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Smulation o a Novd Shottky Body- Contacted
Sructure Suppressing Haoating Body Hfect in
Partially-Depleted SOl nMOSFET' s
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Abdract : A movel Schottky body- contacted sructure for partidly depleted SO NMOSFET sis presented. This ructure can be re-
dized by forming a shdlow n™-p junction and two Sdewal acers in the Durce regon ,and then growing a thick slicide film,
which can punch through the shdlow junction and make a Schottky contact to the ptype slicon. Smulation results show that the
anomalous subthreshold dope and kink efects are suppressed successully and the drain breakdown voltage is inproved cong der
ably. This method has the same device area and is conpletely conpatible with the bulk MOSFET process.
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1 Introduction

In view of their low-power consunption and highr
Peed performance ,sliconrorrinsulator (S01) OMOS de-
vices are nog usful candidates for future LSl and ULSI
devices. Due to the floating body (FB) dructure ,the inr
pact ionization efect of SOI NMOS devices is much nore
important than that of bulk nMOS deviced™. In case of
fully depleted (FD) SOl NMOSFET ,the source-bulk po-
tentia barrier is dways small ,the accumulation of holes
can ot take place in the bulk. The irfluence of the body
potentia on the device behavior is srdl. In partidly de
pleted (PD) 301 NMOS devices ,owning to the exigence
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o the neutral region in the bulk ,the ource-body potential
barrier is large. The holes generated near the drain are
eadly trgpped in the neutra body regon. The increase of
body potentia dves rise to a decrease of the thresold
voltage. This decrease of threshold woltage induces an inr
creaxe of drain current as a function of the drain \oltage.
Thisis the so-caled kink effect. Another floating body -
fect isthe early device breakdown induced by the parastic
laterd npn bipolar trand gor with floating base.

Different methods have been proposed to reduce the
floating body efect’?> 7'. A sraightforward approach
would be the body tied FD device!'! whereap ™ diffuson
region isformed to one end of the gate which isin contact
with the p-type dlicon underneath the gate. The body con-
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tact (BC) helpsto reduce the floating body effects ,but do
not conpletely eiminates them because of didributed re-
sgtance from the contact to portions of the body node. In
this gudy we dedgned a movel body contacted Sructure
which isindependent of the channd width. The smulation
results are presented.

2 Dexription of device gructure

Fgure 1 sows the schematic cross section of the
novel Schottky body oontacted structure. The device has a
buried oxide with a thickness of 400nm. Before gate oxide
formetion B* and BFR, are inplanted with energy o
70keV ,dosage of 2 x 10%cm 2 and energy of 100keV ,
dosage of 5 x 10" cm™ 2, reectively. After gowing a
20nm gate oxide,a 160nm dlioon film is It , then a
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Fg.1 Shematic cross sction o the novd Schottky

body contact gtructure

350nm n* poly-slicon layer is dgposted. The poly-slicon
is patterned and etched to form the gate with a length of
0.3 m. Then phogphorus inplantation with energy o
30keV ,dosage of 2.5 x 10™cm” ? ,is performed to form
LDD/ LDS dructure. After a 150nm oxide pacer formation
n* doping is peformed by the inplantation of As
(30keV ,2.5 x 10™cm™ %) ,which forms a shalow n*-p
junction(  90nm in depth) in both source and drain re-
gons. When the surce regon is protected with photore-
d¢ ,a seoond As inplantation (100keV 4.5 x 10cm” ?)
is carried out only in the drain regon ,which makes the
drain n* regon reach the buried oxide. Then the photore-
94 is etched up and a seoond oxide gacer for 150nm

thick is formed. In order to activate the inpurities inr
planted in the dlioon film,a rapid therma processing
(RTP) a 1000 is performed for 8s. A bdt film for
30nm thick is deposited. It is expected that a Gobdt dli-
cide film with a thickness of 110nm will be formed &ter
rgpid thermal anneding (RTA) a 800 . It is cond dered
the glicide in the source regon will punch through the
deep junction of 90nm and form a Schottky contact to the
p-type slicon. The thick dlicide in the drain regon will
mot dedroy the drain junction because the second oxide
gacer kegps it avay from the body-drain junction.

3 Smulation results and discussion

Impurity concentration in the source and drain region
isdmulated jug dter RTP a 1000 and before dlicide
growth. The Smulation was performed using Tsuprema!®!,
Fgures 2 and 3 show the inpurity concentration di gribu-
tion at the place of 0. 1 m away from the edge of n™ poly-
dlicon gate in the source and drain regon ,regectively. It
can be seen that boron shows a retrograde distribution in
the dlicon film. It is shown in Fg. 2 that a shalow n*-p
junction with a depthof ~ 90nm was formed in the source
regon. In Fg. 3 the n"-p junction in the drain regon
reaches the buried oxide because of the second heavy As
implantation (100keV ,4.5 x 10°cm™ ?) .
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Fg.2 Inmpurity concentration digribution in the source
regon of the SOI NMIOSFET
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22— - threshold woltage is decreased.

— P [fw, fBuried oxide £ It can be seen in Fg. 4 (b) that the subthreshold
NAZO’-’-AS 3 dope vauesdof BC device (at Vps=0.1V and 1.5V) are
\;E:{ i >< anog identica to that of the FB device at a drain bias of
> 0.1V ( 108mV/ dec) . Because the built-in barrier of

16 1 Schottky contact is much lower than that of a conventiona

- SOI- Jpos— n*-p surce-body junction,the amount of accumulated

Ly — 1 02 04 06 holes is corfined to a srdl value,the body wvoltage can
Distance/pm not be devated too much. Thus the anomalous subthreshr

Fg.3 Inpurity concentration digribution in the drain re old slope dfect induced by the floating body is spr

gion o the SOI NMOSFET

Figure 4(a) presents the smulated Ips Vs charac
terigics of a conventiona SOl NMOSFET with floating
body. In contrag ,Fg. 4(b) shows that of the nove sli-
cide body-contacted device. The smulation is performed
by usng Medici!®!. Both FB and BC devices have the
same gate length of 0. 81 m and dlicon film thickness of
160nm. The conventiona device has the same dructure
and inpurity prdfile as those of BC device except in the

ource regon.
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Fg.4 Smuaed Ips Vs characterigics  (a)
Qonventiond (FB) ; (b) Nove (BC)

The aromalous subthreshold dope (12mv/ dec) is
observed in Fig. 4(a) a a drain bias of 1.5V. For the
conventional floating body PD SOI nMOSFET ,the threshr
old wltage is 0.8V a a drain bias of 0.1V while the
threshold woltage is 0. 25V at a drain bias of 1.5V.Be
cause the holes generated near the drain are accumulated
in the floating body and eevate the body woltage, the

pressed.
In Fg. 5 the dmulated drain characterigics of the
Schottky body-contacted SOI NMOSFET are cormpared with
those of the convertiona SOl NMOSFET. The gate is bi-
aeda 0.5,1,1.5,2,2.5,and 3V ,repectively. Qearly ,
the kink efect in the output characterigics disgppears and
the drain breakdown voltage is much higher for the body
oontacted device (inmproved about 2V in sauraion re
gion) . Thus the floating body efect in the conventional

I NMOS device is suppresed successully.
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FHg.5 Smuaed drain characteridics of the rove
BC versus the FB SOl nMOSFET

In caxe of a conventional SOI NMOSFET ,the holes
generated by impact ionization near the drain junction mi-
grate towards the place of loweg potertid ,i. e. ,floating
body. The injection of holes into the floating body forward
biases the urce-body diode!*!. The increase of body po-
tentid (an increase of 700 800mMV) gives rise to a de-
creaxe o the thresold wltage ,thus the” kink” was ob-
served in the output characterigtics of the device. Asto the
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novel body-contacted sructure ,the built-in barrier poten-
tid of the Schottky oontact is much lower than that of a
convertiond n*-p surce-body junction. Smulation re-
sults show that the built-in barrier of the Schottky contact
between dlicide (with awork function of 4. 8eV) and p-
type dlicon is 0. 34eV. The increase of body potentid is
oorfined to a small value. At the same time the gain of the
paradtic laterd npn tranddor is decreased greetly. Therer
fore ,both kink efect and latera bipolar action are €imi-
nated.

4 Conclusion

A novel body-contacted gructure independent of de
vice width is presented ,which can be built up by forming
a shalow n*-p junction and two sSdewall acers in the
source region ,and then growing a thick dlicide film which
can punch through the shdlow junction. Smulation result
shows that the built-in barrier of the Schottky contact is
about 0. 34eV. The smulated Ipg Vs characterigics and
output characteridics curves show thet this gructure can
suppress the floating body efect fectively. This method
has the same device area and is conpletely conpatible
with the bulk MOSFET process.

References

(1]

[2]

[3]

[4]

[5]

[6]

[71]

[8]

[9]

@olinge J P. Sliconrorrinsuaor techrology : meterids to VLS. 2nd
Edition. Kluwer Press,1997:118 & 157

Chang D ,Veeraraghavan S,Mendicino M ,et d. Hficacy of Ar in re-
ducing the kink efect on floating-body NFD/ SOI QMOS. |EEE Inter-
nationd S0l Qorference ,1998 :155

Ohno Terukazu , Takahashi Mitsutoshi , Ohtaka Akihiro , e
a . Sppresson of the paradtic bipolar efect in utrarthinfilm nMOS
FETd SIMOX by Ar ion inplantation into source/ drain regons.
|EDM ,1995 :627

Yoshimi Makoto , Terauchi Manoru ,Nishiyama Akira et d . Suppres
gon of the floating-body dfect in SOl MOSFET s by the bandgep en-
gneering method udng a 9;. x Gex urce dructure. |EEE Trans
Hectron Devices 1997 ,44(3) :423

Nishiyama Akira ,Arisum Osamu , Yoshimi Makoto. Suppresson of the
floating-body effect in partialy depleted SOl MOSFET' s with SGe
urce gructure and its mechnism. |IEEE Trans Hectron Devices,
1997 ,44(12) :2187
Jeffrey Seight ,Kaizad Migry. A conpact schottky body contact tech-
mology for SOI trand dors. |EDM ,1997 :419

Koh Yo-Hwan, Choi Jin-Hyeok , ed.
Body-contacted SOl MOSFET gructure with fully buk OMOS comr
patible layout and process. |EEE Hectron Device Lett ,1997 ,18(3) :
102

Nam Myung- Hee ,

Tswpremr4,  two-dimendond  process Smulaion  program,
Verson 6.5 ,May 1997 ,TMA ,CA
Medici, two-dmensond device dmulaion program, Verson

4.0 ,October ,1997 , TMA ,CA



10

Liu Yunlong e a. : Smulation of a Novd Schottky Body Contacted Sructure

1023

EEACC: 2570D; 2570F

. TN386

2002-02-25

,1975 ,

,1973 ,

1963 ,
,2002-04-15

SOl nMOSFET
Schottkty

( , 100029)

) Ol NMOSFET

Ol MOSFET kink ,

, MOSFET

CA : 0253-4177(2002) 10-1019-05

FD SOI
FD/ FD SOI .
) QMOS VLS QVI0S SOl

© 2002



