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A Dual Bias-Feed Circuit Design for SiGe HBT
Low-Noise Linear Amplifier
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Abstract—An SiGe HBT low-noise amplifier (LNA) with a
novel diode/resistor dual base bias-feed circuit is described. The
dual bias-feed circuit extends 1 dB without degradation of
the noise figure (NF). In the small-signal region, a conventional
resistor bias-feed circuit is a dominant base current source and,
in the large-signal region, the diode turns on and the diode
bias-feed circuit supplies the base current like a voltage source,
which allows higher output power and linearity. In this paper, the
operation principle of the dual bias-feed circuit is explained by
using a virtual current source model, which indicates the increase
of base current of the HBT in a large-signal region. The design
method is also described for the idle current of the diode bias-feed
circuit in a small-signal region from the points-of-view of NF and
1 dB. The effectiveness of the dual bias-feed circuit is evaluated

by simulation and measurement. The fabricated 2-GHz-band
dual bias-feed LNA has the 1 dB improvement of 5 dB and no
degradation NF compared with the conventional resistor bias-feed
LNA.

Index Terms—Microwave bipolar transistor, monolithic
microwave integrated circuit (MMIC) amplifiers, silicon, UHF
amplifiers.

I. INTRODUCTION

FOR LOW-NOISE amplifiers (LNAs) used in mobile com-
munication terminals, small size, low noise performance,

and low dc current operation have been required [1]–[3]. Re-
cently, high-saturated RF power and linearity have been also
desired [1] for the LNAs used for frequency-division duplexing
(FDD) systems, such as W-CDMA [4]. For the size reduction
of the RF section, system chips using Si technologies have been
reported [5]–[7]. The development of an SiGe process [8]–[11],
having higher RF performance than conventional Si processes,
has allowed us to design lower noise and lower dc current drive
LNAs. In the case of an SiGe transceiver system chip for an
FDD system, the leakage of the transmit (Tx) signal to the re-
ceiver section [12] becomes a serious problem due to the low
isolation on a low-resistivity Si substrate. To avoid the interfer-
ence from the leakage of the Tx signal, high saturated power and
linearity are needed for the LNA.

In the case of bipolar junction transistor (BJT) LNAs, in-
cluding the SiGe HBT LNA, the design of the base bias circuit
is a key issue to obtain high dB [13]. Since the transistor
size is large enough to achieve low noise figure (NF) and
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the dc current is limited [1], the transistor should be driven
near the pinchoff bias point. Therefore, an inductor bias feed
and a constant voltage source have been used for the base
bias circuit to obtain high dB and linearity [14]. From
the viewpoint of size reduction, the inductor bias-feed circuit
needs an area consumptive off- or on-chip inductor, and the
use of an on-chip resistor bias feed instead of an inductor
bias feed is preferable [1], [11].

In this paper, the operation principle and design method of
the dual bias-feed-type base bias circuit for the linear LNA [15]
has been described. The bias circuit consists of two different
bias-feed circuits connected in parallel. One is a conventional
on-chip resistor bias-feed circuit, and the other is an on-chip
diode bias-feed circuit. The diode bias-feed circuit is regarded
as an open circuit in the small-signal region and a voltage source
in the large-signal region. The operation principle of the dual
bias-feed circuit is described in Section II by using a virtual cur-
rent source model, which indicates the increase of base current
of the HBT in the large-signal region. The design of the idle
current supplied from the diode bias-feed circuit is described
in Section III from the points-of-view of the NF and dB.
The idle current is designed to satisfy the desired NF and sat-
uration power. The measured results of the fabricated LNA are
described in Section IV.

II. OPERATION PRINCIPLE OF DUAL BIAS-FEED CIRCUIT

An HBT used in an LNA should have a large emitter area
to achieve low NF and should be driven near the pinchoff
bias point to reduce supplied dc current. Therefore, the use
of a constant voltage source and inductor bias-feed circuit
is preferable to obtain low-NF, high- dB, and linearity.
An on-chip inductor bias-feed circuit causes loss and needs
a large area on an integrated circuit (IC) chip. On the other
hand, an off-chip inductor causes the increase of the number
of external components. Therefore, on-chip resistor bias-feed
LNAs having low dB and linearity have been widely
employed for wireless terminals. To address these problems,
a dual bias-feed circuit, which has two different bias-feed
circuits connected in parallel, is proposed. One is a conventional
on-chip resistor bias-feed circuit, and the other is an on-chip
diode bias-feed circuit. These two different types bias circuits
can be easily integrated in a very small area on the IC chip,
and allow higher dB and linearity than a conventional
resistor bias-feed LNA.

Fig. 1 shows three types of bias circuit models for dc com-
ponent analysis. Fig. 1(a) is an inductor bias feed, Fig. 1(b) is
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Fig. 1. Three types of bias circuit models for dc component analysis. (a) Inductor bias feed. (b) Resistor bias feed. (c) Dual bias feed. N and N indicate the
emitter area factor of each transistor. The virtual current model ibe shows the increase of base current in the large-signal region.

a resistor bias feed, and Fig. 1(c) is a dual bias feed. A virtual
current source is added to each cases, which indicates the
increase of base current in the large-signal region. To simplify
the analysis, it is assumed that all transistor in the bias circuits
have same forward current gain of and saturation current
of . Ratio of transistor size used in the bias circuit and LNA
is : .

A. Inductor Bias Feed

In the case of inductor bias feed, shown in Fig. 1(a), can
be expressed as

(1)

where indicates thermal voltage, which is equal to , 26
mV in room temperature. In Fig. 1(a), the current flows at each
node are expressed as

(2a)

(2b)

(2c)

(2d)

By using (1) and (2a)–(2d), can be written as

(3)

where

(4)

Dividing both sides of (3) by , it becomes

(5)

Equation (5) is then transformed into

(6)
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By arranging the exponential terms, (6) is rewritten as

(7)

From (7), can be expressed as

(8)

Since an inductor is used for the bias feed, the base voltage is
equal to as follows:

(9)

By substituting (8) into (9), the base voltage can be obtained
as

(10)

where

(11)

Equation (10) shows that the base voltage is independent of
and does not change in the large-signal region. Therefore, the
inductor bias-feed LNA can obtain high saturation power and
linearity.

B. Resistor Bias Feed

In the case of resistor bias feed, shown in Fig. 1(b), can
be expressed as

(12)

and the base voltage can be expressed as

(13)

By substituting (4) and (12) into (13), is rewritten as

(14)

The base voltage of the resistor bias feed is equal to of
the inductor bias feed. From (10), can be expressed as

(15)

By substituting (15) into (14), can be obtained as

(16)

where

(17)

Equation (16) shows that the base voltage is dependent on
the increase of base current , and decreases as in-
creases according to the increase of input RF power. Therefore,
the resistor bias-feed LNA has lower saturation power and lin-
earity than the inductor bias-feed LNA.

C. Dual Bias Feed

In the case of the dual bias feed, shown in Fig. 1(c), can
be expressed by (12). The base voltage then becomes

(18)

To avoid noise degradation, is set to negligible small value
compared with in the small —signal region, i.e., .
Therefore, the relationship between and can be assumed
as

(19)

By substituting (19) into (18), is rewritten as

(20)

The current from diode bias-feed circuit is written as

(21)

where

(22)
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Since the base voltage of dual bias feed is almost equal to
that of the resistor bias feed, it is possible to substitute (15) into
(21). By differentiating with respect to

(23)

By arranging , (23) is rewritten as

(24)

In the large-signal region, become large, and then can
be expressed as

(25)

Equation (24) then becomes

(26)

and it shows that most of the increasing base current is supplied
from the diode bias-feed circuit, and the base voltage is constant
in the large-signal region. As a result, the dual bias-feed LNA
can achieve higher saturation power and linearity than the re-
sistor bias-feed LNA.

While the base current of the LNA transistor is mainly sup-
plied from the current-mirror circuit in the small-signal region
because the current from the reference diode is relatively small,
the base current is provided by both the current-mirror circuit
and the reference diode in the large-signal region. As the RF
signal increases, the average of the LNA transistor tends to
decrease due to an increased voltage drop on . However, a
drop on will increase the voltage drop across the reference
diode and, therefore, increase . This will, in turn, compen-
sate or boost the voltage drop of the LNA transistor.

In the large-signal region, the reference diode could be turned
on and off (or strongly on and weakly on) by the RF signal. A
value of the average of the LNA transistors depends upon
charging and discharging time constants of its base current
paths. It could be even larger than the quiescent . The circuit
technique is effectively a bias-boosting technique.

III. DESIGN

A. Design of Diode Bias-Feed Circuit Current

For the dual bias-feed LNA, the design of the diode bias-feed
circuit current is an important issue to achieve both of the de-

Fig. 2. Simulated idle current of I versus minimum NF and output P1-dB
characteristics of the LNA using a dual bias-feed circuit.

sired NF and dB. To obtain high dB, the current of the
dual bias-feed circuit should satisfy (25). However, there is
a limit for because is related to the impedance of the
diode bias-feed circuit and a large causes the degradation
of noise performance of the LNA.

Fig. 2 shows the simulated idle current of versus the min-
imum NF and output dB of the dual bias-feed LNA. In the
simulation, the total base current of the HBT is set to ap-
proximately 70 A. The resistor of 3 k and of 30 k
are used in consideration of the area consumption of the fabri-
cated IC. Thus, A. As shown in Fig. 2, at the
region of , a low-noise characteristic can be
achieved, however, the dB is relatively low. At the region of

, the dB is improved, but the NF is degraded.
To achieve both low-noise and high dB performances, idle
current of is designed as 17 A.

B. Design of LNA

To evaluate the effectiveness of the dual bias-feed LNA, sim-
ulation is carried out for the three types of LNA having different
base bias circuits. The circuit configurations of those LNAs are
already shown in Fig. 1. The bias-feed inductor of nH,
resistor of k , and k are used in simula-
tion. Figs. 3 and 4 show the simulated base voltage and the
base current dependences on the input power for the LNAs.

To achieve low noise and low dc power operation, the HBT
is usually driven near the pinchoff bias point. Therefore, the in-
ductor bias-feed circuit, shown in Fig. 1(a), is preferable to ob-
tain low-noise performance, high dB, and linearity. By using
an inductor as the bias feed, as shown in Figs. 3(a) and 4(a),
becomes constant and can increase in the large-signal re-
gion to extend its output power. The resistor bias-feed circuit,
shown in Fig. 1(b), has been widely used as the conventional
base bias circuit. To avoid NF degradation due to the resistor
bias-feed circuit, the value of the resistor is usually designed as
several kiloohms. In the large-signal region, since the bias point
of the HBT is near pinchoff, should be increased; however,
voltage drop due to the feed resistor has occurred. is then
dropped, and the increment of have to be limited, as shown
in Figs. 3(b) and 4(b). In the case of the dual bias-feed LNA,
shown in Fig. 1(c), the diode bias-feed circuit is added to the
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Fig. 3. Simulated RF input power pin versus base voltage V . (a) Inductor
bias feed. (b) Resistor bias feed. (c) Dual bias feed.

conventional resistor bias-feed LNA, and it avoids a drop in
the large-signal region. As shown in Section III-A, the idle cur-
rent supplied from the diode bias feed has been designed as
17 A to reduce degradation of the NF and to obtain higher
dB. and characteristics, shown in Figs. 3(c) and 4(c), are
similar to those of the inductor bias-feed LNA.

Fig. 5 shows the simulated transfer characteristics of LNAs
having different base bias circuits. The resistor bias-feed LNA
has the lowest dB, and the proposed dual bias-feed LNA has
improved performance from the resistor feed LNA.

For W-CDMA utilization, the interference of Tx power
leakage in the LNA becomes a problem. To investigate this
effect, NF degradation due to the Tx power leakage is simu-
lated. Fig. 6 shows the simulated NF degradation and of
LNAs versus the Tx power leakage. As the Tx power leakage
increases, NF degradation has occurred in every bias-feed
types of LNAs. It is clear that the inductor bias-feed LNA
shows the best performance. Comparing the dual bias-feed
LNA with the resistor bias-feed LNA, the dual bias-feed LNA
shows relatively stable NF characteristic at a high Tx power
leakage region (over 20 dBm). At this region, the resistor
bias-feed LNA shows a rapid drop and it results in abrupt
NF degradation.

Simulated characteristics of the resistor bias-feed and dual
bias-feed LNAs at a typical condition (temperature of 25 C
and supply voltage of 3 V) are summarized in Table I. Sim-
ulation results shows that the dual bias-feed LNA allows over
4-dB improvement of dB with comparable gain, NF, and

Fig. 4. Simulated RF input power pin versus base current I . (a) Inductor
bias feed. (b) Resistor bias feed. (c) Dual bias feed.

Fig. 5. Simulated transfer characteristics of LNAs using three types of base
bias-feed circuits. I = 5mA andV = 0:85V for dc condition, respectively.
The frequency of the input signal is 2.1 GHz.

supplied dc current. The simulated performance deviations of
the resistor bias-feed and dual bias-feed LNAs over tempera-
ture and are shown in Table II. The performance deviations
of the proposed dual bias-feed LNA are also comparable to the
conventional resistor bias-feed LNA.

IV. IMPLEMENTATION AND MEASUREMENT

Based on the design shown in Section III, the LNA having
a dual bias-feed circuit is fabricated. For comparison, the
LNA having a conventional resistor bias-feed circuit is also
fabricated. Schematic diagrams of those two LNAs are shown
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Fig. 6. Simulated NF degradation and V of LNAs versus the Tx power
leakage.

TABLE I
SUMMARY OF SIMULATED PERFORMANCES OF LNAs (@2.1 GHz,

TEMPERATURE = 25 C AND V cc = 3 V)

TABLE II
SIMULATED PERFORMANCE DEVIATIONS OF LNAs OVER TEMPERATURE AND

SUPPLY VOLTAGE (@2.1 GHz)

in Fig. 7. Fig. 7(a) shows the conventional resistor bias-feed
LNA and Fig. 7(b) shows the dual bias-feed LNA. Both LNAs
need external circuit components, i.e., matching circuits, col-
lector bias-feed circuits, and reference resistors. The external
matching network is shown in Fig. 8. The die photograph of the
fabricated dual bias-feed LNA is shown in Fig. 9. The chip area
of the LNA is 1.0 mm 0.6 mm, and the area of the additional
diode feed circuit is 97 m 65 m.

Fig. 7. Schematic diagrams of LNAs fabricated in the SiGe process.
(a) Resistor bias feed. (b) Dual bias feed. IC areas are indicated by the dotted
line.

Fig. 8. External matching network of the LNAs. The same matching circuit is
used for both LNAs.

Fig. 9. Die photograph of the fabricated dual bias-feed LNA. The chip area is
1.0 mm � 0.6 mm.
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Fig. 10. Measured small-signal characteristics of the dual bias-feed LNA.
(a) Return loss. (b) Gain.

Fig. 11. Measured transfer characteristics of LNAs using two types of base
feed circuit. The frequency of the input signal is 2.1 GHz.

Measured small-signal characteristics of the dual bias-feed
LNA are shown in Fig. 10. Since the input port is matched to ob-
tain a low NF, the input return loss is 8.2 dB, whereas the output
return loss is 15.1 dB. Small-signal gain of 14.8 dB is obtained
with a supplied voltage of 3 V and a total current of 6.1 mA.
Fig. 11 shows the measured transfer characteristics of the LNAs
having different base bias-feed circuits. The output dB of
the dual bias-feed LNA is 4.5 dBm and is 5.3 dB higher than
that of the conventional resistor bias-feed LNA. Fig. 12 shows
the measured third-order intermodulation (IM3) characteristics
of the LNAs. The input third intercept point (IIP3) of the dual
bias-feed LNA is 0.2 dBm and is 6.1 dB higher than that of the
resistor bias-feed LNA. The measured results of both LNAs are
summarized in Table III. The dual bias-feed LNA allows more
than 5-dB improvement of both dB and IIP3 with compa-
rable gain, NF, and supplied dc current.

Fig. 12. Measured two-tone transfer characteristics of LNAs using two types
of base bias-feed circuit. (a) Resistor bias feed. (b) Dual bias feed.

TABLE III
SUMMARY OF MEASURED PERFORMANCES OF LNAs (@2.1 GHz)

V. CONCLUSIONS

A novel diode/resistor dual base bias-feed LNA has been
discussed. The operation principle and the design method of
the dual base bias-feed circuit has been described. The derived
equations shown in Section II indicates that the dual bias-feed
circuit operates like a conventional resistor bias-feed circuit in
the small-signal region; therefore, low noise performance can
be obtained. It also operates like a constant-voltage source in
the large-signal region; therefore, high dB and IP3 can be
achieved. Since this bias-feed circuit does not need any area
consumptive inductors, a compact on-chip base bias circuit
can be realized. The design method of base bias-feed currents
to achieve both low noise and high dB have also been
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described. Based on this design method, an SiGe HBT LNA
has been designed and fabricated. The fabricated dual bias-feed
SiGe HBT LNA performs higher dB and IP3 than that of
the conventional resistor bias-feed LNA.

REFERENCES

[1] N. Suematsu, M. Ono, S. Kubo, M. Uesugi, K. Hasegawa, K. Hiroshige,
Y. Iyama, T. Takagi, and O. Ishida, “Intermodulation distortion of low
noise silicon BJT and MOSFET fabricated in BiCMOS process,” Trans.
Inst. Electron. Inf. Commun. Eng. C, vol. E82-C, no. 5, pp. 692–698,
May 1999.

[2] J. A. Macedo and M. A. Copeland, “A 1.9-GHz silicon receiver with
monolithic image filtering,” IEEE J. Solid-State Circuits, vol. 33, pp.
378–386, Mar. 1998.

[3] J. J. Kucera and U. Lott, “Low-power silicon BJT LNA for 1.9 GHz,”
IEEE Microwave Guided Wave Lett., vol. 8, pp. 136–137, Mar. 1998.

[4] H. Pretl, L. Maurer, W. Schelmbauer, R. Weigel, B. Adler, and J. Fenk,
“Linearity considerations of W-CDMA front-ends for UMTS,” in IEEE
MTT-S Int. Microwave Symp. Dig., June 2000, pp. 433–436.

[5] D. Lovelace, S. Bader, D. Coffing, J. Durec, R. Hester, K. Huehne, E.
Main, P. Ovalle, M. Randol, R. Tang, D. Welty, R. Williams, and K.
Wortel, “Low cost 900 MHz single-chip cordless telephone receiver,” in
IEEE RFIC Symp. Dig., June 2000, pp. 87–90.

[6] R. G. Meyer, W. D. Mack, and J. J. E. M. Hageraats, “A 2.5-GHz
BiCMOS transceiver for wireless LAN’s,” IEEE J. Solid-State Circuits,
vol. 32, pp. 2097–2104, Dec. 1997.

[7] N. Suematsu, “On-chip matching Si-MMIC for mobile communication
terminal application,” in IEEE RFIC Symp. Dig., June 1997, pp. 9–12.

[8] J. D. Cressler, “SiGe HBT technology: A new contender for Si-based
RF and microwave circuit applications,” IEEE Trans. Microwave Theory
Tech., vol. 46, pp. 572–589, May 1998.

[9] R. Götzfried, F. Beisswanger, S. Gerlach, A. Schüppen, H. Dietrich,
U. Seiler, K. H. Bach, and J. Albers, “RFIC’s for mobile communica-
tion systems using SiGe bipolar technology,” IEEE Trans. Microwave
Theory Tech., vol. 46, pp. 661–668, May 1998.

[10] L. E. Larson and M. J. Delaney, “Application of Si/SiGe technology for
high-speed communications systems,” in IEEE RFIC Symp. Dig., June
1999, pp. 1077–1080.

[11] M. Soyuer, J. O. Plouchart, H. Ainspan, and J. Burghartz, “A 5.8-GHz
1-V low-noise amplifier in SiGe bipolar technology,” in IEEE RFIC
Symp. Dig., June 1997, pp. 19–22.

[12] V. Aparin, B. Butler, and P. Draxler, “Cross modulation distortion in
CDMA receivers,” in IEEE MTT-S Int. Microwave Symp. Dig., June
2000, pp. 1953–1956.

[13] J. S. Ko, H. S. Kim, B. K. Ko, B. Kim, and B. H. Park, “Effect of bias
scheme on intermodulation distortion and its use for the design of PCS
TX driver,” in IEEE RFIC Symp. Dig., June 2000, pp. 105–108.

[14] T. Robinson, B. Agarwal, S. Lloyd, P. Piriyapoksombut, K. Rampmeiser,
M. Reddy, and D. Yates, “A highly integrated dual-band tri-mode trans-
ceiver chipset for CDMA TIAEIA-95 and AMPS applications,” in IEEE
RFIC Symp. Dig., June 2000, pp. 249–252.

[15] E. Taniguchi, K. Maeda, T. Ikushima, K. Sadahiro, K. Itoh, N. Suematsu,
and T. Takagi, “Dual bias feed SiGe HBT low noise linear amplifier,” in
IEEE MTT-S Int. Microwave Symp. Dig., May 2001, pp. 285–288.

Eiji Taniguchi (M’99) was born in Tokyo, Japan, in
1971. He received the B.S. and M.S. degree in elec-
trical and computer engineering from the Yokohama
National University, Yokohama, Japan, in 1994 and
1996, respectively.

In 1996, he joined the Information Technology Re-
search and Development Center, Mitsubishi Electric
Corporation, Kanagawa, Japan, where he has been
engaged in the research and development of mono-
lithic microwave integrated circuits (MMICs) for mo-
bile communications and satellite communications.

Mr. Taniguchi is a member of the Institute of Electronics, Information and
Communication Engineers (IEICE), Japan.

Takayuki Ikushima was born in Fukuoka, Japan,
in 1967. He received the B.S. and Dr.Eng. degrees in
electrical engineering from Saga University, Saga,
Japan, in 1989 and 1996, respectively.

He is currently with the Mobile Terminal Center,
Mitsubishi Electric Corporation, Hyogo, Japan.

Dr. Ikushima is a member of the Japan Society of
Applied Physics.

Kenji Itoh (M’91) was born in Ishikawa, Japan, in
1960. He received the B.S. degree in electrical engi-
neering from Doshisha University, Kyoto, Japan, in
1983, and the Ph.D. degree in electrical engineering
from Tohoku University, Sendai, Japan, in 1997.

In 1983, he joined the Mitsubishi Electric Cor-
poration, Hyogo, Japan, where he has been engaged
in research and development of microwave/mil-
limeter-wave mixers and oscillators for satellite
communications, land mobile communications, and
defense systems. He is currently the Section Man-

ager with the Mobile Terminal Center, Mitsubishi Electric Corporation.
His research interests include direct-conversion receivers and digital direct
synthesizers for RF systems.

Dr. Itoh is a member of the Institute of Electronics, Information and Commu-
nication Engineers (IEICE), Japan.

Noriharu Suematsu (M’92) was born in Tokyo,
Japan, in 1962. He received the B.S., M.S., and
Dr.Eng. degrees in electronics and communication
engineering from Waseda University, Tokyo, Japan,
in 1985, 1987 and 2000, respectively.

In 1987, he joined the Mitsubishi Electric
Corporation, Kanagawa, Japan, where he has been
engaged in research and development of microwave
and millimeter-wave solid-state circuits including
Si-MMICs and linearizers for wireless terminal
applications. From 1992 to 1993, he was a Visiting

Research with The University of Leeds, Leeds, U.K.
Dr. Suematsu is a member of the Institute of Electronics, Information and

Communication Engineers (IEICE), Japan, and the Japan Society of Applied
Physics. He was the recipient of the 1991 IEICE Shinohara Award.


	MTT025
	Return to Contents


