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focal length of microlenses obtained In the above- described method are not
as high as desired for some Technical Field
practical applications. Also, because of the non-unity ratio of etch rates
k (as used on p. 2378 of the above- This invention relates to fabrication
of optical   5   mentioned paper) of the substrate to the photoresist
lenses and more particularly to methods for making  mask, only prolate
elliptically aspheric microlenses, microminiature lenses
(microlenses)--i.e., having a  with only one axis of symmetry perpendicular
to the thickness of less than 100 [err]--in III-V semiconduc-  substrate
surface, are obtainable in the above- tors and other materials. As used
herein, the term   described method. However, in some applications "lens"
encompasses any lenticularly-shaped surface.  to  spherical lenses, oblate
elliptically aspheric lenses, or astigmatic aspheric lenses having two axes
of sym- Background of the Invention                         metry in the
substrate surface are desired, such as in systems where a semiconductor
edge laser is to be Lenses and microlenses are useful in a variety of
coupled to a circular fiber by a cylindrically-corrected contexts. Such
contexts include, for example, cou-   15   microlens. Finally, In some
contexts--particularly pling a light beam from a III-V semiconductor light
where the lenses are to be protected against metallic emitting diode (LED)
to an optical fiber, as well as  or other features that are ultimately
desired for device coupling a light beam from an optical fiber to a III-V
function--it is desirable that the lenses or mirrors be semiconductor
optical detector, such as an avalanche  fully recessed from the substrate
surface, or at least photodetector (APD). Such contexts also include cou-
20  partially recessed, for mechanical protective purpos- pling a light
beam from one fiber to one other fiber or  es. As used herein, the term
"partially recessed" re- to a plurality of other fibers. For use in some
other  fers to a situation in which each lens is surrounded by contexts,
the lenses are metallized (coated with a thin  a layer of material located
on the substrate and hav- metallic layer), to form mirrors.
ing a thickness (height above the substrate) which is A method of
fabricating InP (indium phosphide)  25  equal to a substantial fraction
(less than unity) of the microminiature lenses is described in a paper
entitled  thickness (height, h) of the lens; whereas the term "Ion-Beam
Etching of InP and Its Application to the  "fully recessed" refers to a
situation where the sur- Fabrication of High Radiance InGaAsP/lnP Light
rounding layer of material has a height which is equal Emitting Diodes" by
0. Wada, published in J. Electro-  to or greater than thatof the lens.
However, the lenses chem. Soc.: Solid-State Science and Technology, Vol.
30   made by the above-described method were not at all 131, No. 10, pp.
2373-2380 (1984). in that method,  recessed. first a photoresist layer was
deposited on a major sur-  Except for partially or fully recessing the
lenses, face of an InP substrate. Then the photoresist layer  the foregoing
problems can be solved by using, in- was patterned solely Into circularly
cylindrical is-  stead of ion etching, a simultaneous gaseous cherni-
land(s) by conventional photolithographic techni-  35  cal and energetic
ion etching step, such as a reactive ques. The resistwas then uniformly
exposed to UVra-  ion etching (RIE) process--i.e., by using an ion-assist-
diation. Next, the patterned photoresist was baked at  ed chemical etching
technique using atomic ormolec- a sufficiently high temperature so that
each island  ular radicals together with ions formed in a low pres- was
transformed into an island having a dome or     sure glow discharge--or by
using a multiple beam spherical contour whose shape was determined by   40
etching process in which reactive chemical species the perimeter of the
island and by surface tension.  are supplied by separate chemical beams as
in Then the substrate was subjected to Argon ion-beam    CAIBE (chemically
assisted ion beam etching). Thus, etching, the beam being oriented at an
angle [err] with re-  the problem of recessing remains, and hence it would
spect to the normal to the major surface of the sub-  be desirable to have
a method for making lenses or strate. During the etching, the substrate was
rotated   45   microlenses in a substrate that are either partially or
about an axis along a radius of the spherical contour  fully recessed from
the substrate surface. perpendicular to the major surface of the substrate.
In this way, the final result was an (elliptically) asphe-  Summary of the
Invention ric microlens formed in the substrate. The microlenses thus
obtained in the above-  50     In accordance with one embodiment, this
inven- described method suffered from undesirable surface  tion involves a
method of making a partially recessed roughness (except for those portions
of the spherical  lens in a prescribed portion of a substrate, the lens
surface whose normals were oriented at angles of ap-  having a prescribed
perimeter, comprising the steps proximately 65 with respect to the ion
beam). Al-  of though such roughness might be ameliorated by wet  55   (a)
forming and baking a first patterned layer etching, such a procedure would
entail an extra step    overlying a surface of the substrate, the first
pat- that would require careful control overthe parameters   terned layer
having both an island portion over- of the procedure. Moreover, the ratios
of diameter to  lying the prescribed portion of the substrate and 2  



3                   EP0458514B1                     4 an auxiliary portion
surrounding the island por-   tive specific embodiment of the invention;
tion,                                              FIG. 4 is a top view of
FIG. 1; and whereby the island portion of the first pat-  FIGS. 5-6 are
side view diagrams in cross section ternd layer becomes a hard-baked island
portion    of various stages of manufacture of a pair of mi- of the first
patterned layer having the prescribed   5  crolenses being fabricated in
accordance with an- perimeter and a prescribed volume, and the aux-
other specific embodiment of the invention. iliary portion of the first
patterned layer becomes  Only for the sake of clarity, none of the drawings
a hard-baked auxiliary portion of the first pat-  is to any scale. terned
layer surrounding the hard-baked island portion thereof and having a larger
volume than   10   Detailed Description the prescribed volume; and (b)
subjecting both the substrate and the hard-    Because of the special
fabrication difficulties en- baked island and auxiliary portions of the
first  countered with a III-V semiconductor substrate like patterned
layersimultaneously to an etching step  InP, owing to the nonvolatility of
the In component rel- sufficientto remove atleast a portion of the thick-
15  ative to the P component, the invention firstwill be de- nesses of both
the hard-baked island and the   scribed in detail with respect to an InP
substrate, but auxiliary portions of the first patterned layer.  it should
be understood that the scope of the inven- In accordance with another
embodiment, this in-  tion is not necessarily so limited, and that it can
be vention involves a method of making a fully recessed  practiced with
such other substrates as gallium ar- lens in a prescribed portion of a
substrate, the lens  20  senide (GaAs) glass, silicon, quartz, or sapphire.
In having a prescribed perimeter, comprising the above-  particular, it has
been successfully practiced with sil- recited steps (a) and (b) wherein,
prior to step (b), a  icon, sapphire, and quartz. In any case, the
substrate second hard-baked patterned layer is formed cover-  is an
optically transparent body--unless the lens is to Ing the auxiliary
portions of the first hard-baked pat-  be coated with a metal layer for use
as a mirror, In terned layer.                                 25  which
case the substrate need not be transparent. The removal by etching of only
a portion of the    As shown In FIGS. 1 and 4, upon a top major sur-
thickness of the first hard-baked patterned layer re-  face 13 of an InP
substrate 10 there Is a pair of resist suits In a partial lens, I.e., a
lens having only a per-  islands 11 and 12 surrounded by auxiliary resist
por- lpheral curved portion; whereas the removal of the  tions 54. These
resist islands together with the auxil- entire thickness of the first
hard-baked patternd layer  30  iary resist portions can be formed by first
coating the results In a full lens, I.e, having a paraxial curved por-
entire top surface of the substrate 10 with a layer of tion In addition to
its peripheral curved portion, the  the resist having a uniform thickness
and then pat- sum of these two curved portions having no visible  terning
the layer by a known method, typically pat- boundary therebetween.
terned photo-exposure followed by development with Preferably the etching
step for either the partially  35  a wet etch. Typically, the material of
which the pat- or fully recessed lenses of this invention is performed
terned layer(s) is formed is a photo-resist, but other by a technique in
which both gaseous chemical spe-  materials can be used-such as a
phosphosillcate cies (atomic or molecular) and energetic ion species  glass
or a polylmide--that can be thermally relaxed to are effective in  the
etching process, su h as RIE or  form a hard-baked Island having a
prescribed perime- CAIBE. Also preferably the volume of each auxiliary  40
ter, such as a sessile drop. The edges 15 of the Is- portion of the
patterned layer is greater than that of  lands can form circles (FIG. 4) or
other desired con- the associated Island portion surrounded by such
tours. The diameter d of the Islands Is typically about auxiliary portion.
50 to 100 [err], and they are spaced apart by a distance In this way,
partially or fully recessed microlens-  of typically about 10 or 20 [err]
to 400 [err]. The thick- es can be obtained. Neither of such recesses can
be   45  ness of the resist layer (before baking to follow) is typ-
obtained using the above-described ion milling proc-  ically In the range
of about 1 to 15 [err]. The distance ess because of the use of a resist
layer patterned  between the closest edge 55 of the auxiliary resist solely
into islands.                               portion 54 and the edge IS of
the island 12 is typically about 20 [err]. Brief Description of the Drawing
so       As further indicated In FIG. 4, in the case of is- lands whose
centers form a square army, the island This invention together with its
features, advan-  12 of diameter d can be viewed as surrounded by an tages,
and characteristics may be better understood  associated volume 57 of
resist contained between the from the following detailed description when
read in  edge 55 of the auxiliary resist portion 54 and an im- conjunction
with drawing in which             55  aginary square 56 drawn midway
between the center FIGS. 1-3 are side views in cross section of vari-  of
the island 12 and the centers of its neighboring is- ous stages of
manufacture of a pair of microlens-  lands 11, 14, 16, and 18. it is
preferred in this Inven- es being fabricated in accordance with an
illustra-  tion that this associated volume of resist be larger 
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volume of resist contained in the island 12 it-  In any event, preferably
the power density and self.
the pressure should be adjusted to result in a bias vol- Next, the
patterned resist is hard-baked--i.e., is  tage of approximately 600 to 700
volts. heated, preferably by hot plate baking--to a tempera-   In the case
of a GaAs (gallium arsenide) sub- ture above a point at which deformation
to a minimal   5   strate typically the source gas is essentially pure
surface occurs. In this way, a pair of resist islands 21  [err] or is mixed
with [err] (about 5 to 20 mole per- and 22 are formed (FIG. 2) surrounded
by auxiliary re-  cent), and the same etching parameters can be used sist
portions 64. After cooling, the islands and the  as were used for the InP
substrate. auxiliary portions of resist are thus hard-baked,       FIGS.
5-6 show a modification, to achieve full re- whereby the height h of the
top of the islands above   10  cess of the microlenses. In particular,
after a struc- the surface 23 of the substrate 10 Is typically about  ture
has been hard-baked as Indicated previously re- 1.5 to 20 [err]. Note that
after the hard-baking (FIG. 2),  garding the structure shown in FIG. 2,
another resist the tops of the resulting hard-baked resist island 21  layer
is deposited to a uniform thickness over the top and 22 are located
slightly, but only slightly, higher  surface, is patterned, and is
hard-baked, in order to than the highest point of the surface of the
resulting   15  form a patterned hard-baked resist layer 94 super-
auxiliary hard-baked resist portions 64. Thus, these  posed on the
hard-baked auxiliary resist layer 64 (but Islands are "partially recessed".
not on the resist islands 21 and 22), as Indicated In Note also that the
volume of each of the resist is-  FIG. 5. Note that in this patterning to
form the hard- lands 21 and 22 (FIG. 2) will depend, among other   baked
patterned resist layer 94, since the resist Is- parameters, upon the
thickness of the resist islands   20  lands 21 and 22 have already been
hard-baked, they 11 and 12 (FIG. 1) respectively. Then the entire top  will
not dissolve in the typically wet etch used for this surface 23 of the
structure is subjected to a reactive  patterning, so that they will be
protected automatical- Ion beam etching (RIE)--for example, with a plasma
ly against the etching (developing) during patterning. formed using the
source gas CCI2F2--typically for a  Thus, of concern here is only the
patterning of the re- time interval sufficient to remove the entire
thickness   25  sist layer 94 in registry with the edges of the auxiliary
of the resist. At the same time, the portions of the top  hard-baked
resistlayer 64, but not of the resist islands surface 23 of the substrate
10 which are not coated  21 and 22. Finally, another RIE process--which can
with the resist are also etched at a rate relative to that  be of the same
kind as previously described--produc- of the resist which controlled by the
parameters of the  es greater or even fully recessed lenses 31 and 32-- RIE
process, so that at the conclusion of the RIE proc-  30  i.e., fully
recessed with respect to the top surfaces of ess, the top surface 33 (FIG.
3) of the substrate 10 is  the remaining (thinner) resist portions 104
located be- characterized by a pair of dome-shaped InP regions  tween the
lenses 31 and 32 (FIG. 6). The thickness 31 and 32, the desired
microlenses, each having a   of these lenses typically is In the
approximate range height h. The ratio h/h' is determined by the relative
of about 1 to 20 [err]. If the RIE process is optionally ratio of etching
the resist vs. the InP,. as controlled by   35  carried out further, then
the resist portions 104 are the etching parameters (such as RIE chamber
pres-   completely removed, and the entire top surface of the sure and
substrate temperature). The auxiliary InP  auxiliary portions, as well as
of the lenses, will be portions 74 (FIG. 3) surround the dome-shaped InP
composed of InP. regions 31 and 32, and underlie the regions where the  It
should be noted that diameter d of the islands, auxiliary resist portions
64 (previously FIG. 2) exist-  40  and hence of the microlenses, for uses
other than for ed.                                                 APDs or
LEDs orforother substrates (such as silicon, The tops of the dome-shaped
InP island regions   glass, sapphire, or quartz) is typically about 5 to
500 31 and 32 (FIG. 3) thus protrude slightly (but only  [err]. slightly)
above the highest points of the auxiliary InP  In the case of quartz being
reactively ion etched portions 74 surrounding these islands, and thus these
45  by a glow discharge, the etching plasma parameters dome-shaped InP
islands form the desired partially   using the source [err] or [err] are
typically: recessed microlenses: the larger the volume of sur-
Pressure = 0.6 to 3 Pa rounding associated auxiliary resist portions 74
(FIG.    Power density = 1 watt/[err] 1 and 4) per island, the smaller the
protrusions of       Frequency = 13.56 MHz each microlens, i.e., the more
the recess. Full recess,  so  Flow rate = 10 to 50 sccm however, cannot be
obtained in this manner.             Although the invention has been
described in de- In the case of InP being reactive ion etched with  tail
with respect to specific embodiments, various a plasma formed by using the
source gas [err], typ-  modifications can be made without departing from
ical parameters of the etching process are:         the scope of the
invention. For example, at the bottom Pressure = 0.6 to 3 Pascal
55   of the substrate an avalanche photodetector(APD) or RF Power density =
0.1 to 2.0 Watts/[err]        a light emitting diode can be integrated, in
order to 



RF Frequency = 13.56 MHz                       couple light respectively
from or to a fiber located Flow Rate =2 to 50 sccm
above the top surface of the lens at the top surface 4    7
EP 0 458 514 B1                  8 of the substrate, with the fiber
oriented perpendicular  4. The method of claim 3 in which the etching is
im- to the top surface of the substrate. Instead of [err]  plemented by
glow discharge of [err]. other etchants may be used, such as silicon tetra-
chloride [err], boron tichloride [err], chlorine [err],  5. The method of
claim 2 in which the substrate is bromine [err] chlortrifluoromethane
[err]bromo-   5  essentially GaAs. trifluoromethane [err] and
dichlorofluorome- thane [err]alone or In combination with second-  6. The
method of claim 5 In which the etching is Im- ary gases such as [err]
Instead of resists or pho-   plemented by glow discharge of [err] or a mix-
to-resists, other materials can be used--such as poly-  ture of [err]and
[err]. imide or a phosphosilicate glass--that can be pat-  to terned and
thermally relaxed to form a hard-baked is-  7. Amethod of forming afully
recessed lens in a pre- land having a prescribed perimeter, such as a
sessile   scribed portion of a substrate, the lens having a drop. Instead
of removing the entire thickness of the   prescribed perimeter, the method
comprising the hard-baked resist by the RIE (transition from FIG. 2
steps of claim 1 wherein, prior to step (b) thereof, to FIG. 3), only a
portion of the thickness can be re-  15  a second hard-baked patterned
layer Is formed moved, whereby the resulting optical lens is effective
covering the hard-baked auxiliary portions of the only for peripheral rays
of light being transmitted by  first patterned layer. the lens. Finally, in
addition to quartz, other oxide glasses can be used as the substate, such
as boro-   8. The method of claim 7 in which the first or second
phosphosilicate glasses, and germanium-silicon ox-  2o  patterned layer, or
both, is a patterned resist lay- ide.
er. 9. The method of claim 8 in which the substrate is Claims
essentially InP. 25 1. Amethod of forming an atleast partially recessed
10. The method of claim 9 in which the reactive ion lens (31 ) In a
prescribed portion of a substrate   etching is implemented by glow
discharge of (10), the lens having a prescribed perimeter,       [err]
comprising the steps of: (a) forming and baking a first patterned layer  30
11. The method of claim 8 In which the substrate is (54, 11, 12) overlying
a surface of the sub-      essentially GaAs. strata, the first patterned
layer having both an island portion (11) overlying the prescribed  12. The
method of claim 11 In which the etching is im- portion of the substrate and
an auxiliary por-    plemented by glow discharge of [err] or a mix- tion
(54) surrounding the island portion,  35     ture of [err] and [err].
whereby the island portion of the first patterned layer becomes a
hard-baked island   13. The method of claim I In which the substrate Is
portion of the first patterned layer having the   essentially quartz.
prescribed perimeter and a prescribed volume and the auxiliary portion of
the first patterned   40   14. The method of claim 13 in which the etching
is im- layer becomes a hard-baked auxiliary portion      plemented by glow
discharge of [err]. of the first patterned layer surrounding the har-baked
island portion thereof and having a  15. The method of claim 1 in which the
volume of re- larger volume than the prescribed volume;         sist in the
first patterned resist layer associated and
45       with the island exceeds the volume of resist con- (b) subjecting
both the substrate and the         tained In the island Itself. hard-baked
island and auxiliary portions of the f irst patterned layer simultaneously
to an etching step sufficient to remove at least a  Patentanspruche portion
of the thicknesses of both the hard-  5o baked Island and the auxiliary
portions of the  1. Verfahren zum Bilden einer mindestens tellwelse first
patterned layer.                            versenkten Linse (31) In einem
vorgeschriebe- nen Tell eines Substrats (10), wobei die Linse ei- 2. The
method of daim I in which the first patterned    nen vorgeschrlebenen
Umfang besitzt, mit fol- layer is a first patterned resist layer.    55
genden Schritten: 



(a) Formen und Harten einer ersten struktu- 3. The method of claim 2 in
which the substrate is        rierten Schicht (54, 11, 12), die Ober elner
essentially InP.                                       Oberflache des
Substrate Iiegt, wobel die er- 5    7                    EP 0 458 514 B1
8 of the substrate, with the fiber oriented perpendicular  4. The method of
claim 3 in which the etching is im- to the top surface of the substrate.
Instead of [err].  plemented by glow discharge of [err] other etchants may
be used, such as silicon tetra- chloride [err] boron tichloride [err],
chlorine [err],  5. The method of claim 2 in which the substrate is bromine
(Br2), chlortrifluoromethane (CF3CI), bromo-   5  essentially GaAs.
trifluoromethane (CBrF3), and dichlorofluorome- thane [err] alone or in
combination with second-  6. The method of claim 5 in which the etching is
im- ary gases such as [err]. Instead of resists or pho-   plemented by glow
discharge of [err] or a mix- to-resists, other materials can be used--such
as poly-   lure of [err]and [err]- imide or a phosphosilicate glass-that
can be pat-  in terned and thermally relaxed to form a hard-baked is-  7.
Amethod offorming afullyrecessed lens in a pre- land having a prescribed
perimeter, such as a sessile    scribed portion of a substrate, the lens
having a drop. Instead of removing the entire thickness of the
prescribed perimeter, the method comprising the hard-baked resist by the
RIE (transition from FIG. 2     steps of claim 1 wherein, prior to step (b)
thereof, to FIG. 3), only a portion of the thickness can be re-   15  a
second hard-baked patterned layer is formed moved, whereby the resulting
optical lens is effective   covering the hard-baked auxiliary portions of
the only for peripheral rays of light being transmitted by   first
patterned layer. the lens. Finally, in addition to quartz, other oxide
glasses can be used as the substate, such as boro-    8. The method of
claim 7 in which the first or second phosphosilicate glasses, and
germanium-silicon ox-   20  patterned layer, or both, is a patterned resist
lay- ide.                                                     er. 9. The
method of claim 8 in which the substrate is Claims
essentially lnP. 25 1. Amethodofforminganatleastpartiallyrecessed
10. The method of claim 9 in which the reactive ion lens (31 ) in a
prescribed portion of a substrate    etching is implemented by glow
discharge of (10)  the lens having a prescribed perimeter,        [err].
comprising the steps of: (a) forming and baking a first patterned layer
30   11. The method of claim 8 in which the substrate is (54, 11, 12)
overlying a surface of the sub-      essentially GaAs. strate, the first
patterned layer having both an island portion (11) overlying the prescribed
12. The method of claim 11 In which the etching is im- portion of the
substrate and an auxiliary por-    plemented by glow discharge of [err] or
a mix- tion (54) surrounding the island portion,  35     ture of [err] and
[err]. whereby the Island portion of the first patterned layer becomes a
hard-baked island    13. The method of claim 1 in which the substrate is
portion of the first patterned layer having the   essentially quartz.
prescribed perimeter and a prescribed volume and the auxiliary portion of
the first patterned   40   14. The method of claim 13 in which the etching
is im- layer becomes a hard-baked auxiliary portion       plemented by glow
discharge of [err]. of the first patterned layer surrounding the har-baked
island portion thereof and having a  15. The method of claim 1 in which the
volume of re- larger volume than the prescribed volume;         sist in the
first patterned resist layer associated and
45      with the island exceeds the volume of resist con- (b) subjecting
both the substrate and the         tained in the island itself. hard-baked
island and auxiliary portions of the first patterned layer simultaneously
to an etching step sufficient to remove at least a   Patentanspruche
portion of the thicknesses of both the hard-   50 baked island and the
auxiliary portions of the  1. Verfahren zum Bilden elner mindestens
tellweise first patterned layer.                             versenkten
Linse (31) in einem vorgeschriebe- nen Teil eines Substrats (10), wobei die
Linse el- 2. The method of claim 1 in which the first patterned    noen
vorgeschriebenen Umfang besitzt, mit fol- 



layer is a first patterned resist layer.    55       genden Schritten: (a)
Formen und HArten einer ersten struktu- 3. The method of claim 2 In which
the substrate is          rierten Schicht (54, 11, 12), die Ober elner
essentially InP.                                        Oberfliche des
Substrats liegt, wobei die er- 5    9                   EP0458514B1
10 ste strukturierte Schicht sowohl einen uber       lonenAtzen durch die
Plasmabildung von CCI2F2 dem vorgeschriebenen Tell des Substrats lie-
realisiert wird. genden Inselteil (11) und einen den Inselteil umgebenden
Hilfsteil (54) aufwelst,           11. Verfahren niach Anspruch 8, in dem
des Substrat wodurch der Inselteil der ersten struk-   5  im wesentlichen
GaAs ist. turierten Schicht zu elnem nachgeharteten In- selteil der ersten
strukturierten Schicht mit  12. Verfahren nach Anspruch 11, in dem die
Atzung dem vorgeschrlebenen Umfang und einern            durch die
Plasmabildung von CCI2F2 oder elner vorgeschriebenen Volumen wird und der
Mischung von CCI2F2 und 02 reallslert wird. Hilfsteil der ersten
strukturierten Schicht zu   10 einem  nachgeharteten Hilfsteil der ersten
13. Verfahren nach Anspruch 1, in dem das Substrat strukturierten Schicht
wird, der deren nach-      Im wesentlichen Quarz ist. geharteten Inselteil
umgibt und ein gr6Beres Volumen als des vorgeschriebene Volumen       14.
Verfahren nach Anspruch 13, in dem die Atzung besitzt; und
15       durch die Plasmabildung von CCI2F2 realisiert (b) glelchzeltlges
Atzen sowohl des Substrats     wird. als auch der nachgeharteten Insel- und
Hilfs- tefle der ersten strukturierten Schicht in el-  15. Verfahren nach
Anspruch 1, in dem das Photo- nem Atzschritt, der zum Entfernen von min-
lackvolumen in der zu der Insel gehorenden er- destens elnem Tell der
Starke sowohl des   20     sten strukturierten Photolackschicht das Volu-
nachgehirteten Inselteils als auch des HilUs-     men des in der Insel
selbst enthaltenen Photo- tells der ersten strukturierten Schicht aus-
lacks Oberschreitet. reicht. 2. Verfahren nach Anspruch 1, in dem die erste
25   Revendicatlons strukturierte Schicht eine erste strukturlerte
Photolackschicht ist.                            1. Procede pourformer une
lentille au moins partiel- lement en retrait (31) dans une partie prescrite
3. Verfahren nach Anspruch 2, in dem des Substrat       d'un substrat (10),
la lentille ayant un perimetre im wesentlichen InP ist.
30      prescrit, comprenant les stades: (a) de formation et de cuisson
d'une premibre 4. Verfahren nach Anspruch 3, In dem die Atzung
couche A motif (54, 11, 12) recouvrant une durch Plasmabildung von CCI2F2
realisiert wird.        surface du substrat, la premiere couche A mo- tif
comprenant a la fols une partle Tlot (11) re- 5. Verfahren nach Anspruch 2,
in dem des Substrat  35      couvrant la partle prescrite du substrat et
une Im wesentlichen GaAs ist.                              partfe
auxillaire (54) entourant la partie Hot, de facon que la partie Hot de la
premie- 6. Verfahren nach Anspruch 5, In dem die Atzung            re
couche a motif devienne une partie Not cul- durch Plasmabildung von CCI2F2
oder elner Mi-          te dure de la promiere couche a motif ayant le
schung von CCI2F2 und 02 realisiert wird.   40         pdrimetre prescrit
et un volume prescrit et que Ia partie auxillaire de la premiere couche a
7. Verfahren zum Formen einer voliversenkten Un-           motif devienne
une partie auxillaire cuite dure se in einem vorgeschriebenen Tell eines
Sub-           de la premi~re couche A motif entourant la strats, wobel die
Linse einen vorgeschrlebenen         partie Hot cuite dure de celle-cl et
ayant un vo- Umfang besitzt, mit den Schritten des Anspruchs   45   lume
plus grand que le volume prescrit; et 1, wobei vor dem Schritt (b)
desselben eine zwel-      (b) d'exposition simultanee A la fois du subs- te
nachgehartete strukturierte Schicht gebildet        trat et des parties Hot
et auxiliaire cuites dures wird, die die nachgehirteten Hilfstelle der
ersten     de la premiere couche A motif a une operation strukturierten
Schicht Oberdeckt.                      de morsure suffisante pour eliminer
au moins 50         une partie de l epaisseur A la fols des parties 8.
Verfahren nach Anspruch 7, in dem die erste und         Hot et auxiliaire
cuites dures de la premiere zwelte strukturierte Schicht, oder beide, eine
couche A motif. strukturierte Photolackschicht ist. 



2. Procbdesuivantla revendication 1 danslequel la 9. Verfahren nach
Anspruch 8, in dem des Substrat  55   premiere couche a motif est une
premiere couche im wesentlichen InP ist.                            A motif
de rbserve. 10. Verfahren nach Anspruch 9, in dem des reaktive  3. ProoWdA
suivant la revendication 2, dans loquel le 6
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12 substrat est essentiellement en InP. 4. ProcbdA suivantla revendication
3, dans lequel la morsure est effectu6e pardechargeO luminescen- te de
CC12F2.                               5 5. Procede suivant la revendication
2, dans lequel le substrat est essentiellement en GaAs. 6. Proced6
suivantla revendlcation 5, dans lequel la  10 morsure est effectu6e par
decharge luminescen- te de CCI2F2 ou d'un melange de CCI2F2 et O2. 7.
Proced6 pour former une lentille compltement en retrait dans une partle
prescrite d'un substrat,  15 la lentille ayant un perimbtre prescrit, le
procede comprenant les stades de la revendication 1, dans lequel avant le
stade (b) de celle-ci, une deuxieme couche a motif culte dure est form6e,
qui couvre les parties auxillaires cuites dures de   20 la premlere couche
a motif. 8. Procede suivantla revendication 7, dans lequel la premiere
couche A motif ou la deuxleme, ou les deux, sont une couche A motif de
reserve.   25 9. Proced6 suivantla revendication 8, dans lequel le substrat
est essentiellement en InP. 10. Procbd6 suivantla revendication 9, dans
lequel la  30 morsure par Ions reactifs est effectu6e par d6- charge
luminescente de CCI2F2. 11. Proced6 sulvantla revendication 8, dans lequel
le substrat est essentiellement en GaAs.       35 12. Procbd6 suivant la
revendication 11, dans lequel la morsure est effectu6e par d6charge
lumines- cente de CC12F2 ou d'un mblinge de CCi2P2 et de 02-
40 13. ProcbdA suivantla revendication 1, dans lequel le substrat est
essentlellement en quartz. 14. Proced6 suivant la revendication 13, dans
lequel  45 la morsure est effectu6e par decharge lumines- cente de CC12F2.
15. Procede suivantla revendication 1, dans leqjuel le volume de reserve
dans la premlere couche a   5o motif de rbserve associee A Mlot excede le
volu- me de reserve contenu dans Mliot lul-meme. 55 7
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