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Advancing the N

AWR - At a Glance wireless r*evolutTon®

WWW.awnrcorp.com

The Innovation Leader in High-Frequency EDA

Product Portfolio:
 Microwave Office™ - MMIC, RF PCB and module

* Visual System Simulator™ - Wireless comms/radar
« AXIEM® - 3D planar EM

* Analyst™ - 3D finite element method (FEM) EM

* Analog Office® - RFIC

Global Presence (direct offices)
* Los Angeles, California (headquarters)
 California, Wisconsin, Colorado
« United Kingdom and Finland
« Japan, Korea and China (
AWR | oo
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Advancing the N

Microwave Ofﬂce wireless revolution®

WWW.awnrcorp.com

RF and Microwave Design Software

¢ MMIC Amplifier Technology Uses
Microwave Office to Design
¢ RF PCB High Performance Amplifiers
— While Cutting 50% Off Their

e Modules e Design Time

"Microwave Office has helped us
characterize appropriate parameters
for each prototype design, evaluate
possible variants and simulate the
device performance straight from the
design stage. In my experience
Microwave Office is the best design
solution available on the market."

Paul Deacon
Senior RF Design Engineer
Amplifier Technology
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Microwave Office for PA Design el .

WWW.awnrcorp.com

* Innovative Technology:
— APLAC - Harmonic Balance
— ACE - Circuit Extraction
— AXIEM - Electromagnetics

* Flexible & Friendly Environment
— Microsoft look-n-feel Ul
— Design concurrency
— Plug-n-play sockets
 ICED for DRC/LVS
« EM for many

* Foundry Support: 1lI/V PDKs
« CREE, GCS, Northrop Grumman
« OMMIC, RFMD, UMS
 WIN & TriQuint
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Advancing the N

Leal'n More- - wireless revolution®

WWW.awnrcorp.com

Online:

e WWW.awrcorp.com
« AWR.TV

Communities:
* Facebook

o Twitter

e LinkedIn
 YouTube
Email:

* Info@awrcorp.com
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Cree: the World ’s Largest Pure Play WBG Company

b4 )O008se

Overview Global Reach

* Founded in 1987 12 major locations

* Public since 1993 (Nasdaqg: CREE) « 6000 employees

« Headquartered in Durham, NC * Fiscal 2013 Revenues $1.4B

« Strong patent portfolio
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Cree businesses — a leading player in each sector

World record Award winning
LED eflicacy commercial
(lmy/ W) liehting
“ Sic/GaN
! 'Materials -
World ‘s first Leader in GaN
commercial S1C REF Sales
MOSFLET
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Cree WBG Center of Excellence for Power and RF

Power SiC Products
RF GaN MMICs

. RF GaN Transistors

GaN Foundry
Services

« Opened August 2006
« SIC and GaN RF and Power products

- World's largest dedicated WBG production device facility | £
- Shared high volume Power and RF lines

- Benefits from LED commercial infrastructure for volume SiC wafer and GaN epi supply
* Billions of LEDs produced yearly

* Providing rapid cost reduction to industry “economies of scale”
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CREE® ((UWR o
——— Power Added Efficiency  puew

Microwave

— The Basics

RF and Microwave Amplifier Design

RFP — RFP
PAFE — ( oggp IN) o
Why is it important? IN
» Smaller power supply, less current drawn

» Smaller, lighter DC supply cables
» Less heat generated

» Cooler running, higher reliability
» Lower weight,

» The higher the performance.
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But, it doesn’'t come for free; and it becomes harder to improve
the efficiency the higher we go, i.e. 10% increase from 30-40% v’
from 60-70% © from 70-80% @

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction 2013, November 6% 11




~ Power Added Efficiency

Microwavel

— The Basics P—

RF and Microwave Amplifier Design

RFP — RFP
PAE — ( ouT IN) %
DCPy

What does the equation mean?

“* Note:- RFP,, means ‘IN’ to the device, not the source
power, i.e. better input match higher PAE?

“* Higher gain, higher PAE — GaN advantage!

Don’t get confused with Drain Efficiency.

RFP
DE — ouT %
DCPjpn

Is DE actually a useful measure without including the
Impact of gain?

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction 2013, November 6™ 12
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HETUNERZ
D=TU2
heagi=hi1
Angi=A1 Deg
heag2=hi2

M120T1  A1165

Angl=p2 Deg
MagE=M3 MO0 AZ 160
ANgI=AS Deg

_METER Fom2GHZ  ME0  ASE0

Zo=50 Ohm

PORT_PE1 SOLES

P=1 D=1 2

=3 o Fi=50 Ofm —-—<:|
PEan=15 dBm LOES= 05

[PSop=45 d5m SO =3 05 - =
PSep=1d8 =

[P o

PAE =

(RFPoyr — RFPIN)

DCPjy

%

BIASTEE

- e DA (PORT 1 PORT 213 [R)
D=TLE - -

Swept porwer

ME12058 AS1--180

MSZ0 ASZT)

BoE (| PoompPORT _2,1)|)[1.2] (L. dSem)
Swenl power

=DE(PEaIN[PORT_1 PORT 21 L}

Swept power

MEF0  ASE1M

Swept Input Power

50 80
E
1 3 40
% 20 =
5 y
= 20 e
? 10 ®
With the isolator no power is reflected | © /
—_ a
back and so RFP, = source power. N . M
Higher RFP,, lower PAE S Input Power (dBm)
2013, November 6t 13
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(RFPoyr — RFPIN)

M1:07T1 A1 163
q —
AZ 180 — O
w0 DCPjy
PORT P51
(=S 2
Z=50.0nm L _._<:|
PStart=15 d8m N
PSi0p=45 dEm 3 PORT
PSep=108 e BE Eias pup
iy Z=50.Cnem
& & 5 IDieTE
H "l
crimaa
N N BASTEE poy [HERAEPORT_1PORT_Z)1.3] (R) Bos( | PotmpPORT_2,1)()1.2] (L. dSem) ~=DE(PEINPORT_1PORT_23)[1.X] (L}
ME1085 ARS8 o T o a ™ D= Swept power Swept power St power
MSZQ  ASZITO T e
— w2
MEED  ASE 1T 1 Swept Input Power
iy ”
W_METER —

Without the isolator the power
reflected by the device is subtracted
from source power to give RFP,.

With the isolator no power is reflected
back and so RFP,, = source power.
Higher RFP, lower PAE

Gain (dB) and Qutput Power (dBm)

b
=

[£%]
=

=]
=

.
=

15

o1: Frag =2 GHz
ol Freg =2 GHE

DEC Freg =2 GHz

25

a5 45
Input Power (dBm)

PAE (%)
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Communications”.

however:

For mathematical proof of the contours see
3dB Load Contours ¢, “RF Power Amplifiers for Wireless

3dB Output " = In practice this would be tedious to do for every
Power Contour frequency, bias setting, drive level, etc. Also it
assumes ideal DC-1V Curves in practice

DC_IV Curves

-6~ Ropt =0

—Rload=2Ropt  *®°

— Rload=Ropt/.
O Rload

1500

1000

Drain Current (mA)

500

— IVQurve() (mA)
DC IV

50

100 150
Drain Voltage (V)

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction
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W_METER
C=he2

273

73877
Mag 0.7126 =
Ang 1718 Deg [grmms

Ang -167 Deg

Mag 0.5574

LP Data 4GHz Vg2p74Vd28 37dB

|:|:||m Poomp_PORT 2 1_M_DS =34
02 Poomp PORT 2_1_M_DE =35
03 Poomp_PORT 2_1_M_DE =35
pd: Poomp_PORT 2_1_M_DB =37
5 Poomp_PORT 2_1_M_DS =38
- Poomn_PORT_2_1_W_DB =33
o7 Poomp_PORT 2_1_W_DS =40
S Poomp_PORT_2_1_M_DS = 41
9 Poomp_PORT 2_1_M_DB =42
i PAZ_PORT_1_PORT 2=20
pi1: PAZ_PORT_1_PORT 2=125
D12 PAS_PORT_1_PORT 2=30
013 PAS_PORT_1_PORT 2=35 G
pi4 PAZ PORT_1_PORT 2=40
D15 PAS_PORT_I_PORT 2=45
piE: PAS_PORT_1_PORT 2=30
piT: PAS_PORT_|_PORT 2=35

D18 PAZ_PORT_1_PORT 2=60

o1 PAS_PORT_|_PORT 2=65

AE_PORT_1_PORT_Z

AE_PORT_1_PORT_Z Max Corpeanged Polrs

&=

cormp_PORT_2_1_M_DE

[ R TN=rTTe

p20 PAS_PORT_1_PORT 2=T0

p21: PAS_PORT_1_PORT 2= T3877

22 Poomp PORT 2 1_M D8 = 4232

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction
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LoadPull

AWR_Load_Pull Paints

a- a6 000 0 O
Oa oda 0 adna

Simulation at each load
point produces
performance contours, in
this case of constant PAE
(red) and Output Power
(blue).
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Steve C, Cripps

here

§ Cripps.

Not going to cover the theory of different classes of operation
— Already comprehensively covered such as by Prof. Steve

But we will look at the effects of bias and remember that it is
another variable open to use.

35

30

25

20

15

10

Gain Analysis

Available (Power) Gain at Vp

=& DB(GA()
SmallSignal

(bold), Idg=200mA and 1dg=800mA

1

Frequency (GHz)

=28

DT uESWD =28V 3 VEwp =28V I

0.16

0.14

012

01

0.08

0.06

0.04

0.02

Gate Current

M Gate Current (L, ma)
DIV

DC_IV

~§-Temperature Rise (R, V)
DC_IV

- Crain Curent 28V (R, mA)

-3 -2.5 -2

-1.5 -1 -0.5
Gate Voltage (V)

1600

1400

1200

£ 1000

800

600

400

200

Crain Current {ma)
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e Not going to cover the theory of different classes of operation

here

) Cripps.

— Already comprehensively covered such as by Prof. Steve

But we will look at the effects of bias and remember that it is
nnpfhpr variable open to use.

5 |p1:".|'&'.\lp-5‘&\.l' P Wewp =23V pE Vewp =28V I
Gate Current
0.16 M- Gate Cumrent (L, maA) 1600
CGH40010F_RE_VA DC_IV
o 1 ID=41 014 1l 5 brain Cument 28V (R, ma) 1400
fcase=25 DC_IV
crth=8 0.12 ~§=Temperature Rise (R, V) 1200 —
Swp Step % petv - E
o ) E o1 £ 1000 =
L T E 008 12735V 800 E
IVGURVE - 2 ops [L2TTA g0 £
ID=1v1 . V_METER = =
T 04 400
Thermal Optimization of GaN HEMT oo
Transistor Power Amplifiers Using New Self- e .
heating Large Signal Model, Cree-App-Note- = 25 =2 45 1 05 o
006 Gate Voltage (V)
RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction 2013, November 6™ 19
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- B e Wary ggeggﬁiﬁz::gwave Amplifier Design
LTUNER — Nice and simple, but what impedance does it LTUNER
present at other frequencies? el
. . . PORT Ang=34 Deg LOAD
LTUNER — All frequencies are terminated with the same &1 =~ ze-sscmw oz
load impedance, in this case |GM|/_GA°. ™ *r% -

-=-5(11)
Tuner

(=)

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction 2013, November 6™ 20



CREE® AWR

Tuners Mhcrowaver
— L
B e Wary g?—'e;:ﬂ,ﬁff:%wave Amplifier Design
LTUNER — Nice and simple, but what impedance does it TUNER
present at other frequencies? oGl
. . . . . PORT Ang=3A Deg LOAD
LPTUNER - Define frequencies and their terminations, i =~ =0 o

but if you don’t define them they default.

Tuners

-=-5(1,1)
Tuner

= 5(1,1)
Tuner LP

Swp Min
0.5GHz

LPTUNER

ID=TU2
Mag={GM,GM,GM}
Ang={GA GA,GA} Deg

PORT Fo={0.512}GHz LOAD
P=1 Z0=50 Ohm ID=2Z1
Z=50 Ohm Z=50 Ohm

%*F@ ; ]

Here we have defined 0.5, 1 &

2GHz but the other frequencies
2.5, 3, 3.5 and 4GHz also have
defaulted to this load.

—

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction 2013, November 6
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B e Wary i?—'e;:ﬂ,ﬁff:%wave Amplifier Design
LTUNER — Nice and simple, but what impedance does it TunER
present at other frequencies? oGl
. . . . . PORT Ang=3A Deg LOAD
LPTUNER - Define frequencies and their terminations, = =~ zom o
if n’'t define them th fault.
but if you don’t define them they default e -
Tuners -
LPTUNER
ID=TU2
Mag={GM,GM,GM,0,0}
Ang={GA,GA GA,0,0} Deg
PORT Fo={05,1,2.3,4} GHz LOAD
P=1 Zo=50 Ohm ID=21
Z=50 Ohm Z=50 Ohm

%*r@ : ]

Now we have defined
different impedances to
some of the frequencies, 3 &
4GHz are terminated in 50Q)

-=-5(1,1)
Tuner

-=-5(1,1)
Tuner LP
-2~ 5(1,1)

Tuner LP_1
L —

—

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction 2013, November 6™ 22
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LTUNER — Nice and simple, but what impedance does it TunER
present at other frequencies? oGl
. . PORT Ang=GA Deg LOAD

HBTUNER — Takes care of the harmonic frequencies T oz

for :

or you ’ _|_|—' -

a1 Tuners  fiic007e -
Ang S0 Deg Swp Max

Ang 135 Deg

4GHz

1GHz
Mag 0.5
Ang 45 Deg

-=-5(1,1) -4-5(1.1)
Tuner Tuner LP_1

-%-5(1,1) -=5(1,1)
Tuner_LP Tuner_HB

Swp Min
0.5GHz

Takes care of the

harmonic

HBTUNER — terminations of
At —45 Deg the defined
Arr=00 Deg frequency.
Mag3=1
Ang3=135 Deg

PORT Fo=1 GHz LOAD

P=1 Z0=50 Ohm ID=71

Z2=50 Chm 2=50 Ohm

e[S

]

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction
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CREE® UWR Tuners -
A National Instruments Company ™ MinOWEVEIE
- B e Wary g?—'e;xiﬁﬁgrigwave Amplifier Design
LTUNER — Nice and simple, but what impedance does it LTUNER
present at other frequencies? oGl
PORT Ang=GA Deg LOAD
HBTUNER — But.... Be aware of what happens at other & =~ zo=socm oz
frequencies and their terminations. ™ *r% -
;Sg”f Tuners ﬁf: ,]Z 75 -
Ang 135 Deg Ang 80 Deg S-a-gﬁhi:
Harmonic impedance has
And 45 e an impact on device
3 GHz Mag 0.75
L s e performance, so know
where you have put yours!
Ang 45 Deg Mag3:1
Ang3=135 Deg
PORT Fo=1 GHz LOAD
-=-5(1,1) -4 5(1,1) P=1 Z0=50 Ohm ID=Z1
Tuner Tuner LP_1 Z=50 Ohm Z=50 Ohm
—E—— O
-&-5(1,1) —=5(1,1) F@ L
Tuner LP Tuner_HB Sup Wi -

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction
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Difference between using LTUNER and HBTUNER with
harmonics terminated in 50Q.

—FAE_PORT_1_PORT_Z  Foomp_FORT_Z_1_M_DE Max

ﬂ'F‘AE_PORT_LPOF{T_Z Mo Converged Points

15 PAE_PORT_1_PORT 2 =60
20 PAE_PORT_1_PORT 2 =65
- PAE_PORT_1_PORT 2=T0

AN

—PAE_PORT_1_PORT_Z

'=.L=\_='CRT_1_='CRT_2 B

"W‘D_W_R_LM_DEM

Dorw erged Folnts

LP Data 1GHz Vg2p74Vd28 28dBm| -2 LP Data_1GHz Vglp74Vd28 28dBmHT | =~ =~
_Data_ _Velp — T | o Bocmg PORT 2 1 M D5 =3 _Data_ _Velp — oz Poomp_PORT_2_1_M_D8 =34
A
:14'6’?]3ﬂ?35 03 Poamp_PORT 2 1_M DB =35 71521 03 Foomp_PORT_2_1_W_D6 =35
ag J. - - T -
Ang 88 85 Deg 4 Pooemp_PORT 2_1_M DS =35 Mag 0.271 i Poomp PORT 2 1 M DS =35
g ) T ) #ng 1121 Deg it
05 Poamp_PORT 2 1_M_DE =57 05 Foomp_PORT_2_1_W_D8 =37
06 Poomg_PORT 2 1_M_DE =33 o6: Poomp_PORT_2_1_M_DE =38
o7 Poamp_PORT 2 1_M_DE =38 o7 Boomp PORT 2.1 M_D5 =38
& Poomg_PORT 2 1_M_DE =40 oy PORTH 2.4 . D=0
o4 Poamg_PORT_2_1_M_DE = 41
= = e Poomp_PORT_2_1_M_D6 =41
ol Poump_PORT 2 1_W_ D8 = 42 210 Pooeg PORT 21 M_D8 =42
) |} 2 T -
o11:FAE_PORT_1_PORT 2-20
o011: FAE_PORT_1_PORT 2=325
12 FAE_PORT_1_PORT 2=125
42.475 B - - p1Z PAE_PORT_1_PORT 2=30
Mag 0.4165 013 FAE_PORT_1_PORT 2=30
013 FAE_PORT_1_PORT 2 =35
Ang 173.6 Deg 014 PAE_PORT_1_PORT 2=35 e
014 FAE_PORT_1_PORT 2= 40
015 PAE_PORT_1_PORT_2=40 il
D16 PAE_PORT_1_PORT 2= 45 47 ADE D15 PAC_PORT_1_PORT 2=45
017 PAE_PORT_1_PORT 2=350 Mag 0.4258 Dl PAS PORT 1_PORT 2=30
Ang 172.4 - s
018 PAE PORT 1_PORT 255 L1 Deg 1T PAE_PORT_1_PORT 2=55

18 PAE_PORT_1_PORT_2- &0
19 PAE_PORT_1_PORT 2 =65

I PAE_PORT_1_PORT 2=70

{p21: PAE_PORT_1_PORT 2= T1.521

—Foomp FORT 21 M DE FEs0.0) 2z PAE_PORT_1_PORT_2 = TAE63

J— z z
Tuenar comp_PORT_2 1_M D8

23 Poomp_ PORT_2_1_M_DE = 42475 22 Poomp_PORT_2_1_M_DB = 42456

Load Pull with LTUNER Load Pull with HBTUNER
Small impact on Pout — Significant on PAE

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction 2013, November 6™ 25
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We use Load Pull so that we can visualise the trade-
offs between parameters, typically PAE and Pout.

Load Pull Check List

1.

Harmonic terminations —
use HBTUNER for

accurate/consistent results.

Input Power level, check
that you are using the
optimum drive level by

conducting a power sweep.

Bias/Class of operation.

+ DCVE
D=1
— W=iig
Vg
PORT1
=]
Z=5 Cnm T
Pwr=35 d5m
s

V_METER :.‘- .5-'.1
D=2 (:E:}

b— n

CEH #-II1:I _RE_VA

BIASTEE
K]
t AP
& RF —I—.r"'——o-|_l —I—<:|
DC
Do PORT
HETUNER P
D=TLEZ Z=30 Oim
Mag 1=
Ang1=3A Deg
N WEge=GHz
CCWE  ang2=GAl Dey
:'-'-"2 ST

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction
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Why does the input match

change?

1. Intrinsic capacitance
2. Channel resistance

3. Load match

'y = 511 —

Intrinsic Cree GaN HEMT Models allow more accurate
waveform engineered PA designs
Ray Pengelly and Bill Pribble, Cree RF Products

ARMMS, April, 2013

5125011

)

1.6

1.4

1.2

0.8
0.6 /

0.4
0.2

Input Capacitance Cgs (pF

-3.5 -3

-2.5

-2 -1.5 -1 -0.5 0

Gate Voltage (V)

=
'S

0.35 A

=
w

S, — 1

0.25

0.15

(=]
=

0.05

Feedback Capacitance Cgd (pF)
(=)
b

=]
=]
=y
= 1

T T T T
20 30 40 50

Drain Voltage

60
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Effect of Load on Frwenrul
Input Match St it Destn

Power Sweep

@
=

LP Data 2GHz 32dBm

)
o
E 50 Eﬁl E ol Foormp PORT_Z A_M_OS= 3
58.03
s ~ 74808 : Poomp PORT_Z_1_M DE= X
£ g | [ Mag 0.6871
= = Fmoenn PORT_I_M_OE= I
W 40 = | | Ang 115.1 Deg |=
p & - Focemn P ORT_Z_1_M_CE= 34
=
g & Fomn FORT_IA_MLDE= 3
g 30 o5 Fooemp_PORT_Z A_M DS 35
[=]
o &-Fout (L, dBm)  F-PAE (L) —&-Gain (R) o7 Foomp_PORT_Z_1_M_ D=
20 4 & Foomp_PORT_Z_1_M DE= 3
20 2 24 26 28 30 32 M4 36 e o B RS MLDE
Power (dBm) 1 2
42131 o O Poomg PORT_21_M_DS =40
Mag 0.4085 4 oo PORT_ 21 ILTE =41

Ang 176.6 Deg

ol 2 Poomg PORT_S1_M_0S =42
ol 32 PAE_PORT_1_PORT_Z_ =30

ol 4 PAE_PORT_1_PORT_2_=35

2e+009
Mag 1.164e-008
Ang -90 Deg

o & FAE_PORT_A _PORT_I_ =40

ol &2 PAE_PORT_1_PORT_I_ =45

il T2 PAE_IPORT_1_PORT_2_ =50

ol &2 PAE_PORT_1_PORT_Z_ =55

ol S PAE_PORT_1_PORT_2_ =50

—LPCM{10.51.1.500) I LPCMMAX(2.1,50.0) i FAE_PORT_1_PORT_Z_ =55
P_Data 2GHz_ChssB_3dBm P _Data 2GHz ClessB 32dBm

DLPCH"”PJ(I1 15ﬂq :1 1": =1 PAE_PORT_1_PORT_Z_=70
P_Data 2GHz_ChssB_3dBm Tuner

02 PAS_PORT 4 _PORT.2_ =74 808
— IPCM42H.1.21500)
\P_Data 2GHZ_CBseS_3mEm

3 Poomen PORT_31_M_08 =42.131

. 33dBm
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Power Sweep
80 14
3) LP Data 2GHz 32dBm
o 70 11.67 - — -
=
5 s e o Foomp_FORT_Z1_M_DE= 3
% 60 . . 9.333 _ 74808 - e ] = Fomo FORT_Ii_M DE= =
s | g| | Mag 06871 | ped
5 k=2 5 Foomn PR T_Z1_M_DE= =
5 50 7 c| | Ang115.1 Deg [E .
D‘__: 8 o Foomp PORT_Z_1_M_DE= 4
=
@ 40 ", -y -l il Y - 4667 - Foom PORTIA M DE- 3
o ‘\ o5 Foomn_FORT_Z_M_DE= %
£ 30 2.333
o - Fout (L, dBm)  -PAE (L) —§-Gain (R) R e
20 0 2e+009 o Foomp_FORT_I_1_M_DE= =
Mag 0.69
20 22 24 26 28 30 32 34 36 ’ g U2 = P PORT_II_M DE= 3
Power (dBm)
42131 o 0 Pocenz P ORT_2_1_M_DE = 40
Mag 0.4085 112 Pocemg P ORT_2.1_ML_DE =41

Ang 176.6 Deg

ol 2 Poomn PORT_Z1_M_DE =42

ol 52 PAE_PORT_1_PORT_2_ =30

3P ORDRDRDHO X 2O
o

o 3
i 4 PAE_PORT_1_PORT_2_ =35

5 PAS_PORT_1_FOAT_Z_ =40
& PAS_SORT 1 _FOAT_Z_ =45
7 PAS_PORT_1_FOAT_Z_ =50
T3 PAS_PORT_1_FOAT_Z_ =55

3 PAE_PORT_1_PORT_2_ =50

— LPCM{T0 0.51.1,500] O] LPCMMAK{2.1,50.0) 0 PAE_POAT 1_PORT I =55
LP_Deiz 23Hz_CESSS_3mEm L _Cats_2EHz ClesssS_3205m

[ LPChAMAX 11,500 s o 1: FAE_PORT_1_POAT_2_=T0
LP_Deiz 23Hz_CESSS_3mEm Tumer

I PAE_PORT_1_PORT_2_=T430E
— LPCI423,1,21.500)
P _Data 2GHz_Chssb 30Bm

23 Poomn PORT_21_M_DE =423

. éSdBm
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O n I n p ut M a_tC h Specialists in L~

RF and Microwave Amplifier Design

Power Sweep

80

LP Data 2GHz 32dBm

70

L Foomp PORT_Z_I_M.OS= 3
60 74.808 R T
Mag 0.6871 52

>
Ang 1151 Deg

Foomp PORT_Z 1_M D= =2

50 Poomp PORT_Z1_M OS= 5

Gain (dB)

Poorp P ORT_Z_1_M OE= 3

40 Foomn FORT_Z1_M.DE= 3

Foomo PORT_Z_1_M_DE= 36

Power (dBm)PAE (%) & Temp (C)

30 25

& Fout (L, dBm) SFPAE (L) —§-Gain (R} Foomp PORT_Z2 1_M.DE=

20 0 Foom PORT_Z_M.O5= 2
20 22 24 26 28 30 32 34 36

Power (dBm)

B OB OB W OB R R OB 4

Foomo PORT_Z_1_M_DE= 38

42131
Mag 0.4085
Ang 176.6 Deg

ol O Poomn PORT_S 1 _M_DE =40

o 1z Pooeng PORT_2 1 _M_0E =44

2 Poomen PORT_S1_M_0E =43

ol 32 PAE_PORT_1_PORT_Z_ =30

ol 4 PAE_PORT_1_PORT_2_ =35

2e+009
Mag 0.41
Ang 177 Deg

ol 52 PAE_PORT_1_PORT_Z_ =40

ol 62 PAE_PORT_1_PORT_2_ =45

il T2 PAE_IPORT_1_PORT_2_ =50

ol &2 PAE_PORT_1_PORT_Z_ =55

ol S PAE_PORT_1_PORT_2_ =50

— LPCRT130.51.1.500) I LPCMMAX(2.1.50.0) i FAE_PORT_1_PORT_Z_ =55
IP_Data 2GHz_Chssb_3dBm P Data 2GHz ClessB 32dBm

Du:.,:h,lh,lm1 15‘:|q :1 1: M1 FAE_PORT_1_PORT_Z_ =70
IP_Data 2GHz_Chssb_3dBm Tuner

oI PAE PORT_1_PORT_2_=T4308
— PCh423.1.21.5000)
P_C=tz 2@z _ChssS_3@Em

023 Poomp PORT_S 1 _M_DE =423

. éSdBm
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Input Power Mhcrowaver
A National Instruments Company ™
W I t h F r e q u e n C y g?—'e;:g,ﬁff:%wave Amplifier Design
For wideband designs you have to yeren e

consider input power vs. frequency.

Output power stays ~ constant with
frequency.

So, to a first order input power needs to

SR r@_kg

126 mA
== 1
&)
PORT

BF
& A
oo
o
c 3 LTUNER P=2
2 D=TUH w0 O
Mag=EN
Ang=3A Deg
V_METER OCVE
D=1 D=t
B V=2V
3

Increase at this rate. A
Let’s take a look = e (R 2T
Gain Analysis | T

35
30 -
25
2 6dB/octave slope
; /
10

5 ~i-DB(GA()

SmallSignal
0
0 1 2 3 4 5 6

Frequency (GHz)

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction 2013, November 6 31



Input Power Mhcrowave
V. s Cor
: .
W I t h F r e q u e n C y g?:e;;g‘ﬁfc;gwave Amplifier Design
Optimum PAF and Pout Loads N ote:

Swp Wiax

— Optimum PAE Load e iati '
pamum PAE Loads 1. Input power variation for optimum PAE.

2. The maximum Output Power is constant.

— Optimum Pout Loads

/ wssosz | [ 3. The intrinsic gain rolls off ~5dB/octave. Output
= /[ Are 120 matching recovers some but not alll.
Ang 163 Deg 4. There is no input matching yet, this shows the
= { need for a positive sloped input power match
Amg 175 Deg to achieve the maximum PAE across a wide

bandwidth.
\YEEVE :

Freq. Pin PAE Pout | Gain
(GHz) | (dBm) | (%) Load (dBm) | (dB) Load

1 28 72 0.27/112° 40.5 12.7 42,5 0.43/174°

2 33 70 0.42/145° 41.4 8.4 42,5 0.44/178°

3 36 69 0.49/163° 41.7 5.7 425 0.47/-174°

4 38 67 0.57/175° 41.5 3.5 42,5 0.46/-161°
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A National Instruments Company ™ C h .O O S I n g MicrowavelE
the Optimum Load L ot

Power Sweep Be aware that the maximum load
80 15
1:Freq=3GHz p2 Freq=3GH H 1 H L
PLieamacn pafeasI e point may not be the “optimum
p3: Freq=23 GHz =
70 z 125
£ "
W g 10 LP Data 3GHz Vg2p74Vd28 35dBm
[ —
o % 74703 3e+009 p1: Pcomp_PORT_2 1_M_DB=35
= a0 7.5 c ) Mag 0.62
5 % || Mag 0.6795 ; 1-50 5 pZ Poomp_FORT_Z 1_M_DBE= 326
g : © Ang 147.9 Deg o1F rng g g% Poomp_PORT_ 2 1 _M_DB=37
% 40 s p4 Pcomp_PORT_2 1_M_DB= 38
35 dBm
& 20 40.38 dBm b pS Poomp_PORT 2 1_M_DBE= 22
' pf Peomp_PORT 2 1 _M_DE= 40
—&-Fout (L, dBm) J-FAE (L) —H-Gain [R) | o7 Peomp_FORT 2 1_M_DB= 41
20 0 ' - =
20 22 24 26 28 30 32 34 36 38 40 pé Peomp PORT_Z 1 _M_DB=42
Power (dBm) {0 p% PAE_PORT_1_PORT_2=20

p10: FAE_PORT_1_PORT 2=35
p11: PAE_PORT_1_PORT_2=130
p12: FAE PORT_1_PORT 2=35
p13: PAE_PORT_1_PORT_2=40
p14: PAE PORT_1_PORT 2=45
p15: PAE_PORT_1_PORT_2 =50

Green ‘hour-glass symbol shows
load for power sweep.
By observing swept input power Ma0 04467 [
performance as you tune the load ~ PReteel S e e e
you can adjust for the best P18 PASFORT_1PORT.2 7

) nPPE_PGiT_LP‘DiT_Z Az Comerged Polnis p19: FAE_PORT_1_PORT_Z=T0
compromise performance between comiimse e p20: PAE_PORT_1_PORT_2=74.703
Turer p2: Poomp FORT_2_1_M_DB =421

Power and PAE.
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CREE® UWR

A Neational Instruments Company ™

Returning to il

the Optimum Loads peciaioein

RF and Microwave Amplifier Design

Optimum Loads

\

— Optimum PAE Loads
— Optimum Pout Loads

—— Conjugate Match for Equivalent Circuit S'ﬂfﬁh*_l;

RES
ID=R1
R=23 Ohm

Looking at a simple device
output equivalent circuit,
Including some package de-

embedding:

The equivalent load
resistance increases from
23Q) for the optimum power
loads to 41Q for the
optimum PAE loads —which

agrees with theory ©
Device Package
—I—<:| PORT
P=1
SRL MLIN
ID=RL1 ID=TL1 wsug o enm
| caP R=0.01 Ohm W=2.54 mm Eg
ID=C1 L=0.55 nH L=0.762 mm o0 508 mm
—— CFeF T=0.03566 mm
Rho=1
Tand=0
ErMom=9.6
= Name=SUB1
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Load Line Theory

PoweRFul

Microwavel\

I/:

Specialists in
RF and Microwave Amplifier Design

22 | WCureel) jma)
DC_I

DC IV Curves

ol vislep = -3V
[2: Walep = -2 BV
pEWelen =26V

2500

~ 2000
~

Drain Current (mA)

mi: 6V
2196 mA

Class A/B Bias

B Vlen =24 W
P Wslen =22V
D6 Vlen = 2V

o7 Vaten =18V
Sy L

Class A Bias
Point

o O
:*}%% & p26 i3 Veten = 06V
e e == CNWRRN | EEEEEE
h:E:-'-—--' % ———H pi5: Veieg =02V
e o5 Vetsn =0V
o “IE::":"__H-_ 3
AN ——— e e |
i ; E = ) Fr] 3 o -
200 E E\"‘ ‘\ET‘.E% E \\ﬁ % ¥ Pl Veten = 6 W
Ay Ly L e = \.‘g % ¥ PO Veten = 0BV
% % % A S N il \% 7 o21: Vekn =1V
0 = = S \\ - P2 Veten = 1.2V
~ P23 Wehen =14
0 20 40 60 D4 Veten = 16 W
Drain Voltage (V) 5 eten = 13
P Vet =2V

Theory Optimum Power load = 2x(Vy-V)/lps = 20Q

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction
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Load Line Simulation

National Instruments Company '™

PoweRFul
Microwavel

I/:

Specialists in
RF and Microwave Amplifier Design

ID=X1
tcase=25
crth=3.8

CGH40025F_R6|LL
&

I =AW |

Fo=2 GHz —

Hz
Zo=50 Dr[r{ r
o A, ra -

TUNER2
=TU1
g1=MS1
31=A51 Deg
g2=MS2
12=AS52 Deg
g3=MS3
33=A53 Deg

-7 H-=

Addition of internal nodes to

V_METER

I_METER
ID=AMP2

&

DCIV

)

/
di

lﬁp .

Crain Current (mA)

i

¥

SlEreas

F

& [WCwrval) (A)
CCIY

LB IVDLL (Y _METER. VM2, METE| .
Swept power AF_HE :

FEe T

V_METER

ID=VM3

!

20

420 50

Weltage (V)

70 20

model allows direct observation A W€ IMCTease arive bynamic (RFyToad

line interacts with limits of the DC-IV

of drain waveforms.

envelope.
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———— Load Line Simulation wiroww

Specialists in
RF and Microwave Amplifier Design

I =AW |

R

Fo=2 GHz
f@\ Zo=50 Oh |'

I k/

CGH40025F R6|LL DCIV

ID=X1 6 “* el & IVCurve() (&)

tcase=25 | METER ' poiv
. crih=3.8 ID=AMP2 .-::ﬁhﬁ-‘:-: Y IVDLL(V_METER.VM3,|_METE]
Z\ 1 / | 3.5 ;ﬁﬁ{\ Swept power AF_HE
K -/ 1 E Ny

5 + ™| 2 =F -""h‘g\‘:’: =
TUNeR? IRV =~ =
i - c 15 [Er—E—eeie :—
gI=MS1 = ——% =

= (i} b T-:-- ! —
392:”'52 N - V_METER f...n—! -
12=AS2 Deg ID=VM3 el e m———
g3=M33 — — | ——— — =3
3 Do TTTV_METER - oe
10 20 20 40 el &80 T a0 20 100
Waoltage (V)

Addition of internal nodes to
model allows direct observation . oad q
of drain waveforms. Or change load impedance
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Harmonic

Terminations

PoweRFul
Microwavel

I/:

Specialists in
RF and Microwave Amplifier Design

A great deal of research has gone into the design of high PAE modes
class E, F & J for example, and the importance of harmonic terminations.
Using these tools we can see their impact.

Fundamental Load Pull is

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction

p1: Pcomp_PORT_2 1 M_DB=38 1 1
LP_Data_2G_Vd28Vg2p7_27dBm 'y o ron 200 conducted with the harmonics
74576 /_\ p3: Pcomp PORT 2 1 M_DB=40 termlnated n 500.
Mag 0.6745 -
Ang 161.8 Deg )
CG Plane Waveforms Swept Input Power
0 35
100
©- Gain (L)
70 3 m2
o
60 25 _ /E/B/B/E/a:nte_‘ N
> 50 2 £
[i1] s
€ p 15 ©
S 5 © g
o - <
20 05 m3 a0 °
10 i 0
i
0 P 05 20
"-ﬂ"!ei"f_?.‘il’??lﬁ1?:1 2LV *EIE_HEER Ma Pz NN 15]'2..1 06 018 Fi =2 GH 1—-. Fi =2 GH .: 27 dBm m2: 27 dBm m3: 27 dBm
| Swentoower AR_HE Sweninow e AR_HE "ﬁme (I'IS) B F:::I:_z‘T :IEIZm p2: F":’:I;;T :|E|Zm 74_6 43.9 dBm 16_9 dB
0
—PAE PORT 1_PORT 2 —Pconp PORT 2 1 M_DB Converged Points p20: PA v
021 PA 10 15 20 25 30
AE_PORT_1_PORT 2Max  @Pcomp PORT 2 1 M_D3 MEXX?EI:I;} 022: Pox Input Power (dBm)
2013, November 6% 38
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Harmonic

Terminations

PoweRFul

Microwavel\

I/:

Specialists in

RF and Microwave Amplifier Design

Keeping the Fundamental at the optimum PAE impedance a 2"9 Harmonic Load

Pull is conducted with the 3r harmonic terminated in 50Q.

We are simulating across

LP CG Plane Waveforms lJorlty Of the real
A & 39 ance plane. Of
Ang 130 Deg 70 3 st 1Is not just the
44.402 ini
Mag 0.6025 o | 1 but also the minima
fng 160Deg . z [s to avoid!
2 50 2 E
% T |[nput Power
= 40 15 2 100
[=] s m2
> 3
L 30 1 L 80
20 0.5
60 3
10 0 W
R <<
2 m3 40 =
__od 0 05 SR S o N
o 0 0.2 04 06 038 1
omE-m‘T"‘po‘T‘”m ’-.ﬂ...e.--.;M:—r_ WS A S LN *tna‘ METER M FR [ AENR.A : = : = ?
—oomn PORT 21 M OB DwaztzowarAR_HE o Swanipower AR HE . "ﬁme (ns} p1: Freq_—.':l GHz p: F'E'q:;‘l GHz m2: 27 dBm m3: 27 dBm
O | 21 M Pwr =27 dBm Pwr =27 dBm 44.3 dBm 17.3 dB
Poamp PORT_Z 1_M_D8 Max . b 14 F'AE POR 0
Comverged Polfs xi. £ p - 1 0 1 5 20 25 30
xﬂ;; p15: Pcomp_P Input Power (dBm)
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Harmonic

Terminations

PoweRFul

Microwavel\

I/:

Specialists in
RF and Microwave Amplifier Design

Keeping the Fundamental & now 2" at their optimum PAE impedances a 3™
Harmonic Load Pull is conducted.

pl: Pcomp_PORT_2 1_W_DB =

p2: Pcomp_PORT_2 1_M_DB =
p3: Pcomp_PORT_2 1_W_DB =
p4: Pcomp _PORT_2 1_M_DB=
p5: Pcomp _PORT_2 1_M_DB=
pS: Pcomp _PORT_2 1_M_DB=

p7. Pcomp_PORT_2 1_M_DB=

pd: Pcomp_PORT_2 1_M_DB=

pS: Pcomp_PORT_2 1_M_DB=

b i s < < S -

p1d: Pcomp_PORT_2_1_M _DB=.
p11: PAE_PORT_1_PORT_2Z = 76,
pl2: PAE_PORT_1_PORT 2=77
p13: PAE_PORT_1_PORT_2=T77.
pl4: PAE_PORT_1_PORT 2=78
pl15: PAE_PORT_1_PORT_2=T&
pl16: PAE_PORT_1_PORT 2=79
pi17: PAE_PORT_1_PORT_2=T39.
pl18: PAE_PORT_1_PORT_2 =80
p19: PAE_PORT_1_PORT_Z = 80.
p20: PAE_PORT_1_PORT_Z = 81
p21: PAE_PORT_1_PORT_Z = 81.
p22 PAE_PORT_1_PORT 2 =282

p24: PAE_PORT_1_PORT_Z = 82.

We now have almost half

p23: PAE_PORT 1_PORT 2 = 22 [

Jlane where
CG Plane Wawforms .
80 35 |ma|
in see
70 3
1
60 ‘ 25
E 50 - "é — 100
:‘g‘a 2 |mrre—t
= 40 15 g = 1 g0
:;, =3
L 30 1 ©
o L
o 60 ;\;
20 05 w
Qi\ © "
10 0
0 0.5 3: 27 dBm “
0 02 04 0.6 0.8 1 17.4dB
yme ETER VIS 12l ) JRmme L METER AuPz 0111 (R.) llﬁme{ns) pt:Freq=2GHz p2:Freq=2GHz |— 0
= = Pwr =27 dBm Pwr=27 dBm 30

p25: Pcomp_PORT 2 1_M DB=44364 |
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I PoweRFul
H a.r m O n I C Microwavel\

Ter m I n at I O n S i?—'e;:ﬂ,ﬁff:%wave Amplifier Design

Now we have all our terminations optimised, or have we? Re-do the
fundamental load pull with the optimum PAE harmonic terminations -

LP Data 2( | load has
83,611 CG Plane Waweforms ave increased
Mag 0.7323 80 3.5
Ang 155 6 Deg z/ \E.
70 3
p17P16 P15p14
p 60 4 h 2.5 100
< <
2 50 2 E
g p 80
2 40 15 2
> S
L a0 1w ? g
w
20 0.5 w0 &
m3
10 0 N‘e\i
A Eﬁ 20
—PAE_PORT_1_PORT_2 0 -0.5 m3: 27 dBm
0 0.2 0.4 0.6 0.8 1 n 16.2dB
O PAE_PORT_1_PORT_2 Me || €p Vime(V_METERVM3,1)[1.18](L,V) 5 time(I_METER AMP2 1)[1,18](R,A) ime (ns pliFreq=2GHz p2: Freq=2 GHz 0
Sweptpower AP_HB Sweptpower. AP_HB ‘IT ( ) Pwr = 27 dBm PwI = 27 dBm 25 30
—Pcomp_PORT_2_1_M_DB a ?u ) “ ‘ INpuUt FOWer (asm)
uner
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Harmonic

minations

PoweRFul
Microwave

Specialists in

RF and Microwave Amplifier Design

LP Data 2G Vd28Vg2p7 27dBmComparison

83611 Swp M
Mag 0.7323 4e+009 Be+00X
Ang 155.6 Deg ? Mag 0.95
Ang 130
ng 130 Deg
Mag 0.95
Ang 0 Deg

-
- »
--------

— PAE with Har. Tuning X S(1,1)

O PAE Max with Har. Tuning - --PAE No Har. Tuning

—Pout with Har. Tuning O PAE Max No Har. Tuning

O Pout Max with Har. Tuning = ==Pout No Har. Tuning

Swp M

Converged Points O Pout Max No Har. Tuning

p1: Peomp_PCRT_2_1_M DB=40

p2: Pcomp_PCRT_2 1_M DB =45

p3: PAE_PORT_1_PORT_2=30

pd: PAE_PCRT_1_PORT_2=70

p5: PAE_PORT_1_PORT_2=83611

pb: Pcomp_PORT_2_1_M DB =45677

p7: Peomp_PCRT_2_1_M DB=40

p8: Pcomp_PCRT_2 1 M DB=45

p9: PAE_PORT_1_PORT_2=30

p10: PAE_PORT_1_PCRT_2=70

p11: PAE_PORT_1_PCRT_2=74.576

p12: Pcomp_PORT_2_1_M DB = 45.232

No significant change at
30% PAE and 40dBm
Pout, but increase in the
peaks and consequently a
wider impedance range
included in the 70% PAE
and 45dBm Pout, indeed
these two regions now
have a significant overlap.
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Dynamic Load Line & mherowavey

Harmonic Terminations  gemsn-".

DC-1V
45 & VGune() (4) Notice that we
DCIV . d .
£ IVDLL(V_METER.VM3,|_METER.AMP2)[1,T] (A) are avolding
3.5 Swept power. AP_HB high current
—~ 28V I I
é 0.4222 A SWIngs in
= 25 favour of
S higher voltage
3 :
O 15 swings.
©
= X
0.5 '79:‘\\\@ g % oo 83.03V
; ~ D62 A % 2 -0.04256 A
-0.5
0 10 20 30 40 50 60 70 80 90 100
Voltage (V)

Fundamental, 2"d, & 3" Optimum. Note nearly 3x Drain Voltage Swing.
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I " PoweRFul
o Optimum Load Design o

IS a Cyclical Process s

Harmonic Load Pull Steps: Remember it is not only
1. Optimum Fundamental Drive . .

Power. about finding the
2. Optimum Fundamental Load - Optimums - you also need

Check (1) is still true. to know where to avoid!
3. 2" Harmonic LP — Check (1) & (2)

are still true. We can’t always use the optimum
4. 39 Harmonic LP —Check (1), (2) harmonic termination. If we are

and (3) are still true. doing wide bandwidth designs
5. Go on to next frequency! the harmonic falls in band.

F, o 2F, F, 3F, 2F,
///////////////A’////////////////// 7
| ovmcoaw
Frequency
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Broadband Matching:-  fauer

National Instruments Company Microwave IEI
I n S ert I O n L O S S an d I\/l at C h i?—'e;xiﬁﬁffrigwave Amplifier Design
Load Pull gives the performance % Power Lost
before any matching circuit - 5°%

Broadband Matching circuitry seeks to N

resolve two key problems: N

i. How to maximise bandwidth with a i N
minimum Reflection Coefficient, I". ; \\

i. How to minimise the number of .
matching elements, N, for a given o N\
bandwidth, (typically loss a N). AN

Don’t confuse L; with insertion loss o% - * - \0

that has got to be included too! | nsrion s 02 |

—m
20

0.04 0.14 0.18 0.28 0.58 0.76 1.25 3.0 4.44
122 143 150 1.67 21 233 300 585 9.00
I, Return Loss, Mismatch (Transmission) Loss and VSWR.
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Current Approaches e,
and Performance

RF and Microwave Amplifier Design

~—

Thin columns represent spot or narrow band (<20MHz) designs

w
I
o
=
m
™~

MOS 70% DE

~
LDMOS 73% DE

VHBT 57% DE
GaN 75% DE

60 o N GaAs pHEMT
£ 8 o 63% PAE
> 50 I} i
e Z [
g g = >
T 40 T
E o

59% PAE

w
=]

Output Power (W
[y

GaAs pHEMT
GaAs pHEMT 0.45W SW

== GaN 4w/

cMOs
1 2 p.36w 3 4 5 6 7

Frequency (GHz)
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Current Approaches frsR
and Performance

RF and Microwave Amplifier Design

~—

Thin columns represent spot or narrow band (<20MHz) designs

w
I
o
=
m
™~

MOS 70% DE

~
LDMOS 73% DE

VHBT 57% DE
GaN 75% DE

)

GaAs pHEMT
63% PAE

w
=]
GaN 60% PAE

Efficiency (%)
8

GaN 76% PAE

39% PAE

w
=]

1 = Doherty

B2 = 2" HT

=

:
aAs HVHBT 740

2

=
o

A/B

=
=
=
(]
1 v E
I ] GaAs pHEMT

Output Power (W)

-

GaAs pHEMT 0.45W S5W

E Frequency (GHz)

RF and Microwave Amplifier Power Added Efficiency, Fact and Fiction 2013, November 6% a7



A National Instruments Company ™

Current Approaches mherowave
and Performance Specaisin =~

RF and Microwave Amplifier Design

Technology
cmos

GaAs pHEMT
GaN HEMT

GaN HEMT
GaN HEMT

GaAs pHEMT

GaAs HVHBT
LDMOS

GaN HEMT
GaN HEMT
GaN HEMT

GaN HEMT
GaN HEMT
GaN HEMT
LDMOS
LDMOS
LDMOS

Class
E

A/B

F

F-1
F-1PushPull

J

Doherty
B 2HT
B?

VM D
Doherty
F

A/B 2HT
J

B
B
B

Fmin Fmax Eff.

GHz GHz %
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Reference
Broadband and High-Efficiency Power Amplifier that Integrates CMOS and IPD Technology

Design Procedure 4 Hi-Eff and Compact-Size 5-10W MMIC PAs in GaAs pHEMT Tech.
Ultra High Efficiency Microwave Power Amplifier for Wireless Power Transmission

First-Pass Design of High Efficiency Power Amplifiers using Accurate Large Signal Models
First-Pass Design of High Efficiency Power Amplifiers using Accurate Large Signal Models

GaAs X-Band Hi Eff (>65%) Broadband (>30%) Amp MMIC based on Class B to J Continuum

Doherty Power Amp using 2nd Gen. HVHBT Technology for Hi Eff Basestation Applications
Lumped-element Output Networks for High-efficiency Power Amplifiers

Design of a 100Watt High-Efficiency Power Amplifier for the 10-500MHz Band
Development of a WB Highly Efficient GaN VoltageModeClassD VHFUHF Power Amplifier
A LinearandEfficientDohertyPAat3p5GHz

A Novel Hi Eff BB Continuous ClassF RFPA Delivering 74% Average Eff for an Octave BW
Design of a BB Highly Efficient 45W GaN PA via Simplified Real Freq Technique
Methodology4RealizingHiEffClassJinaLinearBroadbandPA

Developments of High CW RF PowerSSAatSoleil

1st Experience At Elbe with new 1.3GHz CWRF System Based on 10kWSSA

Own work

Recommend Cree Website for extensive list of technical papers:
http://www.cree.com/RF/Document-Library
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Balanced Approach:

A number of the papers just referenced used balanced amplifiers to achieve
high power and efficiency, particularly the very high power LDMOS. Two
GaN exceptions were the broad band “Design of a 100Watt High-Efficiency
Power Amplifier for the 10-500MHz Band” (left) and the 2.5GHz “First-Pass
Design of High Efficiency Power Amplifiers using Accurate Large Signal
Models” (right). Interesting both use devices capable of 2x the output power

they achieve.
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a) Device self-heating model.
b) Input match.
c) Wide Band designs ‘tapered’ input drive level.

d) Observe the Current Generator Plane waveforms —
6 port device model.

e) Don'’t forget mismatch and insertion losses of
output matching circuit.

f) Harmonic terminations - they can both enhance
and degrade performance.

g) Models aren’t valid over an infinite range.
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Thank You!

Sponsored by:
WWWwW.awrcorp.com
Wwww.cree.com

PoweRFul Microwave
www.powerful-microwave.co.uk
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