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Macro Inspection Tool for LED

Technology explained



Several years ago US, Europe and Japan LED manufacturers ware main player in the
market. However Taiwan, Korea and China manufacturers entry the market. ZhE T, BX X
UBRRDT A RA—H—EE AL T —V—THo-EBELEDHIHIC, BE. FELGLEDA—
H—mS AZhtaLT=,

The market will be growing but price of chip will be cheap hardly. The players have to
reduce cost and improve the yield. BEIZHIZIIRET 5. BEOBICEYFVTEMD TE
[FHELL A—D—[F—BOIRMEFADELFEIND,

PSS(Patterned Sapphire Substrate) has some quality issues reason of the process,
especially Photo Litho process. I8#., LR ELESTULVSPSS( Patterned Sapphire
Substrate) (X, ZTDOHETE BFIZT7AL- UV IR ICREEZEA TS,

Generally LED process doesn’t have high lever inspection method & yield control method as
same as Si device process. £f=, —f&BIICLEDHIZBICHLTIX, SiITNNSRDEIICHEREDFL
AVFAVREFE. SBFYEETFREIREILLTLVEL,

The player solve these issues will get higher margin and market share. §#. ChboDEEE
i%ﬁ(tzgﬁgk%:lxhﬁﬂi BWSBFEYTORELAEZETLI-A—D—D., B\ 7 ENEEER/D



Each processes have typical defects relate to yield. The defects and

reasons on Epitaxy are below. (eoosszvsrsassnmmnrmis, £70excbfELET, CoTE, T
EREICRETIRME, EOELREREERLES,

— P|t Evk
» Pits & particles on Sapphire 4or7zmorvrru —son
— Bump s
» Pits & small particles on Sapphire s>r17zmorvrrusun s—7 o1
— Scratch zs5.7
» Scratch on Sapphire 4>r7zzEnz559%
— Micro pit <1saeur
* Non-uniformly temperature & film stress in MO-CVD zemssozessoinn
— Rough surface on Epitaxy (Defocus) xasoreoztns—smzor—nz)
* Bad focus in Stepper essemztsnrr—nzn
— Grid on Epitaxy sz#rozcomsmszs oz rmm
« Stetting fault in Stepper pssumamst x5y 1=£2) 807512850
— Repeatable defects on Epitaxy scvrozsszreonsmns
« Contamination on photo mask ~zsazn



Each processes have typical defects relate to yield. The defects

and reasons on Epitaxy are below. eoosgsysrassnmunrmi, a7nexcemels
T, CCTIR IERAICRETIRME. TOELRERAERLET,

— P|t Evk
« Pits & particles on Sapphire s7r17zmorsrrv—7o1
— Bump v
« Pits & small particles on Sapphire s7-17zmorsrrusun —s on
— Scratch =557
« Scratch on Sapphire s717zmnzs595
— Micro pit <15aewr
* Non-uniformly temperature & film stress in MO-CVD zemgsozesnenn
— Rough surface on Epitaxy (Defocus) xamnzeoztns—unzor—nz)
« Bad focus in Stepper rssuagmstsnsr—nzn
— Grid on Epitaxy szxozcomsms zrmrram
« Stetting fault in Stepper rssumm:t 7y sizenB075 2050
— Repeatable defects on Epitaxy sevzozsszreorsns
« Contamination on photo mask <zsazn



Bad effects to HB-LED zxxo7/ s1zx~opz

— Electrical short, low brightness, short life time, bad color, etc s#re. mrer. sxes.
BRABEBEZENHYFET

Standard inspection method for improvement of Epi quality zexmrzeo
FEREFE(RMBLOE-HDRE)

Micro inspection
— For pit, bump, scratch on Epitaxy evr-tavs-z25595-<15ae9k

« Particle, pit, scratch, bump and PSS defect inspection on sapphire by Candela canceia
1ZkB/I8—T 49 EVb NV T  RISYF  IS—T1 L DRE

Macro inspection
— Rough surface, grid defect, repeatable defect on Epitaxy zezrov—ss srnersmns.

HEYFDIEREFE
» Defect inspection after photo-litho process is effective but HB-LED manufacturer
don’t have good method sxtuyrmsnxmmzsamss. HB-LEDA—h—EMEFEEH>TLEL

— Now HB-LED manufacturers don’t have inspection method of PSS defects.

These defects will have large area and will be big problem of yield. m#. sz=zss
ML TOVEW oD RKME(PSSHEER) (L. FRICKELGRMGIZEDERLEL, TS ADFBEYANDELEITKEL,

— If they detect these defects before PSS etching process and re-work wafers,

they can get big improvement of yield. usi. pssumaiicchooxmsmiL. » eBmET 50 LhmEnE,
SBEYDOKRIBLERENFFTED,



# Bad effect to HB-LED zxxos/ «rz2~oze

= Electrical short, low brightness, short life time, bad color, etc sz,
BEET. EFmE. RAUBRZENHYET

Defects before Epi Defects after Epi Tool w=s= Tool s=s=
IEHRERE BREMRICERY STERE Candela Macro inspection
Particle s Pit & Bump et o @) X

Pit & Bump evressos Pit & Bump ek /s @) X

Scratch zss.7 Scratch zssv+ O X

Defocus #z+—nxz Rough surface ztaos—s=x | X O

Stetting fault zs«>-»2% | Grid defect szromums X O
Contamination on Repeatable defect scvz0 | X O

mask <zsosn AR




The purpose of new tool (SUTERUSU 150V) are macro inspection
for PSS making process cansaggis. 47747 LorsskaI oLt 53/ NREE BINELEEDTY,

SUTERUSU inspect defects before PSS etching. The purpose is

re-work wafers and reduce critical defects after PSS etching. »zro
BAEA LR TOREICKY ., PSSTYFU I ROBBNETRORLEMHIEZBRELTVET,

Main process for macro inspection zzgsrs=
— After resist coating Loxrass
— After develop sex
— After PSS etching esswsus

Especially inspection after coating and develop, SUTERAUSU
detect ununiformed resist film, defect of patterned resist(defocus,
stetting fault, etc). HB-LED manufacturers can rework wafers and

save material coSst. sic. LoxrgminrURERIREEERT 52LT. LORAMEO RN —. LR S—VOFES
(BFMEGEE, Y/ XDH— 448 2L, BEOHAIYT/N\EZENETACLT, HEOOREHIETEREEZTVET,



Over view of Manual tool zsre=zme
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Method of Macro Lns

VOORERIDIRE

Abnormal PSS (or pattered resist) and normal PSS have different reflect angle and
different intensity of scattering light.

CCD camera measures them and catch defects.
ERDOESY . BEDABMNMSIEEMEDE N NE/NNE—EICEHTHE, 2= BARICKYEREL T B R AT D
REZELS BEDARANRITIREEZ. FEDEHL (WASAEFZFD/I\SA—2DKEL) TRIET S &I
KUY, EBG/N\A—U BB ER B/ N\ I— U IR EBE ORI AT REE LS, CDKSIZLT, FR/SF—VFEEZERE
FBIENTREE LD,



Case of defects

BEHI X R BG DFEG
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Cause of PSS defects (1) rsszzrovom

KIEDEE (1)
Mask <X m Resist pattern by good focus zuu
I  —  —  —  — T TH—HATEAINFLORME—Y
/ \ / \ / \ / \ / \ — All pattern are same shape (diameter,

hieght) 2o/ s—ommmsLe

Mask ¥A7 m Resist pattern by bad focus have

I T I | I I —

_.jjjj various shape zsvs—o1vavrmorr—nzFy—
BETEILSAME—2 DY A XLS

— Large rough surface area in epitaxy =
ERICRR—CDEIGRKEEOTEEN KL




Epi defects by PSS defects(1)

m Epi defect by defocus z7vs—or—nzox
B— B&ICERTS. IEREO XK
PR s I : — Large defects by bad resist pattern
and bad PSS pattern. It difficult to

detect before MO-CVD process. pssz#

B HHIDLORMNE—2 OREF RISER T SITERAD R, EEMNL
LAERDBRESETIE, B -EEEAHLLY,

— STERUSU can detect bad resist
pattern after develop process of PSS.
Bad wafers can be reworked. sgsi-Lox

MEDTIOBREBEZTICET. FEEGDHD /N, BREBEITITEATHE
IZ3Y ARAMERL., SBFEYRLARAFTED,

| Area=24mm?

8mm



Cause of PSS defects (2)

Mask 7Z/7 Mask Y27 | u Resist pattern by good
/ \ / \ / \ / \ / \ alignment(stetting) of stepper zuw»

SAAVPTEAShILOAMNE—2

— All pitch of patterns are correct <s—m
DEYFHELL

Mask ¥ X4 Mask ¥ X%

/ \ / '\< :i . . m Resist pattern by bad alignment of

StEPPEr z7v/8—0F51A b RUIZEBLYRM B~ DEYTF
DXL

— Grid defects in epitaxy zemizx~—sossmm
FROTEENHKE
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Epi defects by PSS defects (2)

m Epi defects by bad stetting z7v/,¢<—o7

SAAVMEEICEET 5. TERED XK
— Reason of alignment of stepper,
wafer has large gap between each
step. Current inspection tool doesn’t
detect it enough. Almost tool use
spiral scan and the method is not
match for the defect that has X-Y

direction .7s« s roFaizsy. 279 TRICEmEALES S
BhHE, BKTIE. BELEABHENEBTHD, (BIY T \EEES

55&']%7’:‘5%0)%‘%)
— STERUSU use line scan method. It
can detect these defects and good

reliability. »z \vs#mzses. x-yamIzz£r 352 LT,
HINEROLET, H—HHIEREE DN THE,
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Cause of PSS defects (3)

m Resist pattern by clean mask znus<
RITERAINILOAMNE—

Mask ¥
_ ,as, ,x, - — All patterns are correct z<o,xs—omnrssL

VP PP "

Mask Y27 m Resist pattern by dirty mask <zsosn

[SERTEILCRAMEI—VDORE
m m Repeatable defect in all shot 2<ovay

FOR—IBFRRICL AR Z—V O RENHRE

— Repeatable defect in epitaxy zemizn~—
DOEIGHEYIRLRIENFE
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Epi defects by PSS defects (3)

m Repeatable defect by dirty mask <x

IDFNISRET HBRYERLIEDH DR

Q — Defects at same place in all shot. It is
solved by mask repair. 257y —o&vavrnom
—MEBICRETDIRM, TRIED)—=U T $HETRYBLEL.
TR — By detection of repeatable defect,
HB-LED manufacturers can find
mask damage at an early time and
O repair it. Then they can keep good

yield. smmi-ssvsxmevzonmheLcevrryTracec,

BRI ATRIAY, SEEY R RS TES,
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Inspection result by SUTEARUSU

TLOREEE - LoCEE
Al

Sr/HRb

”

« [
SRR | Dol n st | gt RIS
HEEE

Mo, THE (E3R) EiX g SHERRZ DL SMERERSDILY  AHERERLGE (@) SRR IR B Bzt =
1 28753 219545 0z 788 509 25 ] r
2 1440 142388 908274 1360 8105 k) 44
3 989 720365 206753 6835 18545 50 40
4 207 21038 217231 7885 20795 50 8 442333
5 755 558018 22727 528 21555 a1 44 553318
8 708 126328 225535 1183 2153 35 43 47.1088
7 01 187274 267009 1102 17415 g1 24 404265
8 614 157028 100213 1309 288 41 5 a73282

Red colors are bad PSS size area. Center dark square is non etched
sapphire surface.

Visual inspection by human, microscope or other inspection tool can’t

find them perfectly. Also the result by them are not stable.

FERRENT=TYTAPSSHIRICRENHDHIU T, PROBLEAI AU, BRRE. R, TOMOBREEZETE. Chod
RIpETRITRET HoEETTEE FINLDREFETIE. fﬁlg%glgﬁﬁlmqu E



Other case
Ununiformed resist film :vxrgpprpcamsrs e vxrvs—>n5

Bad film uniformity after resist
coating. This sample has radiate film
ununiformity. xeva—scLozismsenn. ~—sLtsr—no

RE, VT—N\FLNSBEHRICL O RAEDIREL HEEDROABU TN DI ENBES
TES,

@®Sample 7))L

Resist film on 8inch Si s« 5oyavsr—nrovs
A%




Other case

Comet defect by particle »—»+ 71 cums smzro
BES

Comet(bad film thickness) by Particle zeva—resiLszrenmemnsyz—ngmrrLL
IS—TAOIDIZHY  ZTDSBEHRICL O RO BES IV RE LS ERESE 4,

@®Sample Y7L

2inch glass wafer, 1um thickness resist film z24v 5552521 1pmiEEOL/S/<
=
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Other case
Various resist film defects zgz+ v 2 r osxm

Bad film thickness, particle, litho trouble can be
detected Loxrsmmozera—tis. S—roLomE. LR RERYSNERTES,

@®Sample 7L
3inch Si, 300nm thickness patterned resist s«souaw

DI—/N\EDFEB300nm, 600nmEYFDES—/E—> [ 2avkDFvTH A X1EH9531

nuniformity of coating Ununiformity of develop Particle Particle Uhuniformity of coating
Ly Ak LT Big s 7 Sy sy Ly AN LT
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m SUTERUSU focus on the inspection in

PSS Photo-Litho process. =zsizirssoust-yvzss
TOREZEBMELTLET,

m If HB-LED manufacturers and/or PSS
wafer suppliers find failure in this process,

they can rework wafers. +s.Leps—n—wpssvznovrs

;’;_—75“77% Y IRTRMRERETENE, BWoFBEDH LSV INEBLRETHENTE

m Then they can reduce large material cost

and get large profit. #siu. xeEsssgomseREonr:8
BENTEET.



