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Dual Material Gate SOI MOSFET with a Single Halo”
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Abstract: In order to suppress drain-induced barrier lowering in dual material gate SOl MOSFETs, halo doping is

used in the channel near the source. Two-dimensional analytical models of surface potential and threshold voltage

for the novel SOI MOSFET are developed based on the explicit solution of the two-dimensional Poisson’s equa-

tion. Its characteristic improvement is investigated. It is concluded that the novel structure exhibits better suppres-

sion of drain-induced barrier lowering and higher carrier transport efficiency than conventional dual material gate

SOI MOSFETs. Its drain-induced barrier lowering decreases with increasing halo doping concentration but does not

change monotonically with halo length. The analytical models agree well with the two-dimensional device simula-

tor MEDICI.
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1 Introduction

(DMG) SOI MOS-
FETs" *seem to be a very promising option for

Dual material gate

ultimate scaling of CMOS technology due to their
excellent short channel effect (SCE) and hot car-
rier effect (HCE) suppression and high carrier
transport efficiency-**!. However., DMG SOI
MOSFETSs show considerable drain-induced barri-
er lowering (DIBL) in the sub-100nm regime. Lo-
cally raising the channel doping next to the drain
or drain/source can improve MOSFET’s perform-

ancel®~*

.In the past few years,the local high do-
ping concentration in the channel near source/
drain junctions has been implemented via lateral
channel engineering,e. g. ,halo or pocket implan-
tation'"~ ' Single-halo MOSFET structures have
been introduced for bulk"'*' as well as SOI MOS-
FETs" to adjust threshold voltage. Halo implan-
tation devices show excellent output characteris-
tics with low DIBL, higher driving capacity and
low leakage currents compared to conventional
MOSFETs. However, such an attempt has not
been reported for DMG SOI MOSFETs. In this
paper,for the first time the structure of a DMG
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SOI MOSFET with a single halo is investigated.
Two-dimensional analytical models of potential
and threshold voltage for the fully depleted SOI
MOSFET are developed based on the explicit solu-
tion of the two-dimensional Poisson’s equation.
The characteristics of the novel SOl MOSFET are
compared with the conventional DMG SOI MOS-
FET and the influence of the halo structures is
studied. The models are verified with the two-di-
mensional device simulator MEDICI.

2 Model formulation

2.1 Analytical potential

The schematic structure of the DMG SOI
MOSFET with a single halo (DMGH) is shown in
Fig. 1. The doping concentration N, near the
source region is higher than Ny in the rest of the
channel. Considering the gate and doping profile,
the channel can be divided into three zones.

Neglecting the effect of the fixed oxide char-
ges on the electrostatics of the channel, the Pois-
son’s equation of the potential distribution in the
three silicon film zones before the onset of strong

inversion can be written ast'* %]
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Fig. 1 Schematic structure of DMG with a single halo
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where ¢ is the dielectric constant of silicon film,
Ni=N,>N,=Ng,and N; = N;.

The potential profile in the vertical direc-
tion,i.e. ,the y-dependence of ¢; (x,y)(j=1,2,
3), can be approximated by a simple parabolic
function for a fully depleted SOI MOSFET as

i (xsy) = @ (x) + ¢y + cpp(x)y’,

Ly <x<L;,0<y<tg,-j=1,2,3 (2)
where ¢ (x) (j=1,2,3) is the front surface po-
tential in zone j and L, =0.

According to Eq. (2) and the continuity of
electric flux at the front and buried oxide-silicon
interfaces, Equation (3) can be obtained.

Ix? ay’ €
Lo <x<L;,0<y<ty,j=1,2,3 (D
y - R :
gD,'(Xay) = gDsj(X) +€<l><§051(x) ‘;gh" VFB'f'y-‘r
Esi f
CiCo( Vi, = Vipp) + ce(eyg + Cb)(vgs.f = Vi) — (cgc, + cicpy + Cfcsi)Sﬁsjyz
tiCegey + 2¢2) |
Lj,]<x<Lj90<y<tsiyj:19293 (3)
& _ Eox _ Eox drain-source bias V4 ,we can obtain the constants
Here ¢4y =— ,c;,=—,and ¢, = —. .
L I¢ Iy A;and B;(j=1,2,3).

Using Eq. (3) in Eq. (1) and considering the
independence of x and y,Equation (4) can be de-
rived.

i‘(gij(gl */12gosj(x) = Bi»
L <x<L;.,j=1,2,3 )
Here 1 = [Z(Cbzcsi + cicg + cfcb)]r'z and
lsicsi(ZCﬁ + cy)
b= P2Vt Vi) G0
2(V o = Vinw) Co . j=1.2.3

t2(2cq + cy)
where V. is the front gate-to-source bias volt-
age, Vg (j =1,2,.3) is the front channel flat
band voltage of zone j, V., is the substrate bias
voltage,and Vg, (j=1,2,3) is the back channel
flat band voltage of zone j.

Equation (4) is a second-order differential
equation with constant coefficients,and therefore
the expression for the surface potential of the
front channel is of the form:

B,
/12
Ly <<x<L;,j=1,2,3 (5)
Using the continuity of electric flux and sur-

¢ (x) = Aje™ + Bje

face potential at the boundaries of the three sili-
con film zones, the built-in potential drop V,
across the source-body junction, and the applied

Al = (Vy + = €e") V) /2sinh(AL)

B, = (Vi + (e = 1) V) /2sinh(AL)

;= A =B =By /2a, j=2.3
;= B —e (B —B)/22, j=2.3

(6)
where
Vi = (Vo + B/30 + Vet -
(Vy, + Vg +,83//\2 + Vi) —

2
Dlcosh[ACL = L)@ = B) /X
im1
Vi = Vi + Vg + ﬂa//\z + Ver *

Dcosh[ACL = LT = Bjui) /A% =
j=1

(Vy + /X + Ve ™
L = L,

The electric field pattern along the channel
determines the electron transport velocity through
the channel. The electric field component in the x
direction is given by differentiating ¢; (x)(j =1,
2,3) with respect to x:

E(x) =— Ajxe ™ + Bjae™,

L <x<L;,j=1.2,3 7

2.2 Analytical threshold voltage

When the doping concentration N, is greater
than Ny, the minimum surface potential @ lies
in zone 1,as shown in Fig. 2. The threshold volt-



%3 4

Li Zunchao et al. .

Dual Material Gate SOl MOSFET with a Single Halo 329

age of the channel is determined by ¢, » Which
occurs where the differentiation of ¢4 (x) is equal
to zero and is as follows:

@amin = 22/ A B, = B/X (8)

The threshold voltage is the value of the gate

voltage at which a conducting channel is induced
at the surface of an SOI MOSFET. In a fully de-
pleted thin-film SOI MOSFET,it is desirable that
the front channel turns on before the back chan-
nel. Therefore, the threshold voltage is taken to be
the value of V. for which g = 2¢r, where ¢ is
the difference between the extrinsic Fermi level
in the bulk region and the intrinsic Fermi level.
Considering t,>t; and t, >ty generally, V, can
be derived from Eq. (8).

Vi = — Vg — 4t (9)

20
where
o = 2cosh(AL) — 2 — sinh” (AL)
7= V™ -D+ Vy,d-¢e“)+
2sinh® (AL) (2¢r + U1)
&=V Vy —sinh® QL) (2¢r + U)°
Vi = (Vo + Upe" = (Vy + Vo + Uy) —

2
Dlcosh[ACL = LU, = Uy
j=1

Ve = Vo + Vi + Uz +

Dlcosh[ACL = L)IU; = Uy) = (Vy + Upe ™
j=1

N'tsi

Uj = 4l _(Vgs,b_VFB,bj)&+
Cy Cy
VFB.(j? j=1.2,3

3 Model verification and discussion

Now we will analyze the performance of a
DMGH in terms of DIBL, the threshold voltage
roll-off,and carrier transport efficiency,and veri-
fy the models by comparing the results with simu-
lations in MEDICI. Fully depleted SOI nMOS-
FETs are utilized in the analysis. Unless otherwise
noted, the typical values of parameters are as fol-
lows.

For DMGH, W, =4.77V, W, = 4.10V, V.,
=0V,drain and source doping concentration Np
=10cm 3, N, =4X10"cm *, Ny =10"cm 3, ¢;
=2nm, t, = 300nm, t4 = 12nm, L, = 20nm, L, =
50nm, L; = 100nm,and the work function of the
buried gate is equal to W,. For a conventional
DMG (DMG with uniform doping profile), N, =

10" cm™®, and all the other parameters are the
same as DMGH.

The surface potential along the front channel
is plotted in Fig.2. It can be seen from the figure
that for a DMGH., an extra potential step profile
exists near the halo boundary in addition to the
one near the interface between the two gates in
the DMG.
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Fig.2 Surface potential (V4 =1V, V,=0.3V)

The surface electric field along the front
channel is plotted in Fig. 3. It is shown that for a
DMGH, there is an additional local electric field
peak near the halo boundary and the peak will in-
crease with increasing N,. It can also be found
that the other peak will increase when W, is in-
creased. Because the additional electric field peak
is closer to the source,carriers will be accelerated
earlier and travel through the channel more
quickly in a DMGH than in a DMG. Therefore
the transport efficiency of carriers in a DMGH is
enhanced as compared with a DMG,and it will be
further improved with the increase of N, in some
scope considering the degradation of mobility
with increasing impurity concentration.
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Fig.3 Surface electric field (V4 =1V, V=0.3V)
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Figure 4 shows the threshold voltage roll-off increasing halo doping concentration.
with gate length, where V4, is the threshold volt-
age of devices with short gate length and V., is 160
the V, value with a gate length of 200nm. It can 140-'ll—L1:40nm,Nf4x10”cm‘3,L2:50nm
be found that the threshold voltage of both struc- 120 —E—"}—leOnm,NA=4x10”cm-3,Lz=50nm
. . ) . _ — 1
tures exh1b1t§ inverse SCE,and the difference be ; 10084 — 7 —20nm.N 41 0em- £—50nm
tween them is small. s
= 80 F WL, =20nm, N = 1x10'*em, L,=50nm
@ %
= 60F W\
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Fig.4 Threshold voltage roll-off

The DIBL can be expressed by AV /AV.
Figure 5 shows the DIBL variation in a DMGH
and a DMG with gate length, where AV
Vel ve=0~ Vi | v, -2 and AVy =2V. It is evident
from the figure that the DMGH exhibits better
suppression of DIBL ., which results from the doub-
le effects of the asymmetrical halo and dual mate-

rial gates.
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Fig.5 DIBL in DMGH and DMG (L, : L, : L; =
1:3:9

Figure 6 gives the DIBL variation in a
DMGH under different halo structures. It is found
that DIBL does not change monotonically with
halo length and reaches a minimum when the halo
length is around 20nm. The DIBL decreases with

Figures 2 to 6 show that the derived models
are in good agreement with MEDICI.

4 Conclusion

A novel structure called a dual material gate
SOI MOSFET with a single halo is proposed to
improve DIBL and carrier transport efficiency in
the sub-100nm regime. The analytical models of
surface potential and threshold voltage of the no-
vel structure in the fully depleted condition are
derived,and the characteristics are examined. The
novel device shows better performance in sup-
pressing DIBL and enhancing carrier transport ef-
ficiency than conventional dual material gate SOI
MOSFETs. Its DIBL is reduced when the halo do-
ping concentration is
change monotonically with halo length. The de-
rived analytical models are in good agreement
with the two-dimensional device simulator MEDI-
CI.

increased but does not
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