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Abstract : Silicon2on2insulat or dynamic t hreshold voltage MOSF ETs wit h TiSi2 / p2Si as reverse Schot t ky bar rie rs

( RSB) are p resented. Wit h t his RSB scheme , D TMOS can op erate beyond 017V , t hus overcoming t he drawback of

D TMOS wit h t he gate and body connected. The experimental results demonst rate t hat t he t hreshold voltage in D T

mode wit h an RSB is reduced by about 200mV at room temperature . SOI MOSF ETs in D T mode wit h an RSB have

advantages such as excellent subt hreshold slope and high drivability over t hose under normal mode operation. The

breakdow n characte ristics of SOI MOSF ETs in t he off2state are comp ared f or t he D T mode wit h RSB , f loating

body mode , normal mode .
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1　Introduction

As the critical dimensions of devices are scal2
ing down , supply voltage must be reduced to a2
chieve good device performance and low power dis2
sipation. For circuit speed considerations , t he
t hreshold voltage must be dropped as well . Howev2
er ,t he reduction of t hreshold voltage gives rise to
anot her p roblem ,t he increase of off2state current ,
which can consume more standby power in a static
circuit and increase t he possibility of failure in dy2
namic circuit s and memory arrays[ 1～3 ] .

The dynamic t hreshold voltage MOSFET
(D TMOS) proposed by Assaderaghi et al . [1 ] re2
solves the above problems. By shorting the gate to
t he body ,t he t hreshold voltage under D T mode op2
eration is reduced due to t he forward biasing of the
body/ source junction ,so t he drivability is drastical2
ly improved in t he on state. Since t he device exhib2
it s t he same normal mode t hreshold voltage in the
off state ( because V GS = V BS = 0V ) , low standby
power consumption is retained. Subthreshold slope
and short channel effect s are also significantly im2
proved due to t he dynamic body potential [ 4～6 ] .

However ,t he p n diode between t he body and
source t urns on if V GS = V BS > 017V for n2channel

D TMOS. A considerably large leakage current due
to the t urn2on diode current between body and
source is a disaster in D T mode. Therefore , t he
power supply voltage for D TMOS is rest ricted to
017V [1 ] . Ways to raise t he power supply of D T2
MOS have been studied , such as a planar double
gate D TMOS st ruct ure[7 ,8 ] and a shallow source/
drain junction[9 ] . But t hese met hods increase
p rocess complexity. In this paper ,D TMOS wit h a
TiSi2 / p - Si reverse Schott ky barrier on t he body
contact s is p ropo sed. U sing t his st ruct ure ,D TMOS
can be operated beyond 017V and exhibit excellent
device performance. As much as we know , t his is
t he first time t hat SO I D TMOS wit h a TiSi2 / p - Si
reverse Schott ky barrier is p resented.

2　Device fabrication

The 8μm/ 018μm D T nMOSFETs wit h reverse
Schot t ky barriers were fabricated on 150mm SI2
MOX ( separation by implanted oxygen ) wafers
f rom Simgui Corp . The material parameters are as
follows :p (100) , 10～ 20Ω ·cm , 500nm2t hick top
silicon film ,and 375nm2t hick BOX ( buried oxide) .
Initially ,t he t hickness of t he top silicon film was
reduced to 400nm by growing and st ripping sacri2
fice oxide. Then LOCOS (local oxidation of silicon)
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technology was used to isolate devices followed by
field implantation of B + ions. Back channel implan2
tation of B + ions and f ront channel implantation of
BF

+
2 ions were performed to avoid leakage t hrough

t he back channel and adjust t he threshold voltage
of t he f ront channel . A 018μm2lengt h gate was
formed wit h 18nm gate oxide followed by LDD im2
plantation. Arsenic and p hosp horus ions were im2
planted to form an n + source/ drain and a poly2
gate ,respectively. In order to activate t he imp uri2
ties t hat implanted in t he silicon film ,a rapid t her2
mal processing ( R TP) at 1000℃was performed. A
30nm Ti film was sp ut tered followed by a 20nm
capping layer of TiN. Two2step R TA was used for
Ti2silicidation. Af ter t he silicidation , t he devices

were metallized using a typical back2end flow. SOI
normal mode , floating mode , and D T mode wit h
GBC nMOSFETs were also fabricated t hrough t he
same process. The only difference in layout be2
tween t he D TMOS wit h GBC and D TMOS wit h
RSB st ruct ures shown in Fig. 1 below is whet her
t he body contact region was implanted wit h a high
do sage of boron ion. If p + implantation was per2
formed ,t hen ohmic contact is formed between t he
gate and body. If not , t he gate and body are con2
nected by a reversed Schot t ky barrier . Figure 2
gives a schematic cross sectional view of the SOI
D T nMOSFETs wit h GBC and RSB ( TiSi2 / p - Si)

st ruct ures in t his paper .

Fig. 1　Layout s of D TMOS with gate and body connected directly (a) and D TMOS with gate and body connected by re2
versed Schottky barrier (b)

3　Results and discussion

After t he formation of 8μm/ 018μm devices ,e2
lect rical characterizations were carried out wit h a
Keit hley 4200SCS semiconductor characteristics
system. The drain current s of 1 ×10 - 6 A and 1 ×
10 - 5 A are defined as threshold voltage and break2
down voltage point s ,respectively.

The gate2to2body connection of t he D TMOS
with RSB was t hrough an n + polysilicon gate , Ti2
Si2 / p - Si Schot t ky barrier and p - body. The basic
p rinciple of D TMOS wit h RSB is t he dynamic po2
tential of t he body t hat changes wit h t he gate volt2
age to vary t he threshold voltage. Since the TiSi2 /

p - Si Schott ky barrier is reverse2biased , t he p n
junction of t he body/ source will not t urn on when

V GS > 017V. This is t he reason why SO I D TMOS
with RSB can work beyond 017V. Figure 3 illus2
t rates t he characteristics of t he 2μm×2μm Schot t2
ky barrier diode in t his st udy.

The I2V f unction of t he Schot t ky diode can be
expressed as I = Is exp ( qV/ nk T) , Is = S T2 ×A 3 exp
( - <B / k T) . A 3 is t he ef f ective Richa rdson con2
sta nt , V is t he bias voltage , Is is t he sa t uration

cur re nt , S is t he a rea of t he Schot t ky diode , <B is

t he p ote ntial ba r rie r height , a nd n is t he idealit y

f act or . From calcula tion , <B a nd n i n t his w or k a re

a bout 0152V a nd 1 , resp ectively.

Figure 4 ( a ) s hows t he outp ut cha racte ristics

of D TMOS wit h GB C. It is obvious t hat as V GS >
017V ,signif ica nt lea kage occurs t h rough t he t urn2
on of t he body/ source junction . This is t he reason

t hat D TMOS wit h GB C only works unde r 017V i n
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Fig. 2 　Schematic cross sectional view of SOI D T

nMOSFETs with GBC structure ( a ) and with RSB

structure (b)

Fig. 3　Characteristics of the 2μm×2μm Schot t ky bar2
rie r diode in t his study wit h TiSi2 p ortion f ixed at 0V

and sweeping t he voltage of p2body

ma ny rep orts . Figure 4 ( b) gives t he outp ut cha r2
acte ristics of nor mal mode op eration ( H2gate a nd

body contacts a re f ixe d at 0V ) a nd a D TMOS

wit h RSB at room te mp erat ure , w here V GS va ries

f rom 015 t o 3V , wit h a 015V step . N o obvious

lea kage cur re nt was obse rved in t he D TMOS wit h

Fig. 4　Output characteristics of 8μm/ 018μm devices

(a ) D TMOS wit h GB C st ructure ; ( b ) D TMOS wit h

RSB st ructure and normal mode operation at room

temperature

RSB due t o t he avoida nce of t ur ni ng on t he body/

source junction .

In a ddition , t he D TMOS wit h RSB shows

highe r driva bilit y i n normal mode op eration . The

t h res hold voltage of t he D TMOS wit h RSB drops

w he n t he gate voltage rises , so t he dif f e re nce of

drive cur re nt betwee n t he D TMOS wit h RSB a nd

nor mal mode op era tion is greate r . But t he ratio of

Ion (D TMOS wit h RSB) a nd Ion ( nor mal mode op2
e ra tion) dec reases . The ratio is 3 w he n V GS = 1V ,

114 w he n V GS = 2V ,a nd 1122 w he n V GS = 3V .

Figure 5 gives a comp a rison of subt h res hold

cha racte ristics betwee n t he D TMOS wit h RSB

st ruct ure a nd nor mal mode op eration at room

te mp era ture . The lea kage cur re nts of t hese devices

i n t he off sta te a re al most t he sa me . For nor mal

mode op era tion , VDS = 011V , t he SS (subt h res hold

slop e) = 100m V/ dec , a nd t he t h res hold voltage V T

= 580mV , w hile VDS = 3V , t he SS = 9715m V/ dec ,

a nd t he t h reshold voltage V T = 560mV . For t he

D TMOS wit h RSB , VDS = 011V , t he SS = 6712

mV/ dec , a nd t he t h reshold voltage V T = 380mV

w hile VDS = 3V , t he SS = 6513m V/ dec , a nd t he
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t h res hold voltage V T = 370mV . We assume t ha t

t he subt h res hold slop e has a value nea r t he ideal

subt h reshold slop e (60mV/ dec) a t room te mp era2
t ure ,w hich i ndica tes good device p e rf orma nce .

Fig. 5 　Subt hreshold characteristics of normal mode

op eration and D TMOS wit h RSB under drain bias of

011 and 3V f or comp arison

Here we conside r t he reason w hy t he sub2
t h res hold slop e of t he D TMOS wit h RSB is so p e r2
f ect . As desc ribed i n Ref . [ 10 ] , t he subt h reshold

slop e is equal t o nk T/ ql n10 under normal mode

op e ration . B ut i n D TMOS , t he SS equation is

cha nged t o be :

SS = (5lg ID

5 V GS
) - 1 =

n ( V GS ) k Tl n10

q[ 1 -
5 V TH

5 V GS
]

Also , n = 1 +
CD

CO X
+

Cit

CO X
. Here CD is t he depletion

layer capacitance , Cit = qDit , Dit is t he interface2t rap

density ,and COX is t he gate capacitance. Reference
[1 ] point s out the fact t hat in D T mode , t he re2
duced t hreshold voltage is due to t he reduction of

t he body charge and CD . When the t hreshold volt2
age becomes minimal ,t he body charge is totally e2
liminated. Therefore n is reduced with t he rise of

V GS . On t he ot her hand ,
5V TH

5V GS
is negative ,as men2

tioned in Ref . [ 7 ] . As a result , t he D TMOS wit h
RSB shows perfect subt hreshold characteristics.

The off2state breakdown characteristics are il2
lust rated in Fig. 6. The breakdown voltage of float2
ing body mode operation is 612V because of the in2
fluence of FB E (floating body effect ) , while the
breakdown point s of normal mode operation and
t he D TMOS wit h RSB reach 1117 and 1118V re2
spectively. The breakdown curve of t he D TMOS
with RSB is a bit steeper t han t hat of normal mode
operation ,as shown in Fig. 6.

Fig. 6 　Off2state breakdown characteristics of floating

body mode operation , normal mode operation and D T2
MOS with RSB

4　Conclusion

D TMOS with a TiSi2 / p - Si reverse Schot t ky

barrier on t he body contact s is p roposed. This type
of device st ruct ure does not require ext ra p rocess
step s and is compatible wit h SOI technology. A
D TMOS wit h RSB extends t he power supply volt2
age of D TMOS wit h GBC beyond 017V. Bot h t he
sat uration current and subt hreshold slope can be
improved by t his scheme.
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SOI反偏肖特基势垒动态阈值 MOS特性 3

毕津顺­　海潮和

(中国科学院微电子研究所 , 北京　100029)

摘要 : 将 Ti硅化物2p型体区形成的反偏肖特基势垒结构引入绝缘体上硅动态阈值晶体管.传统栅体直接连接
D TMOS ,为了避免体源二极管的正向开启 ,工作电压应当低于 017V.而采用反偏肖特基势垒结构 ,D TMOS的工作
电压可以拓展到 017V以上.实验结果显示 ,室温下采用反偏肖特基势垒 SOI D TMOS结构 ,阈值电压可以动态减
小 200mV.反偏肖特基势垒 SOI D TMOS结构相比于传统模式 ,显示出优秀的亚阈值特性和电流驱动能力.另外 ,

对浮体 SOI器件、传统模式 SOI器件和反偏肖特基势垒 SOI D TMOS的关态击穿特性进行了比较.
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