU | WmoG
P |
= | &
MLEC | erind
= | &
rinly | vieededa
] et
= |
dndwbe | sindein
3| <)
Mkl | MESTUR
9 |
R0 | man
|
< | 3
|wier | e | =l 4 i |
Select: Click and drag to select 0 items. ads_device:drawing  -9.875, 11.000 -25.000. 9.375 n
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Loadline inclusive of transistor parasitics

T

CAD model cls

If the transistor technology does not originate il
from the organization you work for,
then the CAD models may be encrypted. Cu H {r ___________________ . (@
If so an!lA‘H_—L . —L -
LTTLT
 -C

Use design kit CAD device model — simulate device S-parameters

From the S-parameters,

use established extraction procedures to determine transistor capacitances +C.

Then, with transitor capacitances known: @)

(
1) add external negative capacitances to cancel these. il CV)

2) add voltmeter and current meter.

These correctly measure the loadline : b
3) then add back external positive capacitances. .

o e




Power Amplifier Design Example
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Power amplifier *cell*. 20 micron emitter finger. Bias: I[c =10mA, Vcb=1.86 Volts >V, =2.5 V.

The biasing technique used is just for CAD experimentation; (not practical bias circuit)

The inactivated output LC network is a bandpass filter

- )

Num=1 C1

C=100 nF

TLS

Subst="op_metal”

W=10 um {t}
L=220 um {t}

=Y
L2
L=1H
R=

Deactivates or reactivates individual
components by toggling items from [Sub

Deactivate or Activate

Components

one state to the other

metal_1

| e i

- -

=55 fF (1}

[——| ¥ L
Ny L= H=0.6 um
=27
R17 i;u'%‘
R=1 mOhm Cond=d4.1e7
I + Hu=1,0e+036 um
{||| {&r—m T=0.5 um
TanD=0.0016
SRC1 ca Rough=0 um
Vdec=16 C=100 nF
L1
L=1H
y 4
c2 L
C=10 uF
Veolledor b |
Vl ) A
L3
emitter L=0335 nH t}
R=0.00001
R22
R=1 mOhm

X10
Emitter_length=10

MSub

top_metal

H=4 um

Er=2.7T

Mur=1
Cond=4_1e7
Hu=1.0e+038 um
T=05um
TanD=0.0016
Rough=0 um
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Power Amplifier Design Example

First, simulate the transistor S-parameters vs. frequency at the bias point

Determine:

fmax’

stability factors, stability circles at the design frequency.
MAG/MSG at the design frequency.

If potentially unstable, stablize (input resistance or reactive feedback ) at the design frequency



PA example: output network
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Note the output network: ideal transformer plus parallel inductance.

This 1s not the final ouput network: it is used to quickly find Y,

L,opt*
L1
L=1H
R=
b o

C2 }]L
C=10 uF
Vcollector o
emitter L 0335 nH {t}
R R=0.00001
R22
R=1 mOhm

D
itter_length=10




PA example: measuring the loadline
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Dropping down in the heirarchy into the device model, we see the monitoring ammeter plus negative and positive C,.

C=-10.92 fF

Num=2

Ic_electron

HBT1
Model=HBTM1
Area=Area_physical
Temp=25

Trise=
Mode=nonlinear
SelfTmod=1

HBTM1

Tnom=250
Re=(Rex*Area_physical) Ohm
Rci=0 Ohm
Rcx=(Rc*Area_physical) Ohm
Rbi=(Rbb*Area_physical) Ohm
Rbx=0 Ohm

Is=369a

Nf=1.016

Isr=369a

Nr=1.016

Ish=135a

Nh=1.104

Ise=.736 pA

Ne=1834

Isrh=989a

Nr
Isc
Nc
Ab
Va
Va
Isa
Na
Ist
Nt
ke
Ike
ke
Vk
Nk
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PA example: finding the optimum load

The input 1s not yet matched, and the load is not yet tuned. We drive the transistor with a large drive signal and observe the loadline

?\; poweramp_sim [2014_array_ADC_study_lib:poweramp_sim:schematic] * (Schematic):2@boxx2.ece.ucsb.edu — XK
File Edit Select View Insert Options Tools Layout Simulate Window DynamicLink DesignGuide Help
D &L [P MX[9 e PPP o &[S H| B E A mped-components k| o d i\ 2
I
‘ ﬁ ‘ HARMONIC BALANCE I
HarmonicBalance
var | \JAR
e ~ VAR3
Freq[1]=94 GHz =10
Order[1]=5 '
Start=-20
Stop=0 vout

e K e -
+-+’ Term J

Step=2.5 +F
HBT PA 5 Term2
X3 Num=2
P 1T ( 5
il l Z=50 Ohm

PORT1
Num=1 1
Z=50 Ohm N -
P=polar(dbmtow(p),0) o< =
Freq=94 GHz < k|




Lissajous patterns

x = Acos(at+6)

y = Bcos(bt)

closed patterns if a / b is rational.
a/b or b/ a sets # of loops.

for a=b, @ varies the curve beteen a line and an ellipse.

= Wilapedia * 4

O 8 wikipedia.org

us curve B O Yy 4 ¥a27languages v

corresponding inline citations. (November 2010)

I TR er L L R R RS G TR R et P L § S e L ad, A B SR R R

A Lissajous curve / l1s23u /., also known as Lissajous figure or Bowditch curve
/"bauditfl, is the graph of a system of parametric equations
z = Asin(at + ), y= Bsin(bt),

which describe the superposition of two perpendicular oscillations in x and y directions of
different angular frequency (a and b). The resulting family of curves was investigated by
Nathaniel Bowditch in 1815, and later in more detail in 1857 by Jules Antoine Lissajous (for
whom it has been named). Such motions may be considered as a particular kind of complex

https:/len.wikipedia.org/wiki/Lissajous curve

https:/len.wikipedia.org/wiki/Lissajous_curve#/media/File:Lissajous_relaciones.png

iy
harmonic motion A Lissajous figure, made by
releasing sand from a container atthe

1:1

1:2

1:3

2:3

3:4

&
(&

SN OIVARVNS

s
&

5:6
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(UV)
NS

FIVAN NS -

R I8 €5 0 OO O =
ANINC
SISOV AV

21
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Reactive load: I vs. V is ellipse in (V,I) plane.

0

N

i
2 4

Vo) =V, + V eak cos(awr + 6)
[D,internal (t) = [DC + [peak COS(a)t) ].]_
@ =0° or 180°

—/ D.intemal V- VDS,mtemal is straight line in (V, I) plane

— YvL,internal = (I peak / Vpeak ) eXp(_j H)ZGL,internal + ] B L ,internal

G

L ,internal

+ 7O S 1s purely real admittance.

L ,internal o

0 #0° and #180°
— 1, vs. V¢ 1s ellipse in (V/, I) plane n o
=Y, et = L e 1V et ) €Xp(=76) Emter_lengt

! =G + /B jnema With B,

L ,internal L ,internal

#0 S ; nonzero load susceptance

,internal



Power Amplifier Design Example
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With no inductive tuning, and with a 1:1 transformer ratio, the loadline initially looks like this:

c2
C=10uF
31

X10
Emitter_length=10

Veolledor

Collector Current, A

0.030
0.025—
0.020—
0.015—
0.010—
0.005—
-0.000—

-0.005

0.5

1.0 1.5 2.0 25 3.0 3.5
ts(Vce)

4.

23
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Power Amplifier Design Example

First add the inductive tuning, adjusting the shunt inductance, L, to eliminate loadline looping

X110
Emitter_length=10

c2
C=10 uF
.Y |
3 | )
MNum=2
L3
L=0235 nH (1}
R=0.00001

Collector Current, A

0.030

0.025—
0.020—
0.015—
0.010—
0.005—

-0.000—

-0.005

0.5

1.0 1.5 2.0 2.5 3.0 3.5
ts(Vce)

4.0

24
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Power Amplifier Design Example .

Then adjust the transformer ratio to obtain a loadline passing through the target endpoints (V. ,/__)and (V__,1

min

=04)
We had expected a straight line. The looping (3 per cycle) is 3rd harmonic generation (consider again the Lissajous patterns)

‘ 0.025
c2
C=10 uF
A Vcolledor = }} : | ) : : l {l 0020_
; | /1 = <
L3 I Num=2 El_)
emitier L=0235 nH (1} I fif 5 0.015—
R=0.00001 . _ 3
4 TF1 =
R=1 mOhm . 8 =TF § 0010
3
E st —
VAR1 o] . |
THz -’F'Bil} O 0005
X10
Emitter_length=10 0.000 T T T[T T T T[T T T T[T T T T[T T T T[T T T [TTT]

05 1.0 1.5 2.0 2.5 3.0 35 40
ts(Vce)



Power Amplifier Design Example

We have now determined Y, o opt
In this example: 2
1 1 : =1
opt - . 7 + ( . j L3 I
JL transformer turns ratio / 50€2 2 i ?
2 R=0.00001 ;
SREE =
joL \ X ) 50Q
_ 1 { 1 j 1 o e 8
j-27-94 GHz-0.235nH (1.8 ) 50Q

Emitter_length=10
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Power Amplifier Design Example

With ¥, , now determined, Y o

50 Q ®
We then design a practical output network @/\,7 tune H % ?% %
$ 00

which that provides this ¥, . X150

8 1

We then add this to the PA.

(—.:.—.

L ext




Power Amplifier Design Example
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Here is our final simulated performance

Other issues:

Input matching network

Out-of-band stabilization
(eceld5a)

Often: filters

to suppress 2nd, 3rd harmonics.

15 0.5
% ms , |
= 10 »
3 5 L !
g o " 3
g -5— g =
S -10- i
é 15 e
3 ;
_20 III1|IIII|IIII|IIII|I1II|II1I|IIII 0.0
-30 -25 -20 -15 -10 -5 0 9
Pin, dBm (delivered)
m6
indep(m6)=-0.394
plot_vs(pout-Pin_deliv._dBm, Pin_deliv_dBm)=10.379
m7/ m3
indep(m7)=-0.394 indep(m3)=-0.394
plot_vs(PAE1, Pin_deliv_dBm)=0.342| plot_vs(pout, Pin_deliv_dBm)=9.985
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Load pull method

We can also empirically determine (in CAD, or with instruments) the load impedance giving the largest saturated P, ,.

We then use this impedance for our PA design
Empirical method. Simply contour plots of maximum P . and peak PAE
Steven Cripps has a paper that shows that these contours are sets of intersecting ellipses on the Smith chart.

P, contours PAE contours Keysight ADS plot
T T
//// \\\\\__ ///( T HH\
g \\\ e g \\\
/ \\\ / p .,\\
/ \ / \
N / S
// \\ / / \
/ \ // \\ =¥
|
/ \ / \ ol
\\ / \ | 5%
\ / \ / “
\ / /
\ / \ /
\ / \
N m2 s \ //
N y s \ ‘r} 2 /
\\ o S P
. "~ s
e B . pd Mag_rho (0.128 to 0.900)
—— i \\“x_ //// Mag_rho (0.100 1o 0.900)
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Load pull method

We can also empirically determine (in CAD, or with instruments) the load impedance giving the largest saturated P, .

We then use this impedance for our PA design. Keysight ADS and other CAD packages have pre-configured test benches to do this.

System AR
- ——
rgedance Noemaioed Eheck) and
PAE @tteck ) 33 Delivered - S Two Tone Load Pul Simulation; cutput PAE
v Sat Dalivered Power Set rww reterence wo Tone power, FAE,
Pomir ghin) Contours sonteur step s (49) imgadance 3rd- and Sth-Order Intermodulation Distortion
m(‘f e mr::fool levels found ot cach hur load img: o Specity desited Fundamental Lead Tuner covarage
cortons bnet -Mlo $11_mho i the radius of the circle of reflection coefficients imulated
I_Prote However, the radius of the circle wall be reduced if it would othenmise
: 90 outside the Smith chart. If you want to override this and allow
§ \ y reflaction coaficiants outside the Smith chan, adit the SweepEquations
v VAR blode. and set max_rho=map(s11_rho)

s11_center is the center of the circle of simulated reflection coeflicients
pts 3 total number of reflection coeticients simulated

B podt_nepm0 5
nns_mpu
o -nnn&_m-o 20 i the pystem refatence impedance

u .
N Inessd v —— Vi
e —— Dmm
R= Re ‘ $11 Mo = 0.75
Magirrum 11 _certer =08 &°02
M o
Power Added Powar -
Effonncy. e |~y
Ij @ RIEPRI N AANR LR g] L Prove
¢ - i
MRt p Sme o] - T —
SE0 c2 $1P 3
ﬁ‘}?wro E&W —~+ HP 1403 Co1.0 uF i
PAE_cortours 205 7161005 IR HPMOS1
a0 ?mi{ouml .J-z\s wn‘-o e g 2. Freq(l]=RF freq-fspacing/2 Moselabomos ;_E:):’z.nww
= 20" .15 + 0255 -om.p Freq(z]* RF freqefspacing? Wot=T04e S  cells
Pl1)Rertow(Pavs-3) Ned*cals ro — -
Simulated Load Move Marker m) 1o sabect PRl daen(Pavsd) “ oo :.“ .
: mpedance vabse and PARAMETER SWEEP P e

PAE coaAE icabd

P ontis

e

g oy e Reflection Coefficients pofmee vl and ps &
$weepl "al.-un: :
VARZ
Q] HARMONIC BALNCE | Z_1tS = 1000 + 0
& oo s - g Z1_2 %1000 + 0 D‘.-‘-F:
o " Hel ZJ1_3 1000 0 Pedal Irpedance Bquaticas
3 ;‘ ::“uu"; R.:::q'»l.:im Z1 4%1000 + 0
: Z175=1000 + 0
5 = Freq[2)s RF freqefspacing/2 Z 5 b 24000 + 10 Refer to Mﬂm«m (m ;mm
) i nmq;;; g:;".",’&,',o vy proct drectery foc a detaded explanaion
) UsaKrylowsyes Zo5_3 #1060 :l.o of thase load pull simulstion setups
T T T T T . Cetare VAR Z_5_4=1000 « 0
J i o Z5326 41000 + 0
e S :I " o 8
sl 42
3l 11 60006 © 0200 F. -'rm-
hermaotcecta_mostet b
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What about the input network ?

Thus far, we have considered only the output tuning network. V
cc

What about the input tuning network ? (bC)

op!

f 2~

50 Q) tune —

tune % l ZL,exr
To answer this, consider a multi-stage power amplifier. J v

1

Each cascaded stage, to be most efficient, must be loaded in

. . . BC) y VCC
its own optimum impedance 500 " opr.

. . . . ) Q ] ZL,exr
The 1input matching network design of (), 1s now clear. nd T

Considering a multi-stage power amplifier however immediately raises other concerns...
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Multi-stage power amplifiers: power distribution

Assume for Q, :

@ P, =0 dBm (small signal), P,, =—12 dBm (12 dB gain) and PAE 1s low.

@P, ,=17dBm, P, =6 dBm (11 dB gain; 1 dB compression) and PAE=20%

@P, =20dBm, P, =10 dBm (10 dB gain; 2 dB compression) and PAE=PAE,,,, =30%

Design for maximum overall PAE: p— e Vee o) Bff ” Ve

both stages must simultaneously operate at peak PAE. tune Hfo f=o f=—o
— O, must reach peak PAE with P, =10 dBm. @/\F v ﬁf;_? |_Y:m " 9, Zi,exr
—> A, =A4,/10

— @P,,, =10 dBm, P, =0 dBm (10 dB gain) and PAE=PAE,,, =30%

— @ P, =0 dBm (small signal), P, =—12 dBm (12 dB gain) and PAE is low.

ut2
2-stage amplifier:

@P,, =20dBm, P, =0 dBm (20 dB total gain); 30% PAE for each stage; 30% overall PAE
@ P, =0 dBm (small signal), P , =-24 dBm (24 dB gain).

4 dB gain compression between small-signal and peak PAE
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Multi-stage power amplifiers: driver stage sizing

Assume for Q, :

@ P, =0 dBm (small signal), P,, =—12 dBm (12 dB gain) and PAE is low.

@P, ,=17dBm, P, =6 dBm (11 dB gain; 1 dB compression) and PAE=20%
@P,,,=20dBm, P, =10 dBm (10 dB gain; 2 dB compression) and PAE=PAE,,,, =30%

Design for less gain compression:

size O, such that O, has 1 dB compression when O, has 2 dB compression.

50 Q

— O, must reach 1 dB gain compression with P, =10 dBm. @/‘/’ tune

A, =415 J’
— @P,,, =10 dBm, P,, =—1 dBm (11 dB gain) and PAE=20%

— @ P,,, =0 dBm (small signal), P, =—12 dBm (12 dB gain) and PAE is low.

2-stage amplifier:
@P,, =20dBm, P, =-1dBm (21 dB total gain); PAE, =30%; PAE, =20% — PAE_ __ =P ,—FL )/ (P +F,,)=287%
@ P, =0 dBm (small signal), P, , =—-24 dBm (24 dB gain).

3 dB gain compression between small-signal and peak PAE
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In a multi-stage amplifier, if driver stages are sized for peak PAE,
then gain compression at PAE will increase rapidly as the

number of stages 1s increased to increase the overall gain.

Over-sizing the driver stages will reduce the accumulated gain

compression, but will reduce the overall PAE.

Adaptive bias circuits can be used in some systems to

flatten the dB(P

out

) vs. dB(P, ) characteristics.

Overall digital pre-distortion can also be applied.

These are advanced topics, but important ones.

(bC)

tune %|—o
$ |_);in,2
gain,
dB 1

g

€'=*°|_f

inl

gain,

dB 4

14 (DC) V

P. dB
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Consider this 2-stage amplifier:
P =1000 mW; P, =100 mW;

outl > ~inl

P, =100 mW; P, =10 mW

out?2

50 Q

tune

Assume (V___—V_. )=4 Volts and recollect that @/\r

_I/Y R +‘]OQ ( max mm)/l
Ine =1, /2
PRF,max = (Vmax - me )]max /8 (Vmax mln) /8R

BJTs or FETs withJ__ = 2 mA/um current density

Then

Stage 1:/,. =1A; R, =2 €Q; NW_ or N.L. =1000 ym

Stage 2:1,. =100 mA; R, =20 Q; N.W,_ or N.L, =100 yum

Extremely low load impedances, extremely high currents,extremely large transistor sizes.

This i1s the microwave power-combining problem

(DC)

L, ext
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