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The increasing packing density on an electronic assembly
requires a correspondingly adapted testing. As a r@le,
this testing takes place by means of a high~resolution
optical inspection system. In principle, the triangula-
tion principle can be used in conjunction with a system
for the rapid scanning of a surface. Howéver, as a rule
in the case of reflecting surfaces of structured objects,
the confocal principle is more suitable. In this case, a
point light source which is usually defined by an aper-
ture diaphragm, is imaged onto the object surface and the
back-scattered light is imaged onto an almost point
detector. In this connection, reference is made by way of
example to the European patent application bearing the
official file reference 91 120 863.5. The depth offfield
of a confocal optical configuration is a measure of the

height resolution of the system. In this case, the depth -

of field is inversely proportional to the square of the
numerical aperture. A scanning objective having a high
numerical aperture and a very rapid beam deflection unit,
for example a polygonal mirror rotating at a high speed
of rotation, satisfies the requirements with respect to
high resolution for an automatic festing system. At the
present -time, however; a scanning objgctive having a
sufficiently high numerical aperture is not available. A
sufficiently high numerical aperture should exhibit at
1east.a value of 0.15.
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Since the resolving power is predetermined by the numeri-
cal aperture, L is proportional to the number of scanned
points per scan line. A high scan rate is thus achieved
by a high speed of deflection in the course of scanning

15 and the greatest possible Lagrange invariant L of the
scanning system. In accordance with the abovementioned
dependencies, both beam deflection unit and scanning
objective must be adapted to one another.

With fespect to the beam deflection unit, it emerges that

20 for rotating polygonal mirrors as compared with other
beam deflectors, the feasible angular velocity with at
the same time a large beam diameter, and thus the pixel
data rate, are very high. Other beam deflectors are
understood to include, for example, acoustooptic deflec-

25 tors, resonance scanners or galvanometer mirrors. A
limitation of the data rate in an upward direction is
provided by the increasing moment of rotational inertia
with increasing beam cross-section or increasing mirror
facet diameter of the mirror. Deperiding upon the material

30 used and the mechanical construction of the polygonal
mirror, the result is accordingly an optimal dimensioning
of the polygonal mirror. '
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Lagrange invari ant .ments on the resolution, whlch is synonymous with an
enlargement of the numerical aperture, the scan

10 length is reduced with an unchanged Lagrange
invariant. -
- If, for a system with a predetermined Lagrange

invariant, the numerical aperture is increased with

_ constant focal length, then the beam diameter in-

15 creases with a reduction of the scan angle. An

increase in the beam diameter at a small scan angle

does however increase the number and the size of the

facets of the polygonal mirror, whereby again the
attainable speed of rotation is reduced.

20 - If, for a system with a predetermined Lagrange
invariant, the numerical aperture is increased while
maintaining the scan angle, then the objective focal
length is reduced. This means that in the case of
conventional scanning objectives, the front and rear

25 focal planes pass very close to the lens mount,
since otherwise the correction of the aberrations is
made considerably more difficult. This again limits
the required space for the positioning of polygonal
mirrors.

30 The interrelationships which have been enumerated
illustrate that a
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speed. In this case, the lLagrange invariant is approxi-

10 mately 1 mm. Objectives of this type of construction are

however not suitable for confocal scanners with high

resolution.

Furthermore, confocal laser scanning microscopes exist.
In most cases, these are constructed on the basis of
15 conventional optical microscopes or opté.cal microscope
objectives and thus can also possess a high numerical
aperture. With a Lagrange invariant of approximately
0.15 mm, however, the overall imaging performance is
relatively low, on account of the small image field or,
20 respectively, of the small scan length. In this case,
acoustooptic beam deflectors are frequently used, whereby
the imaging performance is reduced on account of the
small deflection angle and the simultaneously occurring
small aperture, which is not circular. Moreover, the beam
25 deflection is not free from aberration (astigmatism).

The object of the invention is the construction of a

scanning objective, by means of which at high resolution,

corresponding to a high numerical aperture, a large image

field is scanned with at the same time a high scanning
30 rate.

This object is achieved by the features according to
claim 1. '



5 market exhibit nunerical apertures of approxinmately 0.1 and have a scan
angl e of approximately 13 to 25 at focal |engths of at |east 20 mm These
obj.ectives can be adapted very wel | to_pq_J‘ y_quaI mrrors rot' ating at high
speed. In this case, the Lagrange i nvariant is approxi- mately 1 mm

Qbj ectives of fhi gy E&EER% Coé‘ t:lktizlt | 98s§iﬁt BHEVEE Conéﬁééﬁé%&ef s

cortf ocal scanners*wi t on. Furthernore, aser
scanni ng .m cr dsEses eb&s% h-l-%h nﬁélu€a9§s thehqumernicalorrpertizar ofhe he

basi s of 15 ehgpEabr Opbpabtivel S%‘ﬂ%c%rio%ptdrfg’le AEE SR OREs
obj ectives and  thus can al sQ possess a h numerical dperture. Wth a

Lagr ange i nvarihgnht sbtea9fr dhsatBrgeot 1-5 HowePBFUnCERED o Wath | themgi ng

performange | F£dcllatliatRith lcFvithen obgeettiveqf the small inmage field or, 20
respectively, of the small scan length. In this case, acoustooptic beam

defl ectors are frequently used, whereby the i maging performance is reduced
on account of Thee isiventicer Lecbasadany thanﬂindéngimatabueaugaxys o@i:ua:ri ng

snmal | apertureg, dC % h a ggtion
is not free from qaratl .C"'Lstlz]grr%{l r%{@hgﬁg & Qeﬁ% Q% B nventlon S

t he construct |§ﬂPHﬂPrd-a§@an‘ﬂ\$$17§ﬂlbnbj Ebej \r@qw%a%ab%tm ifeptares pre

resol ution, coidigsvdl MY £Drst hléhs NgABEp | akedRcinUthe Airddsidarege fiel d

2SS W e gL ST ! BBl SSEANNL "4 B ot pllled kS 1S

having a relatively small numerical aperture, can be
considered, in the case of high imaging performance, as
an ideal element for coupling to the beam deflection
unit. This optical system corresponds in its construction

15 to a typical scanning ocbjective from the prior art, with
a relatively large numerical aperture. It can be manufac-
tured in diffraction-limited fashion using fewer than 6
individual lenses. A real intermediate image is generated
by this lens group. Of great advantage is the sufficient

20 zenith distance between the entrance pupil and the
surface of the first lens.

A third lens group, which is disposed on the object side,
has a high numerical aperture with large focal length and
with a relatively small deflection angle of approximately
25 2.5°. In order to remain within the diffraction
limitation, it must be ensured that geometric imaging
defects are optimally corrected. If required, a reduction
of the deflection angle has to be tolerated. As a result
of the similarity of the construction to a collimator
30 optical system, essentially only the correction of
spherical aberration still needs to be undertaken. As a
result of the described design of the third lens group,
the imaging performance of a scanning system or of a
scanning objective on the object side with a high .



-5- In principle, a high resolution of an objective is assured by a high
val ue of the nunerical aperture. The scan angle or respectively deflection
- angle determines the size of the image Jigeld, in conjunction with the 5
focal length of the objective. The invention is based on the finding that

by nmeans of apgaaRiicad ApedeluiréeisCpBBEibiay three lens groups, with
appropriate design, the required quality features are achieved. A first

| ens group, seen in the direction of 10 t he scan beam having positive
refractive pomrseamhmayémg groepat hdeliygs poisii tiveertefractiard Lp@aetan be
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10 be an inverted scanning objective. This means that a
hitherto known scanning objective is used in the opposite
direction. In this case, it is necessary to ensure the
appropriate adaptation of the scan length (image height
of the intermediate image) and the numerical aperture
15° with respect to the first lens group. Furthermore, it is
necessary to undertake an adaptation with respect to the
scan angle (image angle) and the diameter of the entrance
pupil of the third lens group. The ratio of the focal
lengths of first lens group to second lens group cor-
20 responds in this case to the ratio between scan angle
(image angle) of first lens group and third lens group.
All three lens groups are diffraction-limited.

A particularly advantageous refinement of the invention

includes the design of the scanning objective as F-0
25 objective. The necessary condition for an F-0 objective

is the proportionality between the scan angle or deflec-

tion angle and the instantaneous out-deflection or the

instantaneous image height. This has the effect of

reducing the technical control expenditure in automatic
30 testing systems.

It is advantageous to allow the principal rays to run
parallel to the optical axis between the first and the
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15 with respect to the first lens group. Furthernore, it is
In the event that the total focal length of the scanning
objective is smaller than the spacing between the first
lens surface of the first lens group and the entrance
pupil, lying in front thereof, of the scanning objective,
15 the coupling between scanning objective and beam deflec-
tion unit can be carried out in a simple.manner.

If the numerical aperture of the first lens group is at
least 0.15 (the numerical aperture of the entire scanning
objective can be for example 0.6), then this is advan-
20 tageous insofar as a greater freedom of design with
regard to a high total numerical aperture is attainable
for the construction .of the lens groups which follow.

A further advantageous refinement of the invention
provides that the scan angle has a value of approximately

25 16° and the entrance pupil possesses a diameter of
approximately 7.5 mm. The specification of these two
parameters of the scanning objective at the aforemen-
tioned numerical values gives particular advantages with
respect to the design of a polygonal mirror rotating at

30 a high speed of rotation (e.g. number of facets 12,
mirror diameter approximately 70 mm, facet length
approximately 19 mm).
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the entire objective having a numerical aperture of 0.1.

10 Figure 2 shows the beam path of a scanning objective with
an enlargement of the numerical aperture as compared with
the representation in Figure 1.

Figure 3 shows the detailed structure .,of a scanning
objective of high numerical aperture.

15 Figure 4 shows the basic representation of the scanning
objective according to Figure 3.

The beam path of an objective 11 represented only by a
line is outlined in Figure 1. The objective 11 is posi-
tioned with respect to an optical axis 10. The focal
20 length f is indicated on both sides of the objective 11.
Proceeding from the beam diameter D at the entrance pupil
61, principai ray 7 and marginal rays 8 extend in accor-
dance with the scan angle 8. The object plane 9 is
indicated in the right hand part of the illustration. The
25 scan length S corresponds to the image size.

Known scanning objectives represented in Figure 1 are
distributed commercially by a plurality of manufacturers.
As a rule, they exhibit a numerical aperture of <= 0.1



scanni ng objective nmeans in particular an advantageous application for
measur enent purposes. Costly electronic 10 (hardware or software)
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aperture the result is a beam path corresponding to
Figure 2. In this case also, the entrance pupil 61 and
the object plane 9 lie in each instance at the focal

15 point. The scan length § 1is outlined correspondingly
symmetrically in relation to the optical axis 10 and the
beam diameter D at the entrance pupil-Gl,\which diameter
is substantially greater than in Figure 1, is entered. It
is clearly evident that the scan angle 8 has substant-

20 ially decreased in relation to the scan angle 8 of Figure
1. The same applies to the scan length S. Principal ray
7 and marginal rays 8 have likewise been entered. A con-
struction corresponding to Figure 2 is however not
practicable for the achievement of the set object, since

25 in this case the accommodation of a beam deflection unit
is as a rule possible only under poor conditions. The
construction itself corresponds approximately to a
collimator optical system, which as a rule images only
one point. In this case, a high numerical aperture

30 becomes attainable in a simple manner, since the image
angle may be small.

If, based on the representation in Figure 1, the Lagrange
invariant and the scan angle 6 are.kept constant, and the
numerical aperture is increased, then the focal length £

35 becomes smaller. This likewise presents difficulties in
relation to the accommodation of a



-8- If the nunerical aperture of the third lens group is at least 0.25 in
combi nation with a scan angle of approxi- mately 2.5 and a scan | ength of
approximately 8 mm then it is already. pggsibl e to set a working spacing
bet ween 5 obj ective and object of approximately 30 nm |In the text which

follows, an emq f&'éﬁé&ﬁﬁ%ﬁeah%uh oeeft%e%anh@.n@ ¥ jeeralies figures.
Fi gure 1 shows a basic sketch of a typical scanning objectlve havi ng a
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7 and rmar gi nal tend 1n accor-~"dance wth the scan angle [err]. The
obj ect pl ane d-i%e+ ndicated in the ri ght hand part of the illustration. The
25 scan length S corresponds to the inmage size. Known scanning objectives

represented | R flgure Liave di sLi bt ehcomerel Uit Q% 2pBhyLah b¥ag
10 deflection unit 4. The scanning objective, which is built
up from the described lens groups 1 to 3, possesses a
numerical aperture of 0.6. The first lens group 1 and the
second lens group 2 comprise in each instance 5 indiv-
idual lenses. The first lens group possesses a numerical

15 aperture of 0.15 and a focal length of 25, mm. The second
lens group collimates the beams emanating from the real
intermediate image 5 at a focal length of 160 mm. In this
case, a beam expansion and an angle reduction take place.

The third lens group 3, which comprises a doublet, three

20 directly adjoining, positively refracting individual
lenses and a lens triplet, possesses a focal length of

40 mm and a numerical aperture of 0.6. The overall length

of the objective is approximately 650 mm.

A scanning objective according to figure 3 possesses a

25 high numerical aperture (0.6 and a large scan length S).
The first lens group 1 having an even smaller numerical
aperture of 0.15 exhibits a large scan angle of approxi-
mately +/~16°. The first lens group 1 represents the
coupling element to the beam deflection unit 4. The high

30 numerical aperture of 0.6 of the third lens group 3
having positive refractive power is attained by a small
image angle of 2.5°. This means for example



As a rule, they exhibit a nunerical aperture of <= 0.1 -9- and focal

"l engths of nore than 20 mm The scan angles lie in the range from+/-13 to
25, As t he Lagrange invariant representsig aeasure of the inmaging

perfor mance of an optical conponent, the nunerical aperture deter- 5

mnes the si Z‘idi*f tmethmelaasmgraﬁg Bbeal ﬁﬁﬂingd:pﬂté@ér aﬁncae i, based on
t he nunber 'fg’es é_ed |ga&e ts, d| mensi ont-h%hé %l vvays be .such
that the desi r&f 8 407, aP fR 1Uages t P t R gt Bnge
invariant remuhis s ankitis ﬁespeeﬂrEooﬁttshe:dnmlula:g::.b@z, Hierd olmce and
the focal |en th of the Lent.re does not, chan S addiel rea5| ng
t he nuneri cal dr%e & %]Ta(.;stﬁcty %r%%zérﬁcp%]ﬁ'n% ecp%%lﬁf %Jure 2.
In this cése alasu,ngt IS@-«fmhdamgnmfpclatﬁbnand the object plane 9:ie in each
i nstance at the focal 15 point. The scan length S is outlined
correspondingly symetrically in relation to the optical axis 10 and the
beam di anet er ID primecdpdetyr fhecfpuptl tee, lm‘ﬁc@rqﬂnﬁelerz i hegeffertal | y

greater than mﬂ@w& P%rﬁfﬁl tadcf& ﬁtmmé,{@t (4dén scan

angle [err] has substant- I a ecregse n | oh to the scan

angle [err] ofremguteft tq’hé"l% prFhés figuned -scBh FB&§t IFagepribRi pal
ray 7 and mar %h’t&'anb%ysp iavel | bkewhee ﬂf}fﬁt eTé10d e§rofpCaAN-isst inkdedn
corresporl(al ng o t lér gn réﬁcgoé‘:’?;\:'d g‘:? of the third lens group 3, or,
respect:.vely, the exit pupil 62 of the first and second
lens group 1, 2 coincides with the entrance pupil 63 of
the third lens group 3. This gives the advantage that the
spacing between entrance pupil 63 and the glass surface
15 of the first lens of the third lens group 3 is released
as an additional degree of freedom in the construction
and for the optimization of the third lens group 3. The
consideration of pupils of individual lens groups is
applied only for the construction of a scanning objec-
20 tive. Such a scanning objective has, overall, only one
entrance pupil and one exit pupil. An additional telecen-
tric construction of the scanning objective simplifies
the measured data evaluation of an automatic 3D inspec-
tion system.

25 Corresponding to Figure 3 or 4, the intermediate image 5
is generated by the lens group 1. The course of the
principal ray 7 and of the marginal rays 8 with respect
to the lens groups 1-3 and with respect to the optical
axis 10 is indicated. The second lens group 2 images the

30 intermediate image 5 at infinity. In this case, a pupil
imaging takes place by the first and second lens groups
1, 2, in which case the entrance pupil 61 of the first



practicable for the achievenent of the set object, since 25 in this case -
t he accommbpdati on of a beam defl ection unit is as a rule possible only

under poor conditions. The constructiop hbsel f corresponds approximately to
a col l'i mator optical system which as a rule i mages only one point. In this

~case, ‘a high Mo i@ gitlupfenlslifadla 1hREOERS éh%ﬁhﬁé@'ﬁupﬂlasflttﬁﬂ&émnner
since the im e may be s , based resentation in

Fi gure 1, the%’&&g 5 rﬂz%ﬁqpa[ﬁi ﬁh“st IR %[hff e‘fT ’]‘a%ﬁ F2ptean
constant, and sdmmwmnsﬁdmmmur thSennraneeeplupihemtbﬁ tbeathimgt h f
35 becones e i | ' difficult a to

t he accomodati% %rolg GES%L on%ﬁ%o %aﬁégg gﬁltﬁ% %%gﬁnlng
obj ectiveb Thegﬂm!@SOfZa riur ePM%lb%l:op'éYebjm i gendugtedx hFoagloxtles, s
l'i kewi se poss'ﬂﬂrﬁlonkk‘. V‘h&iﬂlﬂhﬁf | Giltindet r0r *I'B@ afﬁﬂ’erﬁ!ﬁs ogrblig SE!

obj ect, since’l hj s case an excessively snuall defl ection an le'is
present .- Over %ﬂi’cﬁ%&d t Afs 5"5@& ncaPheb%nFP?}ﬁ&éeEGHl |12% s 3y sEERPYLRIt uat ed

very close to dhjedtdie Sdst emmfré&@lmmwscwhe Qdnes - appYtesFitglirehd shows
a scanni ng objectiv trea am 10 ecti . JJhe

scanni ng obj e&?qPé‘de\klﬁn@ngFguggirtl%prg}?‘rsbrﬁatﬁ?e' &Qg’syﬁﬁédggéﬁseﬁ’g%b %1 to
3, pogseQSEs @& greater focal length £.

Using a described scanning objective, for example,
resolution can take place within the range of 0.5 um.

Figure 4 shows a basic representation of a scanning
objective having a high numerical aperture.
i | ‘ \
15 Possible technical data:

Example 1:
Numerical aperture (overall): 0.6
Focal length f: _ 6.25 mm
Beam diameter D, at the entrance: 7.5 mm
20 Working spacing: . 5 mm
Scan angle 0: +/-16°
Spacing a: - 15 mm
Scan length S: 3.5 mm
Example 2:

25 Beam diameter and scan angle are constant
Numerical aperture: - 0.28
Scan length S: 7.5 mm
Working spacing: © 27 mm



nunerical aperture of 0.6. The first lens group 1 and the second | ens group
2 conprise in each instance 5 indiv- idual |enses.- The first |ens group
possesses a nunerical 15 aperture of Onég and a focal length of 25 mm -
The second | ens group collimtes the beans®enmanating fromthe real

I nternedi ate | 5 fggal length of 160 &ase, a beam
expansi on and gﬁ%%%gﬂ%ng u%tlon t ake pl ace. Tﬂgb?tlrd }ens group 3, which
conprises a doublet, three 20 directly adjoining, positively

refracting i ngipy Quallcl eaﬁaeraaélanl sgsatééﬂxﬁin W des@dingnat h
of 40 mm.and a nu |ca ap:erture

g . The ove Ienq%{\ﬁcé t he
objective is affr &Rendb¥Eptsss elad §§anﬁ?ﬁﬁe%‘]’ ri“-?/et% IR T i gure
3 possesses a Matichixppresentatdlompint Riqug8. @ ,aral firstgesecand egd h S) .

The {17t bens <o 1dnlaiBgp20; oY ST ShrBUiel beoknaraiste of b 15

exhibits a Iar%G Scan an oxi - mately | ens” group

1 represents t S@@dplqlhgtléqieﬁbﬁ?ctopﬂ-ﬁéeb@am%e?wéb%m% aki the mghigh
30  nuneri cal hapier hHrgiff of- @:@fﬂlhﬁsﬁﬁaﬁﬁbd e%egéﬁﬁﬂaﬁcéaﬁl T%ﬂl POBids ve

refractive o t.tained b s for
Cramte ¢ Porthe.srficg Penonira pbaectint ofs Tebrrranted o the Lhocn)

length f of 40hmdamdrgiu e allduwftcationn The tdut&msa;ramgémé:ﬁspect
to its copgtr U%S:E:{i\i}g_ttshhﬁ L50EE P d 965! Phle@hnkPadebPi 96 c SE8fee of

m croscope obj e .
the principal ray 7 and of the marginal rays 8 is cor-

respondingly outlined.

The entrance pupil 61, represented in Figure 4 as a
diaphragm, can be replaced by a rotating polygonal

15 mirror. The exit pupil 62 of the first gnd second lens
groups 1, 2 coincides with the entrance pupil 63 of the
third lens group 3; in this case, the second lens group
2 images the intermediate image 5, generated by the first
lens group 1, at infinity.



5 having 50-fold magnificati'on.- In principle, the first two Iens'grou_ps 1,
2.thus effect a reduction of scan angle and a pupil enlargenent (seen from

| éft 'to right | h Lgure). In this casg, the entrance pupil 61 of the
first lens gr OEB % ﬁggfxnéged 10 into th?entrance pupil 63 of the third

| ens group 3, Qqr S sl yely, the exit pupil 62 of the first and second
| ens group 1, gaESﬁﬁcggééh§dth the entrance pupil 63 of the third | ens
group 3. This gives the advantage that the spacing between entrance pupi

63 and the gl ags sugf : s Hbr I i & Nof agd oS @mpep 3
Is rel eased asién agd?%?gégpgdggpééeé éf?é%dﬁﬁfiéﬁ%%éﬁ%gg@{ruction and for

the optinization of nakdonphbeam OFs agy dud uminptdan, heafe éh BFASHERT s of
igdi vidual Iens 'groula%ti beafip! éeseeghu&orofhm mﬁmlgltgmm foxs celeni g
objec- 20 _ tive. Such_a scannin jectiye has . o] rance
pupi | and Bne exit 535??9eAn1358gf£6h8I ?gle%gﬁ?t ¥§%806%§§$%%%igﬁg% &the
scanni ng obj ective sisspmblies,t tomprisingdtbzea bensugxowpsoflanawdbmatic
3D inspec- tion systemspdap Corresponding to Figure 3 or 4, the
internmediate image 5 1's generated b¥ the | ens grqég 1. Themco§£se of the
principal ray 7 and~of fOReCRUPIARY| tPaPsPeal defiechion rit hEd) HREXR oups
1-3 and with respect tdstFrepideadl aaxdixrst) 1énsndrouped(l Thehdehorsas ens
%

oroup 2 18965 (1 SO polULSIoHLEL ek UaACatuth hA it dlhidlen g o
‘which case the entrancédnpepmeddatef imagef (Fptwith a numerical aperture
which is small in relation to the entire scanning
cbjective, with at the same time a large scan
angle (08},
15 ' - on the object side there is provided a third lens
group (3) with a numerical apgrture which is
larger relative to the first lens group (1),
~ an interposed second lens group (2) with positive
refractive power and a focal length (f) which is
20 . greater relative to the first lens group (1) is
provided, which images an intermediate image (5),
generated by the first 1lens group (1), at
infinity,
- the exit pupil (62), which is formed by the first
25 and second lens groups (1; 2), comes to lie ahead
of the third lens group (3) and
- a scan angle reduction is achieved by the first
and second lens groups (1; 2), with the effect
that the third lens group (3) is similar to a
30 collimator optical system, with respect to the
structure.

2. The scanning objective as claimed in claim 1,
characterized in that the scanning objective is an
F-B objective.

KT



-12- lens group 1 is imaged into the entrance pupil 63 of the third |ens
group 3. ‘'This can al so be designated as scan angle transformation. The
entrance pupil 63 of the third lens groupmg lies between the second and
third lens 5 groups 2, 3. Parallel rays are conducted through the pupil at

mexi mum di amet g1, Thgef idciind 1405 %9&&ﬂveca%8|éiﬁéﬁde@smuc$he caf hhe
consi dered as a scanning ijectlve of |l owresolution, The s g%fosplles to

t he second | ens groBFege dingt Filaimgse chadastarizad sioxkhak:

greater focal |engt BlPalUﬁh 8 ﬂ&sﬁf I;ﬁ@:«in@anﬁbnﬁhebb iaae,a:mf (ol e,
resol ution can take place w éggig ?hshoms a
n al

g ge of f %err
basi ¢ represent at i oReEWegRstRfin ﬁﬁs ?E t?$%°ﬂ s
aperture. 15 Possi bl e technical data: Exanple 1: Nunerlcal aperture
(overall): 0. 6 Focal 6 25
rm Beam di anet & D, TRE ﬁﬁeargfftx}ganegjgcglve as; ¢lajmed in,cone o sﬁzam ng:

5 mm Scan angl e 6: preceding claims, characteriZest ip Ehatitie scanning
15 mm Scan length Sppiective exhibits in total ome "PeE428Rt2ié’ beam
path.

5. The scanning objective as claimed in one of the

10 preceding claims, characterized in that the spacing

(a) between the zenith of the first lens surface of

the first lens group (1) and the entrance pupil

(61), 1lying in front thereof, of the scanning

objective is greater than the total focal length (f)

15_ of the scanning objective. "\

6. The scanning objective as claimed in one of the

preceding claims, characterized in that the numeri-

cal aperture of the first lens group (1) is at least
0.15.

20 7. The scanning objective as claimed in one of the
preceding claims, characterized in that the scan
angle (8) has a value of approximately 16° and the
beam diameter (D) at the entrance pupil (61) of the
scanning objective is approximately 7.5 mm.

p



25 Beam di aneter and scan angle are constant Nunerical aperture:

0.28 Scan length S 7.5 mm Wor ki ng spaci ng:

27 nm - 13 - Focal Iength f: - 16 - approx. 14 nmm The basic
construction of a scanni ng objective accordlng to the invention includes,
correspondi ng 80 t hghdi agfaammajatwgéeewéeatsatctmméu qurdne4 ofi fhest,
second and 5 third_lLen

rou The sur f bj_ect to be
Cested of the obj ecPTBrARMIE Fhabier phararterTtied Gt ShaR HhE JURSR he
illustration. The ectilaaperpupelob tin uhirdenEnsegsoapn(mg Iinannleast S

d h d
arrangenent 10 xhrget SiitHB; Scln 20l 16 1L BhEBkalCefP 018,

the principal ray 7 and of the marginal rays 8 is cor- respondlngly
outlined. The entrance pupil 61, represented in Figure 4 as a di aphragm
can be replaced by a rotating pol ygonal 15 mrror. The exit pupil 62 of
the first and second lens groups 1, 2 coincides wth the entrance pupil 63
of the third lens group 3; in this case, the second |l ens group 2 inmages the
internediate image 5, generated by the first lens group 1, at infinity.

-
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'552 P 1294 DE -14- Patent clains 1. A scanni ng objective for
the guidance of an illum - nation beamor an illum nati opcpasry2702%2R
meas Wy@o3peess4 beam especially for a scanning systemfor the 5
surface inspection of electronic circuit board assenblies, conprising
three lens groups (1; 2; 3), in which - for coupling to a beam defl ection
upit (4) there is provided a first lens group (1) which has 10
positive refractive power and which rates an internedi ate i mage (5)
with a nunerical aperture which is sndlT in relation to the entire scanning
objective, wwth at the sane tinme a |large scan angle ([err]), 15 -
on the object side there is provided a third lens group (3) with a
nunerical aperture which is larger relative to the first lens group (1), -
an interposed second |lens group (2) with positive refractive power and a

focal length (f) which is 20 greater relative to the first |lens
group (1) is provided, which imges an internediate i mage (5), generated by
.the first lens group (1), at infinity, - the exit pupil (62), which is
formed by the first 25 and second |l ens groups (1; 2), comes to

lie ahead - FIG1
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1
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FIG 2




of the third lens group (3) and - a scan angle reduction is achi eved by the
first and second lens groups (1; 2), with the effect that pgg/EP9270282¢ns

group (VO 93424854i|ar to a 30 collimator optical system wth
respect to the structure. 2. The scanning objective as clained in
claim 1, characterized in that the scanning objective is an F-[err]

obj ective. [err] 3. The scanning oRj,ertive as clainmed in one of the

precedi ng clains, characterized in that { prin- cipal rays (7) run

parallel to the optical axis (10) between the first and second | ens groups
(1; 2). 5 4. The scanning objective as clained in one of the preceding
clains, characterized in that the scanning objective exhibits in total one
tel ecentric beampath. 5 The scanning objective as clained in one of the

10 precedi ng clains, characterized in that the spacing (a) between
the zenith of the first lens surface of the first |lens grespe) and the
entrance pupil (61), lying in front thereof, of the scanning b\ ective is
greater than the total focal qggth (f) 15 = of the scahmln
obj ecti ve. , "
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6. The scanni ng objective.as clainmed in one of the preceding clains,
chgracterized in that the nuneri- cal aperture of the first lens group (1)
i‘'s*at | east 0..15 The scanni ng_gbj ective as clained in one of the
precedi ng claﬁké?'éﬁgyﬁ rized in thaf ﬂﬁe'scan angle ([err]) has a val ue
of approximately [err] and the beam dianeter (D) at the entrance pupil (61)
of the scanning objective is approximately 7.5 mm -16- 8. The
scanni ng obj ed®bistxragsk cl ai ned in one of the preceding clainms, characterized
in that the nuneri- cal aperture of the third lens group (3) is at |east

0.25 and the scan angle .(Jerr]) is approximately [err].
Scanning objective ' .

A high resolution with at the same time high testing
speed is required of scanning objectives for the linewise
or pointwise three-dimensional scanning of object
surfaces. In order to be able to image as many image
points as possible with high resolution, the scanning
objective must exhibit a correspondingly large numerical
aperture with at the same time a large image field. For
this purpose, it is constructed of three lens groups (1;
2; 3). The first and second lens groups (1; 2) effect
both a scan angle reduction and a pupil enlargement. The
entrance pupil (61) is imaged into the entrance pupil
(63) of the third lens group (3). The third lens group
{3) has a large numerical aperture of, for example, 0.6.
Furthermore, the real intermediate image (5) is imaged by
the second lens group (2) with positive refractive power
and greater focal length (f) than the first lens group
(1), at infinity. With a beam diameter '(D) at the
entrance of the scanning objective of 7.5 mm, a scan
angle (0) of +/-16° and a scan length S of 3.5 mm, it is

_possible to achieve, for example, a working spacing of
5 mm. '

Figure 4



