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30W GaN WIDE-BAND POWER AMPLIFIER

rfmd.com
Package Style: Flanged Ceramic
e
RoHS
RFMD |
RF3931 |
Features

= Broadband Operation DC to
3GHz

= Advanced GaN HEMT
Technology

» Advanced Heat-Sink
Technology

s Gain=15dB at 2GHz

= 48V Operation Typical
Performance
- Output Power 30W at P3dB

- Power Added Efficiency 65%

--40°C to 85°C Operation
= EAR99 Export Control

Applications

» Commercial Wireless
Infrastructure

= Cellular and WiMAX
Infrastructure

= General Purpose Broadband
Amplifiers

= Public Mobile Radios

» Industrial, Scientific and
Medical

RF IN RF OUT
VGQ VDQ
Pin 1 (CUT) Pin 2
GND
BASE

Functional Block Diagram

Product Description

The RF3931 is a 48 V 30 W high power discrete amplifier designed for commercial wireless
infrastructure, cellular and WiMAX infrastructure, industrial/scientific/medical, and general
purpose broadband amplifier applications. Using an advanced high power density Gallium
Nitride (GaN) semiconductor process, these high-performance amplifiers achieve high effi-
ciency and flat gain over a broad frequency range in a single amplifier design. The RF3931 is an
unmatched GaN transistor packaged in a hermetic, flanged ceramic package. This package
provides excellent thermal stability through the use of advanced heat sink and power dissipa-
tion technologies. Ease of integration is accomplished through the incorporation of simple, opti-
mized matching networks external to the package that provide wideband gain and power
performance in a single amplifier.

RF3931 is the first product released in RFMD's new family of GaN Unmatched Power Transis-
tors. Based on RFMD's robust GaN1 HEMT process technology, it offers customers high power
and high efficiency broadband power amplification in a low-cost green solution.

Ordering Information

RF3931 30W GaN Wide-Band Power Amplifier
RF3931PCBA-410  Fully Assembled Evaluation Board Optimized for 2.14 GHz:
48V Operation
Optimum Technology Matching® Applied
L] GaAs HBT L] siGe BiCMOS L] GaAs pHEMT ™ GaN HEMT
] GaAs MESFET [ Si BiCMOS [ sicmos
L] InGaP HBT [] siGe HBT Ol siBJT
RF MICRO DEVICES®, RFMD®, Optimum Technology Matching®, Enabling Wireless Connectivity™, PowerStar®, POLARIS™ TOTAL RADIO™ and UltimateBlue™ are trademarks of RFMD, LLC. BLUETOOTH is a trade-
mark owned by Bluetooth SIG, Inc., U.S.A. and licensed for use by RFMD. All other trade names, trademarks and registered trademarks are the property of their respective owners. ©2006, RF Micro Devices, Inc.
7628 Thorndike Road, Greensboro, NC 27409-9421 - For sales or technical
DS091202 support, contact RFMD at (+1) 336-678-5570 or sales-support@rfmd.com. 10f8
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Absolute Maximum Ratings é
Parameter Rating Unit Caution! ESD sensitive device.
Drain Voltage (Vp) 175 \Y Exceeding any one or a combination of the Absolute Maximum Rating conditions may
cause permanent damage to the device. Extended application of Absolute Maximum
. Rating conditions to the device may reduce device reliability. Specified typical perfor-
Gate VOItage (VG) 810 +2 v mance or functional operation of the device under Absolute Maximum Rating condi-
N tions is not implied.
Operational Voltage 50 \
RoHS status based on EUDirective 2002/95/EC (at time of this document revision).
RF - Input Power 37 dBm
P The information in this publication is believed to be accurate and reliable. However, no
. responsibility is assumed by RF Micro Devices, Inc. ("RFMD") for its use, nor for any
RUgged ness (VSWR) 10:1 infringement of patents, or other rights of third parties, resulting from its use. No
o license is granted by implication or otherwise under any patent or patent rights of
Storage Temperature Range -65to +125 C RFMD. RFMD reserves the right to change component circuitry, recommended appli-
. cation circuitry and specifications at any time without prior notice.
Operating Temperature Range (T) -40 to +85 °C Y P Y P
Operating Junction Temperature 200 °C
M)
Human Body Model Class 1A
MTTF (T, < 200°C) 1.00E+06 hours
Thermal Resistance (junction to 3.6 °C/W
case)

*MTTF - Estimated conditions and rating

Operation of this device beyond any one of these limits may cause permanent
damage. For reliable continuous operation, the device voltage and current
must not exceed the maximum operating values specified in the table on
page two.

Bias Conditions should also satisfy the following expression:

IDVD < (T_J - Tc) / RTH J-C and TC = TCASE

Specification .
Parameter - Condition

Recommended Operating

Conditions

Drain Voltage (Vgsq) 28 48

Gate Voltage (Vgsq) -5 -3 2.5

Drain Bias Current 130 mA

RF Input Power (Pin) 37 dBm

RF Performance

Characteristics

Frequency Range DC 3000 MHz

Linear Gain 20 dB Pour=30dBm, 900MHz [1, 2]
13 15 dB Pour=30dBm, 2.14GHz [1, 2]

Input Return Loss -10 dB 2.14GHz [1, 2]

Gain Variation with Temperature -0.015 dB/°C

Output Power (P3dB) 50 w 900MHz [1, 2]

47 dBm 900MHz [1, 2]

32 44.7 w 2.14GHz [1, 2]
45 46.5 dBm 2.14GHz [1, 2]

Power Added Efficiency (PAE) 65 % 900MHz [1, 2]
59 62 % 2.14GHz [1, 2]

[1] Test Conditions: CW Operation, Vdsq=48v, lag = 130mA, T=25°C

[2] Performance in a standard tuned test fixture

7628 Thorndike Road, Greensboro, NC 27409-9421 - For sales or technical
20f 8 support, contact RFMD at (+1) 336-678-5570 or sales-support@rfmd.com. DS091202
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RF3931

Typical Performance in standard fixed tuned test fixture (CW, T=25°C)

Power Gain Vs Output Power
RF3931VDS: 48V IDQ: 130mA
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Drain Efficiency Vs Output Power
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Package Drawing
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Bias Instruction for RF3931 Evaluation Board

ESD Sensitive Material. Please use proper ESD precautions when handling devices of evaluation board.
Evaluation board requires additional external fan cooling.
Connect all supplies before powering up the evaluation board.

1. Connect RF cables at RF,y and RFgyr.

Connect ground to the ground supply terminal, and ensure that both the Vg and Vp, grounds are also connected to this
ground supply terminal.

Apply -6V to V.

Apply 48V to Vp,.

Increase Vg until drain current reaches desired bias point.

Turn on the RF input.

N

o ok w

7628 Thorndike Road, Greensboro, NC 27409-9421 - For sales or technical
DS091202 support, contact RFMD at (+1) 336-678-5570 or sales-support@rfmd.com. 50f8
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Evalution Board Schematic
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Evaluation Board Layout
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7628 Thorndike Road, Greensboro, NC 27409-9421 - For sales or technical
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Evalution Board Bill of Materials

Designator Description QTY

C1, C2,C10, C11 | 33pF, + 5%, NPO Ceramic, ATC800A 4
C3,C14 0.1uF, 100V, 1210, X7R Ceramic, Murata GRM32NR72A104KA01L 2
C4,C13 4.7uF, 100V, 2220, X7R Ceramic, Murata GRM55ER72A475KA01L 2
C5 100uF, 50V, Electrolytic, Panasonic ECE-V1HA101UP 1

C6 2.2pF, £ 0.1pF, NPO Ceramic, ATC800A 1

Cc7 0.7pF, £ 0.1pF, NPO Ceramic, ATC800A 1

Cc8 1.0pF, £ 0.1pF, NPO Ceramic, ATC800A 1

C9 2.7pF, £ 0.1pF, NPO Ceramic, ATC800A 1
C12 330uF, 100V, Electrolytic, Panasonic EEU-FC2A331 1
R1 10 Ohm, ¥4 W, 1206, SMT resistor 1

- PCB, Taconic RF35, Er=3.5, H=0.030"

7628 Thorndike Road, Greensboro, NC 27409-9421 - For sales or technical
DS091202 support, contact RFMD at (+1) 336-678-5570 or sales-support@rfmd.com. 7 0of 8
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(Advance Notification)

Introducing the development of RFMD’s unmatched high power
transistor (HPT) family comprised solely of gallium nitride

(GaN) transistors. Using an advanced 0.5um GaN high electron
mobility transistor (HEMT) semiconductor process, these high-
performance amplifiers from RFMD show excellent peak drain
efficiency and flat gain over a broad frequency range in a single
amplifier design. The RF393x family consists of 10 W to 120 W
unmatched GaN power transistors assembled in a 2-lead flange
ceramic package, which provides excellent thermal stability and
is ideally suited for CW and pulsed applications, both narrow
and wideband. Ease of integration and tuning is accomplished
through the incorporation of simple optimized matching
networks external to the package that provide wideband gain
and power performance in a single amplifier.

RFMD has defined a GaN production model that best leverages
the cost advantages attained by manufacturing in our existing
wafer factory—the world’s largest I1I-V commercial wafer
factory—located near RFMD’s corporate headquarters in
Greensboro, North Carolina. Commercializing semiconductor
processes is an RFMD strength forged with the successful
release of the industry’s first GaAs HBT power amplifier for the
high-volume cellular handset market. Applying that knowledge
to the development of gallium nitride (GaN) transistors for the
wireless infrastructure, commercial and military markets is an
RFMD competency.

Gallium Nitride (GaN) High Power Transistors

APPLICATIONS:

* Broadcast

* General purpose broadband amplifiers
 Cellular wireless infrastructure

* High power radars

* Public mobile radio

* Military & aerospace

* Industrial/medical

FEATURES:

* High power density > 5W/mm

e Advanced 0.5um GaN HEMT process

* 48V bias operation

e High gain > 14 dB at 2.1 GHz

e High peak drain efficiency > 65% at 2.1 GHz

* Advanced heat sink package technology

e ESD performance of Class 1B HBM, and Class A MM

* Maximum junction temperature = 200° C for 85° C
base plate

RFMD &)

rfmd.com





SPECIFICATIONS

Part Freq Range Psat Psat Linear Gain Peak Drain Vds ldg
Number (GHz) (dBm) W) (dB) Efficiency (%) V) (mA) Package
RF3930 DCto4 40.0 10 >14 > 65 48 50 AIN SOIC-8 Outline
RF3931 DCto4 44.8 30 > 14 > 65 48 130 Ceramic 360 Bolt Down
RF3932 DCto 4 47.8 60 > 14 > 65 48 220 Ceramic 360 Bolt Down
RF3933 DCto4 49.5 90 >14 > 65 48 310 Ceramic 360 Bolt Down
RF3934 DCto4 50.8 120 > 14 > 65 48 440 Ceramic 360 Bolt Down
Power Gain Vs Output Power Drain Efficiency Vs. Output Power and Frequency
RF3931 VDS: 48V IDQ: 130mA RF3931 VDS: 48V IDQ: 130mA (20mA/mm)
16 70
15 60 A
—— —2110
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For sales or technical support, contact your authorized local sales representative (see www.rfmd.com/globalsales).

®
Register to receive RFMD’s latest product releases with our new Email Comp t Alerts at www.rfmd.com/emailalert. R FM D m

This product complies with RFMD’s green packaging standards. rfmd.com
RFMD® is a trademark of RFMD, LLC. All other trade names, trademarks and registered trademarks are the property of their respective owners. ©2009 RFMD.
BR.RF393x.0609.50







Powering change

COMMUNICATIONS DESIGN RF & MICROWAVEO=

GaN transistors are set to enable new high power
applications. By Graham Pitcher.

Fand microwave applications are
R becoming increasingly important as the
world becomes more reliant upon

wireless communications. But supporting the
mobile phone network is just one aspect of the
technology; radar is another burgeoning
application. Enabling all these applications is the
seemingly humble rf transistor.

Jeff Shealy is vice president and general
manager of RF Micro Device’s (RFMD) Defense
and Power business. He said: “At a high level, the
applications range from commercial to defence,
with commercial applications focusing on
infrastructure. Depending on which market
report you read, it’s a $ Lbillion market, with 40%
of devices purchased for communications
basestations.”

But there are other applications for rf
transistors. “Industrial and emerging markets also
use these parts,” Shealy noted. “An example is
ballasts used in high lumen lighting applications,
such as stage and stadium lighting, and there are
medical applications in irradiation.”

Radar and wireless communications dominate
the applications for high power transistors. Both
markets have different drivers, however. While
wireless network operators are looking to improve
power efficiency, raw power is often more
important for radar developers. RFMD believes it
can cater for both markets with the launch of a
range of rf power transistors manufactured on a
gallium nitride (GaN) process. This 0.5um process
supports power densities in excess of 5SW/mm
and gains in excess of 14 at 2.1GHz.

Shealy said: “What the GaN process enables
is devices to run at higher voltages.” The GaN
process enables bias voltages of 48 or 65V. “The
higher the voltage, the higher the output power,”
Shealy noted, “which means higher voltage is
the way to go.”

With radar, range is proportional to the square
root of power, so being able to apply higher power
allows the radar to ‘see’ further. “Current arrays
are large,” Shealy noted, “and can have up to 1000
elements, each of which needs to be driven.” So
higher power and more efficiency makes sense.

Higher power electronics can also allow the
antennas for multiple radar systems to be
consolidated, said Shealy. “Ships can be made to
be more ‘stealth oriented’.”

Despite the fact that RFMD has just launched
its first GaN based product, the company
describes GaN as ‘a mature, robust technology
with extraordinary reliability’. It says that,
compared to GaAs and Si, its GaN process has
higher breakdown voltage and power densities
and this enables applications not possible with
competing technology.

Because GaN transistors have a high power
density, this enables smaller devices, in turn
reducing capacitance, boosting impedance,
broadening bandwidth and reducing cost.

“If you translate this back to the mobile
market,” said Shealy, “it allows operators to run at
higher voltages for smaller periods during peak
loads; power is available.”

Military applications are also enhanced.
“Electronic warfare is enabled by high impedance
devices. Jamming multiple channels with one

HMS Somerset

www.newelectronics.co.uk
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High power radar can make ships such as HMS Daring more ‘stealth oriented’

device is advantageous, particularly when you are

trying to counter improvised explosive devices.”

Afurther area of interest for RFMD is military
communications and private radio networks.
“Basically,” Shealy commented, “new radios for
these applications are looking at convergence of
frequency bands. On the commercial side,
emergency response teams can access multiple
communications bands from one radio, allowing
them to communicate with multiple agencies. On
the military side, it allows switching between
different bands for security purposes, as well as
the establishment of private communications.”

According to Shealy, all of these applications
can take advantage of higher output power.
“Bandwidth is driven by an improvement in
impedance and efficiency.”

RFMD is the largest lll-V manufacturer and
currently accounts for 25% of all GaAs wafer starts.
The GaN process is colocated with the GaAs lines
and, says RFMD, this allows IlI-V expertise to be
applied to GaN production.

“RFMD is a lll-V company,” Shealy emphasised.
“Alongside GaAs products, it had a small amount of
business based on an Idmos silicon process. That

-

RFM|
RF3931

!
l-

supported 28V; this is a migration to 48 or 65V

The first GaN transistor is the RF3931. “It's the
first of a new family,” Shealy continued, “which will
cover the range from 10 to 120W.” The RF3931is a
48V 30W high power discrete amplifier designed
for a range of applications.

It offers high efficiency and flat gain over a
broad frequency range in a single amplifier design.
The unmatched GaN transistor is packaged in a
hermetic, flanged ceramic package, which provides
thermal stability. Ease of integration is said to be
enabled through the incorporation of optimised
matching networks external to the package.

£1.34million funding for diamond based high power rf transistor development

The Microwave Power using Diamond project, or MPower-D, has received £1.34million from the
Technology Strategy Board as part of a £3m effort to develop diamond based high power, high
temperature microwave transistors. The partners are looking to develop a demonstrator microwave
pulsed power amplifer capable of producing in excess of 100W

The project will use deposit thin layers of diamond using chemical vapour deposition technology.
Diamond so created is expected to offer unusual properties, including high breakdown voltage and

high temperature operation.

According to Diamond Microwave Devices, one of the project’s partners, devices produced using
the technology could have the potential to provide superior microwave power and higher operating
temperatures than existing semiconductor devices and technologies.

@ 8 December 2009

The GaN process supports a breakdown voltage
of 300V. “So we're not limited by how high we can
run the bias,” Shealy added. “In fact, we're more
limited by packaging technology. We have voltage
to spare and, as we work to improve packaging and
heat sinking, we will see higher output power. We
can push the technology further before we reach
the thermal limit.”

He contrasted the application with GaN leds.
“These have been available for some time,” he
noted. “But with high voltage technology,
everything has to be right. If you have defects or
the device isn't designed correctly, you can have
excessive leakage and parasitics begin to impact
the device’s ability to be effective. Our focus has
been on optimising GaN for high voltage.”

In fact, GaN has been available to RFMD since
2001, when it acquired some R&D technology. “But
RFMD is a conservative company,” Shealy
admitted, “and we don’t rush technology to
production when it's not ready.”

Shealy said it is useful to think of the RF3931
and its counterparts as building blocks. “We can
scale this part to achieve higher output power,” he
said, “but they can also be operated in pulse mode.
In that mode, you can get double the output power.
If you put two 120W devices in the same package
and combine them effectively in pulse mode, you
can get 500W. This enables higher power, higher
efficiency solutions in smaller packages.”

Meanwhile, RFMD has received its first order
from a tier one wireless base station oem for a GaN
based product. The order, for the RFG1M09180
180W broadband power transistor, will support the
global expansion of 4G wireless networks.

Concluding, Shealy said the GaN process is
‘revolutionary’. “If silicon can ‘play, it will, but we're
enabling new applications for high power
equipment which couldn’t be achieved before.”

www.newelectronics.co.uk
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FMD has developed a portfolio of Gal-
R lium Nitride (GaN) on Silicon Carbide
(SiC) high power amplifiers and just
recently released the first product from a fam-
ily of discrete unmatched power transistors. The
RF3931 is a 48 V, 30 W high power discrete tran-
sistor that operates in the DC to 3 GHz frequency
range and is designed for commercial wireless
infrastructure, defense/military, industrial/sci-
entific/medical, test instrumentation and gen-
eral purpose broadband amplifier applications.
Using an advanced high power density 0.5
pum GaN high electron mobility transistor (HEMT)
semiconductor process, these high-performance
amplifiers achieve high efficiency and flat gain
over a broad frequency range in a single amplifi-
er design. The RF3931 is an unmatched GaN tran-
sistor packaged in a hermetic, flanged ceramic
package. This package provides excellent ther-
mal stability through the use of advanced heat
sink and power dissipation technologies. Ease
of integration is accomplished through the incor-
poration of simple, optimized matching networks
external to the package that provide wideband
gain and power performance in a single ampli-
fier. This is the first product released from a fam-
ily of four unmatched power transistors ranging
in power levels from 30 to 120 W.

DESIGN

The RF3931 utilizes RFMD’s advanced 0.5 pm
GaN1 process optimized for high-power and

MosTt VVaLuaBLE ProbucT

THE FIRST IN A
FamiLy oF VERSATILE

HicH Power GAN
TRANSISTORS

high-efficiency performance with the follow-
ing process parameters: 28 to 43 V operation,
Vbd>200 V, Pd 6-8 W/mm and Ft ~11 GHz. The
RFMD GaN1 process is fully qualified and has
a predicted Activation Energy E =2.3 with Mean
Time to Failure (MTTF) of 9.2x10° at 200°C chan-
nel temperature. The GaN high-voltage process
delivers lower output capacitance and higher
impedance, enabling device designs that pro-
vide wider bandwidth and simpler matching cir-
cuits versus incumbent silicon processes.

RFMD’s RF3931 is a depletion mode device
and therefore requires a typical -5 to -6 V gate
pinch-off voltage. The Vgsq to bias the transis-
tor for nominal class AB operation is between -3
to -4 V. Even though the transistor is optimized
for 48 V operation, it has been demonstrated to
work at drain voltages as low as 28 V and as high
as 65 V. The input capacitance is 9.5 pF or 0.3
pF/W; the output capacitance is 5.5 pF or 0.15
pF/W. The RF3931 is optimized for the DC to 3
GHz frequency range and is incorporated into
an advanced, high thermal conductivity pack-
age that is required to support the higher power
density of GaN. The bolt-down, 2-leaded-flange,
hermetically sealed solution provides a robust,
packaged designed to operate over temperature
ranges from -40° to 85°C.

RFMD®
Greensboro, NC
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A Fig. 1 RF3931 drain efficiency vs. output
power at 900 MHz (Vds = 48 V, Idq = 130 mA).
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A Fig. 3 RF3931 drain efficiency vs. output
power at 2.1 GHz (Vds = 48V, Idq = 130 mA).
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A Fig. 2 RF3931 gain vs. output power at
900 MHz (Vds = 48 V, Idg = 130 mA).

A summary of the RF3931’s features
include: 28 to 48 V operation; DC to
3 GHz broadband tunable frequency
range. Performance at 900 MHz (see
Figures 1 and 2): 50 W typical peak
power; 65% power added efficiency; 20
dB linear gain. Performance at 2.1 GHz
(see Figures 3and 4): 40 W typical peak
power; 62% power added efficiency; 15
dB linear gain. Common to both: 0.012
dB/°C gain variation over temperature;
-40° to 85°C operating temperature
range; 100 percent RF and DC tested,;
industry-standard 2-leaded flange ce-
ramic package; RoHS compliant and
lead-free; EAR99 export control.

Nonlinear models were developed
to enable the design community to pre-
dict performance of the RF3931 in both
linear and compressed applications.
Efforts to improve the model perfor-
mance over temperature at specific
frequencies and power convergence
are ongoing. Upgrades to the models
will be made available to the market
periodically.

NUMEROUS APPLICATIONS

Suitable for both linear and com-
pressed end products, the RF3931 is an
ideal solution for a multitude of applica-
tions requiring bandwidth, power and
efficiency. Such applications include
public mobile radios (PMR), military
communications, civilian and military
radar, military jamming, test instrumen-
tation, commercial/cellular wireless

42

A Fig. 4 RF3931 gain vs. output power at
2.1 GHz (Vds = 48 V, Idg = 130 mA).

infrastructure, and general purpose
broadband amplifiers. End customers
incorporating the RF3931 into next-
generation systems will benefit from
utilizing this advanced technology due
to its ability to enable higher efficiency,
higher power and wider bandwidth
solutions versus the incumbent tech-
nology. These enhanced capabilities
enable the RF3931 to provide value
proposition(s) of reduced components,
reduced cooling/thermal requirements,
reduced weight/size, and ultimately, re-
duced installed costs.

The RF3931 performs well for both
pulse and CW constant envelope ap-
plications. Optimum performance is
highlighted by the results of a RF3931
fixture tuned for L-band 1200 to 1400
MHz frequency under pulse conditions.
The RF3931, operating at Vdd=48 V
and ldsq= 130 mA, provides 45 W out-
put power with ~65 percent drain effi-
ciency and ~17 dB gain over the full 200
MHz bandwidth when a 100 usec pulse
width, 10 percent duty cycle waveform,
is introduced to the fixture (see Figure
5). The RF3931 L-band results were ac-
complished through simple, optimized
matching networks external to the
package.

Linear performance in high power
amplifiers is important for applica-
tions using complex waveforms with
high peak to average ratios (PAR). The
RF3931 demonstrates respectable lin-
ear performance and can be used in

A Fig. 5 RF3931 L-band (1200 to 1400
MHz) performance.
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A Fig. 6 RF3931 ACP measurements.

both corrected and un-corrected linear
architectures. The linear performance
of the RF3931 achieves better than -40
and -45 dBc ACP for 2.1 GHz and 900
MHz, respectively, using 0 percent clip-
ping on a 3G 64-channel test model to
34 dBm (see Figure 6). Both examples
demonstrate that the RF3931 is a ver-
satile power amplifier that provides a
range of power, efficiency, bandwidth
and linearity from a single device. The
inherent attributes in RFMD’s GaN1
process and end product design allow
for ease of implementation and supe-
rior performance in end customer ap-
plications.

CONCLUSION

RF3931 is the first product released
in RFMD's new family of GaN un-
matched power transistors ranging in
power from 30 to 120 W. The design
is incorporated in an advanced, high
thermal conductivity flange ceramic
package and has been developed to
meet the needs of customers requiring
optimal power performance for both
compressed and linear applications.
Based on RFMD's robust GaN1 HEMT
process technology, the RF3931 offers
customers high power and high effi-
ciency broadband power amplification
in a low-cost, green solution.

RFMD®,
Greensboro, NC
(336) 664-1233, www.rfmd.com.
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