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An L-band frequency and rejection-level tunable SiGe HBT differential amplifier with dual stopband is presented. To achieve
frequency and rejection-level tunable performance, dual LCR-tank circuit with an active load is incorporated into the design
of the series feedback loops of the differential amplifier. The active load consists of a varactor diode represented as a variable
C and a common-emitter transistor represented as a variable R. The frequency and rejection level can be tuned independently
by controlling a cathode bias voltage of the varactor diode or a base bias voltage of the transistor. The implemented 0.35 mm
SiGe HBT amplifier with dual stopband demonstrates a frequency tuning of 0.53–1.16 GHz and a rejection-level variation up
to 9.5 dB. The input and output return losses are better than 17.5 and 11 dB over 0.2–1.5 GHz, respectively. The measured
P1dB isþ 3 dBm and IIP3 is 0 dBm with Vcc ¼ 6 V and Ic ¼ 8 mA.
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I . I N T R O D U C T I O N

With the rapid and increasing growth of wireless and mobile
communication systems, the multi-band and multi-mode
systems and applications for wide-area and local-area wireless
systems are being actively researched and developed by many
countries in the world [1], including WLAN 802.11a/b/g [2],
GSM800MHz/GSM1.8GHz [3], and ISM2&5GHz [4]. For the
multi-band and multi-mode applications, however, the interfer-
ence and image rejection of collocated active radios in both fre-
quency and space become a crucial issue [5]. To address this
problem, the CMOS LNA with image rejection filters [6, 7]
and the differential phase rotator [5] have been proposed as an
active interference canceller. The CMOS LNA [6, 7] employs a
stacked common-gate topology, thus not suitable for differential
amplification. The canceller system using the differential phase
rotator [5] is complex in circuit topology and provides an
additional loss. In addition, these circuits have a difficulty to be
applied to multi-band and multi-mode operation.

In order to address these problems, an SiGe HBT differen-
tial amplifier with frequency and rejection-level tunable,
multiple stopband is devised mainly for WLAN 802.11 a/b/g
applications. It employs a multiple LCR-tank circuit, which
is cascaded in a stacked form and connected between emitters
of the differential transistor pair to achieve multiple bandstop
performance. Each LCR-tank circuit employs an active load
comprised of a varactor diode represented as a variable
C for frequency tuning and a common-base transistor
represented as a variable R for rejection-level tuning.

Basically the multi-band amplifiers are categorized into
three basic groups. The first group achieves multi-band per-
formance by switching amplifiers, matching circuits, or bias
[8]. The second group employs a concurrent matching tech-
nique [9, 10]. The third group is a wideband amplifier [11].
The first group has a non-operating amplifier or matching
circuits, leading to a large size and high power consumption.
The circuit design of the second group is rather complicated,
thus limiting the number of bands to dual band. The third
group amplifies the unwanted signals at the same time. The
stacked LCR-tank circuit presented in this paper has an
advantage over the conventional groups in circuit size,
circuit design simplicity, power consumption, suppression of
the unwanted signals, and applicability of multiple bands [12].

As a frequency-tunable device, the varactor-tuned,
frequency-agile microwave filter with bandpass or bandstop
performance is widely used [13]. Since it is comprised of
distributed microstrip or coplanar lines combined with varac-
tor diodes, the circuit size becomes much larger in the multi-
band and multi-mode applications. To overcome this
problem, lumped LC elements are utilized in this amplifier
in order to achieve a miniaturized size. Moreover, with the
use of a stacked configuration, multiple bandstop frequencies
can be tuned independently by adjusting a control voltage of
the varactor diode.

The amplifier presented in this paper has made great
advances over the previously reported ones [14, 15] in that
only frequency was varied in ref. [15] but frequency, rejection-
level, and number of rejection peaks can be varied with the
introduction of active loads. Moreover, the design approaches
and measured results on how to improve noise figure and IIP3

are presented. The frequency and rejection-level tunable per-
formance for multiple stopband are promising as an active
interference canceller for the next-generation, adaptive and/
or reconfigurable wireless radios.
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I I . C I R C U I T D E S I G N

A schematic diagram of the frequency and rejection-level
tunable differential amplifier with dual stopband is shown in
Fig. 1. The amplifier employs a dual LCR-tank circuit with an
active load in the design of the series feedback loops of the
differential amplifier. The active load consists of a varactor
diode as a variable C and a common-emitter transistor as a vari-
able R. Vc1 and Vc2 are control voltage of the varactor diode and
Vc3 and Vc4 are control voltage of the transistor. A low-
frequency gain of the differential amplifier (GL) is given as [16]

GL ¼ jZLYSj, (1)

where ZL is a load impedance consisting of an inductor Lo and a
resistor Ro. YS is an admittance of the dual LCR-tank circuit. A
simplified schematic diagram of Fig. 1 is shown in Fig. 2. An
LCR-tank circuit is represented as a parallel connection of a
fixed L, a variable C, and a variable R. With the use of the
admittances of each LCR-tank circuit (Y1 and Y2) and the
load impedance ZL, a low-frequency gain GL in Eq. (1) can be
obtained as follows:

GL ¼ jZLj†
Y1Y2
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It is noted in Eqs (2) to (8) that a low-frequency gain GL has a
single gain peak at vC3 as well as double rejection peaks at vC1

and vC2, which is roughly displayed in Fig. 3. If vC1 , vC2,
then vC1, vC2, and vC3 necessarily satisfy the condition that
vC1 , vC3 , vC2. The frequency and rejection level can be
tuned independently by controlling the value of C1 (Vc1), C2

(Vc2), R1 (Vc3), or R2 (Vc4). Cascading additional LCR-tank
circuits in a stacked form can easily increase the number of
rejection peaks.

A design example of the simulated gain and return loss of the
amplifier is shown in Fig. 4, where Vcc is a supply voltage. The
bias conditions are Vcc ¼ Vc1 ¼ Vc2 ¼ 6 V and Vc3 ¼ Vc4 ¼

6.6 V, respectively. The circuit simulation was accomplished
for the schematic diagram shown in Fig. 1, where 0.35 mm
SiGe HBTs (Toshiba MT4S102T) with ft ¼ 25 GHz and
silicon varactor diodes (Toshiba 1SV279) with C2V ¼ 15 pF,
C10V ¼ 6 pF are used. In Fig. 4, f1 and f2 are a stopband. Since
an averaged gain of the amplifier without LCR-tank circuits is
around 10 dB from 0.2 to 1.5 GHz, a rejection level of around
14 dB at f1 and f2 is accomplished. Input and output return
losses are better than 12 dB at f1 and f2.

Fig. 1. Schematic diagram of the frequency and rejection-level tunable
differential amplifier with dual stopband.

Fig. 2. Simplified schematic diagram of Fig. 1.

Fig. 3. Gain and rejection peaks of the amplifier.
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I I I . C I R C U I T F A B R I C A T I O N

A photograph of the frequency and rejection-level tunable
differential amplifier with dual stopband is shown in Fig. 5.
The amplifier was fabricated on the FR-4 substrate with a
dielectric constant of 4.5. 1005-type chip inductors, capacitors,
and resistors are mounted on the substrate by soldering. The
circuit size is 16 � 16 � 1.2 mm3.

I V . C I R C U I T P E R F O R M A N C E

A) Gain and return loss
The measured gain and return loss of the amplifier are shown
in Fig. 6. The measurement was done on the condition that
Vcc ¼ Vc1 ¼ Vc2 ¼ 6 V and Vc3 ¼ Vc4 ¼ 6.6 V. The measured
gain and return losses are in good agreement with the simu-
lated ones in Fig. 4, showing a slight discrepancy for rejection
level. As compared with the measured result of the amplifier
that does not have a common-emitter transistor as a variable
R [15], the overall gain drops by approximately 1 dB but the
input and output return losses are almost the same.

B) Frequency tunable performance
As mentioned above, the bandstop frequencies ( f1 and f2) can
be tuned independently with the control of Vc1 or Vc2. The
measured results on the condition that f1 is varied and f2 is
fixed are introduced first. Then the measured results on the
condition that f1 is fixed and f2 is varied are demonstrated.
The measured gain, input return loss, and output return loss
are shown in Figs 7–9 on the condition that Vc1 varies from
2 to 10 V for a fixed value of Vc2 ¼ 10 V.

It is shown in Fig. 7 that the bandstop frequency f1 can be
tuned from 0.5 to 0.8 GHz for a fixed value of f2 ¼ 1.1 GHz.
The rejection-level changes from 11.2 to 15.5 dB for a vari-
ation of f1. As shown in Figs 8 and 9, the input and output
return losses are better than 25 and 15 dB, respectively, for a
variation of f1. The measurement was done at Vcc ¼ 6 V and
Vc3 ¼ Vc4 ¼ 6.6 V.

On the other hand, the measured gain, input return loss,
and output return loss are demonstrated in Figs 10–12 on
the condition that Vc2 varies from 2 to 10 V for a fixed
value of Vc1 ¼ 2 V. It is shown in Fig. 10 that the bandstop
frequency f2 can be tuned from 0.6 to 1.1 GHz for a fixed
value of f1 ¼ 0.6 GHz. The rejection-level changes from 11.5
to 17.5 dB for a variation of f2. As clearly shown in Figs 11
and 12, the input and output return losses are better than
17.5 and 11 dB, respectively, for a variation of f2. The
measurement was done at Vcc ¼ 6 V and Vc3 ¼ Vc4 ¼ 6.6 V.

A stability factor for frequency tunable performance was
calculated and plotted in Fig. 13. The calculated results are
almost the same for both Figs 7 and 10. Thus only the calcu-
lated K-factor for Fig. 7 was shown in Fig. 13. As f1 comes near
to f2, the K-factor decreases but becomes constant to around
1.2, showing an unconditionally stable condition.

C) Rejection-level tunable performance
The rejection level at a stopband can be tuned by varying the
value of R1 or R2 in Fig. 2. A variable R1 or R2 is obtained from
a differential value of the I–V curves of the transistor at
VCE ¼ 0 V. A typical example of the I–V characteristics of
the transistor is shown in Fig. 14. The solid and dotted lines

Fig. 5. Photograph of the frequency and rejection-level tunable differential
amplifier with dual stopband.

Fig. 6. Measured gain and return loss of the frequency-tunable, dual-stopband
differential amplifier.

Fig. 4. Simulated gain and return loss of the frequency and rejection-level
tunable differential amplifier with dual stopband.
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show I–V curves and differential values at VCE ¼ 0, respect-
ively. As clearly shown in Fig. 14, a differential value of the
I–V curves varies with a parameter of IB or VB at
VCE ¼ 0 V. Actually, a variable R1 or R2 is realized by using
the output impedance of the transistor with a parameter of
VB for VCE ¼ 0 V.

The measured results on the condition that Vc3 is varied
from 6.6 to 7.4 V and Vc4 is fixed to 6.6 V are shown in
Fig. 15. Then the measured results on the condition that Vc3

is fixed to 6.6 V and f2 is varied from 6.6 to 7.4 V are displayed
in Fig. 16. Vcc, Vc1, and Vc2 are 6 V.

The rejection level varies from 1 to 6 dB at f1 with the
control of Vc3. On the other hand, the rejection level varies
from 0.5 to 10 dB at f2 with the control of Vc4. From these
results, a rejection level up to 9.5 dB has been achieved
across 0.53–1.16 GHz. No outstanding changes appeared
for the input and output return losses. As similar to the
frequency-tuning performance, the rejection level can be
also varied independently.

In an actual application of the wireless systems, for
example, the interference cancellation or image-rejection
ratio of greater than 80 dB could be needed. The bandstop
filters with 30 dB of band-rejection ratio are connected
before and after the amplifier. Thus a band-rejection ratio of
greater than 20 dB is required for the amplifier, which can
be easily achieved by employing a multi-stage design.

D) Number of rejection peaks
As an application of the frequency-tunable performance,
the number of rejection peaks (the number of stopband)
can be varied. At a starting point, two bandstop frequencies
( f1 and f2) are separated as far as possible. Then Vc1 and Vc2

are controlled so that two separate frequencies ( f1 and f2)
come near and finally become a single frequency (single
band). The measured variation of the number of rejection
peaks (the number of stopband) with the control of Vc1

and Vc2 is shown in Fig. 17. f1 moves from 0.6 to 0.8 GHz
for a variation of Vc1 from 6 to 13 V. Inversely, f2 moves
from 1.2 to 0.8 GHz for a variation of Vc2 from 13 to 6 V.
In a similar way, a variation from single band to dual
band is also possible.

E) Noise figure
The noise figure measurement was done for the pass-
band region from 1.0 to 1.2 GHz with f1 ¼ 0.8 GHz and
f2 ¼ 1.1 GHz. The measured results are shown in Fig. 18.
The measured best noise figure was 5.6 dB at 1.1 GHz. The
bias conditions were Vcc ¼ 6 V and Ic ¼ 8 mA. Considering
the Fmin of 0.4 dB at 1 GHz of the 0.35 mm SiGe HBT, the
measured NF shows a poor performance because the amplifier
employs a lossy match configuration to achieve a wide

Fig. 7. Measured gain for a varied value of Vc1 and a fixed value of Vc2. Fig. 9. Measured output return loss for a varied value of Vc1 and a fixed value
of Vc2.

Fig. 10. Measured gain for a varied value of Vc2 and a fixed value of Vc1.
Fig. 8. Measured input return loss for a varied value of Vc1 and a fixed
value of Vc2.
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bandwidth and high stability. The noise figure can be
improved with the employment of reactive matching in
place of lossy matching, sacrificing bandwidth. A schematic
diagram of lossy match and reactive match configurations is
shown in Fig. 19. The noise figure was measured for the
reactive match configuration in Fig. 19 (b) and also plotted
in Fig. 18. The measured best noise figure was 1.2 dB

at 1 GHz, showing a significant improvement of 4.4 dB.
But the frequency tuning range becomes narrow from
0.53–1.16 GHz down to 0.8–1.2 GHz.

F) IIP3
In order to achieve a high dynamic range of the low-noise
amplifier, a low noise figure along with a high IIP3 is required.
To achieve a high IIP3, the employment of negative feedback
circuits and the increase of collector currents are a widely used

Fig. 11. Measured input return loss for a varied value of Vc2 and a fixed value
of Vc1.

Fig. 12. Measured output return loss for a varied value of Vc2 and a fixed value
of Vc1.

Fig. 13. Calculated K-factor for a varied value of f1 and a fixed value of f2.

Fig. 14. I–V characteristics of the transistor.

Fig. 15. Measured gain for a varied value of Vc3 and a fixed value of Vc4.

Fig. 16. Measured gain for a varied value of Vc4 and a fixed value of Vc3.
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approach. A schematic diagram of the lossy match and nega-
tive feedback configurations is shown in Fig. 20. Two-tone
characteristics are measured for the negative feedback circuit
in Fig. 20 (b) with a parameter of the feedback resistance
(RF). Two tones of f1 ¼ 1.08 GHz and f2 ¼ 1.1 GHz were
chosen. The measured gain and IIP3 with a parameter of RF

are shown in Fig. 21. The measurement was done on the con-
dition that Vcc ¼ Vc1 ¼ Vc2 ¼ 6 V and Vc3 ¼ Vc4 ¼ 6.6 V.

As the feedback amount increases, that is, the value of RF

becomes small, the gain drops steeply but IIP3 significantly
improves. Two-tone characteristics are also measured for
the lossy match circuit in Fig. 20 (a). The measured P1dB is
þ3 dBm and IIP3 is 0 dBm with Vcc ¼ 6 V and Ic ¼ 8 mA,
which corresponds to an infinity of RF in Fig. 21.

Fig. 17. Variation of the number of stopband with the control of Vc1 and Vc2.

Fig. 18. Measured noise figure performance of the lossy match and reactive
match amplifiers.

Fig. 21. Measured gain and IIP3 with a parameter of RF for the negative
feedback configuration.

Fig. 22. Measured IIP3 with a parameter of IC.

Fig. 20. Schematic diagram of the lossy match and negative feedback
configurations.

Fig. 19. Schematic diagram of the lossy match and reactive match
configurations.
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The other approach to improve IIP3 is to increase collector
current (IC). The measured IIP3 with a parameter of IC is
shown in Fig. 22. As IC increases from 8 to 20 mA, an
improvement of IIP3 up to 6.5 dB has been achieved. This
approach provides a compromise between IIP3, power con-
sumption, and noise figure performance.

V . C O N C L U S I O N S

The L-band frequency and rejection-level tunable SiGe HBT
differential amplifier with dual stopband has been presented.
In order to achieve frequency and rejection-level tunable per-
formance, dual LCR-tank circuit with an active load was
incorporated into the design of the series feedback loops of
the differential amplifier. The implemented 0.35 mm SiGe
HBT amplifier with dual stopband shows a frequency tuning
of 0.53–1.16 GHz and a rejection-level variation up to
9.5 dB. The input and output return losses are better than
17.5 and 11 dB over 0.2–1.5 GHz, respectively. The measured
P1dB is þ3 dBm and IIP3 is 0 dBm with Vcc ¼ 6 V and
Ic ¼ 8 mA. The data shown in the paper are limited to a
1 GHz band. For future WLAN applications, the operating
frequency is due to be increased up to 2 and 5 GHz bands.
The results obtained in the paper demonstrate that the
frequency and rejection-level tunable differential amplifier
with multiple stopband would be one of the candidates as
an active interference canceller for the next-generation, adap-
tive and/or reconfigurable wireless radios.
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