A 6-10 GHz CMOS Tunable Power Amplifier for Reconfigurable RF Transceivers
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1. Introduction

Recently, a multi-standard transceiver has started to attract
more attention with the overwhelming increase of various
wireless standards that covers different frequency bands
and uses diverse modulation standards. Moreover, the re-
alization of a single chip that covers all the standards is
desired for low-cost and downsizing. For this reason, a
power amplifier that can tune the output impedance using a
CMOS process is one of the important issues to realize a
multi-standard transceiver.

Until now, most of the standards for personal and domes-
tic use such as the cellular network, Wi-Fi, WIMAX and
others are concentrated mainly under 6GHz. However, if
we think about the growth of millimeter wave applications
in the future, it is expected that a multi-standard transceiver
at high frequency is necessary. Therefore I designed and
measured a multi-band power amplifier for the application
in the frequency band from 6 to 10 GHz.

2. Tunable Power Amplifier

Fig. 1 shows a simplified circuit schematic of the pro-
posed power amplifier. The PA adopts a resistive feedback
which is commonly used in broadband low noise amplifiers
[1]. It can achieve impedance matching in a wide frequency
range and improves circuit stability. In case of LNA, it is
used for input impedance matching, because the input im-
pedance of LNA is a function of the feedback resistance.
Nonetheless this technique can also be applied to the output
impedance matching, therefore it is used for output imped-
ance matching in this time.

Fig. 2 shows a resistive feedback common-source ampli-
fier [2,3]. To help readers understand how to match the
output impedance, only half the circuit is shown here. Ac-
tually, the proposed PA is made as a differential circuit for
getting large output power. If the drain impedance of the
transistor approaches infinity, the output impedance Z,, is

expressed by
R, +R
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where Rg is the output impedance of the previous stage
(assume Rg 50Q) because there is no previous stage), and Ry
is the parasitic resistance of the inductor. At the resonance
frequency f:1/ 27J/LC, the imaginary part of Eq.(1) is
cancelled, and the following equations are derived.
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where Rp is the resonance impedance of the LC-resonator.
The resonance frequency can be tuned by varying L and C.

In this case, a MIM capacitor array is employed to change
the resonance frequency. Rp is a function of capacitance,
and influence of the resistor’s skin effect. Thus, the feed-
back-resistance Ry also has to be tuned to compensate the
output impedance depending on the frequency.

To sustain voltage stress, a thick gate-oxide transistor is
used for the common-gate stage. A supply voltage of 3.3-V
is used to increase the voltage swing at the output nodes.
The switches in the capacitor array are also implemented by
thick gate-oxide transistors because of the same reason.

Varactors are also utilized in the switched capacitor array
since the value of the needed capacitance to be switched is
about 1pF at the band near 10 GHz and few hundred pF
near the 6 GHz band.

The feedback resistance is adjusted accordingly for each
band to provide the maximum quality factor. The matching
frequency can be switched from band 1 to band 5 in this
case. Finer frequency tuning can be realized by increasing
the number of bands (switches), but this PA consisted of the
minimum number (Sband) of the bands that S, is less than
-10dB in simulation.

3. Measurement Result

Fig. 3 shows the chip micrograph of the proposed PA. It is
fabricated in 0.18um CMOS process using thick gate-oxide
transistors and MIM capacitors. The total size and the core
size are 0.87 x 0.97 mm” and 0.50 x 0.39 mm®. On-chip
inductor is implemented on metal 6 layer with thick metal
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Fig. 6 Gain, Py, PAE vs. P;, at band 3(7.5GHz)

option that extends the metal thickness to 4.2um. The pow-
er amplifier is evaluated with a 3.3-V power supply. The
chip was measured by using RF probes with external DC
blocks at input and output nodes. Figs. 4 and 5 show the
measured S,; and S;; of each frequency band, which are the
differential-mode S-parameters calculated from the meas-
ured 4-port S-parameters. The output matching frequency is
shifted according to switching bands. From 5.74 GHz to
9.68 GHz, Sy, keeps lower than -10 dB and S, is larger
than 9.27 dB.

Fig. 6 shows output power, power gain, and power added
efficiency (PAE) versus input power at band 3 (7.5 GHz).
The saturated output power is 21.6 dBm, the output 1-dB
compression point is 18.0 dBm with 9.3 % of the PAE, the
small signal gain is 11.6 dB, and the maximum PAE is
14.0 %. The output power and PAE at other bands with
different signal frequency was also measured. Fig. 7 shows
the saturated output power, the output 1-dB compression
point, the PAE at 1-dB compression point, and the maxi-
mum PAE versus frequency. The output 1-dB compression
point is larger than 15.5 dBm, and the PAE is larger than
4.7 % at 1-dB compression point over all the frequency
range.

4. Conclusions

In this paper, a CMOS PA with a tunable output imped-
ance matching is proposed for a multi-standard transceiver
that operates at frequencies higher than 6GHz. The proto-
type utilizing resistive feedback and parallel resonance is
fabricated in 0.18um CMOS process. As the result, the PA
achieves an output impedance matching from 5.74 to 9.68
GHz. With a 3.3-V power supply, the PA realizes output
1-dB compression point of larger than 15.5dBm, output
return loss S,, of smaller than -10dB, and a maximum
power added efficiency of larger than 7.1%.
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Table I Performance Comparison

Technology Vpp  Frequency Pias P PAE cax Area
[V] [GHz] [dBm] [dBm] (%] [mm?]
[4] 0.18um CMOS 1.5 6~10 *5 — 17.6 1.08 " Average Prag
[5] 0.18um CMOS 2.0 3~10 5.6~9.4 — — 1.76
[6] 0.18um CMOS  — 3.7~8.8 ~15.6 19 25 2.8
(7] 0.09ym CMOS —  5.2~13 — 25.2 21.6 *0.70 " S, < -3dB, "core size
Thiswork  0.18um CMOS 3.3  574~9.68 155~19.2 19.8~21.6  7.1~14.0 *0.20 Tunable




