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Abstract This paper presents a switched output matching
circuit for low/high power modes using a novel structure
switch. By adjusting the output matching circuit for the
power levels, the efficiency at a low-power region is
improved significantly without compromising linearity and
efficiency at a high-power region. This switched power
amplifier provides 13% power-added efficiency(PAE) with
adjacent-channel-power-ratio(ACPR) less than —48 dBc at an
output power level of 16 dBm and 41% PAE with ACPR less
than —-43 dBc at 28 dBm.

I. INTRODUCTION

CDMA mobile communication systems impose
stringent requirements on power amplifiers for efficiency
and linearity. The simultaneous achievement of high
efficiency and linearity makes the power amplifier design
difficult since there is a strong trade-off between the two.
Moreover, the efficiency of the handset power amplifier at
a low-power region is of prime interest due to battery
lifetime because the handset operating power level is
mostly less than 17 dBm [1]-[3] while the maximum
power is about 28dBm. So far several efficiency
enhancement techniques have been proposed, such as
Doherty-type amplifiers [4]-[6] and bias control-type
amplifiers[7]. One simple method to achieve a

compromised result is to adopt a class-AB biasing scheme.

However, simple class-AB biasing has its own limits in
efficiency. We are proposing a switched-type output
matching circuit using a novel structure switch. By
adjusting the output matching circuit for low and high
power modes, the efficiency at a low-power region can be
improved without compromising any linearity and
efficiency for the high-power region. Using the control
signal that is already available from the baseband
controller of CDMA handsets, the bias point and output
matching of the amplifier are controlled, depending on the
TX power requirements.

Il. DESIGN AND FABRICATION
Figure 1(a) shows a schematic of the switched output

matching circuit for the power amplifier. The output
circuit is composed of output matching and switching

components. Figures 1 (b) and (c) show the switch off and
on state equivalent circuits. Figure 2 shows the Class AB
load lines and bias points for the two switch modes.
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Fig. 1 (a) Schematic of a power amplifier with
switched output matching circuit, (b) Equivalent output
circuit for switch-off state, (c) Equivalent output circuit
for switch-on state.
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Fig. 2 Class AB load line and bias point. (a) Low power
mode. (b) High power mode

To obtain an enhanced efficiency at a low power mode,
impedance Z; must be increased and the bias current must
be decreased. To achieve the requirements, we employ a
switched output matching circuit with base bias control.

For efficient load impedance modulation, a low loss
switch is an extremely important design issue. Figure 3
shows the novel structure switch we have employed. The
switch has several merits such as a high power handling
capability, a low switch control current(<10 pA),a nearly
zero level even harmonic generation by the two diode out-
phasing arrangement. This diode assisted switch shows a
lower insertion loss than the transistor switch since the RF
path is separated from the lossy DC path. The DC path
includes a lossy transistor for a low control current of the
switch. Additionally, the proposed switch does not need
an RF choke inductor. Figure 4 shows the impedance
transformation trajectory on the smith chart according to
the switch state. For the switch-off state, load impedance
Z0 is transformed to a low mode impedance level Z,=7, ,,
by transmission line Line;(Z0 to Z,), shunt capacitor C,

(Z, to Zy) and series inductor Ly (Z, to Z ) as shown
figure 1(b). For the switch-on state, load impedance Z0 is
converted to high impedance level Z;=Z,g by
transmission line Line;(Z0 to Z;), two shunt capacitor
Csw(Z, to Z,) of switch structure, shunt capacitor Cy(Z. to
Z4) and series inductor Ly(Zy t0 Zyign) as shown in figure
1(c).
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Fig. 3. RF path and DC path of the novel structure switch.
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Fig. 4. Impedance transformation trajectories from Z0 to
Z ow and Z0 t0 Zyign

A circuit block diagram of the switched power
amplifier module (PAM) is shown in figure 5 and the die
micrograph is shown in figure 6. The 1.0x1.0 mm? die is
mounted directly on FR4 PCB. A 2x40 um? x 10 unit-cell
HBT is used for the drive stage, a 2x40 um? x 64 unit-cell
HBT is used for output stage, and 2x40 um? x 20 unit-cell
HBT is used for the switch. To reduce RF power loss,
output matching circuit and Csyy are off-chip components,
as shown in figure 5.
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Fig. 5 Block diagram of the power amplifier with
switched-type output matching.
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Fig. 6. Die micrograph.

I11. MEASUREMENTS AND DISCUSSIONS

Figures 7 and 8 show gain, PAE, and ACPR of the
amplifier at Vcc=3.4 volt for reverse-link 1S-95A signal at
a chip rate of 1.2288 Mcps at Korean cellular band (center
frequency=836.5 MHz). The low-power mode is selected
to operate at Vmode=0 volt and the high-power mode at
Vmode=2.85 volt. For the low-power mode, PAE of 13 %
and ACPR of —48 dBc are achieved at an output power of
16 dBm. In the high-power mode, PAE of 41 % and
ACPR of —-43 dBc are achieved at the output power of 28
dBm.
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Fig. 7 Measured gain and PAE versus output power.
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Fig. 8 Measured ACPR versus output power.

IV. CONCLUSION

To enhance the low power efficiency of the amplifier
for CDMA handset application, the load modulation
technique using a switch-type output matching has been
proposed and demonstrated. By employing a novel
structural switch, the proposed amplifier could operate in
two different modes successfully: “High impedance”
mode for a low power operation and “Low impedance”
mode for a high power operation. In this way, the
efficiency at a low power region could be optimized and
this switched power amplifier delivers 13% PAE with
ACPR less than —48 dBc at an output power level of 16
dBm and 41% PAE with ACPR less than —43 dBc at 28
dBm.
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