
here, microwave output power was measured before and after the long 
duration stress, and is shown in  Fig. 2. As can be seen from Fig. 2, the 
microwave output power reduced by 3.73 dB from 1.45 to 
0.61 W/mm after stress. Therefore, we observe a direct corrclation 
between the surface charge accumulation and the microwave output 
power. In opposition to the short duration stress effects that disappear 
after some time or under UV illumination [ 5 ] ,  the effects of the long 
duration stress is permanent and unaffected by U V  illumination [7]. 
These results clearly point out the degradation of unparsivated 
AIGaN/GaN HEMTs when subjected to long duration electrical 
bias stress. 
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Fig. 2 Microwave ourput power measured 0 1  4 GHr before and afiw long 
dumtion siress at Vd= IS Vond V,=-S V 

Conclusions: We have studied the effects of long duration electrical 
bias stress on AIGaN/GaN HEMTs. We have observed that the 
surface potential and drain current transient magnitudes increase 
dramatically after stress, indicating a larger accumulation of negative 
charges near the gate after stress. The microwave output power also 
decreases dramatically after stress in direct correlation with the 
increased drain current and surface potential transient magnitudes. 
It is passible that some permanent changcs in thc gatc Schottky 
contact or surface electronic properties are caused by the stress that 
result in such a degradation in device performance. 
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SiGe power devices for 802.11a wireless 
LAN applications at  5 GHz 

A. Keerti and A. Pham 

The fcasihilily of SiGe heterojunction bipolar tramiston (HBTr) for 
802.1 I s  wi~fless LAN power amplifier applications in thc 5 FHr 
regime is demonstrated. The device layout is optimiied using unit 
power devices to develop high-powr HBTs. SiCe HBTs with an 
emincr area of I I52 pm2 achieve a maximum oulput powei of 25 dBm 
and PAE o f  36% at 5.35 GHr undcr a supply voltage of 3.0 V The 
measured ACPR far this device under OFDM modulated signal i s  -23 
and -32 dBc at 10 and 20 MHz offset, respectively. at an Output 
power hacked off by 9 dB from PI,,. 

Introduction: The (\'ireless local area nctwork (WLAN) market has 
grown at a vely rapid pace for the past several years. The 802.11 
WLAN standards have evolved from 2.4 to 5 GHz bands 10 increase 
the rate ofdata transmission. The new generation of802.1 la \VLAN and 
HiperLAN2 sondads  operating in the 5 GHz SpeCtNm using atthagonal 
frequency division multiplexing (OFDM) [I] are becoming popular due 
to high speed greater system capacity, low interference and less 
congestion. Typically, the required power level far the 802.1 la  
standard in 5.15-5.25 GHz, 5.25-5.35 GHz and 5.75~-5.85 GHz 
bands is 50, 250 mW and I W, respectively [2]. Traditionally, Ill-V 
compound semiconductor technologies such as GaAs, InP have been 
the prime candidatc far meeting KF power and efficiency require- 
ments. However, KF Si ICs have recently demonstrated their compe- 
titivc advantages for WLAN applications [3-51. Recently, SiGe HBT 
power amplifiers have bcen demonstrated for 802.1 I b applications at 
2 .4GHz [6-91 and are emerging as a contender for RF power 
amplifier applications at higher frequencies. In this Letter, we repon 
the full characterisation of  SiGe HBTs at 5 GHz in terms of maximum 
output power, power-added efficiency and linearity The experimental 
results demonstrate that the RF SiGe process can be used far power 
amplifier applications in the 5 GHz regime. 

Technologv and layout: The power HBTs are fabricated in Austria 
Microsystems (AMS) 0.8 pm SiGe process, fully compatible with 
CMOS for complex high-speed system-level integration [IO], This is 
a two-metal, three-poly production qualified process featuring high- 
speed and low-noise heterajunction transistors having graded Ge 
profile in base, CMOS transistors, very low-parasitic linear capacitors, 
linear resistors and spiral inductors. 

The layout of a power HBT at radio frequencies is  impanant 
considering the desired high power level and temperature effects. A 
multiple emitter finger distribution technique i s  used to optimise the 
layout of large RF transistors. This configuration provider high current 
density and reduces the lateral current crowding affccts. It also reduces 
the base resistance and junction parasitic effects resulting in benerf, 
and/,, [ I l l .  In this layout, four emitter fingers with optimised finger 
width o f  0.8 pm and finger length of 30 pm are used to form a single 
unit ccll. The unit device has peak f r=35 GHz, peak/,,=40 GHz, 
Vcn,=14V, VcEo=4.5V and V,=lOOV The unit dwices are 
connected in parallel, in a matrix type of structure consisting of four 
columns each having six unit cells to realise a power transiixor having 
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eminer arcn I I52 vm2. This ensures uniform current distribution and 
can reduce thermal runaway. Substrate contacts are placed around each 
unit ccll to minimise the rubstmtc losses [12]. The advantagc of two 
metal layers as signal feed lincs allows proper base, ~ollector and 
cmitter connections with minimum parasitics. Fig. I shows the layout of 
the unit cell and a picture of the fabricated HBT device. 

of the devices. Source and load matching networks are optimised 
for maximum output power with source reflection coefficient of 
magnitude 0.6715 and phase -176.74" and load reflection coefficient 
of magnitude 0.7653 and phase 177.4". Fig. 2 shows the RF 
characteristics of a large transistor with CmifteT area of I152 pn2 
under a single tone CW signal. This transistor dclivers a maximum RF 
output pawer of 25 dBm, making it suitable for 802.11a WLAN 
applications. It exhibits a linear gain of 15.4dB and maximum 
power-added efficiency (PAE) of 36%. The gain variation is 
<1.6dB while PA€ remains above 33% as collcctor bias is varied 
from 2.5 to 3.3 V a s  shown in Fig. 3. The power spectrum shown in 
Fig. 4 is for the same HBT device stimulated by OFDM modulated 
802. I l a  WLAN signal. Agilent's vector signal generator ESG 4358C 
is used to generate the OFDM modulated signal at 5.35 GHz and 
64-level quadrature amplitude modulation (64QAM) is employed to 
achieve the 54 Mbit/r data ratc. In densc multicarrier communication 
systems, the envelope-modulated signals have high peak-to-average 
ratios due to random occurrence of high peaks. To keep the inter- 
modulation distortion to acceptable levels, the peak envelope power 
is made to swing up to PldS which results in back off of average 
output power, In OFDM, the high peak-to-average ratio postulates a 
9 dB back off from Plds. The measured adjacent channel power ratio 
(ACPR) at 10 and 20 M H r  offset is -23 and -32 dBc, respecrively, 
which meets the spectral mask requirement of the standard. 

b 

Fig .  1 Luyoui ql'unit cell ondpicrreP ofHBTs in 0.8 {im SiCe AMSprucess 

a Layout a i  unit cell 
6 Picfllre of HBTE 

Pin dBm 

Fig. 2 Measured P,8r,,, gain und PAE fo? device offewiller- urea 1152 pm' (11 
3 Y biar 

Large signalperfrrrmnnce: The power devices arc tested on-wafer at 
5.35 GHz using the Maury Microwave load-pull mrasuremcnt system. 
All the devices arc biased at Vs,=0.85 V and collector bias VcE= 
3.0 V A pre-match tuning technique is employed to match the input 
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Fig. 4 Power spectrum of SiCe HET under OFDM modsloted 802. / l a  
sigunol 

Conclusion: The feasibility of SiGe HBTs for WLAN applications 
has been demonstrated. A maximum output power o f 2 5  dBm and PAE 
of36% at 5.35 GHz with 3 V supply is achieved for an SiGe HBTwith 
cmitter area of I152 pm2 by aptimisation of the layout. The measured 
ACPR for the SiGe HBT under OFDM modulated signal met the 
spectral mask requirements of the 802.1 l a  WLAN standard. The 
performance of these devices demonstrates the viability of SiGe inte- 
grated circuits for power amplifier applications in the 5 GHz regime. 
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A. Keeni and A. Pham (Microwave Micro.sy.srems Lobor-omv, whcre f ( 0 )  is the probability density function (pdf) of the phase 
l/niwr.sity of CaliJbmia, Deparlment of Electrical and CompuIer 
Engineering, Davis, CA 95616, USA) 

fluctuation duc to AWGN for M-ary PSK systems and is given by 

/(0) = +Z(I - ~~osUG"""e l - f c ( f iLos0) )  (2 )  
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Tight approximation for coherent MPSK 
symbol error probability 

Seungkeun Park, Dongweon Yoon and Kyungrok Cho 

Many bounds for symbol ermr probability of MPSK have bccn uscd in 
the literature because a closed form expression that does not rcqure a 
numcncal integmtion for MPSK symbol error pmbvbility has not yct 
been derived. The bounds for MPSK symbol ermr probability used in 
the past are simple to calculate but inaccurate, or iaccwate but 
complex. A vely simple and extremely tight new upproximation is 
presented of symbol error probability far coherent MPSK. 

Introducrion: Symbol error probability and bit error probability have 
been used extensively as a fundamental measure of performancc for 
an M-ary digital communication system. tlowever, closed-form 
expressions for the symbol error rate (SER) or for the bit error rate 
(BER) of  some two-dimensional modulation schemes, for example 
SER or BER for M-ary phase shift keying (MI'SK), or SER or BER 
for circular quadrature amplitude modulation (QAM), have not yet 
been derived. Recently, Cho and Yoon [ I ]  obtained an exact and 
generic closed-farm expression for the BER of rectangular QAM. In 
this Letter, we investigate the SER for coherent hi-ary PSK. The SER 
for coherent MPSK Signals in AWGN is [2] 

"ill 
P ( M )  = I - J- f(0)dO (1) 

n,.v 

~. 
signal-to-noise ratio (SNR) per symbol. 

In general, (1) does not rcduce to a closed fomi except when M = 2  
and M = 4 ,  and consequently upper and lower bounds on SER for 
MPSK (M>4) have been extensively used [4-71. Very simple bounds 
are derivcd in [4] and [5], but thcsc bounds are very loosc. The bounds 
derived in [h] and [7] are much tightcr than these. Chic [6] derived 
siinplc and tight upper and lower bounds by using asymptotic enpan- 
sion, but there are not tme bounds because they requirc the selection of 
the appropriate number of tenns in an asymptotic expansion. More 
recently, to avoid the problem of [h], that is, 'thc problem of the 
appropriate number afterms in an asymptotic expansion,' an altemating 
function bound was introduced [7]. Komo and Bamen [7] derived quite 
tight upper and lower bounds using a technique involving alternating 
functions to obtain wen  tighter bounds. The bounds in [7] are quite 
tight, but the expressions used are very complex. Specifically, the 
bounds of [7] have two constant tenns that depend an numerical 
integration. In this Lcttcr, a simple approximation on SER for MPSK 
with much tighter bound than [7] is derived and analysed. We use an 
asymptotic expansion as in [6]. but the selection problem of the 
appropriate number of terms in the asymptotic expmsion of [6] is not 
required. 

Neu. approximation: Here, a tighter approximation on P ( M )  is 
developed by using the asymptotic expansion of the integrand in ( I ) .  
Eqn. (I) becomes 

where 

is the correction t c m .  
By using the asymptotic series cxpansion [3] 

and aftcr some manipulations, we obtain 

Given that 

cos'"(0) 5 cos'(0). for n = 1.2 .3 . .  , . . (7) 

the lower bound of  (6) becomes 

By reusing the asymptotic serics cxpansion of ( 5 ) ,  the lower bound 
approximation of@) can now be expressed as follows: 

Finally, substituting (PI into (3), an cxtrcmely tight approximation on 
P(M)  forM>4 is obtained as 
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