Commercial Spread-Spectrum
MMIC Power Amplitiers

Single chip, MMIC power amplifiers for 2.4 and 5.8 GHz commercial spread-
spectrum applications are described with measure only 3.0 x 1.7 mm.
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aAs MMIC technology offers superior
G gain per stage and better multistage power

added efficiency, when compared to appli-
cations in which Silicon is used above L-Band. Even
at L-Band GaAs has appropriate uses. The chips
discussed here provide very affordable solutions to
the need for general purpose power amplifiers in
unlicensed commercial spread-spectrum trans-
ceivers [1].

The FCC authorized 902-928, 2400-2483 and
5725-5850 MHz for spread spectrum
COMMURNICAtions.

These MMIC:s provide a repeatable and cost ef-
fective alternative to conventional hybrid and dis-
crete power amplifiers. Bias circuitry is integrated
so assembly time and cost are lower. Tuning is
eliminated. Power and efficiency performance is
quite satisfactory, with useful gains in excess of 20
dB and 1 dB compression power output of 0.5 watts.
This performance was obtained on a first pass
through design, fabrication and test, with an overall
cycle time of 2.5 months.



The FCC authorized frequency bands for spread-
spectrum systems are 902 to 928 MHz, 2400 to 2483
MHz. and 5725 to 5850 MHz. The requirements for
transmitter power output are +30 dBm EIRP with
spread-spectrum modulation.

With typical antenna gains in 0 to 3 dBi range,
the maximum power output required from the pow-
er amplifier (PA) is + 27 to +30 dBm. The two
PAs described herein are designed to provide pow-
er output capability greater than +27 dBm at 1dB
gain compression from a +5 V drain supply.

Circuit Design

Based on the requirements of an existing direct-
sequence spread-spectrum system, the following
minimum design goals were established for the 2.4
and 5.8 GHz. power amplifiers:

Frequency Band

2.45 GHz +/-50 MHz

A final amplifier stage gate-width (Wg) of 3.0
mm was selected, based on power and efficiency
requirements. For high efficiency, FET Wg ratio’s
between final and driver stages was set as high as 7
dB. The Wg ratio between predriver and driver
stages was less aggressively set at 3 dB, due to im-
pedance level and gm considerations. The resultant
driver and predriver gate-widths are 600 and 300
microns, in the 2.4 GHz PA, respectively. The 5.8
GHz PA’s respective gate- widths are 720 and 300
microns.

Gate interface networks are lossy to aid stability,
bandwidth and bias supply. The amplifiers are
unconditionally stable.

5.8 GHz +/-75 MHz

Gain 25 dB 20 dB
Power Output @ 1dB GC +27 dBm +27 dBm
Power Added Efficiency 20% 20%

Input VSWR 2:1 2:1

Output Third Order Intercept 35 dBm 35 dBm
Operating Temperature Range 0to +70 C 0to +70 C

The power amplifier load-line designs were
based on nominal +5v operation. For improved
efficiency, FETs are biased in Class-AB. The out-
put network of the final amplifier provides second
harmonic tuning, also for efficiency improvement.

The power amplifiers’ output network is also
tuned for second harmonic to enhance Class
AB efficiency.

Optimum power loading for this low voltage ap-
plication and FET process was obtained by match-
ing an equivalent source admittance of 47.6+j5.9
mS per mm of gate-width, at 2.45 GHz. In support
of these designs, load-pull data was gathered from
300 and 600 micron devices with an automated tun-
er system manufactured by Focus Microwaves. Test
conditions were Vds= + 5v and various degrees of
Class-AB bias which ranged from 20% Idss to 50%
Idss quiescent current.

Circuit simulation was performed in both linear
and non-linear forms. Non- linear simulation used
the Curtice-Cubic FET large-signal model in a har-
monic balance type simulator. Modeled device
power and efficiency were both within 1dB of mea-
sured levels.

Gate interface networks were lossy loaded for
stability, bandwidth and bias feed considerations.
Drain matching network topologies were selected
based on bias considerations as well as RF imped-
ance match. Gate bias distribution on chip is de-
Qed and decoupled by series resistors in each line.
The drain bias feeding structure is shunt loaded
with a series RC damper. Additional drain isolation
is provided by series resistors to the first two stages.
The small voltage drop incurred there is tolerable
and has been budgeted into the design. The chip is
unconditionally stable. Schematic diagrams of the
two PA designs are shown in Figure 1 and 2.

Figure 1. 2.4 GHz MMIC PA RF schematic.
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Figure 2. 5.8 GHz MMIC PA RF schematic.

Fabrication

The active devices are supported by a standard
0.5 micron GaAs MESFET MMIC ion implanted
foundry process. Gates are written with E-beam
lithography and realized in a double recess. The
process includes Silicon Nitride MIM capacitors,
Tantalum Nitride and GaAs resistors, and low-loss
transmission line elements. Low inductive ground-
ing paths are provided through 50 micron diameter
via holes. Typical DC parameters for a 1 mm device
are Vb= +15v, Idss=320mA, Vp=- 3.5,
Gm = 135mS. Chip area is conserved by distributing
bypass MIM capacitors around via pads. This tech-
nique has been previously described in [2].

Measured Results

All of the design specifications were met with
the first MMIC pass.

The first-pass results on these MMICs met all the
design specifications. A photo of the MMICs is
shown in Figures 3 and 4. The chip size of the 2.4
GHz MMIC is 3.0x 1.7 x 0.1 mm and that of the 5.8
GHz. MMIC is 3.0 x 1.9 x 0.1 mm. Measured data
has been taken with the devices mounted in a low-
cost surface- mount package. The only external
components required are two external bypass ca-
pacitors in the positive and negative bias paths for
additional out of band decoupling, to ensure
against bias path induced low frequency oscilla-
tions. The packaged chip assemblies are shown in
Figure 5 and Figure 6.

The measured gain and return loss for the two
MMICs are shown in Figures 7 and 8. Clearly, the
2.4 GHz PA has typical small-signal gain of 28 to 30
dB and input return loss below -10 dB over most of

Figure 3. 2.4 GHz MMIC power amplifier.

Figure 4. 5.8 GHz MMIC power amplifier.

Figure 5. 2.4 GHz packaged MMIC power amplifier.
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Figure 6. 5.8 GHz packaged MMIC power amplifier.

the operating band. The 5.8 GHz PA provides a
typical gain of 23 dB with less than -12 dB of input
return loss over it’s operating band. Small-signal
test conditions are T =25 degrees C and a bias of
+5v, 410 mA.

The 2.4 GHz chip has power output greater
than 1 watt and 32% added efficiency.

The measured output power and efficiency of the
2.4 GHz chip is displayed in Figures 9 through 12.
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Figure 7. 2.4 GHz MMIC PA small-signal performance.
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Figure 8. 5.8 GHz MMIC PA small-signal performance.
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Figure 9 shows the -1 dB compression power versus
frequency for a 35% Idss bias. The -1 dB com-
pressed power performance trade-off with operat-
ing point (drain voltage and quiescent current) is
illustrated in Figure 10. Similarly, the efficiency im-
pact of operating point is shown in Figure 11. It can
be seen that power output greater than 1 watt and
associated power added efficiency above 32% has
been typically achieved from this MMIC.

Power and efficiency at Vds= +5v are typically
+28 dBm and 25%, respectively. Since a primary
application for this chip is direct sequence spread-
spectrum modulated signals, Figure 12 has been
included to illustrate the operating point effect on
spectral regrowth of the second (Sth order) side-
lobe. The power level displayed is associated with a
3 dB degradation in the second (5th order) side-
lobes. Typical 3rd order output intercept point for
the 2.4 GHz PA at 2.45 GHz is about 36 dBm at
Vds= +5V.
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Figure 9. 2.4 GHz MMIC PA -1 dB compression power.
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Figure 10. 2.4 GHz MMIC PA -1dB compression power.
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Figure 11. 2.4 GHz MMIC PA efficiency at -1dB compres-
sion.
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Figure 12. 2.4 GHz MMIC PA spread spectrum output
power.

The 5.8 GHz chip delivers up to 1 watt and
20% added efficiency at appropriate bias levels.

The power and efficiency performance of the 5.8
GHz chip is shown in Figures 13 and 14. This chip
delivers a minimum output power of 26 dBm with
associated power-added efficiency of 18%. At ap-
propriate bias levels, 1 watt power levels and associ-
ated power added efficiencies above 20% are typi-
cally measured. The third order output intercept
point at 5.85 GHz is typically 35 dBm at Vds = + 5v.
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Figure 13. 5.8 GHz MMIC PA output power(P-2dB) vs fre-
quency and bias voltage.
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Figure 14. 5.8 GHz MMIC PA power-added efficiency @
P-2dB vs frequency and bias voltage.
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