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The Capabilities and Applications of the Full Wafer
AES DRT System

A
Li-Duh Dong

AX ERAANE 90 FARF AT SMART ™ £ 712 > & — & % full wafer AES
EDS ~ FIB % 3 fig s — & o9 3 5L 5% 5 14 4 8] B M # & @ 5 47 % M (defect review tool and
surface analysis tool, ffj #% DRT) » UM # - SR sk A RURAZ ~ UM 3HRIE ~ MARME AR
S o7 & AR B e& 0 S PR o

This paper mainly introduces the SMART series tool made in the middle of 1990. This is a
semiconductor defect review and surface analysis tool with full wafer AES, EDS and FIB
technology on the system. In the paper, we will make a general description of the semiconductor
defect inspection and review process, system design principle, capabilities and analysis application.

Physical Electronic” /2 AFHBAZRE ST ERARIEF 1Y
A ffmE > (EANLAYRF 22 BR BT T - FEREAYBHEE T 8

R [EEFERERHR R ER | (ITRS) 1Y INf ~ 12 I5f 4254 [B] AES DRT (defect review tool) 5377
ZRY > 2004 FAE R BT RKEUIHER 90 nm HYfE e fi o

FIRE® > 415 1 FiR » BRiE et L B ass 2 A S 3 R B AT R 25 o

FROTT > HE A 0 P TS T R 5 38401 Tow-k

FHEE - 37 ONO & RSB T - B _

R V5 B R M AT S SR A I 2R 4R = Rian TRz

AT R A TR A s B ) - 12 15 L B B myﬁﬁﬁgmf%’ﬁ
BCEEE TRERHE (Auger electron spectroscopy, BE WSS (%) WBTEER > tAEHTH

AES) W8 B B BT £ DT e EHVERENGS - EfEREERE WH?ﬁ L

Ry —{E IR B AR A RO B R M AT e il TRFEELRT (killer defect & particle) BY7E FSALHEHR
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2001 | 2002 | 2003

2004

2005 | 2006 | 2007

DRAM " pitch (nm) 130 | 115 | 100 | 90

80 | 70 | 60 1.

MPU physical gatc length (nm) | 65 53 45 37

32 | 28 | 25 ) B 2 04 0 & B S 3 9 U3k

Minimum pnticle size for

Compositional analysis (nm) = 8 U 24

ARGk Rl B

21 | 20 | 17 .
By HAE .

Fea (circuit flaws) FJRIKA » —EH 2 RfER G E R
i3 (integration and yield enhancement) HYEEZEER
RE o B 2% 08 E A SR 3% ff 2k e 1T B AR B 45
(process control) EXHIETHER IR A (defect root cause
determination) > ELE Ry metrology 7% i i L i (B
HL[E] B SIRI ST

—RIME » MEAEER ERTE G TR EBUEIE
Fi OM ~ SEM %5 &I 25 2 ¥ A2 43 Bt 1T RIS
EZH] (real-time monitor) © B St 2B N EEERERFE
T HIE i (optical defect detection, ODD E(f# defect
inspection tools) » Jf& FHH BE Y E2 [ 3 g i A 18]
T AR B HERE L E S ATilE] (defect map) TRHERAE
i 2E o DL - BB E A
(optical microscope review tool or SEM review station)
Bl 22k B9 S Ji P B8 (defect morphology
observation) » FHRFEEFIRIERGEE - SAM(LE
HE 2G> EERNFEFEFIEEAGE
(defect pattern) FEELFATRFEE T AT (defect data
management system, DMS) » & WIP (wafer in

process) * metrology information SFIEARER} - FEiH

HETAE R ~ FEMHSHE i [ 2 A sk 5 s E Bl
TR T EERIEL R (auto defect classification, ADC) »
R TIREABRIESS - RS — R sk
HAIRIRRETRE - DUSif G AL BB S % (R B EE (high
resolution observation) * 8¢F EDX * AES -~ FIB ~
SIMS FEaAGETTHRAE S - REEHE B RE
o [El A AR EE AR o BEE R AR BT G K@ 1 - 2
Je 3 Ffi7R o

= wisFAEEE

SMART-Tool f2£E2:45EIZ{ Auger ~ EDS -~ FIB
LR — BB R iR S AR R o ArEk
5" o BB —f% in-line DRT f%: H#h{L3% T
(fully automation) » 545 2% g1 TAZANFIREITE
s near-line tool > T ZLE K R H AT AES HIAHRA 31T
BB 2 TR 2N BRI A BE 1 5] - TEERFHYEER
b REEETHIEE
1. SEM il T REFE k& S A et 3B 2 A I Bl B

» Name R Z AR E FEEEE G

Physical
Defect

Patten or
Unpatten
Wafer

Como >

Electrical
Defect

Architecture of Defect Inspection

Review Tool

Review Tool

Review Tool

o ¥

i DMS
i-ADC

Results
Feedback

Special Defect,
Underlayers,
Small or Large Particle,
Residues

Special Metrology Tool
For finding Root Cause, Like
FIB, EDX, Auger etc.

1.Fab ¥ Rohsk a4 & (defect inspection & review) ##2"” ° (i-ADC A& in-line automatic defect

classification #45%)
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2.l —1B#E £ 7 4 OM ~ SEM Z& T AT ZRNGHBERBE > 42 £ 4 £ OM 100 X, DUV microscopy,
SEM (dark field, inner detector), SEM (bright field, outer detector)” °

(multi perspective SEM image, MPSI) ~ FEFR¥T L
(voltage contrast, VC) 2{% ~ tix = HUmR K LL (high
aspect ratio, HAR) 2555 (R B HlT - F5RERC
& EDS ~ AES HY#T - B ba] DLve ik — SEfiE
BEIRI

2. —ffY SEM #HER ML HRERHE Xoray GEE
B 3% (energy dispersive spectrometer,
EDS) » {HHfA EDS HYZZRfENTRE JHOE I TR
5347 (bulk analysis) * SENTHESE/NMA 0.2 um B
FRIASTHT (surface analysis) & PRI > Fr AR A
AES MR B HIEACH I EDS IR (thin
film) ~ FHEEHEY) (residue) BRI T (small
particle) g HIEE TR 2™

3. AE e RGBT I ATHIRR K o BRI AR T oRE
(focus ion beam, FIB) FfjzE £ HYET I B REFE (A
RN SR EGE - SEERCE AES EHHEITH
FAR I ATHEGT (mapping) > FHEME EEFIRUER -

+ DMS - Waler
Fie Hetogrom Retl Defect Filter Gnd

Layer Defects
|Total Defect Count: 149; Scan Date: 06/26/2001 16:29:13; Lot: BS241, Wafer. 10, Layer. PLKX1; Device: PD504; Slot 10; Scan Tool: QP001,
Defect Density0.53 cm*2, Defective Die: 50; Process Equipment QP001,
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3. &% [B] 4k M Ho 18] #8525 K49 lot information ~ #&
faoyAin g ~ RERa7 o
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4. HEGESIHT (depth profiling) HIFEK  AES FEH 7>
MR e - B & AL (jon beam sputter)
FEE B RS R R AT o B BB A AT TR (R AERA
R S AT BT A L B B 225 -

5. @B A RRR TR ERNEET - R
FEGRAIATRE™ « FHRERARI—{E S HTHE A ETT
EDS * AES * FIB - ion gun %5 in siru FRE > 0]
e EtHY R

6. BE{EE AV BA R TR A &~ P8R & it (FOUP) 42
EARHIHB{LE%ET (automation)

7. pEEl H M AHREEY ODD ~ DMS ZEaxffi s Hl &
B ANER b E S (defect map review file) SEEAE(E
¥ fRMEERFEAI B RYES [1#55 (defect navigation)
B RS -

8. (e E (i G -FERRFENFREE (fab
compatible) ° (@i E 2 (acoustic) ~ EEH)
(vibration) ElEEREE; (electro-magnetic field, EMF)
EINMEREW T - FF&fHB SELETE -
SEMI ~ 13001 S 4E " -

9. TREBAE & 2 R~ SERT R R G R ETT
FEEE R S B 22 F2EERET (ultra high vacuum
environment, UHV) > R HESTER » EE02E
B RHIHRER "

BN AES BRI - FREEFE R S

B/ #EER A -

M - AES %f5/R I8

EXGEEE T E R 530T (AES analysis) f275 50—
FETESEE - REEHEAIIE 2—30 keV HETF IR
(primary electron beam) HEST AR M F - WY



FrERVELEERE T (Auger electron) T 53 BT
(analyzer) &4 BUEEEE T-BHIREERE (Auger spectra) °
ﬁ@%ﬂ%ﬂéﬁ)ﬁ%ﬁm,ﬁéﬁﬁzﬁéﬁytﬁﬁ% » Qe 4 Ed
5 NE o MELBET (photoelectron) & FH{KEEE
BT (13 keV) HEIGAEERAELREER - £ES
BZEREE N EENTY H R (inelastic mean free
path) KEUR 5—20 A > AU ISR R KT B
20—50 A > 211E 6 BB 7 Frx o JERERE TR
Ve HAT-FE R E E AT R R baTTA A AR E
HIE B ;s H BB AR A R B o) (FIB) 5%
Fifily » R G A MR L 7 AR A o
FIF AES Zrifr-Faag it etag @B R s s iEan
T
1. BRI MRV E IO TR & 55 E 18
(field emission electron gun) AJEEHERT 10 nm Y
SEM s & i AR B2 ks B e - BE SR AR
FAE B S f#ERE T SEM AR — B2 ii -

“shell

Electron

2. EBEBERITTERSTRES) o AT (Li) DL B2
TCEAETRA  FEF PR R R B 45
MrokER Bt E EERY -

3. AES BYZRME I (surface sensitivity) » FJES 5
SHER HAEVRIYZRIA (surface) BUAEHRE (bulk) HY
% o TNam AES B( EDS #B2 ] FH & A [
e 22 1A AT A B AT IR {2 AES B
A N E Y 22 [ #EHTRETT (analysis volume)
FHELY EDS REE ST L AES BUERHYZRIEEH
SRAEPR L B R EREN G A -

5~ EfmfEsr

SMART-Tool HJ###ZHE semiconductor micro
analysis review tool HJFIEAEE o AIHC & H A
# T H (inspection tool) Fff 7 4= FYH FE I [E &R K5
5 [N E (particle coordinate navigation) * ¥f
8 I ~ 12 I5f 4 [El8¢ MSP (multiple sample plate) FH
Fr~ BTSSR T o

1. 2&E 2

6 —8 I &4 [EIRF X 22 BT e 7 A PRILLB Fr
H 2R - (EFEE 12 N B S EER A - 8l
TR BRI R EED NSNS R > 5B THE
FEBAHE R - MEARE S LR RE RIS
R AR s E - Ky Tise 2 8HaE50

2keV
Electron Energy

Electron Information
+ Secondary: topographical info

+ BSE: Atomic Number, topographical
info

+ Auger: Surface Composition
+ X-Rays: Composition

6. B F RM\AAB 0T AR BMR -
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Primary Electron Beam
Secondary Electrons ry
A Auger Electrons
4 0.4-5nm
>Atomic No. 3

A\
\

N
Backscattered Electrons '\

Characteristic X-rays
> Atomic No. 4

Sample Surface
4 0.4-5nm
Volume of
<1-3um .~ Primary

Excitation

7.AES #1 EDS & 7% Bl g4 £ 8 o

A AR T (E R D - (HEBARE (T
IRBELLR Fr AT ARG -

2. fHRRE T

2iE 9 Frs o B f EEEHHTHS (main body) ~ &
Pl E R BT (control rock & data process
unit) Jz BEERAT (facility) S5 = KA AHEAL ©

3. X
FHERIER B G T ORISR SR (mini environ-
ment) ~ EZZHH7EFZE (intro chamber) EL53 475

(analysis chamber) °

(1) BR#Bsh 5%
P& YN (isolation enclosure) FYR E/E By T [H

8. SMART-Tool 4% -

fEAMEEREE N Z TTEES, SMART-Tool ESFHE /T
B - FET L TR O ZEE NN ES
PR ZEAINEFSA (acoustic isolation enclosure) * LA
HEPRIR B S TR E NS TE 225 (air flow) ~
& (acoustic noise) FRI HEEHNIE  WEM
BHYNEARERH AR — & FIE N RV EERES (EMF)

RS TER BRI ERRE S EERS
FrZEA=HIEL (heat) BERA SN IR - 28 &
HOHETENE - P DUE & RO B R B B S K TG IR 2 )
SEEBNER . MIERE TR LS S HaE
PICE S REEREE MR A2 [ TTRE
T -

Beoh - B EIRAEERE R R A e 2
R ETER NS - A5 2 (R SR B a8 b
PCEIERVIRE) - — RS T BN ER K

Acoustic Isolation Enclosure

0.
SMART-Tool 524+ 5 E - \

. Ion Gun Mi—b "
)| A o Ulpa Filter
Cooling ¥
Adr Flowr
00 rara Cass,

Vac Chamber

Vibration Iselation Frame

Tutho —y
Ion Pump lon Pump / obot
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B 10. MSP (b E AT 4 AES A8 Bl AR @45
Cu & Si for sensitivity, energy resolution etc.
silicon oxide for sputter calibration ~ gold
copper standard for resolution check ~ grid 4%

#t E-beam or ion beam size, image calibration
check % » 3t A ak | SLET & X AHRAR) ©

RURRGHRERE I o bslpy ~ SMNIRERIIRR A
#E R TR A T T HOL 2 (E-beam
column) ~ Auger 7HTER ~ 16 < HEMEELIFHYLE
fBf -

(2) RIRELRFIRIE

RORANE RS (mini-environment) HYERET
fRfit class 1 FERIEZEZEM - BRI TE
BHfGEf o Hrp ks T T ELRG R B E TR =AU
Bk FE (transfer robot) ~ ¥\ IEZEE (pre-
aligner) ~ 12 IKf SMIF FOUP fix load &2 8 IKf 52 MSP
cassette Eaxfiti > AR AN[E R ST RGO o (Sl
HEEBIML - B RIES ERE G - MR
REEIA I IE R AR ERS = ~ B YER =
AR a5 R HIRR -

(3) E=fHMTAERE

intro chamber GEFZ ML E & YRR 2= #i B A
HEFTERE o AREE AT AT SRk R e
1H (screw pump) Ei i = E 225 (turbo molecular
drag pump, TMP) * FHE[#) 107 torr LU F RS EZELL
Bo & {Es - (REESITEAES UHV IR 5 sE IR

HRREAFAMES - FFNEBERRINIRR
[BE (ATM) IFEEBERENT (valve) TETT{ELE o PIETER
FHEEZE (elevator) » RI[EIRFE A 2 fHEUVEHE = Eiq
SR o TR 5 BE L R AT DU AN ] A e SR R =R i
ERRABE R R R SR -

(4) BEEZESNE

43MT2 (analysis chamber) J& %1 A o BEFEEY
5y - TEME LA S 12 NEEN
BT REIERIRS A EE) - WA B L E A HEN
SrHTE S IIAE E B ZE[E (UHV chamber) {E3£IR
5> Hrp GBS R TR RHEE ~ NERRERF
VERI R > HHRER R i 3k s P BBy T8
A0 11 Frs > oA AR R ZE fiEsE 500 L -

T B2 A AR B o3 Y R i Y M AR Al T
175388 piping line HEZEEEAMEMFZE Y TMP 2K E B A
B S B 2R oA = BB 572 Sl B
(ion pump) EAELFAFEFH (titanium sublimation pump,
TSP) fefitt = B2 HER © A ERER IS 150
& 24 /NFFRIMLE (baking) @ (E T REES] 107
Torr AT HUME S EZ2HiE - fRERAESITTFE -

AR TOER B - THIEEE UHV X
/e~ Eha e i Th E RV EERE -

OF > ¢ AGES

ERFIRL S (particle contamination) 2l /& H
il SMART Tool —{RE{EKHIHEEL @ Z2/ NRFHY
AES MR RAR - A g EEELEHME
(B3 ACKE B B (metrology) #%ff2EIR > 3E04
AEMAHERHREEK o B EER T BEHGEIERF
NRIZH R EEE R REE ARG LR R I » A%
HRRHTER S B oR AR B PERR A S BB AHE R -
HEBEEZENS T E - BEFHHE TSP R
A EERR R MRS R R ESE
FERHER o
@ HEEZEAMME

AR E - RO E R R E R
BEAERET FELL 3 (EERREEEE E R Al
SETEEZERE M RB R INEWRE R - FERETT
BT A UEETT - —MFITE 48—72 /NFF
% WESHYIRE A REE R & FE 0 bk B F 2 i

RIS+ 654 938 81



TEHEERSATHIE - NEm R B EEEERR B (PM
& trouble shooting) > FH A HANE 22 -5 B3 (F R
B FORER AR E RS MEEET ~ R85 i
e HEEZE -

(5) BHEEE

[HEE# (anti-vibration farm) FZ& 5 T FRiEN
PR E N BT AT RE - B E A = B H 22 R
TR =Ry R TR A o 12
HRERENIERE - MalERETEIERF R 2 EE
R R L) -

(6) HHEFEER

SERES (sample stage) ZZ B (cart) I
[ E JR s AT ZE N ERHIHE b - ANBLRYERET R B 2
FHVEZEZFPERF (differential pumping) HYHE
& P LR EEHETE (transfer arm) » FEHFFE
B2 5 7 FERRURHEE © GURHEA T DUEE g s
L £150 mm B X-Y @GR 0 SR AL NE R FHY
fie#8 (rotation) TURE » AIEC &R RHEE & 3 AT 48 E [
HIRFE AR E) - T Z SRR R ®E CMA Z-
alignment Y= A1 E -
O PRy E B ]

SEERYEBELEH] (stage motion and control) A
53 Ryl ~ B B S = SRR B

PRSI > 32 ERA Nanomation™
INFEIEER) IR RS E R E R E R AR S

B 11 2 # E NI o

82 FEIME T 651 938

12. ZAH KRR EPE o

ZERBERE (non-magnetic and ultra vacuum precision
ceramic motor system) ] “ > A& 12 K 13 fis © 58
B AR EELEE W [ BEEIUE ] (piezoelectric
effect) HIFER] » BEE) = AR ZEMER (pin) 1T
—ESRERATME - R AIRRE) - EREEUE PR —
(& s E IR M EE) - SR A R KR EER 2
AT LR ALERE) E AT - AR A AR [E E R EE
£ AGEAMEREE (position shift) » SEFKITRL
R A BRI AR R T A # B RS 2 E B Y
RE © BLAL - BRI MR 2 R E A RF & — i
T BT R EAERZEK  E G URY R
BEEME « DME AR AT AL » 8RR sERET
WEEE FETNG R E MR PR TEEGT ©

EHEREIER ZYGO™ AFIFHEEN [ (17
FUETEHIZAM (displacement measuring interferometer
system) | > 40E 14 FR o $EEEES X-Y HEES)
EEH - 525 EAENFENE RN T E
(laser interferometer) > FLFEEE S1H (laser source) ~ £4
L (stage quartz mirror) EZEEEE (electronic circuit)
FRERENE RV HERRIE - FBEEES
Bk (nm)™ s TR Z-8 AEIEE AR
A T AN SR B RS PR I ZE . (hardware limit) 28
(Bl

PRI 3 /2355 MEI Motion Engineering”™ 7%
FIWIMERAZE & > EIEERS S T (hardware interface)
i #7 f5:4753 (MotionConsole’ software kit) 2K % &5
BERIES" -



AE 15 fr o SEETEIE SRR - FhE S
W en e i o R R AH R R B AR A AR TR
HIEHE o MIEREE RS B (0 B T B Al SR AT [ Y
TEN7EH | (defect map navigation) Ei 7 i fH{EHYTTRE
(location offset) * ZBEE)EE(E R & EEEIAUE
IR R - BERE S SFERIMERERB LERIE
BIIGEEAE £ 3 um DAY 5 S8R Al B A S 1
TRBE kIR -

(7) PAERE

BB REERS T CMA ~ SED ~ BT
& ~ FIB ~ EDX ~ OM <& > M E T2 FE
16 °
@ s E T T as

PHI Y AES AV & S BN EERE 1 A
(cylindrical mirror analyzer, CMA)® ° iE % THES

TERERERIE > WA TR 2 E T HOLRAE

14 124 FH3t gl A4 -

13.
FREEMEAR G AR EREAE
.%1‘%(32) R

SEM {5 B oy fren AL IEE AT RO RAEE - 2B
R ERR ST - DAHEREEGFHEE 60 EHY
AR AR A EL  SERRRYRETHE TR A R
FHFHBA RV B FE E R E (Auger spectrum data
base) HYFEMEAETTEM: ~ EERIIT (qualitative,
quantitative analysis)” °
@ ZXRETFEWES

TS HERR NGB B T B2 ILES (secondary
electronic detector, SED) » A EA 2 SEM #24™ -
©F: =i

FAITHERTIEERE T PHI ATZEZE Model 06-350
HYBEFF8 (sputter ion gun) ° {FFHIYZE Ar EESHET
V5 > BT EEEE (beam voltage) i 0] #2456 7E 0.2 —
5keV  HEHHRHTEIE (beam deflection offset) 1F R &I
FIREREPYATE £ 2 mm » 2T 100 um 25895/
AR (beam size) * JERAFEIRENEER - EIEHAM
EH#EGE MT_ES5E5R 7 (surface cleaning, neutralization,

é

15. Tk BAR T H R AK -

RIS+ 654 938 83



16. 7 AT ERIFLEE » A £ #4224 CMA ~ FIB »
OM -~ #-T48#14% 7 ¥ S 89 EDS %4 °

depth profiling)””
@ EDX

TAJERF Oxford Instrument 2 F]FT4E ZEH) EDX
Link ISIS Series 300 microanalytical processor
detector ZKEEI EDS 5™ -
© FBEERE T AR

TAJ#£E% FEI two-lens ion column (2LI) FFEEHET
A (focus ion beam, FIB) > 5 I R RESR 5 J&
TCZHE TR (gallium liquid metal ion source, Ga
LMIS) » EEFEHLEET-524% (ion induced imaging) B
Bt BT EERIIZ IR THEE (polishing & milling) ° A ¥
/NEE R EIEGETTU)E] - Bde AES T2 EG
# (multi-layer) FJETIA (cross section) 34T > &/ VAT
Y& 100 nm@5pA 7275 IR E R ™ -
® oM

HERRERSR TR 3 H A R —(E S OR SR
wREOHE - FACHEB) 3T A BWEE HZEEA AT R i
I E AR

ifiHy EDX B2 FIB &5 /& A % 1% (option)
B o

4. 1E¥ER

R B R R BT IR (1 - BErie ~ B
ZE R RIZIIAE - ERHEE AT Al A LSRR
HIBEE - SE R A G T AE RS AT -

84  BEHME_+ 65— 93.8

5. (ERH

HEERAT (facility) #9> EESR R R HUEIERT
TRRYHAEN S - EFE T TER IR E 2 Rt
FLH (rough screw pump) ~ FEHEEZEE: (valve) 1E
TEE LB RTIS AR PR K Y S B 2244, (compress
dry air, CDA) ~ EZZ2H 5 (vent and purge) FIHYE
R IRELSAIKIERAVHEERL R (chiller) ~ E 22
JEE £} (vacuum line) F2HEEEAR BRI [EISE - 55
4h o AIZE UPS NETERMEL EDS HITRRER H &)
HEFREEELE -

N~ BRI

AES TR > EEB RS R E
FRRF TR P SE SRR e SR REEAUE BE AT AL st
{7 AES DRT 73Tl - 155 5l 222 SR ] R e
(time efficiency) © 73 HTHRF i i S FH HOFLIRTAMR] SEM
—fif > EE—(E EE T RNV X-v
Jila) > ##E AES BT ARHETTRER T -

AT EORE S T3 ~ #% - e FRIRE
B -

1. B R

2ES3HT (spot mode survey) 45 &1 & € HIE (3L
HEAT KEE BRI (scan the energy E at fixed
position (v, y0)) * FIA T IEAWIREETE 15 T 4514
£ EREE AR B -

534N+ multiplex survey A o A E IS # E 5
{7471 (analysis energy E, at fixed position (x,, y,)) ’

{EiERERm 72 R AR Ay AT £ -

2. #RAH

Energy-selected line scan E#{[EE X B¢ Y §ii /7
) 2R E T/ N E Y TC ZFEI E ] (scan x at fixed y,
or scan y at fixed x, and analysis energy E,) °

3. @A
Energy-selected map or image FYJE& 2% F 2K fi%
R R E TR S AMAIE (scan x and y and

mapping it at analysis energy E,) °



2000’s

CMOS Process

Cr, Cu,and
Au liners ity
Y 4 Pt SN seal
Copper 5 J 50D By
| | soD
soD | Copper 4
—
SiC etch stﬂ(v 50D e
e barrier layer
| cus | s0D a3
| 0D
Copper 2 | 30D 31C seal layer
\ S0D
o = | m— bul bul PE-TEOS cap
CoSt SOD
1y \\ ! ‘ \ S1C seal layer
W P3G
Poly 51 gate i SN barrier
STI 5G UsG layer 341

17.2000’s CMOS #) ® A2 ¥ d s % /@ -

4. R
e 535387 (depth profiling) &R0 & B3

Gk

AN (ion beam sputter) FEEERANGFEIZRE > FOANE

o=

P (BR%) JE5E AES RIELRA

N =

Kl AR E

B (surface sensitivity) HIFFIE 5 B HIAS EETT 70
Bt > BBHYEEM 317 (sequentially scan area and
analysis energy E, in different surface sputter
timing) " °

fEF AES 3 EIfRfaRT - A8 S E 0T
HE(HEE ? (RE PTRERIRSIR » TRSL TN EIY SR
BER ~ MR IR BT AR ESE  SE R AT TESERY
HEITHMHE AT - 406 17 B 2000 £ CMOS &
RSBTSRBTS B E

.

18.
Oefec

1B BB T -
B2 T 2K K DLEE 5 9 &= T (compositional
metrology) HYE I MHEH /T4 -

&5 1. Small Particle Identify”

SE B ok U ERAE 12 PSS EAY blanket W
silicide layer I » /24885 CVD - il A WF, + SiCl,H,
(dichloro silane) ZJERIEE » 3% ODD fgiid 28 5
HORTRE » ft P YR ETE G E A AU REHBRR » HG2
A B E 7T 5347 - DUE 18 Fs#m ot #7 Ed
#142 Fofil > FHFAE 2 BRI Z AR LRI RN ~ A8
T ELYC 2 TR - FI B3 LR A SR R A
—JEAI > Bk SEM s B REEE 2R -

@i #7 B2 #142 1) EDS 55 > BT O LISH
W AR AR § $535E 1 AES TR -
I 47 ] ERAINERLH W BT (AES, 10 keV, W
@[ 173 ~ 1312 ~ 1524 ~ 1737 (MNN) keV) > [
#142 L Si~ O~ W 4k » WM& Fe K& > A2
M FIEE 18 R (ion gun sputter) FRHIFE
#7110 nm 9 Si > 20[&E 18 A MIFTREBRRE .
BPTEAREEIE - HREHEEEMRY Cr B
Fe HIFGE « SR tiaass - #7 EBERT R 0.45
um > EDX Ei AES 2t 7 W 3 #atst - HlEnER
Ry CVD IERTTRMELR W R 5 T #142 &
BSRSTRs 0.3 um » EDS SRR 4 5 B BH EEY
Fe (EDS, Fe @ 6.4 keV) B W k43 > FHARME—SHY
Tl EE Ry Si ok W R(LBhL - {EAE AES 247
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By Si ELERIBIRL > HEEIPTRE 2 HBAE e i b
B RUE R S RS A Bl Bl 2 T SR e P Y e

.
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Full scale =1.117 k cps

Cursor: 1.7437 keV

19.
EDX spectrum #7
(a) » #142 (b) °

Cursor: 6.4037 keV

Full scale = 1.54 k cps

20.
AES spectrum * #7 (a) (Spectrum #&
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T8 PR[EETE A A #7 Ry EDS il 32
H#H W sy 78 FERR W B Si /Y EDS Rl
BB TR AT REE I e K BN Si ERRAIEHE
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21.
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spectrum (b) ¥ AES spectrum (c) °
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351 2. Buried Defect Identify®
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20.0ke\,

HHpEE (0hE 22 Bl 23 FR) - DIRRE A RIRIOR
AR BT TT mapping @ ATLAE RS HEH
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[BISEAKE » Ryt FELERRIE T J7HY C layer 1%H
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20.0keV

B 22.
defect FIB cross section SEM
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mapping %1% (b) » (FOV =5
um, Green = W, Red = C, Blue
=Si) °

{51 3. Composition Material *®
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FfE % 820 (shallow trench isolation, STI) Si,N,
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23.
defect FIB cross section SEM
# 1% (a) ¥ AES spectrum
mapping #1% (b) * (FOV = 0.5
um, Green = W, Red = C, Blue
=Si) °
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50.0kX 500.0 nm

24.
#17489 4 defect SEM #1% STI
particle survey (a) ° multiplex

survey (b) °
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1FG20_2.spe: Defect 17489

03 Aug 14 20.0 keV 0 FRR 3.8076e+005 m ax
Suri/Areal1/3 (SG9)

1

1FG20_7.spe: Defect 20084
03 Aug 14 20.0 keV 0 FRR
Ni3/Area1/1 (SG9)
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Pl Bl EE S AHBAR i 2 R HH 2R - T3 20 AEA
IS TR - CHAE IR B R A5 S AL
PN FTEIE M H T RE ST 0 B AES
FIAI 57 M e i 2K o B E T A RS S i A AHE Y
—ERES o (HAESE 12 N2 SLER T - BhbE A
[Ef% - FIB ~ EDS SFIJRER — 51T AES DRT °
Physical Electronic #J SMART-Tool & & HH[Ti5 L
M — H BRI T -

KR E—FIRIE2 T2 (Technology of
Science) » fii At 25 HY R B G wE T L ZE IBM
Fishkill 82 EAG & BRI EEL AT A

Vo
EEE

88 FHEIAE —+7- 65— 93.8

BER SRS SR ESET R > 2R
E IR —TE HURH SR T /K HE R A & B IR B R
Sk o TEHIE ] 5L FEAS (Powerchip) 12 IR
SREGELFIR 2002 4 > 5 [ TS 35 A A L FHBA
B BGEERFERRER S AT > (8 G 2B L
EdbgfE TR - (SRR BB R (S (L S0 HE

o

m

W
ait

&aC

5 2 ¥ 5 Physical Electronic #& & H 11y
Phymetrics (HVE) /2 ®IRIEA 5[ - N e
AETBFIER 2003 FIEEE G ULVAC H£E T
ULVAC-PHI » A EEMBHEZEBEBEE HA ;
ULVAC B H AR S B 228 AR R BE YR
Physical Electronic /5] H ARIHESEBME - OF

F—
0.200 pm

26. AES Mapping (Ni only through filter ) °



B0 17 7% (R UGS B L [F] A 28 A8 E& - 1 Physical
Electronic AIZftf#fs PHI-EVANS » {/5{&45 Charles
Evans & Associations (Evans Analysis Group, EAG)
B EIR - MR B E R AR TR -

MEEE A AERE » BN ARSI Pekin-
Elmer * Phymetrics (HVE) * ULVAC &[G B %Y
RS B AE TR (strategy) 55 0 B HIFZEH
i in B #E (NPD) ~ Ell#T (innovation) EH k%8 &
(organization change) 5525 0] (HEEHET

25

R B ¥ 8 & o) — BLRF M A2 48 4% Physical
Electronic # ¥ Field Service T/ » % #1558 B Bt
AR 35 S B IE T W AL B AR RS 0 &7 e AT

R RS O @ 0 MBS 18 & 2 4 Dr. Stephen
P. Clough #) R&D E & B  Evaristo Contestabile
#9 Customer service | P& » &.4% Greg Homme ~ Fred
Dathe * Jeffery Johnson #9 Asian Pacific Service [ P&
PHI-Korean #J Chris Kim #» ULVAC-PHI #J Kenji
Miyoshi ¥ A% L1F23 % 09 @518 5 MR
1# J& B £ A&4% Dennis F. Paul ~ Dr. Albert J. Bevolo
Dr. Kenton Childs % A 2k %% 177 $£ %9 training
program Y H 133 % AES o #7649 R ¥ So i H R
R ET  FRMPFRBSEAAZRANT
fig o

IRAB B ) o F RN G ARMEHAE I L ey 45 4 -
S B ] R B~ RE T~ Ehe B F AR B
By REXFENBEHESR D -

SER

1. International Technology Roadmap for Semiconductors - 2001
Edition, International SEMATECH,
http://public.itrs.net/Files/200 1 ITRS/Home .htm (2001).

2. Yoshiko Hara, No change in ITRS road map, EE Times (2002).

3. Metrology, International Technology Roadmap for
Semiconductors - 2001 Edition, Measurements for Processes
Facing Statistical Limits and Physical Structures Researching
Atomic Dimensions, International SEMATECH.,
http://public.itrs.net/Files/20011TRS/Met.pdf (2001).

4. Juergen Scherer, Patrick Schnabel, Kenton Childs, Analysis of

Submicron Defects by Auger Electron Spectroscopy (AES),
Microelectronic Failure Analysis Desk Reference 2002
Supplement, ASM International (2002).

IR

. T. Esposito, et al., Automatic Defect Classification: A

Productivity Improvement Tool, Conference Proceedings
IEEE/SEMI Advance Semiconductor Manufacturing
Conference and Workshop, Boston (1997).

. Architecture of Defect Inspection, PSC Integration Dept.

(2002)

. PSC Integration Dept.}2fit (2002).

9. PSC Integration Dept. 2 (2002).

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. PHI Instrument, SMART-Tool,

http://www.phi.com/genf.asp?ID=273

K. Childs, S. P. Clough, and D. F. PAUL, Compositional
Metrology™, A New Tool for Yield Enhancement, Semiconductor
Fabtech, 10th Edition (1999).

T. W. Lee and S. V. Pabbisetty, Microelectronic Failure
Analysis, 3rd edition, Ohio: ASM International (1993).

T. Morohashi, R. Oiwa, and T. Hoshi, Introduction to Particle
Compositional Analysis Technology for Higher Yield, ULVAC
Technical Journal No.52-53E (2001).

Standard Practice for Sampling of Handling Specimens Prior
to Surface Analysis, ASTM E1829-97 (1997).

SEMI E30.1-0200 - Inspection and Review Specific Equipment
Model (ISEM).

SEMI E30.5-0302 - Specification for Metrology Specific
Equipment Model (MSEM).

Surface Analysis, The Principal Techniques, edited by John C.
Vickerman, Wiley (1997).

ERR TR, BHRE, MR T E T RERL 0T, PR
PHEFEEEE | 312 (1998).

Auger Electron Spectroscopy, Analytical Information,
http://www.aquila.infn.it/infm/Casti/Tech/Sam/IntroEn html.

[d 19.

PHI /A 2003 fFEECHELRHTHY AES %Y PHI Instruments
700 Field Emission Scanning Auger Nanoprobe'™ AJ$Z{f: 6 nm
FYEE TSR, http://www.phi.com/genf.asp?TD=269

S. Tanuma, C. J. Powell, and D. R. Penn, Surf. Interf. Anal.,
192, 1.849 (1987); Surf. Interf. Anal., 11,577 (1988).
EFHR, LR, HOCE, MRBAONTTE, 58 3 E, 42
(2000).

C. L. Hedberg., K. D. Childs, and B. A. Carlson, etc.,
Handbook of Auger Electron Spectroscopy, Physical Electronic,
4th Edition, 7 (1995).

SMART-Tool System Overview,
http://www.phi.com/genf.asp_Q_ID_E_273

SMART Tool System Architecture, PHI Sales Presentation
Material (1999).

SEMLI, Standard for Definition and Measurement of Equipment
Reliability, Availability, and Maintainability (RAM), SEMI
E10 (1996).

FHEIAE _+/1 65— 93.8 89



28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

90

Nanomotion Technology Background,
http://www.nanomotion.com/techback.html.

Zygo Customer Solution - Precision Stage Optics, Zygo,
http://www.zygo.com.

F. C. Demarest, Meas. Sci. Technol., 9, 1024 (1998).

MEI Solution Provider, Motion Engineering,
http://www.motioneng.com/technology.html.

Photo from High Resolution Precision Vacuum Motor,
http://www.nanomotion.com/vacuum.html.

Photo from ZMI 510 System Specifications, Zygo,
http://www.zygo.com/.

P. W. Palmberg, G. K. Bohn, and J. C. Tracy, Appl. Phys. Lett.
15, 254 (1969).

C. L. Hedberg. K. D. Childs, and B. A. Carlson, etc., Handbook
of Auger Electron Spectroscopy, Physical Electronic, 4th
edition, 18, (1995).

Technician’s Model 04-203 Secondary Electron Detector
Component Manual, PHI, Part No. 647229 Rev. A
Technician’s Model 06-350 Extended lon Gun Component
Manual”, PHI, Part No. 647205 Rev. A

Energy Dispersive X-ray Microanalysis Hardware Explain,
Oxford Instruments Analytical - Technical Briefing,
http://www.oxford-instruments.com/ANLPDP174 htm

Focus Ion Columns, FEI,

http://www feibeamtech.com/pages/ion.html.

EOUMESE R, KR, AT — B T RERER, AT

FHEIAE —+7- 65— 93.8

41.

42.
43.

44.

45.

46.

47.

48.
49.

L (1998).

Auger Electron Spectroscopy, Analytical Information,
http://www.aquila.infn.it/infm/Casti/Tech/Sam/IntroEn .html
IRIGR, PRI ENS , I LIYIELR (2000).

R. Oiwa, T. Ohba, and T Morohashi, et al - 1999 ADMETA,
Advanced Metallization Conference Asian Session (1999).

K. D. Childs, D. Narum, and L. A. LaVanier, et al, A
Comparison of Sub-Micron Particle Analysis by AES and
SEM/EDX (1999).

D. Paul, E. Chou, and J. Dong, et al: Defect Review Data, PSC
Integration Dept. (2003).

PR, % SAM/ESCA {#asMEREZ LLERRITSE, BHERTAL,
3(3) (1981).

Pierre Auger, J. Physique Radium, 6,205 (1925).

J.J. Lander, Phys. Rev.,91, 1382 (1953).

Photo from http://www.phi.com/genf.asp?ID=281.

EVEAEABAIRBREEEMERAFTEL > B
ERAPR BB A RN EmEE -

Li-Duh Dong received his M.S. in management science
from National Chiao Tung University. He is currently a

product manager in the Osted Technology Company.



