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Abstract  — Asymmetry in Adjacent Channel Leakage 
power Ratio (ACLR) has been often observed in high power
amplifiers for digital wireless communication systems such
as W-CDMA. This paper describes a method for reducing
the asymmetry by controlling bias circuit impedance at sub
harmonics. By shortening both at 4MHz and 8MHz at the
bias circuits, an 8.37-dB ACLR asymmetry could be
suppressed to a 5.05-dB ACLR asymmetry, where a 10.5-dB
3rd order Inter Modulation Distortion (IMD3) asymmetry
could also be successfully improved to a 1.8-dB IMD3
asymmetry.

I. INTRODUCTION

Asymmetry in ACLR as well as in IMD3 has been
often observed in high power amplifiers for mobile
communication systems such as W-CDMA [1]. 
Distortion levels in power amplifiers are determined by
the largest adjacent channel leakage power. Therefore by
reducing the asymmetry, the distortion levels are
considered to be suppressed. Distortion generation
mechanism for ACLR and IMD3 are due to nonlinear 
characteristics of transistors.

In this paper, two steps were taken to improve the
asymmetry in ACLR. The first, a generation mechanism
for the asymmetry in IMD3 is analyzed using the 
Volterra series [2], taking account of up to the 5th order 
nonlinear transfer functions.  The analysis results brings
about that the asymmetry is generated through the 2nd and
4th order nonlinear transfer functions, where difference
frequency of two tones (4MHz: equivalent to a chip rate)
takes an important role [3].   Therefore, by cutting this
mechanism by shortening the bias circuits both at an 
input port and an output port at 4MHz and 8MHz, the
asymmetry in IMD3 can be improved. The second, due to
the similarity of generation mechanism for ACLR
asymmetry, the same shortening circuits are applied to
suppress the asymmetry in ACLR. By means of this
method, an 8.37-dB ACLR asymmetry could be
suppressed to a 5.05-dB ACLR asymmetry, where a
10.5-dB 3rd order Inter Modulation Distortion (IMD3)
asymmetry could also be successfully improved to a 1.8-
dB IMD3 asymmetry.

II. OBSERVATION OF ASYMMETRIC ACLR AND IMD3

A W-CDMA power HBT amplifier, used in this
experiment, consists of   InGaP/GaAs HBT whose
emitter size is 2.6µm × 30µm × 48units, and input/output 

matchi
boards

r , for
0.004.
2.9×10
Mfg. :
maxim
HBT, 
is 32 G
which
32.3 d
27dBm
base b
V cc =
The m
maxim
64.5%

The m
that in
respec
level i
ACLR
upper
pheno

Fig. 
 circuit
metry for W-CDMA
er Amplifier

atsumura*, Kazuhiko Honjo 

rmation and Communication Engineering,
2-8585 Japan 

 kamifukuoka, 356-8510 Japan 

ng circuits fabricated on low loss resin circuit
 (MEGTRON5). The relative dielectric constant, 
the resin board, is 3.6 and the loss tangent, tan , is 

 The metal (Cu 32µm thick) conductance,  is 
7 S/m (@1GHz). Low loss chip capacitors (Murata
 GQM series chip capacitors) are also used. The
um oscillation frequency, fmax, for a single unit
is 57 GHz and the current gain cutoff frequency, f T,
Hz. An amplifier operation frequency is 1.95GHz, 
is used for W-CDMA. Saturated power output was 
Bm, and power gain at output power level of 
 was 11.3dB, measured at the bias condition of the 

ias voltage Vbb = 1.27V, the collector DC voltage
 3.4V, the quiescent collector current I q = 40mA.
aximum power added efficiency, PAEmax, and the
um collector efficiency, cmax, were 50.5% and
, respectively.

easured results for the asymmetry in ACLR and 
IMD3 are shown in Fig.2 (a) and Fig.2 (b), 

tively.  It was observed that when the power output
s low, the lower ACLR is larger than the upper

and when the power output level is high, the
ACLR is larger than the lower ACLR. Similar

menon was seen in IMD3 measurements.

(a)

(b)
1. (a) InGaP/GaAs HBT power amplifier. (b) Equivalent 
 model of the power amplifier.



(a)

(b)

Fig. 2. (a) Measured ACLR and (b) Measured
intermodulation distortion for the power amplifier
shown in Fig.1. 

III. GENERATION MECHANISM FOR ASYMMETRY

The Volterra-series considering up to the 5 th order 
nonlinear transfer functions is applied to an HBT 
amplifier equivalent circuit as shown in Fig.3. Overall 3 rd

order intermodulation distortions are calculated as a 
summation of   vectors generated by nonlinear transfer
functions.

Fig. 3. Equivalent circuit model of HBT 
for asymmetry analysis.

The nonlinear transfer function denoted Hnc( 1,…, n) , 
relating the input voltage, Vi , to the internal voltage, Vb,
is obtained as an intermediate step for deriving the
overall transfer function denoted Hnc( 1,…, n), relating 
the input voltage, Vi , to the output voltage, Vo. The 3rd

order nonlinear transfer function is expressed as follows;

-70

-65

-60

-55

-50

-45

-40

-35

-30

-25

-20

14 16 18 20 22 24 26 28 30 32
Pout [dBm ]

A
C

LR
 [d

B
c] 5MHz offset

10MHz offset

Upper

Upper

Lower

(2cH

where

The 3
the at 2

-65
-60
-55
-50
-45
-40
-35
-30
-25
-20
-15

14 16 18 20 22 24 26
Pout f1,f2 [dBm]

IM
D3

,IM
D5

 [d
B] IMD3

IMD5

Upper

Upper

Lower

Lower Z
3 (!

{

(3

L

H

L

(!3
2{

(3

g
Z

H

where

Ass
much 

2, the
H1c(2

2)
differe
that ca
and in

Con
includ

Vi

RB

Ci

g

ib

Vo

The
follow

2
30
2
20

5
4

5
4

2 1

V

V

V

s

s

o

The
1 with

to the 
lower 
Im(D2
asymm
)(1
1

)(1
1)(

11111
11

bBiB
c YRCjgR

H (1)

)()()()(), 211121121221 cccbB HHHYR

(2)

(3)
)()()(!3)(

),()(2)(

)(
!3

),,(

3121113213

322113212

32113213

cccb

ccb

c
B

c

HHHY
HHY

HRH

rd order nonlinear transfer functions at 2 2- 1 and 
1- 2 can be represented as,
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uming the difference angular frequency ( 2- 1) is 
lower than the fundamental angular frequencies, 1,

 following relations are derived; H1c( 1) H1c( 2),
1) H1c(2 2), H1c(2 1- 2) H1c(2 2- 1) , Ybn(2 1-
 Ybn(2 2- 1), H1c( 1- 2)=H1c

*( 2- 1). The 
nce between the value calculated from Eq. (4) and
lculated from Eq. (5) can be expressed by Eq.(6)

cludes imaginary part of D2( 1- 2): Im(D2( 1- 2)).
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sidering up to the 5th order, the difference also 
es Im(D2(2 1-2 2)).
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                      (7)
 upper IMD3 can also be expressed by replacing

2 and replacing 2 with 1 in Eq. (7). According
result calculated above, the difference between the

IMD3 and the upper IMD3 also includes
( 1- 2)) and Im(D2(2 1-2 2)). Therefore, an 
etry distortion is improved by eliminating these



terms. In order to eliminate Im(D2( 1- 2)) and 
Im(D2(2 1-2 2)), H1c( 1- 2) and H1c(2 1-2 2) should be 
zero because Ybn( 1- 2) and Ybn(2 1-2 2) are considered 
as given HBT parameters in this paper.

IV. REDUCTION FOR SIMULATED IMD3 ASYMMETRY

As described in III, by shortening the difference 
frequencies of 4MHz and 8MHz in bias circuits, the
asymmetry can be suppressed.  LC series resonant
circuits, whose resonance frequencies are 4MHz and 
8MHz, were used for shortening the second-order
difference angular frequency of 2- 1, and the fourth-
order difference angular frequency of 2 2-2 1,
respectively. A chip capacitor of 3300pF (self resonance
frequency (SRF)=100MHz) and a 470nH chip inductor
(SRF=1GHz) are used for a 4MHz resonance circuit. A
chip capacitor of 3300pF (self resonance frequency
(SRF)=100MHz) and a 120nH chip inductor
(SRF=2.55GHz) are used for an 8MHz resonant circuit.
Measured frequency characteristics are shown in Fig.4. 
Each resonant circuit is added to both input bias circuit
and ouput bias circuit as shown in Fig.1 (b) where are 
surrounded by dotted line. The 3rd and 5th order 
intermodulation distortions were evaluated for the
InGaP/GaAs HBT amplifier with the resonant circuits
using a harmonic balance simulator (ADS). Simulated
input/output power responses were shown in Fig.6. As
seen, it is necessary that the 4th order difference
frequency be eliminated for improving the asymmetry.

Fig. 4. The frequency characteristic
for LC series resonant circuits. 

Fig. 5. Simulated IMD3 with 4MHz short circuit and
simulated IMD3 without 4MHz short circuit. 
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6. Simulated IMD3 with 4MHz and 8MHz short
circuits and simulated IMD3 without 4MHz and
8MHz short-circuits. 

XPERIMENTAL REDUCTION FOR ACLR AND IMD3
ASYMMETRY

sured IMD3 asymmetry for the amplifier with the
ing resonators are shown in Fig. 7 and Fig.8. The 

red characteristics are similar to the simulated
. For the IMD3 asymmetry, shortening the bias
s at 4MHz and 8MHz is more suppressible than
ing the bias circuits only at 4MHz. In 

eration of the similarity of generation mechanism
 ACLR asymmetry, ACLR in the power amplifier
e 4MHz and 8MHz short circuits is measured, and 

sults are shown in Fig.9. As seen, ACLR itself
be suppressed, especially at output power level
than 26dBm. An 8.7-dB improvement in maximum

asymmetry and a 3.3-dB improvement in
um ACLR asymmetry were obtained, as shown in
.
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7. Measured IMD3 with 4MHz short circuit and
measured IMD3 without 4MHz short circuit.



Fig. 8. Measured IMD3 with 4MHz and 8MHz short- 
circuits and measured IMD3 without 4MHz and
8MHz short-circuits.

Fig. 9. Measured ACLR for the power amplifier with the
4MHz and 8MHz short circuits and measured ACLR
without the short circuits. 

Table.1. Comparison of asymmetry

VI. CONCLUSION

A generation mechanism for the asymmetry in IMD3 is 
analyzed using the Volterra series, taking into account up
to the 5th order nonlinear transfer functions. IMD3
asymmetry is suppressed by shortening at the bias
circuits both at the input port and the output port at
4MHz and 8MHz. The asymmetry in ACLR is also
improved using the same short circuits as well as ACLR

itself. 
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By shortening both at 4MHz and 8MHz at the bias
s, an 8.37-dB ACLR asymmetry could be 
ssed to a 5.05-dB ACLR asymmetry, where a
B IMD3 asymmetry could be also successfully
ed to a 1.8-dB IMD3 asymmetry. Thus, the
tion mechanism for the ACLR asymmetry is
ered to be similar to that for the IMD3 asymmetry.
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