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(57) L invention concerne une couche preésentant une
zone formeée d’un mateériau poreux s’¢tendant de la
surface de la couche vers 'intérieur de cette couche, les
dimensions de la zone poreuse dans le sens
perpendiculaire a la surface de la couche présentant des
valeurs différentes. L mmvention concerne un procede de
fabrication d 'une couche a zone poreuse ou d un systeme
de couche, caractéris€ en ce que ladite zone poreuse est
formee par attaque chimique, et en ce qu’on utilise des
movyens agissant de telle facon qu’une grandeur physique
en correlation avec la vitesse de décapage du processus
d’attaque soit choisie pour la formation d’au moins un
oradient d’attaque.
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(57) The invention relates to a layer with an area made of
a porous material extending from the surface of the layer
to the 1inside of the latter, wherein the dimension of the
porous layer area 1n the direction perpendicular to the
surface of the layer exhibits different values. The
invention also relates to a method for producing a layer
with a porous area or a layer system, wherein said porous
layer area 1s formed by etching and means are used to
choose a physical dimension 1n correlation with the
etching speed of the etching process in order to form at
least one etching gradient.
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(87) Abstract

The invention relates to a layer with an area made of a porous material extending from the surface of the layer to the inside of the
latter, wherein the dimension of the porous layer area in the direction perpendicular to the surface of the layer exhibits different values.
The invention also relates to a method for producing a layer with a porous area or a layer system, wherein said porous layer area is formed
by etching and means are used to choose a physical dimension in correlation with the etching speed of the etching process in order to form
at least one etching gradient.
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DESCRIPTION

Layer wilth a porous layer area, an interference filter

containing such a layer and a method for the production

thereof.

The 1nvention relates to a layer with a porous lavyer area

according to the preamble of claim 1. I'ne 1nvention further

relates to an 1nference filter containing such a layer accord-

ing to the preamble of clailm 7. Finally, the invention relates

to a process of manufacturing such a layer in accordance with

the preamble of claim 8.

As state of the art porous silicon (PS) is known which,

iy,
p—

because of 1ts compatibility with the highly developed Si-

microelectronics and Dbecause 1t 1is easy and inexpensive to

manufacture, 1s a promlising material for use as sensors (M.

Thust et al., Meas. Sci. Technol. 6, (1995), as well as Y. Du-

vault-Herrera et al., colloid. Surf., 50,197, (1990) and, be-
cause of 1ts electroluminescence, 1s suitable for applications

1n the area of display technology (P. Steiner et al., Appl.

Phys. Lett., 62(21), 2700, (1993). Furthermore, it is known to

be used 1n connectlon with color-sensitive photo detectors (M.

Kriger et al., EMRS 96, Thin Solid films) or passive reflection

filters.

-

The manufacture of 1layer systems of PS has been demon-

strated (M.G. Berger et al., J. Phys. D: Appl. Phys. 27, 1333,

(1994), DE P 43 19 413.3 or M.G. Berger et al., Thin Solid

Films, 255, 313, (1995)). These layer systems exhibit for ex-
ample as layer systems a color-selective reflectivity depending
on the manufacturing parameters. Furthermore, the structured

g
s

manufacturing of PS 1s known, so that areas with different
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spectral behavior can be made (M.Kriiger et al.,

Solid films).

EMRS 95, Thin

e

Specifically, porous sillicon consists of a foam-like

skeleton of silicon crystallites, which include pores. The

g

size of the crystallites and of the pores varies, depending on

the doping and the manufacturing parameters, between some nano-

meters and some micrometers. IT the wave length of the light

1s much greater than the structures in the PS, the PS appears

Lo the light to be a homogeneous material (“effective medium”)

and 1ts properties can therefore be described by an effective

refraction 1ndex (W. Theilss: The Use of Effective Medium Theo-

ries 1n Optical Spectroscopy, 1in Festkorperprobleme/Advances in

Solid State Physics, Volume 33, page 149, Vieweg, Braunschweig/
Wiesbaden), which depends on the refraction indices of the

sllicon crystallite, an oxlde possibly present on the surface

gt

of the crystallite and of the material in the pores. Conse-

quently, 1interference filters can be constructed from various

porous layers, which extend parallel to one another and have

different optical properties. The wvarious layers are con-
structed parallel to one another and have, within the respec-

tive layer, a constant layer thickness normal to the layer sur-

face. It 1s however dilisadvantageous that for each of the dif-

ferent spectral characteristics, a separate filter must be made

1n separate manufacturing steps.

It 1s also disadvantageous that, in the known methods, the

manufacture of adjacent filters with different characteristcs

can be achieved only by photolithographic steps, or respec-

tively, by separate etching of the filter with certain particu-

lar characteristics.

It 1s therefore the object of the invention to provide a

layer 1including a porous layer and an interference filter in-

P

cluding such a layer as well as a process of manufacturing such

an 1interference fllter wherein a simplified establishment of

interference filter functions of porous silicon with laterally

2

P AR R IR R 3 W T A A K - [ IR

SR A TN E AL 3 | MO L [0 T
3 L - mmm&mrm»mm. WA e R b M s it e are e S G ST {30 e PGS -0 S SRR o3 1051 v o © e et ————n e . e S o



CA 02274564 1999-06-09

gradually variable reflection and transmission characteristics

18 achieved.

The object is achieved by a layer 1n accordance with all

the features of claim 1. The object 1s further achieved by an

p—
p—

interference filter 1n accordance with all the features o:

claim 7. The object concerning the process 1s further achileved

F

by a process in accordance with all the features of clalm 8.

Further suitable and advantageous embodiments or variations are

contained in the sub-claims referring each to one of these

clailms.

It has been found that, based on the well known manufac-

ture of layer systems of porous silicon, a method could be pro-

~

vided wherein a lateral change of the reflection and transmis-

sion capabilities are achieved.

In particular, a layer system with a well-defined later-

ally variable spectral characteristic 1s manufactured thereby

in a single process step. In thils process, a porous layer area

according to claim 1 is so formed that the layer thickness as-

ferent values within this layer. In this way with

1)

sumes di?

such a porous area adjustable characteristics within this sin-

gle layer can be achieved depending on desired boundary condl-

tions and it is no longer necessary to manufacture several 1in-

dividual components individually which have different charac-

teristics and which are then combilned.

Furthermore, 1t may be advantageous 1n accordance wlth

gy,
p—

claim 2 to provide within the porous area several different po-

ph—

rosity values 1in order to provide for 1individually desired

characteristics in an controllable manner. Also, 1n accordance

with claim 3, the degree of porosity may be established later-

ally for example in a continuous way. In accordance with claim

4, the area furthermore may have several partial layer areas

with different degrees of porosity.

For a simplified manufacture, 1t may be advantageous tO

form the porous layer and/or the partial layer areas such that

3
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they are wedge-shaped 1n accordance with clalm o. In accor-

dance with claim 6, preferably Al, GaAs, or SiGe can be used as

the material, but most advantageous 1is the silicon which 1s

used in many ways 1n microelectronics.

I+ has been realized that 1t 1s advantageous tO establish

for the manufacture of such a layer during the etching for mak-

ing the material porous, a4 gradient with respect to a physical
value which corresponds to the etching velocity of such an
etching procedure as defined in claim 8. Alternatively, or ad-

ditionally in accordance with claim 3, a value can be selected

which corresponds to the porosity of the material. As physical
value 1in accordance with claim 10, preferably the electric

field is employed and, 1in accordance with claim 13, the tem-

perature 1s used. In accordance with claim 16, the material of
t+he substrate or, 1in accordance with claim 17, the doping ot
fhe material may be employed. The values may be employed 1indl-

vidually or in combination together.

Tn accordance with claim 10, it is advantageous tO utilize

the electrodes provided for the electrochemical etching for the

-

In this case, a first elec-

1)
+
7y
(D
I.—h
!...l
D
}_..l
o3

QO
|-1
Q)
OR
}_J
D
-
—+

formation oI

trode may be arranged 1in the electrolyte disposed above the

surface to be etched, whereas a second electrode 1s disposed on

1)

the side of the substrate remote from this surface. Further-

more, such an electrode may be arranged in a tilted fashion so

as to form a field gradient. Furthermore, 1in accordance with

gy
p—

claim 12 the electrode oOr electrodes may be 1in the form oI a

net and may include a mesh structure tTO form gradients whereiln

-
.

the mesh openings are increasingly narrower in the direction ot

the gradlent.

Tn accordance with claim 13, the layer system according to

fhe invention can be made for example according to claim 14 Dby

current flow with a lateral gradual change of the reflection-

or respectively, transmission characteristic utilizing the tem-

perature dependency of the etching process. As a result of the
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Cemperature dependency of the etching rate Or, respectively,
Che porosity changes when the temperature of the electro-
lyte/substrate changes. Consequently, temperature gradients in
the electrolyte or in the substrate can change locally the
etching rate and, as a result, also the optical properties of a
filter.

Alternatively, the layer system according the invention

can be made with a laterally gradual change of the reflection

and or, respectively, transmission characteristic utj ll1zing a

changed anode or, respectively, cathode arrangement. As a re-

g

sult of the dependency of the etching process on the field

strength between the anode and the cathode, the etching rate
or, respectively, porosity 1s changed between the electrode.
Consequently, field strength gradients may change the etching
rate between the electrodes and consequently also the optical

-

properties of a filter.

The 1nvention however 1s not limited to such processes.

In accordance with the 1nvention, alternative processes are

posslible wherein another value which affects the etching proc-

ess 1s used to achieve a gradual change of the porosity. For

gy

example, the doping of the substrate material before the etch-

ing may be so selected that there is a lateral gradient in the

substrate.

The 1nvention 1s explained below in greater detail on the

basls of figures and embodiments.

[t 1s shown in:
Fig. 1: A layer arrangement according to the invention,
Fig. 2: A layer arrangement according to the invention,
Fig. 3: A layer arrangement according to the invention,
Fig. 4: A structure according to the invention.
Embodiment:

Fig. 1 shows, 1in a cross-sectional view, an interference

filter formed on a wafer on which porous silicon was etched.

Because of the different temperatures T; and T. and the changilng
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etching rates resulting therefrom a wedge-shaped structure 1is

formed.

Fig. 2 also shows, 1n a cross-sectional view, a filter ac-

cording to the invention which however consists of a layer sys-

—

tem with differently porous areas. Because of the different

thicknesses of the 1ndividual layers, a laterally gradual
change of the interference characteristics is achieved.

Finally, figure 3 shows, simllar to the previous figures,
a laterally gradual layer system with individual pixels made in
a single manufacturing step.

Particularly, with regard to the invention as described in
claims 9 - 12 and 17, the followling comments are made:

f——

Within the frame of the object of the invention to make

laterally inhomogeneous layers or filters, particularly with

laterally varying reflection characteristics, 1t has been found

that the desired arrangement or formation or, respectively, the

change of the rear contact, 1nfluences advantageously the

structure of the subject of the 1nvention, particularly of the

filter.

In the structure according to the 1nvention as shown 1in

Fig. 4, the current flow from the 1local back-side contact to

the porous layer differs since the charge carriers have paths

of different length from the contact point to the porous layer.
This behavior depends, on one hand, on the size of the porous

structure and, on the other hand, on the distance of the back-

side contact from the porous layer, and consequently, finally
on the substrate resistance. In this manner, the etching rate

is different at wvarious polnts of the structure, which results

in the formation of interference filters with laterally gradu-

ally variable characteristics.

In this way, with regard to the subject matter claimed in

the c¢laims, particularly with respect to the change of the

electrical field, a wide appllcation may reside 1in suiltably

forming the geometric pattern of the reflection characteristics

6
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of the structure according to the i1nvention in a lateral direc-
tion. For example, as the contact geometry of the rear contact

a plurality of individual local contacts may be provided at

different locations on the backside. Furthermore, these local

contacts may be formed while beling subjected to different cur-

rents as defined in claim 19.
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PATENT CLAIMS

1. An interference filter with a layer which includes a

P

porous area which extends from the surface of the layer

to the interior of this laver,

characterized 1n that

the interference filter 1includes one or several layers

—

according to the preamble and the dimensions of the

porous area 1n the direction normal to the layer

-
P

surface have different values.

2. A process of manufacturing a layer with a porous layer
area or layer system,

characterized 1n that

- this porous layer or, respectively, this layer area

—r

is formed by etching,

- a physical value 1s selected which correlates to the

etching speed,

- means are employed which form a gradient during

etching.
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A process of manufacturing a layer with a porous layer
area or layer system,
Characterized in that

- this porous or, respectively layer area is formed by

etching,

- a physical value is selected which correlates to the

porosity of the material,

- means are employed which form a gradient during

etching.

4. A process for manufacturing a layer according to

claim 2 or 3, wherein electrodes provided as means for

the electrochemical etching are utilized for

establishing a field strength difference or -gradient

over the area to be etched.

5. A process according to claim 4, wherein, for the

establishment of the field strength difference or -
gradlient over the area to be etched, the electrode

disposed opposite the substrate surface ares to be

etched 1s arranged in a tilted manner.

6. A process according to claim 4 or >, Wwherein, for
the establishment of the field strength difference or -
gradient over the area to be etched, a net-like
electrode 1s selected and the meshes contained in this

net-like electrode become narrower in the direction in

which the gradient is to be established.

x

3

/. A process according to claim 2% or 2, wherein the

substrate or the electrolyte provided for the etching

]
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are subjected over the area to be etched to a

temperature gradient or temperature difference which is

controlled from the outside.

8. A process according to one of the preceding claims,

wherein the substrate 1s heated by an electric current at

locally different rates.

9. A process according to one of the preceding claims,

wherein a temperature dJgradlent 1s established in the

substrate or 1in the electrolyte by local heating of the

substrate particularly by means of laser or microwaves.

10. A process according to claim 2 or 3, wherein a

fied substrate material 1s selected.

modl:

2 3 ¥
11. A process according to claim $ or ¢, wherein the
doping of the substrate 1s selected as the physical wvalue.

12. A process according to one of the preceding claims

wherein one or several areas which are structured by

photolithography are subjected locally or globally to the

gradient of the physical value.

13. A layer, 1interference filter or process according to

one of the preceding claims with a laterally suitable

geometry of the rear contact, pattern geometry of the

reflection characteristic, particularly with a plurality

of individual local contacts at different locations on the
formed that they

backside whereln these contacts are so

1f appropriate, to different currents.

can be subjected,

oo d, ad
iratent At‘!pntsa
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