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Research Title: Improvement in Random Defect Yield Analysis of Electronics

Device on Silicon Wafer

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

This research presents Improvement in Random Defect Yield Analysis of
Electronics Device on Silicon Wafe. Yield analysis by yield model based on the defect
analysis with derivative method in P-N junction on the silicon wafer that was
fabricated with 0.8 micron CMOS technology. The diode characteristics, current-
voltage and capacitance-voltage will be measured at forward bias voltage from 0 to
0.5 V and temperature 300 K. The generation and recombination lifetime can be
obtained, and can be presented as 3 dimensions graph. The result shows there are
defects in the silicon wafer and the defect distribution is non-uniformity for entire of
wafer. As a results, silicon wafer yield is 83.87%. And the defect analysis with
derivative method can get the consistent value as yield model with the 2 %
tolerance at sample size 25 chips that is the highest level in. ANSI/ASQC Z1.9

standard.

Keywords : p-n junctions, leakage current, defects, generation and recombination
lifetime, CMOS Technology
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= < a e‘l’ a y ozt . . '
Wesnnravesaulidn JasSeAUsunion vsuvasaiting (Depletion region) Uazen
ANusRnemAnnauu i iisendy dndatelu (Built-in potential - V) Insnseiauay
lgalunnraunaanunsoaiuiganauns

Jp(Dlﬁ”usion) + Jp(Driﬁ) =0 (2.1)
wardmsunseuavedidnnsou
Jn(Diﬂ”usion) + Jn(Driﬂ) =0 (2.2)

viofianmzauna nadwsrnvensyualeauasnszuadidnasey Alvadusessediin
wirfugueviag lavaunisnszuasinnsunsvesleastnmeiuiiiandu

dp
Jp(Diﬂ'mim) ii7 —qu E

Nnawulninsesdafiiadu vimdsnseuansnivedlea
Jp(Driﬂ) i pq/up (24)
fiunszualeasiu vienseudleaavsilvaniusessiafs

J =J

P p(Diffusion)

S Jp(Driﬂ) .

wazlunsdivasdidnasauainniemuidu aunsaRansanluvhusaderfudunsaluedlea

Jn =Jn(Dlﬁ'uslon) + Jn(DrIﬂ)
dn
=qD,—+n 2.6
q, e qH, (2.6)

o < ' ' 2
1087 pyony 7B AORIMMUNTELAIINMSINIvBTER (A/cm)

- ' 2

S oiorgy  AB ANNVLUNTELaINHavesmnalniwedlea (A/cm’)

J 4 . o ! aa 2

w(Diision) 11O AIUMUILUUNTEUAIINNITUNSVRIBIANATEU (A/cm)

- ' a 2

Juorpy @ Anuvuunsswanravesaunulniiendidnaseu (Mcm’)
- . -19 .

q Ao Uszqueawmve (1.62x 10 pasuy)



pn Ao AMuvunituvedlsa uazdidnasel (atoms/cm’)

D, D, @s SuusEavsnsunsuaslea wardidnnseu audsu (cm’/s)
Up Mn  FB A0 AGDIVESIEA wagdidnasou (cm’/V-5)

£ Ao auwlwiniglusesss (vem) |

dwsvauulwihimiiedulusesss msiasaimaauuinnsutsinegusn

seone annsamlalagld aunisthees Jawansnruduiusseniteauninirduainy
1 ] [ ' A = aa 8/
wuwiureszgiiisumia x g Tnefarsuniiies 1 37 asld

de(x)_p(x)_p(x)

dx ¢ Kg,

el gfx) fie aunllvifihiiduma x laq
plx) @ mmvzmLLﬂumaquzq‘lw%ﬁﬁmﬂﬂa x a9
K, #o ansiiladdinadnussansiaiia
g o fhl,wa%ﬁm&'fié'\u‘uquyapﬂqﬂ
£ Ao Amunesinidnvesasieiath lng £ = K.&

wasiloAaunlnihgegn (&,,) 1 x= 0 agla

; N ,x
E ey == M LY (2.8)
& &

o ) g lﬂ' a d’l L=y t A o ] <
dwisuindliihnsluniiatuluuinuseenandunis x Taqluuiinadasanive
yaesagsslunMzauna ausafiensantavinaunisaunaivivi

dV(x).

g=——"+=

dx
V(x) = —fe(x)dx

qNsz qNDxrf
=7, -2k
2¢ 2&

(2.9)

}%3 5 =) [~4
LagAMUNINTDITUYaRaNIMsIAILUU

1
: 2
W- z.ﬁm(NAyD).(L+Lj 2.10)
9 49 h; N, Np




max

oo fie Aaulviihgsge (V/em)

sl L2 [ L 3
N4, Np Ao anududuszaeuansidessu wasglinudidu (atom/cm’)
Xy, X, A0 AvwnIRguaoavvglumui wazsuduauaIRy (cm)

/4 fio Aunietutasanme (cm)

k Ao AAafiluasinu (8.62 x 10° eV/K)

T Ao gaumgiiesmanysal (K)

n; AD mmmmLLﬁwaquzqwmﬂumiﬁ'qc?l’aﬁﬂu%qw'é (cm )

2.1.2 auanthsessefiduvazldiuussiuludanss

slesesmenisulasuludanss (Forward Bias) laalvdndlndinauimiduuindiaiiey
v v & v o a s Vel 1 Y v o ) o P & <
Auaudu Susedulningelrtianvindy 7V, Insussmuniavuannaseuisssnoniou wasl
Feananasetuduiudndntslufisesse vinldAan1sinatavecusesu Tnadndagluiian
anasniudu Vy, - ¥y vidlilgaduniiaanndufl ansnsadadusesseludeinudy uay
SdnasouduNeaIndueY ausedntnusessialudinui wasnaanNRinIneIusosRD
Joiliianszualvdlnaluaeesifenda nszualudanss (Forward Current) ailanwviniu
nszuavaslgalardidnnsau wazvirlvauiulnirisesss auniisvesusiiuuasaning

=] ' v a0 [ o
wazUszRlihisesseanase lasildanunitsessesuiiuulasanvsy

1

2¢ (N, +N g
Y e Ny TR v (2.11)

l:q ( N,N, }( ¢ A):|

msieszrsesmnanisuluanzluddanss Rsaannineidusessslulnsatay
LLazﬂmaLﬂuwmzdauﬁaa TagUSUIUNNIVENIADITINTDUNBUUILUUSHUD Y
watlnuudsaniuLsswuludanse aegunisyn 2.12

Pro e(qV,,,/kT)

= (2.12)
pnO
o < 1Y) & a o a o o -3
Toe? poo, Pro fo arududuvedealuilioansviion uareladunudiiu cm”)
Asantunsdlvedaadialasunswuludansa Vy
Ppo (—xp ) R AT (2.13)

Pno (xn)

wazasla



p(%,)=p,e® "0 (2.14)

LY 4

e p(x,,) Aemumnuuuvesleaismumis x, Jaluvevvesusnaasanmsiinfiusiu
§ o = 1 A Ql d’l dl o 1
Wu definnsuSinamedealudufifiudu (Ap) Hsumis x, aela

Ap=p,, (""" -1) (2.15)

Tuvhusafendu nsdlvesdidnnsouasle

(gV,4/kT)

n(—xp) =n,.e (2.16)

e n(-x,) Aemmumuuiuvesdidnnseunivhuvis x, Sudureuvesuinaasamveiia

(Y 4 T

A a Ty a ] o o & o o H v
AUATUN LuawmsmﬂimmwaqaLanmau'lumumwmu (An) ¥AIUNUS Xp ’03‘1@

An=n,, (e"V"”‘T -1) (2.17)

v
a

Favisaesaunns 2.14 uay 2.16 138011 aunIINgVeeTEse (Law of Junction)

& ) d. U <t ] '
L‘N’Q\ﬂﬁ]’]ﬂﬂ’ﬁﬂ'ﬁ%’aﬂ&lﬂ’)’lﬂﬁﬁ’]LL‘N‘U‘UENW']W%‘(NQﬂaWZ’J’WJﬁ@EME] umsnismuama‘lu
6 e 0.’; ) ] o 14 A
augue ﬂQNUﬂ’J"lNMu’]LL‘Ll‘UﬂSSLLﬂﬂ’ﬁLLWS‘UENIEIGLL&SFJLgﬂﬁliauﬂﬂﬂﬂﬂﬂﬂuﬂ’]iw 2.18 -
2.21

D, n? :
J, (x')=q—Li-:—;—(e"V‘/kT —1)-e—”L” (2.18)
P D
D, n
T, (x=x,)=J, (x'=0)=qL—p;—’(qu‘/kT -1) (2.19)
'p D
2
J, (x")=q—lL)—"]—’:fi—(e""""T —l)-e"‘”" (2.20)
n A
D, n’
J (x=x,)=J,(x"=0)=g =" -1 (2.21)
(=)=, (" =0)= g 2L (e

P & ' a o w 2
e J,,J, e anunuiwdunssuavedlsauardidnnseuniudisu (A/cm’)
L, L, #8 seazmIunsusdaanasdidnnsaumuaiau (cm)



JU7 2.4 wansliiiutennSilsuudasmumutiniunssuavesnvsisumiasingg

Tuvauglasuludanse

AUNUILUUNSELE
ysnndananwivg

> P

J=J,+J, -

Jp(x") =¥ —Tu(x") =T -Tp(x)

AnUMuLunsyualaa
Jo(x!
N . N / P( )
~
~
>

-Xn
.
SEHENIUAY X

AMUMUILUUNSEUED Bnns

Ja(x")

X' e

d d. ) dl o ] J 4.4 L.
sU#l 2.4 nMswasuudasmuruinunssuarosnmsisunteenee luvaglasuludanss

Tugasusnadasaning mmvxmLniu‘umn‘szLLaT,aaLLazﬁLﬁnmsaugnﬁmsmi'\ﬁ

Aasilailuasunlas Faiunasiuvermumnkunssuanlvanusesrefsu (J) Ao nasiu
YBIANIUNUILUUNTSUATDIDIANATIU LazAUVUNLUUNTELATDIEa NivaruusSInUaen

WINE Lavdiunsn L‘IHJEJUL{JUNﬁi')M'UENﬂ’J’mMUW wdunseualafeaunn 2.22

J=J, (=%, )+, (x,) (2.22)

Tagaunsilfidrmsiiyasunmdinigluvinadasanivesisossefitdy Aaiunseuas

siavun () Alvaruusnalasawivsvsssosdofsuaziiandy

b
I=AJ =gAn*| —=r 47 e?VA T _q
PP\ LN, TN, ( ) (2.23)
I=1, (™" -1) (2.24)
D
v (2.25)

— 4

I,=qAn’ 2
° LN, LN,

P

= a & d4 v oo v oo 2
Wwen 4 A NuNNLFaUeIsaenanaY (cm’)
I, s nszuadumdaunau (A)
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Feaunsi 2.24 §i3eni dunislalanlugaund (deal Diode’s equation) w3a
aun15909 Femad (Shockley’s Equation)

4 A a X 4 o o
2.2 ﬂ'J'nJ‘UﬂWia\TVlLﬂﬂﬂu‘luaqiﬂ\iﬂ')uq

TugunuusBniianysaifeguil 2.50 sxeuvesmsisiuegludumisiiuanealy
win warhifiosmeuuianuasumielnseadreiinauunnses Taglifissdundseszwing
uaundIuaUTAsLaUnd Uil lundndiauysol

wiluarnfussendnialbifiuuuuidudu Tnsanatinauainesaenuwaniasyi
it vijevnlassadisndniliauysel fsannsouandsguuuuosaenuasssiundanud
el Fagu 2.59

Hos?tom Self-Tnterstitial
@) O O O O OOO O O
O O O O O @) O O O
O O O O O O O OOO O
O O O O O CY HO SO
O O O O O O O O \O
Vacancy
Ec Ec
SRss s AEf———Ep
) )
Ev Ev

€

‘J ¥ s (¥ o an <2
JU# 2.5 wnunmlassadneasunazssaundsnuvesdaneulag n)  sdnauysa
Wae v) UAUUNNTaa

nanliihgunsalansisinimneiissinnuunnses Inseraifisanesmenutandasy
voarmunwissndlasaieemdn ludiussnenasasulanyasuiidaleiliAnes
FunléEnegnein sznsuvesasiie (unsalifesefusii) viegudnansnissausalmi (unis
\Feseuan) ieand1veariadinvemvelugunsel visiiinarwduniuvesgiuses
viafinsulanvaoniililédilaliandu enaineinnssurunisugnudnuionssuiunis
wAnguasaiansieiand Tasgunuvessnrmunnsosiuannsouandiifiudegua 2.6 uas
anansauusliiu
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2.2.1 AUUNNIBIUULYA (Point Defects)

- 9zRANLUANUABNLNINBY T¥NIINUSLYDIDEABUNAN Tneliad1awussiiy
(Foreign interstitials) : aznonvaasulanUasuduninegseninegesinvedaznauvanil

© ) d‘l sl A
wavililassairetoden dagun 2.6n.
- DZAOUVDIATUENUNTNAYTENINWUGE (Self- interstitials) : Tuvhwaufyafiu

Foreign interstitials uspznaufiluunsniuduermoundnies fagy 2.6a.
- azmeauuwvanvasuluunuiiosnauvan (Foreign substitutionals) : azABUUDIANS
o a = P aa Ve '
wlanuasuidnllunuivesesneuinlundn Tnveneuiuiununiivualugwiadnnin

aznauiy agvilvlassainevamdndnien Ay 2.64.
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U 2.6 AuunnsaslugULULHNY ) Foreign interstitial %) dislocation @) self-
interstitial 9) precipitate 4) extrinsic stacking faults 3) foreign substitutionals

@) vacancy %) intrinsic stacking fault @) foreign substitutionals

- pzmauRUsEIvTevIanelY (Vacancies) : iansgemevasesnanlulaseaing
A 1 ] 1 L d' a. L2 174 L7 dl 1
mnvuIArestIwhivindusunvetesneninisll sznsuseuqriausitmlnanuining

wagvihilaseainlanainiaderlunnien degu 2.6a.

2.2.2 AUUNWIDILUULEY (line Defects)

- umvetaznanvIamelunaieeenenyinlvlasasniingy (Dislocations) : dn1s
YAV VBIDLRDNTIsARuMa TS sstaduwuEy Haduliduluigniuaslasadiale

du ~ Qs A
Werluannuuiuni mgﬂw 2.6%.
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2.2.3 AuUNWIBNdeiu (Area Defects)

e] o 1 4 E= ) ] 4 .
- ﬂ']SﬂiﬁuﬁU‘lJE)\lﬂsﬁﬂuﬂl'lﬂVl']EJ1UVI"11Mﬂ’15LiﬂdtLﬂ?%@Q@%ﬁ@NlNﬂMUuim (Stacking
Faults) Asgy 2.64.

2.2.4 AMUUNNIBATIUIUINT (Volume Defects)

Vv = M 1 1Y o v ' a2 . . [
- ngufsuvsenznaunlinetasiudiluunsnlulassadravesndn (Precipitates) M
U 2.69. '

2.3 ANSADINALASNTITIINAL INIVBININE

nsfelinaamme (Carrier Generation) wanefly nsgvaumsdavhlidnmefndu
T Tngasidunsiievesddidnnseu-laa '

MssmsinivewIvy (Carrier Recombination) MHM8fia NTEUIUNTTATITINNTE
Founduiumsnaidn unssufeesdidnaseudasyiulea viliwveiasianamie
maly

Tnsnsvvaumsiassiiatuluansisinilunanieatuy Ingluannzauganu
$ou Sammsneiiauazmssuialmifesiiduiniu lunsdiasfsininfugnsunuan
WiUNBUBN ATIMUIINTaINMEIABUIUA uazTEUUNIBNndugnzaLgalnevh
Wishsmssumlniidannanidnsnsiedn iessuuidrdanizaunauds adnsm
aeandunwhiudnade

2.3.1 LHUAINNISADIAALAZNISTIUA I

sULUUsTRUNENuTRIENTiaLysaiusEneufsuaUIauTLasLaunIIni Sagn
usnderesimdsnuilifisstundsnuluresiiniu Wesdndudsagnsumudeerae
wanUasuwiomuunnsesanlaseadte vliifinsesundanusingligeritmdany
uwudhedu Er fagu 2.7 wiasiduunudegaunnieuiazyn $919138n91 gudnanams
rewiaagnissandalml vie unsy (Trap) Fsqudnansnisneiiauasnissusalmieglu
Fovinssiundanu uazgnidonissfundamuvssasidessivin Sudugudnanamssud
Tnidefimmzduiuluansisinh wasidugudnanmsiaiadonumnuuemme
WesninyraunaluuInnUasanne

ﬁﬁﬂ%UﬁﬂiﬁaﬁaﬁﬁwﬁmwﬁnLﬁaa 1y Fdeeu wosuniloy wisunadeuersiglun
asdessiudninifuanelane uifenuiinnaaliauysallundndne Sadudeilife
Uszasd uiunafterusinglugunuuvesmananafidnesnty luasisiniuneiinanside
Tuszdudniinaviliiaudumugetu dmusdnansfeiniitlifizuss aaunndes
dulvgiasiinananulianysallulassasiedn

RrsanasiFesziudnluguil 2.7 Tasfleudnaninisiefin-siusdalvl Er uavannu
nuLuresasiie Ny sseau.au. laefididnnsausiuiu # smlulauainus wazlea
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T p Mlukavdrnaudlasarsidnszaunn iwaidhedanseuiunisfunagnisuasy
fvualigagudnardudidnaseuainuauainuinegy 2.70 ndwiniididnaseugn Jui

E £
Cn 6‘“ ]
Eqp
n—r X
PT i
Cp i ¢
o
Op
X
n) ) A) N))

L] g

JUN 2.7 uunImTERUNGNUYasaT IRt NlansITeTEAuan wasnssuIuAITIULAY
Udeyvasdianaseu

Audnan ansavdesdidnaseunaulufivauainaniinegy 2,79 wiedulsannuaurnaud
'Y = 1Y R = = ' 'Y Y
MIgUN 2.7 vidanaedmnnsaill Idgudnansniileanievassloandunauinaud fegu
2.79 visdudidnaseudsgy 2.7n Feeedifies 4 wnsaliindusevinaiauanani sedu
WAWVEIASITD waz wavanaud dmSumsnisaldigy 2.7¢ annsoudnsladn Sifinaseu
Py v LY ¢ o o

20NUNAINUAVINAUTAIFURNATIAUYTY mngUnssmumssmm’lmLﬂu“lﬂmugﬂm 2.70
way 2.7A LLaznsxmumsﬁaLﬁmsLfJu"l.'tJmugUﬁ 279 way 2.7

2.3.2 9419330 U99N1SABIAALATAITTINA? Inal

+ 1 ] o e v < ] olay s ]
ANUITOLUIAIVDIENTInToan el 2 Useinnie 99933an1552ua2tu
(Recombination Lifetime) waga9dinnnsnaiin (Generation Lifetime)

2.3.2.1 9299391557002 v

Hutnaiedsivvegaidnaseulea duiiuasey TngAddinind1ifededin
voswmegdtion Waianissuilmivesvediuoslunsdassiuilaefinmumuiy
yaanmgdutosiinntosnitainumuiuinesswimediuniniinngauga dmdunisie
szavgs Wunssauiilvdvesmvgdnanniuwveduniey

nMafnturasgdidnasou-Teasadlindsnumiiiusesitmdany degwmeduiiy
suffusylimdanunduiuluvatssiuuu Taetl 3 naln faguit 2.8 lunalnusn ndau
gnesnunluguvestviueu (Phonon) viemsduasifieuvesuandis Jawansfagnesian lag
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Bunnalnsana1in mMssusliiuuadlnusy (Multi-Phonon) Tunnssausitiiinainnns
Aﬂ o ) 1.2 dl < { LY
ndidnaseuvnLaum N IamnsINiiulgaiiuauaudlaens H3eNAUdnaInITTIN
Aanansluzuin 2.8n

— L C
— AN h
- v
_": r - “'ET X A\
— |~ PHONONS -~+ PHOTON
a'!—m:'miiv 5838 8556550300 room
(n) (@) ® | THIRD
CARRIER

A g ] 1 o g ] A
JUN 2.8 nalnnszurumssasiilmiveswediuiu lag n) mssawsidlmivuuiaiinuou
1) MITWFETMILUULHTSE wag ) mssasainiuuulewns

Tagsunulrusuiilddmsunssumanuaundemuuulagn dunndadldlunis
sashsswhnaauarahivaudnamsyada wigahoudmdauilivasasiisui
Imamisauﬁaﬁquénmamssms‘hﬁnLﬁﬂ’lum'i?’\lqcﬁ"zﬁmuuﬁu‘lﬂﬁﬂ LaznsTMiLUUTiNGe
dne81911 shockley-read-hall 38 SRH lnsgiA iy

[z'po (m +m +An)+7,0(po + Py + Ap)]

T = ' (2.39)
Skt Dy +hy+An
Toei
T 1 (2.40)
0= 2.40
O'pvaT

;= 1

n0 O'nV,,NT (241)

opuay 0, 0ur1 capture cross-section ¥a4laa wazdidnasou muaau Tuviues
ey v, uag v, Ao thermal velocity vadlea uagdidinaseu awdidu Ny fed
mududuvesgudnannsnafin-nmssnialil pg, Ny AeArAunturedlaauay
Budnnseuiinmzauna wazAwes pyuas nymildan
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(& -E)

p=ne ¥ (242)
(Er-5)
n=ne ¥ (2.43)

oy E; Aoseaundnumpilivesansnwmhuuuuigns

-l - o 1a ' ) a
Tunalnfiass Luawaaa']umnﬂaLﬁnmsau-Iaa QnUaaaaanmﬁJu‘LWmau fagun 2.89
Ada X a ' . . . . a4 a  w & o o ada [y
nalnfinduidenia radiative recombination @AafuaisiefuIniivaunadsusuulasn
' = o a o o ' - P
\WU GaAs vi3eansdugitunainslalenduas st wasawes lnsdiangra@imiu

1

Trad =B(p0 +n0 +An) (244)

Tne B fa andudseansnissiusilu

sUuuUdtveenszuIun ST miiluegun 2.8a wduangdidnaseu-lea
' va o o o & ¢ <4 o &
gnenevenllididnaseusduluiaumnudmielsaluiouriaud daiennssuumsiiin
auger recombination lnefifgaeiimdu

1
Fuger = K (pj +2p,An+ An? ) +C, (n§ +2n,An+An’ ) 2.45)
e Cp waz C, Dumdulsyansresmsmudlniveslsauasdidnaseunuddu
Fouraeidamssadiivl asnsadeulfidu
T 11 1
R (2.46)

TSRH Trad 7'-A uger

2.3.2.2 99339an1snaiin

MnguuUTRIMITIAlvesnvildnanliud wuiniinszurunsaeiia 3
Aindulundontu Tneguil 2.9 wannssurunsnssiusutunssudilnl Sainsieiialag
Ténszurunisnssduiogungdl faguil 2.9n Sidnpseuszgnnsziuainyagudnarnisie
WAawaznissamiiiniluiuauainh uaslsassgnasziuluiivauriaud
\
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(n) (v) (m)

d U a ! = 1 = 174 a
JUN 29 nalanszuaumsneiialae n) msneifalaglueu v) msneiialaglindnu
U - d
Wneu A) Msneaifialieinnisyu

nsEUIUNIAsIimveInsTINialmiseninssdundsufie n1sgandundaaul
nou ieaingBidnasou-lea fguil 2.99 Fadunssurumslunisairadilslaleandosnh
n1auas Ingiingdidnaseu-leasiniineuiuinssdu drunszurunisaseiudrauves
nszurunstelns iunsneiatissannmsvulugui 2.9a

Tnsandnuaziddnlunisiefauuy SR Ae nisnssduainainuiou Tuvusi
nsruumITasm ndlifinnseduainaNTaultiun InenseuunsnTsAUAIeNEaY
m’m%’awﬁuagjﬁ’uqquﬁuazwa“qmuﬂszﬁu lngawnsanlaanmsdwina1gnsnisne
\Ranuy SRH (G) SeviliAngaidnaseu-laa fawnis

2 n,.z—pn
Tpo(n+n1)+7no(p+P1)

(2.47)

et G firnfugudiinnizauga vie n? = pn tlosesrslhisglunnvausassvi
W 12 > pn eiinaldiinsrvrunisedintu mintuaduddidnnseu Iaama‘lmmamqv
duna

]
I

Tunsdiffinsludandu deiinayinlsl 72 > pn awnsavusasinsnaiialindu
i P

2

n
Grue
T oot + 7,00 (248)
TED
2
n.
G=—+
. (2.49)

17



a

- 4 11 aa I a et o = o a Y a
Tne? T, AefdsinnsnaLin mu,ammmmaa'umnmmLﬂﬂqaLﬁﬂmsau—Taa Tnu91984
NAUNISN 2.42 - 2.43 2l@

(Er-E;)

kT

T, =Ty -e[ ] +7, -e[ (2.50)

2.4 wuuassananan (Yield Model)
2.4.1 ANANER

Tumsrdnvioainansessu gunsaididnnselindvlinansiafiidiuaumnngnaine
Fuiunsessin Fagndanquegmeluiuiiay uasdinsvhauemzegidumsiluléluaees
5Lﬁnwsaﬁnémmﬁ‘lﬁaanLLUU"L{Iamaﬁqﬂnitﬁ%LﬁﬂmaﬁnénnﬁaLLazﬁ;m%mianm]mfu%
yhanilgegnaund dusgiunsmuaunszuIumIkaRaswih

udnnsessavdinansisiniiivsravaiudisa majutiunazinnisludonis
muauiladeiifedeslunszurumsnds fodratu naldlunilsseunssurums (Cycle
Time)  8ns1vesuiidoendunivihgt (Rework Rate)  N15AIUANNTEUIUNTLEIARA
(Statistical Process Control : SPC) Tagwiidlutiadovaniiannsmiunianuddaves
nIzUIUNTAINNIITINTiaasAsih Ao Arandaviesuiuduiihauldsesuuiy
Viavmmuusiuanoun sy

) A U o’
2.4.1.1 AMUUNANIINLAUYA

AnanAnTiaude TnevhluiAainnssuiumskaniianan uasyiliduuisduiiog
vunkudanouiuliannsavieuld luniswdngunsalansfiedng 1wy nswdameduia
Tulwand vionsudawesvinauulni Fuduilandnlunisndniaessiu Tnsauaudd
yosgunsaldidnusedindaniituegfunssuaunisadne 1y msundanside nmaBailevsey

9
'
<

nsUgnudndaneu visuluinsrurumsaietuauu lnsfirdeulalunssuaunisaied
unvietesiiuly dnaviligunsaiuaniguandanligndes Wy Sas1vens Auseiy
Wanane eraudun Judu gunsaiidnvseindlunsesuuuusudieeusiadeiomn
vdedeifiseunsdin esinnssuunisaiiligniesmudeuls Tnsauunnseamdani
LilgvhliAneuunwsesiidusuuuugu uifinasensvinnuvesgunsafetnaday

2.4.1.2 AUUNWIBIUUUGY

Asmanmaiigunsaiansneiini 1w lalen nswdamesvialulnans uas
nsdamasviaaunluiiliviieu dealdnsinszinianuunnieseusiasii uay
thamasandniild fuduisildtuegielagtu witdifideddnlonisnameessnlu
Hagiufinnududousnniu fuanarsieiniBmeisnmitngsaey uazteyaildly -
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UszanuAnusanandniile u,amﬁim'mgﬂLLUU’uaqmmuhws'mLLUUduﬁuﬁﬂaﬁu%U%au ek
Hululennfiaunsensivasulimnnisasinaeumeansm

ﬁmwﬁiﬁﬁgﬂLLfﬁ?JﬁQEIEULLUUﬂ’J’]NUﬂW‘fEN Tngvenfunindufinuunnsesiu
finaidusiogunsal da3enin mmnihasluvesrimunnses (Probability of failure) Ing
vhanldsufuAs uTeInuANses ilemmauLtuTssmIIUN NI BdaA RV
T gﬂqummﬂmunwéaawuejuﬁ annsauvsliduanaussian

2.4.1.2.1 ARlgvasAuUNNIas (Average of Defect)

' < ¢cd o o a o ) - ' ¢ o
mLaaa*uaqqﬂnsmmaamnmumnm'm'unwsawsam'mluauu“sm Tagguuun
U1 AU A NRABTBIAINUANTDILAAIAIENNTT

A=AD (2.51)

Tagdl A FoAdsvasmuunnsewviogunsaindesedy Miiaeinaulianysal A 1Oy
4" A a b ) ! d‘ <t ] g ! 1
fufvesdy uar D AoAruvuinduvesmunnses Jmhududuiuauunwiowe
nilamirguin

2.4.1.2.2 HaNYuvDIUUIIAAIAHNANER

Tngnlduuudiassamandmdulantursianunuinturasnuuansesenis
! &I d v H’l ‘H‘ a 5 e Q. ' a
wiagitui (D) iu Nuivesdiy (A) Tuunerseenatinsifiuafmaulszneu C

Y=f(4,D,C) (2.52)

PINFSetaruesranARamnToAnnildan NsAERsEINYeIsuIUTUIY
vidoduitanunsalFuldfusuutunuiamn wardiansameaaildananuinsdud
Furuidlifnnuunnsesainlenaivun aeistnanidsnsidanundusazadily
nsALASavazueeaInandn 1ned1edenisuanuasanautasiuuuuniuiy daees
anumasuvIeduddu wazuuudvae

24.2 ;nJu,*uwaammanLta‘aﬂ'nuﬁwzvflu (Probability Distribution)

Tumsmaaes SAduusiideinisindaiialiasiivieasuulasldluusasnisin
Sund1 Fusdu feghawesiulsdy 1y Amnstuaiialdlumenesauasainmanaaes lag
fimswanuaseniesduresiiuusdy Wuiliduinansindulsguiiamindu Alnrmils
Tu Sample Space meyamuezidu

Feuszinnvean1skanuas annsautadiy 2 sllamuridavessiudsduie nasuan
waanuusiaides uazwuulisiowiles Taesiguuuusaiuly
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2.4.2.1 NISHANKIILUUYIAUNY (Binomial Distfibution)

a v - v ) ay vy o el | ar °
aunithinslouwnden uagldanuinazdunlamumn fawindu p wazluviues
a ar 'Y & ' & o a8 v v = ) &
Wertulv g Wuannuinviliuvednnsdiniosudes Wewinauiivslulunisley
wiseiilaies 2 Adlviniu Ssaansalsuduaunsididy

pt+tqg=1 (2.53)

LLau‘lumiTaumsamwmaqﬂiﬂﬂammuw"l,ﬂumviﬂ FuT v3e dufey agetioeniie
adq Sailenvingy sy

(p+q)' =1 (2.54)

wiednlenily ¢ =1-p Aeluaumsi 2.5¢ aunsadeulaiy

N N' \
(p+q) ”=Zom p(1-p)" (2.55)

&4 ) & a o - ° Y v o
FIUUANNITNITUINUIANUUIILL T URUUNIUTY L&J@IUULM?EJi}Jﬂ’]U’JU N A9 LLavaﬂil"I‘U’]u
& o L% LY Id | [ () 2 o ' < (Y] 5 ' [ d\lUG
psaeenvin ¥ WU k Teed k Wuaidunutduseis 0 89 N Aty asiasiluiladiuau
n

v
(Y

asaioan Wu n wavhey N-n asudu

N! A
P(n;N,p)=mXP (I—P) (2.56)

2.4.2.2 n1swanuauuullees (Poisson Distribution)

auAlimamscifiaulafiniunaentag (interval) videituiifinivua drdaunsa
wislidugaedes (Subinterval) Tandi

- arwhesdureavmmsaifiiatunnniwmiasmsaflutasespiudugud

- ahezdureaveniseivilduusazdiedessidwvinty wasifudadiufuiy

ATMETITBT I wag

- msieturesmgmsaiiududaseretuluuiastasges

IﬂaL%'annsvuaunﬂSLtuuﬁdﬁL{"Junsxmummwihsuaq (Poisson Process)’ lagiin
Aadsvoamansaiiunie A Sanunnnt 0 faudsdu n mnefuuresnanisaii

Aatulutietu Snsuwanuasuuutiiees (Poisson distribution) Taetianiy

—ﬂ/ln
n!

P(mA) = (2.57)
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2.4.2.3 M5uANUAUUU9891nASU TR TBINITUINLAILUUNIUIN

Y ' ] = d o - oo
negiildnannlunisleuvioy Wedwulunmegeueideleu) N s
nnAsakazauinaslue p Setdseun wasimuali

A=Np (2.58)
ag v R @ = a N -
aunAlinisleumssgynaisbitudwiee Gansadeulddy (1-p)°  vie

P(0;N, p) vilula

ﬂr
. ={1-2Z .
P(O,N,p) ( j (2.59)

I
(%

innslafanduaeniiiuiaeil uagldounsumeiass (Taylor Series) iWuunum
aunsi 2.59 fedy

lnP(O;N,p)=Nln(1—]—/3’-)= A==, (2.60)

dlevs1uin N fengaunn dedusfinnuunlunaiiigeadusuluieiaiosnnn wachi
N inlvleaunis

-4
P(O;N,p) ~ e (2.61)
Fadumnnihesduilountogudibisenshui

sorniaunis P(ON, p) lumseendemuiiasiu P(n—1LN, p) uazdnda

aumsi 2.59 uag 2.61 wld

P(O0;N,p) _ Np-(n-1)p
P(n-1;N,p) n(1-p)

~

A
— (2.62)
n

d'- U 1 = $ 74 4 t o - dv
We N fiawinndt 7 unn way p fiadesuinwenozbithuife 9anaunsil
aunsavnaauUnsuRle du edratdey 1 asadu

P(L;N, p)=%P(o; N,p)=Ae™ (2.63)
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' o v @ v
ﬂ’J’mu’l%L‘fJuVI‘\)s‘lﬁ ANUNI 2 ﬂix’lL'fJ'u

2

. A
P(Z, N, p)——2—!-e (264)
Llaglﬁ'ﬂ n ﬂ%\?
A",
P(n;N,p)="e¢ (2.65)
n!

Juaunisveshiess Jauszanmeinnisuasuasnnuiiasifuwuuniuig Tngdauves

5 a clt’ ] ed a t:‘l’ a ' L% ' > ve
wamsalduistusuudunasivanisalifietududasyiedu anudnsdunaeldiuiu
wansed 72 Tugrsnfmunae

P (n;/l)=—2'—-'— e? (2.66)
n!

a6

2.4.2.4 N1SWINUAMUUEIMEENWTaTuTEY (Simpson’s Distribution)

LﬂugﬂLL'U'UmsLmmwwaamwﬁwmﬂuﬁﬁmﬁn‘ssm&J‘uaq‘ﬁagaL{‘JugﬂLLUU
anivdon ideegludivvesdeyadiian a uasgean b lnsfidmnninendugeaadiyn m 3
aunsaaiiounuuasweansnszaeuuuung Inefisduuuresaunisidy

2(x-a)
W , aXxSm
P(x)= 2(b-x) ;m<x<b (2.67)
(b-a)(b-m)
0 ; otherwise

o a a . . als .
2.4.2.5 msu,imLwetmumwmaﬁmaau (Uniform Distribution)

Wuguuuuniswanuasedeieiigguuuuvia Tnsfinisnszargvestoyadugy
Awdsuiiuin flmnanisfuresmsifiamgmsalvinigiu waziinsimuatreweadeyasn
Fdnam a ferngean b Seuildnsmviemarnhanduitomaiisniu 1 Tnefiguuuuves
aumsiy

1
b—a

P(x)= (2.68)
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2.4.2.6 n15uINLAUUUNR (Normal Distributidon)

[ ] ) aa 9/ [ = [Y] i 1 % ) [ 4

L‘ng‘uLmumsu,ammemuwsmuwuau‘l‘u waziluhivensues9ninewing aala
nnmsivdeyadnaunilane qyadeya Tnefinnsnszansvesgadeyavismuadugunsm
sedlsmuuvaninns (Bell Shape) Tnefiguuuuresaunisidu "

1 _(x_/‘)z
P(x)= e (2.69)
270

A 1 2 k3 d' 1 g Ll
Toefidn y war 0 © WuaAnelsuazainnuuususiuresdeyaresiiuysda x
o w v v & a v | ol
auaau Tagannsaudasdeayaidu nsuanuasuuiduldsnfiunnsgiuvesiuusdu Z #ill
' a4 = &
ALaagdu 0 wagAaMuLUIUTIULtY 1

2.4.3 WUUT1AD9AN wawamﬁ‘lé’mnmimnmewﬁwaﬂu

farsanannnsuanuaseuiieziiuresmunuiwivresruunnseIsa FULUY
v v o o Y
‘I-"LJVI'J‘UE)VI 2.4.2 NHaIun ﬁ'\u'ﬁﬂLLU\ﬂﬂLﬂu

2.4.3.1 wuvItassnananvaitdIwae (Poisson Yield Model)

1NNSWANLTIANUIRETuast9e9 WIpAIAILEI9E T UYDINISNUAMUUNNSBY
VuTUTANINAURAaATILEY 9INaUNITTBINISHANIRIANLUIasiluestheee aeld

P(n;l)=~/1%e"l (2.70)
n.

Tnen A = AD \{Jup1aiauunnsasadunilesn D faanuyuiuuuedniniunnsad
waz 4 fe NuNvesdy aetu Audrasiunaswudunlusianuunnses vsawesiduduag
nanan ity

Y=P(0;/1)= et (2.71)

Feaunrsmainaniliuiuusiaesdwananvestaves  Tnedauufgitindiay
unwses D wie A tuasiimsnsznvesahiaueuuuiudiaouiausiy uaziirniiinasayn
WUy nNGUTvNSHER

Tnsuuusassrmananuestheonduiifonluomusdinuiivosduiiouinussann 0.25
MIELALLAT uagnuidinsiiufguussnsuitelinnsliuuusiassdmandnanysal
et uiilosuatufivesduiivuafintuiosq vldmudeddalunisldnudn devun
yosuifiAnnty vieAesnimwiuaisdeduiiannndt 1 O > 1) Afesazvesdn
wandnilaagiinliuiug Tassgdnnniesasvesimandnldmniauduie
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2.4.3.2 wvuimasinbiinvesdiveshiiinsuivlss

nuuLasswandnvastheadluiide 2.4.3.1 fifinsldemuagnuinlidmandn
mndrnnduede Tl 1964 wesH (B.T.Murphy) l@uaAuAAiuI1 AAIVLIILYDY
auunnseadinilininaenuiudaneu u,m'ﬁmsﬂizmatﬂuneju’luu‘%nm’imu%nmm‘jwu
wiuddaeu wasfidduiuluudasyanisnds e ualdlilndidssaanduese el
wuuvaunsvesiheeunuszneuiuilsituresnisnszaevesanuunnses f{D) ¥l
mnihvzidureinsnuauunnieuudy faunadu

P(mAD)=[f(D )AD "¢ dD (2.72)
Fviliuuudnassawandndiu
Y=P(0;4D)=[ f(D)e *dD 2.73)

91nauni1si 273 WeRarsundeiduresnisnszaievesniiuunnses f(D)

wendlinsuguuuuresileidureinsnszaevesniiuunnias Fuinsainamigiu
Tuguuuusingg lnewudndiginetgnaninausilanduiluguuuusneg i

2.4.3.3 WUUTIAR9ATNANARIINNTTUINLIIVBIAaRTNIATY

o 2| ag v ' ¥ = ' P I a
NFUNITN 2.72 Woauudlinsnseangvasnuunnsaniulunuuguuasinimg
AADALKUTEADY AIUATNATUYBIANUVUILULYDIANNUANT BIENITOLALAEIAB Do B9
WuAadsresauviuiliuyeInuunnsad Tunsail annsalisuilendunisnszaneainu
' ' ) . v =
wumiuvesuunnses (f(D)) Wu inanfleddu (Delta Function) Aeaunish 2.74 uae
Yo pui
warnaladagun 2.10

f(D)=6(D~D,) (2.74)

(D) A

D,

JU# 2.10 wamilendu
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€ as a‘d U < < d' 1 5 5 [} 1 o
Tnouilsdduiitianfivsgafent D = D, winiu antduhaunisluunuat vilala
wuuInassAHanantu

Y=[5(D-D,)e*’dD =e " (2.75)
af' a0 ] s [ ' o [} d } 24 1 d'
Falavindunuuiiasssnandnvsstive aanlananiiludaunisy 2.71

o 1 o d
2434 LLUUQ’]&BQﬂ']NE‘INﬁC‘l‘UBQLN?J%WQ’]ﬂﬂ’IiLLQﬂLW\iLL‘U‘Uﬂ'lﬁJWlﬁ‘c’J&I

MRsanARRduATIuILiuYsIauUnnses taswesilalausinguiuy
voefladdun1snszane aasldnisnsearsuvuiduldsuniiniontdidsu (Gaussian
distribution)  iurudarsudiulngiimanumunutiuvesruunnsosiiuaadsvese
ATIUVUILUY u.asﬁmqLLsJuﬁﬁhﬁmﬂndm‘iaﬁaandﬁﬁ'\mé‘aﬁqgﬂﬁ 2.11

f(D)
T

D

sU 2.11 Hangureanidifeu

v

winuInlunsBuTitnsanIaUsWusvasaunisin1d@eutiu luarusaunaunishil
arugudeusonulaosalasdny Feiinsuszuiudandusananlaeldfandunisnszaie
anuwviaenvesduUdudisgun 2.12

- ——— —

Dy

5UR 2.12 Neduvesiuddu
Feaun15anguii 2,12 faudy
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D
_7 ~0<D<D,
0
1 D
f(D) = 2—_D_ ;Dp<D<2D, (2.76)
0 0
=0 ; elsewhere

ﬁw‘lﬁlﬁtmuﬁﬁamﬁwaNﬁmmnn'ﬁﬂsxmﬂmﬂmumﬂu‘ummmunwéammumumé‘amﬂu

D, 2D,
Y = 2|:§e"wdD+g_)[

0

L 2——D— e P dD
DO DO

1—e™*™ :
Y= — 2.77
5 e

d' d' g L ) LY A
Tagaun1sn 2.77  Wunweuiuuasldiuagraninavinsludagiu ensivdeu
! 1 A - d‘l -
HANIZYIVIINAMUMNILLLYTRIAINUANTBsIARTUlunTEUIUNSHER

° ' a = =
2433 qumaaamwanammma‘i‘ﬂmf\msuammuwmw%ﬁmaau

<

d o ¢ ] ! |
WEMNUANIATUAIIUNUIMUUTDIAIIUUNNI DY L‘ﬂuzﬂ LUUNSUANUIILUUAININTD

=2

i o 2/ ] ) 5 o S 3 LY
wuvdmaeuiiudn Tnglianumuiuuusedaunns asuuNTEABLU AT aRAWINg U
fn 2D, nglifiAlafigenindu dagud 2.13 Fadumsdssanamvesndideussuvey

f(D) A
112D,
' > D
Dy 2D,
gﬂﬁ 2.13 e FunsuanuasuuuAsi
Fefinnsuanuasisaunis
f(D) - ;0€D<2D,
2D,
=0 ; elsewhere (2.78)
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= L oap
0 DO
1—e 24D J <
Y =|—— (2.79)
( 24D,
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unii 3
A5A1HUN1SIY

3.1 NT99NUUUNITNAGDY

msiteadsildgunsallalenlunisinu Taslassadrdlalendoutsmuriinves
JUnsasvadia 3 2 lassasulaun

" lalaauuuinufinda (Large Area Diode) ﬁgﬂwiaLﬂuﬁuﬁﬁm?{au‘[mﬁﬁuﬁwm
nfn 200 hlasiwms @13 400 hilaswes wasfiawueniseuzudu 1,200
lalasiuns fauansdiegud 3.1 n

= oleauuunniAe (Meander Diode) figunsaduiiufinaifen fiufiauanii 2
lulaswms 17 400 Tulaswms 9awau 100 wau Aug1Iseuju 80,400
lulasiuns fauandluguil 3.1 9

JUT 3.1 sUnsasnadinveslalontiia P'-N, ldlunismaass

3.2 nszuaumsaigunsaididnnseiindussnmdues

dmsugunsaflalenfildlunisiine gnasstudensrurumsaiiiunesgu
dmfugunsaididnnseindussinndusavuin 0.8 lulasiuns Aqudinaluladlulas
Bidnvsetind Tneiituneussi
1) a¥uukugiusestaneusiia® szu1v (100) Afaaudiunu 5 Q-cm afady
Fanoulavonlednun 25 uiluwns
2) aetuiaereululasd wun 150 wiluwnsuududaneulnoenlss
3) UnvesdAneululnsd  iieadeuinanousnyiaduy  9mburhmstslse
voavla¥a fewdanu 140 Aladidnaseuliad FouSunnvesaside 7x10”
ion/cm”
1) a¥ndudaneulasenled wieududnasiienoanesa



8)

9)

v
(Y

aa ¢ o Y & v
adnduddasululain vun 150 uluwes wolduiufiadsgunsel
1 24 n’; aQa '3
asrudaneulaeenleavun vun 650 uiluwng
5 aa o v g P ° < =
afntuddeeululadneen vinmsaiamataielas e muauIINNL
a3t n+ vdmntuihnsaleszgendia (As) sewdanu 50 Aladiinaseu
a < 15, 2
Tad Usinauenside 50x10 - ion/cm
inmsasaeanselitay  eAMuAUSMNRZa Il p+r MaINtUn
msBelevszqluseu (B) sendsnu 40 Aladidnaseuliad  Ysnmanside
15 2
3x10 " ions/cm

124 5 aa (3 v o W et P aa b=l
astuddnoulaoenlen wieududuinanloedlawazarsieluseu

¢

e 2

9/ 5 aa € a - [
10) a¥etuidnoulasenledeiin TEOS ieiluauiulesiugunsel

o - 4 o a o ' o v &
‘Vnﬂ'ﬁa%"]\?a?ﬂa'lﬁ]u’lEJ"I‘l'JLLa\‘] LW@ﬂ']“u@]UﬁL’JfUVW3?{%"‘N°Uaﬁa']wiU‘U'ﬂaM3

11) ¥imsasetulane Ti/TIN wag AlCuSi Ar8nssUIUNITalnnese
12) nmsaseatnasvienlinals edinuausiunizasuiilansuazanadulany

Ti/TiN wag AlCuSi Wielildananelany

3.3 1A5993lDLATNTEUIUNTTIA

n¥wnfiadefuannszuaunisadne dnmsinanaudinisiviivedialon tdun
AnanlAnszua-useiy wazamauTiamuglii-usiy Sainemsdanssduludanse
Tngldin3eaiiolinserinuaifgunsaiuaansiiafati (Semiconductor Device Analyzer)
YBIUTEN Agilent  Technologies §u B1500A uwazgilansouuriuinamauifvesgunsal

(Black Box

& Probe Station)

lunisinanaudinszua-useiuveslaloaniigunsusvradinuuusiiegiuuuusiy
aa o ¥ L Ll T <2 ) A
gusnsddneu vilaensiiaussiuludansalugae 0 1 0.5 Taad 929az 0.01 Taad Taef
Freussiuliiuvsuenidu uasyinsinnszuandaf Fapvangungiin 27 ssmwadod
< a v v o 1w v €
w38 300 wwadu (K) lugiianseuiuuvininanaudfgunsal
4 s wa | L © o b=l a v A
dmiuguandiAinnugiii-useiu nssviriulaleauuuifisafuimeninud 100
Alaigsnd Ngaumgll 27 svriwadea Anunivestulasaniveyssiuiilulauenyiagu
anseAnaAINAMENTRAANNY LTI

3.3 Bnsiwnsideyadndiamaninineades

3.3.1 AMFIATIENAIATUNUILUUNTSUERIYBIAUTENDUVDINTLIE

lunsmanAuKdunsEuaansomiamensinsgiesdusenauvenseLa
swdldngunsallalen Fatayanisgunsusnadinvesgunsallalen anunsouanslad

A519% 3.1
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P 'Y a Y 4 v &
A19199 3.1 Yeyamasnadinvedlaloauuununninuaglalenuuuaniaen

[

Uszinnveslalen WM (MIBURLRAT) wuseugy (wudns)
¥ I o -4
WuURURNIg 8x10 0.12
X &
WUUARALFEY 8x10 8.04

0 Y Y 4 v X
osiusznausnvenszuasdmivlealenuiindre 7., uaslaleaguaniaen

Ly Wensldifioanunnsi 3.1 uaz 3.2
Lwy =L aray ¥ Lpguay (3.1)
I(IVE) =4 4(ME) +IP(ME) (3.2)

P & v X 4 - v v &
lng#l 1, Aenssuameiiuiiud uag 1,  Fenssuanivinudusougy anaunsme

o : 1Y <
2 annsowdsugulniluguvesmnamnulunssuaniaunisn 3.3 uas 3.4

](LA) =ApJ  + P ydp (3.3)
I(ME) = Ayt +Bypdp (3:4)

logh J, way J, Aemanaviudunssuaiuiufivasauduseuguvedlalon
MUAWY 4, Uay 4,, AevunvesNuivedlaleasasswiia B, uaz P,  AsAiu

E g 5 a v S| & 4
gnduseugUedlalonvisaasiln 3ndeyalunisnd 3.1 wawisaunumiuivasainy

v < o w o v
gndusauzUvasialenluainisil 3.3 uag 3.4 awdwiu vitile
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Abstract. This paper presented the correspondence between the yield prediction from Poisson’s and
Murphy’s yield equation, with wafer actual yield on the silicon wafer with 0.8 ym CMOS
technology. The defect analysis with derivative method, current - voltage and capacitance-voltage
of diode characteristic measurement, is used to define the defect in p-n junction on silicon wafer.
The different sampling numbers of chips are used to calculate the yield. Finally the calculated data
and actual would be compared and found that at sampling number is 25, the tolerance from actual
yield is less than 3%.

Introduction

Currently, one of the efficiency parameter in manufacturing that need to be developed and
improved for the semiconductor manufacturer is wafer yield. Yield can be defined by a ratio of the
number of good units after tested, and the number of overall tested units[1]. As a result, the higher
yield is one way for chips cost reduction, since the cost per wafer is constant for each technology{2].

Yields loss mechanism can be extracted into two categories. The first is gross defect, these are
caused by process error that made circuit or chip cannot function properly. The second is random
defect. It is the defect that has chance to occurring. And can be obtain from yield model or yield
equation to determine the probability of failure[3].

The defects are defined as physical anomaly which makes the circuit fault. Since the complexities
of chips are increased and the wafers are processed more than 100 steps, undesired layout object can
occur during the manufacturing process. There are some papers describe the yield equation in many
solutions{4]. In this paper, the defect analysis with the derivative method is used to explain defect
distribution, and the predicted yield is obtained from the yield equation. Finally all data will to be
compared. .

Theory

Yield Equation.

For wafer yield calculation, yield(Y) can be defined as the function of the average number of
defect per unit area (/)y) and chip area (4). Sometimes include empirical correction factor (C). So,
the yield equation will be

Y= /e f)aD M

Where f{(D) is the defect density function on the wafer, which D is the mean value. In the past, the
defect density is constant on the entire of wafer, the value will be D and f{D) = 6 (D-Dy) is the Dirac
delta function. So, [ AAD)dD = 1, and yield equation will be

Y ePdo, )

This model is well known as Poisson yield equation for calculate the wafer yield. Typically, /D)
is not known, and was assumed to be Gaussian distribution function. But since it’s hard for deriving

Al rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www.itp.net. (ID: 161.246.28.138, King Mongkut's Institute of Technology Ladkrabang, Ladkrabang, Thaitand-20/10/16,10:30:21)
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the equation, Simpson’s distribution (or triangle distribution) and uniform (rectangle distribution)
will be used instead. So, we can get the Murphy’s yield equation as see in Eq. (3) and Eq. (4)

«4Dg 2
r=() G)
Y=(1‘;;Z:D ). 0

Defect Analysis with Derivative Method.

This method is used to describe the defect that occurred in the P-N junction semiconductor[5].
The data will be derived from the diode characteristic at forward bias. They are current-voltage (/-V)
and capacitance-voltage (C-¥), then analyzed with derivative method. Finally, The generation and
recombination lifetime were obtained.

Consider the forward bias current. The area current density consist of the area diffusion current
density (J44) and the area generation current density (Jrs4)

Ja=JaatTpa )
And
_ qn; Wy
J’ d Jd/ it [Zr,. exp(q¥/, 2k7)+rg] [exp (q V/kT)- 1} (6)

where q is the electron charge (1.602x10™" C), n; is the charge carrier density in mtrmsw
semiconductor(cm™), T is the absolute temperature(K), k is Boltzmann’s constant(8.617x10~eV/K),
W, is the depletion region width (cm). Finally the generation (7;) and recombination lifetime (7,
will be obtained from equation Eq. (7)

q""”f‘ L =2r.exp(qV/2KT) +,. ™)

Experiment

Preparation.

In this study, we use the standard diode which is made from 0.8 micron CMOS technology was
fabrlcated on 5 Q—cm of p-mhcon substrate. N-well was bu11t from 2phosphorus implantation at
4x10" jon/cm®. For p* region was obtained by boron 3x10" ion/cm’. Finally, the junction was
connected to the aluminum metal. The basic structures according to the geometry of diode are below

o Large Area Diode, with the rectangular shape. The area is 200 um x400 um and perimeter
1,200 pm. As show in Fig. 1(a).

¢ Meander Diode, the area is 4 um x 400 pm x 50 strips. The perimeter is 40,400 um. As show
in Fig 1(b).

Measurement Method

o The current-voltage characteristics (I-V) of each diode used at forward bias from 0-1 volt with
0.01 volt step. The voltage applies on n-well and measure current at p+. This measurement was
controlled at 300 K in the black box.

o The capacitance — voltage characteristic (C-V) used the same diode with 100 kHz signal at 300
K in the black box.
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Result and Discussion

Defect analysis[6]
From Eq. (6), it is the linear equation between gn; W) 540 and exp(qV/2kT) with slope (27,) and y-
intercept (7). Once we gathered the I-V and C-V data at forward bias, and derived from Eq. (5) to

Eq. (7). Finally, the distribution of the generation and recombination lifetime will be shown in .Fig. 1
and Fig. 2 respectively.

0.000
0001556

Fig. 1. The distribution of generation lifetime  Fig. 2. The distribution of recombination lifetime

From Fig. 1 and Fig. 2, the distribution of the generation and the recombination lifetime are not
the same level for the entire wafer or called non-uniformity defect distribution. The each spikes or
higher value means the leakage current is higher than normal value. The spikes on the distribution
graph of the 7, were rejected amount 20 chips from 124 chips. So, the yield of wafer will be 83.87%.

Prediction with classical Poisson yield equation.
Assume that the silicon wafer is not tested before the prediction. The MIL STD 414 (or
ANSI/ASQC Z1.9) standard will be used for this experiment[7]. The ANSIVASQC Z1.9 is a lot-by-

lot sampling plan, which has 5 levels for inspection. Table 1 and Table 2 are the part of sample size
code letter and master table (from MIL STD 414 standard)

TABLE 1. Sample Size Code Letter. TABLE 2. Master Table.
Sample size code Number of
Lot Size Inspection Tevels lc]t:t‘cr San;plc
i uyiviyv I "
111t0180 | B|C| E | G |1 E 7
G 15
1 25

From the Table 1 and Table 2, lot size is 124 chips, so the sampling size code letters (for I-V
level) are B, C, E, G and 1. And they are 3, 4, 7, 15 and 25 samples respectively. Then, use the
sample size number to count the rejected or defect chips. After that the average number of defect per
chip will be calculated from number of defect divide by number of sample chip and defined as Ay,
that is product of the area and defect density(1= AD), to calculate the yield with yield equation.
Finally these yield data would be compared with actual yield. These sample chips were placed
randomly on the wafer.

After located the sample location, number of defect were counted and defect density were
calculated with yield equation to calculate the yield. As shown in Table 3.
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TABLE 3. Defect Density, Yield and Tolerance for each sample.
Number | Number | Defest Poisson | Murphy | Murphy | 9 Tolerance %Tolerance %Tolerance
< of of Per Yield, Yield, Yield, Poi (q.2) | Murphy(Eq3) | Murphy(iq.4)
a Ea. (2 Eq. 3 Eq. (4 oisson(kq. urphy(Eq.3 Murphy(kq.
Samples | Defect | Chip ((1%()) ?%()) 21%()) IActual IActual /Actual
0 0 100 100 100 19.2321 19.2321 19.2321
4 2 0.5 60.65 61.93 63.21 27.6820 26.1628 24.6309
2 0.2857 | 75.15 75.66 76.18 10.3998 9.7873 9.1745
15 4 0.2667 | 76.59 71.04 77.50 8.6767 8.1372 7.5933
25 4 016 | 8521 85.39 85.58 1.6029 1.8137 2.0370
Conclusion

This paper presented the combination using yield equation and defect analysis with derivative
method to define the defect density. The number of sample plan is used because if we do all chips on
the silicon wafer, it would take more times, resource, man power. Then cost will be increased. So,
the number of sampling plans is referred from ANSVASQC Z1.9 standard.

From the result, yield calculation will be obtained, and compared with actual yield. At the
number of sample is 25 chips can predict yield with tolerance less than 3%, but use number of chip
only 20% from all. As a result, the derivative method is effective way to define the defect on the
semiconductor and can predict the yield.
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