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Abstract  — A high-linearity and high-efficiency MMIC 
power amplifier is demonstrated adopting a new on-chip 
adaptive bias circuit, which improves efficiency at the low 
output power level and linearity at the high output power 
level automatically. The intelligent two-stage W-CDMA 
power amplifier using the newly proposed adaptive bias 
circuit extends the maximum linear output power of 0.6dB 
and exhibits an improvement of average power usage 
efficiency by 1.85 times with a quiescent current of 36mA. 

I. INTRODUCTION

W-CDMA is one of the leading standards for the 3G 
wireless communication systems and adopts a spectrally 
efficient HPSK (hybrid phase shift keying) as a digital 
modulation scheme. But a non-constant envelope of the 
W-CDMA signal results that the power amplifier 
operates with a large amount of back-off of the output 
power to achieve a high linearity. Also, power amplifiers 
need a high-efficiency characteristic over a wide output 
power range for the overall power efficiency because the 
most frequently used power level is not the maximum 
output power but ranges from –20dBm to 15dBm [1]. A 
back-off of the output power to the most probable output 
power makes a significant decrease in efficiency with a 
fixed dc power supply. The techniques for achieving the 
high efficiency at the most probable output power are 
being highlighted recently as the most significant issues 
in designing power amplifiers for mobile handsets. The 
power amplifier employing DC-DC converters [2]-[4] 
operated in near saturation region at all power levels with 
a variable supply voltage to the input power, generating 
higher efficiency. Switched gain stage power amplifier 
[5] bypasses the power stage for the high efficiency at the 
low output power level. However, these techniques need 
additional components such as DC-DC converters or 
switches, which result in a significant increase of the 
module size and cost that make the power amplifier not 
suitable for the mobile terminals. The dual chain power 
amplifier [6] uses a smaller P1dB amplifier for the high 
efficiency at the low output power region, but the parallel 
architecture resulted in a large MMIC size.

With the conventional Class AB bias, power amplifiers 
are hard to exhibit the high efficiency at the low output 
power level and the high linearity at the high output 
power level. To overcome these problems, we propose an 
on-chip adaptive bias control circuit in this work. The 
proposed adaptive bias control circuit supplies a low 
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ent current at the low output power level for the 
efficiency, and the quiescent current increases 
vely with the input power to supply higher 
ent current at the high output power level for the 
linearity. The circuit has been successfully 
ented to the W-CDMA power amplifier together 

the shunt capacitor linearizer [7]. The power 
ier shows an average power usage efficiency 
se by 1.85 times and a maximum linear output 
 by 0.6dB with the adaptive bias control circuit.  

II. ADAPTIVE BIAS CONTROL CIRCUIT

 conventional Class AB power amplifier with a 
bias current exhibit inherently low efficient and 
near characteristics at the low output power level, 
gh efficient and low linear characteristics at the 
utput power level. Therefore adaptively biased 

 amplifiers according to the output power level, 
s a low quiescent current at the low output power 
and the increased quiescent current with the 
sed output power level, is designed for both high 
and efficient characteristics simultaneously over a 
range of the output power.  

Schematic diagram of the adaptive bias control circuit 
power stage. 

 1 shows the proposed adaptive bias control circuit 
e power stage. Transistor HBT2 senses the 



incoming input power, and the resistance of Rb and 
emitter area of the HBT2 determine the amount of the 
incoming power to the transistor HBT2. The base voltage 
of the HBT3 and HBT4 is determined as follows: 

32)( 3323 RIRIIVregV BBCB (1)
1)( 434 RIIVregV BCB (2)

The transistor HBT1 and HBT2 are biased to the Class 
AB with a low quiescent current for the high efficiency at 
the low output power level, and thus the collector 
currents are increasing function to the input power. 
Therefore, the collector current of the HBT2(IC2)
increases with the input power and the amplified power 
are bypassed through the capacitor Cbypass. The increased 
current of IC2 decreases the base voltage of the 
HBT3(VB3) in equation (1), hence the collector current of 
the HBT3 decreases. Then, the decreased IC3 makes in 
the increase of the base voltage of the HBT4(VB4) in 
equation (2), causing the emitter current of HBT4 and the 
collector current of the HBT1 to increase. Therefore the 
quiescent current of the adaptive bias control circuit is 
increasing function to the input power, and supplying 
higher quiescent current than the conventional fixed bias 
at the high output power region will result in high 
linearity with the trade-off efficiency. Finally, high 
efficiency at the low output power level and high 
linearity at the high output power level can be achieved 
simultaneously. 

Fig. 2. (a) Simulated collector current of HBT3 as a function of 
input power to the power amplifier for the different four resistor 
values of Rb. (b) Simulated quiescent current of HBT1 as a 
function of the collector current of HBT3. 

The resistor Rb and emitter area of HBT2 affect the 
overall operation of the adaptive bias control circuit. 
With a 50  of Rb, the sensing transistor HBT2 has a 
sufficient incoming RF power, then, IC2 starts to increase 
at the small input power of -2dBm, decreasing the IC3 as 
shown in Fig. 2 (a). But with a 350  of Rb IC3 starts to 
decrease at the high input power of about 11dBm. The 
collector current of HBT3 directly affects on the 
quiescent current of HBT1 as shown in Fig. 2 (b). Fig. 3 
shows the dependence of the collector current of 
HBT3(IC3) on the emitter area of HBT2 as a function of 
the input power. Because the increase ratio of IC2 under 
Class AB operation is proportional to the emitter area of 
the HBT2, the decreasing ratio of IC3 with the input 
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 is the smallest when the emitter area of the HBT2 
m2. The optimum value of Rb and emitter area of 
 have to be chosen by maximizing the 
ty/efficiency trade-off because the variation of IC3
y affects the quiescent current of HBT1 as shown 
 2 and Fig. 3. 
 shunt capacitor Cb (the function of which is 
ed in detail at [7]) at the base node of HBT4 in 
s used as a linearizer. The capacitor with the base-
r diode of the transistor (HBT4) compensates the 
sed base bias voltage of the HBT1 caused by the 
sed input power. 

Simulated collector current of HBT3 as a function of 
ower for the three different emitter areas of HBT2. 

I. IMPLEMENTATION TO MMIC POWER AMPLIFIER

wo-stage W-CDMA MMIC power amplifier that 
ents the proposed adaptive bias circuit is 

ted as shown in Fig. 4. The MMIC power 
ier is demonstrated using multiple fingers of unit 
tor of 60 m2-emitter-area InGaP/GaAs HBT : 

m2 for power stage and 480 m2 for drive stage. 
otal chip size of the MMIC was as small as 
750 m2 including input matching, inter-stage 

ing, and the adaptive bias circuits with a shunt 
tor linearizer[7].

Photograph of the fabricated two-stage MMIC power 
er. 

IV. MEASUREMENT RESULTS

 5 shows the measured adjacent channel leakage 
(ACLRs) for the adaptive bias circuit with a 



quiescent current of 36mA and the conventional one 
adopting the shunt capacitor linearizer [7] with a 
quiescent current of 86mA. The ACLR is measured using 
a 3.84Mcps W-CDMA modulated signal 
(DPCCH+1DPDCH) in a 5 MHz offset frequency band 
under a 3.4V supply voltage. The maximum output 
power meeting the ACLR of –33dBc is 28.3dBm for the 
adaptive one and 27.7dBm for the conventional one, 
exhibiting 0.6dB increase of maximum linear output 
power.

The measured quiescent current of the power amplifier 
with the adaptive bias circuit is 36mA, and the measured 
collector current as a function of output power is shown 
in Fig. 6 in comparison with the conventional Class AB 
power amplifier with the quiescent current of 86mA. In 
addition, the power amplifier Probability Distribution 
Function (PDF) [1] based on an IS-95 CDMA urban 
environment is illustrated in Fig. 6. The adaptively biased 
power amplifier operates with the collector current at less 
than half of the fixed bias under the 5dBm output power, 
thereby generating more than two times higher efficiency 
in the most probable output power range. 

-70

-65

-60

-55

-50

-45

-40

-35

-30

-25

-5 0 5 10 15 20 25 30

Output Power, dBm

Adaptive
Conventional

Fig. 5. Measured ACLRs of the power amplifier with 
adaptive and conventional bias circuit.

Fig. 6. Measured collector current of the power amplifier 
with the adaptive bias and the conventional bias circuit. And, 
power amplifier probability density function based on an IS-95 
CDMA urban environment [1].
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 simulated quiescent current was 120mA over a 
 output power for the adaptively biased power 

ier. Fig. 7 shows the measured gain and power 
efficiency (PAE) of the power amplifier with the 

ve bias and fixed bias circuit as a function of 
 power. The gain is 23dB for the low output power 
creases 29.7dB at the output power of 26dBm with 
ptive bias circuit. A gain expansion of up to 6.7dB 

 at the high output power region due to the high 
ent current of 120mA with the adaptive bias circuit. 
s measured as 46% (49.5%) at the 28.3dBm output 
 with the adaptive (conventional) bias circuit. The 
decrease of PAE, which negligibly affects the 
l efficiency because the power amplifier PDF 
 a low value at that power level, is a trade-off with 
LR increase of 4dB.
evaluate the efficiency improvement, average 

 usage efficiency in [2] is defined by: 

in

out
usage P

P
(3)

ere inP and outP  are the average RF output power 
put DC power with the power amplifier PDF, 
tively. The average power usage efficiency is 
ted as high as 7.44%(4.03%) with the 

ve(conventional) bias circuit, generating 1.85 times 
se of the battery usage time.  

Measured gain and power added efficiency of the 
amplifier with the adaptive bias and the fixed bias circuit. 

le 1 summarizes the measured output power and 
 added efficiency for ACLR of –33dBc with W-

 modulated signal for two different conditions 
with the average power usage efficiency.  

1. Measured results of the W-CDMA power 
ier under an ACLR of -33dBc

ondition Pout, dBm PAE, % usage , %

entional 27.7 46.7 4.03 

aptive 28.3 46 7.44 



V. CONCLUSION

An on-chip adaptive bias circuit controlling the 
quiescent current adaptively to the power level is 
proposed for both high efficiency and linearity. The 
adaptive bias control circuit supplies a low quiescent 
current to the power amplifier when the input power is 
small and this current increase according to the power 
level automatically. A W-CDMA MMIC power amplifier 
with the proposed adaptive bias control circuit achieves 
an average power usage efficiency improvement by 1.85 
times with a small quiescent current of 36mA under a 
3.4V supply voltage. The adaptive bias circuit is very 
attractive in mobile handset power amplifier because it is 
integrated on a chip with small area.

REFERENCES

[1] T. Fowler, K. Burger, Nai-Shuo Cheng, A. Samelis, E. 
Enobakhare, S. Rohlfing, “Efficiency improvement 
techniques at low power levels for linear CDMA and 
WCDMA power amplifiers,” IEEE RFIC Symp. Dig., pp. 
41– 44, June 2002. 

[2] G. Hanington, P.F. Chen, V. Radisic, T. Itoh, P.M. Asbeck, 
“Microwave power amplifier efficiency improvement with 
a 10 MHz HBT DC-DC converter,” IEEE MTT-S. Int. 
Microwave Symp. Dig., vol. 2, pp. 589-592, June 1999. 

[3] T. B. Nishimura, N. Iwata, and G. Hau, “Wide-band 
CDMA Highly-Efficient Heterojunction FET over Wide 
Range Output Power with DC-DC Converter,” IEEE MTT-
S. Int. Microwave Symp. Dig., vol. 3, pp. 1091-1094, June 
1999.

[4] Kyounghoon Yang, George I. Haddad, and Jack R. East, 
“High-Efficiency Class-A Power Amplifiers with a Dual-
Bias-Control Scheme,” IEEE Tans. Microwave Theory 
Tech., vol. 47, pp. 1426-1432, Aug. 1999. 

[5] J. Staudinger, “Applying Switched Gain Stage Concepts to 
Improve Efficiency and Linearity for Mobile CDMA 
Power Amplification,” Microwave Journal, vol.43, no.9, 
pp.152-162, Sept. 2000. 

[6] Joon H. Kim, Ji H, Kim, Y.S. Noh and C.S. Park, “An 
InGaP/GaAs HBT MMIC Smart Power Amplifier For W-
CDMA Mobile Handsets,” IEEE Journal of Solid State 
Circuits, vol.38, pp.905-910, 2003. 

[7] Y. S. Noh and C. S. Park, “PCS/W-CDMA Dual Band 
MMIC Power Amplifier With A Newly Proposed 
Linearizing Bias Circuit,” IEEE Journal of Solid State 
Circuits, vol. 2, pp. 1096-1099, Sept. 2002. 


	Welcome Page
	Hub Page
	Table of Contents Entry of this Manuscript
	Brief Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Detailed Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	------------------------------
	Abstracts Book
	Abstracts Card for this Manuscript
	------------------------------
	Next Manuscript
	Preceding Manuscript
	------------------------------
	Previous View
	------------------------------
	Search
	------------------------------
	Also by In-Bok Yom
	------------------------------

	pg493: 
	pg494: 
	brhs: 
	pg495: 
	pg496: 


