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Research Title:  Study of Fabrication and Characteristics for FInFET Transistor
by TCAD Simulation Software

Researcher: Mr. Weera Pengchan
Faculty: Engineering Department: Electronics Engineering
ABSTRACT

This research studied the creation of the FInFET Transistor by TCAD simulation
software. Started from the fabrication process of FinFET, Then create FinFET by TCAD.
The replication process of creating FINFET and electrical and physical properties
involved such as the current and voltage characteristic, the threshold voltage, the
subthreshold swing (ss) etc. The result found that can to change parameters of
desired simutation. The results show that display 2D and 3D images and shows a
graph of the relationship. The FInFET creating found that the channel length has
increased to make the threshold voltage has increased. However, the drain current
and the subthreshold swing (ss} has decreased. Found that the channel width has
increased to make the current drain has increased.

Keywords : FinFET, fabrication, simulation, the current and voltage characteristic,
the threshold voltage
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. 3
N(x,t) = Nserfc(x//4Dyty) ~ (lons/cm’) (2.1)
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1o o P 2
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2.1.4.2 m39udn (Drive-in)
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2.1.7 nssuaumsadretuiidudasloassiail (Chemical Vapor Deposition-CVD)

vp  grlfiiteasrstuiiduvasanuuusiugiusesddnou 1y Saneulasenlad
danaululnid egiilouoenled uazdfineuuuuniinuaissy (Polycrystalline  Silicon)
ASPUIUAISYING CVD Undinsevinflanmgiinas 300- 900° ¢ uarldujisenaiine

SiHq + 20, = SiO, + 2H,0
SiHg + heat = Si + 2H,

msaddenssurunstiagiaumunuiuidin waslbideuiuiuiuuiudsnou
willeumsainadonszuaunisaruiou dufuaintuldlunsdifliadnanaiuteunde
Tduauuvudaneu adrehemslindsumaaiuasUiideaianalfpamgiduindy
Tnaimznsadriuiiduiareulilnsildaugiiites 300 ¢ wndu

2.1.8 nszuaumInelane (Metallization)

mavdsannnisaiigunsaiienszurunissenauldifudiudiisquesgunsalauasy
watftatnsideuregunalimartuidimfudsdalaimusoldaumalndinle fudui
fudufesiunszuunsiiedendetudiuiisquesgunsaidMilstitugunalftauysal
nagnauldeunidluiilinuiesnuuuly Tnedunaunisidossratudiuinaqdelanyd
3ndn nszuumsmilans (Metallization) dwfunndenldflansMAndauusiudanouiie
Wusesdurdalaviufiaunummireiiounieluyednessan (nterconnector) 184299551
rsiinauaud wWu vilisesdudaiuidesutiinnudumud Samugliifiigs Aaududy
favas@dneulnoonlad wazasasoririvaiamimthnrguenldd dslavendewls laud
agiiiilon (AU va3 (Au) uazRu (Ag) \udu

nszurumsvalangiuduainmsadudineululnsiaiammumminaguiamia
veswhidaaou ievimihiduauiuuuiiiwesuiudanou fesduauiiy fuazess uay
sepdntrufianaifndufuiuvesmsfaiduans

v miuandunssuiunisiWlnailonsiil uasnssurunsasaitedndesdmiuh
lansanadnsesdudaloviinfeaiunaguaresuulsudfnoy

TudursugaieiiumsaisesduddoidalngWlave 1wy ogildusnadadudy
Unmauidantivesdaneu nssuiunsniilansiivaigedwiaeiu Wy msssvesmeldany
¥ou (Filament  Evaporation) — nasalmaeds (Sputtering)  n1emdaa1nnIsiadau
lanzegiulanuuwiudinou uazyinsTalialsnsfiuda szldarnatavarsesriunud
sanuuuld Tnsegiiomvhmhilifuuausindoure uasdeliAnsesdudaloviudindu ud
souduiadonslilauysalifiese fufuSefeainsduaedds (sintering) ilelforduaiu
ToviufinfiaarysaluarlsiuAsuuUasseantnundon

2,19 ATEUIUMSIAUUTTY (Packaging)
nsiivussqiunszuaunsiesiuauiBemevaduey Suilesnandsanusn
vioanialmeuen wazdiheszuisaufeufiorafetulurneldonldme Taanstiueu
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2.2 uaEMTUBanas (MOSFET)

ueansLTanas (MOSFET : Metal-Oxide Semiconductor Field Effect Transistor)
\Dunsnidawmesussammil waslugunsalmedidnnsedndildsumudsuunlullagty
Tunahluldlunsesnsuuiiiuisassm Ssgunsalueansudamefifuszudaléidu 2 wia
fle 2fladu (n-channel) wazafinit (p-channel) Tasgunsoimedidnnsainddasduinann
asfadhdaasyssnaudesasisimhsiasulazansiinhiaflasuoasudane s
whmulassadldduanddugui 2.4

(D : Drats}

(S} €y

MOSFET
(L diGate) (n-chapnel}
{5 1 Suuree)
(13 ¢ Irain)
(5} () {1
MOSFET 1
((5 : Guie) be—]
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{8 : Seurce)

&

2] b4 g o ' ) = =
UM 2.4 Tnssadwiugunasdydnualvssweansndanesvinunazind

1nguil 2.4 SvelasaadeiuguretgunsaiueansuBanes lnavagsyiniud
viiideudasenunileldauminegiiamn 3 v fefu Ussnaudie vum (G : Gate),
t3u (O : Drain) wazawasa (S : Source) dumiiululasadetudie vigiuses (8 : sulk)
Tnegnsawiifuniveda (S Source) dedulumstnanldamsasiurvesgunant
noamsTudamosiias 3 vuvini



2.2.1 n15udd (Bias)

1. weemsudaweduiimdu drimusdrvausiduiinnnm iladesazdwalian
wiuLavvweda lifnssualwaniiu uddidmusaiveusaiuiionnniidian ssdemalien
isuezaweda dnseudlvariu faandugzud 2.5 ()

2. weanIBamasuiinf S vuas v suivaniidwn swdmaliuingy
wazvwesa lilnseualuary uddhdmunarvasussiuiiuanietos azdsaaliaiasy
wazuvesa fnssuelvasiou fawandlusud 2.5 (v)

Positive charge

(n

Vop=-30V

(@)
A o ar a =
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2.2.2 Ussnvuaauaansiudainad
= ¢ 2 & o o . & ¢ ¢
UpgnsuTalnasiuIeanilu 2 Ussinvha anadu (Depletion) Lazidusiudiuug
{Enhancement) @1u19aLaadNTI59NILYaLsazUseLAN ARl

MOSFET Mode Standby | VeeSwitcliing Physical Structure
Type Condition | Requirements
oMOS | Enhancement Off +

Source

aMOS Depletion On -

pMOS | Enhancement Off -
Source

pMOS Depletion On +
Drain

U 2.6 mavhaurosweans ey suansne

2.2.3 ussdudnEy (Vo)

0 <Vg<Vyp Vo=Vr Vg™ Vr
?
Si(:)3'—5':::::;:;:;:;:;: Si0, T Si0, =izl
RECROR| *oRRRRR e RueRR &
P tvpe. Na P type, Ny P oype. Na

P ) 2 = ¢ < @ o o1t 'Y
FUN 2.7 aouznmselulasiaiweansulame filauseuiinmilawing qfu

1N 2.7 mnusesiuiianiidndig 4 Sdnaseudasediliansafiesyinlveraon
asidedesuludlimun Wausstuinvgedufvetamzamilsiasilimeseouludvuanod
wagmnusdulmuInnAtaweiuftelisdnnseudassvie Hidnnsoumandindoudils
pt9dasy mnflaruanedndseninmeatunsy wnediandu nssua uasusaduiam M

o @

WwruAEend) wsedulisnsy ; Threshold Voltage, Vg
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22.4 ﬂi’]‘P\lf’] NANWAEYRINBENTUTAnDT

Snuasnisvirauvesteamla (MOSFET) lasanunsafiuuseanlfiliu 3 anmsans
V91U A

1) anmemsvinnuluuAnaa (Cut-off Mode)

2) anMENN IV IURUUTNEY (Linear Mode)

3) @AN18N1SYIIULUUBNRY (Saturation Mode)

Fandnumemshauvesgunsaiieain (MOSFET) s 3 anviensvinanuiiu &
wandluzui 2.8

duBmsdnaie 2
lDA v Lﬁwrn %y E
madsnskamg S vodviza :
AT aturation :
i fmdufunm iALEER T allggo 204 :
I“”ﬂff“.fﬁ‘a”m P nmeium:Su b V,q Wit
sl Vg V) s © v ey Ao MY Ig
\ gf dparrBsnsmennn Ao "f”'f""ﬁ D-Sub
S 1 endydadoniufie P of fhasnanumnd
A ! fauniy |

5 i Cut-¢ff Mode :

~ ' [ Vs = VegVr) ;
- O
Vg < (Vs Vo) Vos > (Ves V) ; Vs V) .

— - Ohnic or Triode Region}e————— Activeor Saluration: Region ———®=i Breakdown Region
< wa =
JUN 2.8 AouauiRuaseansudanes
2.2.5 ﬂﬂﬂ']iﬂigtLaWaquaﬁmiﬂu%ﬁLﬂag
AUNINTLUE |y VoeaNINEamaT Tuldazdremsvinauaguladsi
Cut-off [Ves| — [Vr] <0, Ip=0 (2.5)
. V

Linear 0 < |Vps| < [Vgsl = 1[Vrl, Ip= [3 [(Vgs — Vr)Vps — oS >-1 (26)
Saturation 0 < IVGS| - |VTI < |VDSIp ID = E(VGS - VT)Z (27)

7)

dlo B = uCox (1) =KP (T
B, = uncox( ) KP (%) dwiuveanstudanesulindu
P L

W o ot - =Y =
Bp = upcox( ) K (—) Awiuneansudanaseiin®
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2.3 Wuwn (finFET)
2.3.1 fiuwasilumin

Uagdugunsaivsuawaiiinnsiannedsans dnsuddugsluningnamngsu
msndanaziigunsansudame frilabmifsuuniivindawesuvutiagiuilldor Tns
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Fuduiiziniilinensgramnsslulnsduludadn Fin Field Effect Transistor (FinFET) Liu
msliusylentonudu “Fin® wwadiinandaaou Fnsiinanesteliiinssualudin
Twasenonadanesifududy 2 wh wavdreUTulTsdnuasnisla-Unaindueq
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wazanvuinvesdulilsunseidnilan venanidmeluladinnivhainiinifia dreuiy
Usyangarmnisinnuvamsudaneslasgisuin lnsarden1suiudiinisivaves
nszudllaehusimsudanes

iviuilaveivenaundinsuuuisitdedlutagdu dufle madeasadudesi
aglfivusmsnFamesiteusuldnuusnsnlnaind nsenidnisnisideansind
wwdelvinssualuiinslialIsuiiatn werlumeandui fvdhaivdassauznisvhandiiy
nIugeines ‘E‘]qmfnu?un'zﬂifmmwuﬁmﬁaﬁ’mﬂiﬂﬁﬁunumiﬂﬁmﬁﬁm’h Wafiguriy
wallaBinuudlanedug Addmafinuitesuogluasnisamamnssy
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2.3.2 Usslewdwaznasululdau
dl = o t - ool om (Y = -
dagumahausenimsudamesiuiagiuiuiume sswuifluadeuindn
inlniluszansnmlunsheaudimusinniusadldndnudesuasinimvsuidmeswuy
o W = o LS [ L) 4& ] o o = 1
vl Yagiuiimaimunlflauadntusedunnindy 15 nm wasiemiududulsznauly
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(A) NMANYIYUUDIRIUUNTDY Independent-gate FInFET
Uit 2.10 Taseade FinFET

2.3.4 nirvanantfnelvifivesiuva

log I,

P ¥

slope is
ubtihre%holci swing, S

i Imv/det]
: —3> GATE VOLTAGE
0 Vo ’

VDD

DRAIN CURRENT

5
o

d s ot 1 o ot
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~ Single-Gate-Mode
1ED3{ = Dusl-Galedode

1ED t—~mmmmm e o

lng {Afpm)

1.E-05 +

1.E-08 -
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Via (V)

-]
FUN 2.12 pswnssudiasy
= Q) @ f ] (%) 7] )
INFUN 2,12 uaseanNauiuaTsnInanszuamsuiuwsstuny lasunu y iunssue
EJ = o 1 2’ at 5 27 ar
WIuAnaenLUUaeNMARN aunTamAnTeuansuldlaeld Vi, ansaunu x waalqndn
L ar k4 1 ﬁ‘ t 23
V84 Vyy, viidunTainludnuny v adauunnu y Aedinssumasuiideanism
2.3.5 gunsnssuavafuransulanes
Auwlansulamasinannisynay Ve > Vo)
Ip = W Xv X Qi (2.8)
- R
gl W width

v ovelocdity ;v oC fery
Qiny : inversion-layer charge density ; Qiupy € Cox(Vos — V)"
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3.1 uuzdilusunsy TCAD
3.1.1 GTS Framework

GTS Framework {Julusunsuiaseungumsviniudmsumalulaglusunsudszynd
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3.1.3 Wsunsueae
' Y v X | v Yo of
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3.1.3.1 Structure

o pu ) 1 o at o i
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® A27UYI = 20 nm, A27UN474 = 10 nm
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®* AP = 22 nm, AATN = 10 nm
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® A2MUEAT = 32 nm, AT1NAY = 10 nm

1) TURaUNITEIIN

{3122 oo oo [ovor] - |

|
V¥

v R Txnenm vt Swwant { oo )

Project & | T gprons

1E : L
@ur ;_{Gmmr Sep | Tmage | Daging
Sruaune B |

e LIaD-Hom

Linimos S —

2 G Draorcy &

Houimo Comsment GgRee o)
) Ay ackces Lo eornucted departs

wina 2Bk nglsanaa st

218

fi oo
wmes 28

& Susihale
& Bub
© Ber
® Choenr.

i ShwSufact | R Gid |

w17 3E T ghoratead cam

sUf 4.10 Tassasrevesfuaiil L= 32 nm, W= 10 nm

23



2) MTIRANTELALATY

Sansenamsuiieuiunsaiinnmd Vg, = 0.05 Tiad ieusu Vg, =1.0 Toad Tanaw
AnaduiudTsrenssuansuAUL s unnAgUT 4.11 anduianssuaasuiioufuusediu
fitaasu i1 Vg, = 0.0 1206,0.5 190, 1.0 Toart, 1.5 Taadl uae 2.0 Taadt Wnsianuduius
sewiunssuaaTiUL STy ﬁ&aﬂﬁ 4.12

le-03 - -

| Param. Drain M e

| — IDrain [&)

le-06—

le-09 —

)
]
3
S
=]
le-12|- —
le-15- —
le-13 — —
! | | | | |
-0.25 [} 0.25 0.50 0.75 L.oo
Gate [V]
l-'.'l. e w8 1 o o
g‘U‘Iﬂ 4.11 AUAUWUTTEWINNTZRALATUAULTINULAY
T I T 1 T T T T T
0.000200 [— —
Faram.: Qata V]
0.000175 — IDraln [A] -
0.000150 [— -
0.D000L2S5 [— 1.5 —
=
é 0.000100 — —
a
0.000075 |— —
1.0
Q.000050 — —
0.0000Z5 [— —
0.5
OO
o —i
1 { ! | 1 1 { ] |
o 0.25 o.5s50 0.75 1.00 L.25 1.50 1.75 2.00
Drain [V] ’

U 4.12 awduiudssuinenseuaasuiuussiuAsy

24



® @MNE1T = 40 nm, A7MNAN = 10 nm
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® AU = 80 nm, A711N519 = 10 nm
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® aAuNvesdBImIafiunTEuE = 15 nm, AIU817 = 32 nm
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® anunivastaanufiunEue = 20 nm, ATIUE17 = 32 nm
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Abstract. This paper proposed to the electrical characteristics of difference gate geometry of
FinFET. Four of difference gate structure have been designed and simulated by GTS Framework
TCAD software which is simulation the characteristics of FInFET device include drain current-
voltage, threshold voltage and subthreshold swing, Then, the electrical characteristics was
compared. From the result found that the drain current depend on gate geometry of FinFET. The
largest gate geometry of FinFET device was the rectangle shape with gate width at 66 nm, Ips
about 19.8 mA and Vg = 0.5 V and the smallest gate geometry, the triangle shape with gate width
at 52 nm and give Ipg about 8.5 mA and Vy, = 0.5 V.

Introduction

At present, the development of nanometer transistor technology included into computer and
smartphone devices. By focus on the issue of energy saving. The technology was featured in the
size of the device, which start from the classical MOSFET transistor was used in the microprocessor
and digital devices, which improved to 100 nm[1]. Today, FinFET was improved from a MOSFET
transistor. It has smaller and better electrical characteristic. At recently, it was developed to
14nm [2].

Therefore, this research is interested in studying and develeping the structure of gate and Fin in
various geometric shapes. The effect of gate geometry based on the clectrical characteristics of
FinFET.

Theory

Structure of FinFET
FinFET has two forms, Bulk and SOI structure as show in Fig.1 [3]. The SOI structure or silicon
on insulator was a different from the bulk structure by the fin was placed on a box or buried oxide
as shown in Fig 1(a). The Bulk structure consist of insulator call STI (shallow trench insulation),
which fin was placed on substrate and STI forth on side as shown in Fig 1(b). The bulk structure
has more complexity than the SOI structure,

Drain

Buried axide

(a) SOI (b) Bulk
Figure 1. FinFET Transistor Structure
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Fin FET transistor structure using the design principles of the gate width (W) according to the
relationship in eq.(1) [4] and shown in Fig 2.

W=2H+T | )

Figure 2. The gate width of FInFET Transistor
FinFET Characteristics

The electrical characteristics of FinFET were indicated of the performance of the device such as

the drain current-voltage (I-V), Threshold voltage (Vi) and Subthreshold swing (SS) as shown in
Fig. 3 [5].
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Figure 3. Electrical Characteristics of FInFET[5]

Device and Simulation Method
Structure Simulation

The structures of FinFET was designed and simulated with GTS Framework[6], which is a
TCAD program for devices simulation. The SOI FinFET with different geometry of gate and Fin
have been simulated. The different geometry for device parameter such as the rectangle, trapezoid,
curve top square and triangle, The FinFET gate length (L,)} were fixed at 14nm, The base of
structure consist of Bulk(R), Substrate(O) and Buried Oxide (Y) by dimension is 40x40x70 nm. On
Top of Structure consist of Channel(G), Fin(B), Oxide(OX) and Spacer(S). As shown in Fig. 4
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Figure 4. The different geometry of FinFET

Then simulation all of model to determine the electrical characteristics such as the drain current
and voltage (I-V), threshold voltage (Vi) and Subthreshold Swing (SS)

Result and discussion

Electrical Characteristics Simulation
The result of the electrical characteristics are tested with bias voltage on FinFET in two method.

First, bias for current and voltage characteristics(I-V) by bias to drain from 0 v to 2v and gate from
0 v to 2 v and plotted in Fig.5(a) second, bias for transfer characteristics to calculated a threshold
voltage and sub-threshold swing by determine drain voltage from 0.05 v to 1 v and gate voltage
from -0.2v to I v the result is shown in Fig.5(b) and calculated Subthreshold swing from threshold

voltage by using logarithm method and plotted in Fig.5(c)
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Figure 5(a) Current and Voltage Characteristics (Vgs=2 v)
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Figure 5(c) Subthreshold Swing Characteristic
From Fig. 5(a) to Fig. 5(c) shown the electrical characteristics result of different gates geometry

of FinFET and summarized in Table 1.

Table 1. Electrical Characteristics of different gate geometry of FinFET

Gate Geometry W(nm) Ips(mA) Vin(V) SS(mV/dec)
Rectangle 66 19.8 0.5 275
Curve Top Square 60 13.7 0.5 270
Trapezoid 57 10.3 0.5 340
Triangle 52 8.5 0.5 330
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From Table 1, It found that gate width is major factor in controlling the drain current. The
rectangle has larger gate width than another geometry and most drain current. The triangle is
smaller than another geometry and least drain current. Threshold voltage were not depend on
geometry. The prediction trend of the sub-threshold swing characteristic cannot be obtained from
gate width.

Summary

This™ paper has been proposed to the electrical characteristics in different gate geometry of
FinFET. This will be useful for improve FinFET in semiconductor fabrication processing. The gate
width (W) were designed and simulated with GTS Framework TCAD software. The result found
that gate width is major factor in controlling the drain current but threshold voltage and
subthreshold swing were not depend on geometry.
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