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B cTaTbe NpuBefeHbl pesynbTaThl paspaboTku NporpamMmHoro oéecnedeHus (MO) Ans aBTOMaTUYECKOro
aHanM3a ONTUYeCKUX U3o06pakeHnn. C MUCNosIb30BaHMEM AJITOPUTMA BblgesieHns rpaHuy, fepuwe MO
paccyMTbiBaeT reoMeTpuyeckme MapamMeTpbl MUKPOCTPYKTYP HA M306paXKeHUsX, MOJIYyYeHHbIX Mpu
NOMOLLM aBTOMATU3NPOBAHHOM ONTUYECKOW CUCTEMbI B paMKax MeXMNpoLLecCHOro KOHTPOISt KpUTUYECKUX
pasmepos (KP) MOMC-npoaykuun. Mogo6HbiA KOHTPonb KP SABNSeTCs 0OgHUM U3 MHCTPYMEHTOB CUCTEMbI
ynpaBneHus KadectBa B npowusBoactBe M3MC. Paspa6oTaHHasi MeToAMKa MO3BOJISIET C BbICOKOM
TOYHOCTbIO ONpeAensTb KpUTUYECKUe pasmepbl Y4MOB, PacrosIoXKEeHHbIX HA KPeMHUEBOM WM CTEK/IIHHOMN
nnactuHe. MosHas onTuyeckas MHCNeKUUs OAHOW MIACTUHbI AuamMeTpoM 100 MM BMecTe ¢ 06pa6oTkom
m3obpaxxeHMn 3aHMMaeT MeHee 10 MuH. XoTs paspabotaHHoe MO npepHasHA4yeHO A1 KOHTPOAs
napameTpoB M/JIACTUH onpefesieHHbIX TUMOB U pa3MepoB, WUCMO/Ib30BAHHbIE AJIFOPUTMbl AOMYyCKalOT
3HauYuUTe/IbHOe paclumpeHme ero GpyHKLMOHaNIbLHOCTH B 6yayLiem.

The paper presents the results of the development of the script for the analysis of optical
images. Using Deriche’s boundary delimitation algorithm, the analysis script allows obtaining
critical dimensions (CD) of micro-sized structures captured by an automated optical
system. The monitoring of the geometrical parameters of the MEMS products after various
technological processes helps to control the processes’ performance which is strictly required
by the quality management system maintained in the MEMS manufacturing. The developed
technique allows to determine with a high accuracy the critical dimensions of chips located
on a silicon or glass wafer. A complete optical inspection of one 100 mm wafer together with
image processing takes less than 10 minutes. Although the developed script is designed to
control the parameters of wafers of certain types and sizes, the algorithms used allow for a
significant expansion of its functionality in the future.

OBpeMeHHO€ BBICOKOTEXHOJIOTHMYHOE IIPpOM3-
BOACTBO MHUKPO3JIEKTPOMeXaHHUYeCKHX CUCTeM

yIIpaBJ/IeHH S Ka49e€CTBOM OITIHCAH B [1], rae ripencTaB-
JIeHa MeTOAHKa, I[I03BOJIAI0INasg CBOeBpEMEHHO JeTeK-

(M3OMC) He MOXeT PYHKIIOHHPOBATH 6e3 pas-
BUTOM U XOPOLIO yIpaBsieMOH CHCTeMBI KOHT-
poJisi KadecTBa. IMEHHO CHCTeMa KOHTPOJIS Kade-
CTBa II03BOJISIET He TOJAbKO 3P PeKTHUBHO IPOTHO-
3UpOBaTh, HO U MUHHUMHU3HUPOBATH HUJIH 3Ke IIOJTHO-
CTBIO IIPeIOTBPAINATh BO3MOKHBIE PUCKH B IIPOHU3-
BOACTBe, 3 PeKTHUBHO yaydIIaTh TEXHOTOTHYeCKHe
nporeccel, obecriednuBasi CBOeBpeMeHHYIO IIOCTABKY
NPOAYKIUH, IOJHOCTHIO OTBedalomer TpeboBa-
HMSM 3aKa3uhKa. OAKH U3 UHCTPYMEHTOB CUCTEMBI

THPOBaTh feHeKThl OIITUYECKOM TUTOrpadpuu B MOMC-
3/IeMeHTaX U KOPPeKTUPOBATh TeXHOJIOTHYECKHUH IIPO-
LIeCC, TéM CaMBbIM IIOBBIIIAS JOJIIO BBIXOJA TOJHBIX
H3[e/IMU U He JOIYyCKasl OCTaBKY JepeKTHOM IIpo-
OYKIIMU 3aKa3uuky. HacTosimas paboTa mocBsieHa
JPyromy Ba>KHOMY HHCTPYMEHTY CHMCTEeMBI YIIPaBJIe-
HH S Ka4eCTBOM, KOTODPBIM IIPeJHa3HaA4YeH [JIs MOHH-
TOPUHTIA TeOMETPUUYECKHX [TAPAMETPOB IIPOAYKIUHU
Ha pa3sHBIX [IPOM3BOACTBEHHBIX 3TallaX. MOHUTOPUHT
KPUTHUYECKUX Pa3MepPOB CTPYKTYp MOMC-3/1eMeHTOB
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CONTROL AND MEASUREMENT

IocJle IIPOLeCCOB OITHUUYECKOMN TUTOrpadUuHu, Tpas-
JTeHUs OKCHUAA, T1yboKOro TpaBIeHUS KPpeMHHS,
HaIblJIeHHU S IIJIEHOK [103BOJISIeT He TOJbKO yCTaHaB-
JHBaTh U IPOCIEXKUBATh 3aBUCMMOCTH MeXXY I1apa-
MeTpaMHU BhIIIeHa3BaHHBIX IIPOLIECCOB U KX Pe3yyb-
TaTaMH, HO TaK>Ke U C/IeJUTh 33 BO3SHUKHOBEHHEM
HeCOOTBETCTBHH B IIPoOLleccaX U KOPPEKTHUPOBATD 3TU
OTKJIOHEHHSI.

Hawubosee pacnpocTpaHeHHON TeXHOJOTHeH
KOHTPOJISI KPUTUYEeCKHX pasMepoB MOMC siBisieTcs
ONTHYecKass MHCIeKLHs. PydyHas onTudeckas
HMHCIeKIus TpebyeT 60/MbIIKMX BpeMeHHBIX 3aTpaT
Y COIIPSIKeHA C PUCKAMH, CBSI3aHHBIMH C OIIMOKaMU
OIlepaToOpoB IIPOMU3BOACTBA [2]. Ha phIHKe oNTHYe-
CKUX ITPU6OPOB Mpe/IIararoTCs JOCTATOUHO Pa3BUThIe
pelleHHUs /151 KOHTPOJISI TeOMeTPUYecKHX IlapaMe-
TPOB TOIIOJIOTHUYECKUX CTPYKTYp (Hampumep, (3, 4]),
HO BO MHOTHX C/Iy4asiX TaKHe IIPUOOPBI HUMEIOT OUeHb
BBICOKYIO LleHy. B MaHHOM cTaTbhe MBI paccKaxkeM
0 MeTOAMKe aBTOMAaTH3UPOBaHHON 06paboTKU 130~
OpaskeHUH, [TOTyYeHHbIX IIPY ITOMOIIH aBTOMAaTH3H-
POBaHHOM ONTHYECKOM CUCTeMbI. CTOMMOCTE TaKOTO

pelleHud He IpeBbIIIaeT 13 THIC. eBpPO, a CUCTeMa
OoTBeudaeT BCeM TPeOOBaHHUSM HHCIEKIIUU TeoMe-
TpHUYecKHUX pa3mepoB MOMC. PaspaboTaHHas MeTO-
I MKa [T03BOJISIET C TpebyeMOo TOUHOCTHIO OIIpe/ieNsiTh
KpUTHYeCKHE pa3Mepsl COTeH YHIIOB, paclojarap-
M XCS HAa KPeMHHEBOM HJIH CTeKJITHHOM IUIACTHHe
avamerpom 100 mMm. IloTHAsd OONTHYECKAs UHCIIEK-
L1 ONHOM IJIACTUHBEL BMecTe ¢ 06paboTKoM H30-
OpaskeHHH 3aHMMaeT MeHee 10 MUH, a BHIIONTHEHHe
TOM ’Ke OIlepallluu Ha Py4HOM 060pyfOBaHHUU Tpe-
OyeT HeCKOJIBKHX YaCOB ITPH HECTAaOHIBHOM TOYHOCTH
olpefie/leHUsI KPUTHYECKUX pa3MepoB H3-3a Cy6b-
eKTUBHOM ("Ha I7a3") OLleHKH OIIepaTOpOM I'PaHHUIIbI
H3MepsgeMOU CTPYKTYPBHL.

OMUCAHUE METOAUKHU

B paMKax aBTOMaTH3allUK IIPOU3BOACTBA U yIyd-
IIeHUsI KOHTPOJISI Ka4eCTBA TeXHOJIOTHYeCKHUX IIPO-
teccoB OO0 "Manmep" 6b11 paspaboraH mporpam-
MHBIH IIPOAYKT Ha si3bIKe Image] macro language
[5] nast 06paboTku onTHYeCKUX H3006paskeHUU
YHIIOB Ha IJIACTHHE U OIpe/le/IeHU sl KPUTHIECKHUX

odern high-tech production

of microelectromechani-

cal systems (MEMS) can not
function without a developed and
well-managed quality control sys-
tem. The quality control system
allows not only to effectively fore-
cast, but also minimize or com-
pletely prevent possible risks in
production, to effectively improve
the processes, ensuring the timely
delivery of products that fully meet
the requirements of the customer.
One of the tools of the quality man-
agement system is described in [1],
where a technique is presented that
allows timely detection of defects in
optical lithography in MEMS cells
and corrects the process, thereby
increasing the yield and not allow-
ing the delivery of defective prod-
ucts to the customer. This paper is
devoted to another important tool
of the quality management sys-
tem, which is designed to moni-
tor the geometric parameters of
products at different production
stages. Monitoring of the critical

dimensions of the MEMS structures
after the processes of optical lithog-
raphy, etching of oxide, deep etch-
ing of silicon, deposition of films
allows not only to establish and to
trace the dependencies between the
parameters of the above processes
and their results, but also to moni-
tor the occurrence of inconsisten-
cies in processes and to correct these
deviations.

The most common technology
for controlling the critical dimen-
sions of MEMS is optical inspec-
tion. Manual optical inspection
requires a lot of time and involves
risks associated with the errors of
production operators [2]. The market
of optical instruments offers suffi-
ciently developed solutions for con-
trolling the geometric parameters
of topological structures (for exam-
ple, [3, 4]), but in many cases such
devices have a very high price. In
this article, we describe the tech-
nique of automated processing of
images obtained with the help of an
automated optical system. The cost

of such a solution does not exceed
13 thousand euros, and the sys-
tem meets all the requirements of
inspection of MEMS geometry. The
developed technique allows to deter-
mine with the required accuracy
the critical dimensions of hundreds
of chips located on a 100 mm sili-
con or glass wafer. A complete opti-
cal inspection of one wafer together
with image processing takes less
than 10 minutes, and the same
operation on manual equipment
requires several hours with unsta-
ble accuracy in determining critical
dimensions due to subjective (by eye)
evaluation of the boundary of the
measured structure by the operator.

DESCRIPTION OF METHOD

In the framework of automation
of production and improvement of
quality control of processes, Mapper
LLC developed a script in the ImageJ
macro language [5] for process-
ing optical images of chips on a
wafer and determining the critical
dimensions of specified structures.
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Fig.1. Structural diagram of automated optical system for deter-
mining geometric parameters of topological structures

pa3MepoB 3alaHHBIX CTPYKTYP. [IporpaMMmHoe obec-
neuveHue ([10) aHanu3upyer nszobpaskeHus, cobu-
paeT AaHHBIe O FeOMeTPHUUeCKHX Pa3Mepax B OT/e/b
HBIM Qan, a 3aTeM IIpoBepsieT UX Ha COOTBETCTBHE
TpeboBaHUSIM 3aKa3dyuKa. [lasee 3Ta HHGOPMAIUS
HICIIO/IB3YeTCsl IPU IIPUHSITHUU pellleHHU st 06 OTIIpaBiie-
HUH [UIACTUHBI Ha CIeIyIOM U IPOU3BOICTBEHHBIH
3TaIl UJIU Ke Ha IlepepaboTKy. B cpaBHEHHH C IIpolie-
I ypOi Py4YHOT0 KOHTPOJISI, aBBTOMATHUYeCKHE CII0C06
103BOJISIeT YBeJIMYUTh IIPOM3BOAHUTEIBHOCTD, a TAKIKe
HCKJIIOYUTH U3 KOHTPOJIS YeJI0BeYeCKUH GaKkTop.
PaspaboTKa U TeCTUpPOBaHHE MPOrpaMMBI IIPO-
BOAM/IMCh Ha CePUU H300paskeHUM, MONyUeHHBIX
C IOMOIIBI0 aBTOMAaTHU3HUPOBAHHON ONTHYECKOM
CHUCTeMBl KOMIaHUU "Manmep”. CxeMa JaHHOM
ONTHYeCKOM CHCTeMBI IIpe/cTaBleHa Ha puc.l. Ha
MOTOPH3HPOBAHHBIN CTOJHK I10 O4epe U IOHA0TCS
IJIACTUHBL fuaMeTpoM 100 mMm. CHsATHe H306pa-
SKeHH U BBIIIOMHSETCS C 3aJaHHOM GOKYyCHPOBKOH.
YpaBieHHe IlepeMellleHHueM CTOJIMKa BBIIIOTHSIeTCS
Ha OCHOBe ITPOTOKOJIA CHSITHSI TAKUM 06pa3oM, YTOOBI
MO/TyYUTh H306paskeHH s BCe HHTEPeCyIOIIeH II0Bep-
XHOCTHU. IIpu o6paboTke monydyeHHBIX CHHUMKOB
BBIIIOJIHSIETCS aBTOMAaTHYecKoe CIIMBAaHHE KaJpoB
B obmee m306paskeHHe IIOBEPXHOCTH 3JeMeHTa.
[TonyueHHOe CIIMTOe H306paskeHHe MTOfaeTCs Ha BXOT,
IporpaMme /Jisi IoJyueHHUs JaHHBIX 0 KPUTHUECKHUX
IapaMeTpPax [I0OBePXHOCTHBIX CTPYKTYP.
ChopmupoBaHHOe H300paskeHHEe UMeeT BICOKOE
paspelleHue, BCJIeJCTBHE Yero ero pa3mep B orepa-
TUBHOM MTaMSITH MOXKeT JOCTUIATh HECKObKUX THIa-
6anT. IIoCKONBKY aITOPUTM 06paboTKU H300paskeHU S

Script analyzes images, collects
data about geometric dimensions
in a separate file, and then checks
them for compliance with cus-
tomer requirements. Further, this
information is used when decid-
ing whether to send the wafer to
the next production stage or for
recycling. In comparison with
the manual control procedure,
the automatic method allows to
increase the productivity, as well as
to exclude the human factor from
control.

The development and test-
ing of the script was carried out
on a series of images obtained
with the help of the automated

optical system used by Mapper. The
scheme of this optical system is
shown in Fig.1. The 100 mm wafers
are placed in turn on the motor-
ized table. Images are taken with
the specified focus. The movement
control of the table is performed on
the basis of the capturing protocol
in such a way as to obtain images
of the entire surface of interest.
During processing of the captured
images, the frames are automati-
cally stitched into a general image
of the surface of the element. The
resulting stitched image is fed to
the script input to obtain data on
the critical parameters of the sur-
face structures.

HAHO MHAYCTPHA Tom 11 Nes (84) 2018

The generated image has a
high resolution, so that its size in
RAM can reach several gigabytes.
Because the image processing algo-
rithm is also resource-intensive,
only selected significant areas of
the stitched image are allocated
and processed for saving memory.
Thanks to this, a gain in the speed
of computation without loss of accu-
racy is achieved. Since the accuracy
of recognizing the boundaries of
microstructures is determined by
the pixel size, optical systems with
a higher resolution will provide
greater accuracy of the final result.

In addition to the image, the
script loads a configuration file



CONTROL AND MEASUREMENT

TaK>Ke pecypcoeMoK, [/ SKOHOMHUU IaMSTH Ha CIIH-
TOM H306paskeHHUU BBIIESIOTCS U OTIIPABISIIOTCS
Ha 06paboTKy TO/IBKO OT/e/IbHbIe 3HAaUHMBbIe YYACTKH.
Braromapsi 3TOMy JOCTHUIAeTCsl BBIUTPBILI B CKOPO-
CTH BBIYMCIeHU I 6e3 IOTepH TOYHOCTH. [I0CKOIBKY
TOYHOCTh HAXOXJEHHUS FPaHUIL MUKPOCTPYK-
Typ ompeflensieTCs pa3MepoM IUKCeasl, TO OINTHU-
yecKHe CUCTeMBI ¢ 60j1ee BEICOKKMM pa3pelleHHeM
OynyT obecreunBaTh 60JIBIITYI0 TOUHOCTh KOHEYHOTO
pesyibTara.

[TomuMo HM306paskeHH s, IpPOorpaMMa IPHHH-
MaeT Ha BX0J, KOHQUI'yPallUOHHBIN QaHI C yKa3aH-
HBIMHU B HeM HaCTPOMKaMU aHa/IKM3a U NpefocTaB-
7sieT Ha BBIXOJle Pe3yIbTUPYOIMUN Gaka C KPUTH-
YeCKMMH ITapaMeTPaMHU CTPYKTYP U UX CTaTUCTH-
4YeCKHUM paclpefeseHrueM. IIpeMMyIlecTBOM JaH-
HOT'O IOAXO0Jla AB/ISeTCs TO, UTO Ha BXOJ MOXKeT
[I0JIaBaThCS He TOJIBKO eITUHUYHOE H300paskeHHe,
HO U Liejas cepus M306paskeHUH onpefeleHHOTO0
TUma. [Iporpamma crocobHa aBTOMaTHU4YeCKH BBISIB-
JSTb HECOOTBETCTBUS Pa3MepOB CTPYKTYP, OIIHPa-
SCh Ha TeXHUUYeCKHe TpeboBaHMS 3aKa3uHKa IIPo-
AYKLHH. IIpaBUIBHOCTD 3arpy>KeHHOTO KOHQUTY-
pauuoHHOro dpamaa onpenensieTcd NporpaMMou
TaKk>Ke aBTOMaTH4eCKH, U OHa CBOeBPeMeHHO Ipe-
AyIpeskAaeT I107b30BaTeNs B CIydae, eC/IM 3arpysKa
6bl1a IIpoK3BeieHa OIIUO0YHO.

IIpoBepka 3¢ PeKTUBHOCTH U TOUHOCTH aJITO-
pPHUTMa OCyIIecTBAs/IaCh METOJOM JBOKMHOIO CJIe-
IIOT0 TeCTUPOBAHUS. AHATU3 U300paskeHUs] HAauH-
HaeTCs C TOTO, UTO [10/1b30BaTe/Ib YKa3blBaeT pede-
PeHCHYIO IIO3HULIHIO Ha U300paskeHUHU. MCIIOIB3Ys

ee, aJITOPUTM BBICUUTHIBAET ONITUMAIbHOE PACCTO-
SHUe MeXAY CTPYKTYyPaMHU U KOMIIEHCHPYeT OTKJIO-
HeHUS B yI/IaX, IOSBUBINKECS BCIeACTBHeE HETOU-
HOM 3arpy3KH IIJIACTHHBL B OIITUYECKYI0 CHCTEMY.
I[IoMHMO 3TOTO, OTTAJIKHUBASCh OT pedepeHCHOH
MO3UILIUM, aJTOPUTM C HEKOTOPHIM IIAarom cer-
MeHTHUPYeT nu3obpaskeHHUe IJIACTHHBL (BBUAY €ro
OoJsIBIIOrO pa3mepa), Bblesisi FPAHULIBL CTPYKTYP,
U HAaxXOLUT UX IIapaMeTpbl. B TOT MOMeHT, Koraa
n3obpaskeHHe IIOJHOCTHIO 06paboTaHO COracHO
3alaHHBIM HAaCTPOMKaM, IIporpamMMa 3aBepllaeT
pabory.

LleHTpaJbHBIN AJITOPUTM IIPOrpaMMHOro obec-
IeYeHU s OCHOBAH Ha MeTOJie BhIJe/eHUS IPAaHUI]
HNepue (Deriche) [6], KoTOpBIF, B CBOIO O4Yepens,
6511 co3maH Ha 6a3e COOTBETCTBYOIEr0 METOAA
Ksunu (Canny) [7]. B cpaBHeHHUH C pealHU3alu-
SIMH IPyTHX METOL0B IPEeHMYLIeCTBOM aJITOPUTMA
[lepullie sIBJIsSIeTCSI BBICOKAS CTEIIEHb KaK JIOKATHU3a-
LHHM FPAHUL, TaK U IIyMOMIOAaBlIeHUs. [loMHUMO
3TOro, MeTof Jepuiie ynobeH ¢ TOUKK 3peHU I Ha/lu-
YHs JIMIIb OLHOTO I1apaMeTpa (o), YIPaBISIONIEro
COOTHOLIEHHEM Me3KY JIOKAIHU3aIueH U MyMOIIOo-
JlaBJIeHHEeM - eIr0 YMeHbIlIeHHe BeJeT K YXYALIIeHUIO
JIOKAJM3aLUHHU U YIYYIIeHHUIO0 OTHOIIEeHH I CUTHAII-
IMIyM ¥ Ha060poT, 4TO 6bLJIO IIOATBEPSKAEHO B AajIb-
HeHIIeM HCCIeI0BaHUHU.

YTobOBl OIpemeNUuTh ONTHMAJNbHOE 3HAYeHHE
rnapaMmerpa o, 6ply1a IpoBefieHa CepHsl 3KCIIepPUMeH-
TOB Ha TPaHHUILIAX CTPYKTYP, OCIOKHEHHBIX IIPH-
rpaHUYHBIMHU JedpeKTaMU. AHAJIU3 TeCTOBBIX U30-
6paskeHUH 6BII IPOBEEH s YeThlpeX 3HAUYeHUH

with the analysis settings and pro-
vides the resulting file with criti-
cal parameters of the structures
and their statistical distribution.
The advantage of this approach
is that not only a single image,
but also a whole series of images
of a certain type can be input.
The script is able to automatically
detect inconsistencies in the size
of structures, based on the techni-
cal requirements of the customer.
The correctness of the loaded
configuration file is also deter-
mined automatically by the script
and it promptly warns the user
in case the download was made
incorrectly.

The efficiency and accuracy of the
algorithm were verified by double-
blind testing. Image analysis begins
with the user indicating a reference
position in the image. Using it, the
algorithm calculates the optimal
distance between the structures
and compensates for the deviations
in the corners that appeared due
to inaccurate loading of the wafer
into the optical system. In addi-
tion, starting from the reference
position, the algorithm segments
the image of the wafer with a cer-
tain step (due to its large size), high-
lighting the boundaries of the struc-
tures, and finds their parameters.
At the moment when the image is

tully processed according to the set-
tings, the script finishes.

The central software algorithm
is based on the Deriche's boundary
method [6], which, in turn, was cre-
ated on the basis of the correspond-
ing Canny method [7]. In compar-
ison with the implementation of
other methods, the advantage of the
Deriche's algorithm is a high degree
of both localization of the boundar-
ies and noise suppression. In addi-
tion, the Deriche's method is con-
venient from the point of view of
the presence of only one parameter
(a) controlling the relation between
localization and noise reduction:
its decrease leads to a deterioration

Vor.11 No. 5 (84) 2018 NANO INDUSTRY
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Puc.2. OpuzuHanbHoe onmuyeckoe U306paxkeHue ¢ 2ucmozpammoli pacnpedeseHus uHmMeHcusHocmu (a) u npeobpasosaHHsble U3o-
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Fig.2. Original optical image with intensity distribution histogram (a) and converted images and intensity histograms along section after
delimitation by Deriche’s method at following values of x:b-a=4;c-a=2;d-a=1;e-a=0.5

of the localization and an improve-
ment in the signal-to-noise ratio
and vice versa, which was con-
firmed in the further study.

To determine the optimum
value of the parameter «, a series of
experiments was carried out at the
boundaries of structures compli-
cated by boundary defects. Analysis
of the test images was carried out
for four values of the parameter
o: 4; 2; 1; 0.5. For each value of «
along the segment that intersects
both the structure boundary and
the defect, intensity charts were
plotted (Fig.2). The defect is not
part of the structure and should
not be defined as its boundary. To

determine the optimality, the crite-
rion "one boundary - one response”
was used.

Fig.2a shows the original
image with a change in inten-
sity at the boundary of the struc-
ture and the defect adjacent to it.
For a = 4 (Fig.2b), the algorithm
does not work optimally, since for
one boundary there are at once
three equivalent responses: from
the boundary itself, as well as
from the left and right sides of
the defect. At o =2 (Fig.2c), there
are no significant changes in the
intensity plot, but one can see the
effect of suppressing the response
from the defect boundaries.
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The value a =1 recommended
in [6] (Fig.2d) shows a significant
improvement in the determination
of the structure boundary: the dif-
ference in intensity between the
boundary and the defect becomes
noticeably larger. However, in the
course of the study it was revealed
that a = 0.5 (Fig.2e) makes this dif-
ference even more noticeable with-
out significant damage to the local-
ization of the boundary. The con-
ducted experiments also testify to
the superiority of using the value
a = 0.5, showing that at a =1 sup-
pression of some of the deepest and
largest defects is not sufficient to
achieve the optimality criterion,



CONTROL AND MEASUREMENT

mapametrpa a: 4; 2; 1; 0,5. I Ka>kKA0ro sHa4YeHU s
O BIOJIb OTpe3Ka, IepeceKamllero Kak rpaHuIy
CTPYKTYPHI, TaK U gedeKT, 6bIIHU TOCTPOEHEHI I'pa-
GUKM MHTeHCHBHOCTH (puc.2). JledpeKT He sBIS-
eTCs1 YaCThIO CTPYKTYPHL U He JOJI’KeH Ol pefeisiThCs
B KayeCTBe ee paHULBL. [l onlpese/ieHHs OIITH-
MaJIBHOCTH OBLII MCII0JIb30BAH KPUTEPHUI "0 Ha Irpa-
HHIA - OOUH OTKJIUK .

Ha puc.2a moka3aHO OpUTHHaJIbHOe H306paske-
HHe C U3MeHeHHeM UHTEeHCHUBHOCTH Ha I'PaHUILe
CTPYKTYPBHl U IIpHUJeramomeM K Hel AedekTe. IIpu
a = 4 (puc.2b) anroputm paboTaeT He ONITHUMAJIBHO,
TaK KakK [JI OJAHOM IPaHHUIIBI HAXOLUTCS Cpasy
TPHU PaBHO3HA4YHBIX OTKJIMKA: OT CAMOM IPaHHUILIHL,
a TaK>Xe OT JIeBOM U IIPaBoOl CTOPOH JedekTa. Ilpu
a =2 (pyC.2c) He IPOUCXOAMT CyIleCTBeHHBIX H3Me-
HeHHUH B rpadrKe MHTeHCHUBHOCTH, OJHAKO MOXKHO
3aMeTUTh 3P PeKT IoAaBJIeHU OTK/IMKA OT FPAHHUIL
nedekTa.

PekomMeHAOBaHHOoe B paboTe [6] 3HaYeHUe
a =1 (puc.2d) moxka3spIBaeT 3HAYUTEIbHOE yJIydIIe-
HHe onpeleeHus TPAaHUIBI CTPYKTYPBI: Pa3sHHUIA
B MHTEeHCHUBHOCTH MeXIy TpaHHLeHd U Aedek-
TOM CTAaHOBHUTCS 3aMeTHO 6osbme. OZHaKO
B IIpollecce HCCJIeLOBaHUS ObIJIO BBISIBIEHO, UTO
a = 0,5 (puc.2e) femaeT 3Ty pa3sHUILY ellle 3aMeTHee

6e3 cyLiecTBeHHOrO yiepba A1 JIOKaIU3aL U rpa-
HHUIBI. B 11o1b3y 3HaYeHUs & = 0,5 TOBOPAT U IIPO-
BeJleHHBIe SKCIIePUMEHTEI, KOTOPhIE ITI0Ka3a/lIu, YTO
IpuU o = 1 mogaBieHHe HEKOTOPBIX Haubonee ray6o-
KUX M KPYIIHBIX lepeKTOB ObIBaeT He JOCTATOUHBIM
IJIs1 JOCTUXKeHU S KPUTEPHUS ONTUMAIbHOCTH, YTO
JejaeT HEBO3MOXKHBIM IIPaBU/IbHOE OIpefeieHue
KPUTHYECKHX Pa3MePOB CTPYKTYPHL.

[Tony4enHoe I10, 61arogaps cerMeHTUPOBAHHIO
M300paskeHHUsI U UCIIONb30BAHUIO MeToa [lepHIle
c mogo6paHHBIM OIITHMAJIbHBIM 3HaUeHHEM I1apa-
MmeTtpa a = 0,5, ciocobHo 06pabaTrBaTh H306pasKke-
HUe pa3mepoM 2 ['6 mpuMepHO 32 2 MUH. AJITOPUTM
30 PeXTHUBHO BHIABJISET HY>KHBIE TPAHULIBL U 0T~
JAseT UX OT IPaHMI NePeKToB, HAX04sd KpUTHUUe-
CKHe pa3smMephl MUKPOCTPYKTYp. Takske peanu-
30BaHa 06paboTka cepuu H306pakeHUH, KOHTP-
0JIb 32 U3MepseMbIMHU IIapaMeTpPaMH I10 XOAY 104"
c4eTa, KOHTPOJIb 32 OIIMOKAMHU I10/1b30BaTeNS IPU
3arpyske pelielTa U BHIBOJ, IOJIyYeHHbIX pe3yib-
TaTOB B OTHeNbHBIN QaMI CO CTATUCTHUUYECKOH
06paboTKom.

3AK/IIOYEHUE
B cTaTbe mpencTaBIeHa COBOKYIIHOCTb aJIFOPUT-
MOB 06paboTKkH HM306paskeHUH, peasrn30BaAHHBIX
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KOHTPOJIb U UBMEPEHMUA

Ha s3bIKe Image] macro language. C ux momo-
b0 aBTOMaTHU3UPOBAH MeXXIIPOLleCCHBIK KOHT-
PoJib reoMeTpHUYEeCKHUX pa3MepoB MOMC-3/1eMeHTOB
Ha pabpuke "Manmep". Pe3yn1bpTaTsl HCCIeJOBAHUS
aJTOPUTMaA BhHIJENeHHS IPaHML Jlepulle MO03BO-
JIUIX ONpee/IUuTh OITHMAJIbHOE 3HaYeHHe I1apa-
MeTpa o. s yaydlleHUS T'HOKOCTH aJlOPUT-
MOB ¥ BO3MOXHOCTH HMCIIOJIb30BAHK S UX /ISl Pas3-
HBIX TeOMEeTPHH BBIIIYCKaeMOH MPOAYKIIUHU GBI
paspaboTaHsl crierjHalbHble KOHQUIYPALIHOHHEIE
bariel U IpefyCMOTPeHa BO3MOXHOCTD HX CO3/a-
HUS C II0JIb30BaTeIbCKUMHU HAaCTPOUKAMHU.

Xotsa paspaboranHHoe IIO nmpegHa3HA4YaJIOCh
JJIs1 KOHTPOJIS [IapaMeTPOB JIMIIb Ollpe/e/IleHHBIX
IJIACTHH, HCIOJb30BaHHBIE aJITOPUTMBL AOIY-
CKAaIOT 3HAaYMTe/NbHOEe paclikMpeHHe ero QyHKI M-
OHAJIBHOCTH B byAymieM. BHepeHMe IpOrpaMMBl
Ha IIPOM3BOJCTBe KOMIAHUMU "Mamnmnep" mosso-
JIMJI0 UCKJIIOUUTD BIHsAHMNE YejloBeyecKkoro pak-
TOpa Ha IIPOLeCcChl M3MepeHHU s U COKPATHUTh BpeMs
KOHTPOJIA KaK OTHeJbHBIX IIJIACTHH, TaK U HX
MapTHH.
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which makes it impossible to cor-
rectly determine the critical dimen-
sions of the structure.

The resulting software, thanks
to the segmentation of the image
and the use of the Deriche's method
with a matched optimal value of
a = 0.5 is capable of processing an
image of 2 gigabytes in about 2 min-
utes. The algorithm effectively iden-
tifies the necessary boundaries and
separates them from the boundar-
ies of defects, finding the critical
dimensions of microstructures. It
also implements the processing of
a series of images, monitoring of
measured parameters during the
counting process, monitoring of

user errors when downloading the
recipe, and outputting the results
to a separate file with statistical
processing.

CONCLUSION

The article presents a set of image
processing algorithms imple-
mented in the Image] macro lan-
guage. With their help, the inter-
process control of the geometric
dimensions of MEMS elements at
the Mapper factory is automated.
The results of the study of the
Deriche's boundary detection algo-
rithm allowed us to determine the
optimal value of the parameter a.
To improve the flexibility of the
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algorithms and the ability to use
them for different geometries of
the products, special configuration
files were developed and the pos-
sibility of their creation with user
settings was provided.

Although the script was designed
to control the parameters of only
certain wafers, the algorithms
allow a significant expansion of
its functionality in the future. The
implementation of the software
at Mapper's production allowed to
exclude the influence of the human
factor on the measurement pro-
cesses and to shorten the time for
monitoring both individual wafers
and their batches. [



