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for Fully2Depleted SOI CMOS Devices and Circuits
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Abstract : 0135μm thin2film fully2depleted SOI CMOS devices with elevated source/ drain st ructure are fabricated by

a novel technology. Key process technologies are demonst rated. The devices have quasi2ideal subthreshold properties ;

the subthreshold slope of nMOSFETs is 65mV/ decade ,while that of pMOSFETs is 69mV/ decade. The saturation

current of 112μm nMOSFETs is increased by 32 % with elevated source/ drain structure ,and that of 112μm pMOS2
FETs is increased by 24 %. The per2stage propagation delay of 1012stage fully2depleted SOI CMOS ring oscillator is

75ps with 3V supply voltage.
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1　Introduction

As CMOS technology continues to scale

down ,f ully2depleted SOI ( FDSO I) technology as2
sumes a prominent position as a potential solution

to the problems associated wit h continued device

scaling[ 1 ] . Some of the benefit s of using FDSO I are

reduction of junction capacitance ,immunity for ra2
diation ,latch up2f ree for complementary metal2ox2
ide2semiconductor ( CMOS) [2 ] , suppression of the

short2channel effect s[3 ] ,p rocess simplicity[4 ] , high2
er device packing density ,and so on. FDSOI devices

are also superior to t hick2film , partially2depleted

SOI ( PDSO I) devices , because FDSO I MOSFETs

have no body effect [5 ] .

The FDSOI technology offers a potential solu2
tion to cont rol short channel effect s by reducing

t he silicon film t hickness. However ,aggressive sili2
con film t hickness reduction increase the parasitic

source/ drain series resistance[ 6 ] . Furthermore ,con2
ventional p rocess cannot be used on t his ult ra2t hin

silicon film due to incomplete silicide formation.

The resulting high parasitic source/ drain series re2
sistance degrades the device performance and ob2
scures t he advantages of FDSOI[7 ] . Therefore , re2
ducing t he source/ drain resistance has become an

important issue for ult ra2t hin FDSOI MOS de2
vices.

In order to suppress and avoid t he risk of sili2
ciding t he whole silicon film ,a new technology to

form elevated source/ drain st ruct ure is brought

forward firstly. Wit h this technology , t he p roblem

of high source/ drain series resistance can be re2
solved and enough t hickness of silicon was provid2
ed to form TiSi2 .
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2　Device fabrication

2. 1　Fabrication flow

The SIMOX wafers used were fabricated by

Shanghai Simgui Technology Co . L td. The SIMOX

wafer had buried oxide layer with the t hickness of

370nm and SOI film layer wit h the thickness of

190nm.

U ntil t he gate formation ,t he p rocess technolo2
gy is conventional CMOS technology. The process

flow is described as below.

The SOI film t hickness was thinned down to

～50nm by two2step oxidation and oxide st rip . The

isolation technology used is LOCOS. BF2
+ was im2

planted with energy of 40keV and dose of 4 ×1012

cm - 2 as nMOSFETs V T adjust implant ,and 40keV

6×1011 cm - 2 as pMOSFETs V T adjust implant . Af2
ter growing a 12nm gate oxide ,300nm polysilicon

layer was deposited. P + with energy of 70keV and

dose of 8 ×1015 cm - 2 was implanted into t he poly2
silicon. The gate was pat terned and etched to 0135

～112μm range. Then p hosp horus wit h energy of

10keV and dose of 3 ×1013 cm - 2 was implanted in

nMOSFETs. BF2
+ wit h energy of 10keV and dose

of 3×1013 cm - 2 was implanted in pMOSFETs. The

p urpose of t he implantation is to form LDD st ruc2
t ure.

2. 2　Novel technology

The next p rocess is to p roduce elevated

source/ drain st ructure by a novel technology. Fig2
ure 1 shows an abbreviated p rocess flow of t hin2
film FDSOI device wit h elevated source/ drain

st ruct ure. After LDD implantation , 180nm t hick

TEOS oxide was depo sited. The first spacer was

formed by RIE process. Then BF2
+ was implanted

with energy of 40keV and dose of 2 ×1015 cm - 2 as

t he first p + implantation. As + was implanted wit h

energy of 60keV and dose of 2 ×1015 cm - 2 as the

first n + implantation. Second TEOS oxide with the

t hickness of 300nm was deposited af ter fir st

Fig. 1 　Process flow of novel technology to form ele2
vated sourced/ drain st ructure

source/ drain implantation. Af ter t he second spacer

formation , a layer of amorp hous silicon wit h t he

t hickness of 45nm was deposited by L PCVD. This

layer of amorp hous silicon is to form t he elevated

source/ drain st ruct ure. The reason of not using

polysilicon is t he deposition temperature of amor2
p hous silicon is much lower t han that of polysili2
con. This reduces t he dopant diff usion effect t hat
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can make t he device performance worse. Then

BF2
+ was implanted into t he amorp hous silicon

with the energy of 35keV and t he dose of 2 ×1015

cm - 2 as t he second p + implantation. As + was im2
planted into t he amorp hous silicon wit h t he energy

of 50keV and t he do se of 2×1015 / cm - 2 as t he sec2
ond n + implantation. Af ter a p hotolit hograp hy

process , t he source/ drain area was protected by

p hotoresist . The other area of amorp hous silicon

was exposed except t he source/ drain area. Then

t he amorp hous silicon of t he expo sed area was

etched. After t he p hotolit hograp hy and RIE

processes ,only t he source/ drain area was covered

by amorp hous silicon. Therefore , t he t hickness of

source/ drain is t hicker t han that of t he channel .

The second spacer is wide enough to separate the

source/ drain and gate. The resistance of LDD ex2
tension is not large because t he area below t he sec2
ond spacer is n + or p + region. After a R TA

process ,30nm t hick Ti was deposited. Then TiSi2

was formed using a conventional silicide p rocess to

reduce t he source/ drain sheet resistance. We can

see f rom t he figure t hat t he silicide layer has eaten

some SOI layer . The p urpose is to eliminate the in2
terface between t he SO I and the amorp hous silicon

since t here may have some defect s. Therefore , t he

t hickness of amorp hous silicon must fit t he thick2
ness of Ti. The device wit hout elevated source/

drain st ruct ure cannot supply t he silicon wit h t hat

t hickness ,so t he t hickness of Ti is around 20nm.

The source/ drain resistance of devices with elevat2
ed source/ drain st ruct ure is 318Ω/ □, and t hat of

devices without elevated source/ drain st ruct ure

and 20nm t hick Ti to form silicide is 518Ω/ □.

3　Discussion

Figures 2 and 3 show t he subt hreshold charac2
teristics of nMOSFETs and pMOSFETs , respec2
tively. The gate length is 0135μm , the gate oxide

t hickness is 12nm. The channel dopant of nMOS2
FETs (pMOSFETs) is BF2

+ wit h concent ration of

4×1012 cm - 2 (6×1011 cm - 2 ) . It is obviously t hat the

both nMOSFETs and pMOSFETs have quasi2ideal

subt hreshold properties ; t he subt hreshold slope of

nMOSFETs is 65mV/ decade ,while t hat of pMOS2
FETs is 69mV/ decade. When t he silicon thin2film

enters into t he f ully2depleted region ,it s subthresh2
old slope is much bet ter wit h value close to t he ide2
al case2( k T/ q) (ln10) mV/ decade due to the buried

oxide isolation between t he channel and t he

grounded subst rate. Furthermore ,we can see f rom

t he Figs. 2 and 3 t hat t he DIBL effect is very lit tle

in eit her nMOSFETs or pMOSFETs.

Fig. 2　Subthreshold characteristics of nMOSFETs

Fig. 3　Subthreshold characteristics of pMOSFETs

The comparison of saturation current s be2
tween elevated source/ drain devices and normal de2
vices is shown in Figs. 4～7. In t his case , we use

112μm gate length devices because we have no

0135μm devices experiment s result s before. The

gate oxide t hickness is 12nm ,too . The channel dop2
ant and concent ration of nMOSFETs and pMOS2
FETs are same wit h t hat of the 0135μm gate

lengt h devices. The processes of t he two kinds of
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Fig. 4 　Output characteristics of 112μm nMOSFETs

with elevated source/ drain st ructure

Fig. 5 　Output characteristics of 112μm pMOSFETs

with elevated source/ drain st ructure

Fig. 6 　Output characteristics of 112μm nMOSFETs

without elevated source/ drain st ructure

devices are almost same except t he p rocesses to

form elevated source/ drain st ructure. The sat ura2
tion current of nMOSFETs was increased by 32 %

with elevated source/ drain st ruct ure ,while t he sat2

Fig. 7 　Output characteristics of 112μm pMOSFETs

without elevated source/ drain st ructure

uration current of pMOSFETs was increased by

24 %. U sing the elevated source/ drain st ructure by

novel p rocess technology , t he drain current has

been improved substantially.

Figure 8 shows t he p ropagation delay of 1012
stage thin2film FDSO I CMOS ring oscillator . The

per2stage propagation delay of 1012stage SOI

CMOS ring oscillator is 75p s with 3V supply volt2
age. The speed of FDSOI CMOS circuit s is faster

t han that of partially2depleted SOI CMOS circuit s

and bulk circuit s due to high mobility , high t rans2
conductance ,and low parasitical capacitance.

Fig. 8 　Propagation delay of 1012stage FDSOI CMOS

ring oscillator

4　Conclusion

We have successf ully fabricated t he thin2film

FDSOI devices wit h elevated source/ drain st ruc2
t ure. The novel technology to form elevated

source/ drain st ruct ure is brought forward first .

Bot h nMOSFETs and pMOSFETs have quasi2ideal
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subt hreshold properties. The DIBL effect of t hem

is lit tle. The saturation current is imp roved sub2
stantially wit h t he elevated source/ drain st ructure.

The per2stage p ropagation delay of 1012stage FD2
SO I CMOS ring o scillator is 75p s wit h 3V supply

voltage.
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采用新的抬高源漏工艺技术制作的全耗尽 SOI CMOS器件和电路

连　军　海潮和

(中国科学院微电子研究所 , 北京　100029)

摘要 : 采用新的工艺技术 ,成功研制了具有抬高源漏结构的薄膜全耗尽 SOI CMOS器件.详细阐述了其中的关键

工艺技术.器件具有接近理想的亚阈值特性 ,nMOSFETs和 pMOSFETs的亚阈值斜率分别为 65和 69mV/ dec.采

用抬高源漏结构的 112μm nMOSFETs的饱和电流提高了 32 % ,pMOSFETs的饱和电流提高了 24 %.在 3V 工作

电压下 101级环形振荡器电路的单级门延迟为 75ps.
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