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Abstract

This puper reporls en avalysis of gete nrisalign-
ment gffict on the threshold volloge of dowble-gate ul-
Lrathin fully-depleted (FD) silicon-on-tnsalotor (501)
NMOS devices using a compact model consider-
ing fringing clectric field coffect.  Using the confor-
road mapping transformation approech, a dosed-form
compact madel considering the fringing electric field
effect above the non-gate overlup region has been de-
rived to provide an accarate prediction of the throsh-
old vollage behavior as verified by the 21 simalation
results,

1. Introduction

SOl technology has been regarded as another
mainstrean technology for CAOS V Lelil]. DG SOl
technology has demonsirated its advantages for real
izing sub-160nm CMOS devices{2]-[1]. For DG SOI
CXOS devices, the gate misalignment eifects have
& deep npact on device porfmnml((i[ 5. Fig. ]
shows the 217 electrie field contenrs in a DG SOT
NMOS deviee with a gate oxide thickness of 704,
a thin-liln of GOOA doped with a p-type density of
4 % 107em™3, and a gate misalignment of O.(Hpum,
hiased at Vg = Vi, and Vpg = H0mV, As shown
in the figure, the fringing electric feld from the right
edge of the hotton gale 1o the thin-filin of the non-
gale overlap region is substantial, which conld eanse
noi-uegligible inluence e deviee perfonmanee. 1o
this paper. an anadysis of gare misalignment offect
on the - threshold voltage of DG ultrathin FI» S01
NMOS devices using a compact model considering
iringing electrie field eifect. is reported. Tt will be
ghown hat using the conformal mapping cransforma-
tion appraach, this closed-Torm compaci modal eon-
sidering e Ringing electric field eflect in the non-

0-7803-7904-7/03/$17.00 ©2003 TIEEE.

83

251 x338

RN

LEIGE o, -
Frine fawe i

= [

&
Traln

=14t e

Figure 1@ 20 electric field comtours in o DG SO1
NMQOS device with ot polysilicon top and bottom
gates, o gate oxide of TOA, a thin-film of G00A doped
with a p-ivpe deasiiy of 4 x 18 7em™*, and a gate
misalignment of 0.0dpm, ased ot Vs = Vi and
Vg = 30mV.

gate overlap region could provide au accurute pred-

ieation of the threshold wodtage behavior as verified
by the 2D shnudatdion results. n the following sec-
Lions, derivation of the analytical model iz desenbed,
followed by model verification and discussion.

2. Analytical Model

Fig.  2(a) shows the vross section of the DG
S0OF NMOS device with a z;zm: misaliznment. 20
Poisson’s equation ﬂi—’l + ‘;ff = 3— has

heen nsed for solving the clectrestalic pnu‘mml in
the thibn-Glor region, which is divkled fmo (1) gate
overlap and (1) non-gale overlap regions. In the
gate overlap region, a conventional appronch [6] has
heeni used to solve the 213 Poissons equation. In
the non-gato overlap region, its electrostatic poten-
tial eould be approximated asi Wale, ¥} = Fay) +
Pra{iz -+ Pao(22. From Gauss Law a1 bottom and
wp oxide/thin-0l nterfaces, the boundary cendi-
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Figure 2: {a) Cross section of the DG 501 NMOS de-
vice with a gate misalignment and (h) ihe honndary
of the sidewall axide region next to the right edge of
the bovtom gate bhefore and after conformal wmapping
fer mndel derbvation.
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the ull + oV coordinates. Based on the transforma-
vion, the distance hetween the bottom gate elecirode
and the bottom thin-film/oxide interface t(y). which
is a not a fixed value, has been tronsformed into BE,
whieh 1s the distance betdvean points A7 and Cin the
new coordinates under the condition sinh(BT) = 1.
Therefore, a differential equation in terms of back sur-
fuce potential gy in the wl 4 oV courdinates has
heen obtaimed. After solving it, e electrostatic po-
tentials at bovtom sand op interfaces {(Wee, o) are

_ . _ g B
Vil = ';1"‘-Piz = L)} + gzepl~ A“Q Jm.?]*IT
} alf + ‘.?;‘.]‘I'bs(lf}+[1 - 4l - el + dp
balyl = — o, :
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where coefficients could be determined from bound-
ary conditions. The threshold voltage is defineil as
the gate voltage when the st of the electron den-
sities ot the lecaiions with the minimum from and
hack surface potentinds reaches the doping density of
the thin-filue
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Using the above condition with anether condition
feomn the solution of the mininunn frone and back sur-
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the threshold voltage of che 1DG SO NMOS device
with a gate misalignment has been obiatned,

3. Model Verification

Ini order to assess the efectivences of the analyet-

mim et ) madel for the gote misaligrument, effect of the DO

SEe =k (
Y){—[]-i-ll'T’;iy-é'm}‘l/m(!#)“[l—i-
- t‘(]‘fzr,
. . . ”n.rl . )
Due to the fringing electric feld froon the right edge
of the bottom gate via the oxide to the thin-iilm in-
terface, the above equation is diffieuls to caleulaie. In
order Lo stnplily the analysis, a confortuul iHapping

transtormation lechnique {7} has been used o trans-
form the origingl 2X + ¥ space fn terms of the X

and ¥ as shown in Fig. 210 the ol/ + ¢V space in
erms of T and T nxes basad on the Following trans-
for funetion: {y— Ly} ¥ +nrX = ksinh(ulf 441 1.

- 1ty

where Ly = Lo — nia. w - e
tazn sithjcosh ™ prs )}

and ki = — o 1’? T Based on the abeve
siahfcos=h (Tarz-"
farntda, ABCD in the v X +y ¥ " coordinates is Wans-

formed inte ABCD in e ol + 17 coordinates,
As u result, the arc-shaped ehectric field contour in
the uxide next to the vight edze of the bottom gate
in the X + y ¥ has bocome straigit-line-shaped in
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SOTNALOS devices, the model reswdis have been com-
pared with the 21 simulation resulis. Fig. 3 shows
{(a) back and () Trout surface potential distribations
of the DG SOT KMOS deviee with a chanoel lengll: of
0.2nm, 0% palysilicon top and bafitom gates; a gate
uxtle of TOA, s thin-Glo of H00A doped with a p-ivpe
density of 4 x 107an=%, and varions gaie udsalign-
moenes biased ot Vog = ¥y, and Vg = S0V, hased
on the analytical mndel with and without consider-
ing fringing electvie Held effects, and 20> simulition
rosulis. As shown in the Fig. Ma), when the gate
misalignment. increases, the back surface potendal is
Iowered i the non-gate overlap region. Considering
the Iringing electric field offect due to gate niigalign-
ment, the dip in the back sirface potential becomes
smaller as compared to The case without considening
it In addition, when the gate misalignment becomes
larger, the Dinging clectric field effect hecomes more
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Figure 3: (a) Back and (b) front surface potential
distributions of the DG SOl NMOS device with a
chaunel length of 0.2pm, a¥ polysilicon top and hot-
Alom gates, a gate exide of T0A, a thin-film of 6004
doped with a petype density of 4 x 107 em™, and
varionts gale misalignmaents biased at Vg = Vy, and
Vs = H0mY, hased on the analytical model with
and without eonsidering fringing wheetric field effects,
and 2I¥ simulation results,

important. Asshown in Fig. 3(h), when the gate mis-
alignient. becotes larger, the fringing cleciric feld
effect on the front surface polential becomes more no-
ticeable. In addition, a larger gate misalignmend leads
lo a lower mininnun front surface petential, which
is also due to the Iringing electric lield effects. As
shown in Figs. 3{a}&(b), the analytical model consid-
ering the fringing electiic field affect could predict
front arud back surface potential dissributions consis-
tently as verified by the 20 similation results,

Fig. 4 shows the thresheld voliage versus the
gale misalignment of the DG SO NMOS device with
a channel length of 0.2um, v¥ polysilicon top aud
hotiom gates, a gale oxide of 7{Ik\ ik a thin-film
of SO0A and GODA doped wilh 'a petvpe density ofs
4 % 10%em™?, based on the analvticad model with
and without considering fringing eleceric field eoffects
andd 2D simatation resulis,  As shown in the figure,
for botl cases with a thin-film of 300A an GOOA, the
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binsed al Vgg =V, and Vg = S0mV.
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Figure 4: Threshold vollage versus gate misalignnent
of the DG SO1 NMOS device with o channel length of
0.2pn, n* polysilicon top and bottom gates, » gate
oxide of TOA, and a iin-film of 500A and GDOA doped
with a p-type density of 4 » T Tem™, based on the
atialytical model with and without considering fring-
ing electrie Held elects and 2D simulation resules,

[ringing electeic lield effect coming frotn. gale s
aligtonent i Ouportant o deteriiuing the thresh-
uld vollage. Withou cousidering the Tuging eleciric
fickd effect, the threshold volt
which is mere poticeable when the gate mnisaligiment
becomes larger. At a gate misaligniment of 0pm,
the fringing electric ficld effect canses a reduction in
threshold voltage about 0,022V (6%) for the thin-film
of B00A and 0028V (7% for 5004, As shown the in
the figure, as verified l.}}' the 20 simulation result,
the apulytical model considering the fringing clectric
ficld effect could provide an accurate prediciion of the
threshold soltage.

age 15 over-estimated,

4. Discussion

Fig. 5 shows (a) minimum {ront and hack sur-
[ace pulommh and {b). their locations versus gate
rusalignment of the DG H(}I NMOS device with a
channel length of 0.2pme, 0™ polysilicon top and bot-
tom gates, & gate :m(is_ oi 70A, and a thinfilm of
BU0A doped with a priype density of 4 x 10'Tem =3,
As shown in
Fig. B(ai&(h), when the gate nusalignment is smaller
than U3pm, the minimum fromt sne back surloce
potentials are abaul equal, lecated in 1he gale over-

lap region. When the gate misalignment incresses,
te location with the minimun back sorface poren-
tial moves toward the Jdrain divection. At the gate
ntisalignment of 01.04pm, 1t 15 located in the non-
sate overlap region, A further increase in the gate
mispHznment leads to the situation that the location
with the minimum back surface potential moves 1o-
ward the sowrce diveetion mildly. A shailar situation
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Figure 8: (o) Minhimnn Iront and back smriace poten-
tials and (b} cheir loeations versus gate misaligniment
of the DG 501 NA]OS device with a channel length of
0.2um, n? polysilicon top and bottom gates, a sate
oxide of TOA, and a thin-film of GO0A doped witli a
p-ivpe (lc-imtv of L HITermn ™, biased ot Vag = Vig
ond ¥pg = 50mV,

exists for the froni surface potensial but iis Cransition
polnt 1s located ai the gate misalignment of 0.08p00.
When the gaie misalignment is greater than G.080m,
the location with the mininnm front sarface poten-
tial moves to 1he non-gate overlap region. As shown
in the figure, as verified by the 2D simudation results,
the analytical model considering the fringing electric
ileld effect predicts the behavior closely,

Coiuclusion

Tu ehis paper, an anulysis of gate misadignmen el
feet. o the threslwld voliage o DG FID SO1 NAMQOS
devices using 4 compact model considering Iringing
electric field offect has been duscribed, Using ilie conn
formal mapping transformation approach. a closed-
form eotnpact maded considering the fringing elee-

trie ficld offect above the non-gate overlap region has
been derived i provide an aceurate prediction of the
threshold voltage behavior as verified By the 2D shri-
ulation resils.
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