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Abstract - An integrated dillerential hvo-stage power 
amplifier (PA) operating at the 2 GHz frequency range is 
introduced. The implemented power amplifier uses 2.7 V 
supply voltage and was fabricated with 0.35pm SiGe 
BiCMOS technology. The measured output power at the 
-1 dB compression point is 21 dBm, but the amplifier is 
capable of providing 26.1 dBm output power at the -5 dB 
gain compression. The measured linear gain is 22 dB. The 
chip area is 2.36 mm’ including bonding pads. The linearity 
performance of the power amplifier was measured with 
3GPP WCDMA basestation signal. The power amplifier 
fulfilled the 3GPP WCDMA Adjacent Channel Leakage 
Ratio (ACLR) specifications (ACLRl=lS dB and ACLR2=50 
dB) with 11.65 dBm average channel output power. 

1. INTRODUCTION 

In the last few years the dominant technology in the 
area of power amplifier design has been gallium arsenide 
(&As). Power amplifiers based on GaAs achieve high 
efficiency and liixarity with high output power [I]. 
Recently, silicon germanium (SK%) heterojunctian 
bipolar transistors (HBT) have demonstrated a 
competitive power added efficiency (PAE) and linearity 
performance in the power amplifier applications [2]. 
Using SiGe technology it is possible to improve the 
perfornunce of Si transistors for RF and microwave 
applications and still preserve the high yield, cost and 
manufacturing advantages associated with conventional Si 
fabrication [3]. SiGe technology provides high current 
gain (p) and low noise. Furthermore, with BiCMOS 
technology the integration of logic functions, e.g. power 
management, is possible. The advantage of the SiGe HBT 
compared to GaAs HBT is a small VCE.sAT, thus the power 
amplifier can be designed for lower supply voltages (Vcc 
= 2.7 V and below) [4]. In addition, Si has higher thermal 
conductivity compared to GaAs and thus, the thermal 
design of the power amplifier is relaxed. The major 
disadvantage in all silicon-based processes is the low 
breakdown voltage between the collector and the emitter 
(BVc.&, which leads to very small optimum load 
resistance values. 

The designed chip was processed using 0.35 pm SiGe 
BiCMOS technology with 5.8 V BV~E~. Design aspects 
and procedure of the implemented power amplifier are 

discussed in section II and III. Simulations and 
measurement results are given in section IV. 

II. DESIGN ASPECTS OF POWER AMPLIFIER 

A. Characlerization of Unit Transistors 

To achieve desired output power, sufficient current and 
voltage must be driven from the last amplifier stage to the 
output load. Therefore, the lowering of the supply voltage 
increases the required current. This means that an 
adequate number of parallel unit transistors has to be used 
in order to meet increased current requirements. The gain 
and the RF output power of a unit transistor vanes as a 
function of the DC bias currat and furthermore, a unit 
transistor has a certain maximum DC current hmit 
according to electron migration rules of the used 
technology. 
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Fig 1. The simulated and measured small signal gain, Szl, of the 
SiCe unit transistor with four 20 un wide and wth four 40 wn 
wide emitter fingers as a function bfthe collector bias current: 

In order to maximize the gain of the single unit 
transistor and to choose the adequate number of unit 
transistors for both amplifier stages, the variation of the 
gain as a function of a DC collector bias current was 
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simulated and measured for a hvo types of fabricated SiGe 
unit transistors: one with four 20 brn wide emitter fingers 
and one with four 4Opm wide emitter fingers. These 
simulation and measurement results are shown in 
Figure 1. According, to these results, the small signal 
models of the unit transistors are found to be accurate. 
The unit transistor with 20 pm wide emitter fingers has 
nmre small slgnal gain than the one with wider em&r 
fingers. Therefore, unit transistors with narrower emitter 
fingers were used in this design and I6 mA DC collector 
current was chosen for each unit transistor in the driver 
and the power stage. 

B. Emiffer and Base Ballasting Resistor 

At hig6 current densities, bipolar transistors suffer from 
thermal instability. However, the thermal instability 
affects differently in Si BJTs, AlGaAs/GaAs HBTs and 
SiGe HBTs. Si BJTs have a positive feedback between the 
current and the base-emitter junction temperature, i.e. 
current gam (p) increases with temperature. Because of 
this positive thermal feedback mechanism, at high current 
densities current crowding occurs, local hot spots are 
formed and this leads to thermal runaway and junction 
destruction [S]. In AlGaAs/GaAs HBTs, the current gain 
decreases with temperature. In this case, device self- 
heating at high current densities, which results from the 
increasing of the collector-emitter bias voltage (V,,), 
leads to a thermal phenomenon called the collapse of 
current gain [6][7]. Although the current gain of the SiGe 
HBT decreases with temperature, no current crush occurs 
in this device even at high collector-emitter bias voltages. 
Instead, at high current densities the emitter current in a 
SiGe HBT may be constricted to localized hot spots, 
which eventually can lead to the second breakdown, as is 
the case with Si BJTs [S]. 

To quarantee uniform current distribution between all 
unit transistors and to avoid thermal instability problems, 
ballasting resistors are used in this SiGe power amplifier. 
Emitter ballasting resistors can be used in all type of 
bipolar transistors, but the use of base ballasting resistors 
requires a negative thermal feedback mechanism. 
Therefore, the base ballasting resistors are suitable for 
AlGaAsiGaAs and SiGe HBTs, but not for Si BJTs [7]. 

The minimum required value of a base ballasting 
resistance (Rbb) depends on the intrmsic emitter and base 
resistances (rr and rb) of the transistor, ccmmmn base and 
common emitter current gains (a and p) as well as the 
energy gap (E,) ofthe SiGe transistor’s base material [5]. 

One choice is to integrate the base ballasting resistor in 
series with the RF input signal path. A series resistor in 
the RF path introduces loss, which is undesired. However, 
because of this ballasting resistor is for thermal stability, it 

can be integrated to the biasing current path. Hence, this is 
preferable, since the resistor lies now in parallel compared 
to the RF input signal path, as shown in Figure 2 (R, and 
R2), and does not produce any loss. Base ballast resistance 
of 200 R per unit transistor was chosen m this design. 

Fig 2. Schematic of the one branch of the differential 
implemented power amplifier. 

V. DESIGN OF THE POWER AMPLIFIER 

The schematic of the designed and realized two stage 
power amplifier is shown in Figure 2. The output 
matching network is completely exte?nal because of the 
high output power, but the input and the interstage 
matching networks are partly integrated on-chip. Biasing 
of the amplifier was implemented using I:10 PMOS 
current mirror. Current mirror includes on-chip RC-filter 
network to prevent a bias oscillations. A negative on-chip 
RC-feedback is used in the driver stage to improve the 
linearity and stability as well as to increase the input 
resistance. RC-feedback was designed to be tunable with 
postprocessing. Power amplifier has I6 unit transistors (8 
unit transistors for each differential branch) in the driver 
stagtge and 60 unit transistors in the power stage. The chip 
grounding has been realized through bonding wires, 
which are excluded from the Figure 2. To prevent the gain 
reduction introduced by the emitter bonding wires, the 
differential topology was selected. 

A. Interstage Matching 

The interstage matching network in this design contains 
capacitors C,, C,, Cs, an L1 and a ;V4-microstrip, as shown 
in Figure 2. The purpose of the interstage matching is to 
provide optimum load resistance, which is approximately 
20R, for the driver stage. In addition, the interstage 
matching has a significant effect on the bandwidth and the 
stability of the amplifier. 

A high-pass series-C and shunt-l topology was chosen 
to perform the interstage matching, because this topology 
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power added efficiency (PAE) achieved in -5 dB gain 
compression are 26.7 dBm and 18.5 % respectively. 
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Rg. 5. Measured AM-AM wnversion and the gain as a 
function of input power. 

The linearity performance of the implemented power 
amplifier was measured with the 3GPP WCDMA 
basestation signal. The power amplifier tidfills the 3GPP 
WCDMA AdJacent Channel Leakage Ratio specification 
with the 11.65 dBm channel output power (Figure 6). 

Fig. 6. Measured spectrum of the power amplifier when 3GPP 
WCDMA Adjacent Channel Leakage Ratio specifications are 
fultilled. 

VII. CoNCLUsloNs 

An integrated two-stage power amplifier chip for 3GPP 
WCDMA was designed and measured. The implemented 

differential power amplifier uses 2.7 V supply voltage and 
the measured OCP is 21 dBm. The measured maximum 
output power and PAE in -5 dB gain compression are 
26.7 dBm and 18.5 % respectwely. The measured gain 
was increased to 22 dB from 15 dB with decrtiasing the 
negative RC-feedback with post-processing. The linearity 
of the implemented power amplifier was tested with the 
3GPP WCDMA basestation signal. The power amplifier 
tidtills the ACLR specification for downlink with the 
11.65 dBm chaluiel output power. The used SiGe process 
is potential candidate for PA applications. 
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