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A GaN 45W amplifier using the
EGN045MK covering 1.3-1.8 GHz

APPLICATION NOTE NUMBER 036

Many solid state amplifier designers have shown strong interest in the
higher power and wider bandwidth possible with the new GaN
HEMT devices. An example of a moderate bandwidth amplifier
using SEDI’s EGN045MK GaN 45W device is shown.

Amplifier Features

•Instantaneous Bandwidth: 
1.3-1.8 GHz

•Pout: 50 W

•Linear Gain: 13 dB

•Gain Flatness: < 1.0 dB

•Class of Operation: AB

•Power-Added Efficiency:
>40% at Pout> 50 W Average 

signal

Figure 1. Photo of finished wide band amplifier



Design Goals
A new GaN HEMT family of devices with

Pout of up to 180 W and breakdown voltage
of up to 350V has been developed to operate
at drain voltages of 50V or more.  These are
ideal to operate deep in class AB for better
efficiency. The new technology has unprece-
dented current and power density, allowing
the same power to be reached with a signifi-
cantly smaller device. This in turn results in
much lower parasitic capacitance, yielding
significantly wider bandwidth than any other
solid state device.  Thermal considerations
show that the higher power density is largely
offset by a much lower thermal resistance
and a ruggedness that allows safe  operation
at higher junction temperatures than GaAs
or Silicon.

This application note will discuss the
design and testing of a 1.3-1.8 GHz amplifier
based on the EGN045MK 45W device.

Device Description and
Characterization

The EGN045MK is an  S-band unmatched
single-ended devices using a single GaN chip
for a high efficiency and a good linearity at
high level. The chip and the input and output
connections  are mounted in an MK package.
The device has been characterized and mod-
eled.  
Arbitrary design using S-para-
meters and bench tuning 

The first test the device undergoes is S-
parameters. S-parameters were measured
from .1 to above 5 GHz.  A design can be
done using this information, and then tuned
for power in the output. This article discuss-
es the results of one such design. 
Load/Source-Pull Data 

The first step to better design is to load
pull the device. The EGN045MK devices were
first characterized with a load/source-pull
automated tuner system from 1.3-3.8 GHz.
These measurements were used to fit the
device models to measured data.  The load
pull data and the S-parameters can be used
to optimize the input circuit for gain and
power and to analyze the amplifier stability.  

Non-Linear Models 
The next step to better design is to create

non-linear models. The original models for
SEDI's GaN HEMTs were based on standard

non-linear models, EEFET in ADS and
EEHEMT in AWR.  These models were found
to be limited in usefulness.  They did not pre-
dict performance well and they had problems
converging.

New versions of linear models were created
in a joint effort between Auriga and SEDI.
Auriga developed a special variation of the
Angelov model to fit some of the variations
encountered in the GaN parts over bias volt-
age and current.  One of the revisions was  to
get consistent convergence in simulation.
Gate and  drain current under unusual drive
conditions now fit actual data. 

SEDI then took the Auriga model for the
unit cell, and used that to scale and fit the
device parameters to the plane at the outside
of the device where it would meet the printed
circuit board in actual designs.

For ordinary class AB bias designs this
model will work very well. In fact the models
should be useful over most of the bias and
frequency  range, though they are not verified
at the extremes of bias and high or low fre-
quencies.  Models are available for both AWR
Microwave Office and Agilent ADS.

Amplifier Design
Procedure

As mentioned, this design was done start-
ing with the S-parameters then tuning for
power performance. Target specifications are
essentially the resulting performance.

A universally tuneable test fixture is used
as the basis of the test fixture.

Board Material 
The board material selected was Rogers

4003 . It was chosen for its acceptable loss,
its relative dielectric constant, εr=3.38, which
allows reasonable amplifier dimensions, and
its relatively low cost. I have found that
Rogers 4003 material with its εr=3.38 is close
enough to Rogers 4350 with its εr=3.5 that I
consider them interchangeable in the design.
And 4003 is superior in having lower loss
and better dimensional stability over temper-
ature.

DC Bias Circuit Topology 

Gate Biasing Circuit
A  gate resistor, Rg, is connected in series

in the gate biasing circuit for gate protection
and stability. The value is 10–ohms for

EGN045MK. It is placed at the input of the
quarter-wavelength transmission line as
shown in Figure 2, though it can be split to
work with more exotic gate drive schemes
such as those using operational amplifiers.
Rg fulfills multiple roles as discussed in
AN010, and its value is limited to 5-20 ohms
total gate impedance at low frequencies for
stability reasons. Next is a quarter-wave
length high-impedance microstrip line short-
circuited at its extremity by an RF capacitor
with a series resonant frequency near 3.6
GHz. A high-impedance transmission line is
used due to the low gate current. Note that in
microstrip the high impedance limit is 90-
100 ohms.  0.5mm line width is a practical
limit to have good attachment of the circuit,
resulting in 91 ohms line impedance.   Low
frequency bypass capacitors are used outside
the quarter wave feed line to improve low end
performance and memory effect (1).  Note
that using large fixture capacitors precludes
using the gate for pulsing the amplifier on
and off.

Drain Bias Circuit:
Initial design

The narrow band amplifier drain biasing
circuit consists of a quarter-wave length
microstrip line connected at one end to the
output matching circuit and at the opposite
end short-circuited by a capacitor with a
series resonant frequency near the operating
frequency. The quarter-wave length
microstrip line is medium impedance since it
has to carry up to 3A maximum drain cur-
rent when the device is in compression.  In
this design a 1-mm wide line is used with 68
ohm line impedance. A useful tool for evalu-
ating tradeoffs between line width and cur-
rent handling or power handling capacity is a
program called MWI by Dr. G. R. Traut,
downloadable from the Rogers Corporation
website.  1 mm line width will withstand
17Amps or 158W of microwave power or
some combination of the two. Note that it is
generally current which causes line failure. 

DC Blocking Capacitors
In this design example, 20 pF blocking

capacitors were used to provide gain equal-
ization at the lower frequencies. This also
strongly rolls off very low frequencies. A
choice of small value blocking capacitors also
introduces upslope in the response. 

Wider band discussion
Although this circuit is wide band it does

not approach the potential performance of
the device.  Following are some general prin-
ciples for wider  band operation.
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GaN devices are revolutionary due to their very low Cds and relatively high match
impedances. SEDI GaN devices operate at 50V. An application using the
EGN045MK is detailed below.



A wide band amplifier drain biasing circuit
needs to be high impedance across the oper-
ating band.  Another consideration is how
wide band the amplifier needs to be.  Air
wound inductors such as Coilcraft spring
inductors of appropriate turns to create high
impedance can be used to extend bandwidth
lower in frequency. For even wider band
operation conical coils can be substituted, at
least on the input. The practical limit for
commercial air wound coils is about 5A.
Here GaN has an advantage, as the highest
power amplifier draws about that current at
full output power. In this case the maximum
DC current will be about 2.6A so the coils
can be sized accordingly. As an example, a
value of 6-9 nH would provide good perfor-
mance over 1-2 GHz without resonating.

To extend to very low frequencies, Ferrite
loading can be used to increase the induc-
tance at low frequencies.  This has modest
effect at higher frequencies as the interturn
capacitance starts becoming important, and
the ferrite loading loses effectivity.

DC Blocks in wider band applications
An ordinary 0603 0.01uF and 0.1uF

capacitor works nicely from a lower limit of
the measurement system at 50 MHz up to
around 2 GHz without its modes being sig-
nificant.  But this element would drive one
toward the use of feedback or a series res-
onator element to control the gain rise at the
low frequencies.

Gain Control wider band: feedback
An alternative approach would be negative

feedback.  A blocking capacitor is required to
keep the high voltage in the drain from caus-
ing problems in the gate. Again an 0603

blocking capacitor of 0.1uF should work
here.  Resistor values should be on the order
of 200-400 ohms so as to minimize the load-
ing on the output circuit.  In addition it needs
to be the right type of resistor to work at RF
frequencies.  Either an RLR or carbon com-
position is the correct type to get the best RF
performance. RN style resistors are exces-
sively inductive. The resistor lead inductance
will take the feedback out of the circuit at the
higher frequencies. It is recommended to
model this circuit using measured values for
the components, as the risk with the feed-
back network is that it may resonate at some
frequency strongly enough to cause oscilla-
tions.  The circuit must always be evaluated
for this risk.

Circuit Design

Design Methodology: S-parameters only
Using S-parameters only, the design

is simple.  One determines the input
and output tuning as S11* (conjugate
match to device input impedance S11)
and S22* (conjugate match to device
output impedance S22), realizes it in the
test fixture, drops the device in, and
starts testing.  Once a reasonable gain
is obtained, the drive is increased to
compression levels, and the output is
tuned for best power.  The input tuning
can be checked for influence, but gener-
ally the input tuning is not important
for obtaining output power levels.

Design Methodology: Load Pull or mod-
eling

With more information, the amplifier circuit
design is performed in similar steps whether
using load pull data or a non linear model.
Often with a model, use of an optimizer
obscures the steps required, though the log-
ical process should be the same.

• The first step is to match the optimal
device impedance Zout through a conjugate
match Zload to 50-ohm impedance or the
best impedance possible over the band of
interest. Note that this is usually an equal
mismatch, aiming to wrap the output imped-
ance around the center of the Smith chart
equidistant from the 50 ohm perfect match
point. When this goal is achieved, this circuit
Zload should not be modified since no com-
promises should be made concerning the
output power. It is assumed that device
impedance Zout is not significantly affected
by a small change of Zsource during the gain
and gain flatness optimization performed
later, although with a non-linear model this
can be monitored.

• The second step is create a circuit
Zsource that conjugate matches the Zin to a
50-ohm impedance in the band of interest
with best return loss. This may not be a very
good return loss if the bandwidth is very
wide. This step is to define the input circuit
configuration and the initial values of its ele-
ments. 

• The third step is to optimize the gain and
gain flatness of the amplifier. In the load pull
case the S-parameters of the device are used.
This can be simultaneously monitored and
optimized with the model. Only the elements
of the input circuit are optimized. 

With the non-linear model, power can be
optimized while verifying that the gain is not
too adversely affected.

• The fourth step is to analyze the amplifi-
er stability in broadband conditions with the
S-parameters of the device. Again the advan-
tage of the model in pursuing this parameter
simultaneously is an advantage.

Amplifier Stability 
The stability of the single-ended device at

relatively high frequencies can be analyzed
by using its S-parameters.  

Amplifier Layout
The final amplifier circuit based on the

EGN045MK consists of the input and output
matching circuits and bypass circuitry. A
sub-set of the set of decoupling capacitors
recommended in AN-010 (3) was connected
in the gate and drain bias circuits. Multiple
capacitor values tend to interact and cause
resonances, which are difficult to deal with in
a wideband application.   So, a minimal
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capacitor bypass bank is usually preferred
and modeling generally helps.

The amplifier internal dimensions
(boards plus device) were not optimized but
placed in a SEDI standard housing which
measures 115 x 63 mm2.  

Large-Signal Circuit Tuning
The EGN045MK device was tuned for

power. Figure 1 on page 1 shows a photo of
the amplifier as tuned.

Note that this amplifier was only tuned for
power. The optimal match to get power-
added efficiency, ηadd, with a CW signal is
differnet from the optimal power match, and
different again from the optimal match for
ACPR and IM3 performance with a two-tone
W-CDMA signal. 

Measured Results
The performance obtained with the

EGN045MK device using the circuitry of
Figure 1 is presented in the following graphs.
Figure 4 shows Pout vs. Pin and Frequency.
Figure 5 shows Gain vs Pout and frequency.   
Figure 6 shows Pout vs. frequency and Pin.
Figure 7 shows PAE vs. frequency and Pin.
Figure 8 shows Drain Current versus Pout
and frequency.
Figure 9 shows Gate Current versus
Frequency and Pin.

Conclusion
The EGN045MK device is a useful device

for driving high-power output stages or for
medium-high power output stages as a stand
alone. A single-ended amplifier designed
around this device demonstrated excellent
performance.  Gain was 13 dB, with less than
1.0 dB peak-to-peak flatness.   Pout was 46.5
dBm (45W) minimum and over 47 dBm over
most of the band.  Class AB operation yield-
ed PAE of 40% to 47% across the band.
Drain current and gate current at various
drive levels are given for reference. 
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Figure 4. Pin vs Pout 

Figure 5. Gain vs Pout.
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Figure 6. Pout vs Frequency and Pin

Figure 7. Power Added Efficiency vs Frequency and Pin
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Figure 8. Drain Current vs. Pout and frequency.

Figure 9. Gate Current versus frequency and Pin


