LECTURE 4. HIGH-EFFICIENCY POWER AMPLIFIER DESIGN

1.4, Class E with shunt capacitance

4.5. Class E with parallel circuit
4.6. Class E with transmission lines

4.7. Broadband Class E circuit design

=
Qo

. Practical nigh efficiency RF and microwave
power amplifiers



4.1. Overdriven Class B

In overdriven Class B, voltage and current waveforms have increased
amplitudes with the same peak values as in conventional Class B

A for DC voltage: Vo =V,
Rl e (N 2%
2V
o ot by for fundamental voltage: V| = C"[ ,‘919 2 cos@lj
7\ sIng,

for odd voltage components,n =3, 5, ... :

E Vo 2V, | sin(6,— né,) B sin (6, + n6,) N 2cos no,
: p 7 | (1 = n)sing, (1 + n)siné, n
7 ! 2 >
S ) =
: for even voltage components,n=2,4,...: V, =0
A I (x 6,
for DC current: ly = ;(5 =& & tan;)
Is Hl
for fundamental current: I, = —| — + cosé,
7\ sing,
|
E for odd current components,n=3,5, ... :
|
: / I |sin(6,— n6) sin(6,+ n6,) 2cosnb,
0 1 »(Ot In AT . o - ot
6 =6 =« 27 T (1 — n)sm«91 (1 + n)smﬁ1 n



4.1. Overdriven Class B

2
2= @ = Ve s 0, + cos, - fundamental output power
2 r’ sin<91
V. I, o,
= VT S — - 0, + tan — - DC output power
T 2 2
Out-of-band impedances : Collector_efflmency
2
Z = 2o _ R, , for odd n o, :
I . + cos6,
; P 1 sing,
Z =0, for even n = =
y 7 7 — 0, + tang
where R is load resistance 2
For lim .Hl = lim .(91 = lim ! =1 - n = i = 81%
0-0 sind,  4-0 sin'd, 40 cosé, 72

- maximum collector efficiency for square voltage and current waveforms

Analyzing n on extremum gives n = 88.6% for optimum angle 8 ,=32.4°
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; F circuit design

I
I, = 55 - fundamental current component

g P 2w v, = 4V.. -fundamental voltage component
o T when 6,— 0
) . 4.
2 b s R = y - fundamental output power
P Vee! - DC output power
Vec T
P y -
n = — = 100% - collector efficiency
0 » wt I)O
Ideal voltage and current waveforms: Harmonic impedance conditions:
I v
1 $ " 8 V.
2 cc — e
V Z1 — RL - [cc
k= T 1
Vee s Z =0 foreven n
Z = o forodd n
g 7 s 0 7 2r @ '




4.2. Class F circuit design: quarterwave transmisssion line

Cb V . . 1
o Assumptions for transistor:
=5 o
[ AX e ideal switch:
l no parasitic elements
24 ‘l’ jf e half period is on,
ol half period is off:
; w 0 b 50% duty cycle
> Lo Co Assumptions for load:
v R

e purely sinusoidal current:
ideal L,C,-circuit tuned at
fundamental

I(wt) =I5 sinwt - load current
V(at) = 2V, . —V(at + 7) - collector voltage

I+(ot) = if(at + 7) = I |sinat| - transmission-line current

I(@t) = Iz(sinat + |sina)t|) - collector current
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Uit design: quar

terwave transmission line

collector current
consisting of fundamental
and even harmonics

ir/ly
1.5 1
1.0
0.5 1
0 T T T 3
60 120 180
-0.51
o illy
-1.51 3.01
sinusoidal load |
current P
V/VCC 0 0
2.0 1
i
1.0 1
0.5
0 ; ; y ‘ ‘ ‘ ‘ o
0 60 120 180 240 300 at, i/l
1.5
1.0
rectangular collector
voltage 0]
0
0

60 120 180 240 300  at°

transmission-line current
consisting of even harmonics

O O el G0 R0 B L S ek



For maximally flat

4.2. Class F circuit desial
. & aSS — CIrCuUlt aesian
o J waveforms:
Sae U collector voltage collector current _
P | A i/l . optimum
values: n=1,3 i TN :
2.0 25 TEL values:
" SN E / o
1 ] ce 1.5 [1 T [0
/ \ 3
1.0 / \
Al l 14 0.5 \ / g N / 1
3 T gl N | S I, = -1,
0 72 z 372 0 0 7/2 z 372 0 3
VI Ve illy
n=1,3,5 - 2okt 7\
2.0 ' / \
f \ 2.0
/
1.5
L0 / \
1.0 \
0.5 \ / 0.5
0 72 V4 372 (7 0 /2 z 37/2 0
Current har- Voltage harmonic components
monic compo-
nents 1 ]‘)3 1,375 1’37 5’7 1739 59 ""w
1 1/2 =0.500 9/16 =0.563 75/128 = 0.586 1225/2048 = 0.598 2/m=0.637
k5.2 2/3 =0.667 3/4=0.750 25/32=0.781 1225/1536 = 0.798 8/3n = 0.849
1552, 4 32/45=0.711 4/5=10.800 5/6 = 0.833 245/288 = 0.851 128/45w = 0.905
=246 128/175=0.731 144/175 = 0.823 6/7=0.857 7/8 = 0.875 512/175® = 0.931
R A5 o0 n/4 =0.785 91/32 = 0.884 751/256 = 0.920 12257/4096 = 0.940 1 =1.000




4.2. Class F circuit design: second current and third voltage
narrmonic peaking

Load
network
L,
e
l O
| To output
: Rout — matching
: ) circuit
| o

e e —

Output susceptance:
1 - w’L,C,

Im(Y /
m( @ L, (1—w2L2C2)+ @ L,

out):ja)cout_ ]

Three harmonic impedance conditions:

(1 - a)gl’lcout)(l - a)ngcz) - w§L2Cout =,

L(l - 402L,C,) + L, = 0,

(1 - 902L.C,, )01 - 902L,C,) - 902L,C,, = 0,

out

S,, simulation (f, = 500 MHz)
S, dB

0//\ /T
/

\/
|

0 0.5 T, 145 DG
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1SS F circuit design: even current and third voltage
narrmonic peaking

Load G Harmonic impedance conditions:

network l

91 93

To vt S,, simulation (f, = 500 MHz)

matching Sa1,

A , w. _ArANNE»
o - orometers // \V/ VO

=

g
|
N

9 =—, 9 = — =30
1 2 3 6 /
2] :ltan—l 1 0 / 0.5 1.0 125 207 Oz
2 3 3ZOQ)C0ut Requires additional impedance

matching at fundamental



Class F power amplifier

24V

> 0 )

circuit design
with lumped elements

It Drain voltage and current waveforms

efficiency, %

100

80

60

40

20

NS

10 pF

500 Q 3.6 nH

gain,dB matching

22
1
— 20
—
— v ’\

I)! 1 \N 16
= N
/

12
10 12.5

]l ;O\ "/\j/@ IIM "‘/\/\
40 R Ay 0.7

Vd, \Y ida A

— Output L DMOSFET:
gate length 1.25 um
gate width 7x1.44 mm

- inductance Q-factor = o
efficiency > 82%,
linear power gain > 16 dB

- inductance Q-factor = 30
efficiency < 71%,
linear power gain > 14 dB

15 SSBlL S =120, K273 P dBm 10



1.2. Class F circ

uit design

Class F power amplifier with transmission lines

24V

fo = 500 MHz N

100 pF

— i

2.5ipE

Drain voltage and current waveforms

Output
matching

efficiency, % gain, dB
100 22
80 20

< e
N

40 /| N

20/4/

10 12'5 15 LTS 20 225

16

14

12

Pin; dBm

Vd, \Y id’ A

AUAPRE | AL
\ y
/

LDMOSFET:
gate length 1.25 um
gate width 7x1.44 mm

T-matching circuit for output
Impedance transformation

Output power - 39 dBm or 8 W
Collector efficiency - 76%

Linear power gain > 16 dB
g1



3. Inverse Class F

Concept of inverse Class F mode was introduced for low voltage power
amplifiers designed for monolithic applications (less collector current)

Dual to conventional Class F I, = ﬂ - fundamental current
with mutually interchanged T
current and voltage v T
waveforms V= ZS = EVCC - fundamental voltage
l
Vi
21‘ ________ . P ==2 - fundamental output power
0 T
Vi
oY R I Fy, =\Vasi= ;0 - DC output power
0
P ’ ] -
n =— =100% -ideal collector efficiency
0 T 27 > ol PO

Harmonic impedance conditions:

5
A (
P, fommm e e z,=Rr ="
8]
s Z,=0 foroddn
: = o Z = o foreven n
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4.3. Inverse Class F

Optimum load resistances for different classes

| | 4
Load resistance in Class B : RﬁB) = —=
1,
4V 4
. : (F) _ . (B)
Load resistance in Class F : RL = —=== _RL
w1 T
. . |14 2
Load resistance in R(invF) ik Zi . ”_R(F) . ZR(B)
inverse Class F : S 2 1 g - oy
I._oad resistance_in Less impedance
Inverse (_Zlass Fis transformation ratio
the highest and easier matching
(1.6 times larger than procedure

in Class B)

13



3. Inverse Class F: second current and tnird voltage
narrnonic peaking

Vag c Harmonic impedance conditions:
bypass
Load
|
network
0 65
________________ )
i : ;
| | To output S,; simulation (f; = 500 MHz)
: % Rout = Cout I mgtchipg S>1, dB
: : circuit 0 ~—_
| I
| — 0 [T\ /[
_________________ -10
Circuit parameters: 20 / \ /\/
; A
Ge—— = — 30 /

-1 —40
1 0 0.5 1.0 s -0 LA BT
—tan 2Z O G _ / _ _
Requires additional impedance

matching at fundamental 14
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4.3. Inverse Class F

Inverse Class F power amplifier with transmission lines

24V

) Drain voltage and current waveforms
f, = 500 MHz w ve, V ig, A
1.5 kQ 100 pF 60 21
——{ i Output
|

matching 40

1.4

20

0.7

efficiency, %

100 22 LDMOSFET:
bt gate length 1.25 um
- gate width 7x1.44 mm
2 /" > K T-matching circuit for output
T | ) (K 1 iImpedance transformation
‘D,/ Y Output power - 39 dBm or 8 W

20 14 e

i Collector efficiency - 71%
0 12 : .

104 1259 N #5209 025 P dBm Linear power gain > 16 dB

15



4.3.1nverse C

lass F
it

—

Inverse Class F power amplifier with transmission lines

f, = 500 MHz

2 pF

24V
O
100 pF
Output
J matching
i Pa
- —0
50 Q
83°

Load network with
output matching

Vd, V id, A
60 6
* ad »
:‘ . :b v . % :'1‘ /\
40 s {/ s

”\\L/ i

g ; 0

20 be kO D)

0 1 2 3 t, nsec
efficiency, % gain, dB
100 22

80
e 20
T 70

40 N/ \ 16
20 /' 14
" 12
0 3 10 15 20 25 Py, dBm

16



. = In Class E power amplifiers,
A 15” transistor operates as on-to-off
l switch and ideal shapes of
current and voltage waveforms do
- Ve T not overlap simultaneously

. . . resulting in 100% efficiency

Unlike Class F power amplifiers analyzed in frequency domain as their
voltage and current waveforms contain either in-phase or out-of-phase
harmonics, Class E power amplifiers are analyzed in time domain as their
current and voltage waveforms contain harmonics having specified
different phase delays depending on load network configuration

Basic circuit of Class E power amplifier with shunt capacitance consists of
series inductance L, capacitor C shunting transistor, series fundamentally
tuned L,C, resonant circuit, RF choke to supply DC current and load R

Shunt capacitor C can represent intrinsic device output capacitance and
external circuit capacitance

Active device is considered as ideal switch to provide instantaneous device
switching between its on-state and off-state operation conditions

17



RFC I Ly G Optimum voltage
RE A ey eSS d /YW\_NYV\_{ conditions across switch:
S l [t el .
Vee 2,
fatt v —0) R V(a)tja)t=2ﬂ' W O
dv(a)t) 27
) d(()f wt=271

Idealized assumptions for analysis:

e transistor has zero saturation voltage, zero on-resistance, infinite off-
resistance and its switching action is instantaneous and lossless

* total shunt capacitance is assumed to be linear

* RF choke allows only DC current and has no resistance

» loaded quality factor Q, of series fundamentally tuned resonant L,C, -
circuit is infinite to provide pure sinusoidal current flowing into load

e reactive elements in load network are lossless

- for optimum operation 50% duty cycle is used

ip(wt) = I;sin(wt + @) - sinusoidal current flowing into load
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Loy
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with shunt capacitance

G Optimum voltage

rwvx_/vwx_| conditions across switch:
pulll

R v(cot]wh%r =0

wor)

0 <t <r)-switchison = i.(ot) = aC

dwt

ot=21

dv(a)t)
dot

=0

_, ilot) = I, + I, sin(wt+¢) or using initial condition i(0) = 0

when [, =-1I;sing mm)

i(ot) = I, [sin(a)t + @) - singﬁ]

z<ot<2z ) -switchisoff = i(at)=0 = iclot)=1, + I sin(et+¢)

= Wwt) = —Iic(a)t)da)t:—l—R[cos(a)t+(o) + cosg + (wt—r)sing]

oC

T

From first optimum condition:

—

Q = tanl(—z—j = —32.482°
T

v(wt) =

1y

o C

RY/4 i :
ot — — — —coswt — sinwt
( 2 2 j

19




i/l
s ] Optimum circuit parameters :
0.5 - R ) ,

Load ; N L = 1.1525— - series inductance

Q

current 0.5 -/ 60 120 180
L fe

C = 0.1836L - shunt capacitance

@R
VIV V2
] R = 0.5768—= -load resistance
Collector ™| o
voltage is| Optimum phase angle at
L fundamental seen by switch :
0.5
00 60 120 180 | 240 | 3(;0 wt 1 C()L | C()CR
¢ = tan~ — tan~ i
i 1 - — CR
Collector | s
current s

14
"
0.5

o

R
L I
0 | 6‘0 | 120 ‘ 180 240 300 wt —[
‘ 20




i Non-ideal

switch

»
|

% )
(1)
Y 9

Nonlinear /'\/

capacitance

Power loss due to non-zero
saturation resistance

%
. S At
sat — 2
3 V. R

Power loss due to finite
switching time

2
T

~ a

a:E

where T, = 0.35 or 20°
Only 1%

For nonlinear capacitances
represented by abrupt
junction collector
capacitance with ¥ = 0.5,
peak collector voltage
increases by 20%

2
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. Class E with parallel circuit
Optimum voltage

Lo C, conditions across
R Y YN H switch:
> g _— C R v(a)tXa)tzbz o 0
W s dv(a)t)
7 =0
* T * ' d(()f wt=2rx

iR(a) t) = I sin(a)t - go) - sinusoidal current in load

» basic circuit of Class E power amplifier with parallel circuit consists of
parallel inductance L supplying also DC current, parallel capacitor C shunting
transistor, series fundamentally tuned L,C, resonant circuit and load R

» shunt capacitor C can represent intrinsic device output capacitance
and external circuit capacitance

e active device is considered as ideal switch to provide instantaneous
device switching between its on-state and off-state operation conditions

R



4.5. Class E With o:rr?rIJ@J clircuit

i Optimum voltage conditions

5 ’ /VW“—{ across switch:
ic l iL
\:) Y S V(a)tXa)tzbr = O

dv(a)t) =3
~ da)t ot=217
: dv(ot)
0 <ot <z )-switchison = v(at VCC—VL =0 and zc(a)t)za)C Dot =0
@
i(ax) = 7, (wt) + I V—CZa)t NS + o) — sing]
@
r<a<2z) -swichisoff = fer)=0 = ic(wt)=i(er) + i ()
dva)tt _HV —va)t )+zL( )+]Rsin(a)t +g0)
g = : V.m .
under initial conditions V(7Z') =0 and lL(ﬂ') = —— — [;Sing

wL

s
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. Class E with parallel circuit

X
szCdv—(a)i) + v(a)t) — V. — wll,cos(awt + @) =0  -second-order
d(ot) differential equation
-
2
vg/a)t) = C,cos(qat) + C,sin(qart) + 1 — lq p2 cos (ot + @)
cc — q
WLl

where ¢g =1/wJLC, P = and coefficients C, and C, are defined
Ve from initial conditions
To define three unknown parameters g, ¢ and p, two optimum
conditions and third equation for DC Fourier component are applied
resulting to system of three algebraic equations:

2r
d_v(a)t) =0 V. = LJ‘ (ot ) dot
dwt

v(a)tXa)tzbz : O = 27 !

ot=27

5 B

g=1412 ¢ =15.155° p =121

24



ir/ly

2B

IN
a—

U1

Load current

. Class E with parallel circuit

Optimum circuit parameters :

- parallel inductance

- parallel capacitance

- load resistance

. Optimum phase angle at
fundamental seen by switch :

/ R
: 37 A | _ i
L Y ., L = 0.732
10,
g 0.685
C = ——
Current through OR
VA% - ’
i Ve capacitance V.
55) Collector | R =1.365—<
! voltage ictlo
, 2.5]
%
1,
| 0, wt
0 180 2 ] 180
-1
' Current through
i/l Collector . inductance
2.5] current N
VII
11 1.57
: | 07 wt
180 O 180 \/

$ = tan” (1 j =34.244°
IR

I
-—

IXL

Vr

b
|

A

R



4.6. Class E with transmission lines: approximation
TWO'harmoniC CO||eCtOI‘ Op“mum impedance al
Ve voltage approximation fundamental seen by device :
31 N ; o
Z.. =R(1 + jtan49.052°)
2 4if
1  electrical lengths of transmission
7 SN lines |, and |, should be of 45° to
m “2m 3m 4m provide open circuit seen by device
""""""""""""""""""""" ; G, at second harmonic
| MESFET output | 1 N
| I — =S ! 1l
| l * their characteristic impedances
S r Cou b g x_are chosen to provide optimum
3 T Ve inductive impedance seen by
5 | T device at fundamental
O ol e, b L Gy  for three harmonic

approximation, additional open
circuit transmission line stub
z With 90-degree electrical length
g at third harmonic is required
- (1.5GHz, 1.5W, 90% )

90° @ 1.8 GHz

i \ L |
5 Cout E
i 90°@2.7GHz

26
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Transmission-line Class E power amplifier
with parallel circuit

Znet

Impedance seen by
device at fundamental

TL

.......................

Z net

Impedance seen by
device at harmonics

TL —

. Class E with transmission lines: approxirmation

Optimum impedance at
fundamental seen by device :

Z.. =R/(1 - jtan34.244°)

netl

Parallel inductance is
replaced by transmission line
providing optimum inductive

reactance at fundamental :

Zytand = oL

where L = 0.732£
()]

1 |
Relationship between

optimum transmission line
and load parameters :

tanf = 0.732£

0

R



e parameters of parallel
transmission line is chosen
to realize optimum inductive

impedance at fundamental

Znet( @)
(]

[
Znet(2 an)

({ Znet(3a)())
third harmonics

V! Vee

e output matching circuit consisting
of series microstrip line with two
parallel capacitances should provide
capacitive reactances at second and

4.6. Class E with transmission lines: approximation
35V Transmission-line Class E power
" amplifier with parallel circuit : Collector voltage
S example of load network of DCS1800
(2 handset HBT power amplifier
Pl O RT e i | 30 Q, 8° 50 Q, 16° 10 pF
' 7 o— e |
| hd N
| 5 |
:Rout § — : 5SpF —( 4 pF —/—
: Cout :
: ® : ® ®
e ]
Znet

off on

on

A

0.2 1.0 ¢ nsec

5 =y S —

4 0.6 : 0.8
1

| 1
Collector current
1

0.8 1.0 t nsec

Current flowing
through collector
capacitance

28
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4.6. Class E with transmission lines: design example

1.71-1.98 GHz handset InGaP/GaAs HBT power amplifier:
two-stage MMIC designed in 2001

35V DCS1800/PCS1900:
Pout > 30 dBm
] ] PAE > 51 %
Voi 45 WCDMA:
o) o) Pout =27 dBm
ACPR =-37 dBc
Bias Bias PAE =38 %
circuit circuit
Pout

3x3mm
package

g
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. Class E with transmission lines: design example

BN

28 V single-stage LDMOSFET
power amplifier module

W=28x1.44 mm Z,=500Q
L=1.25pm

1 kO

LDMOS die

30 mm

g Bandwidth: 480-520 MHz

Output power: 20 W

Power gain: 15 dB

Input Gate bias Drain supply  Output

PAE: 67%

D

30



Optimum voltage conditions
across switch:

V(C()f)(w =07z = O
dv(ot)
dot

=0

ot=21x

e sinusoidal load current

* 50% duty cycle

dzic (a)t) q2

+ L () + I.sinlor + — 0 - second-order differential
a’(a)t)2 2 ZC( ) . ( (p) equation
boundary conditions: p = oLy g = L/oJIC
. . V.,
lc(a)t)(wt:” = 2i, (7r)
/ = = 1.302 = -40.8°
di. (wt) G H g =1649 p 302 ¢
d(t) ek s




4.6. Class E with quarterwave transmission line
) Load current Optimum circuit parameters :
R/10
2.0 R : :
e L = 1.349— - series inductance
; wt,° (0]
60 180 300 0.2725 .
-1.0 C = —/——  -shunt capacitance
2.0 @R
V2
R = 0.465—< -load resistance
Collector voltage P .
vV,
3.5 ic/ly
Current through
L5 capacitance
O :
0 60 180 300 wt,’® 60 180 300
-5
Collector current Current through
illy transmission line
iT/Io
2.5 2.0
1.5 .
0 60 180 300 @°

0 60 180 300 or°
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. Class E with quarterwave transmission line

Optimum impedances at fundamental and
harmonics for different Class E load networks

fo 2nf, 2n+1)f,
e g0 network (fundamental) (even harmonics) (odd harmonics)
L .
Class E with O O 1
shunt capacitance c R —C == C
O 1 o—— o——
Class E with : p .
parallel circuit - £ g T C =— L
L ol
Class E
with quarterwave c X C == L —=)c
transmission line :

83



4.7. Broadoand Class E circuit design

Reactance compensation load network Input load network admittance
{ 1 1
Device . g |C|o Ly Y =|joC+ — n =
| jo L R + jo'L,

Zin l
2
Rout% |—>T C L ki a), = a)( — %J We= 1/ LOCO

_ . To maximize bandwidth:
Reactance compensation principle

Xin ) dImY, (o)

=0

a)=(00

7z
4 -
/// T = (()2L RZ
o
// Optimum circuit parameters using

equations for inductance L and
capacitance C in Class E mode

1 - impedance 2 - impedance provided
provided by series by parallel LC R
L,C, resonant circuit resonant circuit o Ve
e summation of reactances with opposite slopes results C, = lo’L
in constant load phase over broad frequency range 34



4.7. Broadband Class

lﬂ

circuit design

Double reactance compensation load network To maximize bandwidth:

CO L()

Load network phase angle

¢, degree

40

35

30

1 - single reactance compensation load network

\ )
\ 1 /
2\ /
\\\ //
T
100 120 140 160 180  f.MHz

: 3
Device ¥ d_B ' d’B =0
v do|,, do’ ]
i - r:: C L C, == L, R B
2 —
: C + i -2 CR - Lo 0
WL R
2 z - 2
iL + CIRRZ Lo Sa)ZLO[CI2 m (CIR LOIXﬁo 2GR )} -0
w

Optimum circuit parameters using
equations for inductance L and
capacitance Cin Class E mode

L, = — G
® 5 - 1 e 1

2 - double reactance compensation load network

85



4.7. Broadband Class

——f——1

10 nF

1nF 64nH 20 pF

10pF 10 pF

||}—|

10.5

efficiency, % gain, dB
76
/—x
74 /\ AN
\
/ ’
70

//

70

W

68

100 120 140 160 180

10.0

9.5

f, MHz

—
-

110 nH

Drain voltage and current

Vd, Vv

80

60

40

20

0 3 6 9

waveforms
7

1.5
g’
‘\
\

1.0

|
/\

0.5

7 | A 7
AV
L)

\\I
\/v\/ v

LDMOSFET:
gate length 1.25 um
gate width 7x1.44 mm

1 - drain efficiency > 71%
2 - power gain > 9.5 dB
Input power - 1W

Input VSWR < 14

Gain flathess <+ 0.3
36



4.8. Practical nigh efficiency RF and rmicrowave power amplifiers

Typical bipolar RF Class F power amplifier

 zero-volt Class C biasing
using RF choke

» T-type input and output

G matching circuits with
|——o0 parallel capacitance
Ci == Pou e quarterwave

transmission line in
collector to suppress
— even harmonics

* high-Q series LC circuit to provide high impedance
conditions for harmonics

Up to 90% collector efficiency for 10 W at 250 MHz

87
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. Practical nigh efficiency RF and microwave power amplifiers

Harmonic controlled MESFET microwave Class F power amplifier

e Vaa « Class AB biasing with small
uiescent current
- ) \
& Co e T-type input and
§R1 b output matching
I I, Cs circuits with parallel

Pin ’—'_':'_T_’ Fou capacitance
50 0 50 Q P

Zer Zis B « using second harmonic

= = = controlled circuits with series

50-ohm microstrip line and

capacitance each at device
input and output

Input second-harmonic termination circuit is required to provide input
guasi-square voltage waveform minimizing device switching time

74% power-added efficiency for 1.4 W at 930 MHz
38



4.8. Practical nign efficiency RF and microwave power amplifiers
High power LDMOSFET RF Class E power amplifier

- . Class B with zero quiescent current

vl

- series inductance and ferrite 4:1
transformer is required to match
device input impedance

o4 nil LR
+— oo l ° 51;"‘5 . L-type output transformer
— 55 pF 100 pF to match optimum 1.5-ohm
output impedance to 50-ohm
= = = = = load

- quality factor of resonant circuit was chosen - required value of Class E shunt
to be sufficiently low (~5) to provide some capacitance is provided by device
frequency bandwidth operation and to reduce intrinsic 38-pF capacitance and
sensitivity to resonant circuit parameters external 55-pF capacitance

70% drain efficiency for 54 W at 144 MHz
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4.8. Practical nign efficiency RF and microwave power amplifiers

Low voltage fully integrated MESFET Class E power amplifier

2.
1.2nH >V

- Class AB with small quiescent current

3.7nH

37nH 40 pF . 7.7 pF

« Class F interstage harmonic
controlled circuit using two LC
resonant circuits tuned on
fundamental and third harmonic

_ _ _ to approximate square-wave
« T-type output matching circuit for driving signal

impedance transformation to 50-ohm load

 Class E load network with optimum series
inductance and shunt capacitance

50% power-added efficiency for 24 dBm within 800-870 MHz
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fliciency RF and microwave power amplifiers

.8. Practical hign ef

225-400 MHz 28 V 20 W LDMOSFET Class AB power amplifier: simulations

28V

W=28x1.44 mm
L=125 pm

Zo=300Q
Pin: 1w 30 pF 9= 330

Zo=30 Q
45 pF g=41°
20 nH
75PI gn=0.6 A/V I
fr=45GHz

Power gain Power-added efficiency
14 dB — wei 0% —»=f | -
; ;
v ¥ L : :
p—- N e ol
225 MHz 400 MHz

225 MHz 400 MHz
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