wo 2011/038937 A1 I 10K 00 O 00O 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /’@T‘?’i‘\
International Bureau v{ ’0
&)
(43) International Publication Date N\

7 April 2011 (07.04.2011)

(10) International Publication Number

WO 2011/038937 Al

(51) International Patent Classification:
A61B 3/12 (2006.01) AGIF 9/008 (2006.01)

(21) International Application Number:

PCT/EP2010/006037

(22) International Filing Date:

29 September 2010 (29.09.2010)
(25) English
(26)

(30)

Filing Language:
Publication Language: English

Priority Data:
09075450.8 29 September 2009 (29.09.2009)
61/246,745 29 September 2009 (29.09.2009)

EP
Us

Applicant (for all designated States except US): OD-OS
GMBH [DE/DE]; Warthestrasse 21, 14513 Teltow (DE).

1

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): AMTHOR, Kay-
Uwe [DE/DE]; Gregor-Mendel-Str. 9, 14469 Potsdam
(DE). LIESFELD, Ben [DE/DE]; Gregor-Mendel-Str.
36-37, 14469 Potsdam (DE).

Agent: PFENNING, MEINIG & PARTNER GBR;
Joachimstaler Strasse 12, 10719 Berlin (DE).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: OPHTHALMOSCOPE FOR OBSERVING AN EYE

(57) Abstract: The invention relates to an ophthalmoscope (1) for observing an eye (2) comprising a converging first lens system
(3) for generating a real intermediate image of a region (4) in the eye (2) in an intermediate image plane (5) as well as an observa-
tion apparatus (6) having an imaging optics (7) for imaging the real intermediate image in an imaging plane (8) in the observation
apparatus (6) and for imaging an aperture (9) of the observation apparatus (6) in a pupil (10) of the eye (2) wherein between the
first lens system (3) and the imaging optics (7) of the observation apparatus (6) a diverging second lens system (13) is provided
for enlarging a working distance (A) between the first lens system (3) and the pupil (10) and for enlarging a field angle (o). Fur-
ther, the invention relates to a method of observing an eye (2).



10

15

WO 2011/038937 PCT/EP2010/006037

Ophthalmoscope for observing an eye

The invention relates to an ophthalmoscope for ob-

serving an eye and a method of observing an eye.

The observation of an eye, particularly of a fundus
of the eye, usually serves for making a diagnosis of
diseases of the eye as well as for the treatment of
such diseases. In particular, age-related macular de-
generation or diabetic retinopathy belong to these
diseases. An early recognition of these diseases by
diagnostic methods such as direct observation of the
retina by a physician, fundus images, fluorescence
images or optical coherence tomographies need special
optical technologies since the fundus of the eye must
be observed and imaged through a small opening of an

eye pupil, respectively.
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For the treatment of diseases of the retina fre-
quently a laser irradiation is carried out on sympto-
matic regions of the retina. For this treatment a la-
ser radiation must be coupled into the eye through
the eye pupil and focused on the location to be radi-
ated. During such a treatment the observation of the

retina is necessary, as well.

Optical elements used directly at the eye for this
purpose play a decisive role for the accuracy of an
optical image of the fundus of the eye. For the ob-
servation of the fundus of the eye a slit lamp is
used by standard. Using an ophthalmoscoping lens as
explained for example in US 5,526,189 the fundus of
the eye is imaged in an intermediate image plane.
This intermediate image plane is viewed with a stereo
microscope. The illumination of the fundus of the eye
is carried out by a slit illumination which is cou-
pled into the eye via the ophthalmoscoping lens.
Critical disadvantages of such a fundus observation
by means of a slit lamp, on the one hand, is a re-
striction toward a slit-shaped field of view on the
retina as well as reflections of the illumination on
the ophthalmoscoping lens and on a cornea of the pa-
tient which overlay the image of the fundus as inter-

fering artefacts.

Furthermore, for the documentation of an examination
or a treatment, respectively, it is necessary to
store images of the fundus of the eye. To this end,
for example fundus cameras and indirect ophthalmo-

scopes, respectively are used. In doing so, a con-
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verging lens system of the ophthalmoscope creates an
intermediate image of the fundus of the eye which is
imaged in an imaging plane by an imaging optics pro-
vided downstream, and in this imaging plane mostly an

electronic photosensitive sensor is arranged.

With the observation of the fundus of the eye with an
indirect ophthalmoscope the following parameters and
boundary conditions are relevant. A field angle which
is characterized by a maximum angle that two light
beams starting from the eye and being imageable in
the imaging plane by means of the ophthalmoscope may
enclose between them, which should be as large as
possible to allow a visual field of the fundus of the
eye as large as possible, a size of the light sensi-
tive sensor, and a construction size of the imaging
optics of the ophthalmoscope which should be as com-
pact as possible to keep the distance between the
physician and the patient to be treated as small as
possible (smaller than an arm length) . In addition,
relevant parameters are an imaging quality as high as
possible, a diameter of the pupil of the examined eye
which is smaller than 4 mm as a rule upon a prefera-
bly non-mydriatic examination, a working distance be-
tween the ophthalmoscope and the eye defined by a
distance between the cornea of the eye and a surface
of an entrance lens of the ophthalmoscope facing the
eye which should be as large as possible so that
other optical elements can be placed between the oph-
thalmoscope and the eye without any problems, and
furthermore a larger distance between the ophthalmo-

scope and the nose and forehead of a patient is
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achieved to obtain a greater freedom of movement for
the ophthalmoscope. The mentioned requirements are
closely interconnected so that changes of one of
these parameters have effects on the other parame-

ters.

For example, selecting a cost-effective sensor having
a diagonal of about 0.5 inch or smaller, then an in-
termediate image of the fundus of the eye must be
usually imaged highly reduced in size onto this sen-
sor. This either necessitates a great construction
length of the imaging optics by which the distance
between the physician and the patient is enlarged or
the use of optical elements having short focal dis-
tances which however are in conflict with achieving a
high imaging quality. To achieve a working distance
as large as possible one may select an objective of
the ophthalmoscope having a large focal distance.
However, since the size of the intermediate image
also scales with the focal distance of the objective
the larger intermediate image is no longer completely
detectable by the sensor with unchanged optics pro-
vided downstream. Thus, either a larger sensor has to
be selected which highly enhances costs of the oph-
thalmoscope, or the optics provided downstream in
turn as described must be able to achieve a severe
reduction in size of the intermediate image which ei-
ther requires a longer form of construction or the
use of heavily refracting optical elements including

the disadvantages mentioned above.

In addition to the creation of an intermediate image
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it is the object of the objective of an ophthalmo-
scope to allow a Maxwellian illumination upon which
an apparatus pupil which usually is given by an aper-
ture of the imaging optics is imaged into the pupil
of the eye to be examined. Maxwellian illumination,
also referred to as pupil imaging, allows the spatial
separation of an observation beam path and an illumi-
nation beam path on the cornea of the eye in the vi-
cinity of the pupil of the eye. By this spatial sepa-
ration of the mentioned beam paths it is guaranteed
that reflections on the cornea of the eye and on sur-
faces of the objective in the fundus image do not su-
perimpose the reflection from the fundus of the eye,
i.e. the observation beam which carries the decisive
image information from the eye. Furthermore, the pu-
pil imaging allows a particularly large field angle
since a particularly large region of the eye may be
imaged on the sensor of the ophthalmoscope. However,
pupil imaging requires an accurately adjusted working
distance. If the ophthalmoscope is positioned too far
from the eye the aperture is imaged in front of the
eye outside of the pupil. By this, the field angle is
reduced, and moreover amounts of stray light will not
be removed from the observation beam path as de-

scribed above.

Thus, the present invention is based on the object to
propose an ophthalmoscope for the observation of an
eye, in particular of a fundus of the eye, by which a
large working distance and large field angle may be
achieved but wherein the construction length of the

ophthalmoscope shall be as compact as possible, and
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wherein at the same time a pupil imaging as good as
possible shall be achieved. Furthermore, image qual-
ity as high as possible shall be achieved with a sen-
sor being as small as possible. In addition, a corre-
spondingly advantageous method for the observation of

an eye shall be proposed.

This object is solved according to the invention by
an ophthalmoscope and a method having the features of
the independent claims. Advantageous embodiments of
the invention are subject-matter of the dependent

claims.

The ophthalmoscope according to the invention for ob-
serving an eye comprises a converging (positively re-
fracting) first lens system for generating a real in-
termediate image of a region in the eye in an inter-
mediate image plane as well as an observation appara-
tus having imaging optics for imaging the real inter-
mediate image in an imaging plane in the observation
apparatus, and for imaging an aperture of the obser-
vation apparatus in a pupil of the eye wherein be-
tween the first lens system and the imaging optics a
diverging (negatively refracting) second lens system
is provided for enlarging a working distance between
the first lens system and the pupil, and for enlarg-

ing a field angle.

The first lens system comprises at least one converg-
ing (positively refracting) lens, and furthermore the
second lens system comprises at least one diverging

(negatively refracting) lens. Both lens systems may
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also comprise further lenses.

By a converging (positively refracting) lens system a
system of at least one lens is to be understood which
converges a beam of rays of light beams running par-
allel to each other and passing through the posi-
tively refracting lens system. By a negatively re-
fracting lens system a system of at least one lens 1is
to be understood which refracts and diverges such a

beam of rays passing this lens system.

By the arrangement of the diverging second lens sys-
tem according to the invention it is achieved that
the working distance necessary for achieving the pu-
pil imaging is enlarged, wherein the working distance
is defined as above by a distance between the cornea
of the eye and a surface facing the eye of an en-
trance lens of the first lens system facing the eye.
In particular, the working distance being achievable
by the invention is larger than the distance between
this surface and a focus of the first lens system
facing the eye which corresponds to the working dis-
tance of a conventional ophthalmoscope without the
second lens system. As already mentioned above, an
enlarged working distance is advantageous in that
other devices such as a contact lens can easily be
placed between the ophthalmoscope and the eye. Fur-
ther, a larger field angle can be achieved and a lar-
ger clearance of motion is made for the ophthalmo-
scope since particularly the distance to the nose and

forehead of the patient will be enlarged as well.
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In a further development being distinguished by par-
ticularly good optical image characteristics it is
provided that the intermediate image plane is ar-
ranged inside the second lens system, in a first in-
terstice between the first lens system and the second
lens system, or in a second interstice between the

second lens system and the imaging optics.

If the second lens system comprises exactly one lens
then the intermediate image plane is located inside
of the second lens system if the intermediate image
plane passes through the respective lens. If the sec-
ond lens system includes several of lenses then the
intermediate image plane is located inside of the
second lens system if the intermediate image plane is
located between these both lenses or at least is
passing through one of these both lenses. The same
applies to the first lens system and the imaging op-
tics. The intermediate image plane is in the first
interstice between the first and the second lens sys-
tems if it is located between a surface of the second
lens system facing the first lens system and a sur-
face of the first lens system facing the second lens
system, however, is located inside of neither the
first nor the second lens systems. The intermediate
image plane is in the second interstice between the
second lens system and the imaging optics if it is
located between a surface of the second lens system
facing the imaging optics and a surface of the imag-
ing optics facing the second lens system, however, 1is
located neither inside of the second lens system nor

inside of the imaging optics.
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In one embodiment it is provided that the second lens
system comprises exactly one diverging lens and the
intermediate image plane is arranged inside of this
lens. By the use of a single diverging lens in the
intermediate image plane a working distance larger
than usually will be achieved. On the other hand, the
focal distance of the first lens system for imaging
the intermediate image in the intermediate image
plane remains unchanged such that firstly the inter-
mediate image plane is not shifted by the second lens
system, and secondly the intermediate image is not
enlarged so that there is no need for the imaging op-
tics provided downstream to be adapted to the second

lens system.

An alternative embodiment of the ophthalmoscope ac-
cording to the invention provides that the intermedi-
ate image plane in the first interstice is arranged
in close vicinity to a surface of the second lens
system facing the first lens system or that the in-
termediate image plane in the second interstice 1is
arranged in close vicinity to a surface of the second
lens system facing the imaging optics. In this way, a
radiation power inside of the second lens system can
be reduced. In particular, upon laser treatment of
the eye this is advantageous in that the second lens
system is protected from excessive radiation inten-
sity of the laser which inside of the intermediate
image plane is higher than usual. Especially for the
treatment of the fundus of the eye a therapeutic la-
ser beam is namely focused onto the fundus of the eye

to achieve a radiation power in the fundus of the eye
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as high as possible. Focusing laser beam onto the
fundus of the eye simultaneously means focusing the

laser onto the intermediate image plane.

In order to simultaneously achieve a working distance
as large as possible between the eye and the first
lens system, not to change the position of the inter-
mediate image plane, and if possible not to enlarge
the intermediate image, in one embodiment it is pro-
vided that the intermediate image plane in the first
interstice is arranged in a distance of 1 mm to 20 mm
toward a surface of the second lens system facing the
first lens system or that the intermediate image
plane in the second interstice is arranged in a dis-
tance of 1 mm to 20 mm toward a surface of the second
lens system facing the imaging optics. In another em-
bodiment the mentioned distance is between 5 millime-

tres and 15 millimetres.

An embodiment of the ophthalmoscope of the type rep-
resented herein provides that the second lens system
comprises at least two lenses wherein the intermedi-
ate image plane is arranged in an interstice between
the at least two lenses. Again, in this way a reduc-
tion of a radiation power of a therapeutic laser beam
inside of this lens material of the second lens sys-
tem can be made, and at the same time a large working

distance can be achieved.

In another configuration of the invention at least
one lens contained in the second lens system is

tilted relative to the intermediate image plane. In
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this way, an amount of stray light can be eliminated
from the observation beam, and imaging quality of the
ophthalmoscope can be improved. Preferably, a corre-
sponding rotational angle between the tilted lens and
the intermediate image plane is in a range between 0°
and 45°. In a further development the rotational an-
gle is within a range between 5° and 15°. Alterna-
tively or additionally also lenses contained in the

first lens system may be tilted accordingly.

In an embodiment of the invention, there is provided
that the first lens system comprises a lens having a
curved surface wherein the surface is formed aspheri-
cally. This is for the purpose of an optimization of
the pupil imaging and the fundus imaging by means of
a number as small as possible of optical surfaces.
Such an optimization is particularly advantageous by
means of aspherical surfaces since aspherical shaping
of the lens surface allows a local optimization for
every viewing angle. In doing so, local radii of cur-
vature of the aspherical surfaces may be adapted ac-
cording to an entrance height of a beam of rays.
Here, the entrance height of the beam of rays is de-
fined as the distance between a symmetry axis (rela-
tive to a rotational symmetry) of the lens and an en-

trance point of the beam of rays into the lens.

Optimization of imaging characteristics of the oph-
thalmoscope by means of aspherical lens surfaces com-
pared with optimization by means of additional
spherical lenses has the advantage of saving addi-

tional lens surfaces (optical surfaces) and thus of
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avoiding additional reflections of light on these

surfaces.

In an alternative embodiment of the invention it is
provided that the second lens system comprises a lens
having a curved surface wherein this surface is
shaped aspherically. In turn, aspherical shaping this
lens is for the purpose described above. In a pre-
ferred embodiment the first and the second lens sys-
tems each comprise a lens having such an aspherically

shaped surface.

In a further development of the invention it is pro-
vided that the observation apparatus comprises a
light sensitive sensor which is arranged in the image
plane for generating electric image signals. Such a
sensor is applicable to allow digital image process-
ing. Such an ophthalmoscope equipped with digital im-
age processing offers a plurality of auxiliary diag-
nostic functions which shall not be further explained

in detail herein.

An advantageous embodiment of the ophthalmoscope pro-
vides that the ophthalmoscope does not include any
mirror, beam splitter, and/or any other lens in the
intermediate region between the first and the second
lens systems. In this way, a construction as simple
and cost-effective as possible is feasible which fur-
thermore is distinguished by a particularly high im-
age quality since a reduction of stray light and un-
wanted reflections of light will be achieved by sav-

ing optical surfaces. For the same reason another em-
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bodiment of the invention provides that the ophthal-
moscope does not comprise any mirror, beam splitter,
and/or any other lens in an interstice between the

eye and the first lens system.

An especially simple embodiment of the invention
which is distinguished by a high imaging quality and
a low amount of stray light provides that in addition
to imaging of the region in the eye in the intermedi-
ate image plane and in the imaging plane no further

imaging of the eye is provided.

The method of observing an eye according to the in-
vention with an ophthalmoscope of the type repre-
sented herein provides that an observation beam re-
flected in the eye is imaged by a first lens system
of the ophthalmoscope as an intermediate image in an
intermediate image plane and the intermediate image
is imaged by imaging optics of an observation appara-
tus of the ophthalmoscope in an imaging plane wherein
the observation beam is diverged in a beam path be-
tween the first lens system and the imaging optics by
a second lens system, and wherein furthermore an ap-
erture of the observation apparatus is imaged in a
pupil of the eye. In one embodiment this method is
carried out with an ophthalmoscope of the type pro-

posed herein.

In the following, the invention will be described in

greater detail according to specific embodiments.

Figure 1 shows imaging of a fundus of an eye by

means of an ophthalmoscope of the type pro-
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posed herein;

Figure 2 shows pupil imaging by means of an ophthal-

moscope of the type proposed herein;

Figure 3 shows an ophthalmoscope of the type pro-
posed herein with an intermediate image
plane inside of a lens of the second lens

system;

Figure 4 shows an ophthalmoscope of the type pro-
posed herein with a lens tilted relative to

the intermediate image plane;

Figure 5 shows an ophthalmoscope of the type pro-
posed herein with an intermediate image
plane in a first interstice between the

first and the second lens system;

Figure 6 shows an ophthalmoscope of the type pro-
posed herein with an intermediate image

plane inside of the second lens system.

Figure 1 shows a schematic representation of a spe-
cific embodiment of an ophthalmoscope 1 of the type
proposed herein for observing an eye 2. The ophthal-
moscope 1 comprises a converging first lens system 3
for generating a real intermediate image 5 of a re-
gion 4 in the eye in an intermediate image plane 5 as
well as an observation apparatus 6 having an imaging
optics 7 for imaging the real intermediate image 5 in
an imaging plane 8 inside of the observation appara-

tus 6 and for imaging an aperture 9 of the observa-
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tion apparatus 6 in a pupil of the eye 4. The imaging
optics 7 in this specific embodiment includes two
converging lenses 11, 12. For achieving a higher im-
aging quality, in more complex embodiments instead of
the single lenses 11 and 12 respective lens systems

are provided which may comprise a number of lenses.

Further the ophthalmoscope comprises a diverging sec-
ond lens system 13 wherein the intermediate image
plane 5 runs inside of this second lens system 13. In
the embodiment represented herein the second lens

system 13 comprises one single diverging lens 13.

The beam path schematically shown in Figure 1 serves
for the illustration of a pupil imaging, i.e. the im-
aging of the aperture 9 onto the eye pupil 10 wherein
one divergent beam of rays 14 starting from the aper-
ture 9 is focused on the pupil 10. An especially
large region 4 in the eye is illuminated and ob-
served, respectively, by the pupil imaging. A size of
the region 4 immediately corresponds to a large field
angle o. In the embodiment represented herein the
field angle is 50° which corresponds to a region 4
having a diameter of about 16 mm on a fundus 15 of

the eye.

In this embodiment the first converging lens system 3
contains one single converging lens 3 which so repre-
sents the entrance lens of the ophthalmoscope 1 which
is shaped aspherically for improving the imaging

characteristics of the ophthalmoscope under large ob-

servation angles (field angles) o. The ophthalmoscope
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1 further comprises a light sensitive sensor 16 which
is arranged in the imaging plane 8 for generating
electric image signals. Further the ophthalmoscope
comprises a digital image processing unit (not shown

herein) for carrying out image processing functions.

In Figure 2 the exemplary ophthalmoscope 1 already
described above according to Figure 1 is shown once
again. In Figure 2 the situation of a fundus imaging
igs illustrated which is distinguished due to the fact
that a beam of rays starting from the fundus 15 of
the eye is imaged by the first converging lens system
3 in the intermediate image plane 5. In the further
beam path this beam of rays is parallelised by the
first converging lens 11 of the imaging optics 7,
spatially limited by the aperture 9 (aperture dia-
phragm), and subsequently imaged by the second con-
verging lens 12 in the imaging optics 7 in the imag-

ing plane 8 onto the sensor 16.

The first lens system 2 and the second lens system 13
of the ophthalmoscope 1 described herein thus are ap-
plicable to simultaneously depict the fundus 15 of
the eye 2 onto the sensor 16 of the observation appa-
ratus 6 and to depict the aperture 9 in the pupil 10
which is located behind the cornea 18 of the eye 2

inside of the eye 2.

Moreover, by the diverging lens 13 contained in the
second lens system a working distance between the
first lens system and the eye 2 is enlarged as will

be explained from the following figures in greater
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detail.

In this embodiment the intermediate image plane 5 is
arranged inside of the lens system 13. In alternative
embodiments the intermediate image plane (5) is lo-
cated in a first interstice (19) between the first
lens system (3) and the second lens system (13) or in
a second interstice (19°) between the second lens

system (13) and the imaging optics (7).

In Figure 3 a section of an ophthalmoscope described
according to Figure 1 and Figure 2 is shown. In Fig-
ure 3 the beam paths of a plurality of beams of rays
17 starting from the observed region 4 on the fundus
15 of the eye 1 are sketched in. At first, starting
from the fundus 15 of the eye they pass through the
pupil 10 and exit from the eye 1. Afterwards they im-
pinge at first onto the converging lens system 3 (of
the entrance lens) focusing them in the intermediate

image plane 5.

The beams of rays 17 exiting from the eye 4 consist
of collimated light beams such that the single beams
of rays are focused by the converging lens system 3
in a focal plane 5 of the first lens system 3 being
identical with the intermediate image plane 5. Thus,
a distance labelled as S, between the intermediate
image plane 5 and a surface 3~ of the converging lens
system 3 facing the intermediate image plane 5 ap-
proximately corresponds to a focal plane of the lens

system 3.

Further, the converging lens 3 is shaped aspherically
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as already described above. In this way, even those
beams of rays 17 which impinge the converging lens 3
with a large entrance height P are imaged onto the
intermediate image plane 5 such that preferably the
entire region 4 is optically conjugated with the in-
termediate image plane 5. The entrance height is de-
fined as the distance between the entrance point of
the respective beam of light and a symmetry axis R of

the lens.

By the arrangement of the diverging lens 13 in the
intermediate image plane 5 the working distance A be-
tween a surface 3°° of the first lens system 3 facing
the eye and a cornea 18 of the eye is enlarged. With-
out this diverging lens 13 the working distance which
is necessary for the pupil imaging would correspond
approximately to the distance S, between the surface
3° of the lens system 3 facing the intermediate image
plane 5. By the addition of the diverging lens system
13 the beams of rays 17 are bundled in a distance S,
being a focal length of the ophthalmoscope, upstream
of the first lens system, which is larger than S, by
a value AS. Thus, a larger working distance A between
the surface 3°° of the converging lens 3 facing the
eye 1 and the cornea 18 of the eye is resulting. Such
an enlarged working distance A allows an observer of
the eye 2 to move the ophthalmoscope without any re-
striction of the nose or frontal bone in front of the

eye 1.

In Figure 4, in turn a section of a specific embodi-

ment of an ophthalmoscope of the type herein pre-
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sented is represented in section and schematically.
The difference to the ophthalmoscope described ac-
cording to Figure 3 is the tilting of the diverging
second lens system 13 relative to the intermediate
image plane 5 by an angle B. In the present case the
angle B of tilting is 9.5°. The tilting has the posi-
tive effect of an elimination of reflections of 1light
from the beam path of the ophthalmoscope such that
the reflections of light might not lead to a degrada-

tion of image quality of an image of the region 4.

Again, in Figure 5 a specific embodiment of the oph-
thalmoscope of the type proposed here is represented
in section and schematically. Unlike the embodiments
described according to the Figure 1 to Figure 4 in
this case the intermediate image plane 5 is arranged
in a first interstice 19 between the first lens sys-
tem 3 and the second lens system 13. A distance X be-
tween the intermediate image plane 5 and a surface
13° of the second lens system 13 facing the interme-
diate image plane 5 is about 2 mm in the present em-
bodiment. This is advantageous in that in the case of
laser treatment of the fundus 15 of the eye of the
eye 2 a radiation power inside of the second lens
system 13 is reduced compared to the radiation inten-
sity inside of the intermediate image plane 5. Fur-
thermore, the surface is shaped aspherically. Fur-
ther, in an intermediate region 21 between the first
lens system 3 and the eye 2 any other mirrors, beam

splitters, or lenses are not provided.

In Figure 6 another embodiment of an ophthalmoscope
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of the type proposed herein is represented in section
and schematically. Unlike the ophthalmoscope de-
scribed according to Figure 5, the second lens system
13 of this embodiment comprises two diverging lenses
13”°°. The intermediate image plane 5 is arranged in
intermediate region between the both diverging lenses
13”” inside of the second lens system 13. Its advan-
tage is in turn the reduction of radiation power in-
side of the diverging lenses 13~ of the second lens
system 13 for the protection of these lenses 137~
against a too high radiation intensity, for example
in the case of a laser treatment of the fundus 15 of

the eye.

The distances S,, AS, S, and X are each defined along

an optical axis 20 of the ophthalmoscope.
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ophthalmoscope

eye

first lens system

surface of the first lens system facing the in-
termediate image plane

surface of the first lens system facing the eye
region of the eye

intermediate image plane
observation apparatus

imaging optics

imaging plane

aperture

pupil

first lens of the imaging optics
second lens of the imaging optics
second lens system

observation beam

fundus of the eye

sensor

observation beam

cornea

interstice

optical axis

interstice

field angle

tilting angle

working distance

focal length

distance between intermediate image plane and
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first lens system
AS difference between S and S,
symmetry axis of the first lens system

P entrance height
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Claims:
1. An ophthalmoscope (1) for observing an eye (2),
particularly a fundus (15) of the eye (2), com-

prising a converging first lens system (3) for
generating a real intermediate image of a region
(4) in the eye (2) in an intermediate image
plane (5) as well as an observation apparatus
(6) having an imaging optics (7) for imaging the
real intermediate image in an imaging plane (8)
in the observation apparatus (6) and for imaging
an aperture (9) of the observation apparatus (6)
in a pupil (10) of the eye (2),

characterized in that

between the first lens system (3) and the imag-
ing optics (7) of the observation apparatus (6)
a diverging second lens system (13) is provided
for enlarging a working distance (A) between the
first lens system (3) and the pupil (10) and for

enlarging a field angle («).

2. An ophthalmoscope (1) as claimed in claim 1,
characterized in that
said intermediate image plane (5) is arranged
inside of said second lens system (13), in a
first interstice (19) between said first lens
system (3) and said second lens system (13), or
in a second interstice (19°) between said second

lens system (13) and said imaging optics (7).

3. An ophthalmoscope (1) as claimed in any one of

the preceding claims, characterized in that
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said second lens system (13) comprises exactly
said one diverging lens (13) and said intermedi-
ate image plane (5) is arranged inside of this

lens (13).

4. An ophthalmoscope (1) as claimed in any one of
the preceding claims in combination with claim
2, characterized in that
said intermediate image plane (5) is arranged in
said first interstice (19) in close vicinity to
a surface (13°) of said second lens system (13)
facing said first lens system (13) or that said
intermediate image plane (5) is arranged in said
second interstice (197) in close vicinity to a
surface (13°7) of said second lens system (13)
facing said imaging optics (7) for reducing a
radiation power inside of said second lens sys-
tem (13) at a simultaneously large working dis-

tance (A).

5. An ophthalmoscope (1) as claimed in any one of
the preceding claims in combination with claim
2, characterized in that
said intermediate image plane (5) is arranged in
said first interstice (19) in a distance of 1 mm
to 20 mm to a surface (137) of said second lens
system (13) facing said first lens system or
that said intermediate image plane (5) is ar-
ranged in said second interstice (197) in a dis-
tance of 1 mm to 20 mm to a surface (137) of
said second lens system facing said imaging op-

tics (7) for reducing a radiation power inside
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of said second lens system (13) at a simultane-

ously large working distance (A).

An ophthalmoscope (1) as claimed in any one of
the preceding claims, characterized in that

at least said one lens (13) contained in said
second lens system (13) is tilted relative to
said intermediate image plane (5) for suppress-

ing of stray light.

An ophthalmoscope (1) as claimed in any one of
the preceding claims, characterized in that

said one lens contained in said second lens sys-
tem is tilted relative to said intermediate im-
age plane (5) by an angle (B) in a range between

0° and 45°.

An ophthalmoscope (1) as claimed in any one of
the preceding claims, characterized in that

said first lens system (3) comprises a lens (3)
having a curved surface (37) which is aspheri-
cally shaped for improving of imaging character-

istics of said first lens system.

An ophthalmoscope (1) as claimed in any one of
the preceding claims, characterized in that
said second lens system (13) comprises a lens
(13) having a curved surface (137) which is
aspherically shaped for improving of imaging

characteristics of said second lens system.

An ophthalmoscope (1) as claimed in any one of

the preceding claims, characterized in that
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said observation apparatus (6) comprises a light
sensitive sensor (16) which is arranged in said
imaging plane (8) for generating electric image

signals.

An ophthalmoscope (1) as claimed in any one of
the preceding claims, characterized in that

said ophthalmoscope (1) does not comprise any
mirror, beam splitter, and/or any other lens in
said first intermediate region (19) between said

first and said second lens systems (3, 13).

An ophthalmoscope (1) as claimed in any one of
the preceding claims, characterized in that
said ophthalmoscope (1) does not comprise any
mirror, beam splitter, and/or any other lens in
an intermediate region (21) between the eye (2)

said first lens system (3, 13).

An ophthalmoscope (1) as claimed in any one of
the preceding claims, characterized in that

in addition to the imaging of said region (4) in
the eye (2) in said intermediate image plane (5)
and in said imaging plane (8) any other images

are not provided.

A method for observing an eye (2), particularly
a fundus (15) of the eye, with an ophthalmoscope
(1), characterized in that

an observation beam (17) reflected in the eye
(2) is imaged by a first lens system (3) of said
ophthalmoscope (1) as intermediate image in an

intermediate image plane (5) and said intermedi-
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ate image (5) is imaged by said imaging optics
(7) of said observation apparatus (6) of said
ophthalmoscope (1) in said imaging plane (8)
wherein said observation beam (17) is diverged
in a beam path between said first lens system
(3) and said imaging optics (7) by said second
lens system (13), and wherein further an aper-
ture (9) of said observation apparatus (6) 1is

imaged in a pupil (10) of an eye (2).

A method as claimed in claim 14, characterized
in that

said method is carried out with said ophthalmo-
scope (1) as claimed in any one of the claims 1

to 13.
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