which is based on the Karhunen-Loeve orthogonal expansion the-
orem [6]. Assuming that all paths arc Rayleigh faded, we can write
C as
NI
Ci =3 GuBy (1}
k=0

where {By}45) are the normalised cigenvectors of the covariance
matrix ¥y = HC,C/T], and the vectors {G}) where G, = (Gp,
Gy vy Gy )7 are composed ol independent complex zero-mean
Gaussian coefficients with varlances equal to the cigenvalues
{Tu il of Fi, When the RAKE receiver has an exact knowledge

of the channel, the (m, a)th enlry of Fy is given by

Fion = ‘ilji(]‘Jm - pn) Y/ By Fon (5)
where &) 18 the autocorrelgtion funclicn of the fth path, and py
and L denote the lime position and ransmilted energy associated
with the Ath symbol, respectively, As can be observed [rom
eqn, 5, the RAKE receiver must have knowledge of the channel
(such as DPS, By and MII*} together wilh that of f5 se that it can
construct By to obtain the vectors {By} {-1¥ 1. Since none of these
pavameiers are known precisely by the receiver, we adopl an
approximation of T in the form given by eqn. 5 and therefore an
approximation of the veetors (B} /{51,

BER

o
10 10 10
astimated Iy / actual | PRI

Cig. 3 Raw BER againsi estimared dpfactiol Iy

- - 120km/h
< o= 150km/h
1 —4di
O0dy
X ddly
* 8dl3

To estimate the MAP channel, we use the MAD criterion 1o
oblain an estimate of {G7} | by maximising the & posteriori con-
dilional PDT p({G} & | [{R}7! ) with respect to {Gy} o} . Directly
solving this oplimisation: preblem is intractable. [owever, a solu-
tion can be obtained casily using the iterative LM algorithny [3),
Following the proof outlined in 1, we can wrile the mth compo-
nent of the re-estimate G a1 the ¢th iteration as

N—i
Al L S Ru
I 1-]- Iﬂ/"lﬂb =

x ( S AP (A= AR (G )) B
AEEL
©)

wherg Ky, fa the kth companent of the vector By, and S is the
alphabel sef taken by A, As can be seen in cqn. 6, we also need
to know J o compute G40,

The nerative semi-blind MADP CEA is carried out a fixed
numbert of times 1. The channel estimate obtained at the last iter-
atien s used for maximal ratio combining that provides the soll
outputs A, (1, 2], Assuming uncoded hinary phase shift keying
(BPSK), symbol decoding is performed by hard decision on the
real part of A
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To properly cxecuts the UM algorithn steps, the RAKL
reeciver shoulkd possess available estimates of the Doppler spread
By, the noise variance fy, the average powers ¢, {0) of all consid-
ered paths and the transmitied symbol cnergies k.

Sirnwdettion results and conclusions: We restrict our trealment to a
UMTS/DIY uplink low-rate data service in the vehicular environ-
ment [4] where the pilot symhols are spread, and all the symbols
are trangmitied with equal energy F, = K, ¥ &, The channel model
is F1'U vehicular A [5] and the number of RAKL fingers is chosen
as three. For our evaluation, we considered two vehicular speed
values v = 120kmv/h, 300kmv/h, four k7F, values -4, 0, 4 and 8dB,
amd a carrier frequency fy = 192GHz. The simulations were car-
ricdd owt with D = 3 iterations. We assumed (hat (he shape of the
128 was known by the receiver but that the average powers of the
paths were unknown. The rocciver therefore adepted a unilorm
MIT where all path powers were taken to be cqual, ic. §,(0) = U/
Lvi

Figs. U -3 display the sensitivity of the CEA with respect o an
cstimated encrgy in By, K and fy respectively, Tor v = [20kmvh,
the curves are almost fat, indicating that for low to moderate
I3appler spreading, the MAP CEA is robust to paraimcter estima-
tion errors. For v = 500kmvh, the effects of erroncous paramcters
are visible in the high F7fy region, whereas the low #; region
exhibits greater robustness, Of the three parameters concerned, the
MAP CEA is most sensitive to B, Nevertheless, the sensilivily
with respect to this parameter is visible only in the high Doppler
case, being more pronounced in the high k7, repion.

In conclusion, the results show that the serm-blind MATP CEA i3
relatively robust to crrors in estimaling Bp, F, Jy, and can be used
even in channels with severe Doppler spreading,
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Power PHEMT with compact device layout
for low voltage CDMA application

E.Y. Chang, Di-Houng Lee, S.I1. Chen and
H.C. Chang

A high cfficiency low valtage operation dual delta-doped AlGaAs!
InGaAs/GaAs pseudomorphic high clectron mobilily {ransistor
(PLIEMT) lor low voltuge vode division mulliple access (CHMA)
application has been developed. When tesied at 24V and 1.9GTHz
under 1895 CDMA modulation, the 20006mm PHEMT devies
was found 1o have 2 lineur outpul power of 28dBin with a power
added elliciency of 30.2%. The device also has a saturation power
of 30,0dBm with a power added efficicncy of 61.3%. The high
efficiency ancl linearity of (he PIIEMT ai low bias voltape is
utinbuled to the wse of the dual delta-doped PIIEMT structure
and to the sedluction of the size of the deviee layout. The device is
suitable for low voltage CDMA applications,
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Tntroduction: Advanced high performance wireless connmunication
systems such as digital cellular phone and satellite communication
systems vequire high efficiency power lransistors operating al a
low supply voltage to increase the talk time of the handsets,
Devices for low voltape applications have been developed in recent
years [1 — 5. In this Letter, a dual delta-doped AlGaAs/InGahs/
ChaAs pseudomorphic high eleciron mobility transistor (PTIEMT)
is preseirted which can be used in low vollage code division mulii-
e access (CDMA) applications, The developed PHEMT also has
a very compact device layoul, The reduclion in the device layout
results in a low knee voltage and low source resistance for the
device which makes it suitable for low vollage applications. The
developed device has been evaluated for T8-95 CDMA applica-
tions al 3.0 and 2.4V, This Letter represents the fist report of a
power PHEMT for 24V CDMA applications.

ALGeMifAU AufGe/NIAY
. TifPtAY
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-Als JGRy sAS 30nm
i-Aly pGay gAS o 2.5nm
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AlGaAs/Gaas superlatiice
Gads buifer
8l GaAs
566/1

Tig 1 Struciure of d-doped AlGaAsiinGaAGudy power PIEMT

Device structive and Jayour: The device used m this Letter is an
AlGaAs/InGaAsiGaAs based PHEMT. The epitaxial layer was
grown by a molecular beam cpitaxy (MBE) technique on a 3in
{100} oviented send-insulaling GaAs wafer. The structure of the
duat delta-deped AlGaAs/InGaAs/GaAs PHEMT is shown in
lig, 1. The capping layer was doped to 3 x 10'%em? to form good
ohimic contacts. The two dimensional cleclron gas (2-DEG) was
formed in the pseudomorphic InGaAs channel {I00A) by electron
transfer [rom silicon delta doping above and helow the InGaAs
layer, The GaAs spacer was grown between AlGaAs and InGaAs
to improve the interface quality. The Mabricated device had a total
gate width of 20.16mm with cach finger (20pm in length, The
drain to sourcs spacing was 4pum and the gate length 0.5, The
device had an area 1640 x 300pm?, which is quite compact com-
pared with regular power device layouls.

Bevice fabrieation: The device was processed using a standard
power PITEMT process, Device isolation was accomplished by wet
ctehing using an HE-based solution, The ohmic metal, Au/Ge/Ni,
was deposited by electron-beam evaporation followed by rapid
thermal anncaling at 300°C for 10s. The double gale veoess was
performed to increase the device breakdovwn and reduce the device
source resistance using & dilute citvic acid based solution, The pale
length of the device was 0.5um, defined by decp UV lithography.
The pate melal was formed by the gleetron-beam evaporation of
Ti/PUAu metal. Plasmia enhanced chemical vapour deposition
{PECVD) silicon nilride was used for the device passivation, Gold
plated airbridges were used for interconnections, The plated gold
ihickness was ~2.5um. Afier the frontside was completed, the
device was thinned to Smil and metallised with plated gokd on the
backside Lo nmprove the thermal dissipation of the device,

Device performance: The developed deviee has & saturation cutrent
of 6A, The pinch-oil veltage of the device is arcund -1.1V, The
contact resistance R, of the device with 120pum gate width is
136mQ. The maximum transconductance of this device is 340 mS/
mm. The gate-to-drain breakdown voltage defined ut 4 gate-to-
drain current densily of 1mA/mm is 12V, The high current density
and transconductance of this device are duc to the dual delta-
doped PIIEMT structure,
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The power performance of this 0.5 pm » 20, 16mm device was
measured at L9GITz with drain biases of 3.0 and 24V, Fig. 2
shows the ouipul power and power added clficiency against inpt
power lor the 20, 16mm wide device at 3.0V drain bias. The testing
conditions were as follows: ¥, =091V, V¥, = 3.0V, idle current
= 300mA. At 32.77dBm oulpul power, the device has an offi-
ciency ol 63.04%, and the gain at this point is 7.12dB. Fig. 3
shows the powcer performance of the 20.16mm device when tested
at 2.4V, The deviee was operated under class AB conditions with
a bias drain courrent of 400mA, For the 20.16mm device, under
24V bias conditions, the maximum onlput power is 30dBm and
the power added efficiency of this device al the maximum outpul
power is 61.5%, The gain of (his device at the nmaximum output
power is 8A47dB. The linear gain was 11.56dB and the oulput
power at 1dB compression was 28.12dBm with a power added
efficicncy of 47.5%,
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The device was also lested at 1.9GHz under [S-95 CDMA mod-
ulation. At 3.0V bias, the tesimg condition for the CDMA modu-
lation was as follows: ¥, = - 091V, ¥y = 3.0V, idle corrent =
300mA. At 2802dBm output power, the device pain is 9.81dB,
the power added efficiency is 37.8%, and Lhe device has an adja-
cent channel power rejection (ACPR) of - 30.70dBc gt 1.25MH«
offset and - 48.67dBc at 2.25Ml1z offset, as shown in 1'ig. 4. The
device was also fesied at 24V onder 1595 CDMA modulation,
The test parameters were as follows: ¥V, = -0,74V, F,, = 24V,
idle current = 800mA. At 28dBm outpul power, the device gain is
11.05dB, and the device has a power added cfficiency of 30.2%.
[ig. 5 shows the ACPR spectrum for the device under 2.4 V drain
bias testing conditions. At 28dBm lincar output power, the device
has an ACPR of —31.46dBe at 1.25MHz olTsel and —48.83dBc al
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2.25MHz offsct. The developed device meets the [S935 CDMA
device specilications under both 3.0V and 2.4V bias condilions.
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Tig, 5 COMA specivion of 20016004 deviee at 24V drain bius voltage

Conclusions;, A low voltage power PHEMT for CDMA applica-
tions has been developed. The device has a double delta-doped
AlGaAsnGaAs/GaAs structure to provide high drain current
density and transconductance. The size of (he layout of (he device
was reduced o improve the low the voltage performance. Al 2.4V
bias, the developed device shows an oulpul power of 30dBm with
a power added etficiency of 61.5% and the gain of the device at
maximum oulpul power 15 847dB. When tesicd under 18-95
CIVA modulation conditions, the deviee meets the CEXMA spee-
ifications al both 3.0V and 2.4V drain bias. Al 28dBm linear out-
put power for CDMA application, (he deviec has » power added
elticiency ol 37.8% at 3.0V bias and 30.2% at 2.4V bias, This Let-
ter represents the [irst report on power PLIEMTs for 2.4V CDMA
applications, The deviee should be applicabie Lo the next penera-
tion of digital wircless communication systems.
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Reduction of epitaxial alignment in n*-p
poly-Si emitter diode due to gettering of
P and As by Ar implantation

Lurng Shehng Lee and Chung Len Tec

Tt is demonstrated that Ar implantation can etard the epitaxial
realignment of poly-8if8i iy an As- or P-doped rtp poly-emitier
diode during Bl implantation. This is bulieved to be due o the
gettering of As, I', and IF by bubble-like defoets created by the Ar
implaniation used W recduee the pile-up of these dopants al the
poly-5US1 interface. Consequently, there is less hreak-up of the
interfice oxide, resulting in g reduction in epitaxial walignment,

Introdhction: The use of a highly-doped poly-Si film as the diflfu-
sion source to form a shallow emitier has been widely adopled for
labricating high performance bipolar transistors [1, 2]. However,
the high cmiller drive-in thermal budget induces epitaxial realign-
ment of the polysilicon [3]. Tn particular, the incorporated-I* m the
polysilicon, which is present due to the BF; ien implantation,
enhances oxide break-up, causing more epitaxial realignment ol
the polysilicon [4, 5. This epitaxial realipnment results in an
extended single crystal emitter, degrading the current gain of the
transisior [0},

Tt wag proposed and demenstrated that Ar implantation couald
be used (o suppress the barow penetration in p* PMOSFETs [7]. Tt
is expected that this technique can be applicd Lo the double-
dilfused #'/p poly-Si emitter diode 1o suppress the epilaxial rea-
lignment. [n this Letter, il is demonstrated (hat this rechnique ena-
bles the achicvement of this goul.

Experiment: In this experiment, the #7-p poly-Si dicdes were Fabri-
caled on p-type 15 250 em (100) Si wafers. Iirst, all walers were
dipped in an HIMH;O (1:10) solution to remove the native swrface
oxide. A poly-Si film of 3000A was then deposited at 620°C, fol-
lowed by an Ar implantation dose of 08¢y ? at 80keV, The pro-
jected range of the Ar was ~900A, An As or I' dose ol 2 % 1%y
# was then implanied in the wafers al 80keV. B4, implantation
with u dose of 4 x [0Meny ? gt 60keV was then cartied oul Lo sim-
ulale an emitter (ramsistor struclure with an extrinsic basc, After
all implantations, 4 90A oxide luyer was grown on the walers to
prevent impurity out-diffusion, and then the walers were anncaled
in 2 turnace in W, ambient at 200°C for 60min. All the wafers
then received an additional rapid thermal anucaling (RTA) at
1100°C for 208 im Ny ambicnt, For comparison, similar devices
witheut Ar implantation were also fabricaied,

Resialts and diseussion: Tig. 1a and b show the TEM cross-sec-
tional micrographs of the junction region of the poly-8i emitter
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