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Abdract : Thinfilm accumuation-mode SOI pMOSFETs are fabricated and invedigated. Their characterigics are compared with
those o thinfilm inversorrmode pMOSFETs. The subthreshold dope is 69mV/ decade ,and it dmog has o DIBL dfect. The
breakdown woltage is 10. 5V \which isincreased by 40 % rdative to thirfilm inverdon-nmode pMOSFET. The saturation current is
13 Al m which is enhanced by 27 % cormpared with inversonmode pMOSFET. The per- dage propagetion dday of 101 dage

01 OMOS ring ocillator is 56pswith 3V supply voltage.
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1 Introduction

Thinfilm dlicon on insulator (S0I) is very attractive
for deep sub-quarter micron GMOS appli cations because of
reduction of junction cgpacitance ,immunity for radiation,
latch up-free for QMOS, suppresson o the short-channel
dfects’™) process snplicity ;higher device packing dens-
ty,high saturation current ,absence of the kink efect!?
and © on. A low thresold wltage together with amall
leakage currents can be obtained which isof mgjor inpor-
tancefor low power-low voltage integrated circuits used in
portable eectronic sysems®!. Thinfilm n-channd SOI
MOSFETs have been extendvely invedigated ,and inter-
eging properties such as absence of kink fect ,reduced
short-channd effect ,and reduced hot-electron degradation
have been denongrated!*®!. The properties of thin-film
PMOSFETs have mot yet been invedigated as thoroughly

Article ID : 0253-4177(2005) 01-0029-05

as those of NMOSFETs. And much less attention has been
pad to the accumulaion-nmode p-channd SO MOS
FETS®.

Thanks to the buried oxide ilation gructure ,in ad
dition to the inverdon-node devices, accumulation-node
devices are d 0 posible in the SOl QVIOS gructure. Ac
cumulation-node SO1 pMOS devices have advantages in
high-tenperature operation'”! , breakdown woltage!® |, hot
dectron fect!”! | floating body efect!™ | and nohili-
ty™ It iswell-known that both bulk and thick-film SOI
p-channel trand gors fabricated with thin gate oxides and
n"-polyslicon gate are buried-channe devices. Indeed ,a
sperficid inplant of boron mug be performed in the
channel regon in order to bring thresold woltage down to
usgful values™!, In the case of athinfilm ( < 200nm) p
channel device ,p-type doping of the body of the trand sor
mug be used in order to obtain usful vdues of threshold
woltage (around - 0.7V) when a thin gate oxide ( <
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20nm) and an n*-polyslicon gate are used!™! .

It isfound that ,unlike that which occursin thinfilm
fully depleted n-channel devices ,there is little or no cour
pling between the front and back gates ,unless the surface
date dendty is very high. When a zero bias is gpplied to
the gate ,the film is fully depleted due to hoth the pres
ence of podtive charges a the S-S0, inteface and the
negative value of the work function difference between the
n* polyslicon gate and the p-type body of the device!™! .
The gate materid-slicon work function difference is gven
by

Qus =- Ef/2- In(N« ) kT/ g

where n; is the intrindc carrier concentration in dlicon.
When negative gate wltage is gpplied ,the overdl hole
ooncentration in the dlicon film is increased. Because the
device contains no p-n junction ,conduction occurs in the
body of the device when the film is not fully depleted of
carriers. In addition to this* body current” ,an accumula
tion channdl is created below the gate oxide Slicon inter-
face when the gate wltage is smdler (nore negetive) than
a gvert* accumulation threshold woltage” . If the doping in
the filmislow enough ,and if the (postive) charge dend-
ty is large enough ,the film may dill be fully depleted
while an accumulation layer is formed!™! at the slicon
surface.

2 Device fabrication

The thinfilm accumulation-mode SOI pMOSFET
gructure is shown in Hg. 1. The thin dlioon film gructure
isp -p-p*. The SIMOX wefers used were fabricated by
Shanghai Smgui Techrology Go. ,Ltd. The SIMOX wefer
was buried oxide layer thickness of 370nm and SOl film
layer thickness of 190nm.

The SOI film thicknesswas thinned downto  60nm
by two-gep oxidation and oxide grip. The ilation tech
rology used isLOCOS. BF, was inplanted with energy of
40keV and dose of 6 x 10" cm ™ ? as Vy inplant. After
growing a 12nm gate oxide ,300nm polyslicon layer is de-
posted. p* with energy of 70keV and dose of 6 x 10

cm” 2 was inplanted into the polysilicon. The gate was
patterned and etched to 1.2 m. BF, with energy o
10keV and dose of 3 x 10%°cm” ?was inplanted. The pur-
pose o the inplantation is to form LDD dructure. After a
300nm TEOS oxide acer formation ,BF, was inplanted

FHg.1 Coss=ction scheme of accumulatiorrnode SOI
PMOSFET dructure

with energy of 40keV and dose of 2 x 10™°cm™ Zasp ™ inr
plantation. After a RTA process,22nm Ti was deposted.
Then TiS, was formed usng a conventional dlicide pro-
cess. The gate and §' D sheet resgtance is about X2/ 0.

3 Resultsand discussion

In order to eval uate the badc characteridics of thin
film accumulatiorrnode SOI pMOSFETs, severa charac
terigics such as subthresold characterigics, breakdown
wltage,and saturation current are shown in the figures
below. Breakdown woltage and saturation current are conr
pared with those o the thinfilm inverson-node SOI
pPMOSFETs. The thinfilm inverdon-node SOI pMOSFETs
were fabricated formerly usng the same waer and smilar
techrology except the channel doping type.

Fgure 2 is the subthreshold characterigic of thinr
film accumulatior-nmode 01 pMOSFET. It is obvioudy
that the accumulatiorr node SOl pMOSFET has quas-ide
a subthredold properties; its subthresold dope is
69mV/ decade. Furthernore ,we can see from Hg. 2 tha
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the accumulatiorrnode SOI pMOSFETs adnog have o
DIBL dfect. Thisis mainly because the gate length is not
very dort. Therdfore ,as drain voltage increases ,the drain
to body junction diode expands its gace charge- depletion
regon ,but the remaining channd is gill rdatively long.
Therefore the two subthreshold curves are anmog idertical
before V1.
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Fg.2 SQubthresold chaeracterigic of thinfilm accumua
tion-mode SOI pMOSFET

It is shown in Fg. 3 that the drain breakdown woltage
o thin-film accumulaion-node SOI pMOSFET is 10. 5V,
while that of inverson-nmode SOl pMOSFET is 7.5V. The
drain breakdown wvoltage of pPMOSFET can be enhanced by
40 % by usng accumulaion-mode.
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Fg.3 Breakdown woltage of thinfilm accumulation-node
Ol pMOSFET and inversonnmode SOI pMOSFET

Fgure 4 shows the output characterigics of thinfilm
accumulaion-nmode and inverdon-node SOI pMOSFETS.
The sturation current of former is about 13 A/ m,
while thet of latter isonly 1021 A/ m. The output charac-
terigics of both accumulaion-node and inverson-node
DI pMOSFETs are Smulated with Tsuprem4 and Medici |
too. Fgure 5 shows the smulation results of them. The
sturation current of accumulation-node and inverson-
node SOI pMOSFETs is 145 ,10%1 A/U m ,repectively. It
can be seen that the experiment results are dnog cons s
tent with the amulation results. The higher saturation cur-
rent are due to the reduced scattering encountered by the
body current and a lower doping dendty. Therdore, a
higher nobility and thus a larger drain current can be ex-
pected which leads to a svdler difference in the nohili-
ties between pMOS and NMOS devices.
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Hg. 4 Ouput characterigics of thinfilm accumuation
node SOl pMOSFET and invergorr mode SOl pMOSFET

Fgure 6 shows the propagation dday of 101-gage
0l AMOS ring ocillator . The ring ocill ator was fabri cat-
ed with inverson-node NMOSFET and accumul ation-mode
PMOSFET. The per-gage propagation delay is 56ps with
3V supply woltage.

4 Conclusion
In this paper, thinfilm accumulation-node SOI

PMOSFETs have been invedigated in detaill. The sub-
thresold dope o thinfilm accumulation-nmode SOI
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FHg.5 Smuated output characterigicsof thinfilm accumua
tiorrmode SOI pMOSFET and inversorrnode SOl pMOSFET

e
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Fg.6 Propagaion dday of 101 gage SOl OMOS ring 03

cillator

PMOSFET is 69mV/ decade ,and it dnmog has o DIBL
efect. The breakdown woltage is 10.5V ,which is in
creased by 40 % reative to inverdon-node pMOSFET.
Drive current of 130 A/JM m enhanced by 27 % by usng
inverson-node has been achieved. The per- gage propaga
tion delay of 101-gage SOI OMOS ring oscillator fabricat-
ed with inverson-nmode NMOSFET and accumul atior-mode
PMOSFET is 56pswith 3V supply woltage.
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