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frmging elocinc ek effect on ihe Tront surface poential b
comi more mgcssble. b aldition, 3 larger pade misilipameni
keaals B @ livwer minimoss eoel surfce oientzal, which s aba
duie o ke Fingaag clearie Deld efTec. As shown in Fig. 3a)
ard dhi the enalyticol moded comadering the fingag chaire
field effeci could predict front and back surface poiesial disin:
butioms comsrdynily as venfied by ihae 3-DF simalatsen neslis,
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Fig 5 dui MEEimade Grol asd begk; et poleaials md (ho thein boamiias
voren gake i v of che THE 5001 p00S device with 5 chamsl lemgh
al ) can ot pebyid i K aed sile pules, o gate oale of 70 0 and g
shin Ml of &0 & dopad with 8 povpe doreiny a4 w0 1 e, bl =
Vo = Wiy onall Ly = 240 i,

Fig. 4 shows (he thrediokd volisge versus (he gaie misalgn:
mend of ihe DG SO0 nMOE devico wiith a choanel lengih of
02 pm, 0™ polysilem wop and boliom pcs, & pee oxide of
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M A arsd a thin i of S0 e 6608 doped with o p-ivpe der-
iy ol & = BT e, upaad) o ke analytical mode] wa ol
withivat coesiderm g the frinpmg clocine el effec md the 2-1
sirrredsimon resnlis, As shosan inothe ipeng, Tor bodh casey wilh
it Bl odf SO0 End G001 A o T chediia: Mokl elMec
porning from the gore mizaligament b= imponent m Soennineg
th theresbedil vuliage, Wiitheun corsidermyp e finping elecine
bl effect, the theealold vidtage & oeer-eslimatad, which is
iniee milicenble whenthe Ene misaligrmen becomes langer. Al
a gaie musalignmens of L pm, tho fnngng elecirs: field offis:
Luesis & reduction i heesleld voluige aboal Q0T (85 ) ko
ihve thie dibm of &K Yy and 2K Y {78 ) Bor AINEL. &s shoun
i the fipens, sl venfed by i 2-Demolaiios resalis, the s
Iytical calel cossidenng the Trisging elecwis el elMec ol
ol g o peeid o of (he treshaold volage.

%, Basoyssig

Fig. § shosas jop mivsmum oo aml hack serfs: potentials
aml dhj b hcaliome verses ki misshgrman oof e D0 S0
allOE dovice wilk o choanel Tengih of 112 pan, o pol ysikom
Basi il B llmii pile=s, & gade oxiide of M1 A, il & thin Tl of
ST sl il m p-Lype densily of 4 5 1 in =%, isal a1
Ve = Vi, and Vp o= G0, A shosin i Fig. Se sied (),
whea (e pale misilipament is smaller than 003 g the min-
i (ot wied Bz b siirflace pasteniials ane abival el locaisl
i the gure averlap regeon. As e gale misalipamen iscremis.
thie bocatbon of S minimem back surise: posensa) moves 1o-
wand the dmin. Al a gaie mbalignmest of B4 4m, ithe min
s ia ooaked @b anegaie avorlap region. A fisther in
o in the poee misaligrmom keads oo simsain is which the
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Ecation: of 1he minimum back nofes pilential move: ool
the murce dlighily, A smila ainston exists for dw front aur-
fae, bt i tpmwatson poim & kecatad ot 5 g se misaligrment of
(ol i, Wihen e gote ek ligninent b grealer fian 0008 o,
e location of the minimum fronm srface potential moves mio
e B et i egmn. Aa dwoan in the lgee, oo verifinl
by the 2-TF simebticn e lix, the snabdical moce| considlering
e Banging ekt ficll el rakts e lelusio chely,
The claad-Tom aabydical model devalopad in this poges
iz urefal for providing msighife] andersanding while doing
ewioe deslgn of DG S0 devices, Fig. 6 shaws the dueshold
wolisge warms the goate mizalignment of the 03G 501 nbOS
devios with varsous inp Sn-lm doping denesties. fhl thin-fm
ki, wl (ch pate ostick thickieses, oo e exac)
ol les (30 and @ Hm]ﬂﬂﬁ'lr:hiﬁ!-lﬂ'ﬂlﬂd:l
31 p-0G] and (i the crtemen ke sebectiog (3104306 o
(AT A0 for the dhoeshodd volage, A dwoum in Fig, 8lad-o)
J-llhpll-nl:h'.:rm increases, the dresholil volage
mxweasee, ' When ihe thin-flm doping densiiy = missd the
theshok] wollsge becomes more sesitve oo the paie mis
aligement [Fig, #6ay]. Ax a dogesg dessiny of 4300007 cm=d,
with a gate misaligrimment of €1 jum, the tseshold volinge is
imwmeand by (R0 W, while & a doping dergeity of 108 em™="
o ir incroased by 0037 %, Ax chown m Fig, &bl when ihe
Bmcknewy of e $an Glm i eehicsd, he Brealiohl volage
bevcmes more snsiive o the gele mmisaligrmes. With a thn
film of B0 A, s o gate missfignment of 0.1 gm. s choeshokd
tusovmed | by OWTT %, wihile with a thin fim of
400 4, i w increased by 0124 VO Ar dhown im Fig. dic), &
the gate oo thickness beooeen smalle, the seslivity of
B e imntcalignmiciil @ lnd bacoines simalke. Af 4 gale cxide
of B0 4 wilh a gale mssbignmen of 01 jun, e deeshold
wrilage i ineresseal by 0] 73, sl ot 50 4 it i e re sl by
0diTs W, Theretore, o minimree the gofe misaigrment aifeci,
the thin film chould res ba ioo thin and e doping density
showld not be doo high. In sddiion, #e gaie oxide dckness
showld e palcal to minimiz e gae mealignmea elfect
Feom Fig. fai-del, a8 oonfiemsd by dee st aliilion sesille
ustng {3400, the slaaplified chossd-form mdel [T300-1800] could
provide an scourale prechiction of e gale maalignimo ellecl
A demeribd in the: moadel dereesion meton, whaka derreing ihe
weehokl viliage, #we minipmm ool saface pokendial in sl
he geie overlap {P,g .00 or the gate noreverlap (¥ aawie b
regiom has been used depending om s location, As desvibed
bedoae, whem

b+ Vo — Dpeocsb | VTl ) + [ + Vo B
=Y + Daineh [xf'TuE."]] hﬂl{%mu} <

which mmplies gy < a2, Te minimam ool acfsce polengial
oooery i e el nomrverlap pegion- Vopnin = Vi wen,
130 b 38 whovakd e used. Cieraiee, 1 37 34008 should be weel
The absrves sqmation is & fomotiom of the gote ovids #hickmess, ol
the dhichiness ancd e dopeimg deneiy of the thiln s Besd on
ot v o dhidn-Fil i thiciowssaes A8 chown in e 1geee, fod

e, fo e righl of e oarve, §, 500, fhou k] e el i e
fihweshakd voliage fomula [P35 460 anoe ihe game nomsrverlap
region dominaies. To the kit of dw ourve, . g, should be
e wlice the gate ovei lip smghon |6 imoie Dot When the
gale axkle becomes thinner, the aarve moves owmd the oight
dhsertion, which indwates thar the goecilaliny of the dominmes
ﬂ#.‘mmhpm-huﬁnm“‘- Whm
et this Dilai becoibed Brnen, e csive v v the kN
dhmection, which mphas the mcreased choees of the deminancs
of Werpm:

V. CoRCLITRON

[ this paper. an malyas of the gate misaligrmen effect on
wwwu[mmﬁc& NS devices uring »
el comwiderry the Bmging elecizic feld effec bax
bsen chescribad. uwummnﬁuh
appronch, & clesbkem momped mosdd corsldering e
[rimging ebectne feld effect above fhe nomgeate oveslap segion
s Been derived, inoonder o provide momonrse prediction
of the threshold woltage bebervior, & verilied by #w D
wimmlatim ressliz
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Abstract

This paper reports an onalpsis of pade misalign-
mert gffect an the Breshold voltage of dosbla-gade wl-
drmthin fully-deplated (PO silicon-on-insulator J200)
NMOES desices umap o compct modsl corsdder
img fringing electric field effect. Using Ehe confor
mal mappag bransfrrmalion approack, & olosed-form
compact medel considering e fringing eleckric field
effact ahove the nmm-gale cvelap mpion hos baen de-
risad b provade on accwabe predichien of Bhe Lhreah-
old pltage behavior as werified by the 20 sirlation
reslls

1. Introduction

201 techrology has bean segardsd = abohbet
mainstream tachnology for CMOS VIZ1[L). DG 801
techimalopy hae demonateated jte advapkages for real-
izing sub-100nm CMOE devices[Z)-[4]. Far DG 301
CMOS devicas, the gabs misalignmet sffects have
a deap impact on devica pﬂ'ﬁ::nﬂnm{ﬁ{ Fig. 1
shows the 20 slecleie feld contoum fn & DG 501
NMOS device with & gaba oxide thidmess of 104,
a thi-flm of 004 deped with a p-type density of
d % 10%cm~%, and a gate misalignment of 0.04pum,
biased af Vg = Wi, a0d Vpg = S0mY. As shown
in the Bgure, the frioging dectric field from the right
gdgs of the bottoan pate to the thicefilm of the oo
gata cearlap region in substantial | which coald casse
pot-beglipible [Bfustcs n devies petfeemance, [n
this papar, an analysa of gate misalignmant affect
oo the threshold voltags of DG ulkrathin FD 800
MNMOE devices using a compact modad considarimg
fringing slesteic Gald aflsct la cepacbed, 1t will be
shown that nging the conformal mapping transforma.
tion approach, thin chssd-fomm compast madsl con-
sidaring the fronging dectrlc Geld affect in the ooo-

|, o

Eigure 1@ 20 eleckzic feld contoors o a [HG 301
HMOE davics with ot polyslicon top sod battom
gatea, a gabe ocida of TOA, a thin-flm of B0IA dopad
with & p-tvpe density of d = 10Ycm™3, and & gats
mizalignmant of Ddum, biased ak YVgg = Wy, and
Ve = HlmW.

gata owatlap regicm oould provide an accurate prad-
icakion of the thrashold woltage behawior as werifed
by the 30 simulstion esulie, [o the following sec-
tiora; decivation of the analytical modal is described,
followsd by model vecification and discusdon.

2. Analytical Model

Fig. Ifa) shows the croas section of the DO
B NMOS devica with a gats misalipnment. 20

Polsaca's eqastion Phieg) o Flieg) I"L':ﬂ [T
been used tor oolviog the alect 2 potential in

the thin-flm esgion, which & divided inte (1] gats
avarlap and {11} non-gate oweedlap zagicoa  [o the
gate ovetlap repion, a convantional sppooach [6) has
bezn used to sclve the 2D Paissan's aguation. In
the non-gabs ceeclap cegion, s electroatatic poten-
tial could be approxirnated ax Tofx, g = Faly] +
FPislple + Faplyle?. From Gauss Law st bottom and
top oxide/ihin-flm icterfaces, the boundary condi-
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Figure 2 (a) Crosn section of the DG 501 HMOE de-
wica with a pate mizalignmant apd (b) the boundary
of the gidewsl] cxide region ot to the right adge of
the botbom gabe before and after conformal mapping
for modsl deeivaticon

tions are: ~ TRl = eV, + g -
Tualy)], -2l = Swipaiy) - ¥, -

B ritpagy]. Using s deoupled appeoach {%&J o

%al ), owe could obtain s diffecentlal sgus-
bish la teesne of the slecteostabic potestial at the

bottom intectace (lg) as: SRuB = (el _
== 33| aa [y 1+ L+

|4, H A | g

the 417 +u T ecardinates. Bassd on the teansforma-
tiop, the distance betwesn the bottom gats slectioda
and the bebtom thin-film/=dde interfacs t{¥), which
iz o nel & Gxed values, hae bssn transforesed inls o,
which ia tha distance bsterean pointa A and ' in tha
mew cootdinstes undee the condition sinhiSELY =1
Tharabare, a differantial equation i terms of back aar-
face potantial @ 1o the wlF ++F coordinstes has
bewn obtained. Afar solving it, the electrastatic poe
tentials st bottom and tog inberfaces (Teo, Do) st

B
Tialy) = 9300l F(p — L)l + el T (v — Lol + 3

oa[# + fat] Pialy] + [1 - SV, — [l 3 +

Tazlp)

14 fe

whete coefficlents could be debermined ftom bound-
ary conditions. The thoeshold wolbage @ defined as
the gate volkage whan the sum of tha slectron dem-
sitles at the locakicas with the minimarn froot and
back sorfsce potectials reaches the doping depetby of
tha thin-film

II'1l|_I'rl:|'|.| lIr-bl:I"Iﬂ'l!'
a4 = mymapd Ve 14 mgexpd Ve 1.
Ualog the above conditbon with another coodition
from tha solotion of the ouinimmom froot and back aie-
facs potantials:

Hﬁ '::'ﬂ L= r—"‘llﬂ

(1]
the thoashold voltage of the [E 201 NMOZE device
with & gate misellpaement baa besn obtaned.

3. Madel Verification

In erdar bo sasegs the sfectivensss of the analwti-
dal for the gate misalignment sffect of the DG

& ¥+
Dius to the fringing slectric fleld from the right edge
of the battam gabke via bhe oxida to the thio-Glm in-
tarface, the aboves squation is diffealt to caloulsts, Tn
cedar b aimplify the analysis, & conformal mapping
transforeiation techuique [7] b besn waed to -
fiorm the oelginal +X + ¥ apace in terma of the T
and T as shown in Fig. 2 to the uTF + o7 space in
terrns of 7 and W axes hased on the following trans-
fr function: (g — L) P +neX = kainh(ul + o7,

h Lm =y = - e L T = ]
WSS L.: r:n\-l.-l L hd-nhlld-l[_.:l_:g
and k = = -"r"'“f“!*:-r Basd on the whove

formnia, AECD in tha #f +t."F' oopedinatsa i3 trans-
formed iots A'B'O'DY io the uﬂ' -+ oV coordinatas.
As a reault, the arc-shaped electric fald conteur in
the oids meot to the right adge of the bottom pats
in tha X + 37 has become straight-line-shaped in

SOTNMOS devicss, the model rasults have been oo
pared with tha 20 simulation eaulte. Fig. 3 shows
(@) back and (b) froab swclace poteatial diste|bubions
af the DG 300 MMOZ device with a channal langth of
0. Zutm, ot polysiticon top snd bottam gabes, & gats
caides of TOA, & thin-film of G004 dopsd with s p-typs
demaity of 4 % 10%em—¥, and variows gate misalign-
miante bimod at Ve = ¥y and Vog = HmY, bassd
o0 the analytical moded with and withouk congider-
ing finging alectzlc fiald sffecta, and 30 simulation
results. A= shown io the Fig. 3a), whan the gate
tigalipntrsot incresss, the back sorfess potential s
lowered in the non-gabe oveclap cegion. Conmideriog
the fringing slectzic fleld sffect dus to pats misalign-
mant, the dip in the back sucface paoteatial becomas
amalles an compared to the cass without corsidaring
it. In addition, whan the gats misalipnmeant becomas
larger, the fringing efecinc fisld efledt becomes mare

= [E'I:-DI. + mll'ﬁJ["ﬂm:l ) [":"Imcl + g:'.-'l'-lll";ilrmrl.'l + ﬂl:‘.ti'_;l'i !



Figure & {n] Bork aod (b)) front surfoce potential
distributions of the G SO0 NMOS deviee with s
channeal lengih of 0.2um, n* polysilicon top and bat-
tom gates, a gate oxide of T0A, o thin-ilm of G004
doped with o p-typo density of 4 = 10Wem ™, and
Viirions gale uh]l-g;nnu:nlu Lifissesd sl "ir|;5.|, — '||".|I el
Ve = S0mV, beaeed on the analvties) model wich
s withont eonzsidering fringing alectric feld affects,
bud 200 similatien mesile.

impaetant. Asshown in Fig. A(b], when the gate mis
nlignment becomes lurger, the fringing electric feld
affect o the frant surface potential Beeomes ks o
ticeahle. In addition, a langer gate misalignment leack
to o bower mlnimim frood sorface potential, which
ig alsn due wo the fringing electrie feld affects, A=
shown i Fegs M aMe(b], the nnelytical madel consid-
erlng the fringlng electre flebl afect coulid predie
froqit snd back surface podantial distribotions consis-
tepitly na worified by the 20 aimidation resalis.

Fig. 4 shows the threshold voliage verms the
gite mdsalignieent of the DG SO0 NMOS deviee with
i channel length of 0.20m, o7 polysilleon top and
ol Leir Emles, o riciade ol T{F.n’n., and o Uhin-flm
of BOOA and BO0A doped with n ptype dengity of
4% 10em—*, bnsed on the nnolytical model with
nend without ecosideriog fringing electrie feld effecis
arid 20 simulation resalts. As zhown in the figure,
fur both cuses with a Uiine-Elm of 5004 an G600A, the

T l-ld' u:d LIEe) ul- uiw
Lale Minabgrmasijn)

Figure 4: Threshold wolings versus gute misulignment
af the TS 501 NMOS devies with o chanpel leagtl of
0.2um, n* podyzilicon tap and bettom gites, o gate
axide of TOA, and n thin-flm of 5004 and 6005 doped
with a p-type derebty of 4 = 107 em ™, bassd o the
anulyticn] model with wnd without considering fring
it ehectrie fheld effects and 2D simulation remults,

fringing, electrle feld sfect combeg fom gote ms-
alignment & important i determining the thresh-
ald voaltage. Without considering the Iringing elecizic
fiekd effect, the threshold valinge s oerr-esilmaisd,
whicl s more noticeahle when tle gate misalignment
beeenmies larger, At & gate misslgnment of @0 pm,
the Fringing alectric figld effoct cases i peduction in
threshald voltage about 0023 (8% for the Lhin-film
of B00A anad 00XV [TH) for J0A. As shewn the in
the fgure, as serified by the 200 simelation resalg,
e spnalytical meodel comsidering the fringing electric
fiedd affoct could proside an acrurate prediction of the
ihireshiadd vidtage.

4, Discussion

Fig. & hows (o) minlmum front end ek sur-
faen potentials and [(h] their locations versis gate
iignligniwnt of the DG SO0 NAMOS devies with o
channe] bergth of 0.3, 0% polysilicon top and bot-
tom guies, & gate oxide of T8, aod a thin-film of
FOA dopred with s petype deosiey of 4= 10 Tem ™,
hinsed st Vigg = Vi, and Vg = 0mV, As shawn in
Fig. Sia)dik), when the gate misalignment & stnnlber
than 008 wm, the mibnlmom fret aed besek surdiee
p-ut::ur.iu.k nre nhout eqjunl, locater] in the Enie over
Tap pesglons, When the gots misalignient Ineresces,
the becsthon with the minbon beek surfesce poten-
tinl mowes toward the drain divectbon. A the gate
milsalignmwint of 0.04pm, it 8 loeated 6 the nea-
guie overlap region. A further increase i the gaie
misnlignnnt s to the sltuntion thet the loeatben
with the miniman back surfoce potmeial moves o
ward the souree divection mikdly. A similar situation



Figure 5 (0] Mininum front nixd bock sicface poten-
tinls and (b their lestions versus gate misalignment
of the DG 508 NMOS deviee with a chanmmsl length of
3um, ot polysilicon tep ad bottom goies, & gaio
oride of A, and o thin-flm of Y deped with o
p-type idensity of 4 = WH %, bissed at Ves = Vi
und ¥yg = MY,

itz for the Tront surfoes potential bt jts cransition
potnt is located ob the gobe misaligroment of 0.08%u0m.
Whem the gate misalignmen is greater then 0S8,
the leention with the minbrmon front sicface poted-
tinl moves to the non-gate overlap regon. A= shown
in the figure, rs voribed by the 20 simslation esulis,
the analyticad melel considering the fringing electric
finlel effect prsdicts the: hehavior losely,

5. Counelusion

In this paper, an analvies of goe misaligonment -
fext o the threshald yaluge of TG FTR SCT NMOS
devbies using nocompeet medd considering fringing
eleetrie field efiect has been deseribied. Uszing the con-
formnl mappieg trasfermntion appeosch, o dosed-
form compact model corsidesing, the fringing elec-
trie fiekl effect above the noen-gate averlsp reglon has
bieen decived to provide an acearate prediction of the
threshald voltage bhaviar as verified by the 20 sim-
ulation resulis,
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