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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
3" order Inter Modulation Distortion (IMD3) asymmetry
could also be successfully improved to a 1.8-dB IMD3
asymmetry.

1. 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 5™ order
nonlinear transfer functions. The analysis results brings
about that the asymmetry is generated through the 2" and
4™ 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 2.6um X 30pum x 48units, and input/output

matching circuits fabricated on low loss resin circuit
boards (MEGTRONS). The relative dielectric constant,
&, for the resin board, is 3.6 and the loss tangent, tand, is
0.004. The metal (Cu 32um thick) conductance, o, is
2.9x107 S/m (@1GHz). Low loss chip capacitors (Murata
Mfg. : GQM series chip capacitors) are also used. The
maximum oscillation frequency, fi.x, for a single unit
HBT, is 57 GHz and the current gain cutoff frequency, fr,
is 32 GHz. An amplifier operation frequency is 1.95GHz,
which is used for W-CDMA. Saturated power output was
32.3 dBm, and power gain at output power level of
27dBm was 11.3dB, measured at the bias condition of the
base bias voltage Vi, = 1.27V, the collector DC voltage
V . = 3.4V, the quiescent collector current I ; = 40mA.
The maximum power added efficiency, PAE,,,, and the
maximum collector efficiency, Nemax, Were 50.5% and
64.5%, respectively.

The measured results for the asymmetry in ACLR and
that in IMD3 are shown in Fig.2 (a) and Fig.2 (b),
respectively. It was observed that when the power output
level is low, the lower ACLR is larger than the upper
ACLR and when the power output level is high, the
upper ACLR is larger than the lower ACLR. Similar

phenomenon was seen in IMD3 measurements.
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Fig. 1. (a) InGaP/GaAs HBT power amplifier. (b) Equivalent
circuit model of the power amplifier.
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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 ™ order
nonlinear transfer functions is applied to an HBT
amplifier equivalent circuit as shown in Fig.3. Overall 3™
order intermodulation distortions are calculated as a
summation of vectors generated by nonlinear transfer

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

The nonlinear transfer function denoted Hyo(®; ) ,
relating the input voltage, V;, to the internal voltage, V%,
is obtained as an intermediate step for deriving the
overall transfer function denoted H,(w, _®,), relating
the input voltage, V; , to the output voltage, V.. The 3™
order nonlinear transfer function is expressed as follows;

1 1
1+ Ry (g, +joCy)  1+RY, (o)

H, (o) = M

H, (0,0,) =-R,Y,, (0 +0,)H, (0, + 0,)H, (0)H, (®,)

R #)
H3c(a&,a>z,a%)=731ﬂc(a)1 to+a):

V(@ + o, +0)2-H (@), (@,0,)) 3)
+Y5(@ + @, +@)3H, (o) H, (@)H, (@)}

where
Ybn (0)) = g;m + ja)cin

The 3™ order nonlinear transfer functions at 2m,-®, and
the at 2w;-®, can be represented as,

Hy(o,0,-0,)

=Z{2-(&, = &uRpD, Cy — ) H, () H, (0, ,)

+34g,3 — 8RRy D; 2wy —w,))H, (@) H, (o) H . (-0,)}
4)

H3(a)29a)2a_wl) =

2,828y —&m Ry D, Qow, —w)))H, (0,)H, (0, ~0,)
+3'(gm3 _gml RBD3 (20)2 _a)l ))ch (a)Z )ch (0)2 )ch (_a)l )}
(%)
where
Dn (0)) = Ybn (a))ch (C{))

Assuming the difference angular frequency (w,-m) is
much lower than the fundamental angular frequencies,
,, the following relations are derived; H;.(m;)=H,(®,),
H]C(Z(JJI)EH]C(ZCDz), H]C(Z(Dl-ﬁ)z)Ech(zc)z;O)]) , Ybn(Z(Dl-
) = Yu(o-op), Hi(o-m;)=H (0-o;). The
difference between the value calculated from Eq. (4) and
that calculated from Eq. (5) can be expressed by Eq.(6)
and includes imaginary part of Dy(®;-m,): Im(Dy(®;-0,)).

Hy(w,, 0,,~0) - Hy(@, 0,~0,) =
Z,-2:(8,, — &uRsD, 20, — ®)H, ()
{=2-2- Ry - Im(D, (0, — @)}
(6)
Considering up to the 5™ order, the difference also
includes Im(D,(2w;-2,)).
The lower IMD3 at 2m;-®, can be represented as
follows,

= %Vvs ‘H3 (a)l ,W),— @, )‘COS[(Z(U] —, )t + éHz (wl W), @, )]

o ‘m:Z(o, —0,

20
+ ? sz ‘Hs (0,,0,,~0,,0,,~0, )‘ COS[(ZCUI —o)t+ LH(0,,0,,~0,,0,,~0, )]
305
+—V, ‘HS (0,,0,,~0,,0,,~0, )‘ cos[(Zw, o)+ LH(0,,0,,~0,,0,~0, )]
(N

The upper IMD3 can also be expressed by replacing
o; with ®, and replacing m, with o, in Eq. (7). According
to the result calculated above, the difference between the
lower IMD3 and the upper IMD3 also includes
Im(Dy(®-®;)) and Im(D,(20,-2®,)). Therefore, an
asymmetry distortion is improved by eliminating these
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terms. In order to eliminate Im(Dy(®-®;)) and
Im(D,(20,-2,)), Hi(m,-0,) and H;.(20,-20,) should be
zero because Yy, (01-m;) and Yy, (201-2m;) 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 ®,-m;, and the fourth-
order difference angular frequency of 2,20,
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.l1 (b) where are
surrounded by dotted line. The 3™ and 5™ 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 4™ order difference
frequency be eliminated for improving the asymmetry.
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Fig. 4. The trequency characteristic
for LC series resonant circuits.
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Fig. 5. Simulated IMD3 with 4MHz short circuit and
simulated IMD3 without 4MHz short circuit.
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Fig. 6. Simulated IMD3 with 4MHz and 8MHz short
circuits and simulated IMD3 without 4MHz and
8MHz short-circuits.

V. EXPERIMENTAL REDUCTION FOR ACLR AND IMD3
ASYMMETRY

Measured IMD3 asymmetry for the amplifier with the
shortening resonators are shown in Fig. 7 and Fig.8. The
measured characteristics are similar to the simulated
results. For the IMD3 asymmetry, shortening the bias
circuits at 4AMHz and 8MHz is more suppressible than
shortening the bias circuits only at 4MHz. In
consideration of the similarity of generation mechanism
for the ACLR asymmetry, ACLR in the power amplifier
with the 4MHz and 8MHz short circuits is measured, and
the results are shown in Fig.9. As seen, ACLR itself
could be suppressed, especially at output power level
lower than 26dBm. An 8.7-dB improvement in maximum
IMD3 asymmetry and a 3.3-dB improvement in
maximum ACLR asymmetry were obtained, as shown in
table.1.
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Fig. 7. Measured IMD3 with 4MHz short circuit and
measured IMD3 without 4MHz short circuit.
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Fig. 8. Measured IMD3 with 4MHz and 8MHz short-
circuits and measured IMD3 without 4MHz and
8MHz short-circuits.
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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

maximum IMD3 | maximum ACLR
asymmetry [dB] |asymmetry [dB]

and 8MHz short circuit

witout resonant circuit 10.5 8.37
with 4MHz short circuit 3.13 538
with 4MHz short circuit 1.81 5.05

VI. CONCLUSION

A generation mechanism for the asymmetry in IMD3 is
analyzed using the Volterra series, taking into account up
to the 5" 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. By shortening both at 4AMHz 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 IMD3 asymmetry could be also successfully
improved to a 1.8-dB IMD3 asymmetry. Thus, the
generation mechanism for the ACLR asymmetry is
considered to be similar to that for the IMD3 asymmetry.

ACKNOWLEDGEMENT

The authors would like to express gratitude to A. Satou
for preparing low loss resin circuit boards. This project
was partly supported by Agilent Technology University
Relations Philanthropy Grant Program.

REFERENCES

[1] Nuno Borges Carvalho and Jose Carlos Pedro, "Two-tone
IMD Asymmetry in Microwave Power Amplifiers," [EEE
Trans. MTT, pp. 445-448, 2000.

[2] S.A.Maas, Nonlinear Microwave Circuit, Artech house,
1988.

[3] Youngoo Yang and Bumman Kim,”’A New Linear
Amplifier = Using  Low-Frequency Second-Order
Intermodulation Componet Feedforwarding,”IEEE
Microwave and Guided Wave Letters,vol.9,No.10,pp419-
421,1999

530 12th GAAS® Symposium - Amsterdam, 2004



	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
	------------------------------
	No Other Manuscripts by the Authors
	------------------------------

	pagenumber527: 527
	pagenumber528: 528
	blhs: 
	pagenumber529: 529
	pagenumber530: 530


