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A SiGe HBT Variable Gain Driver
Amplifier for 5-GHz Applications

Kyu-Sung Chae*, Chang-Woo Kim* Regular Members

ABSTRACT

A monolithic SiGe HBT variable gain driver amplifier(VGDA) with high dB-linear gain control and high
linearity has been developed as a driver amplifier with ground-shielded microstrip lines for 5-GHz transmitters.
The VGDA consists of three blocks such as the cascode gain-control stage, fixed-gain output stage, and voltage
control block. The circuit elements were optimized by using the Agilent Technologies’ ADS. The VGDA was
implemented in STMicroelectronics’ 0.35um Si-BiCMOS process. The VGDA exhibits a dynamic gain control
range of 34 dB with the control voltage range from O to 2.3 V in 5.15-5.35 GHz band. At 5.15 GHz, maximum
gain and attenuation are 10.5 dB and -23.6 dB, respectively. The amplifier also produces a 1-dB

gain-compression output power of -3 dBm and output third-order intercept point of 7.5 dBm. Input/output voltage

standing wave ratios of the VGDA keep low and constant despite change in the gain-control voltage.
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I. Introduction

Recently, frequencies in 5-GHz band are widely
used for data transmission systems such as IEEE
802.11a and HIPERLAN II because they have ad-
vantage of high data transmission rate" ™. In gen-
eral, variable gain amplifiers(VGAs) are used to
adjust the received-signal amplitude in receiver
blocks or used to control the transmission signal
power in transmitter blocks. For the transmitter,
the variable gain driver amplifier(VGDA) which
acts as a driver amplifier embedded in front of a
power amplifier is an essential component to
maximize the dynamic range of the overall
system. Therefore, the VGA must have a wide
gain control range, high dB-linear gain control
ability, and high linearity.

There are several monolithic CMOS variable
gain low noise amplifiers(VGLNAs)[3]’[4] and
VGAs combined with GaAs technology for 5-GHz
wireless applications™®. The CMOS VGLNAs do

not simultaneously satisfy the wide gain control
range, high dB-linear gain control and high
linearity. On the other hand, the GaAs-based
VGAs exhibit good performance, but they are rel-
atively expensive. The low-cost ICs are required
substantially since cost is of major concern for all
wireless communication products. The high-per-
formance and low-cost VGA can be implemented
by advanced SiGe heterojunction bipolar transistor
(HBT) technology. This technology also allows to
use the CMOS circuits on the same substrate
(system on chip), which reduces the production
cost and provides high integration.

In this paper, we have developed a monolithic
SiGe VGDA with a high dB-linear gain control
and high linearity for 5-GHz wireless applications.
The VGDA has been designed and fabricated by
using ST Microelectronics’ SiGe MMIC design li-
brary and 0.35-um Si-BiCMOS process. The
on-wafer measurement was performed by using a
RF probe station under single and two tone
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inputs. The measured results of the developed
VGDA will be discussed.

Io. MMIC Design and Implementation

Fig. 1 shows I-V characteristics for an unit
SiGe HBT with one-finger emitter area of 0.4 X
10/a7. The HBT demonstrates a dc current gain
of 100 with BVcro= 5 V. In ST Microelectronics’
technology, npn HBTs offer a peak f; and fmax of
45 GHz and 60 GHz, respectively.

A simplified schematic of the VGDA designed
in this work is shown in Fig. 2.
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Fig. 1. Measured I-V characteristics for SiGe HBT
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Fig. 2. A Schematic circuit diagram of the VGDA

The differential VGDA consists of variable and
fixed gain stages in a cascade connection. The
gain-control stage based on the Gilbert cell struc-
ture with good linearity provides the variable gain

mechanism'”

. The gain control is achieved by
varying the transconductance of Q;-Q; through
controlling of the base voltage(Vcu) of the voltage
control block. The collector current of Q; in-

creases with V.u, which leads to increase in base

voltages of Q»-Q;. This results in an exponential
increase in the transconductance of the HBT
(Q2-Q7). Therefore, the gain of the HBT increases
dB-linearly with V. since the gain of the HBT
depends linearly on the transconductance in bipo-
lar transistors.

The input-signal is sensed at bottom differential
pair(Q. and Qs). The fixed-gain output stage acts
as a fixed gain output buffer to amply the RF
signal. This has been also designed so that the
output VSWR keeps constant with varying the
control voltage V.u of the variable gain stage.

Using nonlinear RF circuit simulations with
Agilent Technologies’ Advanced Design System,
all passive elements were optimized to obtain a
gain-control range > 35 dB, 1-dB gain-com-
pression output power(Pigg) > -1 dBm, and out-
put-referred third-order intercept point(OIP3) > 10
dBm in 5-GHz band.

The VGDA was
Microelectronics’ 0.35-ym Si BiCMOS process using

implemented in ST

SiGe HBTs and passive components. MIM capaci-
tors and thin-film resistors provided from the ST
Microelectronics’ library were used. Also, in de-
signing of the VGDA, ground-shielded microstrip
lines were used in all transmission-line. The
ground-shielded microstrip line is mainly com-
posed of a 1lumthick bottom SiO, layer on low
resistive silicon substrate, a 1gmthick Al ground
layer, a 2umthick SiO, layer, and a 2um-thick top
Al signal line layer in turn. The conventional
structure has only one bare signal-line on top of
the SiO; layer and silicon substrate. So the elec-
tric fields from the signal line are not shielded
and some of them are caught by the low resistive
substrate to be dissipated. On the other hand, in
the ground-shield structure, most of the electric
fields from the signal line are shielded by the
ground metal layer so that it can not reach the
leaky silicon substrate. Therefore, the radiation
loss of signal and the isolation between the signal
lines can be improved significantly. A micro-
photograph of the fabricated VGDA chip is
shown in Fig. 3. The chip size is 0.76 x 0.74

2
mm .
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Fig. 3. Microphotograph of the VGDA chip

II. Experimental Results

For small and large signal measurements, the
VGA chips were mounted on a probe station with
RF connections made by 200 gm pitch coplanar
probes and DC biasing applied through a GPGPG
probe. The results were measured with a vector
network analyzer and spectrum analyzer connected
to single-ended output 50-ohm port. The collector
bias voltage of Vec is 3.2 V and the control
voltage can vary from 0 V to 2.5 V.

Fig. 4 shows the measured gain control and in-
put/output VSWR performance at 5.15 GHz. The
maximum gain of 10.5 dB is obtained at Vin =
2.3 V, while the maximum attenuation is -23.6
dB at Veg = 0 V. A dynamic gain control range
of 34 dB is achieved by controlling V.n with a
range from 0.0 to 2.3 V.

In table 1, the measured gain control range of
the VGA in this work is compared with that of
other works""”".
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Fig. 4. Small-signal gain and input/output VSWR
characteristics of the VGDA as a function of V. at 5.15 GHz
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Table 1. Comparison of gain control range
REF[3] REF[5] | This work

0.18/m |InGaP/GaA
CMOS s HBT

gain control range | 8.9 dB 25 dB 34 dB
control voltage 0-1.8 V 12V 023V
5.7 GHz | 5.25 GHz | 5.15 GHz

process SiGe HBT

frequency

From the table 1, it can be clearly seen that
the SiGe HBT VGDA exhibits a wider gain-con-
trol range than the others.

The VGDA exhibits a gain-control sensitivity
of 67 mV/dB. In general, a gain-control votage
for 1-dB control in a bipolar transistor is much
larger than a thermal voltage(26 mV/dB at the
room temperature) in order to be insensitive to
temperature variation.

The VGDA also exhibits a dynamic gain con-
trol range of 34 dB with a 0-2.3 Vdc voltage
range in 5.15-5.35 GHz band. The input/output
VSWR  keeps low(< 2.2) and constant despite
change in the gain-control voltage. The input/out-
put return loss variations are less than 1-dB
peak-to-peak over the gain-control range.

Fig. 5 shows the output power and third order
output intercept point(OIP3) as a function of input
power at 5.15 GHz with Vin= 2.3 V. Two
signals were applied to the VGDA at 5.150 and
5.155 GHz. Two-tone third order intercept point
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Fig. 5. Output power and third-order intermodulation product
(IMD3) as a function of input power at 5.15 GHz with
Ver=2.3 V
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IP; is determined to be -2.5 dBm at the input
and 7.5 dBm at the output. The measured 1-dB
gain compression output power of the VGDA is
-3 dBm at 5.15 GHz. At attenuation condition,
the OIP3; degrades with decrease of V.

IV. Conclusions

We have developed a monolithic 5-GHz band
SiGe HBT variable gain driver amplifier with a
high dB-linear gain control and high linearity. The
VGDA archives a dynamic gain control range of
34 dB with a 1-dB gain-compression output pow-
er of -3 dBm and output third-order intercept
point of 7.5 dBm at 5.15 GHz. Our work ad-
dressed one of major challenges for the im-
plementation of fully monolithic transmitters using
a standard silicon BiCMOS process.
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