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ABSTRACT

Using InGaP/GaAs HBT power cells with a 2.0%20 g emitter area of a unit HBT, a two stage  MMIC power
amplifier has been developed for IMT-2000 handsets. An active-bias circuit has been used for'temperamre
compensation and reduction in the idling current. Fitting on measured S-parameters of the HBT cells, circuit
elements of HBT’s nonlinear equivalent model have been extracted. The matching circuits have been designed
basically with the exwacted model. A two stage HBT MMIC power amplifier fabricated using ETRI's HBT
process. The power amplifier produces an 1-dB compressed output power(Piwm) of 28.4 dBm with 31% power
added efficiency(PAE) and 23-dB power gain at 195 GHz in on-wafer measurement. Also, the power amplifier
produces a 26 dBm ouipur power, 28% PAE and a 22.3-dB power gain with a -40 dB¢c ACPR at a 3.84 MHz
off-center frequency in COB measurement.
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Table 1. Design Goals of a HBT MMIC power amplifier.
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Figure 1. An unit IGaP/GaAs HBT with a 2.0x20 m
emitter area.
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Figure 2. Equivalent circuit model of 24-finger HBT.
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Figure 3. Comparision of 24-finger HBT S-parameters
between the simulated and measured results.
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Figure 4. An active bias circuit with a control voltage.
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Figure 5. Comparision of a operation current of the active
bias circuit dependent on the control voltage.
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Figure 6. A block diagram of the power amplifier.
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Figure 7. A conceptional diagram to understand variation of
an input impedance dependent on variation of an load

impedance.
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Figure 10. Load-pull simulation results.
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Figure 11. Input-Output power(Pout) and power-added
efficiency(PAE) characteristics for the two-stage power
amplifier(@ 1.95 GHz).
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Figure 12. Simulation results of S-parameters for the
two-stage power amplifier.
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Figure 13. A photograph of the two-stage HBT MMIC
power amplifier.
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Table 3. DC characteristics dependent on the control
voltages.
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25| 0 3] 8 J25] 1 | 3 ]|102
2.6 1 3 9 2.6 2 3 | 107
2l 6 3 29 | 2.7 3 3 132
2.8 8 3 40 || 2.8 6 3 147
2.9 10 3 57 | 29 9 3 165
3.0 11 3 77 || 3.0 11 3 188
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Figure 14.  Measured output power, power gain and
power-added efficiency characteristics as a function of an
input power with Vg.=3.5 V(@1.95 GHz).
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Figure 15. A COB type two stage power amplifier with
output matching circuit.
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Figure 16, Measured results of S-parameters for the
two-stage power amplifier with output matching circuit,
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