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A 23-GHz Quadrature Switched Capacitor
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Abstract—To meet the requirement of mm-wave communi-
cation systems including 6G and SATCOM with merits of
high efficiency and linearity, this project investigates a mm-
wave quadrature switched capacitor power amplifier (SCPA)
that is necessary for such transmitters (TX). In this project,
a 10-bit quadrature SCPA is presented and implemented. The
differential LOs with the in-phase and quad-phase (i.e., LOI
and LOQ signals) are generated by two identical couplers. The
sign bits BBI(9) and BBQ(9) determine the quadrant of the
output signals. Meanwhile, the quadrature SCPA is composed
of 6-bit MSB and 3-bit LSB unit cells to amplifier the signals.
Then, a differential to single-ended transformer with a capacitor
is introduced at the output port. To verify the mechanism
mentioned above, the proposed quadrature SCPA is simulated
based on 40nm CMOS technology. The proposed SCPA exhibits
21.2-dBm peak output power (Po.:) and 37.8% drain efficiency
(DE) at 23 GHz.

Index Terms—CMOS, mm-wave, switched capacitor power
amplifier (SCPA), quadrature, transmitter (TX).

I. INTRODUCTION

HE modern wireless communication systems in portable

devices including 6G and SATCOM require transmitters
(TXs) with high power efficiency and lower power con-
sumption. The polar TXs [1], [2] are proposed with high
peak efficiency. However, the polar TXs require a complex
coordinate rotation digital computer (CORDIC) and phase
modulator (PM). Besides, the phase control and amplitude
control should be synchronized, which could affect bit error
rate and error vector magnitude (EVM) performance. Com-
pared to polar TXs, quadrature TXs [3], [4] show advantages
of simpler architecture and higher data rate. Meanwhile, as
one of the important components in TX, power amplifiers
(PAs) have been widely investigated in recent years, especially
the digital PAs which have merits of high efficiency and
flexibility of operation modes [5], [6], [7]. The switching
unit cells contribute to the high efficiency of digital PAs.
Nevertheless, the quadrature SCPA operating at mm-wave still
remains a great challenge. Thus, this project introduces a 10-
bit SCPA that shows a high power efficiency and linearity,
which is attractive for the application of mm-wave quadrature
transmitter in 6G and SATCOM.

II. CIRCUIT DESIGN

Fig. 1 presents the architecture of the proposed quadrature
SCPA, which consists of four sections: two identical cou-
plers, a sign-map, a SCPA array using 6-bit MSB and 3-bit
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Fig. 1. The architecture of the proposed quadrature switched capacitor power
amplifier.

LSB quadrature unit cells, and a differential to single ended
transformer. Firstly, the differential LO signals are injected in
the same couplers and a sign-map to generate the quadrature
signals, which are determined by the sign bit BBI(9) and
BBQ(9). Then, the quadrature signals are amplified by the
SCPA consisting of 6-bit MSB and 3-bit LSB with the control
of baseband (i.e., BBI and BBQ) and four quad-phase signals
(.e., I+, I-, Q+, Q-). Finally, a differential to single-ended
transformer with a capacitor is used to generate the output
signals.

A. Quadrature Signals Generation

Quadrature signals with low amplitude and phase imbal-
ances are critical for SCPA design. Thus, the passive coupler
is designed to achieve 90° phase difference with high isolation
between output ports and within a wide operation frequency
band. Then, the differential LOs with the in-phase and quad-
phase (i.e., I and Q signals) are generated by aforementioned
two identical couplers. Here, the quadrant of output signals is
selected by the sign-map circuit that simultaneously controlled
by sign bits BBI(9) and BBQ(9).
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Fig. 2. Simulated (a) saturated output power P,,+ and (b) DE of SCPA.

B. SCPA array

The SCPA array is consists of 6-bit MSB and 3-bit LSB
unit cells. The circuit of each unit cell is shown in Fig. 1.
The sizes of the NMOS transistors are 40 um/40 nm, while
the sizes of PMOS transistors are 20 um/40 nm. The capacitor
is 32fF for the 6-bit MSB unit cell. The unit capacitors for
the 3-bit LSB unit cell capacitors are 16, 8, and 4fF, which
can be achieved in the CMOS technology. The voltage supply
of NMOS transistors is 1.1 V. BBI and BBQ are BB control
signals for in-phase and quad-phase, respectively. Here, the
BBI and BBQ cannot be 1 at the same time. Then, the
amplified signal are output by a differential to single-ended
transformer.

III. RESULT

The proposed quadrature SCPA was simulated in 40nm
CMOS technology. Fig. 2(a) and (b) depict the simulated
saturated output power P,,; and DE, repectively. It is found
that the peak output power F,,; is 21.2-dBm at 23 GHz, while
the drain efficiency DE is 37.8% at 23 GHz. The voltage
supply is 1.1 V. Table I summarizes and compares major
performances with prior-art mm-wave mixed-signal PAs.

IV. CONCLUSION

In this project, a 10-bit quadrature switched capacitor power
amplifier (SCPA) is presented for mm-wave transmitter appli-
cation in 6G and SATCOM. Passive coupler and sign-map
controlled by sign bits are utilized for quadrature signals
generation. Meanwhile, 6-bit MSB and 3-bit LSB SCPA array
with a differential to single-ended transformer is employed
to amplifier and output the signals. Based on 40nm CMOS
process, the proposed SCPA is implemented with 21.2-dBm

TABLE I
PERFORMANCE SUMMARY AND COMPARISON
This
Reference 1 3 5
Work* 1] 3] (5]
22nm
40nm 40nm 40nm
Technology CMOS
CMOS CMOS CMOS
FOI
Double-
Quadrature quadrature direct
10 Four-way ) Edge
upconverter
Architecture N series p. . combining
sharing with series
Doherty class D
SCPA Doherty
balanced PA
Fre. (GHz) 23 29.5 27 28
Supply (V) 1.1 1 1 0.9/1.8
Pyt (dBm) 21.2 18.7 20 21.2
DE (%) 37.8 24 28.5 22.1

*: simulated results.

peak output power P,,; and 37.8% drain efficiency DE at 23
GHz.
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