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FErrerererrerererrrrrrl 000002*  Met hod for neasuring
t opographi ¢ structures; on devices Descrrbrron—s-?he~————— -
invention relates in general to the fi
m crosco in particular the neasurenent of
i croscopy, - in particular the masurenent of [[[IFHIIININN
confBmadt g oscopy. There is a need in the field ofiso
sem conduct or manufacturing 10 for neasurrﬁg‘déVTE§§'____
that measure surfaces of the device in order
control production steps in two or three dlnEnQMHmmmmW“mww
It is also desirable, inter alia, to be able
measure and check the topography of applled varnls
| ayers such as, for exanple, photovarnish |ayers or
i nsul aty IS, 15 Su|table inter alia for this
pur pose are el act PSS s FSRegraphigh etaucitghes on devices
interferoneters. Although el ectron m croscopes
del hy g;rys{g good i mges, they have the di sadvant age
t ha = r or the device nust be destroyed. 20
Waite light interferometers also permt high precision
5 Meaglil efent s, . Home%?r these units have an unfavorable
nuneri cal’ BbetPUre L& sd rengmht thalthe HAek d BOmicroscopy,
t heln g it fraomesid f
e o B eBadrBrea Shgurures on

the surfaces 25 therefore cannot be
varnléh‘?a ar TERSc Rfe S8 again gt chesaepgur ed. I n
order to be abl e to neasure photoresist patterns on a
aqﬁie is known fromJP 10019532 A2 to irradiate
he 1836 &e?mi‘l Befft AnUGhE §heldhpbughmacdhebeob mmpacturwng

0002*

10 ando&nn@bﬁﬁ@hhgedeeﬂgeEOtHéﬁ ﬁgagg?gesﬁg gégéngf The d

15

20

25

30

to rgpor% t he : the device in
© control production steps in two or three dimensions

It is also deSLrab;e, inter alia, to be able to measure and
check the topography of applied varnish lavers 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 1mages, they have the disadvantage that the
wafer or the device must be destroyed.

White_light interferometers also permit high precision
measurements. However, these unité have an unfasvorable
numerical aperture, and so no light falls back jnto the
optics from surfaces with steep angles, and these surfaces
therefore cannot pe detected. Again, varnish layer

thicknesses cannot pe measured.

In order to be able teo measure photoresist patterns onfa
sample, it is known froem JP 10019532 A2 to irradiate the
sample with UV light through a dichroeic
Objective,

mirror and an

and to use ar image recording device to record the



A

2 ‘excited. fluorescence light, which is emtted by
the photoresist on the sanple and .s reflected by the
dichroic mrror after passage through the objective.

"A fluorescence inage of the photoresist pattern is

obtained ii this way. 5 However, with this set up only

the lateral distribution of the photoresist is

detected. A simlar setup is furthernore known from JP
60257136 A2. In addition to the fluorescence signal,

the signal, fromthe 10 surface |ying bel ow the

fl uoeestiay filddpdse cted.. The . l.ayer thickness of

the reflecti ,ngtofi I m%gctneeblelegg-‘e"t’e%%‘r?& % s tded by the
e ot s sl oy, spe dicnuoic
such _an apparatusﬁ%§%%§hi?g%%gko%%f F@p%ﬁ§é§ﬁriﬁgflUOr65C8nce
][el lﬁzﬁ VI IEe POeser l&ﬁh'-iséspatﬁesinn(i@ lbb@a@ﬁgahinoghi‘s way
sie vea , C@Rv@Ntnonral, .M ¢ro e.is limted. A )
br oadband, catadiop??igégbﬁkiéﬁggcgbs L& RRBWNAEF oRibution of
USE,-1!§3P8P50AeskBiteavedetachetinod for checki ng waf er

20 surfaces is described in which the surface to he
teséed.is detected in three dinensions, scanning

bei figSCBFHREASBEYD &F nfiirbheousty Mhéim | F8 & 60257136 A n

var kaast yavetsnghb! 5y m croscope is designed suc
that the focal planesu%$g?%%ncTiiﬂﬁ o Vet ctignal from the

O navBFERYERS] YiRS dre Lo feirent Lutens s wgichy 25 {4 %e-ddleea. Tne
ed wth
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eachs gaser | Ayielss Pf di ff erent. depth are record
t he 2%% of the ?Ssu ghct)PoggedﬁeTge THt Vel eh qiass beTlhetermined from

res?ﬂt Qg;w@? T tts gy den sl @refilo WY GheNG4irescence
can iden qg.;gal{éeg ar.m r ee- di nensi ona

i mmge of the sanp e.%ﬁ#éd%* g#%rh&ﬁ“ﬁd?f'héwéﬁeﬁp ghparatus is
di legenlvattan riessamling peakky velit @dakOtopographies,

ngs. The _
flugreﬁcence signal i s knowi td gggeﬁgéPééﬁercrOSCOPe is
waveer§an

A broadband, catadioptric UV microscope is knowa from
US-€,133,576 A. Moreover, a method for checking wafer -
surfaces is described in whieh the surface to be tested is
detected in three dimensions, scanning being carried out
simultaneously with light of various wavelengths. The
microscope is designed such that the focal planes of the
light of various wavelengths lie at different dupths 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 fluorescence recordings. The
fluorescence signal is known to have a greater wavelenéth\
than the excitation light. In the case of a broadband

illumination such as is‘used ir accordance with the method

described in US 6,133,576 A, the wavelengthr regisn of the



than the excitation light. In the case of a broadband

il lum nation such as is used in-accordance wth the

met hod 35 described in US 6,133,576 A, the wavel ength
region of the 3 fluorescence signal then cones to
overlap wit-1- that of the excitation light, or
fluorescence light of the sane wavelength is

generated for various wavel engths f the excitation
light. In.both instances, the detected light can 5 no
Ion% &p@gﬁassigneq tgﬁ;he fluorescence or the

r ef FeCPEERCeNter Stignaie taeat cerend tof ci,tati .
l'i glatkciiRakRen hqﬁﬁkid%qlfla§ers. Cbnsggggégpy?&?heggat oL the
depth information id “odtURRESE875¢t ArebtdpfiehbE onahe

r ec8A¥FPLGEEIESN isf gkheoresdi Bgr ﬁhkﬂgbgrggvé§e%g%%st%% the

def egtiveridQ Thepknveptio i§ t herefore base ,
obj ect _of enabli SkJ gﬁ gggﬁraFét?ﬁF%éﬁth%n@¢tﬂmmed light can

5 : : . '
neagﬁréﬁ%%?robefaaéleeedngo Smé“51@6?§5099c¥@59r€hé”5eflecti0n,

devhé£Sto 1ond hi ] i s.al ready achieved in a nos
su;frisiqggg s%ﬁ%?gégﬁé% % et FoHtaklien o it iim the

cl at 47 ideRhntageous Coredadquesteill s, ag}ﬁeq?%ﬁrpgrﬁefrgﬁaqf. .
theldgw%mdogbageuﬁpggé.i ed _in the dependent clainms. *°% s
20 Consequently, fhe 1 nvent I oPis-oviesen st risttion bér £luorescing
e UG r @ hriee-dk fesstsivenal  t opogr aphi ¢ structures on -

10 wafers or devices, in which with the aid of a.
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confocal mcroscope at |east one fluorescing
toﬁ&@réﬁMQ9§ﬁﬂﬂuﬁauﬂhdnefb:eabae@dwbhhth@xghgggkogf nablin
i glterrard E@gé@_g&&@ig§gce Iight emtted fromthe 25 g an
focal point in the Tocal CpranBEdFurRBenk) eét Fhaoamscing
exCi-fBETUBE St ha erferst condbigbesis detected,' and
measured data are obtained fromthe position of the
foigl point aid the' detected fluorescence signal.
e;..' A . .
lnkagﬁiﬂBgoEeggﬁdEég;edyihfhl:ﬂ%@nlmog m§sge§@¥§§ﬂ§&ngly simple
. # eEREEXLB9YRIRES A% 1aim 1. Advantagsous
%eflnements and developments of the invention are specified
in the dependent claims.

C?nsequently, the invention proyides a method for measuring
tnree~dimensional topographic structures on wafoers or
devices, in whiech with the aid of a. confocal microscope at
least one fluorescing topographic structure is sicanned 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 foecal point ard 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.- S

The invention consequently makes use of the possibility of

confocal microscopy in order to measure topography. By



30 ‘devices with topographies, that is to say, for

exanpl e, for checking wafers or devices with

m cronechani cal, electronic, optoelectronic and/or

opti cal devices. The invention consequently nmakes use

of the possibility of 35 confocal mcroscopy in order

to neasure topography. By 4 contrast with the nethod

described in US 6,13=,576 A, in tHfe case of confoca

m croscopy it is not broadband |ight, but

'npno%ﬂ{onatig_or at |east substantially nonochromatic

i gift qq%ﬁt|%$Qhu§ﬁef@ﬁt@p@sd@ﬁﬁ@ibﬁa 59Pegr 3Phy -ot ;2 A, in the

waf efaser oF q%ME%%Bllgﬁgggjunctlon wi th confocal

wic&giég %b tELs enables S tRBYunitqhé B8Si §aredbaot Lheht, but

det fetascemcet! ighttt hat] ight . .
gl QubEBgngﬁghﬁ?yh?ﬁgk¥g%%ftlc lignt

andthBe hgcathan L ssion, _specifica
point of the ech?gtﬁonsFFbﬂg,tBﬁdtOEﬁﬁéanhhigﬁly wafer or

5 e : : ' .
accliFéte neaguﬁenenncoioilthes&darmﬁoégp%{&gééé&o&y,o this enables

St rugé UELS, he wafer or device to
'exaningd.q%ﬁug%sggﬁi%%ﬁi?'o%h?cﬁ??ﬁ?%ﬁﬁfﬁ&upxﬁsdinte light to

st rtRe ez tankomet ot @ocondi N e dfvgntdon can

al s dmeesil h olunme .of these structures. By "~

cpg? ast vvi{']hhéf%ﬁé? r%onca\ﬁ é°r°o‘§tto|cﬂ*c thgn@nmsitat ioonfldgalt, and

i Ib§%dbytnﬂwhy(aﬂanﬁaweah&@S%&%Hk%§n%?g§ﬁ%Pﬁescing topographic

10 ndryj;qs"tgttwé'svg_l{reoars%%e nt of the sa

addi tion, as ‘agai nst’ Wit #3fiegheri Aeerier crebEY € xamined. Thus,
appar #C65&s onc dref ahal sumf@eesgqp%ﬁeh’g“é%ugtﬂmee h
f awetallg nauner ical ape. -cure. The netho 5§80 t 8B Bethod
.fo%aexanlnlng many 9988§t69ntﬁﬁée312@ deaenseotAk volume of
t ofBgPaphitcusturetur By sosbrast §0Ene e, varnish

EncEPoRl fon ARToSopic

| aygES rni remmants after photostruc
photorg§¥gf,Eé?éﬁggyv?hgr%?cﬂPbih@r%i¢@baslyhalsﬁwﬁﬁhbles the

" beBAnAPASERERAVEIMELsOr@seh B0 LS | Al i 14 ed ith
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flags eset ngL i baterial .. A further advantageous
agg,icationhfg?tﬁg&ég ?éiﬁﬁ#%ﬁ&ﬂﬁtQM SRR nEEwnNicaifocal
deVt EERS P aaf mave saicives, W raple numerical ape-‘ture.

The method is suitable for examining many types of three-

dimensional topographic structures such as, for example
= ~%=7

varni 18!
rnish layers, varnisn remnants after photostructuring of a

photoresist, etched vias ©r dicing streets that have been

in a . .
serted in fluorescing material or filled with fluorescing
macerial, A further advantageous application is the

example, microelectromechanical (MEMS) or

mlcrooptoelectromechanical (MOEMS) structures

It i
t 1s, however, advantageous also to detect the reflected

an catter itati ]
nd/or scattered eXCltation light., It is thereby poss:ible as

well iz ] ) i
r lnter alia, also to obtain data of structy-es cf the

wa i :
fer or device that are not fluorescing, Or are so only

weakly. The detection of SCaittered excitation light from

14

for
~ing to their inner nature such as,
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exanpl e, m croel ectromechani cal (MEMS) or

i

croopt oel ectronechani cal (MOEMS) structures. It is,

however, advantageous also to detect the reflected 30
and/or scattered excitation light. It is thereby
possble as- well, inter alia, also to obtain data of
structures of the wafer or device that are not

fl

uorescing, or are so only weakl?y. The detection of

scattered excitation light from fluorescing or

tra arent structures also permts, for 35 exanple,
congﬁﬁéfgﬁg
for exanple, to instances of turbidity that may

'aFPngnﬁﬁamﬁeﬁroEnMembma&u&etEHth§§,b§ present
be - )

pre§ﬁpt.a.Depending on the application of the desired
i nf romatcoRg Pi tB&nagpiirasioo oEashie edab 0P8 ai b EMnat jon, st

or canveuffﬁcbotbeﬁgggu§engngﬁingﬁggints on a section
C ;

W

sthrough the structure to be
teg

t eBket1® | fF ateb¥fante to record
8- 2B aRP4BEBUSN erboscheos Ofroddte i eftiMhure to be
btain

howeltetkedt 18 Q&@gkggﬁgétwf%hig articular to o

nme
nme

agﬁr ed gat a. from t hr ee- di nensi at .V%qasﬁerqtb%teéf@odiment of
astf i hG" pRY H%. Dorese measturing o Pos Gan de 1, particular to

di soibt dith efle 4, Siehyddhats one ttq{fenor  struyctures to bé
e

nmeasure:;, subregions -: Or

oIS Orsudrlfvaglé s ibuted

the" Wl 1 RRVi e dtee stetrectsadt 1 righ gofieit’s @ b8t ¥i st ributeg

One preferred

re.
enbodi ment of the invention provicdes® PF Pgasurec, subregions
parti ddt%arcompd eg4l suirfesea othitie- diafersbenabyice are detected
redﬂn&nkugt@@@irggytgﬁdtggggggghic structure from t he
t he

intensity values o

s0ERELOPRghELERAL UTE.

uor

assi gned position values of the focal point. This can
t hemebe rdirspl-aye : lLe,, on a display screen
£ok aﬁdgmbg@§mg§en§6 Ehe HRvantdgeopsovides, in

for checking

anal ysi S.

"* dePBFopiEnETof “PhFalewbatie nenthpeevisiesns: it hel R ruction

thaf thHeotdgbglOpKal Cilf AL hr ee- di nensi onal
strycture agd?ti%na ﬂ%gh§%££§d O TRGst eRN St Walides of the
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vorescence 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 ordex to calculate the three-dimensional
Structure additional use is made of measured data with
intensity values of reflected excitation light e&nd 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 j j e
measured values obtained according to the invention can

also be used, for example, to determine the layer thickness
e . .
OL the topographic structure te be checked. When calculating

a tnree-dimensional reconstruction or a two dimeinsional

1a



int'ensity values of reflected excitation |ight and
assi gned 25 position values of the focal point. By way
of exanple, it is possible by neans of such a

conmbi nation of a reflection channel and a

fl uorescence channel easily to distinguish

fluorescing varni shes on the wafer_ or device to be
exam ned from materials of the sufstrates such as, for
exanple, 30 silicon or copper. The neasured val ues
obt ai ned according to the invention can also be used,

8 t r . . ]
f or IS throug: &hei serubeulrayes tt hisckpgs bﬂ?;&%:ﬁ?dition o

t opageaphiet aglel Ygt WL e_checked. Wien calc
35ﬁgﬁéhree-d?nens g%thggggﬁgfrﬁE?Poﬁooﬁséabhtsh deviations from
di i

Bfar Balyscpfohnehiaugh tH@cﬁﬁéHEtufgﬂi%%%é§;§, the

posskkliants addi ti,on.tQ; the average layer t
alsgpto gstabliskhge$%§%$%%sa? IR X+REN eakuemlafe e layer

t he“f'aGEReefi ermeBEOVIde ExBomhet i dheo,, VAl d and ,
thedef@&ﬂy%gnghmﬁ&vgiues of the Iatfl}{eér a11%) and possible
thigkness can provi de HTR %ﬁu?QﬁPQﬁPEQu9nmﬁﬂd twaald or of the
posStHt e - defects of the topographic structure or the

wafer, or of the device. It is particularly

adgﬁgtageous_to scan the topographic 10 structure to

be nedsUrRiF BloRg nlhye advealt apleane ok ganlqhgrggcﬁggaphic

10 i n daverise JAshi gu.. Jo this end, neasuring
froma single IZ&e?QSF;rFﬁ EZPPHCGPQr?OQBéopiamawaf the

ruuﬂﬁQIQﬂcqpﬁyéﬂslhybmgieeefabﬁi@nangghgéiga@ngg neasuring

neasined rdependik n the information desired.
optioﬁ in thisgcgggggg ﬁgy?ﬁa?rthénféééFlEWkauaiaﬂso from a

di SHFREEd4l danethel pptycohe axbsve Of biective of
thaeﬁeﬂﬁgﬁglogiﬁ5835$ge r;lgtrv V?p ?%gﬁe?d%gbfﬁpmﬁ?surEd

., structure for the pu QERALFOR ¢ %ﬁ+¥@9tfﬁﬁlqnuﬂan.inThais case
di $pI BB@kekke ofoenk Bbamd P4 anEs SERA® DRITOWIR JL0:801 4pi 0

si &pl ehaeyb by 6] $p! aeing the wafer or device.
FU{‘t her nor e?yci:t 20 c?’g %}gepe%f c elo DI AAKESPE $ednbimg to the
un

r :
?P?ﬁ.Q?R#¢n%ﬁ¥HﬂﬁHK£fﬁnr the purpose or scanning the layers.
The displacement of the focal plane can be performed in a

S

Simple W y y sp i . W Vv Q
. a b d_ laClng the aLer OI de iCE. FLILheIm re’ i&
2 . . . . £
0 1S expedlenh to pIOUlde a Scannlng unit Of the minOSCOpe Or

the j i
layerwise Scanning of the structure. Such & 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. o
25
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 advantagedsus for the
purPoses ©f the invention, since the use of lase- light as
30 ex;;tation light enables rapid scanning in conjunction with
high spatial resolution.

.Many substances can be excited to fluorescence particularly
effectively by means of Ultraviolet light. Consecuently, it
3_ v v . ) ' i
5 1s favorable to use ultraviolet light as excitatjon light. In



the | ayerw se scanning of the structure. Such a
scanning unit can, for exanple, conprise scanning

mrrors, a N pkow disk and/or an acoustooptic

defl ector that nove one or nore |ight beans or their
focal points along a layer. 25 Al types of confoca

m croscopes are suitable fz)r the-method according to
the invention. A |aser scanning mcroscope (LSM, in
particul ar, has proved to be advantageous for the
pur f, _the.inyention, since the use of |ase.:
]ig%izggcg‘&a&cﬁpa¥$&ﬁ FR§Rt 1éaaBl @dthapeeteiength80of N480 nm.
conjé@ficnimonwstth nhi g8 spatikgh ' esel Ution. Man ’
subgthCE? ggn gg exci t ed toggfﬂo?gsgé%gg 83??¥%h?aP?yproduce
ef fectver§ byWhEAnEef 24st pAviaker Light.sources. :
Consequently, it 35 is favorable to use ultraviol et
5|1 gbt gg e%c'tation light. In 7 particular, inthis

case |7gnt. Wt hoh@Ret @bt s bl 980impa r B8 Yd Moyl ikl s . are
nm parsicy bt By $diHehng ' r oduce . such

light with t e al'd of |asﬂ§?§ﬁfg1¥1%és%%$ =, SX G b3t lon.

general ., 2 organi c HeRitunes gan pi:eertniteﬁaﬂlfn’ed)@a\tlmlz;%,larly

ar eadpartdcaduiyly WS e f.qr fd uorescence

excj t at.. ogr::a.Ld Cownseaﬂdient ey,alg rolfctourrgeas{u&ar?u@étﬁééi@ﬁr- edn
paraﬁccciﬁ S “Hdvamreg@sbsidi mentth dfhe hai d neknel gani Etﬁ is

t he

10 subistearEor® prdvideeok@dance W th one embodi ment of
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inyention, it is 10 therefore provicd®§ tharas torographic

t hred i e s tn AL 2c8566r ApAtc hasstruterse bAeMBASUREs ybstances

t habmpas sahgl pasSt o006 Qf t sypstances. conpri sing

phot oresi st, BCB -ben%ogychguggﬁyfogﬁghoﬁgte%&cI%W%m,as

andYSUBCBF ofREr SPRoPESPt et uPhbtesepast esabld dfiics. In the

fieidlofoel ecteophgs-angd,p ectronics, these

surfaces are 13.custona?@gaéggé%gg?Ffﬁ?%c%fg%ﬁﬁ%ﬁ surfaces are

et &F F AF3TUsRU i AofBRYS Wity so raByi waya 0f r 2xXRIRl a6 M many ways

met hod according to the invention can be used

adgan&ggeously t o, measure and check etched vias or
y or example, the method according to the invention can

b? ?sed advantageously to measure and check etched vias or

dicing streets in the wafer or device.

example,

In this case, . for
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 d:
view,

irection of

because they have covered regions. Such structﬁres

cannot be measured without being destroyed or touched with

the aid of previously customary methods.
further aspect of the invention,
provided with

In accordance with a
a method is therefore also

. . . Lo .
the aid of which it 1s possible to measure such
structures. o

Conseguent] rdi t ' i -
quently, accoxding to the invention a method is also

provided for measuring three-dimensiona:z topographic
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dicing streets in the wafer or device. In this case,
for 20 exanple, the substrate material itself can
fluoresce and/or the via or the dicing street can be
filled up with fluorescing material. A particular
probl emin checki ng topographic structures on 25
wafers or ‘devices is the nmeasurenent of structures
that cannot be detected in their8entirety from one
direction of view, because they have covered regions.
Such structures cannot be neasured w thout being

desEfsyetupest ouchedewit br &E@i@EQ.P% Hﬁg%ﬂOUS%% the aid of a
a e *

CUSELQHR ds, In accordance wt s
aspect %?agﬁéhgﬁeﬁﬁ?P%n?talﬁéﬁhoén¢stwwmgmﬂpﬁftzﬁgwhcture is

pr o¥Faeme v whth heigh¢l, ofnahigd {4 Qssi bl e t _
Measyy e s#a:rkh structur es. Conselq%%%?lls%ua‘crt“d}%i%goq d-he focal
the invention ThoP+3"%12h 86 qiriadtdedd fiy detected, and

MmedeRATURed Miates M N e d W R SHUTMER focar

on af Q evices in which wt

cor?flé%crf‘?flr SarﬁC{: oL SISt & et Uit ngo paghaphire g3 ohUCHYT € e

i s SWuatneed Wdihd ihttectard Jig d i.ght-_retuning from .
thefasal Qoiné in the focal %Faﬁ%rchFh§u85jé&PP9ea direction
isééetected,oaﬁ ©5 ORtaSared xdat acar habt arsedvbroBhE A8y when
posilghtnisEinkedkagabarpohRt and.fhe_detected .
rehg&gbgg Li ght, regFoﬁ of theg gb?ug gf%age?ﬁbs of the
det ect éd WRGse surface runs along a direction

parallel to the optical axis, or that are even shaded
whep. light is incident parallel to the optical axis

of the r ope*s S e cait fal Soe &R

(P 4ot aad eSO T sC o held | t0e heoanhidied i ped

wi embediemeroy eo flessd i hetho® ' s ,of the nethod
ac&gg%&p to the inventi on ?%?g&r?g&}{s%rti%g'}}%p‘dﬁf%mﬁ% for
StTUCT Ured? by PRRHAPInic confuetlras My W RSC IFC & JriFlta 1

mi Srwstoamendd thiagn e ey ek s4Yprisingly that the large

nunerical aperture

I . L] 1

t has emerged Surprisingly that the large numerical aperture
of a confocal microscope allows such structures with

extremely steep surfaces O even shaded regions to be imaged

and measured. In this case, the beams of the i1l.uminating

light that are incident at large angles can also still
i1lluminate such regions @S are no longer reached
ey 4

, owing to
shading effects, .

by light incident along or parzllel to the

Optical axis of the objective. For example, it is possible

thus to measure .regions of the structure that ir
light incident in a fashion

the case of
parallel to the optical axis of
the objective are shaded or covered by another

[
§Lructure, of the wafer or of

region of the
the device,

The measured date obtained for the purpose of méasurement
with the aid of the method acco

rding to the invention can be
produced o

from light retroreflected at the surface of the

structure, and/or from diffusely backscattered light and/or

from fluore e 1i
scence light produced at the focal point.



of a. confocal mcroscope allows such structures with
extrenely steep surfaces or even shaded regions to be
i mmged 20 and neasured. In this case, the beans of the
illumnating light that are incident at |arge angles
can also still as illum nate such regions as are. no
| onger reached, owng to shading,effects, by light
incident along or parallel to the™ optical axis of the

obj ecti ve.

For exanple, it is possible 25 thus to

measure regions of the structure that in, the case of
light incident, in a fashion parallel to the optica

. ¢ - - d by,
axi grofis bb@t@@h?ﬁ%%yew@i§ g?ggfg%grE%2¥§é?5@e¥+n%ﬁntion to

anot.her region o

€ structure

the98EFFteve3p TheeReasufadesavatiobt alaege f @figthess inelination
puraes@h@fwgp@§uggg§gée_yﬁt@héhe ai d gf t he net hod

according to the invention cah ?ﬁferﬁ

diiEETh £ ifn 3@t ion

“ret rbPRFIBEEbEC I Wite 3ufarinofindisiesdd U We.a flat angle

andw@énfEKE@@iiﬁﬂﬁﬁégs3@&5

i ght and/or from

SC t%LedI
f1 uor escence |ight produced at 1 T ocalE PpAHesD The detected
i s P eutariiEmard ipostl bl the wsedited MNEMionkdy
detietd k V@l ot StLe isgLHe‘_aces with a large angl e of

i nclination

t he excitat

to the wafer surface in the case of which
ion 5 light strikes with a grazing

10 | NAEHRNGE Vg it 2 -t 1 atca%n@e.?.ﬁ-l when these surfaces

have an adequate roughness.

E2qBLEC 8FCOSFERLl tPsthe

t heMYSTitaen 101t o foe aseariphied eacdbbbUsabYances of back eteching
ba%mggagge&%gegkgg&yo%gﬁShadegHreglons that. can be

measured accor

ing i Hv&ht PoRRBEANnS tEBEtERARDI €,

encl ose instances of back etching such as repeatedly

expl ained |

ocemk W%ggnggggegsstru§ture'- The invention is
e

A ror & det B PLBEF o P FRE t Bt @i dl beabowfwith the aid

13 ex@fpRErFréAbEdEMEALEnandsWatd wifier POE€réQct NEo the drawings,

20

30

exem i dent L eat - apd.sinilar el enents bel
raﬂbﬁﬁﬁcal'gﬁghggggﬁgg ePLHLN AL g%f%g”bEbvfég

provi ded w

th with the same

reference symbols, and it being possible to combine the

features of various exemplary embodiments with sne another.

in the drawing:

figure 1

figure 22

figure 2B

figure 3

shows a schematic of g3 confocal microscope for

carrying out the method acccrding to the
invention, ‘

shows a microscope picture of thé reflection

signal of a resist structure on a wafer,

shows 2 microscope picture of the fluorescence

signal of the resist structure,

shows a three-dimensional reconstruction of -a
further resist Structure,
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reference synbols, and it being possible to conbine

the features of various exenplary enbodi nents with one
another. 20 In the drawing; figure 1 shows a

schemati c of a confocal mcroscope for carrying out

the nmethod according to the invention, 25 figure 2A

shows a m croscope picture of th%i{eelection si gna

of a resist structure on a wa: Eer,” figure 26 shows a

m croscope picture of the fluorescence 30 signal of
the_.resist, structure, figure 3 shows a
thrgégafﬁeﬁsioﬁ%?w$e%&mﬁﬁﬁnﬁiMﬁnsﬁomalfmuddﬁﬁtﬂuﬁﬂﬁyh of a

structure, 10 réd%gw eoﬂ_asw%lg J\Allgéaaeéedi nmensi onal

reconstruction of a region o er Surface, figure
5 shows a view of the three-dinensional 5

rechingiralcs | onsdiVy iy e f igure 4 that is Cut open
along a section in thelﬁé E%gﬁgemﬁ&ﬁfﬁ WePﬁéoﬁﬂlA,
figure 6 shows SRUAHE Rengishowal des fdlgare uhehar is cut open

section 10 alaQrgd e ki -Ain.figure.4, and figure
7 shows measured §g|u§§°gﬁ8ﬁglg §g€t35npﬁﬁP8u@ﬁ°é9 the line A-

wafer with anfetched via. 15 Figure 1 is a schematic

of a confocal LSM deno:ed as a whole by the _
reference synbol 1, in a way suitable for carrying out

thé 1fEERo® acebPHEngerourhe haventi oalfies SEESYIHY section

three- di mensiopg 0 hic,structures on wafers or
devi ces. Such a gotﬁ?gc‘g{ﬁ%%r%s%’&pgl‘i‘lfﬁp?caﬁ“ﬁ/

conprises a laser 5 as 20 illum nation source.
U egauvi-el et | §Qbt, uch as, for exanple,
UV- | gser s, are a?f?%%%lg%?/ %{Pﬁ}%&,@f@}g & MeCtddse through a

wafer with an etched via.

Figure 1 1s a schematic of a confocal LSM, deno:ed 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 S as
illumination source. Ultraviolet light sources such as, for
example, UV-lasers, are particularly suitable ir this case

"for exciting fluorescence in organic materials.

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

beam splitter 8’ that ig transparent to the light coming from
the sample.

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

light, and to detect the fluorescence light emit-ed from the



for exciting fluorescence in organic materials. A
photonul tiplier tube 7 is provided for detecting the
25 fluorescence |ight excited by the laser light. The
light from the laser 5 is coupled onto the optica
axis of the mcroscope 1 via a dichroic mrror B. In
order in addition to the fluoresgfnce light also to
detect reflected or scattered excCitation light, the
dichroic mrror 8 can be replaced by a 30 beam

spli n 8 .that s transparent to the |ight com ng
froé%k?ﬁeéggﬁﬁiéj the t86nfocal pilenestOpeflths ¥S§dctOve and

scagxgiftledc bgs ciheg ext9pggk 8RNk ¢ rugture 22 with the

ai d gt .t he exeitaton 35_|i8h??g§%a P525ered dete are then
flugresceﬁge FPEhE EnPPEeBLloRontt hee 1fociDCbiPOI TS Ml the

i n dheetoedl £pharesdfnef ih jective and, excited by
sthe excitation Iight.nN@asuggnga%QQaf%c?ﬂ% * obt ai ned

fromthe position of the focal point 19 and the
detEc@eﬁdédanegﬁgngéhﬁnﬁggﬂ, recorded. 5 Provided
I n .%&?F beaﬁ $at h of the mecr o%%g%‘ee SH-HLIPRA A1d ag to yield a
confocal“ton ?@{&%ﬂq%ﬁﬂQﬂ%@RQMtwnnﬁanﬁﬁda&ﬁngyyyﬂqed diaphragms
di aprareynsl £oAnchd i fQry t ser_light, or the Iight
reflﬁfted froqmthe sa i éhﬁghﬁe‘ﬁiéﬁ%hééﬁ I&hi-e£8gd from the
10 3RS rift RF Rxamside ioF e tease of the exenpl ary

10 enbodi nent shown in figure 1 is a wafer 2 on whose
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surface 21 the fluorescing topographic structure 22
wless

to7 &Ss sagpdenged th&heaskr ugt whe 32eﬁ§9&ry embodiment

optshenal liy, ftilyg eaher ssurf 15 21 are scanned in
Iaﬁqrmﬁse fas%?bn Wi th %hggggﬁf cal' "APEFo3kBpRCE 21 the
al onY rREFBPal-opPanerhsci atrhetuyedpeechi 98. medEreq is

scaprengedl the ' rformed ip this case by
scggngggethe exc%?gﬁégﬁkéigﬁtaﬁ " nBRhSO L WY scEMhivRfer surface

un Sscanned 1in layerwise fashion with the confocal
mlcroscope 1 along the focal plane 19 in the xy direction.

The scanning of the layers is performed in this case by

scanning the excitation light by means of a scanning unit 13.

The scanning of the layers can be performed, fo:- example, by
means of a moving scanning mirror, a rotating N:pkow disk or

an acoustooptic deflector as devices o= the scanning unit 13

A i .
number of layers lying one above another in the z direction

can be recorded suck that measured data are obtcined from

three—dimensionally distributed measuring points with the
result that it is possible to calculate a
reconstruction of the structure 22 ang of

three-dimensional

the wafer surface.

In order to record or scan the layers sequentially, the focal

plane 19 is displaced relative t0 the topographic structure

22 along the optical axis 16 of the objective 1% of the

mlcroscope 1, the displacement of the focal plans 19 beiné

P . .
periormed by displacing the wafer 2 along the z direction.



The scanning of the |layers can be perfornmed, fo:-

exanpl e, by 20 neans of a noving scanning mrror, a

rotating N -pkow di sk or an acoustooptic deflector as

devi ces of the scanning unit 13, A nunber of |ayers

| yi ng one above another in the z direction can be

recorded such that neasured data e obtained from 25

t hree-di nensional |y distributed néasuring point;- with

the result that it is possible to calculate a

thrqﬁﬁﬁﬁﬁpensional reconstruction of the structure 22

and flo1 g wdf &°

t he 4layares ceemeentiiqaltl \ngt f. I lane 19 .is

di splaced rel%tivegto t he ?géé ?gﬁh%98E§tPSéﬁ&ﬁen ¥yolues of the

al ong t he PFSpf*

nicmdS&bpetbpoghaoﬂiépE€968€HEe0g2tug f?cal Elane 19
[ [ & wafe

TRt &5 Us@sortder ingemedard valLt86aBE the

cal SRiL§v48t8f at Bbrebj-ditewe: dnaf t88onstruction

R3S PBAg Ehe gomputer is

bei erfqroped by displacing t

“dir gg?f‘g-ﬁ?egzggﬁh%l Pganaieonput er 1 25an8e6hé ot omultiplier
i nt énbety vahi§§§egf27pe29fgggge?gencghli ht and

assEgFed known ggsition val ues of 'The""§

cal CU

t opDIE agdrhsu 1Sd ¥ UCT AN ecf?ﬁ.z:sc-ré:h&ihri%gs 1‘-§nnia dt&{]rﬁ%ctohng)ruet:feorrel SEhe

Femdithe faiues

are"a bhrehe dhrtemohal ok seonstseict icdn 8 B snitted ro

nnected to the scanni ng uni

C (N
hoé)%%‘r]t?rbl‘?ferthet AREF W dti s 127,029 eh t1ahet B8, can be

10 i nteorsidy)l M ues detected by the photonultiplier tube
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7 can be -transmitted to .the conputer, and the

scanning unit, and therefore the position of the

fodal apaiittioh/ isn thkesfegal..plane 19, can be 10

contr ol log ot e anesrsthy bl

us€ MdadtitEd sdatavanien bﬁteafléytaaluﬁ&i@étﬁsﬁlggéﬁg and

exeaistsagnea bbgﬁEiéHdva§ﬁ§%gggdtgos%tion val ues of "the
afe 15 t'he

15 fo&gl goLnt 19 to calcu
st i€t GFESCrfirenpbenpbl etracthrs. end, isf96seX80®! € this end,

tofscaaxtlplEayess ugnyt i _While detecting |
flﬁorescenge ?i htsiﬁg ?@%Ig%%%ﬁggi%?T%??%ﬁl1Ygﬂ%%le detecting
Li

s aP88S4PiF| CRo¥sRLINBaEBred data

PH# eePet AEns? obal calculate

eWrEBICenTR hlghhfrdiree foecdeyiatd ngad o fi g e i kewise,-

flmanSCGﬂﬁﬁgﬁfﬂbion deviating from figure 1 flucrescence light

and reflected excitation light can also be dete:ted

simultaneously by means of an additional beam splitter and
detector. '

Pictures of a resist structure on a wafer that were téken
using a confocal microscope are illustrated in figures 22 and‘
2B. The pictures respectively illustrate the me:zxsured values
from a two~dimensional layer along the focal pliene of the
objective. Here, figure 2A shows a microscépe picture of the
reflection signal of the resist structure, and figqure 2B
shows a microscope picture cf the fluorescénce signal of the
same resist structure. Tluorescing resists of Substrate
materials such as silicon or Copper can easily he
cistinggished 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



and reflected excitation |ight can also be detected 20

si mul taneously by neans of an additional beamsplitter

and detector. Pictures of a resist structure on a

waf er that were taken wusing a confocal m croscope are
illustrated in figures 2A and 25 2B. The pictures.
respectively illustrate the nmeasured val ues from a

t wo- di nensi onal |ayer along the focal plane of the
objective. Here, figure 2A shows a m croscope picture

of tdme ¥ j.gnal_of the resist structure, and
figure rZéBeé‘IIseﬁogv\%ﬂg %e%r*osstcﬁeglﬁuﬁ%rr@@fimih@ after

f | udeSGateactsirgmal iof thke 30 SaRR ggicSt gghructure.

Fl uaniessi ng kesi $45 0% sg?strate materi &l §°Stch~§8 resist as
silicon or copper can’&aslPy IRE1sdi sticugbiushedlbystrated in
conBilAMA§SsaBhapiceBres, or generally a conbination

sof a reflection channel and a fl uorescence channel.
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Remai ni ng resi st residues for exanple may in this 35

F .
way‘bBURRdE Fhewbl @ threé+dcheses r le
are still res?gifprgg%guetsrucﬂon of a

thetghO§Lagsi S [
remielfr)}i%géa %%rygp S 35t rAtUrfdec T n The stroedare is a part of
par®, V3FREsH raveesiGitias: 154 hed D gﬂﬁic%setoof the
resssfestd ypd yng il lustrated in figures 2A And JBIustured
Fi g%garetaS sh%zc/\; a tHreEdi SI oAt Ydgen st uctd omfefr as such
to fc-lsttrtieat tras QN Lonl trucgt.ure.is_a. . .

Y pH1 dtdﬁﬁéﬁion'ﬁ%?% &ﬂiﬁﬁuﬁéa £8lling

part] Ofks @ syanhigh. Jayer. 30 that has been a
structured  sur chrélco T8 A%EF OTESTRG , stfioacerrmpdedf in the case

t héngiteneds vdash b2 ifaletihed akt ghoNag gg.Q?Rre§EJiéths. The

W tgh c@hlaiauel alling .flanks. Such structtres &
or esent ,Ohf g? é&‘%nﬁ’ﬁé}‘g?ﬁ {R¥SEad8 thrteichedlusasated in

of fdg&ned3oshgreundrdtbAgtahEeel s _:{pgé secti g%, og%o edge of
o £

t henyapphshgkayer that is_il]ustrated in Ti
shows _a Fegfongﬁhaﬁg?uﬁggﬁmﬁy bYerdenees opoedye dfsignated by

. 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 enitted from
the focal point of the objective and exciteq 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 reccrded by

itayerwise scanning of layers lying one above ancther along
the focal plane.

Since it is §55entially only the resist that fluoresces under
the action of ultraviolet light, the wafer material can be

well distinguished from the varnish layer. Conseguently, as
- 4

figure 3 shows, it is possible to calculate a correct
reconstruction of the varnish layer 30. The material of.tﬂe
substrate, or of the wafer, is not evident in ths
reconstruction.



15 the depression. The edge of the depression is
designated by K, the obliquely falling flank by F.

‘The measured val ues for the three-di nensi ona

reconstruction of varnish |ayer 30 were obtai ned by
scanni ng the varnish 20 |ayer 30 and detecting the
fluorescence light erlitted from_the focal point of
the objective and excited by the 1&xcitation light.
The nmeasuring points for determning the nmeasured
data are distributed in this case in three

di nensi ons, the neasured val ues having been recorded

by 2Bel R¥ELW nLng, of layers_|lying one above
anct her aIongéatﬁggagégll%Y%ﬁe¥SSPﬁc%h¥§ ¢xemplary embodiment is

essBnBrRl L§seheyiohelapsi sbnt hataféHOr €56 . e .
act & Qﬁrg‘gl&fﬁ{ég%le%nlig%t t hgamafer rnﬁ’e"garl':d'l | eg(r:aéjr# It}ees“lts att
30 wel | disfingur shed ?to ?%%SV%H?ﬁ%ﬁﬂqunwlikewise also be

S ComeiRTRd ywitls the guie & showss S1gd P PIRVLIS L that are
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cal g¢ld At ct .Jeconstruction of the varnis

| ayer 3ol.en %1%‘?%?6%‘#‘1‘%?0-oﬁ“atwa%wd‘s%rrgatsez,cmrasof folieexample,
waffretdze sicit e derdhd dodthud RGNt WX, QN. crhe
measured varnish | ayer 30 of this exenpl ary g#éodfﬁ@ﬂfe Su8.
is a BCB insulation layer on a wafer. Simlarly good

r eRHE exihi b itthse rtdwiermdiaBRBT@nah LECQRSt [Metion ca _ N
o 56 alsa e B achy Sved mith the i3 Of GEREFISt region at
organi ¢ materiat$ that Cdr Banyseghes ssghoondusterials, however,
magscactaiiong 1$uth astnf QEveXaARLEs oRPNQLRT £Si Sf-Pr_a
pha&gs%&ggtgaﬁghséepoxE,.for,Exaoné EU%.. %@B ‘éinf °r 514 nm
exhi bi T3~ maxi Bsof Bi BAxiRURhentensavy obBtthegimision of
atf100885centaawebﬁﬂgfbomF@és"@gyagt?gé_@*ﬁﬁg@éﬁ@ngtb

Wi RgtL.

materials, however, excitation |ligh
wavel engt hs, of 480 nin, 458 nmor 514 nm are al so

e I S e snanie

15 Th the case" of “3F rifettatey it ernees fragedeasppiied by spin

--Pestex@npdEnce otherwise regions free of varnish form én the
structures under some ci:cumscances. Consequent’y, closed
varnish layers are frequently applied by being sprayed onto
such structured surfaces. However, even when varnishes are
sprayed on thinner varnish layers can cccur at adges. This
effect is also to be seen at the edge K of the clepression of
the ekemplary 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 varn-sh layer from
the wafer.

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

micromechanical devi ' ' t ‘
I evices consists in photostructuring plastic



-

5

varni sh layers can in many instances not be applied by

spin coating, since otherw se regions free of varnish
formon the structures under some circunstances.
Consequent' -y, closed varnish layers are frequently

appl i ed by being :sprayed onto 20 such structured

surfaces. However, even when varngghes are sprayed on

t hi nner varni sh |layers can occur at edges. This

effect is also to be seen at the edge K of the

depr,essi on of the exenplary enbodi ment shown in :

fi glPee5s Tiedley fmemsisuispbde $Qaexhichi,t #haCBLELKL B0 ue)

wai epoatietshi § nPQiaRt ' nmet hod 25 according to

t he inventPon agg?gfgﬁgggfegﬂ ri 45 fuahadbkengxamples for this
whePREPCPRe VHFRI YRMSaper MOBMEKkdessceti LhnSyETLEps 10e1y
|nsmbagarggngﬂgtkg?ohgygﬁg agplled to this varn__s% -

| ayer from the wafer. N e PR sT®tnod yaofonrmsimng to the
f or *PRE"hEPROBY ateordiling t the helubyeation i,

t hree-di mensi onal reconstruction of mi cronechanical

devjces as constituents of a wafer or device. These

carf, Foreex@hpresi e brotunest: fiomdhe maf ef, material, .

or derfauited hereon, Qe possibility for brody: icng® Wafer
35 rg'()gorre_chan_i cgl g'gsvfcaetsecgd‘r%i%‘t%ui%‘l- In this case, the
photstF uctaR iy gileastyi olime liayans %%%dfiﬁq%@e.s%bj-}sggineselected

10 pl ast iﬁ%uféwat'osr.tirgtﬁcr_et rable epoxies, in particC

208 are suitable_exa | & opgratwﬁgy,pgpﬁogeensmchthe yZ plane
VENE 99 MDEMVE idevircds odn the Q%E%ﬁ%k%ﬁh¥i?geﬁggﬁggrgggd in

r egaR3 UGt e ing the nmethod according
inve%?fon by@P§§8r ‘rng~tAETFI BoFBSEENsegshphakit A height values

t hféésdirmgnsilongl thecesstiygti on of a region of a
wafer surface 21 is illustrated in figure 4. In this
case, the wafer lies in the xy plane in the

5 cobPHi Aagéosysfenhsekate edsdOradefh uEgad. ; Fi gur
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e.5 ,
sheysuaey¥i gW, ,5U en.it the yz plane along the 153f¢d in
AR Dot he 2adon ot dsererides atbdnit 2 fixanme 43, only
Nb?%bﬁeﬁbeftgamehﬁBShmmﬁn@.g[pmgky!ggh}m¥§gnd§g¥é§§io

etched vie hole, and the trench 33 is a dicing

n 31 is an

- | street along
oW ich the individual dies can be separated. The structures

31, 33 were both respectively etched, starting ‘rom the side

21 of the wafer, Up to an etching stop léyer. The etching

Stop layer is to be seen in beth structures 31, 33 as, in

- [4
each case, a flat bottom region 34 of the via 31 and the
trench 33.

Both structures can b
e produced, for example, by etching. The

33 have éxtremely steep surfaces with
reference to the Xy plane, in which the wafer lies, the

structures 31,

regions 35 even lying perpendicular to the xy plane, or
parallel to the optica) axis of

the z direction,

the microscope, which lie in

The measured values of the topography of the wafor surface

that are’'iliustrated in figures 4 to § were obtained

according to the inventien by using a confocal microscope



5mhi%gaggei@@fer lLies, the regions

measured al ong the section. 15 The region of the wafer

surface 21 that is illustrated in figures 4 and 5 has
a depression 31 and a trench 33, only half the trench
33 being illustrated. The depression 31 is an etched

via hole, and the trench 33 is a dicing street al ong

‘whi ch the individual dies can be parated. The

structures 20 31, 33 were both respectively etched,
starting nomthe side 21 of the wafer, up to an

et chd g, sfop er. The etching stop layer is to be
seen in bossﬁésta%ﬁuc{:“frh;eys Y of3 exempile ieadhiouawe,l &o scan with

f 1 att 356ttt dme egildibidedirddionicd 34204 Lhe _ trench _
33-6@§J?¥Q@h$%r%%Lures c;%hbe progugeggffé}sg%gﬁﬁﬁe?l with the
by etchi'ng. The §PF§EF@Fe§131§3338haveoembteﬁﬁlyhe light

st eéff tdanfiages rant ther Ebereneg;ho Eggtéée E?gihgigne of the

perpendi cul'ar F82FHESRy daFankeing cotpanadl EkomOt hdoosition of

opt Fbal faxk3 pbihheaﬂhcgggcgggec%f/@%che#i ein he z .

dirggg%onthghe geasured val ues of -t he %ﬁ%ﬁ?%pﬁ&gQﬁ- In this

t he “waf =r ~Str PALE"t ARFUGkeres | Ukt r3d echeTudigyr €5 ibns 35 o=

t o BheeserobtareediBs i the invention b -
385 agCRrHi 0o § .0 L e runs WL@{; to the

usi nfocal m croscope 16 such as
vvayg%??ce‘?(grﬁfﬁs'i MEiguietqcted. scan with light the

10 exhibited region of the wafer surface 21 with the
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t opQa chtitructunes 31, 33, and to detect the |ight
r et Ur nitng 11D $40F Hatal tp dinst linvetnhe ofo dain JpliaRe Bgﬁticularly
t he F ealyjio@ iy eshdiB AT t i_ng _obt ai.ned from the
posidign.Qf. the focal E%F% g#%%Fﬁ%sdgﬁg&EéG a righ degree of
ret Urm ng 15 gRED [FRathmechcddghtt e esticbeeShEUELYT BSon the

33

31Lo8ali polindi Aetzeghans . the structures 31,
wh?§e4§ugﬁace runs araIFg?C?gv?hgndoﬁﬁpcaP dRrectewr dlowever,
def ecféd?~°° POSsible to measure the topographic structures by

detecting fluorescence light from the focal point. The
sFructures 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

varni i '
rnish layer constitutes an lmage of the surface of the
waier.

A further example is shown in figure 7-with meazured values
that are recorded along a section through a wafer having an
etched via 31. In a way similar to the exemplary embodiment
sthn 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 pProtruding region 39 of the wafer surface 21.
If, for the Purpose of measurement, the wafer is arranéed‘in
the usual way such that its surface 21 is perperdiicular to

. the optical axis of the objective of the confocal microscope,

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



10 The method according to the invention function;
particularly effectively when the steep surfaces
exhibit a high degree of roughness such that rmuch
light is retroreflected fromthe focal point into the
obj ective and can be detected. However, 1s it is also
possi bl e to neasure the topographig structures by
detecting fluorescence |ight fromt’he focal poi nt. The
structures of the wafer surface can be covered to this
end m%th t e fluorescing material, for exanple. The

topog+t mlezé;ra%tme% Llarntt rttemﬂ {mwﬁ%ﬁt along a direction
recofisty (grassy! structi 0 e TEEEEYE
f | uor esci ng naterlgﬁuggﬁﬂgggﬂ dépngﬂ?(ﬁb13ﬂ§ave These

r econet Tt i¥on arsemﬁmﬁafdnegmwe&edoml—lelme ViVl $Bon the

| ay eti reenStont Wes man o surf ace of the '
waf er.. 25 A further ei&%%%g%%§ Swrr Si ¥Of P§usseen wikhhthe aid of

measth9&devdl ubSvemRar ahe eatntdeeugkgeg 8£SeALI OPrucrure 31
t hr daghuaivwaf eheh n dvia 31l. In_a wa -
Si ma'g%g:}jé thg gxngggeg eﬁbgg?ﬁﬁﬂt reghena Wthsm@tected

ai d gti¥e§04the énveheivhabsesuabsgretghe er

up hpegeuggcgfnghétﬁpcggggr such that the gglgaﬁp r?umencal
flat 30 bottom region PR viBe Fethed hercomsim to the
back™BEeh AYy. th’ﬁi-"%fores«mlstcs etr(hh’ﬂléH o“éw'mréee%ﬁ&nsmnal

100f theo sugd for the purpose o
nmeasur egﬁglfﬁ{lthe g&/a er 1% tac% B JEFR P e he mestair anay

sucﬁe?q‘fbfttw%t%@r&ratsrma&m RaEnd t
optical axis of the objective of théﬁf:go%eol(%_ cte@‘?myed
m croscope, 35 the region 39 shades regions 37 of the
surface ¢ the via 31 17 wth reference to a |ight
that is incident along a direction 41 parallel to the
optical axis of the objective. These regions 37 are
therefore covered when viewed fromthe direction of
the m croscope. As is to be seen with the aid of

w



figure 7, y 5 wg however, the entire surface of the
structure 31 including the covered or shaded regions
37 is detected according to the invention because of
the large nunerical aperture of the microscope. The
nmet hod according to the invention therefore also
enabl es such three-dinensional 10 topographic
structures to be conpletely neasui&d, reconstructed
and visualized w thout being destroyed. 18 List of
reference synbols 1 Confocal mcroscope 2 Water 5

Lasédst Pfotrefelbhpki efymbybe 8 Dichroic mirror 8
Beam splitter 9, 11 nfocally arranged di aphragns 13
Scanning unit 15 Cbjective 16 Optical axis of 15 17

Focal poCnnféeanmatr@g@gge 21 Surface of 2 22
Topggrappég structure Conputer 27, 29 Lines 30
Var ni sh aye 31 *Depression 33 Trenches 34 Fl at

bot?om rkgsen of 31, 33 f,. 35 Vertical surface
regyon Photomultiplier tube

8 Dichroic mirror

M Beam splitter

9, 11 Confocally arranged diaphragms

13 Scanning unit

15 Objective

16 Optical axis of 1%

17 Focal point

19 Focal plane

21 Suxface of 2

22 Topographic structure‘

25 Computer

27, 29 Lines

30 Varnish layer -

31 'Depression

33 Trenches

3¢ Flat bottom region of 31, 33

35 Vertical surface region

37 Shaded region

39  Shaded region

41 Direction parallel to 16

K Edge

F Flank
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37 ‘Shaded region 39 Shaded region 41 Direction
parallel to 16 K Edge F Flank 19 Patent Clains 1. A
nmet hod for neasuring three-di nensional topographic
structures (22) on wafers (2) or devices, in the case
of 5 which with the aid of a confocal m croscope (1)
at |l east one fluorescing topographic structure (22)
is scanned with excitation |ight1%nd the
fluorescence light emtted fromthe focal point (17)
in the focal plane (19) of the objective (15) and
exciPafent Clmimxcitation light is detected, and 10
neasured data are obtained fromthe position o:' the
focal point (17) and the detected fluor escence

si gnia .'Z\ﬁﬁhmdaﬂﬂuydmyggagﬂ HAl.Claim 1, wherein
refl ggétered excit tﬁbﬁ%ﬁl ifenSigagactenographic

e 5 eﬁﬁ%fm) s O8| #efedsi i 20nerotiethiecpr egading case of

5cl aiwhg,ch wheheithe BBasyked bt ai ned from
thr$§ug&g%n3|onglly dlstrl%%?%gg%gagﬁFFﬂﬁcﬁB?n(s 2 least one
fd8% OBPaFABBLFnSomBCORrehe2py ecedd8k ned with

cl aemsitanhenelbghbe LRROGLAP fructure is scanned
al opg.Lhe fOCﬁ| gglgne (1g§é ? ?% BT EPos chp#h ¥ ¥niitted from the

Iayermnsep?ag h7) rim tqﬁef%EihQ@lameleﬂfﬁﬂk'ﬂhdﬂdﬁf@ctlve

4, \WhBleandt éwci@@@' by 25! &pe ;.@2 1 \Sllexdéritgl)lasgf%%igé%g% and

oca %C%ﬁ% qqga#Qﬁ@HfﬂﬂﬁtUhd|p©51PQQQQ%athE focal

st reeing e 2 I f scanni ng the
| ayers. (](E )arch tﬂ&%m&%@ ‘olu es(:eln 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 measur t
ed data are obtained from three- -dimensionally

distributed measuring points.

4. The method as claimed in one ©Z 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 ¢, whereln t.he rocal
pPlane (19) is displaced along the optical axis 116) of the
objective (i5) 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 precedi=g claims
14

wherein the topographic structure (22) :is scanned in



30 6. The nethod as clainmed in claim5, wherein the

di spl acenent of the focal plane (19) is perfornmed by

di spl acing the wafer (2) or device 7. The nmethod as

clainmed in one of the preceding clains, 35 wherein

t he topographic structure (22) is scanned in 20

| ayerwi se fashion by neans of a scanning unit (13) of

the mcroscope (1). 8. The nmet ho#las clained in claim

7, wherein the scanning 5 is perforned by neans of

novhgg scanning mrrors. 9. The nethod as clainmed in

cl aiMYPrwher Errbihe byananng ofsapgegaﬁﬂﬁg Qxiﬁegi‘?l £ th
of miHEBB@EbgiQF)Qr an acoustooptic defleCtor. 1 b.o’ €
The nmethod as clained in one of the preceding clains,
wherein laser light is used as excitation light. 11.

Thegmet heg ' iLh_one of the preceding clains,
15 mhereinegﬁ?ﬁ$§%?%?n%ﬂ§%%ﬁﬁll?e%%#&ﬁrﬁctwmﬁweﬁntﬁhﬁ scanning

t opbyrBPRFTmed rotugang 228 ndv Y %@,{rﬁqﬁ{ romthe
intensity values of the' fluorescence lig and 77
assi gned position values of the focal point. 20 12.

The® et gt aw ttica reed d I ioleai Ml by ahere %nifgﬁeg{ngggﬁt Scanning

cal gl igﬁ ree-di mensj onal structure a
use | spgzsrfaot e glt‘ %ﬁ%&ﬁ?f‘e‘ad ocfataa NiiPiqew ietierks iotry avakuesseboptic
r efdeddiesgorexci tati on |ight and assi gned position

190 val ues of the focal point (17). 25 13. The nethod as

20
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35

claimed in one of the preceding clains, wherein the
| ay\ér tﬁhekmeshodfa&helﬁkmeaegglggesggughgrsrggg&inésclaims’

de ined,fromthe sured dat a.
%%EQEQS lgser &1ghge?s used ags excitation light.

"1l. The method as claimed in one of the preceding claims
wherein a three-dimensional reconstruction of the topographié
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 additjonal use is
made of measured data with intensity values of reflected

- @xXcitation 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)
1s determined from the measured data.

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

wherein ultraviolet light is used as excitation light.

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

is used as excitation light.



30 14, The nmethod as claimed in one of the preceding
clains, wherein ultraviolet light is used as
excitation light. 15 The method as clained in one of
the preceding clainms, wherein light with a wavel ength
of 480 nm 458 nin or 514 nm 35 is used as excitation
light. 21 16. The nethod as cIaiggd in one of the
precedi ng clainms, wherein a three-di nensiona
topographic structure (22) is neasured that has at

| east one of the substances conprising 5 photoresist,
BCB, photostructurable epoxy. 17. The nethod as

.l . . .
claikted Theoneceiodtbe puscedungnclahhe ACLELD AN

etc L 31)., a dicing street
: nic?ggééggn%c%%r???%&FGPélP§aﬁe§99pgdapﬂﬂc berdStude (22) is

S
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net fi8dsfioednthatr hag r ' i Qral.. t opogr aphi c
Lo $00dE 858 020} BT EBLS, comorning

str (22, 33) on wafers

par?ﬁ%ﬁ?géséégCIé&ﬂedp%ﬁt%ﬁ%r®¢tmtab¥nexpﬁﬁﬁg cl ai ns,

in which with the aid of a confocal mcroscope (1) at
i s scanned

Iea;Ejz onﬁ}elS t@g)o raJJhi c Structure (22)

with 1ightS Bt She?s | Fhminedtin ming df amd hedeahg clains

poihexeli) am déthchdooala pizne {19) ,of the og ective ’
[

h .
(15); dysyfdesected, and measuréd “data are °"0B5t&i ded) f panmm
t he pOSIti o BC Hhe Froxv nsoidmet mekBuraad the det ect ed
returning light, regions (35, 37) of the structure 20

beirg dgtec%ed mgpse surface runs along a direction :

(41)  parallé°% s FhBgfurean snrse-dinthaionse SH3EEMaphic

whéﬁthghtesiszEnchenG3pagalLghegg tEE oFtical axis,

of sthe;mj ¢roscope, . 19. "The metho ad? 1 &F nBAVIFE©4 &b

18,hmhere|n n@ﬁsﬁ}éamﬁgténzgnaréfobhaipEdcé@Lm@t&mgims, in

| i ghecheviohethecked g Lh e of the structure

(Zgop§%ra3§% 20. The neth§%§§é£% A el TORhel bf athd east one
ng ¢

pr eced Gi TrsT UCWRES ef #2 hebs 1t ethnied aviarte Jener,ate@ the
fr bhgit uoresceine Fightche focaj Point (17) in ths focal plane

(19) of the objective (15) is detected, and measured data are
obtained from the position of the focal point (Ll7) and the
detected réturning 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

18 1ncident 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 tre surface of
the structure (22, 31, 39).

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

wherein measured data are generated from fluorescence light
génerated at the focal point (19).

2l. The method as claimed. in one of the preceding claims
wherein regions (37) of the Structure are measurad that‘a;e
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 (195).



30 generated at the focal point (19). 21- The nethod
as clained. in one of the preceding clains, wherein
regions (37) of the structure are nmeasur?d that are
shaded by a region, (39) of the structure (31), oL the
wafer (2) or of the device when light is incident
parallel to the 35 optical axis 416) of the objective
(15). 22 22. The nethod as claimed 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 s that encloses a
back2et cEhrgmethan ebchbedi abAUSE UsRe (32, +33)

. _ Preceding claims,
wherein a region (37)

shaded when ligh; is incident parallel

to the optical axis {16) of the Objective (15) is measured

that encloses a back etching of an etched structure (31, 33
- P



