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Research Title: Defect and Yield Analysis of Electronics Devices on Silicon Wafer

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

ABSTRACT

This research presents the technique for the defect and yield analysis of electronics
devices on silicon wafer. The defect distribution for p-n junctions of diodes on silicon
wafer were used the derivative technique. Electronic devices fabricated with 0.8 pm
standard CMOS fabrication process. Next, the current - voltage and the capacitance -
voltage of diode characteristics for forwara bias were measured. The generation and
recombination lifetime were obtained by using the derivative technique analysis. Then,
the result was shown as the defect distribution with 3D contour map which is useful to
the study of the defect or the leakage current that obtained from ion implantation

process in p-n junctions.

Keywords : p-n junctions, leakage current, defects, generation and recombination

lifetime, CMOS Technology
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(M) Body Centered Cubic (3) Face Centered Cubic
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2.1.4.4 ¥iuse Van Der Waals

Juiuseiideudian W lanavaslalnsiaunigeslsd (HF) Adafusaiussssningg
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119 wazauuAnTasuuuunsnd liisudasinlilassairadenne Wussaiiavgnianeie
waziinasonmantinslniivesars feeiuarnisunsndienuansujiseideiussuitmy
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Neutral p:mgi(m_q E, Newutral m-region
ehimalunud® AT S S SOOIl WA,

(n)

()

(49)

< wa ad a '
U7 2.11 aaaudAnislwiiivinusesdefi-ou

) o ' a | 4 el e | Y} L
usasulnihinnaseuusnasesdensamisanii ussaulniianely (builtin - voltage)
¥ s IJ
wanslanaaunsa (2.1)

KT NN, ”
q n;

V, Ao wsesulnihnielu (han)

K flo Apsiiluadunu (8.62x10° eV/K)

T fe samglesmauysol (K)

q Ao Uszadidnaseu (1.62x10" pasw)

Na fiB AITUVUILULYDI0EABUR TU (cm”)

Np FiB AUMUILULYeaEReNE IV (cm™)

n Ao mumuuwduvesssgwmeluansfisians (cm”)

=1}
Zs

€ Y - L Gi
uazlunnizaunad szzanuniweIUInMUaEANVELAAIIARYENNTA (2.2)
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’2 ViN N )
X() = 2 0 AT D (22)
gN N,

el X, Ao mnuniuinalasavvzlunnizaunad
€ fo Anwastafinvesansniai
V, Ao usanulniinnnelu Qaan)

uananfidmuii Nusnuseedeiidnewmsadiedulassaiiivesduiulseylnia
(capacitor) AAIUMUIMLLYBIUTERLWN (capacitance) Nausawandlafsaun1si (2.3)

c = | 8NNy (2.3)
A 2N, + NV,

s ¢ Ae AAnuglifihiisesda (F/cm”)

P ole N
b Xt
cjue
+ i Xn
.._..,{ e ]._._..
G

‘4 1 14 - i
JUT 212 Apnuglwihivinuseedefi-au

2.2.2. seunon-wwuluvazldsunssiuludanse ( Forward Bias )
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ol | a var w ) P = o el ¢ d a
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fusuidu fsuanslugui 2.13
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v fa a o« = = ) | o o
IﬂiaeﬁwaﬂaaqﬂnsmaLﬁnwsaunaUi::mmmaﬁ Faiilasadsesosnauey p+- Nyell mLLam’[ugﬂ‘w
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Psub

U7 3.2 Tassadwesgunseldiinvsetindussinvduea
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3.2 nszuaunsaiegunsallalon

olonfildlunisinu asgnairsliusenszuaunsaiamsgugUnsaldidnuselinduseiam
= = s a a oo & v o
Fuoavun 0.8 lulaswas Aqudmalulaglulasdidnvseiind Feanunsaagiuneulansui 3.3

1) uilugiusesddnou viadt szutu (100) Adaarwmiiuniu 5 Q-cm afetuddneuln
ponlYd U1 25 nm

S0,

Psub

2) asndudaraululeia vul 150 nm vududdreulasanlas

Psub

- 1 o e L3 dl 1% Y 1 a ulj o =Y
3) Undesidnoululadn ead1euinavsusnttneuy (Ne) ntuiinisglausey
[V ) [V = < g 2
foavadd Miewasu 140 keV Usunadnsias 3.6el2 ions/cm

PLIITT 1L
o EEEREA

Psub

4) aftuddreulaoenles wisuduinaisiiewsawada (Phosphorus Drive-in)

SiO,

Psub
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v Y aa ¢ - & e ¢ 3
5) ayduddnoululasa v 150 nm iaduiiuiiaiegunsel (Active area)

nitride nitride

i

Psub

6) ahatudsneulaasnlesuun (Field Oxide) wun 650 nm

Locos AEGEGEENENNE o IO COS

Psub

a :‘1 aa € o 2 g 3 .:I J
7) annduddasululainean vnnnsasrsainatsiienliuas (Photo Resist) tien1wua
Uihafazadieda n’ wdsaindwinisBailslszgendila Aaendsinu 50 keV Usuna

a15\30 5e15 ions/cm2

Arsenic

R hi

R

e

PR PR

F,sub

o v H g A o a = ) +

8) wﬂﬂﬂia’i’ma’.}ﬂa']EJUWEl’Il’.}LLﬁQ (Photo RESISt) WA TUUAUINIUNAZETNNTYT P
ot I’IJ/ o - 4 o = =l ¥ 2
‘V]aqq']ﬂuquﬂqiﬂanUiﬁﬂ:[Uiau AIENAIU 40 keV J3u100a15199 3el5 ions/cm

Boron
P RN
] 4 ] & g g & i z;
%E ¢+ + $ 43 3
PR PR

Psub
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9) @sntuddmoulneanlad wisuduinaisiieedtauazaisiolusau (Arsenic &

Boron Drive-in)

11) vinsaseanaisinenliwas (Photo Resist) wieniuuauIufiavasedosd sy
dalave (contact-spacer)

Psub

12) vinsasrsdulane Ti/TiN wag AlCuSi mMmenszuiunsalnmess

o o H ; i o a P )
13) vianisadeatnatatienlinas (Photo Resist) livaivuausafasas9dalane way
al ﬂ.j " 4 & A v
anmtulave Ti/TiN wag ACUS ielvlsananalany

2
@

| 2
EUV' 3.3 ‘IJ‘umE]‘UﬂiBU‘mﬂ"liE‘li’NqUﬂimrlﬂIaﬂ
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3.3 Asesliawardsnisiadaya

megndaadaduannszuaunisad tilalealuiaquant@nialuin 16un auaud@nssua-
usedy aduludanseuarludadoundu uasquaudiaifvauglvi-useiu Tagldindesie
Ainseinauifgunsalansfadia (Semiconductor Device Analyzer) Ju B1500A woeuien
Agilent Technologies Wazgilansouuviuinauaudfigunsal (Black Box & Probe Station) fis
uansluguil 3.4 uazguil 3.5 mudiy

v ]

=J ot e
JUT 3.5 gnisuwivinnuaudfgunsal

U
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Bn1sTneauanvuEnTEUA-LIuYedlalongUN T UIAAALUUAN A UULLLUEUTBY
Fanou gnimsTanenisiiailusadudasas 0.01 Taad aanussiudoundu (reverse :Vy) Ui
WI9AURNTY (forward Ve Tefussiuludaazgnlviiuvausndu : Ny uasiinsiaainssuaiin
) + o aa o) o] v w | ow wa ¢
9 p Fauaugungin 27 °C - 100 C lugniauwiuinnuandigunsal

at 1 = @t o =l [ 7 - = a ¢
AudnvazAAuANgINT-usy grnssvindulaloauuuifgniudieaiud 100 Alaidin
a o o v & & AaL ) o ]
gauuAil 27 °C- 100 C AIUNINTUUABANIMEUBIRUMTULHUFIUTEY @1U1TOATLIUIAIAN
adnwazAnnuATIglni-ws iy (C-V)
pe | as a s, ¢ s s
FaunudinsinauandRgunsaluanadiaguin 3.7

=B =n

‘J a . e
JUN 3.6 unudsnsinaaanilalon
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alo &) ] al
4.1 nsfnwquantinugiunelusesdenidu

Wansvesmalulagnissintulave-ganlen-asiedaun (CMOS) luadielwal fqnyavune
\eauAnanTRresTn uazanruunisndn wialuladdlidewsdldlunsndalulastnviigy us
gaamnsailuszgnaldlunisainsiansidulednme  aasnvassuduendnualvesgunsal
yiinliAon1snindinsiaduvangquiinidisedunasdadnmslindanum memanavasiununis

a < " & el - < <l o =
wangUnsalail wmalulagduea 0.8 Tunseu Julumadenvimunzay  waluladinisieans
v o v oo i a o - 1
MgszRuANtLTUgasUkiugusenludinens inelianunsoruauUsingnsaltauay
( short channel effect ) uagnssuaiarlvaszdum  Aududuresvonsnailaduvionilaign
nTuensiinUIMnsdeansiiensilalszn nssuaumsihiilugnisviiatewsiugiuses 4
gneaavisiaemdalanievasnisueuiiads (@nnealing )  FsnsunUnaisauseauluiaidueg
warngamaiian Wunaudnsesrenievdintstlsyaduddndu uwiemaghiiemeiiziin

! l:J - 1 1 ¥ 1 a o R.J 1
aunwsasTiinInn1siilsgld  gauawseamardaunsaduinasdidinvesnssuasiivaluus
' | a8 Yy w -
avduvessessof-ould Awanslugui 4.1

Nweli

Psub

<l v
UM 4.1 sewsef-dululasiaisduea

nssuasivalusesdef-dulumsiwoivdndunisiidmanssnuseguautfnisieu
vosgUnaal nszuadluadinruduiusiuaaunniasitiinanisiwiluideou  aaunwsoamnld
nndREInnsnaLia (T,) fafuynailslunsinnaaunndas aunsovilédaenisinsesitag
Fiansnain Tnevhluudriedinnsnofnannsafuaumidnnssuanmsnelin

lumsfnwiadail loleniifsessofi-udutuiug ddldveluladtuea 0.8 lunsou gn
aineuuwiugIuTasddneuyidadl vunaduiifudnate 150 Jadwas Aieaanusituniu 5 Toviu-
wuRns vsusnudaduldiainnisiiuszareareta ax10” Seaw/mansauiiuns sendsy
140 Aladidnnseuliad wasilaszalusou 3100 Seou/manawuiiung Mmendanu 40 Ala
Budnasoulaad dwiuuiom p’ uasganesesrsasgnidanseiudulavsegiiion

weldlunisnwasddsznauvasnsuaialva laleniud (&) waslalonidusaugy (P)
wUUA19q asgnadieuuuiuaes fauandumse 4.1
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A15197 4.1 Uuuuisnediavedlalen

yiinvaslalon uit (au”) wiusaugy (9w)
Large Area (LA) (p" - Ny 8x10" g.12
Meander (ME) (p" - Ny 8x10" 8.04

Tmsiaanuanvaznizia-ussiuradlalangunsusvadauuunne duuuudumes

gnviamstasmensliailudadudasas 0.01 Taad arnuswiudoundu (reverse Vi) Tufiausesiu

4 s a v oar 1 o at 1 ldl 5 l#'

m39 (forward :V) Taeussduludaasgnliiudausnidu : Nq uazviinisiamnszuands p’
ad l o
muaugam)in 27 °C lunapss

) o o o w = v v < a
AudnwazAnAvaugli-usiy gnnseviriulaleauuuisaiudieanud 100 Ala

as o a v @ 4 ' o i
B30 fgamall 27 °C anundistudaaanvevasiufiluuiuguies ansamuIumIALIN
AudnwazAiuaugIE-LIl (CV)

0.01
1E-3-
1E-4-

o« 1E-5-

—o-— LA N
—o— ME_N

-
-

well

well

R TR

T
earstadERLRINELEEEIHDRERTENERRAR IR R LA RLE G

(i

< @ s o 1 = +
JUN 4.2 nslpuduiusvasnsuuauasusiiuvaslalonifisearaviln p - Nye

= = e e & [ oo 1 o o

JUT 4.2 uansdesnsnnmrnuduiusveanssuauasussiuvedlalonnisesnosin p - Ny
= d I a/

Ineflsuuuuisviedavasialaniiuaneieiu



26

o
2
3
il
Z
O
5

5 i *

S ME-—Nweil-P
0 T T L)
0 1 2 3 4
Bias (V)

= ar 1 L o 1] a
JUT 4.3 nsAanudniusvasaniuanuginihuasussiuveslaloniiisossioviln p’ - Ny

A a 1 al 44 1
INgUT 4.3 wamsiiansianuduiusvasanivanuglwiuazussiuveslalaniifiseusa
o * = P 1 o
YA P - Nyey Wneiizunuuisnadnvedlalaniiunnsiem

4.2 N15AI1ziaerUsEnavaasnsendlulalan

e & o '
JUT 4.4 sadUsznavresnszuaialnalusesrevedlalen
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Tunsiersinsvuadilva (leakage current) Wilwarhusessovaslalonnelddoulunis
ludagoundu (reverse bias) awm‘mﬁmimﬂlé{mﬂgﬂﬁ 4.4

mﬂgﬂwudﬂaaﬁﬂixnaunmaeﬂﬁsLLa%"ﬂwaLﬁmﬁlﬂﬂﬂ’lﬂé’ﬂwmxmsnixma(?f’mwmamw
yeenszualuusazdruiiuananeiy 1wy nssuasalvaduiui (1) ﬂixLLﬁ?ﬁlwaﬁwuLﬁuiaugﬂ
(Ip) n'ml,a%"ﬂwaﬁagu (1) LLaSﬂixLLa%"'J"LwaLLm (Ipar) %@ﬁwmmai?madﬂima%"ﬂwa (1z)
amnsadeuluglaunsil (4.1)

IR - IA+IP + IC+IPar (4.1)

1 @ 1 a 5 =t =l A
wannmsiasisinudn 4 + Ip 2 I + Ipyr  Asiufeanunsa@eulugvaunisi
(.1) Tmiiluaunisi (4.2)

[R=14+1Ip (4.2)
VED) IR = A]A + P]p (4.3)

Taud J 4 (A/em?) Wusuminusiunszuaduiiudl (area current density) filudadanuii
Nudvaslalon (A dau Jp (Wem?) Wumnuvinuiunssuddudusouas (perimeter current
density) ﬁL{‘Juﬁmdwﬁ’ULﬁuiaugﬂ (P)  Feansausnoenidiussdussnautosnienenn Wy
AN TELANSRDLARA UL (area generation current density - Jga) Aumuuiy
nszuantsnetindudusaUN (perimeter generation current density - [gp) ATMMUILILY
NIELANISUNIFUALT (area diffusion current density - [ g.,4) AIMMUARLUASEUANTSUNT AU
W§useuns (perimeter diffusion current density - J7p) WagAAmMUILLUNTELANTSAOAATAY
suduseuas (perimeter surface generation current density - Jgp) famuduiusiuandly
A7 (4.0) uazaun1si (4.5) muddy

Ja =Jga *Jaa (a.9)

waz Ip =Jgp +Jap +Jsp (4.5)

a I ' o [ . 4
Tumsinssinssuainlnardusessieradleleanialfiteulunisludanse (forward bias) 3
WussrlsznounszuanisTaudilvg (recombination current component) fatiuwisilnes
EJ 1 o a : 1
Jga wor Jgp wasugllwmidu Jp4 wae Jrp anudrdu 3 [ 4 Wumnumuiwdunszuans
sl uiuf (area recombination current density) waz ]T‘P Wuauvuudunszuants
A I ULEUTI U (perimeter recombination current density)
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U7 4.5 wandliiudadunsviauduiusuosmnunuisiunssuaauiuiivasauidu
o= I a a
sevrwaslaloaniiseusof-iiuuda p'- Ny

1 GOE-012 ; s
— 0 T b
(3 i ST 5 00E-000
S & EO13 ..‘L—E._..Nmu %%&;—4‘;&59 rs b
<8 1 PR = & 3
Fy QR & 5
& & &  J150E-000 £
D BOOE-0134 oo o
& . =
¥
3 4.00E013 11006008 3
0 Z
@ —
2 z
£ 2008013 15008010 §
5 b

0.00E+000 - 0.00E+000

0

A ] Ad ] =l =
JUN 4.5 nsAMIMUILLUNSELavedlalannilsouden-duia pt Nyell

4.3 msiaswiesdusznaurasdnnuanuglviilulalen

TumsieszddnuasfielfuiuesUsznoaureInszud WaznsauyRiInasIuALAUAIILY
Whsesde C;  ilumssuvuiduduresesivszneuvasaniuauglwiiiuand ey Tng
Avunli

Cj = ACA -+ PCP (4.6)

ros v
a e g ow @ o o«

2 T v & |
Ty Cp (F/em’) Wuanumuiwiuaiuanugniisnunug Jadudadiuiuiunivedalen
), Cp (F/cm) \upruvuuiuanfuanuglwidmnduseusy Sududnduiudusauguves
lalen (P)

Tnealy wasawAnfuauglihsesde (C)) gninAimisnevaussvessessenidodyny i

L'l
ot [ ai | o 1 1 =3 2 dly o
LIIRUIUIAaNIATaNUULSIAUlH AT mmwuumummummqiﬂﬂwmuwuw (CA) LagAIu
1 1 3 i i a | & = 2
wuwduAnfuaugwiwduduseugl (Cp)  anunsaauydindunssiuwuuidaduyes
- EJ U al al ‘J
29AUSENBUMINSVIAMIATILANAITY sanandluaunisi (4.6)
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U7 4.6 uandliiiiufadunsmanuduiusvesaumuiwduaiiuanuglwivuiuilas
v v 4 1 1 = L
suduseuasedlalanfifisousaf-iduininiy

——

5.00E-013 y

(Filem

2.50E-008

p
-~
®
o
)
2 R
; :
0 {2.00e-008 ZF
2 -
: 3.00E-013 - %
% - 1.50E-008 g
§ 3 &
2.00E-013 4
O =
0] 1 1.008-008 !
@ =
£ 1002013 ; e
a‘j 0 2 4
o Bias (V)

U 4.6 nymimumnuduaiuaruliheesleleafiisesseR-ouiin p - Nye

4.4 A1TIATIZNANUNINNTUUADANINE

]
=

a v v & d v
TagnisRansanaunisi (4.7)  anuniedulasaninesuiun asnsanldainain
1 1 ¥ CJ
wwduaAuaugnidiui (C4)
Esi€o

Wi =
A €4

(4.7)

3

= I = a = aa ! fa  aaa
Tnefl &g WuAmafiladidneinuesddneu (11.8) uay & (F/cm) WuAuweiinfinves
-14
atyey1nae (8.854x10 F/cm)
warlunsdemmuudnivanuglnihduduseusy (Cp)

. Esi€o(Xj+Wa)
- —Cp

Wp (4.8)
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dmiuarudiiusssrinanunindulasanmefuiuiinasduduseuguiunsedy
dounduvadlalensosna p - Ny QﬂLLamﬁdgﬂﬁ 4.7 a]'mgﬂmmé'fuﬁuéwud’lmmni’wﬁu’u
Uaeawmesuiuil fardesniinrunidulasanivedudusousy Ussana 1.5 whilusady
5 Tadm wazdian 1.7 whilusadu 0 Tadn

0.7 - =
Ooo
c 06 OOOOOO
2 05 P00,
£ 7 W Oo
= 0.4 DDDDDDQD OOO
O
& 03- W DDDGQ S
= Og
@ A Og
a 0.2 g
[¢4]
O 01-
O-O T L] T Al T ¥ T ¥ 1
-5 -4 -3 -2 -1 0
Bias (Volts)

4 v ll‘:' v ¥ 4 2 2/ 1
JUN 4.7 m’mmwwuﬂaammVismwuﬁumu,agmmﬁuiaugﬂﬁuaalﬂiamaama D" = Nuell

4.5 n1sANYININTEANEAIVBIAUUNNIBIlae AT ayWLSTusPRDR-1BY

) & o v i
TunsfinwesAusznauvaanszuaiiiva laleanun (A) uaslaleaduseuzy (P) wuumneg
o I aa ) <
wgnasauuuEuddaey Aandlunsned 4.2

A15199 4.2 jUivusadavadlalon

yiinvaslalan Nl (wu12) wusausy (1)
Large Area (LA) (p+ - Nwell) 8x10-4 0.12
Meander (ME) (p+ - Nwell) 8x10-4 4.04

s 1 o« =] Y '3 a o
wasamveanszualudanss (Ip) vesseurefi-lBulsznaumeasiusenaulsvindnd
w | o & d ) & %) v <
uanAafy 1y nssuadalvanuit (1) waznszuadrlvaduseu su (Ip) Maunsi 4.9

[F:IA‘I‘I}):A]A‘l‘P]p (4.9)
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ol 2 i N . = Y o & d
Toe@ J 4 (Mem”) Wumnumuiudunszudasuinui (area current density) Adudndauiuiug
1 2 i 3 173
gadlalan (A) dw Jp (Wem) Wupnumuiuiunssuanuduseuls (perimeter current
. o | o W
density) Mudndruiuduseugy (P)

m ]A 'mmiaLLEJnaamhvnawwmammﬂummwmLmuﬂiuLLamsswm'Lwﬂuma
asiuiud wavauvuuLunsELAN TSNS Feaun1si 4.10

Iy =dbd 5 (4.10)
ynaunslalenwuugauni (aunislaleavesveniad)

I =1 [exp(qV/kT)-1] (4.11)

Tneiien o Hudnszuadui (), g Wudnssquasdidnasou (1.602x10-19 C), k 1urasd

q

vaaludnuud (8.617x10-5 eV/K), T \Huaumgiduysal (K)
1 CJ 4 1 1 v AJ HI o v
WAZIINMITWNUATANATST 411 fsAtauruIkdunssuasuiui  vililariam
' a w v & do <
WUIUUNTELEDUF UL AaunTsi 4.12
I = /.
40 =

[exp(gV /kT)~1]

(4.12)

neudRusYesdumsT 4.12 ansamauduiustasaum LN TLaB IR ey
ﬁuﬁLLameﬁu‘LUé'amﬁﬁagUﬁ 4.8 Fauandliifiuinfiussdiulusanseansing (eandn 0.1 Taad) @
J a0 s=gnmuausanszuantssudlm Werussiusglugas 0.11ade 0.4 Taadl azudmad
YosuMULLUNSELAN WU g4 uazanmisUsznasives [ 4 udadulutag
0.1 Taasidie 0.6 Taadidl v = 0 a¢ldien J g4 Wiy 63 pA/cm’
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3.00E-010 A

& 2.00E-010 4

£ 2
= J = 63 pAlcm
Z
1.00E-010 -
.I
| ...,- E. B B g @mgm B o B B = e o-m-5um
0.00E+000 T T ’ T
0.0 02 0.4

Bias (V)

P o a ' a o v Y 4 a @
JUT 4.8 muduiusyasrnuvudunseuaduiiuiui (40 ) wazuseiuludanse

Tneluswes J4 ansaidenlvieglugy
qV
JA :‘]a’A+ qniWA 21", exp(Zk_T)+Tg [exp(qV/kT)—l] (@.13)

Fadn n; L‘U‘Uﬂ’lﬂ3WNWH’I‘LJLLUU?JGGUS.,’%W’]W”IUH’l'iﬂilﬁl’;l‘l.ﬂﬁ‘iﬂﬂﬁ (cm %) LLavm Wy Jumau
navestuuasaw i (cm) mwuwmmWsmmLLuunivLLamuwuwwaanummmmw

Futasanmeduiiuiinasnisuansunsduiiui dafunisdwame T, uay Ty znaniisly
adusaly
SnwnziieaiuiuasAUsynaurenszwd waznsauyiinAwaTnA1nuglnivisesde
a k7 & 1 G‘ 1 al o v
C; dunmsyamvuidaduresesdussnaummiuglvtiiiuandraiu nadmunld

CjzACA—i-PCP (a.14)

1 1 Y f’: EJ ot ! at dv ¢J
Tns Cyq Wumnusmunuvuainanugwimuiud (F/cm2) Judedauduiuiveslalan(a), Cp
WuaruvuuiuAraugliduduseug(F/em) dadudaduiuidusauzuvadlalen (P)
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b+

Tnevhlu Aprwglwiisesde (Cj) gnindinismevaussvesseusevidedym i
wsssiuvadnfinsauuuuswiulass  Aruvwiuaiaugliihauiun (Cq) wavaau

wuwdumauglniidudusousy (Cp)  awnsaauy@indunissinuuudaduves
# a o Ve e <
ssAUsznaUMALsIAdnTLANAiudLandluannisy (4.14)

AInnsnaintuagiuanunetuuasaniveauiuuasAuIILL LN SELEATY
¥ A o d‘:’ o ¥ -:J 2 ] 1 v g ¢J
Aun  AnunietulasanIvea iU e LA InANLLIRINAIA N WA U UT

(Ca)

(4.15)
CA

w
ala

=l ] A a a o a ] ca &
oo kg \dudrnsiiledidnninvesddnou (11.8) uaz €, (F/cm) UuAnnesiinfifves
-14
deyey1nae (8.854x10  F/cm)

INENNTA (4.10) AT (4.13) IENUIIAIAUMUIMLUVBINTLUEDNAIVRINTIING I U

¥ v X e “ i Y 4
Tuilaasanunud Wiy - Feaursorurmlaannaunisy (4.13)
ThAO AO d:j
waznadwsnevaimsiniesgUlnivandladsannisi (4.16)

qnW
AT, S 27, exp(qV /2kT) + 7, (4.16)
'eraﬂ
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sUl 49 uwansfsawduiuduesdr qnWy/Jrpao fui exp(qV /2kT)
lngAreyiudeues T, war Ty annsowildaindleyiusvasniuduuazyadadic

qniWA/]rbAo = 0 sudwv

0.025 4
0.020 +
="
slope=21
2 0.015 4
£
-
~2
¥ slope=21
= 0.010- P 4
S- 5|ope=2-[ 5 y-intercept=s_,
r
0.005 slope=2r, t
] S|0F.NE=21'{,1 y-intercept=t,
y-lntercept=rﬁ
0.000 y-intercept=: | | y-intercept=r,,
R T W TR G S S e W I S R
1.0 1.5 2.0 2.5 3.0 35 4.0 45 5.0
exp(qV/I2KT)

g‘dﬁ 4.9 auduiusuaInT exp(qV/2kT) waz gniwA/Jabro

windilddies Tp uaz Ty vowsiazgn szdandmiameinatsdagntsimm
U ‘4 1 1 -lay al 1 1] (] e U - 1 o 2/ 0
Aafsveertedinnissiudilul wazA1vdinnsnofinvesdasyavinlulia Ty =
0.003672 w1l wazA1 Ty = 0.011879 Junil InMsfnvkaziiudeyasiiog 1euuwiudiney

viavun 125 log wasthauwanssadugunsmuuy 3 6 ilvlaununinnisnseanedivesang
Fian1snewinuaznisTuiaing dauandduzuin 4.10 uasiui 4.11
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0000

0.01043
' 0.02085
' 0.03128

e 0.04170

 0.05213
0.06255
0.07298

0.08340

AJ 1 L} - ey
EU'VI 4.10 N19NTEUYBIAN Tg VULNUYEAB U

0.000
0001588
® 0.003113
0.004669
. 0.006225
0.007781
0009338

0.0108%

0.01245

JUN 4.11 N13n58318909A7 T VULHUTEADY
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MNgUA 410 warguil 4.11 wansliiunsnszanedavesrididiansrelinuaznig
sl Fanuduwsudaseuiinisnszaresvesmmunniesegishimiiaue  (non-uniform
defect) lasuandliiusnedn Ty uager T, ﬁﬁ'ﬁxé’umw:Jz;jqﬁ?ﬁiﬁaﬂ"wLauaﬁumaa@ﬁl’nﬁu’quﬁu
Fanou

dnwrnisnszaeiivesnnuunndesitldainaved  erufinannssuiunisBailise
(lon Implantation) uaznszuIunsweuiiads (Annealing) fifinsdngunuulml (reform) vaang
Uszrlaano3a (Phosphorus cluster) iuTiindousnuiindu Jafnatuosidliauysal
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Abstract. This paper presents the defect distribution and yield analysis on silicon wafer. The
generation and recombination lifetime were the key parameters and obtained from the current—
voltage and the capacitance—voltage of diode characteristics for forward bias. Then 3D contour
maps were plotted as defect distribution and can be analyzed for the whole wafer which is useful for
the yield analysis of the defects that were caused from fabrication process.

Introduction

Currently, the semiconductor manufacturing consists of a sequence of various process steps. But
some physical characteristics are not fully under the semiconductor manufacturing control, and
should be noted that there are many variation of each of these process. The effect of variations in
processing parameter on the performance of small geometry devices could be significant. All these
areas may introduce defects in a device. These defects may cause the failure on each dice and
decrease the yield of wafers [1,2]. All semiconductor companies aim to maximize wafer yield to
reduce manufacturing cost. The higher test yield means gaining the faster time to profit.

The defect on the Silicon wafer can cause the leakage current which can be analyzed from
generation and recombination lifetime [3] those are calculated from the current—voltage (I-V) and
the capacitance—voltage (C-V) characteristic [4], and analyze with derivative technique [5].

Experiment Details

Preparation. In this study, we use the standard diode which is made from 0.8 pm CMOS
standardized electronics device processingl 50 mm of 5 Q-cm of P-Silicon substrate.N-well was
built from Phosphorus implantation at 4x10' ion/em® with energy 140 keV. For n" was built from
Arsenic 5x10° ion/em” with energy 50 keV. And p’ region was built from Boron 3x10" ion/ecm®
with energy 40 keV. Finally, the boundary junction will be connected to the metal.

The basic structure of diode according to the geometry type, we can define into 2 structure types.

Table | is the geometry description of Large Area Diode and Meander Diode. These parameters
will be used for next section.
Measurement method.The current—voltage (I-V) characteristic of each diode was measured from
forward bias with 0.01 V step from 0 to 1 V. The Voltage applied on n+ and measured the current at
p+. The measurement was controlled at 300K in the black box. For the capacitance—voltage (C-V)
characteristic was measured on the same diode with 100 kHz signal at 300K.

Table 1 The geometry description of each diode

Diode Type Area (cm”) Perimeter (cm)
Large (LA) (p" - Nyen) 8x10™ 0.12
Meander (ME) (p~ - Nyell) 8x107 4.04x107°

All 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 TTP,
www.tp.net. (ID: 161.246.28.138-18/03/14,05:13:37)
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Results and Discussion

In order to studying the leakage current analysis in diode, Large Area and Meander Diode were
built on the Silicon wafer per table 1. And the summary of forward bias current (/) at p-n junction
is consist of geometry elements, these are area leakage current and perimeter leakage current per Eq.
1. [6]

I,=1,+1,=A4J,+PJ, (1)

where J, is area current density that related with diode area (A). For Jp is perimeter current density

that related with diode perimeter (P).
And J, can be extracted to 2 physical elements. The first is area generation current densityand

area diffusion current density per Eq. 2.
Ty =T+ (2)

From Ideal diode equation (Shockley diode equation)
I =1[exp(qV /kT)—1] (3)

where 7, is the saturation current (A), g is electron charge (1.602x10™"” C), k is Boltzmann’s
constant (8.617x107°eV/K), T is absolute temperature (K)
By substituting current in Eq. 3 with area current density, the result is saturation area current
density as Eq. 4.
O | )
[exp(gV /kT)—1]

From Eq. 4, the relation between saturation area current density and forward bias voltage shows
as Fig 1. At low bias voltage (less than 0.1 V), Jy is controlled by recombination current. When
voltage is between 0.1 — 0.4 V, area diffusion current density will Perform Ju4. And estimate the J
as a linear from 0.1 - 0.4 V at V=0V, the result of J,; is 63 pA/cm”.

Typically, the value J; can be written as

J,=Jd,+ {[qn, w, / 27, exp(;;) B Tg:|.[exp(qu' kT)—1 ]} (5)

where n; is the charge carrier density in intrinsic semiconductor (cm™) and W, is area depletion
region width (cm)

3.008-010{"

2.00E-010

e
3 J, = 63pA/em”
-

1.00E-010 - /

L}
s
.-ll--lllf—IIll--lHI-Illll

0.00E+000

0.0 012 0.4
Bias (V)

Fig 1. The relation between area current density and forward bias voltage

The area current density is depended with the depletion region width and area diffusion current.
So the calculation of T, and T, will be discussed later.
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With the same scenario as current element, the capacitance at the junction C; is the summary of
2 linear elements by

C,=4C,+PC, (6)
where Cyis area capacitance density which related with diode area (A). Cp is perimeter capacitance
density (F/cm) which related with diode perimeter (P) (F/em®).

Typically, junction capacitance (C;) is measured by the response of small signal across DC
voltage. Area capacitance density (C4) and perimeter capacitance density (Cp) can be assumed to
summarize as Eq. 6.

Generation lifetime is depended on depletion region width and area current density. The
depletion region width can be gathered from area capacitance density (Cy)

k,&,
Wy S (7
Cy
where kg, is Silicon’s dielectric constant (=11.8) and & is vacuum permittivity (=8.854x10™* F/em).
From equation, saturation area recombination current density Jp40 is Jao - Jus which can be

calculated from Eq. 5. The result after arrange the form is Eq. 8.

W
%: 27, exp(qV /2kT) + 7, . (8)
rba 0

Figure 2 shows the relation between gn,W4/J.spand exp(gV72kT). So T, and T, can be calculated
from slope and y-intercept (qu,W/Jupo= 0) respectively.

0.025 e
0.020
slope=2r,
2 0.015
£
=
<
= 0010+ slope=2s,
g- slo pe=21- y-intercept=r,,
r3 A
L
0.005 + slope=2r
slope=21 . y-intercept=rt_,
: y-intercept=t_.
0.000 + y-intercept=r_, y-intercept=r,,
R (R " L %

1.0 1.5 20 25 30 35 4.0 45 50
exp(qV/2kT)

Fig 2. The relation between gn,W.4/J s, and exp(gV/2kT)

After we gathered T, and T, value for each point, Average value will be used to calculate, and we

obtained T,= 367.2 psand T, = 11.879 ms.

From the above data is the value for only 1 sample dice. Then, do the collecting the data for 125
dices, and show the result as 3D graph. So the distribution of generation lifetime and recombination
lifetime are shown in Fig.3 and Fig.4. The result is this Silicon wafer is non-uniform defect because
generation and recombination lifetime is not the same level for whole wafer.

This non-uniformed defect distribution can be occurred from ion-implantation and annealing
process which the new reforming of Phosphorus cluster at n-well is not completed. It looks like the
random defect. That affects to wafer yield loss due to higher leakage current.
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Fig 3. The distribution of T, on the Silicon wafer.
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Fig 4. The distribution of T, on the Silicon wafer.

Summary

According to generation and recombination lifetime which calculated from derivative technique and
show as 3D graph, can analyze the non-uniformity of the defect distribution on silicon wafer. For
the dices which lifetime is higher, that means the leakage current is higher than other area and may
cause of the yield loss on the wafer. So, the other parameter will be considered for the total yield
calculation.
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