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Abstract—An HBT amplifier with a “post-distortion”-type lin-
earizer utilizing a base-collector junction diode shows more than
8-dB improvement of adjacent channel power ratio, and the col-
lector linearizer comprising a reverse biased base-collector junc-
tion diode requires no additional dc power consumption and makes
no deterioration of RF performances. The linearization technique
of post-distortion compensates the nonlinearity of HBTs, which
arises from the Cbc variation due to a large-signal swing.

I. INTRODUCTION

E FFICIENCY and linearity of RF amplifiers become the
vital specifications required in mobile communication sys-

tems, and the linearity performance is especially emphasized
for CDMA and wideband CDMA (W-CDMA) with noncon-
stant envelope modulation schemes. RF amplifiers for mobile
phones, however, have strict constraints on the size and price;
therefore, linearization techniques utilized to meet the stringent
linearity requirements for the RF amplifiers should be imple-
mented small in size and cheap in cost.

Although several predistortion-type linearization techniques
have been proposed, insertion losses of the predistorters lead
to gain losses of the overall RF amplifiers with predistorters
[1]–[4].

Utilization of a forward biased base-collector junction as a
predistorter [5] can avoid the undesirable gain loss arising from
predistorters and showed much improvement of the HBT lin-
earity. However, the forward biased diode junction has an expo-
nential nature dependent on the base-collector voltage, and its
nonlinear characteristics are very different from the nonlinearity
of the reverse biased RF HBT base-collector junction, which
makes effective nonlinearity cancellation between the forward
biased junction of the predistorter and the base-collector junc-
tion of the HBT amplifier under reverse bias condition difficult
[6]–[9].

Several studies have shown that epi-layer structures with a
low collector punch-through voltage are suitable for HBTs with
highly linear performance [10]–[12], partly from weak nonlin-
earities arising from the weakly nonlinear behavior of conduc-
tances and capacitances, the punch-through collector structures
cannot be always an effective remedy for strong nonlinearities
resulting from a large-signal RF swing [7].

In this work, a new linearization technique of post-distortion
utilizing a reverse biased base-collector junction diode is pro-
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Fig. 1. (a) Load-line of CE HBT amplifier and bias-points A to C on the
load-line and (b) correlation between C variation and the large-signal swing
of V for the sinusoidal input V .

posed to reduce the variation due to a large-signal swing
of RF operation. The linearization technique requires no addi-
tional dc current consumption and makes no degradation of RF
performances such as RF output power, gain, and efficiency.

II. CANCELLATION MECHANISM FOR THE VARIATION

Simplified class-A operation of a HBT amplifier in the
common-emitter (CE) configuration that is one of the con-
figurations widely adopted for RF amplifiers is described in
Fig. 1. Under the simplified situation where the influences of
all reactances are excluded, there is a phase difference of 180
between the input voltage (V ) and output voltage (V ) of
the CE amplifier as follows:

where is the transconductance of the HBT and is the real
part of the load impedance .

Fig. 1(a) shows the load-line for the CE HBT amplifier in
class-A operation and A, B, and C are the bias points on the
load-line. During RF operation of the CE HBT along the load-
line, approaches its largest magnitude near bias point A and
decreases as the operation point passing through B goes close to
bias point C in the cutoff region [13]. The correlation between
V of the CE HBT amplifier and variation is shown in
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Fig. 2. (a) Schematic and (b) photograph of CE HBT amplifier with the
collector diode linearizer and (c) its simplified small-signal equivalent circuit
model by Miller’s theorem.

Fig. 1(b). When V makes a negative swing along the load-
line, increases and has its maximum near point A. After
passing through bias point B, V begins a positive swing and

becomes decreasing and has its smallest magnitude near the
cut-off bias point C.

In order to reduce the variation of due to a large-signal
swing, the phase difference between V and V can be uti-
lized (1). When a reverse-biased base-collector junction diode
is connected to the CE HBT in the same polarity as in Fig. 2(a),
the diode capacitance decreases and has the smallest value
near the bias point A, here, has its maximum, and on the
contrary, has its greatest value near the bias point C, at which

has the smallest in its magnitude.
A clearer viewpoint about the cancellation between and

can be obtained by the help of the small-signal equivalent
circuit model of the CE HBT including the base-collector junc-
tion diode linearizer. Employing Miller’s theorem [14], in
the connection of shunt-feedback between base and collector
can be converted into an equivalent form more convenient for
analysis. The voltage gain Av of a CE HBT amplifier is usually
much greater than unity. With this assumption, the small-signal
equivalent circuit in Fig. 2(c) can be acquired, and the con-
tribution toward base is expressed by .
The relationship between V and V derived from the equiv-
alent circuit model in Fig. 2 (c) is given by the expression

(2)

where is .
Equation (2) shows that the variation of due to a large-

signal swing can be compensated by , and as a consequence,
the variation of the total capacitance is
reduced and the phase distortion appearing in Vout decreases,
which leads to improvement of HBT linearity.

Also, with the aid of weakly nonlinear analysis, the capaci-
tances, and are connected in the opposite polarity, as in
Fig. 2 (c); hence, the coefficients for them in the Volterra series

(a)

(b)

Fig. 3. Measured linearity performances for CE HBT amplifier with the
collector diode linearizer at V d = 2:2 and 3.5 V, and CE HBT amplifier alone.
(a) Phase deviation; (b) ACPR.

expansion appear with opposite signs, and resultantly, nonlin-
earity compensation between and can be proven again.

III. MEASUREMENT RESULTS AND DISCUSSIONS

The devices tested in this work are AlGaAs/GaAs HBTs
with the total emitter area 880 m comprising 16 unit-cells,
and each unit-cell includes two emitter fingers with the emitter
area 55 m . The collector epi-layer structure for the HBTs
were designed to be fully depleted at low collector voltages.
The base-collector junction with the identical epi-layer struc-
ture and emitter area is used for the collector linearizer. RF
characteristics were measured utilizing automatic load-pull
tuner system at 1.8 GHz under maximum power matching
condition, where the source impedances of both the CE HBT
amplifiers with and without the collector linearization were
tuned to 2.8-j8.3 , and the load impedances for them were
set to 13.3-j4.5 and 10.8-j6.4 , respectively. The slight
difference in the load impedances comes mainly from the
reactance of the collector diode.

Fig. 3 (a) shows the measured phase deviations of the CE
HBT amplifier with the collector linearizer for different and
of the CE HBT amplifier alone for comparison purpose. It is
expected that for V, the linearized amplifier would
have the best linear phase characteristics. Because GaAs HBTs
in active bias regime have about 2.2 V voltage drop across the
base-collector junctions with about 1.3 V allotted for the base-
emitter turn-on voltage at V, hence, the diode lin-
earizer biased with V would be expected to best com-
pensate the Cbc variation. However, the phase measurement re-
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Fig. 4. Measured RF performances for CE HBT amplifier with the collector
diode linearizer and CE HBT amplifier alone.

veals that the linearizer gives better linear phase characteristics
with V than with V. The discrepancy be-
tween the expectation and the measurement results comes from
the different bias condition of the collector linearizer which is
reverse biased and has no dc current flow, but the base-collector
junction of the HBT has a certain amount of dc collector current
during the RF operation. The current flow across the base-col-
lector junction results in the ionized donor charge compensation
in the collector depletion region by the injected mobile charges
and leads to increase of the collector depletion width and resul-
tant decrease of Cbc [8]. In order to make better compensation
of the Cbc variation, the diode linearizer should be further re-
verse biased than the expected value of V. At the
output RF power level of dBm, the phase deviations
of the linearized HBT amplifier with V and the CE
HBT amplifier alone are 2.0 and 3.4 , respectively.

Fig. 3 (b) shows the measured ACPR of the HBT ampli-
fier with the collector linearizer and the HBT amplifier without
linearization. The ACPR was measured in 1250 KHz offset
frequency bands using an offset quadrature phase shift keying
(OQPSK) signal with a chip rate of 1.2288 Mcps at 1.8 GHz.
The worst-case ACPR for which the worse data is chosen from
the ACPR measured in both the upper and lower offset bands
at dBm is 54.4 dBc for the linearized amplifier
with V. This is an improvement of ACPR by more
than 8 dB in comparison with that of the HBT amplifier alone.
The RF power performances for the linearized and unlinearized
amplifiers are shown in Fig. 4. Both the amplifiers give almost
identical RF power characteristics, and no deterioration in the
RF performances is observed for the linearized amplifier, which
proves the collector diode linearizer can improve the linear char-
acteristics of HBTs without sacrificing any RF performances.
The linearization technique of the collector diode linearizer is
very simple in its structure, and the compactness of the collector
linearizer when it is integrated into the MMIC together with a
HBT power amplifier makes this linearization technique suit-
able for power amplifiers of mobile phones with high linearity
requirements.

IV. CONCLUSION

A new linearization technique of the collector diode linearizer
has been developed to reduce the variation due to a large-

signal swing of RF operation, hence to improve the HBT lin-
earities. Utilization of the collector diode linearizer improves
the phase deviations of HBTs and the worst-case ACPR is im-
proved by more than 8 dB for the linearized HBT amplifier
in comparison with the unlinearized HBT amplifier. The col-
lector linearizer requires no additional dc current consumption
and makes no deterioration of RF performances, such as output
power, gain, and efficiency. The linearizer is simple in its struc-
ture and can be compactly integrated into MMICs together with
RF power amplifiers. The technique of the collector diode lin-
earizer is considered to be suitable for the power amplifiers of
mobile phones with the requirements of high linearity and com-
pactness in size.

ACKNOWLEDGMENT

The authors would like to thank Prof. B. Kim of Pohang Uni-
versity of Science and Technology for his helpful advices con-
cerning the HBT nonlinearities.

REFERENCES

[1] A. Katz, S. Moochalla, and J. Klatskin, “Passive FET MMIC linearizers
for C, X and KU-band satellite applications,” in IEEE Microwave
Theory Tech. Symp. Dig., June 1993, pp. 353–356.

[2] K. Yamuchi, K. Mori, M. Nakayama, Y. Itoh, Y. Mitsui, and O. Ishida,
“A novel series diode linearizer for mobile radio power amplifiers,” in
IEEE Microwave Theory Tech. Symp. Dig., June 1996, pp. 831–834.

[3] S. Ogura, K. Seino, T. Ono, A. Kamikokura, and H. Hirose, “Develop-
ment of a compact, broadband FET linearizer for satellite use,” in IEEE
Microwave Theory Tech. Symp. Dig., June 1997.

[4] G. Hau, T. B. Nishimura, and N. Iwata, “A linearized power amplifier
MMIC for 3.5 V battery operated wide-band CDMA handsets,” in IEEE
Microwave Theory Tech. Symp. Dig., June 2000.

[5] T. Yoshimasu, M. Akagi, N. Tanaba, and S. Hara, “An HBT MMIC
power amplifier with an integrated diode linearizer for low-voltage
portable phone applications,” IEEE J. Solid-State Circuits, vol. 33, pp.
1290–1296, Sept. 1998.

[6] S. A. Maas, B. L. Nelson, and D. L. Tait, “Intermodulation in hetero-
junction bipolar transistors,” IEEE Trans. Microwave Theory Tech., vol.
40, pp. 442–448, Mar. 1992.

[7] M. Iwamoto, P. M. Asbeck, T. S. Low, C. P. Hutchinson, J. B. Scott, A.
Cognata, X. Qin, L. H. Camnitz, and D. C. D’Avanzo, “Linearity char-
acteristics of GaAs HBT’s and the influence of collector design,” IEEE
Trans. Microwave Theory Tech., vol. 48, pp. 2377–2388, Dec. 2000.

[8] W. Kim, S. Kang, K. Lee, M. Chung, Y. Yang, and B. Kim, “The effects
of Cbc on the linearity of AlGaAs/GaAs power HBTs,” IEEE Trans.
Microwave Theory Tech., vol. 49, pp. 1270–1276, July 2001.

[9] W. Kim, S. Kang, K. Lee, M. Chung, J. Kang, and B. Kim, “Analysis of
nonlinear behavior of power HBT’s,” IEEE Trans. Microwave Theory
Tech., vol. 50, pp. 1714–1722, July 2002.

[10] K. W. Kobayashi, A. K. Oki, J. Cowles, L. T. Tran, P. C. Grossman, T.
R. Block, and D. C. Streit, “The voltage-dependent IP3 performance of
35-GHz InAlAs/InGaAs–InP HBT amplifier,” IEEE Microwave Guided
Wave Lett., vol. 7, pp. 66–68, Mar. 1997.

[11] J. Lee, W. Kim, Y. Kim, T. Rho, and B. Kim, “Intermodulation
mechanism and linearization of AlGaAs/GaAs HBT’s,” IEEE Trans.
Microwave Theory Tech., vol. 45, pp. 2065–2072, Dec. 1997.

[12] K. W. Kobayashi, J. C. Cowles, L. T. Tran, A. Gutirrez-Aitken, M.
Nishimoto, J. H. Elliott, T. R. Block, A. K. Oki, and D. C. Streit,
“A 44-GHz-high IP3 InP HBT MMIC amplifier for low dc power
millimeter-wave receiver applications,” IEEE J. Solid-State Circuits,
vol. 34, pp. 1188–1195, Sept. 1999.

[13] T. Yoshimasu, “High power AlGaAs/GaAs HBT’s and their application
to mobile communications systems,” in IEDM Tech. Dig., Dec. 1995,
pp. 787–790.

[14] A. S. Sedra and K. C. Smith, Microelectronic Circuits, 3rd
ed. Philadelphia, PA: Saunders, 1990, pp. 513–515.


	MTT025
	Return to Contents


