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Abstract

This research studied the creation of the semiconductor electronic devices by
process simulation-software. Studied the design of the electronic structure and
properties as required by using TCAD. Started from the educational process to create
electronic devices. The program includes the study of TCAD. Design and create of the
simulation electronic devices. Then create MOSFET and finFET by TCAD. The
replication process of creating electronic devices and electrical and physical
properties. involvedsuch as current and voltage characteristic, netconcentration,
current drain and voltage drain, threshold voltage , subthreshold swing (ss) etc. The
structure of simulation ‘of electronic devices as real in the industry and found that
can to change parameters of desired simulation. The results show that display 2D
and 3D images and shows a graph of the relationship. - The experiment created
MOSFET. Found that the thickness of gate oxide has increased to make the current
drain has decreased. The experiment created.fin. The created finFET. 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.
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Vee=+0.7V Positive charge
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2.2.2 Ussnnvauagnsiuddinas

a 1 & A o o ) o 5 &
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2.2.3 wsaeuaaEy (Vo) 5]

0"'\75‘9\']' \'G=\'T "G \1
? ? i
SI0; T SI0; pTTTTT SI0; —ppriiiiiiiiiiiei
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2.2.4 nFvAMANYUEYBINIENTIUTINDS
SNwaLN1TVinuYasuesae (MOSFET) Tasaiuisafiwusaanlatu 3 @an1avnng
$1197U Fa

1) anign1svinusuuAneaw (Cut-off Mode)
2) @NMZNISYINULUULTLEY (Linear Mode)

3) @AN1IEAITVIUNUUBUAT (Saturation Mode)

W NanYzNTiINYetgUnTaieain (MOSFET) ¥ia 3 annizn1svineutiu fauansly
Ui 2.17
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8 ..
=
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2.2.5 @uN15NSEMEYaURENITIUTHIADT

@

AUN1INTILA |y vasueansulaines lundasdasniavivuaguleissil

Cut-off [Vesl —1Vr] <0, Ip=0 (2.5)
2

Linear 0< |VDS| < IVGS| - IVTl: ID = B [(VGS - VT)VDS - 'VDZ—S] (2.6)

Saturation 0< IVGSI - |V'[‘I g |VDSL ID B= g(VGS - VT)2 (2.7

dop = v () =K ()

W W o o = LY
Bn = HnCox (?) =KP (f) A mSvneansudamesuiialdy

a ool

W ° o =) o
Bp = KpCox (T) = KP (—‘f—) AMTUUDEANTIULALRDITUAW

2.3 Auwn (FinFET)

231 funvadiluma (6]
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wazliwdseuosas MenausauzniIlazanvunvasduiniigunsaidniaa
wananilwaluladinnivhaniinia Hedfiudssdviamnminemsiudamesidedi

win lngardensuiuvunnisinavanssualnisihudmsulames
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2.3.2 Uszlemivaznisiluldenu
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vinliiuszandamlunisvineud ﬂ'l"illLS’JlJ'lﬂ'UULLa zlgnasutesuazinimiudamesuuu

T
U = o !
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TOP GATE

BOTTOM GATE
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Back Gale
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(%) IDDG-FIinFET

I
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JUit 2.24 Tnsaara FinFET. (8]
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2.3.4 naantinIslidrvasfiumn
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2.3.5 aunsnseuavasiumansudanad (9]
AuansuBamasinavmsyinaeu Ves > Vi)

Ip = W Xv X Qi (2.8)

Tl W width
v : velocity ; v X fesr

Qmy : inversion-layer charge density ; Qiny % Cox(Vos — Vpy)h

dy [ dl Y o U 14 dl = I 5 1 Y o ¥ € Y 1
wnanstluenansnanulidwiunmsldnuienisfinumintu lieygalmilldussleviaiunisen

L nsdlla visdu Bnnanudlisaudadilen wagdesoneddisdiveatenalsynasaninistluly
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ASn1sA U

3.1 wusu1lUsunsy TCAD

3.1.1 GTS Framework

GTS Framework iulUsunsufinsaunguaisviraudmsumaluladlsunsudssand
CAD (TCAD) i9u n1sdassgunsalarshedmin esnuwutlaglsvnaudielusunsudossigg
wedaen1sldiu Uiulsstumaunasvinm (workflow), anteayulaseasiinisdniudaya

LY (7 (%) = 1 U Fy o [¥) -t o
Widenndaaiu dwbianegld (user interface) dmsuliviaTasdovivnun [10]

GTS Framework gnmiukasléitunisguasneilas 6GTs daduusgnonyulung
WHauuaysauiladuiviingasmaluladiiouua (Vienna University of Technology)

UsunAoaainag
3.1.2 aauUAveslysunsy
' i v = a 1 2 a o v w e w 4 a o
- Sden13ld lnafidwFasaglduuunsifinfiaenadasiud miuingaadenanue
= o/ 3 A
- Unwdauvauuuwannasy (platforms) Mainvaiy

- finsdalaseains win1siansinansaldasauidmsutumaunisvinauidiadu

(n5an1s ; wdasdla - Inained )
- fiMsuaneNaluy. 10/2D/3D
- finsadumsinaseszeslna/iesatiuneuiiines
- fimsdaiudoyalasinisssuglna/udstiudeyaluiisnnid
- mMsfininauuduvesida/ msruduguwuy 3 IR

3.1.3 Tusunsudas

!
=

malu GTS Framework annsnldlsunsugaasinegld duediuluayywitldsy a4

Tlsunsugesiildatn GTS famnseldruldludesuiisd



25

3.1.3.1 Structure

GTS Structure \JuinTesdlefildnudelddmivnsdmuaiazudlalasiadngunsal
iin1sgemnuasandmiuglinae art graphical wavfivssdndameedmiulda
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Nal (mixed-mode) kazn5318031999
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3.1.3.3 Vision

GTS Vision \utadesiledmiunisadgunsainaredfuazwionnsnuuudan
wdosfladanmnsalddmiunisuanmanaznisguanisiiaesvesgunsal GTS Vision wandld
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3.2 daudsznavvasldsunsy
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Ul 3.1 dautsgneusequasitsunsy

3.2.1 The Tools Column
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drundsdideuandiiiuiniusienisildoulutlegdu awiseadunislda
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4.5.3 ajduazinssinannaaas
4.5.3.1 ANUAUNUSIZNINNTZLALATUNULITINUNN
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4.5.3.3 @1 Subthreshold Swing, SS

d i F d‘ 1 a 1 1
A19719% 1 A1 Subthreshold Swing NANUIIVBITAINILAUNTEUAAINEE)

L (nm) Vth (V) ss (mV/dec)
20 0.42 140
22 0.44 130
32 0.47 100
40 0.48 80
80 0.50 70

AR 1H-1 LaRIn1IuIRi Subthreshold Swing lagA1A2I181198 39899 13LAY

1 1 s o ) d i
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AMARUIN N.

LY <l o ¢
dayanlylunsianzi

n. NUAAT L(nm), W(nm), Ve(V) waz Vds(V)

= 20, 22, 32, 40, 80 nm

W =32 nm

L

Vds = 0.05/15¢
Vg

& 1% ”
A1399 N. Yaia Current Drain (A)

= #0.2,:0.1,0,0.3, 0.2 0:3, 0.4,0)5, 0.5, 0.7, 0.8, 0.9, ¥

30

L =20 nm L=22nm L=32nm
Ve (V) Id (A) Id (A) Il (A)
Vds =0.05 | Vds =1 | Vds=0.05| Vds=1 | Vds =0.05 Vds =1

0.2 | 3.78x10™* | 550 x10"° | 470 %10 | 3.26 x10'" | 769 %107 | 4.27x10™
0.1 | a16x10"] 535%10° | 662 x10” | 420 x10™" | 220x107" | 1.19 x10™

0 |448%10" | 464 x10° | 9.09 x10"' | 5.06 x10" | 6.28 10" | 3.28 x10
0.1 | 458x10° | 318 x107 | 1.20 10~ | 5.37x10" | 1.76x10"" | 8.80x10""
0.2 | 422x10° ] 12x10° } 1.46x10° | 425x10" | 481 x10"° | 2.25x10”
03 | 3.15x107.| 4.05x10° | 1.51%107] 1.98 x10°|“1.23x10° | 5.11x10"
0.4 | 1.58x10" |-8:49 x10°|-1.06 x10° | 554 %10° | 251 x10" | 7.39 x10"
05 | 492x10° | 1.48 %107 4.06x10° | 1:13x10° | 220x10° | 4.03x10"
0.6 | 1.04x10° | 229x10° | 9.46x10° | 1.91x10° | 6.93x10° | 1.05x10"
0.7 | 1.67x10° | 324x10° | 1.57x10” | 2.84x10° | 1.26x10° | 1.92x10"
0.8 | 222x10° | 430x10° | 2.12x107 | 3.90x10° | 1.78x10° | 294 x10~
0.9 | 266x10° | 544x10° | 257x10° | 5.04x10° | 223x10° | 4.06 x10”

1 | 303x10° | 6.64x10° | 2.95x10° | 624 x10° | 2.63x10° | 5.24x10°




< v . !
#13199 A. ¥3a Current Drain (A) (@)

81

L=40 nm L =80nm
Ve (V) Id (A) Id (A)
Vds = 0.05 Vds =1 Vds = 0.05 Vds =1

0.2 571 x107 1.43x107° 327 x10™° 359 x10"°
0.1 203 x10"" 5.05x10™" 1.47 x10"° 1.62x10"°

0 716 x10™" 177 x10™° 6.56 x10 730 x10™°
0.1 2.50 x10™ 6.11x10° 293x10° 3.29x10°"
0.2 8.59 x10"" 2.06 x10™° 1.30 x10™" 1.47 x10™
0.3 2.85x10” 6.60 x10~ 572x10" 6.56 x10™°
0.4 8.23x10" 171 %10 2.37 x10" 2.77x10"
0.5 113 x10° 1.80 10" 5.27x10" 6.39 x10"
0.6 4.35%10°" 6.18 x10° 2.49 X107 3.43x10°
0.7 8.37/x10° 1.25 x10” 518 x10° 8.25 x10°
0.8 1.2210" 1,99 %107 7.91 x10" 1.43 x10”
0.9 1.55%10" 2.80x10°” 1.04 x10° 212 x10"

1 1.84x10° 3,65 x10° 1.27x16" 2.85 x10"
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AMARNUIN V.

A1SATUIUAILTIAUTATULEZAT Subthreshold swing (ss)

9.1 A1 Threshold Voltage

Ineidandayaveadunsmi vds = 0.05 V

Id (A)
o

——=\ds=0.05

0.4 -0.2 Q! 02 12 Ve (V)

C‘ ot a g 1 @) ol A
E‘U‘W 9.1 ANUFAUNUTIETWINNIZUEALATUNVUTIAULAY LD Vds = 0.05 9849 L=20 nm

“‘ 1 v 1 o o J 5 1
93U 2.1 asmen Vih Ideanunvindu 0.42 v thaniildluldlunism ss lutiusislu

9.2 AU Subthreshold swing (ss)

ANTAIUIUNIAT S5 AAINA1TBIUATINDIN AT INANUFUNUTTENINNTEUARTUY

(scale lo@)ULIIAULNY

Tu 199 log

Subthreshold swing (ss) = Vg, - Vg, (1)
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e‘ L= 1 o) o al A
[N Vg, A AILTIAUYALTN W58 Vth (V)
Vg, Ap  Awmswune lu 1 dwlog (V)
o a’ d’ @t ) o« I
UUVBYRIINAITIN 2.2 We Vds = 0.05 V umdennsmAELRLS TN

mU(scale log)AuLTIAULNR

A . [ 1 o ar d'
UM 9.2 anuduiusTEmINATELAIATU(scale loglnulsanulav e Vds = 0.05 V

Loeg id (A)
1.00E+00 . {
{ i sy T, i
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P «BR8

1.00E-03 |

1.006-04

1.00E-05

1.00E-06

1.00€-07 ——\ds =0.05

1.006-08 =

1.00E-09 +

1.00E-10 | 2

1.00E-11

1.00E-12

284 L=20 nm

WABUIR © Vth = Ve, = X, , Vg = X

Fnsde 1. A1 Vth ildernduneu v.2.1 andulusaduns
2 mnﬁ’:ua'm'mqmﬁ’muw.a'i’un'i'lﬂa'mtihmLLﬂu y %38 log Id,
3. A1 Log Id; 31nn1943U 1 Y89 log arnusiaid@uns v

4. nyaiadunTIaInaaLNL x wie Vg 3zld x,
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ATIUNIAT ss nEUNTT (1)
wiueas  Teedl Vg, = 0.42V, Vg, =0.28V
Subthreshold swing = 0.42 - 0.28 V/dec

0.14V/de = 140 mV/dec

° v v a4 o ' '
PNMIAWINIL Wevinauasunne fis L= 20, 22, 32, 40, 80 nm @ansaagum

& al 44
ss Tondudansen v

4 o 1
AITNN Y HANTTATUIUAT SS

L (hm) Vg, (V) Vg, (V) ss (mV/dec)
20 0.28 0.42 140
Y /) 0.31 0.44 130
32 0.37 0.47 100
40 0.40 0.48 80
80 0.43 0:50 70






