284 IEEE MICROWAVE AND WIRELESS COMPONENTS LETTERS, VOL. 13, NO. 7, JULY 2003

High-Linearity Class B Power Amplifiers
In GaN HEMT Technology

Shouxuan Xie, Vamsi Paidi, Robert Coffie, Stacia Keller, Sten Heikman, Brendan Moran, Alessandro Chini,
Steven P. DenBaars, Umesh Mishra, Stephen Long, and Mark J. W. Rodwell

Abstract—A 36-dBm, high-linearity, single-ended Class B Gate 2
MMIC power amplifier is reported in GaN HEMT technology. RF IN — 00 |
The circuit demonstrates high linearity, greater than 35 dBc of o— L R,
third-order intermodulation (IM3) suppression and high power dte 1 C‘I B
athing

added efficiency (PAE) of 34%. We demonstrate experimentally
that Class B power amplifiers can achieve IM3 suppression com-
parable to Class A, while providing approximately 10% improved
power added efficiency.
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pression, MMIC power amplifiers. Fig. 1. Circuit schematic of the single-ended Class B power amplifier.

. INTRODUCTION

OR operation in suboctave bandwidths, a classicig
push-pull Class B power amplifier can be replaced by
single-ended class B power amplifier together with a low pas|
or band pass filter. The single-ended Class B power amplifier
can achieve high power added efficiency (PAE) and higtg. 2. Chip photograph (dimensions 6 mel.5 mm).
third-order intermodulation (IM3) suppression simultaneously
if the 1, versusV,, characteristics are linear above threshol85 V breakdown voltage. The measurgdor the 0.25um L,
[1]. The filter provides the required even-harmonic short-circuitevice is 55 GHz.
termination for Class B operation. The theoretical analysis Allinput and output networks are on chip. Bias feeds for gate

describing this in detail has been reported in [1]. 1, gate 2 and drain were provided through off-wafer bias tees for
convenience in testing. The circuit is tested with four different
[I. CIRCUIT DESIGN AND SIMULATION bias conditions¥,, = —3.1 V for Class A ([4s = 460 mA),

—4 V for Class AB (;; = 250 mA), —5.1 V for Class B

s = 50 mA), and—5.5 V for Class C [z = 10 mA), re-
spectively, keepindg/;; = 20 V in all cases. Single-tone and
ht‘\e/vqo—tone measurements were performed. The 3rd order distor-
tion output powers2f; — f> and2f, — f;, are also measured
with two input signals aff; = 8 GHz, andf, = 8.001 GHz.

N a%or an idealized transistor having and f,,.x much greater

the output impedance tuning network [2]. This apprqach allov{lﬁan the signal frequency and having negligible on-state resis-
Cas to be absorbed at the fundamental frequency while also Pi8hce, theoretical limits on PAE for unsaturated Class A and

viding a low load impedance at harmonic frequencies, as is Eiass B operation are 50% and 78.5%, respectively. In contrast,

quired for Class B. o
when such amplifiers are operated at output power levels ap-
proaching or beyond the 1 dB gain compression paityg),
IIl. CIRCUIT FABRICATION AND TEST the transistor is driven strongly into both pinch-off and satura-
The MMIC Class B power amplifier is fabricated on a Sigion on the peaks of the signal swing, resulting in both increased
substrate in GaN HEMT technology [3] (Fig. 2). The 1.2 mnPAE and increased distortion. It is therefore important to com-
W, dual gate GaN HEMT hak;;; = 1 A/mm and greater than pare the PAE of Classes A and B as a function of the IM3 level.
The circuit under Class B bias conditions exhibits 13 dB gain

. . . _ ith 3 GHz bandwidth. Gain under Class AB or A bias con-
Manuscript received August 23, 2002; revised October 25, 2002. This work, . . v 6 dB . d th
is supported by the Office of Naval Research (ONR) under ONR Class D tions was approximately greater, as Is expected theo-

(N00014-00-1-0653). ‘ o retically. 36 dBm saturated output power and 34% maximum
The authors are with the Electrical and Computer Engineering Departmepia E gre obtained under Class B bias conditions for asingle-tone

University of California, Santa Barbara, CA 93117 USA (e-mail: sxie@engy, . . . . .

ucsb.edu). ihput [Fig. 3(a)], and high IM3 suppression is obtained over a

Digital Object Identifier 10.1109/LMWC.2003.811682 wide output power range for two-tone input signals [Fig. 3(b)].

The Class B power amplifier is designed and simulated usi
Agilent ADS as shown in Fig. 1. A dual gate (cascode) Ga
HEMT is used to reduce Miller multiplication @, and to in-
crease the device breakdown voltage [2]. The input is matc
with a broadband lossy network, and the output capacitéfjce
is absorbed into a Pi-section low pass filter which also serve
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Fig. 3. Class B bias power amplifier. (a) Single tone output power and PAE. Output power, two-tone (dBm)

(b) Two-tone output power and IM3 suppression.
Fig. 6. Summary of IM3 suppressions for all bias conditions.

40 ff‘ B approaching th@; 4z. Fig. 5 compares PAE and IM3 suppres-
30-] < r 0.3 sion vs. output power of Class A and Class B. At low output
] - power levels, Class A shows high IM3 suppressisrbQ dBc),
E 207 025 whereas IM3 suppression of Class B also maintains4d dBc
s 10- " 02 & level. At high power levels approaching saturation, however,
g ] . g IM3 suppression is similar in Class B and Class A. At an output
S5 0] F0.15 g power level of 26 dBm, corresponding to 32 dBc IM3 suppres-
g E o ® sion for both classes, the Class B amplifier exhibits 20% PAE,
O -107 F as compared to 8% PAE for Class A. Fig. 6 shows that Class AB
20 £0.05 and Class C bias conditions result in much higher IM3 distor-
] : tion than either Class A or B.
-3OJF¢HTY'”'|""1H'i"'w”"l""w"' 0
20 15 10 -5 0 5 10 15 20 IV. CONCLUSIONS
Input power (dBm) We have demonstrated that single-ended Class B amplifiers

Fig. 4. Two-tone output power and IM3 suppression under Class A big&n obtain both high IM3 suppression and high PAE. Unlike
condition. push-pull designs, single-ended Class B designs avoid the dif-
ficulty of fabricating balun transformers with correct harmonic
Under either Class A (Fig. 4) or Class B [Fig. 3(b)] bias cortermination at microwave frequencies. In a detailed analysis of
ditions, the IM3 output power increases rapidly with increasddlass B stages [1], it can be shown that push-pull and single-
input power, making IM3 suppression very poor at power leveéided Class B configurations have equal PAE and IM3. The
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