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What is an RFPA?

Boosts input power (gives a power gain)

. . . Power
Gives high power at RF (things get heated) Viver  Amplifier 44

DC power D .

Ij'l:ll:':
: Antenn
RF input power RF output power . tenna
P II Pt oscillator

Wireless communication Systems
(Transmitter side)

A Power Amplifier (PA) is needed to boost the power before transmission
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Some key specifications
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It is advantageous to operate the PA near
saturation to achieve high efficiency.
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Some key specifications

Base Station Power Consumption

®m RF Power Amplifier and
Feeder(60%-80%)

m Power Supply (5%-10%)

Signal Processing (5%-
15%)

m Cooling, Air condition
(10%-25%)

High
Data
Rate

Power bill

reduction

Air ‘
condition
usage

Bandwidth is also important
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Solid-State PA (SSPA)

ATWT
Amplifier
(200w, CW,
18-26.5 GHz)

Microwave tube-based amplifiers

RF transistor-based amplifiers (SSPA)

A cell phone
uses a
transistor PA

THE UNIVERSITY OF

SCRANTON

A JESUIT UNIVERSITY




Solid-State PA (SSPA)
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e ’Mf‘lﬁ;%ﬁ ~i : SSPA are replacing the tubes.
Still a choice for very high power ~

applications
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SSPA advantages

i
(c) 1997 - JAMES P. HAWKINS - WA2WHW

Microwave tubes limitations = | ow Maintenance
= Compact

" Maintenance = Greater reliability

= Size
" High voltage
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PA power requirement

, | Reduced voltage swing
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High voltage and current swings translate into high output
power (P=V X ).

In RFPA, complex conjugate matching are not employed at B UNIVERSITY O
output. SCRANTON
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Advantages and disadvantages of GaN device Passivation layer

(SIN, SIiO,)

Source Drain
TABLE 1. Comparison of device material properties. Gate
Thermal |
Band Gap Breakdown Mobility Saturated Conductance Al GajyN

Material Energy eV E Field MV/cm cm?/V/s Velocity cm/s W/cm/°K

R L_ ——
Gallium nitride 3.4 3.0 1,500 27 x 107 1.5 GaN 2DEG
silicon 11 0.3 1,300 / 1.0 % 107 1.5 Bufter lyes

: ) Substrate

Gallium arsenide 1.4 0.4 6,000 107 0.5

Low mobility
partially offset
by high

SiC substrate (GaN-on-SiC)

velocity provides excellent thermal
> High breakdown field enables to be used for high voltage > High cost conductivity

Advantages: Disadvantages

> High current density: high output power with smaller size > Not good linearity compared to GaAs and Si LDMOS

» Outstanding thermal properties with SiC substrate produces »> Not suitable for low power (but maybe possible in future)
less heat » Requires harmonic control for high efficiency PA

» Higher impedance level: more bandwidth and less loss

» High Efficiency: less source (battery) power required
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Ref: A. Katz and M. Franco, "GaN Comes of Age," in IEEE Microwave Magazine, vol. 11, no. 7, pp. S24-S34, Dec. 2010.




PA classifications

General classes

CLASS B

CLASS A

n=50% n=785%

Conduction

Conduction Angle 180°

Angle 360°

CLASS AB CLASS C

n>785%
Conduction \v/ Conduction
Angle 180°- 200 Angle 100°- 150

50 <1 < 78.5 %
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VDS
Class AB is a good compromise between Class A and B with e v ERSITY o

decent linearity and efficiency. Also, employed in Doherty PA. SCRANTON
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RFPA structure and design method

DC DC

3-Terminal
. active device
Input
(available) Input Output Output
P Matchlng MEtChlng rL Power
DF:M e Network _t Network P

Impedance matching network design is the main task
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How to find the optimum load

Bias TEE : I3 Bias TEE]
O—@r{] [ r@®
RF Source Load

Source Tuner Tuner

Loadpull: Tune output load to see at what load the Pout and PAE are maximized
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ow to find the optimum load
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How to find the optimum load

Bias

O DT AT @ @} =

RF Bias TEE Source DUT Load Load Bias TEE

Source Tuner Tuner Tuner
@f, @f, @2f, /Y Q

7/30 %9/

You have to do harmonic loadpull as well

THE UNIVERSITY OF

IIIIIIIIIIIIIII



RFPA Design Steps

m1
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RFPA Design Steps

Perform a fundamental loadpul simulation
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RFPA Design Steps

Choose an optimum load impedance

See the Load Pull DesignGuide for im proved
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RFPA Design Steps

Design the matching networks
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RFPA Design Steps

Perform EM simulation/optimize
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RFPA Design Steps

Simulated results of Final PA: Power sweep
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RFPA Design Steps

Simulated results of Final PA: Frequency Sweep
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RFPA Design Steps
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Conclusion

RFPA design employing a GaN device is a very current topic

RFPA design involves a great deal of time on simulation, a good
device model and an EDA tool are quite helpful.

One needs to perform a number of simulations and optimization at different level.

Our RFPA design using a Wolfspeed 10W GaN device shows an excellent
performance in simulation.

The measurement results of prototype will be shared once the measurements are
complete.

If you have any questions or would like to collaborate with me, please feel free to
drop me an email at mohammad.maktoomi@scranton.edu.
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