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Abstract — SiGe power HBTs integrated in SiGe 
BiCMOS are developed and characterized at 2.4 GHz for 
802.11b and 5.8 GHz for 802.11a wireless LAN applications.  
Design considerations of ballast resistors for SiGe power 
HBTs at these two frequencies are investigated for both 
good thermal stability and high RF power performance.  
The investigations show that emitter ballast resistors or 
base ballast resistors should be judiciously used for SiGe 
power HBTs operating at different frequencies in order to 
extract the best RF performance from these devices.  An RF 
output power of 30.8 dBm with PAE of 50.2 % at 2.4 GHz 
and an output power of 27.3 dBm with PAE of 23.6 % at 5.8 
GHz are achieved from single discrete SiGe power HBTs 
with 0.4µm emitter width, respectively.  These highest 
performance results demonstrate the great power 
amplification potential of SiGe HBTs for 802.11 wireless 
LAN applications. 

Index Terms  —  Heterojunction bipolar transistors,  
microwave power, WLAN, SiGe, ballast resistors.

I. INTRODUCTION

The continual vertical and lateral scaling has endowed 
SiGe HBTs with increasing RF performance over 
technology generations. Besides their capabilities in low-
power, high-speed and high level integration BiCMOS 
applications, SiGe HBTs also demonstrated the great 
potential for high-power applications in wireless 
communications over a wide range of operation 
frequencies [1-6]. These devices have begun to take the 
place of III-V HBTs in many RF power amplifiers. For 
wireless local area network (WLAN) applications, SiGe 
HBTs are also strong candidates to meet the requirements 
of IEEE 802.11b and 802.11a standards at 2.4 GHz and 
5.8 GHz. The maximum power level is 1 W for 802.11b 
standards, and 800 mW for 802.11a standards in 5.75 – 
5.85 GHz band [7]. For these high power devices, ballast 
resistors are usually used to ensure thermal stability.  
Both base ballast and emitter ballast resistors can be used 
for this purpose [8-9]. For 0.8-1.9 GHz frequency ranges, 
base ballast resistors have been widely used instead of 
emitter ballast resistors in order to minimize the power 
loss in these resistors. However, it has not been studied 
which ballasting scheme should be judicious employed as 
the power amplification frequency moves up in order to 
extract the maximum RF power performance from power 
devices at all frequencies.  In this paper, we compare the 
role of base ballast resistor and emitter ballast emitter 
ballast resistors on power gain and on RF power 
performance of SiGe power HBTs. We also report the 
highest performance SiGe power HBTs, employing the 
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 ballast resistor schemes, operated at both 2.4 GHz 
.8 GHz. The results demonstrate the excellent 
lity of these devices for IEEE 802.11 WLAN 
ations. 

II. TECHNOLOGY

 power SiGe HBTs are manufactured using 
mi 0.35 µm SiGe60 process [10]. This technology, 
ped for cost-effective solutions for both 
rking and wireless applications, offers three types 
e n-p-n HBTs: a 62-GHz fT, 79-GHz fmax, 2.5-V 
high-speed device, a 46-GHz fT, 70-GHz fmax, 3.8-V 
medium-voltage device and, a 24-GHz fT, 50-GHz 
0-V BVCEO high-voltage device.  It also offers 3.3-V 
, high-Q inductors, metal-insulator-metal (MIM) 
IS capacitors, poly and N-well resistors and high-
mance varactors. The process used here is a 4-
process.  More details on the technology can be 
in elsewhere [11, 12]. The power SiGe HBTs 

sed here are the high-voltage devices.  The total 
r area is about 1317 µm2.  To study the effect of 
 resistors on thermal stability and RF power 
mance, three types of SiGe power HBTs have been 

ented: 1) No-ballast HBT. 2) Emitter-ballast 
3) Base-ballast HBT. 

SIGN CONSIDERATIONS FOR BALLAST RESISTORS IN 
HIGH-POWER SIGE HBTS

ef. 9, base ballast in power HBTs has been 
ered as the proper option in comparison to emitter 
, because the large current flowing through emitter 
 emitter ballast lose power efficiency. In this 

entation, capacitors paralleled with base ballast 
rs have been used to bypass high frequency signal 
herefore, to preserve high RF performance. It is 
 however, that passive components such as bypass 
tors occupy too much device area, and that parallel 
tors for base ballast are not necessary in certain 
ion frequencies to maintain RF performance of 
 HBTs, as will be discussed in the following. To 
fy the discussions, only the common-emitter 
uration of power SiGe HBTs is considered.  The 
 gain (Gmax) of a common-emitter HBT in different 
ncy ranges can be expressed, in terms of equivalent 
 parameters, as the following [13]:  

-frequency unconditionally stable region: the 
um available power gain (MAG) is flat, which is 
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II. Intermediate-frequency unstable region: the maximum 
stable gain (MSG) rolls off with the slope of 10 
dB/decade, which is 
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III. High-frequency unconditionally stable region: MAG 
rolls off with the slope of 20 dB/decade, which is 
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where, rb is total base resistance including pinch 
resistance, link resistance, extrinsic resistance and 
resistance of the added base ballast resistor, rex is external 
emitter resistance including added emitter ballast 
resistance, Cµ is BC junction capacitance and β is current 

gain. In addition, 
m

e g
r α= ,

mg
r β
π =  and gm is 

transconductance.  
Because the frequency of region I is usually very low, 

it is not of much interest for RF and microwave 
applications. If the operation frequency is within region 
II, there is an emitter resistance dependence of MSG. For 
bigger rex, MSG decreases according to Eq. 2. Thus, 
MSG will be degraded for the use of emitter ballast 
resistor. In contrast, base resistance has no effect on 
MSG, indicating that using base ballast resistor in this 
frequency region will not sacrifice MSG. Even without 
high-frequency bypass capacitors, the power gain 
performance can be well preserved in region II. 
Therefore, base ballast resistor should be used if the 
operation frequency is in this intermediate-frequency 
(unstable) region. If the operation frequency falls into 
region III, MAG will be the useful power gain.  As 
shown in Eq. 3, MAG is dependent on base resistance rb.
Clearly, a small rb is desired for a high MAG. Hence, use 
of base ballast  resistors should be avoided in this 
frequency range. Instead, emitter ballast should be used 
in this stable high-frequency region because emitter 
resistance does not affect MAG according to Eq. 3 

IV. MEASUREMENT RESULTS

In order to compare the dependence of power gain 
characteristics on ballast resistors, small-signal S-
parameters were measured for three types of SiGe power 
HBTs: 1) no-ballast HBT, 2) emitter-ballast HBT and 3) 
base-ballast HBT. Their device structures are identical 
except for the ballast resistors. The values of ballast 
resistors were chosen based on the thermal stability study 
[14], i.e. both emitter-ballast and base-ballast HBTs are 
thermally stable under higher power operations.  All 
three types of devices consist of 144 emitter fingers with 
0.9x10.16 µm2 emitter area for each finger. The 
measured MAG/MSG curves of these three types of 
power SiGe HBTs are shown in Fig. 1.  By comparing 
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last and emitter-ballast HBTs, it can be seen that 
 gain difference between these two HBTs is only 
 the unstable region: MSG of emitter-ballast HBT 
ut 3 dB lower than no-ballast HBT. Their MAG 
, however, overlap exactly, indicating that emitter 
 resistors do not affect MAG, but MSG (Eq. 2).  
omparison between no-ballast and base-ballast 
shows that the MAG curve of base-ballast HBT is 
than that of no-ballast HBT, while their MSG 
 overlap.  Note that the MAG/MSG curves of base-
 and emitter ballast HBTs merge at 0.34 GHz. 
 on Fig. 1, for these devices, base ballast should be 
elow 0.34 GHz, while emitter ballast should be 
bove 0.34 GHz in order to maximize the power 
alues. In contrast, current gain of the three types of 
power HBTs is plotted in Fig. 2, showing no 
cant difference among all three options. This 
tes that current gain is not a good indicator for 
in power amplification applications. 
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wafer source and load pull measurements were 
med using the Focus Microwaves CCMT1816 
atic tuner system under class AB operation at 2.4 
or good linearity, the devices were biased close to 
. The emitter-ballast SiGe HBTs were biased at 

 0.81 V and VCE = 5.0 V. The base-ballast SiGe 
were biased at VBE = 0.79 V and VCE = 5.0 V. 



Their quiescent collector currents are 100 mA. The RF 
input power was swept from –5 dBm to 23 dBm. For 
emitter-ballast HBTs, source and load tuners were 
optimized for maximum output power with a source 
reflection coefficient of 0.854<177.0o and a load 
reflection coefficient of 0.696<155.7o. The large-signal 
RF characteristics of an emitter-ballast HBT are shown in 
Fig. 3. The maximum output power of 30.8 dBm was 
obtained with an associated power gain of 8.7 dB. At the 
peak power-added efficiency (PAE) of 50.2 %, the device 
can deliver an output power of 29.8 dBm with an 
associated power gain of 11.4 dB. A linear power gain of 
17 dB is exhibited by this device at low-level input 
power.  For base-ballast HBTs, the optimized source and 
load reflection coefficients are 0.819<182.1o and 
0.697<159.7o for maximum output power. The large-
signal RF characteristics of the base-ballast HBT are also 
shown in Fig. 3 for comparison. This device delivers a 
maximum output power of 30.2 dBm. A maximum PAE 
of 40.9 % was obtained when it delivers an output power 
of 29.8 dBm with an associated power gain of 8.2 dB. It 
exhibits a linear power gain of 12.8 dB when the input 
power level is low. From Fig. 1, it is clear that emitter-
ballast HBTs have higher power gain than base-ballast 
HBTs at 2.4 GHz (MAG frequency range), because the 
base ballast resistor degrades the MAG of devices in 
high-frequency region. The large-signal power gain 
measured from emitter-ballast and base-ballast HBTs is 
consistent with the small-signal MSG/MAG comparison. 
From Fig. 3, emitter-ballast HBTs show a higher power 
gain and hence a higher PAE than base-ballast HBTs at 
2.4 GHz. Therefore, for these SiGe power HBTs, emitter 
ballast should be used for 2.4 GHz applications. It is 
noted that the power handling capabilities of these two 
HBTs are the same. The output RF power of both HBTs 
reaches about 30 dBm. 
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Fig. 3. Comparison of large-signal performance 
characteristics of emitter-ballast and base-ballast SiGe HBTs 
operating at 2.4 GHz, indicating the advantage of using emitter 
ballast resistors at this frequency. 

On-wafer source and load pull measurements were also 
performed at 5.8 GHz for emitter-ballast SiGe HBTs and 
base-ballast SiGe HBTs. The DC bias is the same as in 
measurement at 2.4 GHz. For emitter-ballast HBTs, a 
maximum output power of 27.3 dBm was obtained when 
the source and load reflection coefficients were 
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zed to 0.825<184.9o and 0.806<166.6o,
tively. Fig. 4 shows the large-signal RF 
mance characteristics of an emitter-ballast SiGe 
 HBT operating at 5.8 GHz. It exhibits a linear 
 gain of 9.9 dB and a maximum PAE of 23.6 %. 
se-ballast HBTs, the optimized source and load 

ion coefficients are 0.765<187.3o and 
165.7o for maximum output power. The large-
RF characteristics for a base-ballast HBT are also 
 in Fig. 4 for comparison. A maximum output 
 of 25.7 dBm with an associated power gain of 4 
s obtained. The linear power gain is 4.5 dB and the 
um PAE is 14.0 %. Again, from Fig. 1, 5.8 GHz 
n the high-frequency (MAG) region for both 
r-ballast and base-ballast HBTs. Emitter-ballast 
have sufficiently high MAG while base-ballast 
exhibit very low power gain at 5.8 GHz. 

ore, emitter-ballast HBTs provide higher linear 
 gain and higher PAE than base-ballast HBTs, 
 is confirmed by Fig. 4. Thus, emitter ballast is also 
ropriate choice for 5.8 GHz applications.   
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comparison, a summary of the reported RF power 
versus frequency for single SiGe power HBTs and 
 amplifier modules are shown in Fig. 5.  It is seen 
gardless the room of further improvement (e.g., by 
 improving Gmax), the state-of-the-art performance 
e HBTs operating at 2.4GHz and 5.8 GHz has been 
ed in this study. 
 study is based on JazzSemi high breakdown 
e SiGe HBTs. As described above, these devices 
t about 50 GHz fmax for single- or few-finger 
urations. As more fingers are paralleled in one 
, the value of fmax (thus power gain) degrades even 
ballast resistors are used, as commonly observed. 
ower gain curves (Fig. 1) actually dictates which 
 resistor scheme should be used. If the power gain 
shown in Fig. 1 can be moved to higher gain values 
via further lateral downscaling) such that the 
ion frequency falls into the MSG region, base 
 resistors may be used for 2.4 GHz power 



amplification under common-emitter configuration.  
Further improvement of fmax, could also make base-
ballast resistors suitable for 5.8GHz power amplification.  
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 Fig. 5. Total output power versus frequency from single-chip 
discrete devices or power amplifiers for SiGe HBTs.

VI. CONCLUSION

Design considerations of SiGe power HBTs for IEEE 
802.11 applications has been discussed. The impact of 
emitter ballast and base ballast resistors on RF power 
performance of SiGe power HBTs has been investigated.  
To achieve both thermal stability and high power 
performance using high breakdown SiGe HBTs (single 
finger exhibiting 50 GHz fmax), emitter-ballast is the 
judicious choice for 2.4 GHz and 5.8 GHz applications 
when the devices are operated in the stable, high 
frequency range (MAG). Load-pull measurement of an 
emitter-ballast SiGe HBT with an emitter area of 
144x0.9x10.16 µm2 demonstrated 30.8dBm output power 
with an associated gain of 8.7 dB and a maximum PAE 
of 50.2 % at 2.4 GHz.  At 5.8GHz, 27.3 dBm output 
power with an associated gain of 6.3 dB and a maximum 
PAE of 23.6 % was achieved. This study also 
demonstrated the great potential of SiGe power HBTs for 
power amplification in WLAN applications.  
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