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Simulation of a Double2Gate Dynamic Threshold Voltage
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Abstract : A novel planar D GD T FDSOI nMOSFET is presented ,and the operation mechanism is discussed. The de2
vice fabrication processes and characteristics are simulated with Tsuprem 4 and Medici. The back2gate n2well is

formed by implantation of phosphorus at a dosage of 3×1013 cm - 2 and an energy of 250keV and connected directly to

a f ront2gate n + polysilicon. This method is completely compatible with the conventional bulk silicon process. Simula2
tion result s show that a D GD T FDSOI nMOSFET not only retains the advantages of a conventional FDSOI nMOS2
FET over a partially depleted ( PD) SOI nMOSFET———that is the avoidance of anomalous subthreshold slope and

kink effect s but also shows a better drivability than a conventional FDSOI nMOSFET.
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1　Introduction

Wit h the reduction of feat ure size ,supply volt2
age is scaled down to consume less power according

to t he equation P = CL V 2
dd f d ,where P is t he power

consumed by a single gate , CL is t he total switching

capacitance of the gate , V dd is t he power supply

voltage ,and f d is t he average cooperating f requency

of t he gate[1 ] . At t he same time ,t he t hreshold volt2
age should be scaled down in order not to degrade
t he speed of t he circuit significantly. However ,t he
reduction of t he t hreshold voltage gives rise to an2
ot her p roblem : an increase in off2state current ,re2
sulting in an increase in t he consumption of stand2
by power in a static circuit and an increase in the
possibility of failure in dynamic circuit s and memo2
ry arrays[ 2 ,3 ] .

U ntil now ,many novel device st ruct ures have
been reported to improve device performance and
without increasing leakage current as happens in

D TMOS and D GSOI[4～8 ] . The D TMOS gate and

body are connected to change t he t hreshold voltage
dynamically , which requires an ult ra low supply
voltage ( below 016V ) to avoid leakage at the

source/ body junction. It is hard to expand the ad2
vantages of D TMOS beyond 1V. D GSOI performs
perfectly ,but t he p rocess fabrication is very com2
plicated. In t his paper , a D GD T FDSOI nMOS2
FET , which combines t he advantages of D TMOS
and D GSO I wit hout t he limitation of the supply
voltage ,is p resented.

For a D GD T FDSO I nMOSFET ,t he back2gate
n2well is formed by t he implantation of p hosp horus
at a dosage of 3 ×1013 cm - 2 and an energy of
250keV . It is t hen connected directly to t he f ront2
gate n + polysilicon. BOX layer damage by ion im2
plantation is not considered a problem in this
work[9 ,10 ] . When the gate voltage rises , t he back2
gate—working as t he cont rol gate—raises t he body
potential so t hat t he t hreshold voltage is reduced
and t he drive current is increased. While V gs is 0V ,
as in conventional FDSO I nMOSFETs ,t he leakage
current is small ( There is no back2gate n2well con2
nected to t he f ront2gate polysilicon , and t he sub2
st rate is grounded. ) . But t he back channel should
be disabled t he whole time to avoid back channel
leakage current . This is the main difference be2
tween D GD T FDSOI nMOSFETs and other con2
ventional double gate devices. A p subst rate is fixed
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at t he most negative potential , so t he leakage cur2
rent between the back2gate n2well and t he p sub2
st rate is negligible.

2　Device structure and fabrication de2
scription

　　Figure 1 shows t he layout of t he active island
and t he overall nMOSFET. The active island was
composed of Part 1 and Part 2. Part 1 and t he BOX
layer below it were partially etched off for the con2
nection between t he f ront2gate polysilicon and the

Fig. 1 　( a) Layout of the active island composed of

Part 1 and Part 2 　Part 1 and the BOX layer below it

will be partially etched off for the connection between

the f ront2gate polysilicon and back2gate n2well ; ( b )

Layout of the nMOSFET

back2gate n2well . The device had a buried oxide and
an initial silicon film wit h thicknesses of 150 and
100nm ,respectively. The active island was formed
by STI isolation deep into t he subst rate. The dept h
of t he t rench was 650nm. The f unction of t he STI
was to isolate t he active island and t he back2gate n2
well . Phosp horus was implanted wit h an energy of
250keV and a dosage of 3 ×1013 cm - 2 so that it
could pass into t he subst rate to form t he back2gate
n2well . The average doping concent ration just un2
der t he BOX layer was about 113 ×1018 cm - 3 . Be2
fore t he formation of t he gate oxide ,B + and BF +

2 i2
ons were implanted into t he channel with energies
of 40 and 50keV and dosages of 1013 and 1011 cm - 2 ,
respectively ,to adjust t he t hreshold voltage of the
f ront channel and avoid a leakage current in the
back channel . Part 1 of t he active island was etched
off by RIE before t he gate oxide formation. After
19nm gate oxide was grown , t he BOX layer under
Part1 was partially etched , followed by 410nm pol2
ysilicon depo sitions forming hard local f ront2gate
and back2gate connections ,as shown in Fig. 2 (a) .

By t his way , t he f ront2gate and back2gate stay at
t he same potential which is the basis of D GD T FD2
SO I. The polysilicon was pat terned and etched to
form t he 018μm gate. Then p hosp horus implanta2

Fig. 2　(a) Cross section along line A showing the con2
tact between the f ront2gate and back2gate n2well ; ( b)

Schematic cross section of the device along line B

tion wit h an energy of 20keV and a dosage of 5 ×
1013 cm - 2 was performed to form an LDD/ LDS
st ruct ure. Af ter a 400nm oxide spacer formation ,
n + doping was performed by t he implantation of
p hosp horus (1 ×1015 cm - 2 ,70keV) and arsenic (3
×1015 cm - 2 ,50keV) . In order to activate t he imp u2
rities implanted in the silicon film ,a rapid t hermal
p rocess ( R TP) was performed for 5s at 1000℃.
Germanium wit h an energy of 30keV and a dosage
of 3 ×1014 cm - 2 was implanted in order to form a
shallow salicide. A 25nm titanium film was deposi2
ted followed by two step s of annealing to form sali2
cidation. The final silicon film t hickness is about
75nm. The combination of silicon film t hickness ,
doping concent ration , and gate type resulted in a
D GD T FDSOI nMOS device. Figure 2 ( b) shows
t he schematic cross section of t he device. The im2
p urity concent ration along the channel region after
p rocess simulation wit h Tsuprem 4 is given in Fig.
3 , and the p hosp horus concent ration dist ribution
under t he BOX layer is shown in Fig. 4.

Fig. 3 　Impurity concentrations along the channel re2
gion after process simulation
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Fig. 4 　Phosphorus concentration dist ribution beneath

the BOX layer after p rocess simulation

3　Mechanism of DGDT FDSOI nMOSFET

3. 1　Theory of operation

We use a four2terminal ( source , drain , f ront2
gate ,and back2gate) thin film FDSOI nMOSFET
as shown in Fig. 5 to explain the operation mecha2
nism of our p roposed st ructure. In a D GD T FDSOI
nMOSFET’s case ,t he back2gate is connected wit h
f ront2gate ,while in a conventional FDSO I nMOS2
FET’s case , t he subst rate is grounded. Imp urity
dist ributions in t he top silicon films of a D GD T
FDSOI and conventional FDSO I nMOSFET are the
same.

Fig. 5　Cross section of the four2terminal thin film FD2
SOI nMOSFET

The t hreshold voltage of a FDSO I nMOSFET
has a st rong relationship wit h it s back2gate ,which
is called t he“back2gate effect”. When back channel
is in t he“depletion state”, which is t he case for
D GD T FDSOI nMOSFET ,t he t hreshold voltage of
t he f ront channel can be expressed as [11 ]

V th1 ,dep2 = V th1 ,acc2 -
CSi COX2

COX1 ( CSi + COX2 )
(V G2 - V G2 ,acc )

(1)

where COX1 and COX2 are t he capacitances of t he
f ront2gate and back2gate oxides , respectively , CSi =
εSi

tSi
whereεSi is t he permittivity of Si ,V th1 ,acc2 is t he

t hreshold voltage of the f ront channel when t he
back channel is in t he“accumulation state”, and
V G2 ,acc is t he back2gate bias voltage t hat p ut s t he
back channel in the“accumulation state”when t he
f ront channel is t urned on.

For a thin film FDSOI nMOSFET , the back2
gate effect factor“γ”can be expressed as a back2
gate2voltage derivative of t he f ront channel thresh2
old voltage. When the back channel is in t he“in2
version state”or“accumulation state”by back2gate
bias , an inversion charge or accumulation charge
can mask t he effect of t he back2gate elect ronic
field ,so t he back2gate effect factor can be assumed
to be zero . When the back channel is in t he“deple2
tion state”[ 11 ]

γ =
dV th1 ,dep2

dV G2
= -

CSi COX2

COX1 ( CSi + COX2 )

= -
εSi COX2

COX1 (εSi + tSi COX2 )
(2)

In most cases ,γis approximately -
tOX1

tOX2
. The minus

sign of t he back2gate effect factor shows t hat t he
t hreshold voltage drop s when V front2gate2source =
V back2gate2source rises. Figure 6 illust rates this behavior
for a FDSO I nMOSFET ,where a separate terminal
is used to cont rol t he back2gate voltage.

Fig. 6 　Threshold voltage of FDSOI nMOSFET as a

function of the back2gate2source forward bias

V T (V back2gate2source = 0V) = 0192V , but V T (V back2gate2source =

3V) = 0156V　V TH represent s the point where the gate

bias of the D GD T FDSOI nMOSFET and the threshold

voltage become identical.
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The t hreshold voltage is a f unction of the
back2gate2source forward bias and drop s when the
back2gate bias rises. When V front2gate2source = V back2gate2source

= V TH ,t he f ront channel is t urned on for a D GD T
FDSOI nMOSFET. We should note t hat V TH =
01844V is less than V T (V back2gate2source = 0V) = 0192V
and that V T drop s f urt her f rom 01844 to 0156V
when V f ront2gate2source = V back2gate2source rises f urt her beyond
t hreshold voltage to 3V. According to t he t heory of
operation above ,ΔV T is approximately γΔV gs =

-
tOX1

tOX2
ΔV gs = - 0138V. The simulation shows t hat

ΔV T = V T ( V back2gate2source = 3V ) - V T ( V back2gate2source =
0V) = - 0136V. So the t heory fit s t he numerical
simulation well .

This lower t hreshold voltage does not come at
t he expense of a higher off2state leakage current ,
for D GD T and conventional FDSO I nMOSFETs
have the same V T when V front2gate2source = V back2gate2source =
0V. In fact ,t hey are almost t he same in all respect s
and consequently have the same leakage current ,
but a D GD T FDSOI NMOSFET has more driv2
ability.

Thatγ is approximately -
tOX1

tOX2
means t hat we

need to make t he BOX layer thinner and t he influ2
ence of the back2gate more obvious : in ot her
words , t he threshold voltage can drop faster and
fart her. But t here is another factor we should con2
sider . That is t he avoidance of back channel leakage
or t urn2on. When t he BOX layer is t hinner , t he
voltage needed to t urn on t he back channel is smal2
ler ,and t he back channel leakage is more obvious.
This is unwanted. If t he BOX layer is too t hick ,the
influence of the back2gate is negligible , and the
performance of t he D GD T FDSOI nMOSFET will
almost be t he same as a conventional FDSOI
nMOSFET. We need t he t urn2on voltage of the
back channel to be much higher t han t he supply
voltage ,and at the same time the BOX layer must
be as t hin as possible to enhance the back2gate
effect . U sually , we set t he t hickness of the back2
gate oxide or BOX layer at about 8～10 times the
t hickness of t he f ront2gate oxide. In t his work ,the
ratio of t he BOX layer t hickness to the f ront2gate
oxide t hickness is 150nm/ 19nm. For a sub2100nm
gate lengt h nMOSFET as shown in Ref . [ 12 ] , t he
BOX can be t hinner t han 20nm.

3. 2　Simulation results

We used Medici [ 13 ] as a device simulator to
simulate t he DC characteristics of t he D GD T FD2
SO I nMOSFET. The parameters of this device are
based on process simulation above wit h Tsuprem
4[ 14 ] wit h 018μm channel lengt h , 75nm tSi , 19nm
tOX1 ,and 150nm tOX2 .

In Fig. 7 , t he simulated outp ut characteristics
of D GD T FDSOI nMOSFET are compared wit h
t hose of t he conventional FDSO I nMOSFET wit h
t he subst rate grounded. The gate is biased at 1 ,2 ,
and 3V , respectively. The kink effect is not ob2
served.

Fig. 7 　Simulated output characteristics of the D G2
D T and conventional FDSOI nMOSFET

The t hreshold voltage of t he D GD T FDSOI
nMOSFET drop s when t he gate voltage rises , so
t he difference of drive current between t he D GD T
FDSOI nMOSFET and the conventional FDSOI
nMOSFET is greater . But t he ratio of Ion (D GD T
FDSOI nMOSFET) and Ion ( conventional FDSOI
nMOSFET) degrades. The ratio is 2 when V gs =
1V ,113 when V gs = 2V ,and 1123 when V gs = 3V ,
respectively.

Simulated Ids2V gs characteristics of D GD T and
conventional FDSOI nMOSFETs are shown in Fig.
8. No anomalous subt hreshold slope is found for
both t he D GD T and the conventional FDSOI
nMOSFET. The gate’s cont rollability of t he drain
current of t he D GD T FDSOI nMOSFET is better
t han t hat of t he conventional FDSO I nMOSFET ;in
ot her words , t he t ransconductance of the D GD T
FDSOI nMOSFET is greater , as shown in Fig. 9.
The D GD T FDSOI nMOSFET shows bet ter sub2
t hreshold slope characteristics , t he same leakage
current t he conventional FDSO I nMOSFET , and
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greater t ransconductance.

Fig. 8　Simulated Ids2V gs characteristics of the conven2
tional FDSOI and D GD T FDSOI nMOSFETs biasing at

011 and 115V

Fig. 9 　Simulated t ransconductance characteristics of

the D GD T and conventional FDSOI nMOSFETs with

the drain biased at 115V

4　Conclusion

A double2gate dynamic t hreshold voltage
(D GD T) SOI nMOSFET inherit s advantages f rom
t he conventional FDSOI nMOSFET ,including the
avoidance of anomalous subt hreshold slope and
kink effect s in partially depleted ( PD) SOI nMOS2
FETs. In addition , t he D GD T FDSOI nMOSFET
changes threshold voltage dynamically to enhance
drivability. But t he improvement does not come at
t he expense of greater off2state cur2
rent . When t he gate is biased at 0V , t he off2state

current of t he D GD T FDSOI nMOSFET is t he
same as t he conventional FDSOI nMOSFET. In ad2
dition ,the D GD T FDSOI nMOSFET shows better
subt hreshold slope and t ransconductance character2
istics t han t he conventional FDSO I nMOSFET.
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双栅动态阈值 SOI nMOSFET数值模拟

毕津顺­　吴峻峰　海潮和

(中国科学院微电子研究所 , 北京　100029)

摘要 : 提出了新型全耗尽 SOI平面双栅动态阈值 nMOS场效应晶体管 ,模拟并讨论了器件结构、相应的工艺技术
和工作机理.对于 nMOS器件 ,背栅 n阱是通过剂量为 3×1013 cm - 2 ,能量为 250keV的磷离子注入实现的 ,并与 n +

前栅多晶硅直接相连 .这项技术与体硅工艺完全兼容.通过 Tsuprem4和 Medici模拟 ,发现全耗尽 SOI平面双栅动
态阈值 nMOSFET保持了传统全耗尽 SOI nMOSFET的优势 ,消除了反常亚阈值斜率和 kink效应 ,同时较传统全
耗尽 SOI nMOSFET有更加优秀的电流驱动能力和跨导特性.

关键词 : 双栅结构 ; 动态阈值 ; 全耗尽绝缘体上硅 ; nMOS场效应晶体管
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