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Abstract

A C-Band power amplifier for lower power applicatiowas designed using the Triquint
GaAs MMIC library and Applied Wave Research’s Mieave Office design
environment. The amplifier consists of two cascastades and is intended maximizes
efficiency over other design parameters. The amepli$ centered at 5.5 GHz and
achieves 38% power added efficiency and 20 dB af Geross a +/- 200 MHz
bandwidth with 9 dBm output power.

Introduction

A single ended C-Band power amplifier was desidgioeanaximum efficiency on a
Triquint MMIC process. The amplifier consists ofawtages utilizing enhancement
mode GaAs PHEMTS with on-chip matching networkée @river stage has a gate
periphery of 16um and is biased class AB. Thd Stege has 72um of gate periphery
and is biased deep class B. The design is intetodeth off a single 3.3V supply and has
internal bias circuitry to produce the gate voltdgeAddition, separate gate pads are
provided that can both check the bias points oRHEMTS or, if necessary supply gate
bias. This design allows maximum flexibility forgtotype development.

A simplified schematic is shown in Figure 1. Thepaut matching network was designed
to maximize efficiency. The interstate match alad ko be designed for gain and
efficiency, while the input match could focus ogr@asing gain.
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Figure 1. —Simplified Schematic

Table 1 summarizes key performance parameterssattreoperating bandwidth.

Frequency | Pout Gain PAE
GHz dBm dB %
5.3 9.58 20.39 38
5.5 9.89 20.74 43.25
5.7 9.26 20.15 40.27

Table 1. - Key Performance Parameters



Design Approach
The amplifier was designed to maximize efficienayd low power application. The
metrics used to design this amplifier are summdrineTable 2

Spec Goal
BW: 5.3 Ghz-5.7GHz
Pout: 9 dBm 10 dBm
PAE: >40%at fc 40% across the
bandwidth
Gain Ripple: +/- 0.5 +/- 0.5

Table 2. — Specifications and Goals

Several approaches were investigated for meeteggetbpecifications. Approaches that
seemed promising early in the design phase utiltk&ss-F or some other high efficiency
technique. However, such an approach requires nmmponents then a traditional
matching network. ldeal simulations that appegmesnising quickly lost their appeal
when the low quality inductors inherent with Triqguand other GaAs MMIC processes.
When the results reduced to efficiencies that ehgeaable with a deep class B approach
the simpler matching networks they offered becarmeerattractive. The DCIV plots are
shown in Figure 2. For the driver stage Vgs = Oard for the final stage Vgs = 0.5V.
These values were tuned in the final design
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Figure 2 — DCIV curves



As a deep class B bias excluded a Cripps methoeagip to determining optimum
output load, a load-pull simulation was performedite output FET model. The load
pull contours are shown in figure 3 for 5.5 GHzeTsimulated ideal output matching
network is indicated with the red “x” and the mamd&” is the output match from the
finalized layout.
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Figure 3 — Load Pull and Matching Networks

The best match for both the PAE and Pout are Idaantethe edge of the smith chart, this
is a product of the deep class B bias on the dsviteans that the match that will be
limited in bandwidth. As the design is meant toximaze PAE at the center frequency
(with a goal of extending that over +/- 200 MHzistwill still be suitable for our design.
The match was achieved with a shunt inductor-seapscombination that also provides
a drain voltage insertion and a DC block on thgoubf the MMIC.

Next, the input matching network for the first stagas designed for the driver stage.
The IMN was designed to provide the maximum gaialable. Figure 4 shows the
available gain circles and the results of the IMiNwgation. The design would be
revisited for final tuning after the layout was neampletion.

The interstate matching network was the final congod to be designed. In an interstate
matching network, the output of the driver stagm&ched to the input of the final stage
without having an intermediate 50 ohm match in leetv A shunt inductor series
capacitor pi pad topology was chosen to achiewerttatch and allow convenient bias
insertion for the drain of the driver and the gaitéhe final stage.
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Figure 4. — Available gain circles and input matchHor the driver stage

The design is stabilized with a shunt resistortengower device with a large cap to

ground. In this location the resistor will not dsste significant RF power and the DC
blocking cap to ground ensures no DC power dissgiat the resistor. It was decided not
to put a stabilizing resistor onto the driver stagea significant amount of gain was lost
with the addition of the 200 ohm resistor on timafi The combined amplifier has an

input and output mu value greater then 1 and witlolam terminations the amplifier
should not oscillate. Figure 5 shows the stabfligtor over frequency.
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Figure 5.-Stability factor for the final design




Figures 6 and 7 shows the combined amplifiers pexdoce after the layout was
finalized. Figure 6 shows the amplifiers power et AE and power gain as the input
power is increased at the center frequency of H53.G
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Figure 6 — Pout, PAE and Gain vs. Pin

Figure 7 shows a power sweep with a fixed Pin. Wiiéren properly 38% PAE is
achieved as is a Pout greater then 9 dBm with 26fdin from 5.3 GHz to 5.7 GHz.
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Figure 7 — Pout vs. Frequency



The simplified schematic is presented below inrgg8. The simulated data presented
here used AWR'’s transmission line models on thgquinit substrate that have been
removed for clarity, see Appendix A for the fulhgenatic. From left to right are the
amplifier’s input matching network, driver stagetarstage matching network, final
stage, and the output matching network. The beasark runs along the bottom of the
amplifier.

Figure 8 — Amplifier Schematic

The layout is shown in figure 9. The input is a tottom of the chip and the output is at
the top. The RF ports use ground-signal-groundsgortmaximum RF performance. To
the left are the supplementary gate bias portsh@might hand side is the main power
pin and a supplemental ground pin as well. Layaatsssfully passed ICED design rule
check before submission to Triquint.
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Figure 9 — Amplifier MMIC Layout

Test Plan
Test equipment needed:

Agilent 8510 Network Analyzer (or equivalent)
Agilent E3632A power supply (or equivalent)
Agilent 34410A DMM (or equivalent)

Agilent 8683Bsignal generator (or equivalent)
Agilent E4416A power meter (or equivalent)
Agilent 8480Power sensor (or equivalent)

ogakrwpnE



The Amplifier should be connected to a 3.3 V poagoply which has been current
limited to 20 mA. As the design consists of PHEMiRsl contains internal bias circuitry
there is not the concern of damaging the devictgere is not gate bias applied before
the drain bias.

Test procedure:

1. With no RF source applied, power on DUT powerwitih 3.3V and record
guiescent current:
mA (approximately 3 mA)
2. Set logic analyzer so that Pout < -20 dBm and feagy from 2.5 GHz to 7.5
GHz. Record the small signal gain and the smafiadi§11 and S22.
S11
S22
S21

This will verify the general health of the amplifi@s well as check that the design
is centered at 5.5 GHz

3. Set the signal generator for -20 and 5.3 GHz amnfpe the following
measurements (Grayed cells are calculated paraneter

Pin =-20 dBm
Frequency Pout Gain | Current
GHz dBm dB mA

5.3

5.5

5.7

1 dB compression Measurements

Freqguency Pin at P1dB P1dB | Gain @P1 Current | Pcomsumption | PAE

GHz dBm dBm | dB mA mw %
5.3
55
5.7

3 dB compression Measurements

Frequency Pin at P3dB P3dB | Gain @P3 Current | Pcomsumption | PAE

GHz dBm dBm | dB mA mwW %
5.3
55
5.7

Table 3. - Tabulated Data



Conclusions

A C-Band power amplifier was designed that achigyreater then 38% efficiency and 9
dBm out with 20 dB of gain across 400 MHz of bardiwi All design specifications
were achieved. Due to the design tradeoffs to maeirfficiency not all of the design
goals were achieved, a summery of the simulatefdimeance is given in table 4.

Spec Goal Simulated | Measured
5.3 Ghz-
BW: 5.7GHz
Pout: 9 dBm 10 dBm
40% across
PAE: >40%at fc the bandwidth
Gain
Ripple: +/- 0.5 +/- 0.5

Table 4. - Specs, goals, and worst case measuredgmeters

Figure 10. — close up of the transistors



APENDIX A — Schematic Views
Full Schematic




Simplified Schematic
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