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OfHUM 13 OrpaHMYMBAIOLUX (AKTOPOB HEMpPepbiBHOIO MOBbILEHWUS AO0/IM BbIXOAA FOAHbIX MUKPO-
pasMmepHbIX usgenuin Ha MDMC-NpousBoOACTBaxX SBASETCA HEHY/NIeBOM CPefHUMA YpPOBEHb MJIOTHOCTU
3arpsisHeHUM NPOU3BOACTBEHHbIX MHPPACTPYKTYP. DTOT GAKTOP BAUSET Ha MOSIB/IEHNE NMOBEPXHOCTHbIX
OedeKToB B KOHEYHbIX M3[enusx, KOoTopble, B CBOI o4epeAb, MOryT HapywaTtb (YHKLUOHAIbHOCTb
ceHcopa, patumka. Hacrtoswas pa6orta npepnaraet Merop nocto6paboTKu roToBbiX YYBCTBUTE/IbHbIX
3/1eMeHTOB MO YAANIeHUI0 KpeMHUeBbIX gedekToB 6e3 HapyLueHUs Le/IoCTHOCTU U3fenus Ans nepesopa
6pakoBaHHOIo M3Aenns B Knacc rogHbix. Anpobauums npeajioXXeHHoro metoga Ha M3MC-npousBoacTBe
OO0O0 "MAIMMEP" nokasana, 4To pe3sy/ibTaTUBHOCTb MeToAaA yaaneHus aedeKToB MeToA0M MpeL3MOHHOro
NasepHoOro ucrnapeHus matepuana AoCcTUraer 77% pns naptum obpaboTaHHbIX deMeHToB. MokasaTenb
pe3yNbTaTUBHOCTM MOXET 6bIThb YBE/IMYEH 3a CHET Aa/ibHeNLLen aBToOMaTU3aLMmM NPOLLeCcCOoB.

One of the limiting factors for continuous yield improvement of micro-sized products at MEMS
production lines is a non-zero average level of contamination of the production facilities. This factor
impacts appearance of surface defects in the finished goods, which, in turn, can disrupt the functionality
of detectors and sensors. This paper proposes a method of post-processing of the manufactured sensitive
elements by evaporating silicon defects without violating the integrity of the products in order to
transfer the defective products to the category of good ones. Approbation of the proposed method at
MEMS production of Mapper LLC showed that the effectiveness of removal of defects by the precise laser
evaporation method is up to 77% for a batch of processed elements. Moreover, this performance indicator
can be increased through further process automation.

BBEAAEHWUE CTOJIKHYJIUCh C Pe3KOK HeXBAaTKOM PacXOZHBIX MaTe-
HauwmHas c mapra 2020 roma IpoU3BOACTBA,  PHAJOB A1 paboThl B yCIOBHUSX YHUCTBIX IIOMeIIe-
paborarmmue B 061aCTH MUKPO3TEKTPOHUKHU,  HHH C KeCTKUM KOHTPOJIEM YPOBHS 3arps3HEHHUH.

1 000 "MAMMEP", Mockea, Poccus / “Mapper" LLC, Moscow, Russia.
2 HUTY"MUNCKC", Mocksa, Poccua / NUST "MISIS", Moscow, Russia.
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[TocTaBKH OZHOPAa30BbIX [IePYATOK, MACOK, OAXUII,
candeTok U Mpodero 3aJep>KMBaTUCh Ha HeoIllpe-
TeeHHBIA CPOK B CBS3H C yBeJHYeHHeM 06beMOB
IIOCTAaBKH JAHHOK IPOAYKLUHHU /151 MeAULHHCKUX
OpPraHHU3alUM U B LIeIX obecriedeHUS 3alUTHBIMHU
cpencTBaMH obIiecTBa B HACTYIMBIIHE II€PUOJ, pac-
NIpOCTpPaHeHHUs HOBOUM KOPOHAaBHPYCHOH HHeK-
uuu. CokpalleHHe 06beMOB [TI0CTABOK M HapylLIeHHe
ux rpaduKa NpHUBeIX K TOMY, YTO IPOMBIIIJIEHHEIE
NIpeATIPUSTHS ObIN BBIHYK/I€HBI B CDPOYHOM IIOPSIIKe
IlepelTH Ha aJIbTepHaTUBHbIe HEIIPOBePeHHbIe pac-
XOJHBIe MaTepHuabl, TU60 0TKA3aThCS OT UCIIOJIb-
30BaHM S HeKOTOPBIX U3 HHUX, HallpUMep OfHOpa30-
BBIX MacoOK, a 3TO B CBOIO O4Yepe/lb BbI3BaJIO YBe/lHYe-
HUe YPOBHS 3arpsi3HeHHUs (KOJIMYecTBa YacTHI] B BO3-
IyXe Ha eJUHHIY 06beMa) Ha IIPOU3BOACTBAX. YPOBEHb
3arpsi3HeHUI Ha IIPOM3BOJCTBAX MUKPO3IeKTPOHUKH,
KaK M3BeCTHO, OKa3bIBaeT IPsIMOe BIHSIHHE Ha KONH-
4ecTBO edeKkTOB B KOHEUHBIX U3/IeIHSX, Ha JO/I0 6pa-
KOBaHHOM NPOAYKUMH [1]. B C/IOKUBILIEICS CUTYalluH
CTaJI aKTyaJIbHBIM ITIOMCK HOBBIX 3Q$eKTHBHEIX MeTOIHK
60pBOEI € lepeKTaMH C Lie/IbIO0 yBeTHYeHHUsI BBIXOA TOI-
HBIX U3/Ie/TUU Ha [IPOU3BOCTBE,

B HacTosIel cTaThe aBTOPHI IIpe/IaraioT paspabo-
TaHHYIO METOAUKY 6bICTPOro 06HapysKeHH st I0BEPXHOCT-
HBIX KPeMHHEBBIX JepeKTOB Ha YyBCTBHUTEIbHbIX MOMC-
37IeMeHTaX U UX ya/leHHs MeTO,0M JIa3epHOro hcIape-
Hud (abnsuuu). [IpuMeHeHUe TPeAIOKEHHON MeTo-
OWKU JJ151 YUII0B MUKPOIEKTPOMeXaHHUUeCKHX CHCTeM
(MSMC-4uIIOB) Ha [IPOM3BOACTBE [103BO/IMIIA YBEJIUYUTh
BBIXOZ], TOLHOL ITPOAYKIIUU Ha 7%.

OBHAPY)XEHUE NOBEPXHOCTHBIX AEOEKTOB

PaHee B cTaThax [2] u [3] 6p11H pencTaBaeHbl 0bmiHe
[IPUHIIUIIEL ABTOMATHU3UPOBAHHOTO IIOKMCKA NedeKToB
Ha IToBepXHOCTH MOMC-u3aenus. KioueBsIMHU IIPOLIec-
caMu A1t obHapyskeHUs 1edeKTOB SB/ISIOTCS aBTOMaA-
THU3UPOBaHHAS ONTHYECKAS MHCIIEKI M [IOBEPXHOCTH

Mpouecchbl Pe3synbTaTt
Processes Result
ABTOMaTM3MPOBaAHHAS Habop nsobpasxxeHuni

onTUyecKas MHCMeKL s
Automated optical inspection

|
L ]

ClunBKa n306paxkeHnn
Image stitching

BbICOKOrO pa3peLLeHns
High resolution images set

CwunToe n3obpaxeHune Bcen
NOBEPXHOCTU NNACTUHbBI C YUNAMM
Stitched image of entire wafer
surface with chips

ABTOMATM3VPOBaHHas KOOpAMHATbI pacno3HaHHbIX
nedekT-uHcnekums Ha OMTMYECKOM M306paXkeHI
(NO "Axalit") nedektos

Coordinates of detected defects
on optical image

Automated defect
inspection ("Axalit" software)

|
!

Co3paHue KapTbl AedeKkToB
1 peLenToB A4
3D-pedeKT-MHCNeKLnn
Developing defects map and
receipts for 3D-defect
inspection

|
|

3D-pedexT-nHCneKkuns
3D-defect inspection

KapTa aedekToB — onTuyeckoe
n306paxeHne C OTMEeYEHHbLIMMU
nedekTamu v peuenT ans
n3MepeHuns npopuns aedexTos
Defects map — optical image with
marked defects and the receipt to
measure defects profile

BbicoTa/rnybuHa, natepanbHbii
pasmep fedeKkToB
Height/depth, lateral

defect sides

MnactmHa/umn
Yaanexue Aed)EKTOB CcyfaneHHbIMn ,D,eq)el(TaMVl

Wafer/chip with removed
defects

[oaHbIe Ynnbl
Suitable chips

Defects removal

Puc.1. Cxema npoueccos memoouku 06HAapy>KeHust u yoaneHus no-
8epXHOCMHbIX dedekmos Ha MIMCanemeHme (nAacmuHbl/uuna)
Fig.1. Process flow diagram of the technique for detecting and
removing surface defects on a MEMS element (wafer/chip)

INTRODUCTION

Since March, 2020, the man-
ufacturers working in micro-
electronics have faced a rapid
shortage of consumables for
operating in clean rooms with
a strong contamination level
control. Deliveries of disposable
gloves, masks, protective over-
shoes, wipes and other things
were delayed indefinitely due

to an increase in the supply of
these products to medical orga-
nizations and in order to pro-
vide protective means for the
society in the period of spread of
the new coronavirus infection.
Shortage of supply and violation
of their delivery schedule forced
the industrial enterprises to
urgently switch over to alter-
native unverified consumables,

or refuse to use some of them,
for example, disposable masks,
and this, in turn, caused higher
level of contamination concen-
tration (the number of particles
in air per volume unit) at the
production facilities. It is well
known that an average contam-
ination level in microelectronic
production impacts directly
the number of defects in the

VoL.14 No.6 2021 NANO INDUSTRY



HAHOTEXHONOrMu

MKM| Lm

22,778

31,634

63,269 94,903 126,538

Puc.2. 3D-npoguab munu4yHO20 NOBEPXHOCMHO020 depeKkma
8 8UOE CMOABUKA KpeMHUS
Fig.2. 3D profile of a typical silicon pillar surface defect

IUTACTHUHBI U/UIH 37IeMeHTa, [103BO/ISIONIAs II0y4aTh
1300paskeHUs AOCTATOYHO BBICOKOTO pa3pelleHHUs,
U GbICTpasi MalIMHHas 06paboTKa MOTyYeHHBIX H30-
6paskeHUH. B HacTosIIee BpeMs HAUIYYIIUMH MeTO-
OUKaMHu 06paboTKu H300paskeHUH C Ie/Ibl0 IIOKCKA
IedeKTOB B HUX SIBJISIIOTCS Te, YTO OCHOBAHBI Ha pabote
HeHMPOHHBIX ceTel [4]. OCHOBHBIM IIPeHMYIeCTBOM
10O0OHBIX IIPOrPAaMM SIBJISIETCS KX CaMO06y4aeMOCTh,
IpaBAa, s UX 3GdeKTUBHON paboThl He06X0IHMO
06y4HUTh CHCTEMY Ha 6OIBIIOM KOTHYECTBE JAHHBIX.
JlJ1s1 MeMCTBYIOMIEro IPOU3BOACTBA HAOPATh OombIIOe
KOJIM4€eCTBO AaHHBIX HE COCTaBJ/ISAET TPYAHOCTH.

Ha puc.1 mpeficTaB/IeHsl MIaTH MK IIPOLIECCHl, KOTO-
pble He0OXOLMMO IIPOBECTH B PaMKax IIpearaeMomn

finished products and the ratio
of defective products [1]. Under
these conditions, the search for

DEFECTS

DETECTION OF SURFACE

HaMU MeTOAMKHU OOHApY>KeHUS U yAaleHUs IIOBepX-
HOCTHBIX JedeKToB. ITocie obHapykeHUs AedeKToB,
KOTOPOMY COOTBETCTBYeT IIal aBTOMaTH3UPOBAHHOU
HedeKT-MHCIeKLMH ITPH IIOMOIIH IIPOrPAMMHOTO0 06e-
crievenus (I10) "Axalit” [2], mbI 06magaem nHbOpMaIyer
0 M@CTOPACIIONIOKEHHH JePeKTOB Ha [IOBEPXHOCTH I1j1a-
CTHHBI WJIH 97IeMeHTa B BBIOPAaHHOL CHCTeMe KOOpPIHHAT.
Jlaiee 3aI1yCKaeTCsl KOMIIbIOTEPHBIE KOJI,, [T03BOJISIOIIHEL
CO31aTh, BO-TIEPBBIX, KAPTy AePEKTOB, TO €CTh ONITHYEe-
CKoe H3006paskeHHe, Ha KOTOPOM OTMeueHBI 0OHapysKeH-
Hble edeKThl, a BO-BTOPBIX, PELIeIIT /I aBTOMATU3KUPO-
BaHHOI'0 U3MepeHH s AePeKTOB Ha OIITHUYECKOM IIPOPHU-
nomertpe Bruker Contour GT-K.

ITo pa3pa60TaHH0151 MeTonuKe 3D-nedpeKT-UHCIIeKIUH
IIPOBOAM/IMCH H3MEPEHHU s IapaMeTpPOB NepeKTOB Ha
obopynoBanuu Bruker ContourGT-K ¢ MOTOpHU3HpO-
BAaHHBIMH CTOJIMKOM U TYPeJIbIO IIPH HCII0NIb30BAHUU
HHTepbepeHIIMOHHOT0 06BbeKTHBA THIIAa MHPO C yBe-
nuyeHreM 50xX. IIorpemrHoCTh OIpeaeeHus KOOP-
OUHAT JepeKTOB B 3aJaHHOM CHCTeMe KOOPAHHAT
I10 HAIIIMM OLIeHKaM He IIPeBbIIIaeT 3 MKM U JJOCTaTOYHa
JJIsL TTOC/Ie Y FOLIET0 aBTOMATHYeCKOro MO3KIIHOHHPOBa-
HUS 00BEKTUBA C II0JIEM 3PeHHU S PazMepoM 126X 95 MKM
C Lenbio JoKanusanuu gepekra. [Ipumep usobpa-
>KeHHd 3D-medeKTa-uHCIeKUHH [IPHUBeJeH Ha pHUC.2.
ABTOMaTH3alMs JePeKT-MHCIeKLIUY I03BOIK/Ia 3Ha"
YHMTE/bHO YMEHBIIUTD BpeMS ee IIPOBeIeHK s pyYHas
JedperT-uHCIeKIHA 100-MM MJIACTHHBI MOXKET OBITH
IIpoBeieHa 3a 13-50 MHH B 3aBUCMMOCTH OT KOJIMYeCTBa
JIepeKToB Ha IIJIAaCTHHE, TOIZA KaK aBTOMAaTU3MPOBaHHAS
JedeKT-UHCIIeKL M B CpelHeM 3aHUMaeT 4 MUH Ha I1J1a-
CTHHY, COAePsKaIlyI0 NeCATKH U Jaske COTHU YMIIOB.

The main advantage of such
software is their self-learning

new effective methods to elimi-
nate defects in order to increase
the yield of usable products is
very important.

In this paper, we proposed
the developed method for rapid
detection of the silicon surface
defects on sensitive MEMS-
elements and their removal by
laser ablation (evaporation).
Applying of this methodology
for MEMS chips in production
makes it possible to increase
the yield of usable products by
7%.
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Earlier, the general principles
of automated surface defect
inspection in MEMS elements
were presented [2, 3]. The main
processes to detect defects are
the automated optical inspec-
tion of the surface of a wafer
and/or element, which allows
of obtaining high-resolu-
tion images, and fast machin-
ery processing of the received
images.

Nowadays, the best methods
of image processing to
determine defects are based on
neural network operation [4].

ability, however, for their
correct work it is necessary to
train this software using a large
amount of data. For the existing
industry it makes no difficulty
to collect the required amount
of data.

Figure 1 demonstrates the
steps and processes necessary
for detecting and removing
defects according to the
proposed methodology. After
detecting defects, which is the
step of an automated defect-
inspection realized by the
software "Axalit" [2], we get
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Puc.3. Bud cmoa6uamozo depekma do (caesa) u nocae (cnpasa) o6pabomku Ad3epom
Fig.3. View of columnar defect before (left) and after (right) laser treatment

Kak MOXHO 3aMeTHTb, BBICOTA AepeKTa Ha pUC.2
JoCTUraeT 22,7 MKM M BH3yaJIbHO ¢opMa AedeKTa
HaIlOMHUHAaeT CTONOMK. Kak 6bIJI0 yCTaHOB/IEHO, TAKHE
IeeKTHI ABJISIOTCS KPUTUYHBIMH /151 KOHEYHOI'O IIPO-
OyKTa KMEeHHO H3-3a JOCTATOYHO HOJIBIIOro ITI0Ka3aTesst
BBICOTBL. JIF06081 MOMC-ceHCOp MMeeT TaK Ha3bIBaeMble
3aIlpellleHHbIe 30HbI ~ 30HbBI, B KOTOPBIX fedeKT oIpese-
JIeHHBIX pa3MepoB siBisieTcst KpUTH4IHBIM (killer defect),
TaK KaK IIPUBOAUT K HaPYLIeHUIO0 QYHKIIMOHAIBHOCTH
CeHcopa, IIPHUYeM, 3aIIpeleHHOM 30HO MOKeT OBITh KaK
BCSI TOBEPXHOCTH MIEMEHTA, TaK U OIIpe/ie/IeHHbIe 0611a-
CTH Ha HeM, B 3aBUCHMOCTH OT TPebOBaHHUI. DJIeMEeHT
WIH YUII, UMEIOIUN fedeKkT B 3alpelleHHOM 30He,
cumuTaeTcs 6pakoBaHHBIM. KonuvecTBo 6paka B ITPOM3-
BOZICTBE HEIIOCPeCTBeHHO BJIMIeT Ha SKOHOMUYECKYIO

BBITOAYy M3TOTOBJIEHHA IIPOAYKIHH, B CBA3H C 3THM
yMeHbIIeHHEe KOJITMYeCTBa 6paKa 34 CHEeT COKpallleHHsd
,ZLECI)EKTOB B U30e/IUSX SABISAeTCS O,E[HOI;I K13 OCHOBHBIX
IIPOM3BOACTBEHHDBIX 3a4a4.

BbDKUITAHUE NOBEPXHOCTHbIX AE®EKTOB

OOHHUM K3 MeTOZ0B COKpallleHH I fePpeKTOB THIIA CTOJI-
OUK SIB/ISIeTCS IIPeLIM3MOHHOe BEDKUTAHUEe KpeMHHUe-
BBIX CTOJIOMKOB ITPU [TOMOIIM JIa3epPHOr0 U3JIy4eHUs.
[IpelIM3NMOHHBIM JaHHBIN CIIOCOD SIBISIETCS B CHIY
Toro, 4to 06paboTKe moABEpraeTcs He BCS ITOJIOKKA,
a TuIb caM gederT. Bojee Toro, 3T0 e IUHCTBEHHBIH
MeToJi, KOTOPBIM BO3/IelCTBYeT He Ha Lie/ylo Ija-
CTHHY, a Ha eJUHUYHBIH MUKPOCEHCOP, BbIe/IeHHBIN
U3 IJIACTUHBI, YTO 3HAYHTEJIbHO CHH KAaeT KOHeUHoe

information about the location
of surface micro-defects on the
inspected wafer or element in
the given coordinate system.
Afterwards the computer code is
run, which makes it possible to
create, first, a defect map, i.e.
an optical image on which the
detected defects are marked,
and secondly, a machine recipe
for automated measurement of
defects with a Bruker Contour
GT-K optical profilometer.
According to the developed
defect inspection methodology,
the measurement if the defect
sizes is performed using a
Mirau interferometer objective

with magnification of 50 and
Bruker ContourGT-K equipment
with motor-operated table and
a turrethead. According to
our estimations, the error of
defect coordinates detection
in a given coordinate system
does not exceed 3 pm which is
sufficient for the subsequent
automated positioning of the
objective with a field of view
of 126 x95 pm and for defect
localization.

The example of an 3D-defect
inspection image is shown in
Fig.2.

Automation of the defect
inspection has significantly

reduced its time: the manual
defect inspection of a
100 mm wafer can be done in
13-50 minutes, depending on the
number of defects on a wafer,
whereas the automated defect
inspection takes in average
4 minutes per wafer containing
dozens or even hundreds of
chips. As it was established,
the height of the defect in Fig.2
reaches 22.7 pm, and visually
the defect shape resembles a
pillar. Such defects have been
found to be critical to the final
product just because of the rather
large height index. Any MEMS
sensor has so-called forbidden

VoL.14 No.6 2021 NANO INDUSTRY
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MICTOYHWK 1a3epHOro U3Ny4eHns
Laser source

4

OonTmyeckas cmcTema NnMH3
Optical lens system

4

Typenb C 06beKTUBaMMU
Turrethead with lens

4

Cronuk ans pepxxatens obpasua
Table for sample fix

Komnbrotep
Computer

=)

Puc.4. baok-cxema ycmaHoeKu AasepHol 06pabomku dedpexmos
Fig.4. Block diagram of a laser defect treatment plant

KOJIM4eCcTBO OPaKOBAHHBIX 37IeMeHTOB. TakUM 06pa-
30M, B C/Iydae HeyJauHoM 06paboTku 6yneT mucmop-
YeH JTHIIb OAKH CEHCOP, a He Ilefas IJIaCTHHA, Kak,
HaIlpUMep, 3TO MOXKET IIPOU30MTH IIPU SKUJKOCTHOM
TpaB/IeHUH.

IIporiecc JOCTATOYHO IIPOCT B OCYLIECTBACHUH: IePsKa-
TeJIb C YUIIOM ITIOMeIIAeTCsI I10] TaK Ha3bIBaeMYIo j1a3ep-
HYIO IYIIKY. [IpY MOMOIIM OIITHYeCKOr0 MUKPOCKOIIA,
BCTPOEHHOTO B YCTaHOBKY, OIIePaTop HaBOIUT JIy4 JIa3epa
TOYHO B TOUKY, T/le HAXOAUTCS edeKT. [IpHIleNnBasCh,

oriepaTop "BBICTpeNIUBaeT  I10 fedeKTy, HAYMHas ¢ 0bpa-
00TKM KpaeBbIX 006/1aCTel K LIeHTPY C LieJIbI0 He Iepe-
KPBITh KPeMHHEBOH KPOILIKOH Ty 06/1aCTh, KOTOpas elle
He obpaboTtaHa. Kak ImpaBUIo, ONMH BBICTPeJI CII0CO6eH
YIAJIUTh 0 5 MKM KpeMHHS BITy6b. OfHAKO, YCTaHOBKA
TaK>Ke BK/II0YaeT B cebst yHKIMI0 06paboTKU Ha 10 MKM
1o riybrHe. YCTaHOBKA TaK>Ke BK/IIOUAeT B cedst QyHK-
LHI0 06paboTky Ha 10 MKM II0 ITyOHHe, eCIH 3T0 Heob-
xoxumo. IToce 06paboTku medpekTHAS 061ACTH BBITTIS-
IOUT HaromobHre KpaTepa C BBICTYNAOIMMHU KPAasiMH.
3D-ipoduib nedeKToB [0 U mocie 06paboTKU 1a3epom
IIpe[ICTaB/IeH Ha PUC.3.

B pesysnbraTe IIeCTH BBICTPEIOB I10 JepeKTHOM 30He
yZaJI0Ch CHU3UTD BBICOTY JedekTa ¢ 20 MKM [0 MeHee
yeM 2 MKM (pHc.3). Blok-cxeMa yCTaHOBKH /JIS Ta3ep-
HOTO BBIKMTaHU S [TpefICTaB/IeHa Ha PUC.4.

YcTraHOBKa obecrieurBaeT yaleHHe JUCKPETHBIX MacC
C KpeMHHEeBOI'0 CeHCOopa 3a CYeT TePMHUYeCKOro HCIa-
PeHHsI KpeMHHUS C ITOMOLIpI0 Ta3epa. ObpaboTaHHas
ob1acTe ocTaeTcss B BHUME JIYHKH AHAMeTpPOM He
6omnee 15 MKM. TOUHOCTb MO3UIMOHUPOBAHUS CTONA
U151 yCTAaHOBKH 06pa3I[0B HAXOAUTCS B JUATIa30He 5 MKM.
YCTpOUCTBO POKYCHPOBKH CTPOMUTCSI Ha OCHOBE aHAJIH-
TUYeCKOT0 MHUKPOCKOIIA U MMeeT HOMOTHUTEIbHBIN
TeJIeBU3HOHHBIN KaHa/l HabllofleHUs U HaBeJeHHUS.
MIMIy/IbCHBIN J1a3ep C AJMHOMN BOIHBI 0,53 MKM I103BO-
JISIeT TIOJyYaTh IISITHA B 30He 06paboTKu OT 5 10 20 MKM.
MoOILTHOCTD 7Ta3€PHOr0 U3/1y4YeHUsl HaXOAUTCA B AHa-
nasose ot 0,1 1o 0,3 BT ripu mocTostHHOU yacTtoTe 10 I'1I.
Ha puc.5 mpe/icTaBiieHbl CIy4an Haubosee xapaKTepHBIX
TUIIOB 06paboTKH, KOTOPasi II03BOIMIIA YAAIUTD JedeKT
TIOJTHOCTBIO MJTH YaCTHUYHO, U B IIEPBOM C/Ty4ae [lepeBecTH

zones - the zones wherein a defect
of certain dimensions is critical
(killer defect), since it leads to
malfunctioning of the sensor,
and the forbidden zone can be
the entire surface of the element,
as well as certain areas on it,
depending on the requirements.
An element or chip that has a
defect in the forbidden zone is
considered to be defective. The
number of defective products has
a direct impact on the economic
benefit of manufacturing, so
reducing the number defective
products by reducing defects
in products is one of the main
production objectives.
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LASER ABLATION OF SURFACE
DEFECTS

One method of reducing pillar-
type defects is high precision
ablation of silicon pillars using
laser irradiation. This method
is precise because it is not the
entire substrate that is treated,
but only the defect itself.
Moreover, it is the only method
that affects not the whole
wafer, but a single micro-sen-
sor separated from the wafer,
which significantly reduces the
final number of defective ele-
ments. In this way, in case of
bad processing, only one sen-
sor will be damaged and not

the entire wafer, as can happen
with wet etching, for example.

The process is quite simple:
the holder with the chip
is placed under a so-called
laser gun. Using the optical
microscope built into the
machine, the operator points
the laser beam precisely at the
point where the defect is. By
aiming, the operator "shoots"
at the defect, starting from
the edge areas towards the
centre in order not to overlap
the silicon crumbles in the
area that has not yet been
processed. As a rule, one shot
is capable of removing up to
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37eMeHT B Kjacc ropgHblx. CieBa
npeJcTaB/leHbl NPodUIN NedeKToB
1o 06paboTKH, a crrpaBa — IpodHIb
obpaboTaHHOM 0651aCTH.

Ha puc.5a u b uzobpasken nedexr,
06paboTka KoToporo 6pl1a IpoBeieHa
ycremHo. Kak MOsKHO BUZIETh, BBICOTA
nedeKTa cTala MeHee 2 MKM, a Iy~
OrHa IyHKHU He IIpeBbICHIIA 10 MKM
(Takas rybHHA SBISETCSI KPUTHY-
HOH COIJIaCHO TPebOBaHUSIM K ITpefi-
CTaB/IsieMOMYy ceHcopy). Ha puc.5c
Ipe[CTaB/IeH BBICOKUI CTONOYATHII
nedexT, a Ha puc.5d - mpodris 0bpa-
boTaHHOM ero obnacTy, rae raybuHa
JIyHKHU cocTaBHIa 6onee 10 MKM, 9TO
IIPUBeJIO K 6paKy IIpoAyKLIMH. TakKe
MO3KeT BOSHUKHYTb TPYILHOCTH C 06pa-
OOTKO¥ C/IMIITKOM BBICOKHX IepeKTOB,
KOI/la BBDKMIAHMS J1a3epoM Hefo-
CTaTOYHO, YTOOBI IIOJTHOCTBIO YOPaTh
BBICOTY IeGeKTHBHOIO CTONIOHKA, YTO e
TaK3Ke He IIPHUBeZIET K IIepeBoIy 371e-
MeHTa B pa3psiZi FOAHbIX (pHc.5e u f).
Kpome Toro, MoskeT BOSHUKHYTb IIPO-
6rema c TeM, 4TOOBI JAHHBIM J1a3ep-
HBIM IIy4YKOM IIOJIHOCTBIO obpabo-
TaTh 30HY C leGeKTOM, B C/Iydae, ec/id
M3HAYa/IBHO KPUTHUYECKUH pa3sMep
caumkoMm bonbmori. Tak, HaIpH-
Mep, Ha pHC.5g MpelCcTaB/IeH MUPo-
KHUH fedeKT BhICOTOM boee 20 MKM
(mo ymanenus). BugHo, 4To 06pabo-
TaTh Y[aJI0Ch JIMIIb YacTh AedeKT-
HOM 00/1aCTH, B TO BpeMs KaK APy-
rasi 4acTh fedeKTa IOUYTH He hU3Me-
HUJIa BBICOTBL. CBSI3aHO 3TO C TeM, UTO
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BBIKMTAHHe [I0BEPXHOCTHBIX fedek-
TOB IIPOM3BOIUT OIIepaTop, PyKOBOJ-
CTBYSICb BU3Yya/IbHBIM METOJ,0OM, YTO
HMHOIIA He MOXeT TapaHTHPOBATh
I0J1yYeHU sl TOUHBIX Pe3y/IbIaToB.

PE3Y/IbTATUBHOCTb METOAUKH

YAANEHUSA NOBEPXHOCTHDbIX AEPEKTOB

OIMCaHHBIH BBIIIE METOZ, [T0Ka3as cebsi pe3yIbTaTHB-
HBIM KaK C HpOH3BO,E[CTBeHHOﬁ, TaK ¥ C 5SKOHOMHYECKOK
TOYeK 3PEeHMUsI — BBIXOJ, TO{HOM [TPOAYKIIUH ObLI yBeTH-
YeH PUOIU3UTENBHO Ha 7% B IIPOM3BOACTBE TPeX IIap-
THH YHIIOB, KAXKIAsI U3 KOTOPBIX COCTOSI/IA M3 120 YHIIOB.
Ha puc.6 mpesicTaBieHa THCTOrpaMMa POCTa BBIXOAA
TOOHBIX 3JIEMEHTOB B 3aBHCHMMOCTHU OT IIPOBEJEHHBIX
06paboTOK B OT/IE/IbHBIX ITAPTHSIX. KaK MOXKHO BHUETS,

Puc.5. N3yyeHue npoguas dedpekmos do (caesa) u nocae (cnpasa) 06pabomku npeuu-
3UOHHbIM Ad3epHBIM NYYKOM COOMBeMCcmMeeHHo

Fig.5. Examination of the defect profile before (left) and after (right) high precision laser
beam treatment respectively

3a yeThIpe 06paboTku 45-77% obpabaTsiBaeMbIX (TedeKT-
HBIX) YHIIOB OBLIM IlepeBe/leHBl U3 KaTerOpuU Opaka
B KaTerOpHIO FOJHBIX.

BbIBO/bl

IIpenioskeHHas B CTaThe MeTOAHKA OOPEOBL C ITOBEPX-
HOCTHBIMHU AedpeKTaMu MIMC-371eMeHTOB Oblna
ycIremHo anpobupoBaHa Ha MOMC-IPOH3BOAICTBE
OOO "MAIIIIEP". Pe3ynbTaTHBHOCTb METOZA yATIeHHU S
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HAHOTEXHONOrMu

Homep napTum 4mnnos ans 06paboTim
Number of processed batch

[loNs rofHbIX YXMOB NapTUK Nocsie 06paboTkm
Ratio of good chips in processed batch
N
o

Puc.6. MpoueHm 3neMeHmo8, nepegedeHHbix U3 Kamezopuu
bpaka 8 Kamez20put 200HbIX NPU NOMOULU AA3EPHO20 Ucnape-
Hust 0epekmos 0As HECKOAbKUX 06pabomaHHbix napmull

Fig.6. Percentage of elements converted from defective to good
ones by laser evaporation of defects for the several processed
batches

nedeKkTOB MeTOLOM IIpel3HOHHOIO0 JIa3ePHOr0 MCIla-
peHMs MaTepHasia NOCTHUTAeT 77% AJisl MapTUH o6pa-
OOTaHHBIX 3/IeMeHTOB. IIoKa3aTesap pe3yabTaTHBHO-
CTH MOXKET OBITh YBeJIMYeH 3a CYeT aBTOMAaTH3aI UK
mpoliecca yaaneHus AedeKToB, KOTOpasi MOXKeT ObITh
OOCTUTHYTA IIOCPEACTBOM C/IeIyIOMUX H3MeHeHUN
B CHCTeMe J1a3epHOI 06paboTKM: MOTOPHU3aL UK CTO-
JIHKa, y/ly4llleHHs TOYHOCTH ero [I03ULIMOHHPOBaHMU S,

aBTOMAaTH3allMH MO3ULIMOHUPOBAHHUS UCTOUHHUKA
7a3epHOro M3aydyeHUs, N0OaBIeHUS BO3MOKHOCTHU
HACTPOMKHU pa3Mepa 1a3epHOro Jyya M ero MOLUTHOCTH.

Jekaapauus o KoH$pAukme uHmepecos. Asmopul 3a984sK0Mm
06 omcymcmeuu KOHPAUKMO8 UHMepecos UAU AULHBLX 0MHOULe-
Hull, Komopble Mo2Au bbl nosAuMb Ha pabomy, npedcmasAeHHyto
8 daHHoll cmaroe.
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5 pm of silicon to depth, but
this can sometimes vary. The
unit also includes a 10 pm depth
treatment if required. After
treatment the defect area looks
like a crater with protruding
edges. A 3D defect profile before
and after laser treatment is
shown in Fig.3.

As a result of six shots on
the defective area, the defect
height was reduced from 20 pm
to less than 2 pm (Fig.3). A block
diagram of the laser ablation
setup is shown in Fig.4.

The unit removes discrete
masses from the silicon sensor
by thermal evaporation of the

HAHO MHOVCTPHA Tom 14 Ne6 2021

silicon using a laser. The treated
area remains in the form of a
hole of a diameter no more than
15 pm. The stage positioning error
is stand in the range of 5 pm. The
focusing device is based on an
analytical microscope and has
an additional television channel
for observation and guidance. An
impulse laser with a wavelength
of 0.53 pm produces spots in the
treatment area between 5 pm
and 20 pm. The laser power varies
from 0.1W to 0.3W at a constant
frequency of 10 Hz. Figure 5
shows the cases of the most
characteristic types of treatment
that have removed the defect

wholly or partially, and, in the
first case, upgraded the element
to a good product. On the left
there are the defect profiles
before treatment, and on the
right - the treated area profile.
Figures 5a and 5b show a
defect that has been successfully
treated. As can be seen, the
height of the defect became less
than 2 pm and the depth of the
hole did not exceed 10 pm (this
depth is critical according to
the requirements to the given
sensor). Figure 5c shows the high
pillar defect and Fig.5d shows a
profile of its treated area, where
the depth of the indentation was
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more than 10 pm, resulting in
defective products. It may also
be difficult to treat defects that
are too high, when laser power
is not sufficient to completely
remove the height of the defect
column, which will not make
the element fit (Fig.5e and
Fig.5f). It can also be a problem
to completely treat the defect
area with this laser beam, if the
original critical size is too large.
For example, Fig.5g shows a wide
defect with a height of more
than 20 pm (before removal). It
can be seen that only a part of
the defect area has been treated,
while the other part of the defect
has hardly changed in height.
This is due to the fact that the
laser ablation is performed by
the operator's decision based
on a visual information, that
sometimes cannot guarantee
accurate results.

PRODUCTIVITY OF SURFACE
DEFECTS REMOVING METHOD
The method described above
proved to be effective both from
the production and economic
points of view - the yield of
good products was increased
by about 7% in the production
of three batches of chips, each
batch consisting of 120 chips.
Fig.6 shows a histogram of the
increase in the yield of good ele-
ments as a function of the car-
ried out treatments in the indi-
vidual batches. As can be seen,
in 4 treatments 45-77% of the
processed (defective) chips were
transferred from the category
of discarded to the category of
good chips.

CONCLUSIONS

The proposed above method for
elimination of surface defects
in MEMS elements has been

successfully tested at the MEMS
produced by Mapper LLC. The
effectiveness of the method of
defect removal by precision laser
evaporation of material reaches
77% for a batch of treated ele-
ments. The efficiency can be
increased by automating the
defect removal process which
can be achieved by the follow-
ing changes in the laser process-
ing system: motorization of the
stage, improvement of its posi-
tioning accuracy, automation
of positioning of the laser beam
source and adding a possibility
of adjusting the size of the laser
beam and its power. |
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