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ABSTRACT

This thesis studies about basic characteristics of Schottky diode that were
fabricated on n-type silicon substrate and Schottky diodes that were fabricated on n-
type silicon doped by Platinum. The silicon substrate is n-type (100) orientation resistivity
3-8 Q-cm silicon and has a thickness of 625 pm. Platinum as a lifetime-control deep
impurity in silicon used to adjust generation and recombination lifetime which can
improve the electrical characteristics of electronics devices. Therefore, we are interested
in study the effect of Platinum on electrical characteristics of Schottky diode. The aim of
this thesis is Schottky diode characteristics improvement.. First, fabricate Schottky
diode which difference active area and shape to analyze the appropriate condition.
After that fabricate AUn-Si. Schottky diode with rounding corner electrode to
compare the characteristics between un-doped and Platinum doped Schottky diode.
The results show that the current of Platinum doped Schottky diode decreases about
1.3 time. When we consider at reverse bias voltage the leakage current of Platinum
doped Schottky diode decreases about 2.5 time in the case of un doped. Therefore,

Platinum doped can improve the characteristics of Schottky diode.
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Jlendniisgunsaididnnsedndussiangunsaiasisianinagiivdnnisvienuiiugiu
yhlumiousu ldud matRnnszualuihuesnive (carrier) fio dnmseu (Electron) uaslea
(Hole) lalenthudugunsaiiiddntundmensasbifinmseiing luaarouiulalenstnandy
wuuvaangan1d Jagdumuiamihmenatidagiduluegiesings Seilidassivy
siinlmifiviseasissahldiiunuivassquginmastiduds wondniidealenay
amsauvaleiliu 2 Useinm de lalonsesreuwuulalil (homojunction) waelalensasdawuu
Lowls (heterojunction)

lalassedouvulsluiuinansesduiavasaseiladeaiudnlalonseadeuuy
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walstuinaInnIsiiaisnamatidw et L Fudaius U1 N1S5UINIUSETnLn
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Mafuvasd1snainnasianuazidunssulunsitudeau Turwisedazanenlnlonuuu
wewels guuuuvilaiidiAny Ae Teridlalen (Schottky diode) @sillsoedudaisaiilas
(rectify contact) vaslanzdvansnamiun nalnnszualusesduiadenidazuanaieainlalen
v o = &8 < -] = (= 1 & 5 3
seedudandu fia nszuatenndlalondu nszuanisiuavaswivsduinn (majority carrier)
datuazliinausngnisalnsazaumvrdiutios (minority carrier) fonidlalonaunsodiag
adndliisaninlalepmdu wenaniussiutnssiafiuiay (effective turn-on voltage)
vosfenfidlalenvzlinenitlalesiiiiu anpuantiniaeslsensiinlvidenidlalond
Uselovdlunisuseyndldaursasdidnvseinduinus iy fansiatadululasiow
fms1aiauad fnstauda Wusu (1, 2)
1 di [~ =l 5 = uld 1 = as n‘j ool 1 =t 2/
uAlasantenidlalanuuiinseuasivauinnileloafiiu setuddediunni sl
nsiawRuautBivedenidlalonlnanisannseuadiivaas wu Tl 2006 l9iinns8e3ea
Wsneuludsenidlalon anuansmmasmuidlifinasonmuantinisiunssua usiidy
m‘sLﬁumméhumuwﬂiumaa%amﬁﬁlmiaﬂ [3] sioanlud 2009 ladmsiedsudu poly (3, 4-

ethylenedioxythiophene) doped with poly (4-styrenesulfonate) (PEDOT : PSS) fiaunns

aSseeduiadonid wulnihlvinszuasilvaanaslduszunn 10 Wi [4]
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nsvmdlng viliegnisiAauazorgnissfvesvefounady (7] feguaudd
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ANFININBIADS 2 L9 [8]

T A.A. 1976 lafinsAinwinavetasnanaisiIauwasntuiaznoflululnas wuind

[
s

gauvgiguunaniitiiuazdmaliounsaidnseiainisuninfiofouiunesm uazuwaniiy

o = Y

Sailpuauinnisaindaninimedutunisiawivisaiuyindnsiae [9, 10]

U A, 1977 ledinisAnwnavadasnauansasunaniuulseufiouiunesdi uaznis

2
o aa o by

MYTNFBANNIDU NUIMAVBIDEARUMTITBEWanTIINWY I TinszuaTlnamiigaiiesan
1ifin capture cross-section gavian [11]
U a.f. 2007 wudnIsmuAuegvaawmsiuiamduiusivea wsaiuanaseu,

nszuadilva waziialunisadndwesgunsalussinnlulnans [12]

s

U a.d. 2012 ladinnsAnwnavasuwasnivuiidse PIN lalen lnanisiuSeuliioud
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grungil 850 °C way 900 °C wunszualudanssilrngadu Inefialiunnsefuninit 2
amgfl uenanilde Winsfinwmavownaniduiiidedenidlalon lnovinnsasredentd
lolenuuusiudareunia NTD Sewuhunasfitdduiinarilinssuatanald [13]
osmnunaniitiiinuandivhliergremmainmsdouuag Tnsiigauautmidy
szpaumsdeTTiUanluaundswiliAnssfundanusedudn Jeszdundaudng iy
Ussngidudugudnansnisdindundenssiniilul vildengnsifiauazengnisriudves
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wannalplginm
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LHIMEBE AR TDUWANTINY

3) WeAmnFeulsivanzauvesililansildlunsadhadeniclalen

4) iieAnwinaginsinanasAinldfiaiusy Suldud Snvaraudinsvua-
usesiu ussrumelu (7,) ussduwanane, fuwsdngdonid (@, ), Snvuzauds
ANHAATAN-USITL AMUNTIIUTIRIURRAW Y () UaT ATUVILILLLYBIN MY

(N,) AUaNU

1.3 #uURFINYDINITANEN

k4 i
s = =

WesnnunanfiduduesnouaisifeseiuandanolimAnssfundanuseauaniy @
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= =i o & A L1 ol

AaauURYaITEAUNA I UsERUAn Tzt A uaudna1an1sdindu (trap center) %38
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AUSNAINTITTINAT (recombination center) AnAuandRdfITofudaniesifuoznen
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MlAAanaussduinlu 2 seiu AoszAundasugSuuuudn (deep level) Tnaszsu

o

WANUATULUUAN (acceptor level) Faazagdindiuaumudlnin 0.25 eV uazdnsueiy
wisuiinduAe seRuNGudliLuuin (donor level) Faaggniuaurnaud 0.30 ev
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1.4 ngefuaziuindudanlylunisive

o =

souduNaLIanlns (rectify contact) veslavisfivansissta nalnnszualuses

[ =

[V Y] & [ o W oA & A e = =

Fudadenndazuwand9anlalonsasdudaieu Ao nzuadenndlaloadu nszuanislva
YINWiEAIULN (Majority carrien) gunsainmeduun WuAslsifinauglvinisuns Javh
Wenfdlalanyheuimiuiginiilalensossefidu dlullionsaindvesfonidlalenan

3/ [

ludaludremihly dulusadounduazlifivssqnmediniesfiasayiovinliiadoufioaniy
wileurunsdilalensossiefibu mneiliftiaraeaumvizdiuos sajudenidlalen
aunsafiszUssgndldulunsaindfisamdandt uenaanidussiutinnssuaiiniaie
(effective tum-on voltage) vesfesidlalasazioenitlalonfiiu 1inauautfvieass
Usensivilifenfdlalontusstenilunisuszandldnunssidnmseiindinnung
lunsufulpnueanTfvesdeaislalaatuldvinmsanyiisatunsunsesnoanside

uwwapfith InsnisusuArvesengwiveduties (minority carrier lifetime) Janfidlnlenlag

@

mavezrenasileseAuaniilUlugusesdineu lnsddroudognunsseznenasiie

s o J @

uwanidiasyiliiAnssAundeauium 2 szau Falaun sedundsaudiunuudn (deep
[ ar 4 = aa = =3 o
acceptor level) uagszAunasuglALUUEn (deep donor level) luddrauriaduiiiogn

uwwsegeynauaTRaunaniitil agvihlvsidnaseuiieglunauanuiliianasnlusedy
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= = 1 o
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Faneudenidlaloangnlauseunaniitu Falsiinisaseuarasnsidelifa
insanwIvg vl Aeanudenidlalan uazeaznesansiiounadntiy 9ntuiinig

a 2 a sy o a w o =
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2.1 voadudalanzuazansneiaii

souduialavisunazanshafaii (metal-semiconductor contact) anansautsldoanidy
2 9fln Ao sovdudadenid niasailniuazsosdudalasidia Fvminiideusesewinag
aunsalmelufugunsainieuensineg Fsagsosdirudnumulnihiidanng Tnosesdudiasy

Wuwuuleduaiuegiuilidunuvesiane work function:@,, ), flerifusuvesansising (@,)

o e

a d = o o o g, o o o |
uazBlaNATRUKENLE (electron affinity: y ) vesansisinhianainadusesduda s

&l

Lﬁ']‘l/‘iiﬂ&ﬁU’eJ\‘I’JfJ']MWUﬁUC‘]ENﬂ']‘iFIﬂ‘H’WLﬂ HINUA ﬂwm“mawammﬁcﬂiam @GU‘LJHL‘U'W]FJ’]‘HWUSLE? QJ‘LI

zvenanenIrIorduNalany @S I it N usosdud AU UL AT LS

2.1.1 wauwasuveslansuarasnesiat lugauafineuduia
wounasuvedlansuarasnwheladuneuAnnisdudawansldlugui 2.1 seev

a @ ) i v o v v oa = = a )
ALUEYINF (Vacuum level: 0) ﬂ@igﬂUWﬁﬁﬁqumsﬁLﬂu53ﬂ‘anﬂﬂq WansilssumeusEau

4

wissusEniansieuiinAu uardouldindussdundsnuvadidnasouiivansanliann
Hoansvaeuds wasvgailaTusanfanuenveans i was e BIEnseuiludasy
mﬂiawzﬁw%mﬂmLL%ﬂﬁuq Fofusziundeany E, agianmiu 0 eV ludwvesdlany
swiumesivedlans (Fermilevel: £, ) wiommdinunigvesdidnasoudlngiiognelu

Taneiu wegginiiy Uwawumamaumuuﬂw% o) AIANUUANANTININTEAUIWD S

=

ULLASIER “UE‘? "lﬂ’IﬂLitlﬂ’J']ﬁQﬂ“Uu\‘}'?u wmmmﬁuamﬂmaﬂaam LRHULNUAIE q

4 M

9

mneimdauiosfigafiaidnaseululausdosmaiieviliddnnseuiuaunsonaeeensn
nyisegifiaduuenvedansiug wazidudastlngauysal Fefldfaaunisd 2.1 Faeh
Herdunuiduandiiamefhusiansudazain faailiiasunlas Wy wnanfidy Sen
Haffuuingu 4.5 eV dmsunaundsumesasnantheiagy sgiumeiiavaglutoin

wislagegganitszivisnanesteriimdse (£) uazadinirssdumdsnusanues

[

uauthlnih feidunuvesansisinh fawiuauusnswesssfundnugaanieuay

s

sefuefil fendsauntsi 2.2 luanshshemuuans e mdenussd AUAIAIMANUTEAY
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wasuigavesauihliihdesmsienaziadeuioanluveaieegifinneusnvesasia

A Fadupuaniiiuguvesansisihusiazsiin 1wy FareuliddidnnsauweWids

WU 4.01 eV [15]

q9,, ZE{J - (2.1)

S 0 Fs

ax| a9
EC
q¢w s
____________ E, i
EF M <
E v
Metal n-Si

o o = o o a ' a v W = e
JUN 2.1 uounwaauveslaveiazansfhelindunsuiaseudulatenid

2.1.2 seuduiaszninlavswazaisnadnthaiagy

nmaAnsesduiadenidsewindansuazasiwnivdngy Inedsrdusnuvedansd
A flsidunuesansisinh (46, > 90, wfidissiumesfivesasiadinagge
nissdueiivedlan: Juinfinisaronlsyedidnnsou nodidnnseuainarsieini
wndeuiiiusesdudalusidulans LLagLﬁmmiazauagmwwﬁnmﬁﬁuﬁaLﬁﬂﬁu \iogan

lavglunsgauaiilausuniuduaud waslifauwwlninnason Wedidnnseuindeud

nasieiirusesdudaludslavzagyiliiinlossuuinvesesneasideqlv (v;) agi

[ ]
L T = ala o oW

Fadudan uansnemiul deazvintudaunundistunfidusaniediuaisnesiini vinlv
LOUNSNIUATUAITNIAIUNAANITIA9D N1swnTvIBiEnnsauazanduluaunsevia
aunlviihilringeluauaunsoiunisunsvesdidnaseuls Jvsviliseoedudaagluaniie

aunaatguA 2.2 Tuannzaugamnuiou sedumleifivesarsivdessseglussiuieoaiy
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o = o o/ €

mslAnevemaundIusinuaIsiaii fe funsdndatelu (potential barrier: 7))

& A

Jastiumsindeunvasdianasauaindiuaisnesniluliiedeunduludsdnulane daiian

]
o o [ =

WINAURaAI9TE PR aRTuOILY e lans A s AT UIIUIE TR Feauni1sh 2.3 diu

L4

AugamunidngreBidnnsausinulans Navimdsuiiludeinuansisdnniisendn funadng

Fonflg TAfsaunish 2.4 Jasesdudaveslansuavarsieithvineagfuazsinlilann

€ 1

Muwsdnddenidensgiu

A
A E,

7, SRR S R PR P
21N
Eu L 3 .+++ J = e) Yo E,
E i
\

Cr Metal n-Si

JUN 2.2 unuwatnueslaveiavasneimbeiiadundaiasesdudadonis
v, =a@, =9, (23)

99, =q@, — x) (2.4)

2.1.2.1 nsniludanse

dleliuseduluda (v,) udsesduialaglrignlaveddndifuunifledioudy
Fuansiaanh fauandugui 2.3 asildmugeesiunsdndmelufisesdudadrnanas
Ju (7, —7,) uagilisziundsnumeslvesansfsiihganitszdundsnumaiives

Tane Aeludianasauainansieitsaunsardsuitusesdudadnlunisdulans L dvin
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Trdnszualinluaanndulaneniusovdudaludiguansiedinn luvasifsafuis

i
= o o 5/

Sidnaseunlaneirfaudituniunsdoniddnluluguansiastguiy (Sunalss

nszudalwvihlvalunmanssdufunssuanivasnlangludansiesnh Inglvaanaisiede

a8

lUdslane uaillasnniunsdonndimamlidiudsundasiunseiu nseualudiusiluaan

5
1 2/ 1

anshainhludslansifafidfosuazhiuainssualunnzauga

R S .
e e
¢ V= 9(-V,) qx q¢5
4P > '3 U ‘f =
S B,
q¢bn L J EFS‘
K E v
Metal n-Si

U 2.3 ununasnueslansuazansisinhvidndurnelasuludans

Tnenszuanausnivalunsanlesulusansadlanigunisy 2.5

@ (T
2 2 g
[ URE o & A TS (2.5)
= = & A YY) 2
Tned 4 Ao NuNsauduea (cm”)
& ' W a £ w LA -2 -7
R AD ANAIFISYISAAU n-Si dA s 110 Acm ™ K
T fis sumpfiduysal (K)

U U

a = | -19
8 Uszglniwesdidnaseu fawviniu 1.602x10 " C

]
o)

8 ANaIruwsdngdenid

S
o)

& al 1w

k Ao meAsiluadiug deuvinfu 8.617x10° eV/K

v Ao wssauluda
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2.1.2.2 nsalludadaunau

dlelviussduludadioundu (—7,) unsesdudail lnglilansdidndiduauiile

2
as

Wiguifuansiein fauanslugui 2.4 nsdilasilissdundsemaneifiveddaneaenitsssiu

o
= 1 oA =t

wasnuwmeilvesanseind uariumdndmelussfianiviudu (v, +v,) wazusiom

v
o o =

Uaoanmgazveeninedu srudidnaseuaineiuaisnasnthdeldauisordaufidiuses

Funalunemulangld uiazididnaseululansiadoufidusunednddonis i lulugy
arsnvimAednseualnaanduarsiasth lugwulane Senszualudiuidneiien

wiriunszualunizauna

............ J[._____ﬁ__k
R P e, g e N
49, \ W SAZIARN) 7 e ¢
M f qx q¢‘
@B, | \THhi= c:(:-;.- )
EFM Y ¢
¥ E,
E,
Metal n-Si

= @ & o o & & 2 v w )
sUN 2.4 uoundsuvedavsuavansnsmhadadusugladuludadoundu

Tngnseuailvalunsainlasuludadounduiiasaunisi 2.6

_':'gihu
2 3
I, =ART’e ¥ (2.6)
a; =4 n:’d‘r = v oo 2
lng?l 4 Ao Wuiisoeduda (cm”)
=3 1 ) & s Lo -2 -2
R Ap MAwIwsadu n-Si diuseanm 110 Acm” K
T fie gaumgiduysal (K)

Y U

= = oI "W -19
q Ao Uszalwilhwedidnmseu Srwiniu 1.602x107 C
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@, Ao Anugeiundnddenie

@

k Ao masiluadsiud Senvinfu 8.617x10° eV/K

=l

ANIYRIUsAaaan Ve (Depletion width: 7,) axfimsiUasuntasly

o
= 1 = 2/

Wolvusssuludadisieg Maunsi 2.7 lnedleusesulusadounduiiaastiuninuning

u

USUaaan1igazduuInininaluniy

(2.7)
el & fe Awdesdnfifivesasnagith
& ' a2 o ) w17
g Ao usrlwiaBidnaseu SAmanu 1.602x10° C
N, 78 ogmouansidedlilu nSi
v, o Aefunsdngiinvulugiuaanesaih
v, f9 ussiuluds

s o L d s o =Y =]

2.1.3 sawdutassnInlanzuazasnaatiaini
mMsfnTesdunatenndsenindlansiaransiamutrian Ineflesnduaure dlangile
uosndilaiduuvesansieind (4@, < ¢, Tunmzneududasesudnia dnunzaas

waunasIuaRIlAR U 2.5

e - Nap,

99,

FM

Metal n-Si

P @ & W o a Al a o @ al s
E‘UVI 2:5 LLﬂUWﬁ\Nquma\‘iIﬁﬁzLLﬁ3a73ﬂqmju'\mUQWﬂQULﬂﬂ'§@ﬂaﬂmﬁ%a@ﬂﬂ
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Tngszaulasivesansieniadafiazsininsesuwesivealany saudlauiansyis

a

dosundutaniuaziiansaemyszadidnasau nedianasouainaiulazasiadeuniciuses

dudaludsiuansisimheindl AdiAauszauaniidulavsuinusesduda aunseviads

AMzAuRaRNSaU sRuWeTivesuTRaRtegfissRuRtITuRgUT 2.6

e g s s s mn By
r',
““““““““““ ¥ )
74 9%
E(ﬁ
98y, /
-+
4 ¥
Eqi A Eys
PH N E
a9, A3 ¥
r + / I qVBi =g (¢s' ¢\1}
Y
Metal p-Si

FUN 2.6 ununiveslavsuazansishvdeivduinsosdudaionis

nszuagusvesTosduiadugud snsndidnmseuainlansindouiidhludsiuansis
Aniailad aziianisTudilnal (Recombination) s¥windianasounulaaluaisisdn

YHANAUSLUEIEIRE Yillaaluusnaddnmiunuinuuanas nisanadaadleaasyinliia

lepauauvetesnondiu (W, ) Tusweansieinth sl ufinushaaesanmeduluduans

o

Aesiin %amwuﬂ"hwmmaw%nmﬂaamwmwx?ﬁuag;ﬁumﬂwmLLﬁumaqazmauam%Q’%’U
Tuansiaini WesanUszglniuanlulans wazUszglwihauluansisiuiuRduda
Mlndauulndnelufisduluvsnadaseawive Taeddanisandiulaneludaguaisia
@ o = @& oA A w o w = w o Y A e o v a2
U1 Fuduiianaesmunisiedeuilaasnnauaisnasnui Wliedsusiluddinulane vSef
Aesifuwedndvesloaiintuiiuiiinsesduda Mundndifidviniu ¢r, Fanldannns
TAasreuaunasuluasneiindadlavindunasesenIeflaidunuesdansuas Has 4y

INUVBIEITINFIUN A9EUNIST 2.8



gV, =q(.— @ ) (2.8)
ap, =E,+a) —af, (2.9)

uonanilanguil 2.6 astundiunsdndvedidnnseunniulangludaduansia

) Feflemgaviiiu g, asdidsaunisi 2.9
U hp

2.1.3.1 nsalludanss

[

Welwusenuludannsesdudalaelisuasnssuisdafiddndduueniie

Wisuiiusulans dauansluguil 2.7

4 TR B A
_______________ §
3
rZ4 9t
4
‘I¢M / E;
¥
EFM F 3
Y y
FS
9%, _ g
Y
D _/7 t Wy = gV 13
Metal p-Si

d s ‘1! s o o = e e e
JUN 2.7 uounasamueslavsuavanshesmhvlinnvazlasuuseiuludanse

ibinugenunwsfindniglusssdudadatanandu (7, —v,) uaysinls
szauwpsivesasnethamnseaundsnuestvaslans vilmleaaiuisoradauiiann
uasneiilugisulane vnlidedinseualnanusesduda Tnenssuaasvasngiu

asnaiihlumeaulane Tnonseuanmuailualunsanlasulusansadipndaaunisi 2.10

B (s

I, =ART"e | &' —1 (2.10)
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= a & o o w 2
logn 4 Ao Wufseaduda (cm”)
= 1 v a o oA -2 -2 .
R D AALFSYSAAY fAUsznm 32 Acm .K” (p-Si)
=4 a e L4
i AR gaupliduyIal (K)
o a = W -19
q fa Uszylnivesdidnasau dewviniu 1.602x10° C

9, Ao enugaiunsdndentid
1 i fo & oAy ) -5
ko e Aesiiluadiui fauviiiu 8.617x10° ev/K

v, e uswiuluda

2.1.3.2 nsadludadaundu

o o

diabiussduludagoundu (=) udsesdudail Tnglvidnuansasimiddngid

{ i

o

audleiisuiumulany dwandlugun 2.8 linnugaesdunsdndmelusosdudiadian

v o 1 [ [

Wt (7, +7,) iildssiuesivesansisthginisedundsnunesivedans &

L
Teaanauansneiildanuisaedsuidiusesdudaludsdiulangls wafunsdndves
a & L2 = d' 1 ai = = o v s v ei
diannsounulavsiiaabiasuntas Talnszuadnnutdeslnasnnlanglusisuaisis
a1 Fadlunszuaiinaindidnnsauinvednaon) 3ntuLaUYeIENs AL Gt alng
illulaveansanddumsdoloatu o, Tulaveidhgarsiein udiunissuadislen
Howann Feahfenszuadivavessesnansanszuainssiasarindunsvludadounsuun

sooduila Anurziiuinuauifvessesdudaiifunuusailis Tnonszuaiilwalunsdii

lesuludadoundusiaannisn 2.11

_By
2 :
I, =ARTe¢ " (2.11)
= o o 2
o9l 4 AD Nunsoudura (cm”)
I 1 e & o/ = *2 ’2 i
R AD AIAIRISYTAEY UAIUTELIN 32 Acm “.K (p-Si)
= a o 13
T Aa gauvinlauysal (K)
= a o = 1 e -19
q Ao Uszqlwiheedidneseu dAuviniu 1.602x10™ C

¢, o mnugaiunednddenid

£ & =

k fio AmsTluadsiunl dAwviiu 8.617x10° eV/K
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v A TR Ve
/ E,
_________________ qX 9
[}
4 )
ﬂﬁm
¥ E ..
EFM ¥ -
1 E,
s, / V= g(Fu+ 1)
S —
Metal p-Si

UM 2.8 uoundwuvadansuavarsnwiniulefivaglisuludadoundy

=

AN sesuIMasAnIvE (depletion width: ) aziin1sildsundadly

P

delviussiuludadregdsannisii 2,12 lnsdeussiuludadaunduiirigelunnunia

= = Y-
UINUUAIANINZILUVUIANINIUNY

W= (2.12)
g &, A Anveilinfinvasasiiaih
= | a2 = (Y] -19
q Ao AUszalWhdnmaseu Jewiniu 1.602x10° C
N, @o svpeua1siegsuly pSi
V. ABAWNIAN SN ATUlLA LA AR

v,  @ouswiuluda

ar /ey ar v o & = g
2.1.4 anwLaNUANSELE-WSINUYDISaUNaTanAE
nMsiussiuludannauansliiuin sesduiasinadusesdudanuuisad

191$ Faflmuantinduiusosss fA-1du Aeseulnszugvanulufeniadeimediolesunis

q

o @

Tiludanse undloliusesiuludadoundu sxiinszualwaniutlosun AsIWnNSELALAL LS IFTY

5
= o s &l

vosseduialoslidnvusAuandluzun 2.9 wudwssdunsluvessesdudadenidia

nleleauuusessrea W-8u lnedlaiUsyanad 0.2-0.4 V diusesds -8y veiiauseun
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0.5-07V Lmiﬂ'ia:l,t,a%’ﬂwmaﬁaUe’i’nﬁa%mﬁéﬁﬁhqandﬁaam’a -8y Wunananidua

' =% W o = 1 & ' o= a
53W?7QiﬁW3LLﬁ3ﬁT§ﬂﬂW§U’I Iﬂﬂ'ﬁ]a‘ﬁllﬂ']ﬂ'ﬁa‘ﬁLLﬂﬁijﬂaﬂijﬂﬂ?"liaﬂﬁ@ ‘W-Lé‘u Uszana 10

Current (A)
A

Schottky barrier diode
]
i

p-n junction diode

1
i
/ 4 » Voltage (V)

e [ wa @ @ W @ = ! = [
31]1!1 2.9 aNWULANUANTELE — LLIIAU maﬁauamawamné‘tm‘iamumaama - LU

2.1.5 anvagauiAnnugIni-ussauvesesdudadents
APl (C) vessosduasyndndlany-a1sneinh fiuandusui 2.10 awiinTu

oS a e ] 21 £ o o s & [ 2/ a1
Musnasosdula vlahudisliwssiuludadeunduanniussyilinnug i daranas Toe

wusunRuRuuSaUasan e wazianduldauannisy 2.13

(2.13)

dl =4 i 2/ = 2 '3
gt N,  fe anuduiuvedeznenaisiiodln (cm )

w AB ANUNINNUSIMUaIANINE (cm)

8 1
= @ as

- & 2
A A9 NUNIRBEURE (cm)
g Ain ALUBsRAIRYDIATTNIFILN

o
1

2 AUszalnihdidnnseu Sy 1.602x10™" C

o))

3 '

AamunarngiaTulusuansA e

e =

A wsweuluda

-
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Capacitance (F)
4

|

Reverse bias

Voltage

A os Qi . s at = €
3UN 2.10 fnwnraudRanuglivh - Lssduvessesdudatenid

P o o = LI 2 o @ -
vinnlugui 2.10 Weailldsulmilieglumenwes 1/C Au v fuwandluzud

2.11 V0EuNSh 2,13 dslasuliuaunisi 2.14

T3 (Vo2 (2.14)
C g€ N,
1/C(F?
A
Reverse bias Voltage Vi

UM 2.11 dnwagauiinnuglwihiuusduvessesdudadenidlumenyes 1/C°



20

Feanwagraansmildasidunsidunseilninglunmsdinsevinmsauds suduain

nagldraududiriniiu 2/ 48, v, vliausamanududusyneuvesansissanh

BSuauldnazNandaunu x vesniivaznsiuansesuntsluressesdutadonis 210

q

rwdiusvesnamlugudl 2.1 116, 17]

2.2 IAUANTIBY
yaunwsesluinanssnudednvurandinwinivesgunsalansising gaunwsasi
onaluermeunlanuasumiedslulou (Contamination) Afatulaglaldnsla iy 1AnTy

Tuszwinansyuiumsaiaunundnuaznssuaunizadgunsad wieiinananuddaiiia

2
=5

Usuugsdnuaraniinidwihvesgunsallidulususens Sduagiunlszasdvasns
thluld Tasgaunnsestiuansoutseaniu 2 naulvpgmiusnvaIsee1auNnIee Ao
rsuniadludnuzga (point defects) uaz Aruunnsaddudnuuzuudu (ine defect)

m'mmwiaﬂué'ﬂwmxqmﬁ?mﬁﬂmnmsﬁazmauwﬁ’mg’luﬁ%mﬂaﬁlﬁgﬂﬁaﬂ lguua

< a ' o & al 1 o = 3
saniuvliariegdeil lagguin 2.12 uaasnwaruunwsasludnums e viasaeg

a
& o @ a1 &

- Vacancy inandisgaeunioluainsunieianseedl Sadaduninay
- Interstitial LARRINDERBNTRAD U WuNUAG WA 5aeL U
- Substitutional finaneznausindudlUunuiosmpuyialfy

- Frenkel defect pair {in3NARUUNWIBILUU Vacancy Uag Interstitial souiy

Vacancy Interstitial impurity Self-interstitial

Substitution impurity Frenkel defect

A ! L = !
31.]1/1 2.12 ATHUNWIBIANWUSIATUARN )
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ruuansasludnvaiududuanuunnsesfitiaaneymaveslasindniigasiag

i
=

eglunnnseaiuliaglusiuviiigndes Ineulwendusinsegfail Ul 2.13 uasanu

U

unnIadluansazLuduningigg

Screw

e dislocation
a0 PP oboo0 o o o
e
SO )

3 7
o :
B e Ol

Exira row
of atoms

U 2.13 puunwsedlusnuasuuaduriinnneg

- Edge Dislocation \inanileumeundlausmionsly vieunsnidunegets
WAUNR
- Screw Dislocation ifinanduladruniisifnuasiiougnideuudfudiunis
Tshdeutudheuy
definsanfessiundanuiitinainaaunndatsmeg il aisisaudsesndu 2
syfU Ae sedundsusEiuRl (shallow level) way sedundsnusssuan (deep level)
ssfundarusgRuiuaAnnosrenaisfadelfiiassiundiludesing
naundaanu Selndiuuouiivi wazuouniad Wy eznastes Tusay eawssa (Jusu
sefundanusziuiniuazmnglndqinarswesdesiuaunganu TnesnasiAn
1neymoulansiievuluansiadion 1iu wmdn, nes, uwasiity Judu Tneseiunden
seAufinazUsewgidaduguinansnissand (recombination center) LilaansAsiilédy
wsanuluda LLa:ﬁsﬁuwéﬁaﬂuiaﬁuﬁﬂﬁqsﬂizwqﬁﬁaLﬁu@uénmqmiLﬁmwwz (generation

v

center) ialasunsssuludadaundu nisrmdinaznisiinvesnveiiatuluilaansis

Qs

1 2gnfinsaiIzegn1TTINAIVeINIME (recombination lifetime) wava1gnisiia

RY)

UVDINIME (generation lifetime) [18, 19]
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2.3 AranUAuwaniivy (Platinum)

@ 1

lutlagtugunsalansfsiiladunisiauimieguseliles delsfinswmunlsiinng

3 o
= s Qs

navaudlutiennuingy duiudduanddeilldhnisdiuunnuantivesgunsailas

Y

=1 < o

maduuwwanfituiUlugusesddaeu duduitnifiasiivanuauisalunisnovauss

AuAlA lngaznaniinnandsnsguasunaniivusely

1 =

o oo [ =l =Y = e [ 2 2 [ o s
uwaniduidulavedenitdu Sdnvazeau anusoraduwduldd Wulansdivdnuin

Tavienils Sanumuuiu 21.45 g/ce figumgll 20°C unasidudunilsludou 6 swluny

wa W =

VIl vae3957e Faoeriomsiiiiandfirdendetunn wazdensendsmnsznaunaniit

2
= L

wiesmyunaniitumsizunaefituldusgiiinfuingaluussamsinimunve sy

a v g o a ' aaa ~ o Yo w1
wwaniiuulangidisamunansndesdeuiisenafuazamisnirluldifusig

wane Uit auaudRnalyvewnasfidudulununisned 2.1

M17199 2.1 T RLaRIAnENTRT lUvawaniiy

78 {Wusail 3 vesn1ufl 7 vy Vil Ty

GRRHGR ]
1519519 Aulanensuady
Satlozmouiin 1.385 g9ansau
duiinesnau 195.08 amu
AVADIUUNAT 1772 apvailiea
SEIELE) 3827 aeradud
AURUILLUY 21.45 g/cc
IAswasdidnnseu [Xe] 65" 4f ' 5d°
LAUDDNTLATU +2,44
ANENNsoluN1RBEnaTauYBIEIn
(electronegativity) 428
lATsaswan Face centered cubic
Aan e (resistivity) 7 20°C 9.85 pQ.cm
ANSDULENYDIN T NABLAD 4.7 kcal/mol
AMusauLehvosnsnanedule 135.0 kcal/mol
AEBUT UL 0.03136 cal/g - °C
msiiAnuieu 0.73 watts/cm - C

ANLIANSBY 6.18 cal/mol - °C




23

po=
2.3.1 unganny
Tansunaniiindningwuluguvedansiievedanslunsenaunaniitudug deialul

o

wnandduduasdusznaunsn wavUzUuegfivauusvamainuaziniia (luguvesdalng)

U

] o

wananudiduiinesanuaz 3uusUusging wdelinuunanilufiddgyegludssine
AU wanWinld uazanawleden unasiidilugvesaisusznauuiu wilduintn

[

fddglaun PtS,, PtS fimsussanaridonlanvessliuwandithnseann 0.005 ppm

2.3.2 auvannuad

uwnasiithideutradesienisiaUiito el wufueandiauluenianionsavany
il Fansliuselovivanagevesunaniv mﬁaauﬁﬁmmﬁawiaﬂg‘jﬁ%mﬁaa A4
Jetheufitoveunanituiusuilanedoglusuidutoulaviounsasdoe Fslugy

ot

YodrsaldenvzdatloUfiseunnndt warinwanitinileazanslulanedu wu nzimie

£
o o L =

AAARNL [20]

s

Ru awfinufisenlddendnguiu UjATonveuwaniiiid

- malaannizuni nsnetunsdileseiaies wu nsalunsnusensadanisnagly
viufisewiellamnsaazaneunaniiti wilavefiasazaralu agua regia (nsn
NELUBY HNO; ey HCL Tudhsndau 1:3) 1in HPtCl tusdnng

- vigeesuanInuiseniuwwand HdiSaulAn ptr, [undanauas fuaaay
anelaeuisuiinnaalsavaieviin Wi PtCl, PCL, PtCl

- damlawamieniovedaailay w leenlud wiolulasiaiunsainujisen
Auunaniidula

- mvangvila L Avsusy, Weawasd, @8noutareniiaiin @aunsasIusn
lnsnsariuunaniidy o aamgige

- yhusaRsiuunalaliey lanzuwanfiduansoganduuialalasiaulsuin
waauals lnsawzidiolimuiou

- wwasditduauisaiieansdedounanesia Iy unaniduludedouaiatiasle
oS-ty 4 vide 6 My 4 fguimadnfunsundenssuy uasidu 6 1y
sUstndlansavasuuanii fsdrsasussnauiifouesunandifi iy

H,PtCly, KoPtCly 10udiu
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2.3.3 nshusslead

s

unandiiudulavglunszgaunaafiduiiivsuanisléuinian dnlvgldlusuaas

v

lavzdaseluglvosaziBonsil

s

2 1 © [ aaa = aas = =
Alunissdwivlitonadulalasauazuisoifvonlalasiausenluadl

—3

= &
unsey

(2]

v o 1

- Thdwissdmiudauladluanalalasasueulunszuaunsleluwelsedu e
fial tavoonuasidiudoumas

- Wiuiissehliufauians lnenszuiuniseendindundenisiulalasiay

- finslthslunssviunmsaeuunn Wilendnnsedaiasn

- Tugdveslanzidedulafen Wdususslunssuiunseandiniuvesweslufloy
GulusSneanles Wendnninlunsn

- Miduswsdunszuwmassenlalasaulselusanneina weslindy uasiinu

- unanfiiiluguveslans FofuaiiRestdidunsessesu BilnTase nausiive
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Abstract

This paper reports the characteristics of Schottky
photodetector with indium tin oxide (ITO) transparent electrode by
replace Al with ITO. Because of the characteristics of ITO films
which are transparent, The light can pass through ITO electrode to
the depletion region. Therefore, photodetector has more efficiency.
ITO films prepared by R.F. sputter techniques with 230 nm thickness.
The thin films were fabricated on n-Si and p-Si substrate. The results
from experiments show that ITO/m-Si and ITO/p-Si have good
characteristics of photodetector, built-in voltage are V,= 0.2-0.4V.

Schottky barrier of ITO/n-Si and ITO/p-Si are g, =0.74 V., ¢b,, =

0.73 V. ITO/n-Si and ITO/p-Si have leakage current 5.03 pA and
538 uA

Keyword: Indium tin oxide, Silicon, Schottky, Photodetector
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Abstract. The effect of soft X-ray irradiation to the Schottky diode properties was analyzed in this
paper. The built-in voltage, leakage current, and work function of Schottky diode were investigated.
The current-voltage characteristics of the Schottky diode are measured at room temperature. After
irradiation at 70 keV for 55 seconds the forward current and leakage current are increase slightly.
On the other hand, the built-in voltage is decrease from the initial value about 0.12 V.
Consequently, this method can cause the Schottky diode has low power consumption. The results
show that soft X-ray can improve the characteristics of Schottky diode.

- Introduction

Schottky contact is one of the most widely used structures in the electronics industry. Because of
low built in voltage and high speed switching. These contacts are rectifying Metal-Semiconductor
(MS) junctions. Their forward current consists of majority carriers injected from the semiconductor
into the metal. The rectifying property of MS contact was first described by a German physicist
named Walter H. Schottky since 1930s [1]. Due to their characteristics Schottky contacts are used
in many applications such as voltage clamping, power supply, microwave detectors and mixer
diodes [2, 3]. Low built-in voltage is a good advantage for the electronics devices because the
devices can turn on at low bias voltage. Therefore, Electronics devices consume less electric
energy. In general, a good Schottky diode properties would have high speed switching, low built in
voltage, and low leakage current. However, fabrication process may affect the lattice defect in
silicon bulk. The defect in silicon bulk can cause decreasing built-in voltage and low performance
of Schottky diode which is fabricated on silicon substrate.

There are a few researches that investigate the effect of X-ray irradiation on electronic devices
[4, 5]. Most of them indicated that X-ray is the cause of electronic devices degeneration. On the
contrary, our experiment results show that X-ray can reduce the built in voltage and improve the
performance of diode at the optimize exposure time. Besides, soft X-ray annealing use low
temperature and short annealing time. Hence, this technique is a very interesting method for
increasing the Schottky diode performance. In this paper presents soft X-ray technique for decrease
the defect in silicon bulk. Appropriate conditions of X-ray energy and exposure time can reduce the
defect in Schottky diode and also do not damage the structure of devices. The aim of this work is
decrease built-in voltage of Schottky for reduce the power consumption. We have investigated the
effect of electrical property of Schottky diode compared between before and after X-ray irradiation.
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Experiment

The Schottky diode flow process with CMOS technology at Thai micro electronics center (TMEC).
First, design the electrode mask by using rounding corner electrode with area 100x100 pm?’. The
diodes were fabricated on the 300 pum thick (111) n-type silicon substrate. The process consist of 1)
deposition silicon dioxide on the substrate. (ii) dry etching the backside of substrate and
implantation of phosphorous for ohmic contacts follow by a thermal annealing at 1050 °C for 60
min (iii) dry etching the active area on the front side of wafer. (iv) Al deposition 1 pm thick on the
front and the back side of substrate. The final crossection was shown in Fig.1

After finish process the diodes were irradiated by soft X-ray with energy exposure of 50 keV for
55 sec. The devices were measure by using a HP4156B. The current-voltage (I-V characteristics)
were measure on the devices with a bias voltage range of -10 to 1 V at the step of 25 mV for both

reverse (Vg) and forward (V) voltage.

Fig.1 crossection of Schottky diode.

Results and discussion

The results are presented in terms of current measured in reverse and forward bias. These
measurements are widely used to study the behavior of devices such as leakage current, built-in
voltage and work function. Fig. 2 shows the experimental semi-log forward and reverse-bias
characteristics of the Schottky diodes compare between before and after X-ray irradiation. It was
found that the forward current after X-ray irradiation is increased about 3 times of none X-ray

irradiation.
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Fig.2 Semi-log I-V characteristics of Schottky diode before and after X-ray irradiation

In the case of considering at reverse current, after X-ray irradiation the reverse current is slightly
decreased as shown in Fig3. The saturation current (Iy) was examined from Figd, I, = 2x10°. It
shows the same value both before and after irradiation. The work function (¢on) is calculated from
equation (1). Work function of diodes before and after irradiation are 0.64 eV
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Summary

The I-V characteristics of Schottky diode before and after X-ray irradiation were presented in this
paper. The results shows that X-ray can decrease the reverse current slightly, although the forward
current is increased about 3 times of non X-ray irradiation. Furthermore, the built-in voltage is
decreased from the initial value about 0.12 V. The built-in voltage reduces because X-ray can
damage the defect in silicon bulk. This method can cause the Schottky diode has low power
consumption. The results show that soft X-ray annealing is important technique which can improve
the characteristics of Schottky diode.
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