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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contacted #'-p diodes without and with Ar Implantation, respee-
tively. IFor the diode without Ar implantation in Fig. le, the poly-
Si/Si interface was fully broken and complete epitaxial realignment
of the poly-8i with respect ta the Sisubstrate was observed, This is
consistent with the result reporied in [6}. However, for the diode
with Ar implantation (Fig, 18), only hall of the poly-Si was epi-
taxially realigned {repion R of the micrograph), The associated
TEM diffraction patterns of regions A and B are alse shown in
Tig. 1h, These palterns indicate that region A is polyerystalline
and region B is a mono-crystal. g, 2 shows an enlarged TEM
micrograph  of region A, where bubble-like defects in the

a
i

Yig, | Cross~sectionad TEM miceographs of As-doped poly-SiZSi inter-
Juee of sanples
& Withoul Ar

b With Ar implaniation o
Diffraction patterns of regions A and B are also shown in Fig. 15

h ] 20nm
2 e it
Vig. 2 Magnified picture of upper portion of Fig. ih

Bubbles due o Ar mplantation are observed

Si
poly-5i/Si interface

Q.1um

a

lig. 3 Cross-sectional TEM nvicvographs of P-doped poly-St film of
sumples

« Without Ar impluantation
& With Ar implantation '
Diffraction patterns of repions A and B arc alse shown in Fig. 36

implanted polycrystal line vegion can be observed. These bubble-
like defects are belicved to act as gettering centres for As, B and I

580 ELECTRONICS LETTERS

atoms, relarding their diffusion into the poly-Si/Si intertface,
Eig. 3 and A show similar TEM micregraphs ol the diades which
were implanted with P instead ol As. Lor the diode without Ar
implantation (Fig, 3«), the poly-S8i/Si interface was also fuily bro-
ken and complete epitazxial realignment of the poly=Si occured,
but for the diede with Ar implantation (Fig. 38, only half of the
pely-Si cmitter was epllaxially realigned (region B For this sam-
ple, however, more micro-twins than those of the As—doped diode
of Fig. 1 arc observed. The associated TEM dilfraction patterns
of regions A and B for this diode are alse included in Fig, 35,
They also indieate that region A was polyerystalling and region B
wis 4 single crysial.
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- —— with Ar implantation, 10%¥cm
without Ar impiuntation

depth, pm
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l'ig. 4 shows the sccandary ion mass spectrometry (SIMS) pro-
Mles of As and T, respectively, of the a7 -p poly-emitters ol Fig. la
and & 1 can also be seen that the Ar implanied ssmple had higher
As and F pesks at the Rp of the implanted Ar in the poly-Si {ilm,
a lower F peak at the poly-Si/8i interface and a shallower As pro-
file in the wnderlying silicon subsirate. The lower As and 1° con-
cenlration resulted in a lower level of epituxial realigiment of (he
poly-Si with respeet 1o the Si substrate, A similar 8IMS profile of
P and F lor the #t-p poly-emiller diode of Fig, 3 showed the same
result.

Conchavion: In this Leter, it has been demonstrated that Ar
implantation can retard the epitaxial realignment in an #'-p poly-
emitter diode by creating bubble-like defects which getter F, As,
and P, This technique could be useful for improving the gain of
Lhe poly-emitter transister in bipolar 1Cs.

& T 2000
Elecirowivcs Letters Online No: 20000379
DOL 10104971 20000370

Lurng Shehng lee and Chung len Lee (Department of Electronjes
Fngineering  and  Institnte  of  Nlectronics,  Nationad  Chivo Tung
niversity, Hsinchu, Tabveatl, Republic of Chine)

Lurng Shehng Lee: also with ERSO/ITRI, Heinchu, Taiwan, Republic
of China

28 December {999

References

1 NING, LH., annd 18aac, e tHifeet of emitter colacl on current
gain of silicon bipelar devices’, (EEF Trans. flectron Devices,
1980, ED-27, pp, 2051-2055

2 PATTON, G,  BRAVMAN, LC,  and  promMER, 0D: Physics,
technelogy, and madeling of polysilicon emitter contacts for VI.S!
bipolar transistors’, FEEE Trans Fleciron Devices, 1986, 113-33,
pp. 1754 1768

16th March 2000 Vol 36 No. 8



I Aumea,sa, and ROw, Re ClHarly stage evolwion kinetios of ihe
polysiticon/sinple-crystal silicon interfucial oxide upon annealing’,
Jodppd Phys., 1991, 69, pp, 662-667

4 WU, 81, LEE Cl., LELTF, CHON, CI, CHEN L, B, Ky, md
LING, v.oo ‘Enhancement ol oxide break-up by inplantation ol
fluorine in poly-8i contacted p~n shallow junciion formation’,
IEEE Efectron Device Lets., 1994, 15, pp, 120-122

5 GRAVIFILT., KIUISCTL T, IYANTERROCAES, C, and  CHAWNTRE, A
‘Tluorine efieets in n-p-n double-diffused polysilicon  emitrer
bipolar transistors’, [0k Fleefren Device Lett., 1996, 17, pp. 434
436

6 BURK, BE, and yUNG, S-v: C‘Dxperimental verification of the
extentended-concept  lor  phosphorys-implanted  self-pligned
polysilicon-contacted  bipolar transistors’, Sofid-State Mlectron.,
1988, 31, pp. 1127-113%

T 148,15, and L ¢ "Argon ion-implantation on polysilicon or
amorphous-silicon  for Dhoren penclvation  suppression in p'
PMOSFET', INKE ¥rans. Electron Devices, 1998, 49, pp. 1737-
1744

Denoising by optimal fuzzy thresholding in
wavelet domain

L.-K. Shark and C. Yu

‘I'le construction ol a byhrid waveler (hresheold is presented based
on fuzzy combination of an unbiased risk estimale ane an
agymplatic near-minimax fixed throshold [or woise supprossion.
The aptimalily ol the proposed threshold s demonstrated by
recovering a Gaussian cnvelope sinuseidal sighal embedded in the
additive while Gaussian noise I good and poor signal-to-noise
ralia seenarios,

Introduction: Tn denoising based on the discrete wavelet transform
{DWT), the general approach is to apply a threshold to the wave-
let coefficients produced hy the forward 19WT of the noeise-cor-
rupted signal, thereby allowing only significant wavclel coeflicients
with thelr magnitude values grealer than the threshold 1o he used
in the inverse DWT (IDWT) Lo reconstruct the otiginal signal.
Consequently, there exisis a dilemma in sclling an appropriale
threshold: raising the thweshold to reduce the noise contribution in
signal rceonstruction can increase the signal distortion, because it
may resull in small wavelel coefficients due (o the signal being
excluded in the IDWT; alternatively, lowering the threshold 1o
increasc the sighal contribution in signal reconstruction can
increase noise interference, because it may result in small wavelet
coefticients due to nofse being included in the [NWT. To solve the
dilemma, a special fuzzy membership function has been previously
proposed such that the contritation of u wavelet coefficient in sig-
nal reconstruction depends on the relative significance of ils mag-
nitnde value [1]. However, the compuation of the optimal tnzzy
membership function requires knowledge of the signal to be recov-
cred. To extend fuzzy thresholding to the recovery of unknown
signals, this Letter presents the consiriiction of # level-dependent
optimal tuzzy mentbership tunction by combining Stein’s unbiased
risk estimate (SURE) and an asymptolic near-minhmax [ixed
threshold Lo determine the best values for its controlling parame-
ters. Also presented are the computer simulation resulls (o demon-
strate the oplimality of the proposed Tuzzy thresholding function
for denoising.

Optimal fizzy thresholding, 1t s, is the signal to be restoved and w,
is the additive zero mean white Gaussian noise with variance o2,
then the received signal is given by

n=01,.,5—-1 {1}

whore & is the number of samples in the received signal. Applying
the DWT with M decomposition stages 1o #, yields an approxima-
tion coefTicient sequence L the coarsest resolution, gy, with # =
0,1, .., {(¥2¥) 1, and a set ol delail coetlicient sequences al dif-
ferent resolutions, o, withm = 1,2, .., Mand n =0, |, ..., (N
-1, Since the DWT is a lincar operation, the DWT of the
received signal can be viewed uas a linear superposition of the
DWT of 5, with a small nmumber of signiticant coellicients and the
DWT of w, with a large number of small coefficionts. Conse-
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quently, denoising becomes i problem of formulating an appropri-
ale threshold to exclude small detail coefficients (presumably
generaled by noise} in the [DWT, therehy yiclding o restored ver-
sion of the original signal, §,.

A fixed form threshold with some asymptotic near-minimax
properiies for the detail cocfficients al the with resolution level is
given by [2]

ffl:?u':d =4

i

where 672 is the neise variance estimated using the detail coefTi-
cients at the first resolution level as

mecdian|dy |
e R

Although this choice of threshold value is simple, it is known as a
conscrvative one that tends Lo zero out more detail coclficients as
the numbet of detail coeflicients increases, At the limit, the proba-
bility of a detail cocflicient at the sth resolution level having
valve greater than /79 will tend to zero as N approaches e,

An alternative cheice for vielding a lower threshold value came
from the Stein unbiased visk estimate (SURI) based on minimisa-
tion of the mean-squared errors between s, und 5, by varying the
threshold ¢ frem zero up to ¢/~ [3]

&=

auvra
tml -
2 L
. TN 3 . .
acgmin | o=y L@ A} =257 I, < )
ngem gl i
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where #{|d,.,| < £} denetes the number of detail coefficients hav-
ing magnitude values less than r. Compared with the fixed form
threshold, the behaviour of the SURE threshold tends to be
erralic amd 1ends to include move detall coefficients in signal
reconstruction a8 the noise contribution fncreascs.

Conseeuently, there is a problem in selecling between the fixed
form thveshold and the SURE threshold. Whils the former can be
viewed as the upper bound because it tends 1o ‘overkill’ the detail
coeflicients, the latter can be viewed as the lower bound becanse it
tends o ‘underkill’ the detail coelTicients. A possible compromise
is 1o use a fuzzy membership function to allow the detail cocfii-
cienls lying between £ and 47" to conlribuie partially in the
signaf reconstruction according Lo their magaitude values (propor-
tional shrinkage of the detail cocflicients), Oue particular member-
ship Munction, which was found to perform well for signal recovery
using the W, is given by |1]

H-{dm.‘u) )
feie dm,u. =1 - !
{ ) vt je(eln 0 b ®
whete
b
) = ——= T = 6
'”{( ! } I‘)m, + CKI)((-'m{E:ln,n) I pr(ﬁc”‘d‘?l“r“) ( )

and where by, and ¢, arc parameters controliing the (ransition of
the s-shape membership fanction. [t should be appacent from
eqns. 5 and 6 that, as d,,, approaches zero, W(d,,,) approaches
max{pid,, )i = M/, +2), and Ue{d, ) approaches the member-
stip value of zero. Conversely, as ,,, increases, W, ) decreases,
anct pgld, b approaches the membership value of 1.

The best values for by, and ¢,, con be determined by assigning
appropriate values for the membership funetion at the lower
bound 7i#¢ und the upper bound ¢ivd, Since the detail cocifi-
cients with values less than 237 are most likely 1o be produced by
Noise, it is reasonable o set the membership value to almost zero,
denoted by A, when the detail coefficients equal £, Substituting
e and Aineqn. 5 gives

0X] [c;:;(i%{”)d} - oxp| — r:m(t;;“‘”)d] -2

figa, =1 exp[rm(f:““"’-)d} |- cxp[ - cm[f:“”‘e)d} N

. i

{7)

Similarly, since the detuil coefficients with values preater than
(fised are most likely Lo be produced by the original signal, it is
reasonable 1o set 1he membership value 1o alinost one, denoted by
[-A, when the detail coctficients equal (¥, Substituting ¢/t
and 1 Ainto eqn. § gives
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