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ABSTRACT.

Efficiency Enhanced CMOS Doherty Power Amplifier in
Backed-off Region with Dual-Load Modulation

Seungwook Lee
Department of Electronics and Information Engineering

Chonbuk National University

In this paper, an efficiency enhanced Doherty power amplifier in
backed-off region with dual-load modulation 1is proposed. To
implement the circuit, distributed active transformer (DAT) is used
for power combining and output stage matching. To variate the
output impedance, switching circuit based on MOSFET is used. With
the DAT, overall circuit size can be decreased. Efficiency of proposed
circuit is enhanced at the 6-dB backed-off region (high power
modulation, HPM). To expand efficiency enhancing region, adaptive
bias circuit is used to control the bias for decreasing quiescent
current. And to obtain high efficiency, output matching point is
changed with shunt switching capacitor(LPM). From the simulation
results, the maximum output power of Doherty power amplifier is
28.2 dBm with power added efficiency (PAE) of 47.8%. In the region
of 4.8 dB and 11 dB backed-off, the efficiency is 36% and 20.296 are
obtaine, respectively. Compare to the original Doherty power amplifier,
efficiency trace obtains three peaks. Compare to the push—pull power
amplifier, efficiency is improved more than 15%, 6% in the
mid-power region and low-power region, respectively.

Keywords : CMOS, Doherty, efficiency, power amplifier, RF
transceiver,
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=

3.1 FAA A A Fsk= Metal 2 4 &
Table 3.1 Provided information of Metal conductivity and

permittivity from the fabrication company

Layer Material Thickness Relative Relative Conductivity
{um) Permittivity Permeability (Sim)
Passivation3 Polyimide 100 3.0 1.0 0
Passivation2 Nitride 0.48 7.0 1.0 0
Passivation1 Oxide 0.5 4.3 1.0 0
LB Al 1.2 1.0 1.0 3.42E7
vV Al 1.4 1.0 1.0 3.42E7
3um Cu Cu 3.0 1.0 1.0 5.22E7
Metal (F)TEOS 7.85 4.46% 1.0 0
(2x, 4x, OL)
Low-k (FITEOS 1.475 4.0* 1.0 0
ILD (F)TEOS 0.85 4.1 1.0 0
Substrate Si 775 11.8 1.0 10

* represents modified permitivity affected by dummy density effects in each metal layer.
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¥ 3.2 Ideal transformerE ©]83F PA AlEd oA A

Table 3.2 PA simulation results with Ideal transformer

Output Power Gain PAE

Ideal PA 28.1 dBm 17.9 dB 64.3%
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¥ 3.3 designed balun transformerZE o] &3+ PA A Edo]A Ax

Table 3.3 PA simulation results with designed balun transformer

Output Power Gain PAE
2 Ropt 24.01 dBm 16.6 dB 50.2%
Ropt 27.3 dBm 17.2 dB 53.6%
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auxiliary amplifier and switching capacitor
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Table 3.4 output power, gain, PAE with Doherty PA operation

region
Output Power Gain PAE
Maximum
24.5 dBm 16.6 dB 48%
Power
Backed-off
. 29.5 dBm 17.3 dB 54%
Region
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Table 4.1 Gain and PAE of Main PA according to the LPM

Output Power Gain PAE
Low Power
. 22.3 dBm 15.6 dB 42.2%
Region
Mid Power
. 25.4 dBm 15.1 dB 49.8%
Region
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Figure 4.4 Block diagram of proposed circuit
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¥ 4.2 Post-simulation 2 3}

Table 4.2 Post-simulation result

Output Power Gain PAE
High Power
. 28.2 dBm 47.8%
Region 14.6 dB
Mid Power 4.8 dB
) ~ 36%
Region backed-off
Low Power 11 dB 16.4 dB
. 20.2%
Region backed-off
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