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.'l6rrldcl--l'hfu pcJrr shows Simuktion of Drrin Induced B..rier
Lo*ering (DIBL) in Metd Otide Semi€onductor l'ield [fiect
Trrnriltor (MOSFET)". The res€rrch rnd study on this is
inv6tig.ted, Using softtn.re from SILVACO Intcrn.tiond, dre
simulation of the N-chrnnel melel oride semiconductor (NllIO6i)
crn be studied srd the study is ,bout DIBL due to lhort ch.nnel.
SILI'ACO techmlogy computer-aided design (rCAD) sofrrvrre is
use to do the simuhtioo ,nd to obtrin rll the rsults needed. The
virtuxlly frbricrtlon of NMOS is done using A'I|IENA module
mcinwhile for electrlcrl chrrrcteri.zrtions of NMOS i! dDne using
ATLAS module. tJsing this softr?arq the structure of M(xif'llT
rnd I-V cune can be plotted through the TONYPI,OI. ln this
study, the drain voltrge, VD rnd chsmrel lengtl! L rct.s the m.in
roles in th€ resulac Therefore, to see ahc role ofdrrin roltrge on
DIBL, Iive dillerent v.lues of drain roltsge, Vo which rre 0.1V,
0.21', 0.3V, 0..1V end 0.5v are used. Illernrryhile, for chmnel
length L, the values used are O2opnq 0.30fuq O.l0Fm .nd
o.s0lr,rl- From dr.in cu're$t, ID rcrsus grae voll.g., \'c (l-1)
curve, the velue of DIBL is obtrined rld .rrlyxed to complele
the .n.l!ib of DlBl- When the drain voltage, VD increi3in& the
potentirl brrrier in the ch.ruBl decre$ing which lerd! to DIBL.
As the voltrge drrirq vD is hcresing, rrd the b.rrier height is
decrersing while lhe dr.in curretrt, In is increesinp This project
do rchieved the objectives of tlle project.
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I. INIRODUCTIoN

MOSFET is a device which is rsed to amplify or to switch
any kind of elechonic signals. Nowadays, we can see that
MOSFET technology is one of the most commody us€d
semiconductor technique, and had become one of the elements
in th€ integrated circuit tecbnology. The power consumptions
in integmt€d cirauits c8n be redtlcrd as MOSFET's has good
performsnc€ [tich €nables the rcduclion.

A MOSrET has hvo regions uhich are mainly named as

lhe source and dmin. Both regions a:e heavily do@ ard ttrcse
are implanted in a suktrate, \lfuch is doped the other way. The
current \vill tinally flow al tlrc ge between the souc.e and
drain regions, which spans the substrate. A tayer of insutating
oxide is placed over this gap, *tich is well hrcwn as the
channel. Moreoler, qn top of that is a gate c-ontact and it is
usually made of polysilicon. Figure I shows tlle MOSFET
structule.
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Fi$rc l: MOSFET Structur.

The basic pnnciple MOSFET is that the gate voltage, V6
controlled the sourc€ to dmin curent IsD. The electric field
induces charge in the semicondEtor at the sernicqductor
odde int€rface thEt makes th€ MOSFET is a voltage controlled
current soulca I l.

MOSFET comes in four t)?es such as N-chanrrl or P-
chamel and enhanc€nent cr depletion mode. The numbsr of
carriers increases according to th€ gate voltage, Vc in
mhsncernent mode Depletion mode acts by removing or
depleting the csrriers of the crEent from the channel [].
Memu,hile fq P+hannel, a hole is induc.ed in the n-type
ssnicooductor by negative charges oo the gate []. In this
paper, i1 is more concentate on thE NMOS.

fiSure 2: N-chrnncl Si MOSFET
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In Figure 2, by positirrc charges on the gate region, an
electron is induced in the P-l}?e semicordrrctor. As the sourc€
and drain are n.t regions and lhe body is a p regio,n, the
MOSFET is a n-channel tpe. The N-eharmel is much morc
commonly used on ils own as a discrete devicr, evsnthough
both twes, the N-charurcl ard P-channel are widely used in
integrated circuits.

II, LITERA.TITRER.EvlIw

MOSFET dwice is considered to b€ short channel when
charmel length, L is the same order of magnitude as the
depletionJayer widths of the sourc.e and &ain junction. As the
channel tengfi! L is reduced to inqease the operation spe€d
and numbq of componenls per chip, the short-charmel effects
arise [21. Therc are five ptrticular stprt channel effects occurs
in the dwice such as DIBL ard punch-ttuough, surt'ace
scattering, velocity saturstioo, impact ionization ard hot
electrons. Howev€r, in this paper, the main focus is on the
DIBL.

DIBL is a secondary effect in MOSFETs *trich referring
origfnallv to a reduction of threshold vollage, vrH of the
transistor at higher drain voltage, Vp. DIBL effect ocrt[s in
devices where only the gate length is reduced withoul propBrly
scaling in tlp other dimensions [3]. As MOS delic€s are
scaling down aggressively, DIBL eIIect is increasing [4].
However, in€stigation of the effect of increasing DIBL is
lacking in titerature [4].

DIBL is one of the most important short channel effects for
devices such as \/I-SI MOSFET and DIBL in NMOS dwices
has been widely sndied. DIBL is also qle of th€ limitatic,ns in
MOS technology due to the reduced charmel IenSltL L. As
voltage drair; V6 inoeases, tbreshold voltage, VrH decreases
hence drain curent Ip increases.

As the channel lengtiL L decreased, DIBL caused threshold
voltage shift to f[st increased with incressing of substate bias,
and then decreased as the charmel length decre{sed firnha
away [5,10]. By an electron from the source, S on its way to
the drair! D, the barrier to be surmounted is r€dtrccs as the
channel lengtlL L decrcas€s. This can be shown in the Figure 3
below.
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figurc 3: MOSFET Structurc

SILVACO TCAD products that were us€d were ATHENA
and ATLAS. ATHENA module is a process simulation
product. It can develop and optimizes the semiconductor
manufhcturing pr(x€ss€s.

ATHENA module can be manipulated well in the sudy of
downscaling process as it can gil,e speed edge and more
economical to the tsaditional way of doing rhirtgs [7].
ATHENA govides a platform for simulsting ion implantatioD"
diffirsicrn, elching, deposition, lithogmphy, and oxidation of
semiconductor materisls [5].

Meanu,trile, ATLAS is a device simulatiou product. It
provides a physics-based, modular, and exleosible platform to
analfze DC, AC, and time domain responses for all
ssmiconductq based technologies in 2 dimensions and 3

dim€nsions [5]. It also can simulste the optical, electrical
characteristics, and thermal behaviors of semiconduclor
devices. The simulations provide the oppoftunity to study the
effect of different dsvics par8mete$ on the overall device
performance [7].

III. METHODOLOGY

A. Flowchart
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Figue 4 shows the flowchart of the flow of the projecl.
These project stans with the research on DIBL for Literatue
reviews \ /riting. AI thes€ lhiDgs are studied and undedand
careh- ly. Aftsr 0re researcl! the implernortation and
simulation of NMOS using SILVACO TCAD software, from
ATIIENA and ATLAS modul€ are done. ATHENA module
has to be done first then later continue with the ATLAS
module.

There are two parametsrs changed which are charmel
length L and drain voltage, Vp The values used for chanrcl
length are 0.20[m, 0.309m, 0.40pm snd 0.50!m. Meanwhile,
for drain voltage, the values are o.lv, 0.2V, 0.3V, 0.4V and
0.5V. The values are the decision that has to be executing one
by one. Oncc the decision is done, the TONYPLOT is plotted.

The obtained data's are collected onc€ the implernentstion
and simulation ry both modules is done. The values obtained
from the TONYPLOT (I-V curve) are recordod in table form.
Tho; all the data's are compared and anallzed for the project
results.

V, RESLILTS AND DISCUSSIoN

AII simulation procrsses and th€ restrlts were obtained by
using SILVACO TCAD tools. F om this softwarc, it simulated
NMOS devic€ by using ATIIENA and ATI/.S. By usrng this
softrvare, the structrue of NMOS and I-V curve required se
obtained and ploned thoueh the TONYPLOT.

From the results obtained, the DIBL characteristic is rery
s€nsitive to the channel lengtlL L so thst the meastlled
minimum leryth is reasunble and carurot be equal or less thsn
0. t0pm. This can be showr in Figure 5 where charmel lorgth
us€d is 0.l0pm and the stucture does not tum out to be a
perfect devic€. The depletion region sunowrding the sotllce
and drain dimlsions to approsch with one another as the
channel lenglh decreases.

E-\?ERnGN.rAL DETA[-s

The NMOS used in this paper were designed and fabricated
by SILVACO TCAD. The orientation of the wafff is 100 ard
the substrate is p type. as indicated by a phosphorous
concenuation of -l x l0'" cm-'. NMOS is fabricated in a p
type substral.e of doping -8 x l0r2 cm r. The test devic.es had
besn tested with four diff€rent values of channel lengths, L
which is 0.20pm, 0.30pm, 0.40Im and 0.50pm. The quantity
of hydr<rchloric acid IHCL) used was 3% u&ile the tempsrature
was l000oC. Also, the drain voltage, Vp is varied frorn 0.1V to
0.5v.

B. Equatiott

Effectively, DIBL leads to a reduction of tkeshold volt8ge,
vrg with the inqeasing of drain to source bias, VDs tkough
modulation or reduction of the potential barrier for carier flow
from slnuce to drain by V6s [8].

DIBL is quantifo by R, and it is defned as the threshold-
voltage shifl, 6Vm (DIBL) divided by the rtain voltage
variation AV which is shown as the equation (l ) below [8]:

IV

A. Deice Detoils

^ _ 6VrB(Dt8L) _ Vrs (Vos:)- Vru (Vosr )
tr* ,t"r -rr-

t:

I

ll

ruuu!rruu!

(l)

with the tlreshold voltage, Vrr also known as as the gate
voltage, Vc required for the fixed drain currenl, ID [81. The
tkeshold voltage, Vru (Vosz) is measured at a supply vollage
at the high drain voltage, Vs wlrile tlreshold voltage, VrH
(Vosl) megsuled at a very low drain voltage, Vp Vp52, the
supply voltage at the high drain voltage and Vs,sl is the low
drain voltage.

Figw 5: NMOS.lructurc whcn chalulel lcngttq L=0.loFln

In this paper, there are four different values of channel
lenSlh" L used lo do the cornparis@s between the $ructues
and I-V currrcs. The values ate 0.20pm, 0.30pm, 0.409m and
0.50Im *trich are as shown in the in Figrre 6 (a) (tr), (c) and
(d).
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Fiqure 6: lc) NMOS structurc whco ch'nncl lmsllt" L{.4OBm

Fisur! 6: (d) NMos structure whcn chtnnel lcnS(h L=o.soFm

i-"
fI io*

t, ti

Figue 6 (a), O), (c) and (d) show th€ NMOS $ructues
with different chamel lengths and without the contous. The
stnrctues are different from one another.
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Figun 6: (a) NMOS sliuctur. whcn chrnncl lcnel}t' L=0.20Im
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Figure 6; (b) NMOS structurc whcn chnrmel lengtll. L=0.30Fm



TABLE lL DURTNGCHANNEL LENGTH rs0.30llm

\o.
Ch.nn.l l.englh, L<).3Opm

Dmi, Yolrdsa ltD
(l' (|) ht 4)

l 0.1 0..r 546.9J

2. n.2 0.-l 6t8.89

3. 0.3 0.1 116.27

.l 0.4 0.3 793.01

5 0.5 {).1 871.64

Based on Table II, if drain voltage, VD increasing, ard gate

bias is fixed at poird of 0.3V, tlrc drain curred, ID is iftreasing
moderately.

TABLE III. DURTNGcflANNEL LENGTH ts0.4orm

ttlnusr!1,

No.

I

('hronel LenEh, l-{..l0rm
Dtdd YolbAa Vb

(o
0.1

Gat. Biu
(t)
0.3

(rel
35258

2. 0.2 388.12

0.3 0.3 4l t.57

.1. 0.4 03 4-i 1.69

5 0.5 0.1 ,1-19.8:

F;gur. 7: NMOS ltructurc with it! contour' *ftcn chlnncl lcngdr
L=0.30En

Meanwhile Figure 7 shows the structur€ with the contours
wherc the values of net doping can be seen and shows *&ere is
highly doped and lightly doped.

Frorn the stsuctur€ itsell the brrier lowering can be seen
and the chamel lslBth became shoner as the valtr of 0le
length used is increased. In short charmel, the source eld drain
come clo6er, the horizontal field starts effectinS tlus lowering
the barrier in lhe channel. At firs{, the $ructure dwice has only
had one side, *trich is the source side. Then, to have th€
complete stnrchrre of NMOS, the prwious nne-sided structure
is mirrored.

Next, the tables below shows the conparison of the values
ard data obtained dunng the simulations are done for Vp, gate

bias and ID when the 4 different charmel lengths, L such as

0.20Im, 0.30pm, 0.40pm and 0.50pm &re used.

'I ABLE l. DuRrNo CHANNEL LENorlr rs0.20rm

Ch.nnel Lengh, L<!.20pm

(14 (t1

I 0.1 0.3 7'l 44

2. 0.2 0.3 I l9:.58

0.-1 0.3 t19172

{. 0.4 0.1 2620.10

5 0.5 0.1 1730.34

From 'lhble II. if drain voltage, vD increasing, and gatc bias
is fixed at B)int of 0.3V, the drain curren! 16 is increasing.

Meanwhile, based on Table II1, if drain voltage, VD
increasing, ard gate bias is fixql at point of 0.3V, the drain
current" lD is increasing modemtely.

TABLE IV, DJRINGCHANNEL LENGTH Is O.5OTm

No.
Ch.nnel t,eDglh. l,{.50pm

0) o)
I 0.1 0.-l 321.61

2.

3.

0.2

0.3

0..1

0.1

348.26

364.80

0.4 0.3

0.5 0.1

Based on Table IV, ifdrain voltage, VD increasing, ed gate

bias is fixed at poinl of0.3V, the drain curred,Ip is irrcreasing
sliglrtly.

FI

r

4. 
1;T l 178.74

390.59



TABLE V- DLIUNGCIANJ.IEL LENGTH IsO,20um

Ch ncl l-cnglh, L{.20pm

(t) (t) (tA)

I 0l 0.2 81.87

l. 02 0.2 r34 t9

3.

4.

0.3

0.4

0.2

0.2

184.50

285.14

5 0i 0.2 l26.O,l

Bas€d on Table V, if drain voltage, VD inqeasing, and gate
bias is fixed at point of 0.2V, the &ain current ID is also
increasing.

TABLE \4. DURINCCHANNE! LTNOTH ISO.SOlrn

0.5 0.2 250.02

Based on Table M, if drain voltage, VD increasing, and gate

bias is tix€d at point of 0.2V, the drain cunent, [D is mqlerately
increasing.

TABLE Vtr. DURINo CB NNEL LENGTH ls 0.40,rm

Chennel l,€n8th, l.{..lopm

(t) (t) (lA)

I 0.1 0.r 97.20

2 02 0l 105 92

3.

1.

0.1

0.4

0.2

0.2

I I1.73

I t6.86

5 0.5 0.2 t2163

Based on Table VII, if drain voltage, Vp increasing and
gate bias is tixed at point of 0.2V, the drain current, lD is
increasing slipfrtly.

l ABLE vlIL DuRrNoCHANNEI- r-ENcrH rs 0.50!m

0.5 0.2 I02.29

Based on Table VIII, if drain voltage, VD inqeasinS, and
gate bias is fixed at point of 0.2V, the &ain ctrrent, In is also
slightly inoeasing.

Esu'c 8: (.) I.v cw. for DIBL cxrrction whcn chll|nel lcnstt'. L=0.20pm

Channel Lcnglh, L<).30,r

(n (t) 014)

I OI 0-2 160 72

2_ 0.1 0.2 185.37

0.-i 0.2 206..'i

4. 0.4 0.) 22',t.86

( hlnrel l,cnsth, L{.sorm

(t) o)
I 0.1 02 85.81

0.2 0.2 92_21

0.: 0_2 96.1I

l 0.1 0.2 99..11

,' i oiqlrrA

Vo=0.J\'

vD=0.2v
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Frqn the results otrtaine4 DIBL dspends cr how the &ain
current lp flows in the charnel. The drain current, Io is
contolled by gate voltage, V6 and drain voltage, Vp. As the
voltage &eirL Vp is increasing and the barri€r height is
decreasing while the drain curerll, lD is increasmg

DIBL results in the increase in &ain curen! [D at 8 gi\€n
gate voltage, V6. Therefore, the ttreshold voltage, VrH
decreasing as chafiEl length, L decre€slng. Likewise, as drain
vollEge, VD increasing, dmin curent, Ip is also increasing and
threshold voltag€, VrH is deqeasitg. These csn be s€en in the
results of I-V curves as shown in the Figure 8 (a), (b), (c) and
(d).

The raltres for lo in the Table I, Table II ard Table III,
Table w and Table V arc bosed from the I-V cnrws in the
Figure 8 (a), (b), (c) 8d (d). Howev€r, t}E values of Ip ploued
in the cu'ves arc in ampere, A. To make the lalues easier to be
compared, the valEs are converted into micro ampere, pA.

Figure 8(a) below shows the I-V curve for DIBL extraction
when cbarmel lengllt, L is 0.20[m. As w€ ca! se€ from the
graph, the Ip is increasing as the gate bias increasing. Sarne
goes to Figwe 8(t) and Figure 8(c) and Figure (d).

FiBUre 8: (b) I-v curvc for DIBI- cnf'ciiofi when ch,,Ulcl lcnSr]u L=0.30Fm

FiSe 8: {c) I-V cwc for DIBL cxlrr.lim *hen chrnncl l4glh L=0.40}rrn
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FigurE 8: (d) I-V curvc for DIBL .xtrrdioo when chrmcl lcnltL L=0.50,rIn

From all the results obtainoi, the rezulis then being
summarized into Table D( and Table X to see the comparison
between all the !€lues.

TABLE IX. DuRrNo GATE BrAs rs0.3V

ID GA)

0l 15t.44 546.95 3 52. J8 l2t 6l

0.2 I191.58 638.89 188.12 t{8.26

0.:r .164.E0

04 :i78 7,1

05 tm.59

From the Table D(, as clnrmel tenglh, L inoeasing, drain
current, [p is decreasing. Figure 9 below shows the ID \ErsuJ
VD graph when gate bias is 0.3V.

TABLE X. DJPJNo G^TE EIAS ISO,2V

Io 0rA)
L=O.20yn

0.1 302.48 161)_7 ) 91.2\t 85 81

0.2 48t. t 7 l{t5.:17 105 92 92 2t

0.i 73 t.20 206.43 l I 1.73 96

04 1085.51 221.116 I l(,.86 99.43

0.5 t372.12 250.02 121.63 102.29

Meanuiite, &om the Tabte X, as channel leogft" L
increasing, drain current, lp is decreasing. Figt[e l0 below
sho\r's the Ip verflrs Vp graph when gate bias is 0.2V.
However, as drain voltage increased, the drain curIeot is also
increas€d.
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Also, from the simulation done, th€ results for DIBL shows
thst as the channel leogth is decreasrng, the mce DIBL
occlrfs. This can be sboun in the Table XI below.

TABI,E )d, DIEL

DlBL( t.',1)

I1.9556

l0 9 t8ti

10.7004

10.6628

Figure I I shous the graph of DIBL versus channel length,
L. From that graptL it is truc that DIBL increased as the
channel length, L decreased.

barrier in the channel decreasing and fis leads to DIBL. As
the voltage drain, Vp is increasing, and the barrier height is
decreasing utile the drain cnrrort, lp is increasing. For firrther
study, the future recommendation is to rcduce or minimize the
DIBL. There are few ways to reduce DIBL such as we can
reduce the capacitanc€ junction, Xj, increase substrate doping
conceotration and reduce oxide thickness use in the project.
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\TI. CoNCLUSIoN

The purpose for this project is to study about the DIBL in
MOSFET and to implement and simulate MOSFET structure
that has DtsL using SILVACO software. The MOSFET used

is NMOS. As the conclusion, this paper achieved the
objectives of the project where the objective of this project is
to study and simulate DIBL in MOSFET utd to compare the
MOSFET structures *.hsl! the chamel lotgtlL L is varies and
to compare I-V curves when the lalue of drain voltage, Vp are

varies. DIBL dep€nds on how lhe drain current, Io flows in the
ch8nnel. As the drain voltage, Vp is increasing, tbe potential
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