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Abstract— A broadband fully-integrated class-A power
amplifier (PA) is presented using derivative superposition
(DS), which delivers +18 dBm of saturated output power from
1 GHz to 6 GHz. The PA exhibits a flat power gain of 13.5 +
1.2 dB over its operating frequency range. It features a high
linearity with an output 1dB compression point (OP145) and
third order intercept point (OIP3) of more than +16 dBm and
+25 dBm respectively. The measured OIP3 remains above
+25 dBm, i.e. 9 dB higher than OP4p, for a wide range
of power levels up to 4 dB backoff from OP145. The chip
was fabricated using a 0.13ym CMOS process, occupying an
active area of only 200.m x110.m.

Index Terms— Distortion cancellation, derivative superpo-
sition, power amplifiers, CMOS, RFIC

I. INTRODUCTION

Much of the research and development on microwave
power amplifiers (PAs) is rightly focused on simulta-
neously maximizing their linearity and power efficiency
because of the multitude of battery-operated wireless de-
vices in our daily lives that are connected to Wi-Fi and
WPAN networks. Examples of linearization techniques for
amplifiers include predistortion [1]-[3], feedforward [4]-
[6], derivative superposition (DS) [7]-[10], plus a few
others.

Co-existing with the hand-held mobile devices there are
a nontrivial number of other devices for the wireless infras-
tructure that draw their power from the grid. Infrastructure-
related, ‘non-mobile’, devices include home/office routers
and Wi-Fi enabled desktop computers, printers, scanners
and more. As the complexity of communications standards
increase in order to handle more users and data, the linear-
ity and bandwidth specifications of RF PAs are becoming
more stringent. Class A or AB PAs offer high linearity
and broadband performance for grid-operated devices in
comparison to switched-mode PAs (e.g. Class E or F)
that are well suited for high efficiency in battery-operated
mobile devices [11].

This paper describes the design and measurement of a
broadband fully-integrated CMOS class-A PA with cas-
code transconductors that can deliver up to +18 dBm
of saturated output power (Pgat) over a wide frequency
range from 1 GHz to 6 GHz. The PA exhibits a flat power
gain of 13.5 + 1.2 dB, an output 1dB compression point
(OP14B) of +16.3 dBm, an output third-order intercept
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point (OIP3) of +25.6 dBm and a power-added efficiency
(PAE) of 44.3% over its operating frequency range. DS
is used to reduce the distortion produced by the PA in a
manner that does not require bias adjustments for different
frequencies and power levels. The RF integrated circuit
(RFIC) was fabricated using a 0.13-um CMOS process
and has a small active area of only 200pmx 110um.

II. CMOS PA CIRCUIT DESCRIPTION

A circuit schematic of the low-distortion CMOS PA is
shown in Fig. 1 and is based on the approach used for
the gallium-nitride PA described in [10]. Transistors M;
and My constitute the main signal path of the amplifier,
whereas transistors M; s and Mya form the auxiliary path.
M; is biased in saturation and its drain-to-source current
can be written using the power series
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Fig. 1. Circuit schematic of the CMOS PA.
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TABLE I
SUMMARY OF COMPONENT VALUES FOR THE PA

Transistor (W/L)1 (W/L)2  (W/L)14 (W/L)2a

Size (pum) 200/0.12  300/0.4 75/0.12 135/0.4

Component Rp Cp Cpa Rp Cg
Values 10 k2 5 pF 2 pF 340 Q 1.2 pF

that its g,,3 term is positive. In this manner, the third-
order intermodulation distortion (IMD3) tones produced
in the main path and the auxiliary path will have opposite
phases and will cancel when they are combined at the
output. The gate width and bias voltage of M, are
chosen such that the IMD3 tones generated in the auxiliary
path have approximately the same magnitude as those in
the main path for good cancellation. Since the auxiliary
path operates near pinch-off, its dc power consumption
is small compared to the main one. As a result, this
distortion-cancelling topology only has a minor effect on
the amplifier’s power efficiency.

The second-order nonlinear current of My, gmgl}és in
(1), can feed back to the gate and source of M; through
the capacitive and inductive parasitics, generating IMD3
products which will vary with frequency. Transistor M,
along with the gate voltage Vo are designed to supply
an appropriate drain voltage for M; such that its g2
coefficient and second-order nonlinear current are close
to zero. My also lowers the impedance at the drain of M,
thereby reducing the voltage swing at that node as well as
the amount of (frequency-dependent) feedback to the gate
of M; through its gate-drain parasitic capacitance Cgq.
This improves the high frequency response and reduces
the second-order harmonic signal that appears at the gate
of M; which can mix with the fundamental tone (again
through gm2v%) yielding IMD3. Furthermore, the M-
M, cascode allows the use of a higher supply voltage for
a larger RF output swing and power level.

The amplifier uses shunt-shunt feedback through Ry and
Cr for flat wideband operation and to help with impedance
matching at the input and output ports. Table I summarizes
the transistor gate dimensions, capacitor values and resistor
values used in the design of the PA. All of these devices
are integrated on-chip, using poly resistors, and metal-
insulator-metal (MIM) capacitors. Transistors My and Mo
are 3.3 V thick-oxide IO devices for reliable operation with
a 2.5 V supply and large output voltage swings.

III. EXPERIMENTAL RESULTS

The proposed broadband PA was fabricated in 130 nm
CMOS process and a photograph of the IC is shown in Fig
2. It occupies a total area of 0.425 mm? including bonding
pads and decoupling capacitors, while the core circuit area
is only 0.022 mm?.
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Fig. 2. Photograph of the fabricated CMOS PA.

The broadband PA was measured directly on-wafer
using 40GHz coplanar waveguide (CPW) probes and DC
probes. An external bias tee was used at the PA output (Fig.
1) followed by an attenuator to avoid driving the spectrum
analyzer and power meter at excessively high power levels.

Fig. 3 shows the measured gain, PsaT and OP14p from
1 GHz to 6 GHz. The measured gain is above 14 dB up
to 4 GHz, and exceeds 12 dB at 6 GHz. Pga is flat over
the frequency band varying by less than 1 dB between
+17 dBm and +18 dBm. The measured OP4p is higher
than +15.5 dBm over the entire bandwidth, reaching a
maximum value of +16.8 dBm. The mean value is +16.3
dBm and the variation is less than £0.8 dBm from 1 GHz
to 6 GHz.

Two-tone measurements were also carried out for output
power levels ranging from +7 dBm to +16 dBm (OP14p)
over the 1 GHz to 6 GHz frequency band. Fig. 4 shows
the output third-order intermodulation (IM3) distortion and
OIP3 at 3 GHz, 4 GHz and 5 GHz versus the total output
power (Pour). At 4 GHz, the observed IM3 is better
than 40 dBc at +9 dBm and higher than 30 dBc at +13.1
dBm (i.e 3.4 dB backoff from OP45 = +16.5 dBm). The
corresponding OIP3 values are higher than +26.4 dBm at
+9 dBm output power and higher than +25.1 dBm at +13.1
dBm. Similar results are seen at 3 GHz and 5 GHz. Fig.
5 shows the IM3 and OIP3 at 4 dB backoff from OP14p
from 1 GHz to 6 GHz. In this case, the measured IM3 and
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Fig. 3. Measured gain, Psat and OP14p from 1 to 6 GHz.
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Fig. 5. Measured IM3 and OIP3 from 1 GHz to 6 GHz.

OIP3 are better than 31.8 dBc and +25.1 dBm respectively
up to 6 GHz. Overall, an IM3 better than 30 dBc and an
OIP3 better than +25 dBm were achieved from 1 GHz to
6 GHz at power levels reaching +12 dBm or 4 dB backoff
from OPq4p.

Table II summarizes the performance of this PA with
that of other broadband CMOS PAs reported in the litera-
ture [12]-[14].

IV. CONCLUSION

Reducing the sensitivity of the DS method to RF fre-
quency and power level is critical for widespread indus-
trial use in broadband applications. The DS method is
advantageous for linearizing monolithic amplifiers because
it requires very little additional space on-chip. In this

TABLE 11
SUMMARY OF BROADBAND PA CHARACTERISTICS
Characteristic This work [12] [13] [14]
CMOS Process 130 nm 180 nm 90 nm 180 nm
Area (mm?) 0.022 0.684 0.697 0.414
Freq. (GHz) 1-6 1-5 5.2-13 0.1-1.2
Pgar (dBm) 18 20-22 25.2 19.5-20.5
Gain (dB) 13.5+1.2 15-20 18.5 22.54£2.5
OP14B (dBm) 16.3 18-20 22.6 17.1-19.1
OIP3 (dBm) 25.6 - see note!  see note?
PAE (%) 44.3 18-36 21.6 19.5-27

1'> 25 dBc third-order harmonic distortion at OP14p.
224 dBc IM3 at an input power level of —10 dBm.
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paper we demonstrated a CMOS PA that employs DS with
cascode transconductors to achieve low second- and third-
order distortion for high OIP3. The OIP3 performance is
maintained over a broad range of frequencies and power
levels without re-adjusting the bias.
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