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"Schott AG *159159* 04 SGLO223SGP  *(@)0002* Met hod for

measuri ng topographic structures on devices

Description 5 The invention relates in general to the

field of mcroscop wmmwmmMﬂmmmFU|ar t he measurenent of

t opogr aphi ¢ struct i ces by nmeans of

confocal nicroscopy. Theigis a need in theCfiSeL§2gLSCP
S@orffuct or manufacturing 10 for neasuring devices

that neasure surfaces of The deviece in order to

control production ﬂmmmmmMm or three dinensions.

It is also desirabl muwmk, to be able to

measure and check the Lopography of applied varnish

| ayers such as, for exanple, photovarnish |layers or
insulation layers. 15 Suitable inter alia for this

pur Method €odl Geialstit ificC T Hhid it udeghton devices
interferoneters. Al though el ectron m croscopes

deliver very good i mages, they have the di sadvant age
pdatridei onaf er or the device nust be destroyed. 20

VWiite Tight interferoneters also permt high precision
measurenents. However, these units have an unfavorable
TRATES | ¢t ¢ APET EL e e 8NdnS@efOrhi gL Akl 81BagkoENh@croscopy,
the optics fromsurfaces"with steep angles, and these
%@r?%%%%C¥Q%rth@?gm%?éuéﬁﬁﬁﬁﬁ pé Bepegremhipggfpuctures on
yar b sh b aveLanthbeknggsssa gannet oeopeasured. In

order to be able to nmeasure photoresist patterns on a
sanple, it is known fromJP 10019532 A2 to irradiate

fﬁ@ e3PsSQnH£§dmﬂﬁhtg¥ kigbﬁ B@rggﬂﬁcgngheggglﬁaghEEQEuring
and an objectrve, and to use an Inmage recordi ng device

for rmeasdrihge devices that measure surfaces of the device in

order to control production steps in two or three dimensions.

It is also desirable, inter alia, to be able to measure and
check the topography of applied varnish layers such as, for

example, photovarnish layers or insulation layers.

Suitable inter alia for this purpose are electron microscopes
or white light interferometers. Although electron microscopes
deliver very good images, they have the disadvantage that the

wafer or the device must be destroyed.

White light interferometers also permit high precision
measurements. However, these units have an unfavorable
numerical aperture, and so no light falls back into the
optics from surfaces with steep angles, and these surfaces
therefore cannot be detected. Again, vafnish layer

thicknesses cannot be measured.

In order to be able to measure photoresist patterns on a
sample, it is known from JP 10019532 A2 to irradiate the
sample with UV light through a dichroic mirror and an

objective, and to use an image recording device to record the
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2 excited fluorescence light, which is emtted by the
phot oresi st on the sanple and is reflected by the
dichroic mrror after passage through the objective.
A fluorescence inage of the photoresist pattern is
obtained in this way. 5 Howevez, with this set up only
the lateral distribution of the photoresist is
detected. A simlar setup is furthernore known from JP

SRR PR L oA 00 k0 L yokgrcensons onel

glemrescisy ¢n |the ssafep et aud ihe;efhg@teﬁthkhbssdoﬁhroic

the refIFthn %é% C@@ @S geEﬁén%Qigc${?%1 R fluorescence
o] at | (e} e

et et hati o e inten |ty r
frhame est etioe pmémﬁmes&mttm@ttefhet$edbt$gm¢d Howekies, way.

uch an us IS SUItab e Iy f asur | .
eﬂ%ﬂ?%ef@P? hJtopogr |esi SI%%§e¥%§ %%%tggbgFlon of
ﬁmeﬂph@ﬁoﬁespmweni|@®a¢cne@roscope is limted. A
br oadband, catadioptric UV m croscope is known from
US 6, 133,576 A. Moreover, a nethod for checking wafer
ébeﬁHI@ﬁe§et@pdf§0fmbemefmombizhowhefsumfaee6095be36 A2. In
det ec in three dinensi scanni

tested is nsi o n
PTG e £7 e Bt LIS REFENBORSPYA o L Ot i ShEnBE Trom the
YOF f OHS WaVed efgl bis . tH@eflﬁbeéga@ﬂgefLSmdeslgeeécsuah The

that the focal planes of f various
Laer engi #9oTr e af Gt {7 EhECBepEnS! Cichap5oEnApCpATLned from

§a§@t§§ﬁ§né@Y§ﬁSo@ftﬁéfiﬁf@ﬁhl@?pkﬁtﬂbeofe@ﬁédeduwkbbcence
the aid of the light of different wavel engths. The

tegpecandetne magesererat H Aghto HPVF%?éntSR&QeP@n@Pﬁératus is

§@hchhed Qﬁl?oﬁgknﬁgas&91ﬁ§rEb@aEbﬁ@@ydfﬂgﬂstgﬁ@braﬁhles,
i mage of the sanple. 30 This method has, however

ot saelvene agerthatti fiesdonfya BEBVEYLEaNE_dMEFLOSCOPE is
cariybag out fluorescence recordings. The

fluorescence signal is known to have a greater

wavel engt h

A broadband, catadioptric UV microscope is known from

US 6,133,576 A. Moreover, a method for checking wafer
surfaces is described in which the surface to be tested is
detected in three dimensions, scanning being carried out
simultaneously with light of wvarious wavelengths. The
microscope is designed such that the focal planes of the
light of various wavelengths lie at different depths such
that in each case layers of different depth are recorded with
the aid of the light of different wavelengths. The respective
images relating to different wavelengths can then be combined

to form a three-dimensional image of the sample.

This method has, however, the disadvantage that it is only
poorly suited to carrying out flucrescence recordings. The
fluorescence signal is known to have a greater wavelength
than the excitation light. In the case of a broadband

illumination such as 1s used in accordance with the method

described in US 6,133,576 A, the wavelength region of the
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than the excitation light. In the case of a broadband
illumnation such as is used in accordance with the
met hod 35 described in US 6,133,576 A, the wavel ength
region of the 3 fluorescence signal then cones to
overlap with that of the exci®ation light, or
fluorescence light of the sanme wavelength is
generated for various wavel engths of the excitation

%i&gges éhé%”J& dfto t éc§$§sd€5e&$§91£b9@£tﬁaeh§tn9f the

onger e aSSIg orescence or the
exfiertion, ligior, tQﬂtf@w@t@%@@m¢ﬁglbghth@feibﬁta@@@n

%Ae&lg% A#w mérlvwg f$9ysg§lo§9né 9&9@5&{;%&8@ the

ornat s Tost and so a ree mensi ona
exmxnmmxmmtlxghbf ImU@@EBClngtaBC$ﬂctDheSdESeCted light can

%%ffcélvf eﬁg%Tll%ﬁggep5lgﬁe ?lﬁ?ﬁégég Seb8§egh8nr5?fectlon,

n accur a ree- |nens ona
MGasumem@mtscdtﬁénnm@safnghesexuctmteenohlgatens bhe

hi b d ' i . .
PRy T e L SEAab PRI g 1

ai ne
Dé@tnaﬂd ﬁdmantmg@@ﬂslmeﬁéLoﬁahntscandtdeveﬂopnaﬁtﬁlobrescing

the invention e s ecified in the dependent cl ains.
%F%ﬁ%%%%%eh?l@ $he'Yhvention provi des a nethod for

nmeasuring three-di nensional topographic structures on
wafers or _ devjces, th the aid of

%%%fb%%?nﬁ+%?o%%ob%eﬁ?foF%ag?sﬁﬂeoFlEB?eQEﬂﬁﬁg of enabling an

L opeps et Krsé rychen i bBascaBASdrvnbht 6%CiFllabireBcing
light, and the fluorescence Ilght emtted fromthe 25

$bERFLpBRERtON W@ FRTF o'kl 9BV ARESof the objective and

excited by the excitation light is detected, and

nmeasured data are obtained fromthe position of the

Thtal oporpt andatreadyepebieyct| 4Br esReAteSEFgRAPINGAE Simple

weyhed aceetHbAdgatociBemed in claim 1. Advantageous
refinements and developments of the invention are specified

in the dependent claims.

Consequently, the invention provides a method for measuring
three-dimensional topographic structures on wafers or
devices, in which with the aid of a confocal microscope at
least one fluorescing topographic structure is scanned with
excitation light, and the fluorescence light emitted from the
focal point in the focal plane of the objective and excited
by the excitation light is detected, and measured data are
obtained from the position of the focal point and the
detected fluorescence signal. The method according to the
invention is generally suitable for checking wafers and
devices with topographies, that is to say, for example, for
checking wafers or devices with micromechanical, electronic,

optoelectronic and/or optical devices.

The invention consequently makes use of the possibility of

confocal microscopy in order to measure topography. By
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invention is generally suitable for checking wafers
and 30 devices wth topographies, that is to say, for
exanpl e, for checking wafers or devices with

m cronechani cal, electronic, optoelectronic and/or
optical devices. The inventiorf consequently nakes use
of the possibility of 35 confocal m croscopy in order
to measure topography. By 4 contrast with the nethod

c@%%‘iraisk%e%iit@l lé%e&r%et%?l’ko%?@lg@aé:n&%é&ein CLzsﬁte&ofBé:,ofN@%l in the

m croscopy it isn roadband i ght, .
casro o creatiics adr MAtC HasEsto vs ulfs tiantriall |r grhioutd oettite  but

mllc\)gl Uy fgts J $,,US8d 1fe%rs€"‘_"s‘"1‘§é£rﬂ5}9cifmt grgn O%%I%éjgica light

er or evice. I'n conjunction
tinadr dscoped tis rewmbiEag tiie wnrper agsy gnihentwafen her

d%%t'%%t.eqnf lc%%rj%%cc & lv}l@?lt éo%fég]ael %&1{%&%} IthDJ!:ﬁ enables
and t hie Tocat ilon o em ssion, ‘specifically foca

e ninicfuet e sexgineatt arf [dhghtdetaaked hibu@rds ggrige 1ight to
ccur at. asur.enent of fluorescing to raphic 10

R Sr l?é(tcdr% srg%ioﬁ'l &Tlr%ﬁc t‘_’Wed V\%\‘eerl Ooﬁatd]g?f? ccge)P?eom]gseSlon’

sexariifieth]l IThhushe ficvaddidimn 40 e swrfeceiaf Iihght, and

tructur.es,, the nethod according to.the invention can .
P S (i G A AR (TF et eSO P raphic
stafitidtagte sMilrh & et riofe Mafoscopidevidal ysitse eonmfooad. Thus,
Jm croscopy particularly also enables the 15
i orfdRSrr (Ve TSttt OF tHo SeRfEs:fn the method
AR diony @S tagaimsdn il ecdd ghitsd nhesd erOMetid ywvolume of
appar at uses, confocal m croscopes have a nore

SR GRS c Y SRR D netdor 93 Bifiegepic

il yBXaY HJHE B dPess Qfpy b £eri 201 £ PENsi @hadnables the
t opogr aphi c structures such as, for exanple, varnish

NORASSE T Updr i & ing Tt afd ert phot eR + et ukh mAdFtken, as
fhatroyesitstte etichred Mosr M rshet g sppeeisuidaf ddveocal
been inserted in fluorescing material or filled with

MY FSERAGTY PR & imfIe AFIRTHES JNRHE HeRbudperture.
application is the

The method is suitable for examining many types of three-
dimensional topographic structures such as, for example,
varnish layers, varnish remnants after photostructuring of a
photoresist, etched vias or dicing streets that have been
inserted in fluorescing material or filled with fluorescing
material. A further advantageous application is the
measurement of micromechanical devices on wafers such as, for
example, microelectromechanical (MEMS) or

microoptoelectromechanical (MOEMS) structures.

It is, however, advantageous also to detect the reflected
and/or scattered excitation light. It is thereby possible as
well, inter alia, also to obtain data of structures of the
wafer or device that are not fluorescing, or are so only
weakly. The detection of scattered excitation light from
fluorescing or transparent structures also permits, for

example, conclusions relating to their inner nature such as,
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25 neasurenent of m cronechani cal devices on wafers
such as, for exanple, mcroel ectronechani cal (NEMS)
or mcrooptoel ectronmechani cal (MOEMS) structures. It
is, however, advantageous also to detect the reflected
30 and/or scattered excitatiorblight. It is thereby
possible as well, inter alia, also to obtain data of
structures of the waf er or device that are not

ar I yyqu( t [
féjcratterédl XCI ta |Sgcn%l%| %ﬂt&%rom %/ f@tﬁg r 88 Hesent.
transparent st ruct ures al so perm ts, for 35 exanpl e,
concl S|ons at| to.t e c
BT T ARt B a5 G PR fon, e
qaamesaerftflceDeq@emchar@m atlhmgamolllm ian afritde cmhestcv egecord
i nf ormation,. | can suffl ce tg nea ur aI ogtglcamln'_t

517 S Ve, podr“tts recor &5 nreasurlrnogu S on A& Sec |%O be
dhiectisgh tihe stauctane tva tie orwmtagemoerdmntment of

th one advanta eous enhodi rrean hfﬁl nventi on 1 "
tﬁf&é\}b"e“tﬁt I}'sfh S Possible 3 OpaFP? Lt Rptateriar to
JEasu efdaatat@d rcIHﬂeI hieen i Hesst dimed b yi el st Ty trmetdrlbuted
msasu 0| nts. These neasurin oj nts can

R, &P T S S e R o %l%t%u%%r%% 1S pelbuted

SRAS WHREL SIeYinse afridieuconpt etise st d acee of £§1|i\}§reglons
waf er or device are detected intheir entirety a

Ahrde: GBS hat Ut TRt &N P ef @F r%%VJe%o%t%e%%tected

iQf drhe A nentdony FHrQi”tﬂ'ﬁﬁsee%H‘lrﬂénspﬁéﬁéPUé@fucﬁ@re
cal cul ate a three-di nensi onal reconstruction of the

t opographic structure fromthe intensity values of the

dldIgeseancss | dlq aich@sst oned posiit 0o ik sesqes, the
focal point. This can then be displayed, for exan‘pl e,

BTt Gl O sea el d oy & Heleke Siod HRel ekl /51 56 C20S Brection
Fdvant agaausr dsvel opnmet o ofe thismerhodi M s PE PV dESes of the

fluorescence light and assigned position values of the focal
point. This can then be displayed, for example, on a display

screen for checking and analysis.

One advantageous development of this embodiment provides,
furthermore, that in order to calculate the three-dimensional
structure additional use is made of measured data with
intensity values of reflected excitation light and assigned
position values of the focal point. By way of example, it is
possible by means of such a combination of a reflection
channel and a fluorescence channel easily to distinguish
fluorescing varnishes on the wafer or device to be examined
from materials of the substrates such as, for example,

silicon or copper.

The measured values obtained according to the invention can
also be used, for example, to determine the layer thickness
of the topographic structure to be checked. When calculating

a three-dimensional reconstruction or a two dimensional
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furthernore, that in order to calculate the

t hree-di nensional structure additional use is nade of
neasured data with intensity values of reflected
excitation |ight and assigned 25 position val ues of
the focal point. By way of exafiple, it is possible by
nmeans of such a conbination of a reflection channe
and a fluorescence channel easily to distinguish

fl yaresci.ng varni.she n fer. or j to b s
Sexar ne egﬁﬂ‘lg)él rﬂ%rrar}theer i rgl Coéﬁf%&ﬁ b%% r% %és/iéﬁ% hl %sifd?%)?lon to
theanplessage3d asidr coni atnepppelso The axasut bsh véduestions from

bt ai ned accor di to the invention ca al so se
i BRI SHdS et T GpRle f o f SR} &1 hehe
vaapegraphired sithrauctilriendno dred checkedn Whemecabtutla¢ i hgyer

5 t hr ee-di nensi opal. reconstruction or a t
e IndiaTs P o 1T g thec et Brel Thy pad possible
Rossdt eof nraddiddagrdphid het avetage dayetie tihh tknessr of the
al so to establish deviations from the mean val ue of
49E-9%yer thickness. For exanple, the variants and
the m ni mrum and maxi mum val ues of the layer 5
t hi ckness can provide information on the quality and .
THosist 14 C 0ottt Sy GtOYHRL 13B00F aphi SR r bt U ePB9E PRt C

yefedsu ©f ddiencdavie®. albngstpartbesl aplyne of the
advant ageous to scan the topographic 10 structure to

THEC FREER R oLl bHeE EhES ¢ otaf N pPAnel of thhe SRt crBeRdpeind

pdidayerwse, fashion. 1 Jg.thbs, end, paeasening, BOESt srom a
froma single layer or, in partlcu?ar, al so froma
TRt of layers lying one abeve another eah pe measured

&%ﬁ%&ﬁfﬁ%<§ﬁ99ﬂ9iP&f&%hé@?ohnégﬁﬂPé&PnAQeé%EEQn_éﬂ this case
option ih this case 15 is that the focal plane is
s sphacethal brepl helopei tal dagpsacef ahengbfket ppeippl axis

Shecgonbpsale I Er9scope &@h?bi:x@ ﬁ19c£8§cob'@p981§9i‘{zé to the

structure for the purpose of scanning the |ayers.

topographic structure for the purpose of scanning the layers.
The displacement of the focal plane can be performed in a
simple way by displacing the wafer or device. Furthermore, it
is expedient to provide a scanning unit of the microscope for
the layerwise scanning of the structure. Such a scanning unit
can, for example, comprise scanning mirrors, a Nipkow disk
and/or an acoustooptic deflector that move one or more light

beams or their focal points along a layer.

All types of confocal microscopes are suitable for the method
according to the invention. A laser scanning microscope
(LSM), in particular, has proved to be advantageous for the
purposes of the invention, since the use of laser light as
excitation light enables rapid scanning in conjunction with

high spatial resolution.

Many substances can be excited to fluorescence particularly
effectively by means of ultraviolet light. Consequently, it

is favorable to use ultraviolet light as excitation light. In
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The di spl acenent of the focal plane can be perforned
in a sinple way by displacing the wafer or device.
Furthernmore, it 20 is expedient to provide a scanning
unit of the mcroscope for the |ayerw se scanni ng of
the structure. Such a scanning7unit can, for exanple,
conprise scanning mrrors, a N pkow disk and/or an
acoust ooptic deflector that nove one or nore Iight

beans oy their focal 0|n

RS PBLe Sl bontbcHh L ERSRChyBa: aetaul EXBI 8°p5L RE 450 nm

0% hod oﬁCEDwdmmglﬁ0shheabnaenitonelﬂglpseslsmannbngroduce
cro S rticul ar proved to be

%ﬂ%%nf EBU%l%%N@?ﬁealg P ogéEerl%ﬂgtuﬁ986F|8n si nce

the use of laser light as 30 excitation |ight enabl es

rapi d scapnin in,con%unctl n W, t h

e erntton WARYh otk Ancbe BantBeraRbe CudaFobOlymers, are

ﬁéy@1@§§@ﬁp§ @@1ta5yéafby reftibeskbuaty bycheansoaf.
ul travi ol et ht. Consequent]y, it 35.is favor? T
@%nﬁ%%uﬁvf%éV|%FéFCFP5ﬁﬁ aenekelmaeﬁaﬁeﬁlaﬁftlFH y

angh@ygééuslp Lhte enseakbhobt wrhhnwavelisrgbhseaf 480
nmor 514 nmis suitable, it being possible,

@QCBF@@G@@ Wi honegRRLRAEReRheCAi 8NBf 1RY8BE PGt 1S

§HQE§§§re5 k@vgﬁgﬁr@hatoEQQHEGeUBEﬁEh§h§naHntopographlc
particular polyners, are particularly suitab

stuertscenés BxeFnacdohhatChAseqlieheRyL Sneuefuics eaRstances
Q?mg§§§95§dgﬂgEBk8BE§E|yBcﬂdVEQB§8%9H§b£uW%Bh thechi ds

rgani st ances accordante wt one
ewbbdtaent anfl BHB Prvefbesnphptopsrugtuapérop@oxies. In the

EQYadSQ ETé&t?ok?&@eaﬂﬁnﬁB%bgﬂ@Et gﬂggrath%Fetﬁgrfaces are

ructure 1S measured t has at [east one o _
subsbmacgsandoppnisiingtphotrgresicsmatBEBals used in many ways.
(benzocycl obut en), such as cycloten, and SUB or ot her

photostructurabl e epoxies. In the
By way of example, the method according to the invention can

be used advantageously to measure and check etched vias or
dicing streets in the wafer or device. In this case, for
example, the substrate material itself can fluoresce and/or
the via or the dicing street can be filled up with

fluorescing material.

A particular problem in checking topographic structures on
wafers or devices is the measurement of structures that
cannot be detected in their entirety from one direction of
view, because they have covered regions. Such structures
cannot be measured without being destroyed or touched with
the aid of previously customary methods. In accordance with a
further aspect of the invention, a method is therefore also
provided with the aid of which it is possible to measure such

structures.

Consequently, according to the invention a method is also

provided for measuring three-dimensional topographic
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field of electronics and optoel ectronics, these
surfaces are 15 customary and constitute organic
materials used in many ways. By way of exanple, the
met hod according to the invention can be used
advant ageously to neasure and &heck etched vias or
dicing streets in the wafer or device. In this case,
for 20 exanple, the substrate naterial itself can
uar.esce and/ or tgn%gn&% ar_the di

fl ing street, .c b
FEUEE TS W 2 S TorEs STy Tt er'i d .l% p"gllr fcu eg%u? of a
dandhlcam imi carecidpyg dtodegrsaphime stopmd th@si onst@bcture is
waf er s, or. devi.c is t neasur.enment, of structure

Lo, Aot et et b 1 ST Pl f She £ocal
pdiirectiimonhef fod=Aw,pleecause tteyolhpyet tov ef e detegi ons, and
Such structures cannot b asur.ed w thout bein

TSI e A0 o RAF MNGR THT 2t YOt ehibud yohe focal
pRUSTomRIy o hidsscddn accandainee Waht a 38gfand hef the
aspect of the invention s therefore al so

t hod | : ,
%ﬁ%ﬂﬂ?ﬂ&?\ﬂqqu|ﬂ§§ﬁqf§ﬁ r§§1$ﬁr$%0%o§%W%n%}?Qﬂ a direction

PEASUES SUChhStdpictdl B xinhsehuedt Yar@ceesdi sigad@d when
the invention a nmethod is also. 35 provided for

e rishg T8 i RASSE dial @ ooy rdipht €28 %1% et ur e
W &fe Or devices in which with the aid of a

confocal m croscope at | east one topographic structure

is scanned with light, and the light returning from

e fReaoq RNt 1 4L the dQedd ndh anecRf chbea9biecdéy€ribed
I's detected, and 5 nmeasured data are obtained fromthe
goxidimantef ahetfodethobiatcardirhet detloet byvention for

i éﬂfﬂi?k&ééﬁgraﬁﬁ¥ﬁ(gﬁ&&gtﬁfgé IS5$ T HELHE € Pet B9focal

etecte surtace runs along a direction
barctd stenae thiegloptmeaiossdry - or that are even shaded
when |light is incident parallel to the optical axis
of the 10 m croscope.
It has emerged surprisingly that the large numerical aperture

of a confocal microscope allows such structures with
extremely steep surfaces or even shaded regions to be imaged
and measured. In this case, the beams of the illuminating
light that are incident at large angles can also still
illuminate such regions as are no longer reached, owing to
shading effects, by light incident along or parallel to the
optical axis of the objective. For example, it i1s possible
thus to measure regions of the structure that in the case of
light incident in a fashion parallel to the optical axis of
the objective are shaded or covered by another region of the

structure, of the wafer or of the device.

The measured data obtained for the purpose of measurement
with the aid of the method according to the invention can be
produced from light retroreflected at the surface of the
structure, and/or from diffusely backscattered light and/or

from fluorescence light produced at the focal point.
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This nmethod can al so be conbined with the above

descri bed enbodi nents of the nmethod according to the

i nvention for measuring topographic structures by

means of confocal 15 fluorescence |ight mcroscopy. It
has energed surprisingly that 8he | arge nunerica
aperture of a confocal m croscope allows such
structures with extrenely steep surfaces or even

shaded regions to be i maged 20 and neasured. In this
case, the beans of the illumnating |ight that are
jmciﬂamirmdcmhagbyamglESpcaaithotsthbé thél univeatéon to

i ons ar e n onger eacC OVVI n . . .
é Targn ge oflﬁgFllnatlon

uc

iﬁﬁﬁﬁ%g %?¥e%?%ep §u¥|gﬁ?slnt| efit g“0F " Para

ﬁ@ the wopst cahraxts ofi the obpecbfvehiEbr tbxaapkéfrakton
E053|ble 25 thus to neasure reqi ons of

t he
EFE FRaCT Tt heSBAEL 81 CPFORCCFnBraBht ) A14° enole
Wieshi oe par bt ehcté o ﬁ@eeO@hlﬁaéante QBughhesebjEEEidetected
are shaded or covered, Eg anot her gb 8 th % 1
$t9Ret ut e, tBEN t REIWAF &t Y of Co St RECaabr et036l fgsely
pRaissk £d- data obgrtned for the purpose of neasurenent
with the aid of the nethod according to the invention

can be produced fromlight retroreflected at the

Swifager8fibhe tBLEUBLHI Be ABHLQLHr BLEirhiHgELY the
backscattered light and/or from fluorescence |ight

proRiieedn afaRhel PECEKAPBL AL . ©OCLPFe dNPAPRFEEI &F yack etching

yeLh 998§é9é§t&elgsscéh§ kn¥entkeRchostdatect-cuery
steep surfaces w a large angle of inclination to

the wafer surface in the case of which the excitation

%yﬁé£m#ﬁ%%lﬁwzwm%%%%wm%w&@umam

ang e en hese s aces ave an adequate roug ness
Jheederete el esbgdamensst hed phitharefyreocbetaséhiebdgawings,

igegtiég§e£Md Q§EE§S§tE?Eﬁgnk%gﬁklnéop§gﬂgﬁgdr%ghﬁn%he same
that can be neasured according to the
reference symbols, and it being possible to combine the

features of various exemplary embodiments with one another.

In the drawing:

figure 1 shows a schematic of a confocal microscope for
carrying out the method according to the

invention,

figure 2A shows a microscope picture of the reflection

signal of a resist structure on a wafer,

figure 2B shows a microscope picture of the fluorescence

signal of the resist structure,

figure 3 shows a three-dimensional reconstruction of a

further resist structure,



10

15

20

25

30

35

i nvention can, for exanple, enclose instances of back
etching such as repeatedly occur with etched
structures. The invention is explained in nore detai
below with the aid 15 of exenplary enbodi nents and
with reference to the drawingd0 identical and simlar
el ements being provided with the sane reference
synbols, and it being possible to conbine the features

f_various l_ar [ - it r
Tl e e S ET R ) SR AN on
confocal niremdscope faorwa fesar rapiafpasut t he et hod
according to the invention, 25 figure 2A shows a

m croscope picture of the reflection signal of a
friegirst S5t r wdiowse a0 igewwafferthe flilgueree- RiBnesioivesn al

m croscope picture of the fluorescence 30 signal of
t he resi st setci'oﬂilcsttlﬁuec,tqungfrheo"’érl shows &' "¢ SR 2 cu open
t hr ee- di nensiconala reecomisin uiat itdre ofz @ ldng tdlesng esiestline A-
structure, 10 figure 4 shows a three-di nensi ona

reconst ructi’on of a region of a wafer surface, figure

5 shows a view of the three-dinensional 5

reconstruction shown in figure 4 that is cut open .
S L seciVIF i“??éts%r%é Ja‘??ét al % Hael‘?r?%ea?\@ gection
figure 6 showmdreasirethdel-ghtiwvatasral ongatde

section 10 along the line A-Ain figure 4, and figure

7 shows neasured val ues along a section through a

#afeFe W th Al ghetk iad VD1 YW eordy | $ fesehemathfough a
of "a confocal LSM denoted as a whol e
wafer with an etched via.

Figure 1 is a schematic of a confocal LSM, denoted as a whole
by the reference symbol 1, in a way suitable for carrying out
the method according to the invention for measuring three-
dimensional topographic structures on wafers or devices. Such
a confocal microscope 1 typically comprises a laser 5 as
illumination source. Ultraviolet light sources such as, for
example, UV-lasers, are particularly suitable in this case

for exciting fluorescence in organic materials.

A photomultiplier tube 7 is provided for detecting the
fluorescence light excited by the laser light. The light from
the laser 5 is coupled onto the optical axis of the
microscope 1 via a dichroic mirror 8. In order in addition to
the fluorescence light also to detect reflected or scattered
excitation light, the dichroic mirror 8 can be replaced by a
beam splitter 8’ that is transparent to the light coming from

the sample.

The confocal microscope 1 is used to scan a fluorescing
topographic structure 22 with the aid of the excitation

light, and to detect the fluorescence light emitted from the
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by the reference synbol 1, in a way suitable for
carrying out the nethod according to the invention
for neasuring three- dinensional topographic
structures on wafers or devices. Such a confoca

m croscope 1 typically conpridés a laser 5 as 20
illumnation source. Utraviolet |ight sources such
as for exanple, UV-lasers, are particularly suitable

th| it f scen o]
A R T e
aiensmd Ny ttte 25¢ditumrescehteht i gheaexcededaby a2he then
aser t t I oupl -
alrﬁ&eg%pw e B ST e, B3EhL Py oYE 86 ene
dhtﬂutnd:ﬁmuwmmsébn¢m @I@mallnaaddrEConded the
fluorescence light also to detect reflected or

scattered excitation light, the dichroic mrror 8 can
heov epddiciad tiye ab 84 beanh spfi therm8trbhabpesso as to yield a

transparent o the I| t co e sa The
SRR it St if 47 1 S OBP e BBk L 1F, 32PBLS e (Bfaphragns
9Qﬂﬂgrﬁphﬁ@rSﬁm@CIM£@r221®mth bhetnedlofhtheeflected from the
ex0|tat|o 35 [i and to dege t the fluorescence

P tRe "3 h??ﬂe 94 ©FbthFpoint 17 in the focal
plane 19 of the objective and excited by the
excitation |ight. Measured data are_then obtained

FEbRT tFRCPbSIT | DHIBIS L hR FBEaF pBi AE T6°aRdSFRGSTY embodiment

sdetpet ed £ly@rescensessignak, 2apd wa@@édgdrfacer@yudnd
in the bean1€ath of the mcroscope_so as to yie 8 is

EbrPBRAF LRGN @@%@E@PBHCa?ErPﬁ5u68n?805PlVeaPﬁﬁﬁﬂéa

giaphragmernd apdudduterophgnhasepthbabl 1yor thBewhkeght surface
reflected fromthe sanple to be exam ned, or enmitted.

4D 2reuscapmed hB SAWPFELiFA fREN&A8ewdEht KBCeLERHPERY
BIBPEERBPE 1 along the focal plane 19 in the xy direction.

The scanning of the layers 1is performed in this case by

scanning the excitation light by means of a scanning unit 13.
The scanning of the layers can be performed, for example, by
means of a moving scanning mirror, a rotating Nipkow disk or

an acoustooptic deflector as devices of the scanning unit 13.

A number of layers lying one above another in the z direction
can be recorded such that measured data are obtained from
three-dimensionally distributed measuring points with the
result that it is possible to calculate a three-dimensional

reconstruction of the structure 22 and of the wafer surface.

In order to record or scan the layers sequentially, the focal
plane 19 is displaced relative to the topographic structure
22 along the optical axis 16 of the objective 15 of the
microscope 1, the displacement of the focal plane 19 being

performed by displacing the wafer 2 along the z direction.
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shown in figure 1 is a wafer 2 on whose surface 21 the
fluorescing topographic structure 22 to be neasured is
arranged. The structure 22 and, optionally, the wafer
surface 15 21 are scanned in |ayerwi se fashion with

the confocal mcroscope 1 alaong the focal plane 19 in

the xy direction. The scanning of the layers is

performed in this case by scanning the excitation

i ght. by means of a nni ng_.uni t The SC anni ng of
]'{lﬁgmléi/eras Ccoé?‘Ptheerpﬁ oty If%r”é&%%}%y ‘6?/ 20° n anés)he
fafuck SEBEME: Siaght NEhdidgDirgned rotawn ngo N pkow diskeorof the

t oopt fl ect d f.th _
A B e S P S LB sk EE P Praccion

di dihe oghdesdion stancherd ezdr ded such éﬂﬂ@t teastsebduter is
data are obtained from25 thr ee%ﬁlnens

REGT A e NS UTTHY PO i3 Wi th TR LoR Yo omat tiplies

i odossii e i cadtul 24 esach hfiegt dinenshosasity values
reconstructi on of the structure 22 and of the wa

diaieas By e RACTGMICUT b BF Sdm | heeP dyer branimitted to
Sseauentd A dy, dhe frncalc30h phanendd, i sndi epbasedre the

relative to the topographic structure 22 along the

Pt eedn ok sthe Brcaherobplect 7 ven 15hef fopal ﬂ%%?%s%%peca“ pe
doni e digpl acement of the focal plane 19 being

performed by displacing the wafer 2 along the z

direction. 12 Finally, a conputer 25 uses the

iﬁ“§ﬁ@id¥iﬂaly@31§fai§§ séinrﬁéggﬂﬁfelEghﬁsénﬁeasured data

assi gne nown p03|t|on val ues of the f ocal p0|nt to
\@Jaﬂa:uirat@nalthr‘e@l@éEma onbleceednskeuterdban bighheand

1#5 gsf{fgﬁtygfugg:ogotﬁg'f gQg’ BbﬁtCQgpygeEaiéulate
cohnect'ed to the scanning unit 13%°and the -
phot omue ¢+ plnensionbe FryiathiraesIR7,.s2posathlehap thés end,

%@%2@?% ﬁlgalH@Sscgﬁt?géeg%g¥rghgeQBQBQHHhﬁgp%h§ﬁetHQ%ectlng

e transnitfe conputer
Starné ngeninét Liaht ahére¢biecthd epestﬁtennoilGhé Likewise,

ISCQ'cgﬁkf&u}ZtEQntHSVIQEéﬁgpkﬁeﬁ }ggugénlb?luorescence light

and reflected excitation light can also be detected
simultaneously by means of an additional beam splitter and

detector.

Pictures of a resist structure on a wafer that were taken
using a confocal microscope are illustrated in figures 2A and
2B. The pictures respectively illustrate the measured values
from a two-dimensional layer along the focal plane of the
objective. Here, figure 2A shows a microscope picture of the
reflection signal of the resist structure, and figure 2B
shows a microscope picture of the fluorescence signal of the
same resist structure. Fluorescing resists of substrate
materials such as silicon or copper can easily be
distinguished by combining such pictures, or generally a
combination of a reflection channel and a fluorescence
channel. Remaining resist residues for example may in this

way be made visible in structures. For example therefore
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10 controlled. In addition, it is also still possible
to use neasured data wth intensity val ues of
reflected excitation light and assigned position

val ues of the focal point 19 to calculate 15 the

t hree-di nensi onal structure. It3is possible to this
end, for exanple, to scan the |ayers sequentially
whi |l e detecting quorescence Iight and refl ected

@@Cltatlon ﬁf t Wi uraggon
Vi atihy 1o f?%%%% ?Th%?%%céﬁ%%lP% Bt 2+ &hd
ﬁMﬁﬂTﬁﬁfﬁbEﬁfim@Iimnthég@%r@ﬁhaghﬁ@rbe FeéeCfedm%Qesist as
t aneous ans of an additiona itter .
U ook coter S f (T bt oreapBer kL E b bravehrgted in
ﬂw@ﬁweghax aved e2® aken using a confocal mcroscope are

illustrated in figures 2A and 25 2B. The pictures
respectively illustrate the nmeasured val ues froma

M@uﬂén?n§ﬁ@@§|a|@Nﬁéeaﬁﬂﬁgngb@ngpcﬁécﬁh§89u@ﬁlbﬁeof a
obj ective, Here, figure 2A shows a n1croscoEe picture

%ﬁp?%%ap¢é$|%%%v%%u%¢g%%|a ofaffe- rEepsEtEvFLEtares gnpart of

41 elire: 2B 1 SNOWS3@ FhEE 05£9PBePhCLYF 188 thea structured
fluorescence signal of the 30 sanme resist structure.

FribredcPhgthesyaier of TRebSEFUEEUr BT ePfaf BestigRedsis such

Sht CORe Of 1 COPPEa SN §aSELYsPEN Qh%ﬁ'BEP&&B@@yb¥alllng
conmbi ni ng such pictures, or generally conbi hat 1 on

branmks ef ieeh | ohrepanmes and arﬁsa@tesé@ﬁc@xa@néﬁnenn the case
5@”@&8&@@ €f§éSt%{eéfdggéhéero?xggBkﬁd”BXCEH tQ3edRs. The

be made vi si elln structure or exanp _
%%@t%@@r@f1Gheth®¥@l%hel@Y¢rl39e§h§t residlestrated in

ff Q'?gs %&?r PQ?EQﬁtEHSEUEEHQ.LQ %h8v8ErEH atop edge of
free fromresist as such, in fhe Case of the
t@s|@$ps¢$wc®mreTm¢I@@@&a@édtha dépgase$ozAiandeBBgn5ted by

K, the obliquely falling flank by F.

The measured values for the three-dimensional reconstruction
of varnish layer 30 were obtained by scanning the varnish
layer 30 and detecting the fluorescence light emitted from
the focal point of the objective and excited by the
excitation light. The measuring points for determining the
measured data are distributed in this case in three
dimensions, the measured values having been recorded by
layerwise scanning of layers lying one above another along

the focal plane.

Since it 1is essentially only the resist that fluoresces under
the action of ultraviolet light, the wafer material can be
well distinguished from the varnish layer. Consequently, as
figure 3 shows, it is possible to calculate a correct
reconstruction of the varnish layer 30. The material of the
substrate, or of the wafer, is not evident in the

reconstruction.
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Figure 3 shows a three-dinensional reconstruction of a

t opographic structure on a wafer. The structure is a

part of a varnish layer 30 that has been applied to a
structured surface of the wafer. The structuring of

the wafer is such 10 that thell4atter has a depression

with obliquely falling flanks. Such structures are

present, for exanple, in the case of etched vias, or

of etched or ground dicing streets. The section of

the varnish layer 30 that is illustrated in figure 3
Bhows:asusgl ore thbsh r lmge aWd) ofethi heekeppédge embddiment is

t epression. The edge of the depression.is
b o SRR o TSy O PR ir e F e P F FRE B P Ak oggdpresults i
e teeser eitharad Uesaf oretbest hueeidhneasi bhkkwise also be
reconstruction ., of varnish | ayer 30 were obtai ned
e T e 2t oot Ao by Shrdnt Geraler Sy if e axe
d$a0r Bscentecdbn@htt em hbedrhcoarihfestionakspofotr ekample,
the objective and excited by the. excitatian |ight.
SIHSC PEBSLT T Yt obi HEQCPOF T AGLRF APAPNGPPRE: NBAsGRAEPLe SUS.
data are distributed in this case in three
di mensi ons, the npeasured val ues havi g b?en recorde

FB nY

on; d .
BiyB o5xh iyt fi B2 SEAANFRGOBP T e el 8 bh8VaBoFE region at

Ot heryayONgngthe fecahaplabehed BEGahtici faterials, however,
essentially on? the resist that fluoresces under the
ke ont pPn Ul 90 BHER FRYRLCIBRBSwWAfef SHalBY i APScAR BE °14 nm

3Pl Lo digtt pgut shedef o kiR YatBhshchayer the emission of
Consequently, as figure 3 shows, it is possible to
Ehpertacenae cbi gkt TTPBCBRBL FBcRFOR28f NhEaV&ARNERD -

| ayer 30. The material of the substrate, or of the

wafer, is not evident in the reconstruction. 14 The

hease edavar af shtFagerrsd wvhieki suskenpbafy épbsdiifeskample,

18rn8sBCBa {054l abhonn! A¥RY 9Rs@aWBES! no®i Bl apby i8@08y spin
égggggg,lgince otherwise regions free of varnish form on the
structures under some circumstances. Consequently, closed
varnish layers are frequently applied by being sprayed onto
such structured surfaces. However, even when varnishes are
sprayed on thinner varnish layers can occur at edges. This
effect is also to be seen at the edge K of the depression of
the exemplary embodiment shown in figure 3. The varnish layer
30 exhibits a striking waist at this point. Here the method
according to the invention assists, inter alia, in checking
whether the varnish layer thickness still suffices to
insulate conducting layers applied to this varnish layer from

the wafer.

A further possibility of use for the method according to the
invention is the three-dimensional reconstruction of
micromechanical devices as constituents of a wafer or device.
These can, for example, be produced from the wafer material,
or be mounted thereon. One possibility for'producing

micromechanical devices consists in photostructuring plastic
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the three-di mensi onal reconstruction can |ikew se al so

be 5 achieved with the aid of other organic materials
that are wused in sem conductor manufacturing such as,
for exanple, photoresist or a photostructurable
epoxy, for exanple SU8. BCB éxhi bits maxi mum
absorption in the ultraviolet region at 10 335 nm
wavel engt h. For many other organic materials, however,

' ' | 4 | & of pi4 4. r
R, Y B R s e e e A
dives i@d ssirorpaft iU kot estéEhcea 16 ghitl talohe BeRmeles BOD this
vel . In t S r d :
QAR N ity SRS G flodl () BT IREively
TrEREr By 1 Tk taarit ese ot s heu aippd i esli by Sipé nmethed | dagcosdhee to the
Qs se gedlons dree ofe vernlsholopm on, the,
structures “under 'sofe” ci rcunst ances. nsequent |y,
closed varnish layers are frequently applied by being
pr.ayed onto 20 such structured. surfaces, However,

VAP St VT ST Breo TSt Ayt R nher-UArat s Water
dumyferee ¢ ioccirl wdtegtges. iThi sgueé f €ct Instlal socéee pethe
seen at, the edge K of the de rgision of, . tFe exeg%%argl ted

SodiTeTt Showte i fY R 4ie 37 The Varhishetayets se-ecte
fﬁdﬁféfﬁéénstFi%Pﬂ@ Mﬁéﬁiw@lathiéwpotﬂt.ob@ﬁeimhehe yz plane
net hod 25 according to the inventjon assist i nter
G chdtking mﬁgt%‘? ﬁ%%%?ﬁ?%ﬁl?‘éyéfl%?E%%@sl“
Stdlde suf fN€eSotOr, | NS B ec CONESMEL A ngrhgyen st appeigat values
to this varnish |layer from the wafer. 30 A further
TRA AT 3P e F9FC1®e: net hod according to the
invention is the three-dinensional reconstruction of
m cronechani cal devices as constituents of a wafer or
i g iommesetanvafor exahdte, 2betprbditetil trdhiehed 1n

ed efedTed edn@l 5 ho§ bedaprosedoh heregnd erench 33, only
possibility for grodu0|n 35 m cronechani cal devi ces

e i S1% §ILTR0t O3 PEEREr | MUpFAREFE- 18NS depression 31 is an

etched via hole, and the trench 33 is a dicing street along
which the individual dies can be separated. The structures
31, 33 were both respectively etched, starting from the side
21 of the wafer, up to an etching stop layer. The etching
stop layer is to be seen in both structures 31, 33 as, 1in
each case, a flat bottom region 34 of the via 31 and the

trench 33.

Both structures can be produced, for example, by etching. The
structures 31, 33 have extremely steep surfaces with
reference to the xy plane, in which the wafer lies, the
regions 35 even lying perpendicular to the xy plane, or
parallel to the optical axis of the microscope, which lie in

the z direction.

The measured values of the topography of the wafer surface
that are illustrated in figures 4 to 6 were obtained

according to the invention by using a confocal microscope
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| ayers made from suitabl e plastics. Photostructurable
epoxies, in particular, SU8, are suitable exanples for
this purpose. Such MEMS or MOEMS devi ces can be
effectively neasured and reconstructed using the

met hod according to the 5 invértion by recording the
fluorescence signal. A three-dinensiona
reconstruction of a region of a wafer surface 21 is

' S d n a f j :
SR SR R oL o823t BB rel B et e
ﬂigﬁugﬁh@ athb;nm@afb§h©msoé vthewyvatetr epehaca Ehewygh the
ong t reco t] .

PSR OEo L O ARE A 36 LIBa" SEOUBLEELLRY agne
@ﬁEuWnymghfh@mghmevﬁ¢u@B purasuiedtaboﬁgcahepieneioﬁ.the

e. reglon of t he f surfa 1 that _ .
st Tas it duree anilbsPREathehopratorhs Bgsition of
el fb¢iEnp®168 a@@lyheh@éfethedtEéﬂOhnBngEﬁggt In this

|lustrated. The d i §.ar d hol
ST R bt ST SUSE AT 6T &1 Paet PGt g SwhEBhOCRe S of

t Ineli ¥/ Bluet u Bk €s3tan3 bewsepar atiedacdheustr ygakuiesl 20 the
31,. 33 were both re ectlv |y etched, starting from
el SFHe?BUS of "E R GmFerte %p to an etching stop |ayer
The etching stop layer is to be seen in both

structures 31, 33 as, in  each case, a flat bottom
TgiBAtRAd of CEREIHPA 87 BRE tR¥SNEFBACAUBSEiogspRARticularly

St Falet Wy €5y CAReRer RE Odused, shetaesanekaibhy &t 6RgAddegree of
The structures 31, 33 have extrenel&ﬁsteeg sur f aces
B

FPEFNneef eFeftetPat tReCRy L pPhhelsi ReWAPERTLRELRAT &Fom the

Fhes) ﬁ@?ntr§Qt8n§h§505#§8tH¥bngnEeEQﬁngbCHE%EcE@dthﬂowever,
xy plane, or 30 parallel to the optical axis of the

h¢c¥%s@bp@ papsERLEi BOj ReapHEez tHer EePPERaPrTRe structures by
aBesSYt eAgval uesc9tehbe 10gREr 2pBY ehet hecwaf gbisurf age

structures of the wafer surface can be covered to this end
with the fluorescing material, for example. The topographic
structures can then likewise be reconstructed from a
reconstruction of the fluorescing material. Thus, the
underside of the reconstruction, shown in figure 3, of the
varnish layer constitutes an image of the surface of the

wafer.

A further example is shown in figure 7 with measured values
that are recorded along a section through a wafer having an
etched via 31. In a way similar to the exemplary embodiment
shown with the aid of figures 4 to 6, the via was also etched
here up to an etching stop layer such that the via has a flat
bottom region 34. The via 31 further has a back etching. This
results in a protruding region 39 of the wafer surface 21.
If, for the purpose of measurement, the wafer is arranged in
the usual way such that its surface 21 is perpendicular to
the optical axis of the objective of the confocal microscope,

the region 39 shades regions 37 of the surface of the via 31



that are illustrated in figures 4 to 6 were obtained
35 according to the invention by using a confoca
m croscope 16 such as is shown by way of exanple in
figure 1 to scan with |[|ight the exhibited region of
the wafer surface 21 with the 1% opographic structures
31, 33, and to detect the light returning fromthe
focal point in the focal plane of the 5 objective,
Q?@§U£§9eﬁéﬁéeb€b”9 g?%ﬁt”% aEVQQ’&HElBEﬁktbﬁgpﬁf hh§ectlon
cal poirnt and the ected returnin
¢hspareéheeéntorehst pptigrésadis 83 thelgdnngtﬂ@gloﬁgese
t : S u
R a3 e e e e T
dérhodlancofdthg mDCtherpeenBBomeuncbeonsen with the aid of
artlcu ar effectively. when th stee rf
ﬁuﬁet a hxwﬁvﬁegrééeo Xt%gﬁg ness suc% %ﬁ %%ruCture 31
inghtdtﬁgrEheoceﬁéeededrfBbadbherebaoab ﬁGImB det@cthe

obj ective and be detected. Howev i s_al

Dok SFBES, B8e B B e RE PE B FaliRrC o8t FEc dpsgepymerical
dﬁéﬁﬁﬁtégof|UﬁéeﬁﬁeﬂﬁecbbghtThéombthedfacabrﬁquttoThﬁe
structures of tEe mafgr surfgie can B overed to th
eRdSP 4 PR FRETFFH6Fe8LPRgSREPEFFal "ol é%ﬁwﬁﬁ@eanQHal
topegraphie sstudetueesteabet bempllekeMysacheured,
reconstructed froma 20_reconstruction of the
FEGOPESErRGeRue B X SUFhi<e He CRGHGe PSR Glresttllfé?yed
reconstruction, shown in figure 3, of the wvarnish

| ayer constitutes an i mage of the surface of the

wafer. 25 A further exanple is shown in figure 7 with
nmeasured values that are recorded along a section

t hrough a wafer having an etched via 31. In a way
simlar to the exenplary enbodi nent shown with the

aid of figures 4 to 6, the via was al so etched



here up to an etching stop | ayer such that the via has
a flat 30 bottomregion 34. The via 31 further has a
back etching. This results in a protruding region 39
of the wafer surface 21. |If, for the purpose of
measurenent, the wafer is arrafged in the usual way
such that its surface 21 is perpendicular to the
optical axis of the objective of the confoca

ﬂ?s I QSCN %gmkp% Fegi,oh 39 shades regions 37 of the
ﬂﬁ#gﬁmﬁ?ﬂéigﬁﬂ?ﬂﬁﬁrxﬁﬁééi with reference to a |ight
that is incident along a direction 41 parallel to the
optical axis of the objective. These regions 37 are
%heré%%ggc gﬁ&f%ﬁﬁﬂﬁ%ﬁemed fromthe direction of

A he maegscope. As is to be seen with the aid of 5
figure 7, however, the entire surface of the structure

1 i¥f8%Hdi ng the covered or shaded regions 37 is

det etird onagaardi ing: traadde i nventi on because of the
| arge nunerical, aperture of the m croscope. The

et hdt AEOrdiTg & the invention therefore al so
gnablms s ugh fttvee- di mensi onal 10 topographic
structures to be conpletely neasured, reconstructed
Snd Vi sualGAEP SR ho T FEI IR FESIRARANS 18 Li st of

ref erencg ;sygmelsc 1 Confocal nmicroscope 2 Wafer 5
Laser 7 Photonultiplier tube 8 Dichroic mrror 8
Beam@yplgatiiste 9, 11 Confocal |y arranged diaphragns 13

REanMAg Ui t;,15 Qb ecf i ve
17 Focal point
19 Focal plane
21 Surface of 2
22 Topographic structure

25 Computer

27, 29 Lines

30 Varnish layer
31 Depression

33 Trenches

34 Flat bottom region of 31, 33
35 Vertical surface region

37 Shaded region

39 Shaded region

41 Direction parallel to 16

K Edge

E Flank
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16 Optical axis of 15 17 Focal point 19 Focal plane
21 Surface of 2 22 Topographic structure 25 Conputer
27, 29 Lines 30 Varnish |ayer 31 Depression 33
Trenches 34 Flat bottomregion of 31, 33 35 Vertica
surface region 37 Shaded regi ar® 39 Shaded regi on 41
Direction parallel to 16 K Edge F Flank 19 Patent
Claims 1. A nethod for neasuring three-dinmensiona

ﬁgg%%%qgfégmsstructures (22) on wafers (2) or devices,

f 5 which with the aid of a confocal
m croscope (1) at |east one fluorescing topographic
i S scanne

trucfure (22)_is d w exci.tation light, and_ . .

he f LEﬁEé%énE%-l?SﬁFuéﬁP9t%ErFFo§%Pﬁ851988&|tBSPﬁFaphlc
§dcturébe (fprabnphaners19p)obrt bevabjeect iviethelbhse of

nd excited the excitatiagn light is detected, an
B S nttr Sc Bt & G 67 obt BPRGACFLOMMERGSHODE: 10 GF LREST one
fD@@i‘TS@Dﬂl@t Ebﬁa@rﬁpdithgtgate@g@d (f2|2:¥Oﬁ%S@e@aﬁed with
sighal. 2. The method as clainmed in claiml, erei
?’égjr%%’fjeﬂno}lg%at?Bge’&“@xéitlatrﬁéﬁepicﬁhtl19§td§f“é&t§g. from the
focal point (17) in the focal plane (19) of the objective
(15) and excited by the excitation light is detected, and
measured data are obtained from the position of the focal

point (17) and the detected fluorescence signal.

2. The method as claimed in claim 1, wherein reflected or

scattered excitation light is detected.

3. The method as claimed in one of the preceding claims,
wherein measured data are obtained from three-dimensiocnally

distributed measuring points.

4. The method as claimed in one of the preceding claims,
wherein the topographic structure is scanned along the focal

plane (19) of the microscope (1) in layerwise fashion.

5. The method as claimed in claim 4, wherein the focal
plane (19) is displaced along the optical axis (16) of the
objective (15) of the confocal microscope (1) relative to the
topographic structure (22) for the purpose of scanning the

layers.

6. The method as claimed in claim 5, wherein the
displacement of the focal plane (19) is performed by

displacing the wafer (2) or device.

7. The method as claimed in one of the preceding claims,

wherein the topographic structure (22) 1is scanned in
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15 3. The nmethod as clainmed in one of the preceding
claims, wherein neasured data are obtained from
three-dinensionally distributed neasuring points. 20
4. The method as clained in one of the preceding
clainms, wherein the topographPc structure is scanned
al ong the focal plane (19) of the mcroscope (1) in
| ayerwi se fashion. 5. The nmethod as clained in claim

l%KeW‘?LrS@ '%atsl?ﬁofno‘fo?l me%%splcﬁinea (Dndiqdigplaced algnghe
the optical axis of the objective (15) of the
meemb@@@pentéroscope (1) relative to the topographic
structure (22) for the purpose of scanning the

| ayers. 30 6.. The nethod as clainmed in claimb5,

8wher 8he teghaodi 95l adermed o tHe il @%I{ ltg)e jgcanning

1RELLHEH DY oA RRACIY i1 BT oA P ded.co. 7.
as‘cl'aimed in one of the prece I ng clains,
35 wherein the topographic structure (22) i s scanned

|n 2 f I Y [

s o BRI R RN RN T 2 SR dcpnning
iisn pedrefiomm&d Vetye mesiam st hzef saca\turpk@v dSlsls perdrorarerh dyooptic
dg&gns of nmoving scanning mrrors. 9. The nmethod as

e 5 n claim7, wherein the scanning is perforned
by neans of a N pkow di sk or an acoustooptic

ef | tor 0. The net od as cI in one,of t ,
Wrec éljf‘aqctlrsa A | ?gh‘i Spru%%e 119 Paims,

vﬁ?eﬁsietiai llcan.sén ghtghtlls 'H@dTe&énodxcaSta:dmmeUlgmt one of
the preceding clains, 15 wherein a three-dinensiona
reconstruction of the topographic

11. The method as claimed in one of the preceding claims,

wherein a three-dimensional reconstruction of the topographic

structure (22) is calculated from the intensity values of the
fluorescence light and assigned position values of the focal

point.

12. The method as claimed in claim 11, wherein in order to
calculate the three-dimensional structure additional use is
made of measured data with intensity values of reflected
excitation light and assigned position values of the focal

point (17).

13. The method as claimed in one of the preceding claims,
wherein the layer thickness of the fluorescing structure (22)

is determined from the measured data.

14. The method as claimed in one of the preceding claims,

wherein ultraviolet light is used as excitation light.

15. The method as claimed in one of the preceding claims,
wherein light with a wavelength of 480 nm, 458 nm or 514 nm

is used as excitation light.
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structure (22) is calculated fromthe intensity val ues

of the fluorescence Iight and assi gned position

val ues of the focal point. 20 12. The nethod as

clainmed in claim1l, wherein in order to calculate

the three-di nensional structuké additional use is

made of neasured data with intensity val ues of

reflected excitation |ight and assigned position

val ues of the focal point (17). 25 13. The nethod as
claimed in one of the preceding clains, wherein the
H%yeﬁhmlntﬁ@m aof qmmemoxres@mmgofsttmtm@cwmg ¢kaims,

e N ASI £ 4 h

as clg %egﬂlf%e%;#eﬂ% t'he pr gtc%%%g %Pa‘flrr?stg@ Lg]fe%ei gﬁg o
measEnddltetat ing dts Lmt asnexef tHte osulh $ ghnced Scompei sing

t d cedi cl ai s,
pﬁegrbgr:jensal | thaédv’\%at }gb%]s\?ce engLF‘ﬁ %@4%&% 458 nm or
514 nm 35 is used as excitation light. 21 16. The

h as cl.ai one of. the
o R AR el 11 ot SE e B f e dPag sbyins,

WI'SereniHﬂSaer etk dHwd hias 631|,ea§td1)dflﬁ”1@fsth€e’sub33&n038a
conprising 5 photoresi st hoto tructurabl e
e A RO e et O ne ot U e
preceding claims, wherein an etched via (31), a

cing stree 3) or a . mcronmechani cal . struct [
ot 0P et é?r IS oA oF P TES s et ShEYCE8h8atEonic
sIﬂfHLQEttﬂ:té@nSZZ)najl,t OIDZDgr@rth£fe§§ Izt Usesdée2ces], i33)
on wafers (2) or devices, Ear i cul ar as clai med in
it 0t e Pt ekt d%.%e i RACGRE RN hel &S of 17
whicanfipcal tREroseape { Bortob&BSHiO®F6scope (1) at least one
topographic structure (22) is scanned with light, and the
light returning from the focal point (17) in the focal plane

(19) of the objective (15) is detected, and measured data are

obtained from the position of the focal point (17) and the
detected returning light, regions (35, 37) of the structure
being detected whose surface runs along a direction (41)
parallel to the optical axis, or that are shaded when light

is incident parallel to the optical axis of the microscope.

19. The method as claimed in claim 18, wherein measured data

are obtained from the light retroreflected at the surface of
the structure (22, 31, 35).

20. The method as claimed in one of the preceding claims,
wherein measured data are generated from fluorescence light
generated at the focal point (19).

21. The method as claimed in one of the preceding claims,
wherein regions (37) of the structure are measured that are
shaded by a region (39) of the structure (31), of the wafer
(2) or of the device when light is incident parallel to the

optical axis (16) of the objective (15).
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15 topographic structure (22) is scanned with Iight,

and the light returning fromthe focal point (17) in

the focal plane (19) of the objective (15) is

detected, and neasured data are obtained fromthe

position of the focal point (22) and the detected

returning light, regions (35, 37) of the structure 20

bei ng detected whose surface runs along a direction

(41) parallel to the optical axis, or that are shaded

when light 1is incident parallel to the optical axis

2¢f. t Adberimertdsusbpes ¢ lmimerhel et fasted P eI E| &igams,
erei : u i ned. f

e e oo o a1 The SiiTace o the Strlcrure ettt

{@2,he3bpt3s)al 2kisThel Metdiodlas @ aeve n(bhe b nersured

e L L)

point (19). 21. The nethod as clainmed in one of the
precedi ng clains, wherein regions (37) of the
structure are neasured that are shaded by a region
(39) of the structure (31), of the wafer (2) or of
the device when light is incident parallel to the 35
optical axis (16) of the objective (15). 22 22. The
nmet hod as clainmed in one of the preceding clains,
wherein a region (37) shaded when light is incident
parallel to the optical axis (16) of the objective
(15) is neasured 5 that encloses a back etching of an
etched structure (31, 33).



