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XOpoLO OT/IaXeHHbIe CUCTEMbI KOHTPOJIS U MHCMEKUUM MPOAYKLUM HAa Pas/IMYHbIX TEXHOJIOrMYeCcKUx
CTagmax UrpalroT KIH4YeByO posib B o6ecrneyeHum rmb6KocTy NpovM3BOACTBA, B MOCTOSSHHOM Y/lyYLLEHUU
Npou3BOACTBEHHbIX MPOLECCOB U COKPALLEHUM MPOU3BOACTBEHHbIX MoTepb. B MOMC-npousBoacTBe
3a4acTylo AJ1s 3TUX Liesier UCnosib3yeTcsl aBTOMaTU3MPOBaHHas onTu4eckasl MHCMeKUMs, pe3yibTaToM
KOTOpOW siBNsieTcs 60/bluoe KOMYECTBO U306paXkeHur, Tpebyowmx 06paboTku 1 aHanusa. B gaHHomn
cTaTbe npepacTaB/ieHbl pe3y/ibTaTbl MO BHeapeHuio B OO0 "MAIMMEP" aBTOMaTU3MPOBAHHOW CUCTEMbI
OeTeKTUpoBaHus aedeKkToB nTorpadum, 6asmpyrowencs Ha NnporpaMMHoOM obecnedeHnn aas o6paboTku
1306paxkeHui, pa3paboTaHHOM cneLManbHO A4S 3TUX Leneii komnaHueid OO0 "AKCAJIUT Codt".
Well-established systems of control and inspection of products at various technological stages play a key
role in ensuring production flexibility, in continuous improvement of production processes and reduction of
production losses. In MEMS production, an automated optical inspection is often used for these purposes,
the result of which is a large number of images that require processing and analysis. This article presents
the results of the implementation of the automated system for detecting defects of lithography, based on
software for image processing, developed specifically for this purpose by AKSALIT Soft, at MAPPER.

BBEJLEHUE e duHanNpHAS BepUUKALUS IAPAaMEeTPOB IPOAYK-
Ha coBpeMeHHBIX MOMC-IpOU3BOACTBAX IIOBBIIIE- LUK Ha IIpeJMeT yIOBJIeTBOPeHUs TpebOBaHUSIM
HHe BBIXOZa TOTOBOM MPOAYKILIMH SBJSIeTCS OJHOU 3aKa3yMKa.
M3 IPUOPUTETHHIX 3afad. ITO B IIepPBYyIo ouepelb MesKIIpoLleCCHBIE MOHUTOPHUHT IIapaMeTpPOB IIpo-
JOCTHUIAETCS 33 CUeT HeIIPepbIBHOIO yIy4YIleHHUsS  AYKLHUH Ha PAHHUX CTaJUSIX U3TOTOB/IEHUS [103BOJISIET
TeXHOJIOTUYeCKHUX U POU3BOACTBEHHBIX IIPOIleC-  He TOJIbKO BOBpPeMsl OTOPaKOBBIBATb JedeKTHbIe H3/le-
COB, BIUSIONMX HAa KOHEUHBIN NPOAYKT. CUCTeMa  JIMS, HO M OTIIPAB/ISATh UX HA IepepaboTKy. Tak, HaIu-
yIpaB/leHHs KaueCcTBOM Ha YpOBHe IIPOM3BOA-  YHe JedpeKTOCKOIHHU I10C/Ie TeXHOJIOTHUeckoro 3Tama
CTBEHHOTIO ITpoliecca BKIYaeT B cebs cleAyoOmue  ONTHYECKOM NUTOrpaduu Ha MOMC-IpoH3BOACTBeE,
MepOIpHUSTHUS: KOIJa CTPYKTypa IIposiB/ieHa B c/loe pOoTOope3ucTa, HaHe-
* TIIAaTebHBIK BbIOOP ITOCTABIIUKOB CHIPbS U PAaCX0[-  CEHHOrO Ha IIJIACTHHY, II03BOJIsIeT PACIIO3HATh KPUTHYe-

HBIX MaTepHaJoB; CKHe JepeKThl B IPOAYKLIMH U aeT BO3MOKHOCTD CHSI-
* BXOJHOK KOHTDOJIb IIJIACTHH; THS (71051 OTOPe3UCTa U IIOBTOPEHHM S IIaTa INTOrpaduu
e MeXIIPOLeCCHB MOHHTOPHHI IapaMeTpoB  06e3I0TepH IUIACTUHBI, a 3HAYUT, U 6e3 IIafieHUsI yPOBHSI

MPOAYKLHH; BBIXOZIa TOIHOM IIPOAYKLUH (1, 2].

000 "MAMMEP".

HaumoHanbHbIM NCCNef0BaTEIbCKUIA TEXHONOMMYeCKUI UHCTUTYT "MNCnC".
MOCKOBCKNI PU3NKO-TEXHUYECKNI UHCTUTYT.
OO0 "AKCANUT CodT".
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CONTROL AND MEASUREMENT

Ha MOMC-1pou3BOACTBaX AePpeKTOCKOIIHUS MOXKeT
OCYILECTB/ISATECS Ha 6a3e pa3TUYHBIX METOIHK U3Mepe-
HH4. OfHa U3 MeTOIUK ~ OIITHYeCKasi MHCIIEeKI U B Pyd-
HOM HJIM aBTOMaTH4YeCKOM PeKMMax. B Hallen paHHen
paborte [3] 6bL1a ITpeIoskeHa MeTOAMKA OOHAPY>KeHHU ST
TedeKTOB I10CIIe 3TAIIA OIITHUYECKOM TUTOrPadHU C IOMO-
b0 AaBTOMAaTU3UPOBAHHON CHUCTEMBI ONITHUUYECKOH
uHCcrekuu (ACOU) miacTyH, pa3paboTaHa KiIaccudu-
Kauus gedeKToB TUTOrpadHU U OIHCaHbI BO3MOXKHEIE
MNPUYKHBI UX BOSHUKHOBEHHUS. B JaHHOM CTaTbe IIpH-
BeJleHbl pe3y/IbTaThl 3pPeKTHBHOIo BHeapeHUss ACOU
B IIPOM3BOACTBO MOMC-ipoxykiuu OO0 "MAIIIIEP",
KOTOpOe CTaJI0 BO3MOKHBIM B TOM UHCJIe bnaromaps
paspaborke nporpaMmMHoro obecreuenus (I10) mis
OBICTPOro aHa/IM3a U300pasKeHU M, MTOTYYeHHBIX IIPU
romord ACOU. OcobenHocTsaMU 1O IBISIOTCA L4OCTA-
TOYHO 60JIBIIAS ITPOITYCKHAS CIIOCOOHOCTD U HATUYHe
CUCTEMBI aBTOMaTUUYECKON KJIACCUPUKALIUU Aedek-
TOB, OCHOBAHHOM Ha MOJe/IN MCKYCCTBEHHOMN HelpOoH-
HOM ceTH [4]. 715 moKa3aTenbCTBa 3GEeKTUBHOCTH BHE-
I PeHHOH CHUCTeMBbI OBIIO IIPOBeJleHO CpaBHEHHE pe3yJIb-
TaTOB aBTOMAaTH3HPOBAHHOM CUCTeMBI IeTeKTHPOBAHHU S
dedextoB (ACAM) U Py4dHOM OITHUYECKOM MHCIEeKLUHU
(POH), ocy1LecTB/sI€MOK OIlepaTopaMHU MOTYyIIPOBOLHU-
KOBOI'O IIPOK3BOACTBA. COIVIACHO pe3y/ibTaTaM HCcCe-
JIOBaHUsI, py4uHas ONTHYecKasi HHCIIEeKI U [103BO/IsSIeT
BBISIBJIATD TOJIBKO OT 12 10 50% medeKkToB mUuTOrpadpuu
110 cpaBHeHHI0 ¢ AC.

ONMWUCAHWE ABTOMATU3MPOBAHHOW CUCTEMbI
AETEKTUPOBAHUS IEOEKTOB

JleTaspHOE OIIMCAHKe TeXHUYecKor yacTu ACOU 6bL10
IpencTaBieHo B paboTe [3]. Ilomob6HBIE CCTEMBI OIITH-
4eCKOM MHCIEeKIHUH I03BOJAI0T MONy4aTh II0JHOE

INTRODUCTION

r306paskeHUe ITOBePXHOCTH IJIACTUHBI, Ha KOTOPOK
IIPOSIBJIEHBI CTPYKTYPHL B CBETOYYBCTBUTEIBHOM $OTO-
pesucre. ITonHOoe HM306paskeHHe 06pasyeTcss myTeM
IIOKa/IPOBOTO CHATHS U IOC/IeAYyIOeN CIIMBKU bosee
MeJIKUX HM306paskeHUH, MOJy4YeHHBIX TP IIOMOIIH
KaMepBl C oIlpeJie/IeHHBIM I10/IeM 3peHus. Pa3pelnieHue
OTZe/IbHOr0 H306paskeHUs SIBJISeTCSI OTpaHUUYeHHEeM
/sl pasMepa JedeKkTa, KOTOPBIM CHUCTeMa CMOXeT
3aQUKCUPOBATh, U 3a1A€TC TeXHUYECKMMH XapaKTe-
pucTuKamMu [13C-MaTpHUILIbI KaMePsl U 06beKTHBA. [1s
IeTeKTHPOBAHUS JOCTATOYHO MeJIKUX JedeKToB Heob-
XOZKMO HCIIONIb30BATh ONITHYECKYIO CUCTeMY, obecIie-
YHMBAIOIIYIO BEICOKOE pa3pelleHue u300paskeHUH, HO
B TaKOM CJly4ae MPOIyCKHas CII0COOHOCTh CHCTEMBI
MO>KeT 0Ka3aThCsl HeIlpHeMJ/IeMO HHU3KOU [/11 UCIIO/b-
30BaHMS B NIPOU3BOJCTBEHHOU JIMHHUH. [Io3TOMY
npu Beibope ACOM HeobX0ZHMMO UCKATh KOMITPOMHMCC
Me>Xy STUMU ABYMS IIapaMeTpPaMU: pa3pellaomien
CII0COOHOCTBIO U ITPOIYCKHOM CIIOCOOHOCTBIO CHCTEMBI.
Kak roxkasaHo B [5], mporyckHasi criocObHOCTh ONTH-
YeCKOM CHCTeMBbI YMeHbIIAeTCst 06paTHO IIPOMOPLIHO-
HaJIbHO KBaZpaTy ee paspeineHus. Ha mpakTHKe KOM-
IIPOMHUCCHBIM PellleHHeM MOKeT ObITh I1apasienbHoe
HCII0/Ib30BaHHUe [JBYX Mojy/el B ofHOM ACOU: mep-
BBIM MOJY/Ib [103BOJIsIeT OBICTPOe CKAHHMPOBAHKeE BCek
[IOBEPXHOCTH IIJIACTUHBI U MOJy4YeHHe U300paskeHU
C IOHUKeHHBIM pa3pellleHHeM C LIeJIbI0 PacIlio3HaBa-
HUS NedeKTOoB, TOra KaK BTOPOK MOAYIb II03BOJISIET
Ioy4aTh U306paskeHHe C IIOBHIIIEHHBIM pa3pele-
HHeM KPUTHYHBIX 30H Ha 3/IeMeHTe C Le/IbI0 KJIacCH-
duKanuu gedpeKkToB.

ACOJ mpencraBisieT c00011 KOMIIIeKC omepanu,
BK/TIOYAIOIIHE B Cebsl ITonyyeHHe H306paskeHHH C IIOMO-
mpio ACOM, aHaIM3 IONy4YeHHBIX H306paskeHUM

Higher output of finished prod-
ucts is one of priorities at the mod-
ern MEMS factories. This task is
achieved, above all, by continuous
improvement of technologies and
production processes that affect the
final product. The quality manage-
ment system at the level of the pro-
duction process includes the follow-
ing activities:
« careful selection of raw materials
and consumables suppliers;
+ incoming wafer control;
* interprocess monitoring of product
parameters;

« final verification of product
parameters to meet customer
requirements.

Interprocess monitoring of prod-
uct parameters at the early stages of
manufacturing allows not only to
reject defective products in time, but
to send them for recycling. So, the
presence of flaw detection after the
technological stage of optical lithog-
raphy at MEMS production, when
the structure is developed in a layer
of photoresist deposited on a plate,
makes it possible to identify criti-
cal defects in products and enables
to remove the photoresist layer and

repeat the lithograph step with-
out losing the plate, and, therefore,
without dipping the product output
level [1, 2]. At MEMS productions,
flaw detection can be carried out on
the basis of various measurement
methods. One of the methods - opti-
cal inspection in manual or auto-
matic modes. In our earlier work 3], a
technique was proposed for detecting
defects after a stage of optical lithog-
raphy using an automated optical
inspection system (ASOI) of plates, a
classification of lithography defects
was developed and possible causes of
their occurrence were described.
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U KJIaccubUKaIUIo HalJeHHBIX NedpeKTOB B CIIeIU-
anu3upoBaHHOM I1O, pa3paboTaHHOM KOMIIaHHeEH
000 "AKCAJIHT Codt". anHoe I10 obnamaeT crocob-
HOCTBIO K CAMO0OyYeHHI0, BCTPOeHHOH 63301 JaHHBIX
JedeKTOB U HEHMPOHHOM CeThIO A/ KJIacCUuGUKALUU
HaNJIeHHBIX 0O BEKTOB.

NPUHLIUNDI PACNO3HABAHNS AEGEKTOB U X
KNACCMOUKALIUU

Knaccupuranusa gedexToB 10 TUIIAM IIPOUCXOIUT
I0C/Ie HaXoX/IeHH s KOHTYPOB JedeKToB Ha H306paske-
HUU. [l BEIYUC/IEHUS] KOHTYPOB IIPOU3BOLUTCS Cer-
MeHTaIHs 06beKTOB Ha H306paskeHUH. CerMeHTaLIHs
00BeKTOB Ha M3006paskeHUH Peaj30BaHa C IOMOIIIO
dyukuu Adaptive Thresholding [6]. @yrKLMs Adaptive
Thresholding npeo6pa3syer ucxogHoe u3obpaskeHHe
B 6rHapHOe, Ize 6eble ITMKCEIH ~ YaCTh HICKOMBIX 00B-
eKTOB, TeMHBbIe ~ GOH. [IJIs CI/Ia>KMBAHHUSI K BOCCTAHOBJIe-
HUSI KOHTYPOB 06BEKTOB HCII0/Ib30BAHBI MOPdoIoruye-
ckue dyHkiuu Opening, Closing u Cutting [7]. ®yHKIus
IIOMCKa KOHTYPOB (peobpa3oBaHHe GHHAPHBIX MACOK
B YHCJIOBOM MacCCHB) PeajH30BaHa C IIOMOIIBIO aJIr0-
puTMa Suzuki8s [8].

ITocte TOro Kak o6eKT HaleH CUCTeMOH Ha U306pa-
SKEHUH, ITPOUCXOIUT ero KIACCUPUKALIUS 10 CIeyIo-
MM [TapaMeTpaM:

« "mromazp KOHTypa',

* "KpyITIBIE GaKkTOp GOPMEI',

¢ "BBITSHYTHIN GaKkTOp GOPMBL',

+ "cyMMapHas IUIOIAb BHYTPEHHUX KOHTYPOB',
* "IIBETHOCTB ITMKCe/Iel KOHTYpa',

* "SIPKOCTB ITHKCeJIeN KOHTYPa',

* 'CpemHUI TOH ITUKCe/Iel KOHTYpA',
* "9KBUBAJIEHTHBIH KPYTy JUAMETP'.

Jlns Kask[goM XapaKTepPUCTHKH BCeX 06BEKTOB
B CHCTeMe BBIUHC/ISIOTCS CpeJlHee 3HaUeHHe, Cpe/iHe-
KBa/IpaTHYeCcKoe OTKJIOHEHHeE U BeC. 3aTeM HeHPOHHAs
CeTh KIACCUPUITHPyeT HakJeHHble 06BeKTHI 10 IPHH-
LUITY [TOMCKA MaKCHMaJIBHON GJIM30CTH XapaKTepH-
CTHK TeKyIIero o6beKkTa c XapaKTepUCTUKAMU 06BEKTOB
B B/l cpaBHEHHeM THIIA "KasKABIH € KaKABIM'. [Ipy 3ToM
B 6a3e MaHHBIX 06BEKTOB XPAHSTCS IMaphl: KI0U (THII
00BpeKTa) - 3HaUeHHe (XapaKTepPHUCTHUKH).

OCHOBHbDIE PE3Y/IbTATbI ACAZL
Ha puc.1 npencraBieHbl H306paskeHH s 1epeKTOB JIUTO-
rpaduu, nonydenHsle ACOU (creBa) 1 o6HapPY>ReHHBIe
OMMCAHHBIM BHIIIE MPOrpaMMHBIM obecredeHHEM
(ctipaBa). IIposiBIeHHOEe B CBETOUYBCTBUTE/IbHOM POTO-
pesucTe KpyIioe OTBepCcTHe AuaMeTpoM 100 MHUKpoMe-
TPOB COAEPKUT edeKT BHYTPHU: Ha BepXHeM H306paske-
HHU JedeKT He KacaeTcsl FPaHUIL OTBEPCTH S, a Ha HIDK-
HeM - KacaeTcsi. Ha n3obpaskeHHH B LIeHTpe — TedpeKT
pacrionaraeTcsi BHe CTPYKTYPBI B OTOpe3HCTe.
Conenuanu3vpoBaHHoe [10 aHanU3UpyeT IONY-
YeHHOe C [TOMOIIbI0 OIITHUYeCKOro MHUKPOCKOIa K30~
OpaskeHMe, paclo3HaeT 06beKThl, KIacCCHPULIUPYeT
KX COIJIACHO OIIMCAHHOMY BbIIIe aITOPUTMY U CTPOUT
CeTKY M3 TPeyroJIbHHUKOB, B BePIIMHAX KOTOPBIX HAX0-
nsa1cs obHapyskeHHBIe JedeKThl (pHc.2a). Kaskgomy
TUIy AedeKToB IPUCBAKUBAETCS UMS COITIACHO paHee
CO3IaHHOM KJIaCCUQUKAIUH, OITHUCAHHOM B pabote [3].
[Tomo6Hast TPHAHTY/SLIMS [103BOJISIeT BU3Ya/IM3HPOBATh
MeCTOIIoNIoKeHHe IeeKTOoB, Jaske eC/IM OHH HACTOJIBKO

received from camera with cer-

In this paper we present the
results of effective ASOI implemen-
tation in the MEMS-production
by MAPPER which become possi-
ble due to software development
for rapid analysis of the images
obtained using ASOI.

A software has a sufficient com-
putation capacity and a system
of automatic defect classification
based on an artificial neural net-
work model [4].

In order to prove effectiveness
of the implemented system we
have compared the results of the
automatic defect detection sys-
tem (ASDD) and the manual opti-
cal inspection (MOI) applied

by operators of semiconductor
manufacturers.

According to this research, the
manual optical inspection allows
to detect from 12% to 50% of lithog-
raphy defects as compared with
ASDD.

ASDD DESCRIPTION

Detailed technical description
of ASDD was presented in [3].
Such systems allow to obtain a
full image of plate surface where
structures in photosensitive pho-
toresist layer have been detected.
Full image is formed by frame-
by-frame image removal and fol-
lowing lacing of smaller images
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tain field of vision. Resolution of
a separate image limits a defect
size which can be fixed by a sys-
tem and is determined by specifi-
cations of CCD-matrix of camera
and the lens. It is necessary to use
an optical system which provides
a computing may be unacceptably
low for use in a production line.
Because of this fact it is neces-
sary to seek a compromise between
these two parameters - resolution
ability and throughput capacity
of the system. It was shown [5],
that a throughput the optical sys-
tem decreases inversely the square
of its resolution. In practice, a
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MaJibl, YTO CHIMTOe HM306paskeHUe BCEH [10BEPXHO-
CTH 37IeMeHTa He I103BOJIsIeT 3aMeTHUTh JedeKT I1a-
30M Ha TaKOM H300paskeHUH (CM. IIPUMEP MaJIEHBKOTO
nedexTa Ha puc.26).

CPABHEHUE ACAA U POU

CpaBHeHMe JIByX CUCTeM HHCIIeKI MU AePeKTOB, aBTO-
MaTH3HPOBAHHOL CUCTEMBI JeTeKTUPOBAHU A AedeK-
TOB M PYYHOI ONTHYECKOM HHCIIeKIHH II0Ka3aJIo,
4TO UcCIonb3oBaHue ACJ ]I I103B0OJIsSeT BEIIBUTH O60/Ib-
1iee KoJIx4ecTBo AedekToB. Ha puc.3 mpeacTaBieHa
JuarpamMMa KOJIMYeCTBa PacIio3HaHHBIX JedeKToB
JTUTOTPadUU A1 IIATH Pa3IMYHbIX 3IeMeHTOB. [Ipu
IIOCTPOEHHMH JHarpaMMBbl pa3sMaxa aasg PO mMenu-
aHa paBHa 22% (I10 OTHOIIEHHUIO K KOJIM4YeCTBY Aedek-
TOB, HanAeHHBIX B AC[I]]). Takoe pa3nuure B o6Ha-
pykeHUH nedeKToB 06yCIIOBIeHO BIUSHUEM Ueslo-
Beyeckoro paxkropa. Kpome toro, mocie POU Heobxo-
JHMO IIPOBECTH JOIOHUTE/IbHYIO KIACCUPHUKALIHIO
IedeKToB 10 TUIIAM B py4HOM peskruMe. ACJ] mo3Bo-
J5eT UCK/IIOYKUTh BIUSHHE Ye/loBeuyeckoro gpaxkropa
Ha HaxoXJeHHe NePeKTOB U aBTOMAaTHYeCKH Kjac-
cuPULIMPOBATH UX COIVIACHO perleBaHTHOM B/l medex-
ToB. Kpome toro, ACOH maeT BO3MOKHOCTb COBMe-
1aTh MHCIIEKIIUIO Ha HAJIM4YHKe NedeKTOB C MeXIIPO-
LIeCCHBIM MOHHMTOPHHIOM IIapaMeTpPOB IIpolecca.
B pesysbrarte 3TO IPUBOIUT K MUHUMU3AL MK KOJILYe-
CTBA MAaHMIIYISALUI HaJl IVIACTUHOU. [IpoBeleHHEIe
TeCThI [I0KA3a/IH, YTO BpeMs, 3aTpadeHHoe Ha ACIJ]
u POH, mpuMepHO OAHMHAKOBO. B Tabi.1 mpuBegeHo
[I0/IHOe CPaBHEHUe PYyYHOM OIITHYeCKOH K aBTOMAaTH-
YeCKOH MHCIIeKI M Ha OCHOBE BCeX BBIIIEOIIHCAHHBIX

Puc.1. Mpumepbl 06HapyxeHus depekmos aumozpaduu: a -
onmu4eckoe u3obpaxeHue 8 C6emMAOM noae, 6 — pe3yabmam
pacnosHasaHus degpekmos npu nomow,u ACAA

Fig.1. Examples of detection of lithography defects: a - optical
image in a light field, b - results of defects detected using ASDD

compromise solution may be a par-
allel use of both modules in one
ASOI: the first module allows to
scan all plate’s surface rapidly at
low resolution to detect defects
while the second module is used
to get a high resolution image
of critical zones on an element
with an aim to classify a defects.
ASDD is a complex of operations
to obtain images using ASOI, ana-
lyze received images and classify
defects in the special software
developed by AKSALIT Soft.

The software has a self-learning
ability intrinsic data base and neu-
ral network to classify the detected
defects.

PRINCIPLES OF DEFECTS DETECTION
AND THEIR CLASSIFICATIONS
Classification of defects by types
takes place after detecting their con-
tours on an image. Segmentation of
objects in an image is used to calcu-
late contours.

Segmentation of objects is
accomplished by using Adaptive
Thresholding function [6]. This func-
tion converts the initial image into
the binary image, where white pix-
els are part of objects to be found,
and dark ones make the background.
Morphological functions Opening,
Closing and Cutting [7] are necessary
to mute and restore the contours of
objects.

Contour finding function (trans-
forming binary masks into the dig-
ital data) is realized using Suzuki85
algorithm [8].

After an object has been found by
system in the image, its classifica-
tion takes place according to the fol-
lowing parameters:

» "contour area’,

« "round form factor",

+ "elongated form factor”,

« "total area of internal contours",
« "contour pixel color",

« "brightness of contour pixels",

« "contour pixel average tone",

« 'circle equivalent diameter".

For each characteristic of all
objects in a system the mean value,

VoL.11 No. 7-8 (86) 2018 NANO INDUSTRY
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Puc.2. Pe3yabmam pacno3Hasanus 0egpexmos aumozpagpuu MIMC
3nemenma npu nomouwu ACA/J. a- noAHas N08epxHoCMb 3nemeHma.
3eneHbim Ugemom gbideneHbl Cmpykmypbl, omuocsuwuecs K MOMGC
3NemMeHmy; KpacHas AUHUS) COeOUHSIem No3uyuuU pacno3HAaHHbIX AU-
mozpaguyeckux degexmos. OpaH>KesbimM NOKA3aHbl de¢ekmsi, He
O0BHApPY>KeHHbIE 0NEPAMOpPOM NoAYNPOBOJHUKO8020 NPOU3800CMeEa
8 py4HOM pexkume. 6 — 8bipe3ka KOHKpemHo2o dedexma Aumozpa-
¢uu, Haxoosiwe2ocs BHyMpu CMpyKmypbl 3AemeHmd, Kak npumep
decpexma, pacnozHaHHo20 npu nomouwsu ACA/J u He 06HAPY>KEHHO20
0Nnepamopom nNo NpuYUHe cAdb020 ONMU4eCK020 KOHMpAcma.
Fig.2. The result of a MEMS-element lithographic defect recognition
using ASDD: a - full surface of the element. Structures of MEMS-
element are indicated with green, red line connects positions of rec-
ognized lithographic defects. Defects not recognized by the opera-
tor of semiconductor manufacturing in manual mode are indicated
with orange. b - cutout of the lithographic defect inside structure as
an example of recognition with ASDD and not defined by the opera-
tor because of low optical contrast.

dakToB. CTOUT 06pPaTUTHh BHUMAHUe Ha TO, 4T0 ACI]]
reHepUpyeT JOCTATOUHO DOIBIIOe ROTHYECTBO JaHHBIX
B ITpolLiecce HaXOXKAeHU S nedeKToB.

Konuyectso gedexTtos

Homep anemeHTa

Puc.3. Juazpamma Koaudecmea depexmos Aumozpauu, 06-
HApy>KeHHbIX onepamopom 80 epems nposedeHust POV u npu
nomowu ACAA

Fig.3. Diagram of the number of defects of lithography detected
by operator by MOI and by ASDD

3AKNIOYEHUE

BHezipeHUe B IIPOM3BOJCTBEHHBIN ITPOLIECC IIPeJCTaB-
JIEHHOH B CTaTbe aBTOMaTH3HMPOBAHHOL CHUCTEMBI JIeTeK-
TUPOBaHUS NedeKTOB II03BOJIMIIO IIOBBICUTh BEPOSIT-
HOCTb 06HapysKeHHSI 1ePeKTOB TUTOrpadHi B HECKOIBKO
Pa3 10 CpaBHEHHUIO C PYYHOH ONTHYeCKOH MHCIIeKIHek,
BBHIIIOJIHSIEMOM OIlepaTOpaMHU IOJyIPOBOJHHUKOBOIO
IIPOM3BOAICTBA II0C/Ie STalla OIITUYECKON TUTOrPadUH.
CriocobHOCTh ITPOrpaMMHOro obecriedeHus K aBTOMa-
THYeCKOM KIacCUPUKALIUU JedeKToB II03BOIHIA CO3-
nath 6a3y JaHHBIX 1ePeKTOB TUTOrPadHH, KOTOPBIE pac-
MI03HAIOTCS CUCTEMOH U KJIACCUHUIIKPYIOTCS 10 BOCBMHU
OCHOBHBIM IpU3HaKaM. TakuM obpa3zoM, momobHas
cucreMa obHapyskeHUs NedeKTOB TUTOrpadUU I03BO-
JIsIeT He IIPOIYCTUTh 37IeMeHT C KPUTHUeCKUM AepeKToM
Ha C/Ie[yIOIIH I TeXHOMIOTHYeCKUH STall U I1epepaboTaTh

standard deviation and weight are
calculated. Then the neural network
classifies the objects found accord-
ing to the principle of finding the
maximum proximity of the charac-
teristics of the current object with
the characteristics of the objects
in the database by comparing the
type of "each to each". At the same
time, the following pairs are stored
in the object database: key (object
type) - value (characteristics).

MAIN RESULTS OF ASDD OPERATION

Fig.1. presents the images of litho-
graphic defects obtained with ASOI
(left) and detected by the above men-
tioned software (right). A round 100

micrometers hole developed in the
photosensitive photoresist contains
a defect inside: in the upper image,
the defect does not touch the borders
of the hole, and on the lower one it
does. In the central image the defect
is located outside of the structure in
the photoresist.

Special software analyses the
image received from optical micro-
scope and identifies objects, after-
wards it classifies these objects
according to the above mentioned
algorithm and construct a network
consisting of triangles where defects
are placed in the vertexes of trian-
gles (Fig.2a). A name of each type of
defects is given in accordance with
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the previously prepared classification
described in paper [3]. Such triangu-
lation allows to visualize locations of
defects even if they are so small that
the combined image of all surface of
the element does not permit to view
a defect on it by sight (see an example
of a small defect in Fig.2 b).

COMPARISON OF ASDD AND MOI

Comparison of two systems of defects
inspection - ASDD and MOI - shows
that use of ASDD allows to identify a
greater number of defects than MOIL.
Fig.3. shows diagram of detected
lithographic defects for five different
elements. When a span diagram has
been plotted, the median of MOI is



KOHTPOJIb U UBMEPEHMUA

Tabauua 1. CpasHeHue py4Hol onmudeckoli uHcnekuuu u ACAA
Table1. Comparison of manual optical inspection and ASDD

B(I)CI)EKTI/IBHBIE MEPBI KX YCTPaHEHHIO, YTO CYIIECTBEHHO
COKpaliaeT BpeMsI ITPOCTOs HPOI/I3BOLLCTBEHHOI;I JIMHHUHA.
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equal to 22% (in relation to quantity
of defects detected by ASDD). This
difference in defects detection is due
to a human factor. Besides, when
MOI is completed it is necessary to
make an additional classification of
defects by types in a manual mode.
ASDD allows to exclude a human fac-
tor when detecting defects, and auto-
matically classified them accord-
ing to relevant database of defects.
Moreover, ASDD makes it possible to
combine inspection of defects with
interprocess monitoring of the pro-
cess. As a result, it leads to minimi-
zation of a number of manipulations
on a wafer. Tests have proved that the
times spent on AASDD and MOI are,

approximately, equal. Table 2 dem-
onstrates full comparison of MOl and
ASDD on a base of above mentioned
facts. It was shown that ASDD gener-
ates quite a large data during the pro-
cess of defects detection.

CONCLUSIONS

Implementation of the ASDD into
the production process has made it
possible to improve probability of
detecting lithographic defects sev-
eral times as compared with the MOI
performed by semiconductor man-
ufacture operators after the optical
lithography stage. Ability of the soft-
ware to automatically classify defects
made it possible to create a database
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of lithographic defects that are rec-
ognized by the system and are clas-
sified according to eight main fea-
tures. Thus, such a system for detect-
ing defects in lithography allows not
to letan element with a critical defect
to the next technological stage and to
rework it without significant losses,
which leads to reduction of rejects
at the final production stages and,
consequently, to reduce production
costs. Moreover, the classification of
defects makes it possible to identify
deviations in the technological pro-
cesses and promptly take effective
measures to eliminate them, which
significantly reduces production line
downtime. [





