PROCESS FOR*THE PRODUCTI ON OF A FILTER Description The invention concerns a
process for the production of a filter according to the preamble of O aim
1. Such a process is known fromU S Patent No. 5,139,624. In this process,
the filter is produced by etching a p- or n-doped silicon blank. The
silicon blank forms the underside of a vessel, filled with etching li quil,
wherein an Oring and a pressure clanp, which press the silicon blank
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U.S. Patent No. 5,348,627 describes a semiconductor etching process, i
which lenses or other optical devices, such as reflecting or partially absorbing
masks, are also provided, through which the irradiation of the silicon blank can take
place. The masks are used for the production of collimated irradiation, and the
lenses, for the variation of the light intensity. The optical devices are therefore used
for the purposeful "control"” of the direction of the light rays, wherein it becomes
possible for only certain “zones"--that is, for only certain partial areas of the silicon
blank which are to be etched, to be irradiated, which involves a great technical
outlay.

A similar etching process for the production of holes or pits in n-doped silicon
is described in EP 0 296 348 A1, in which the substrate is also connected as an
anode, is located on the underside of a vessel filled with a hydrofluoric
acid-containing electrolyte, and is irradiated with light.

With the process of the state of the art, in which the blank to be etched is
located on the underside of the etching vessel, a sealing of the chemically very
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2 aggressive etching liquid is difficult and involves an undesired great
outlay and high costs. In such arrangenents, the case may al so arise that
on the boundary areas of the blank, the etching takes place at an angle to
the surface, which is undesirable. In order to obtain a filter surface q{ a
defined size, the boundary areas nust be cut off after the etching
treatnent, wherein the production expense is further increased. Another
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are, for example, membrane filters, network filters, deep-bed filters, or ultrafilters,
which are made, for example, of mixtures of cellulose acetate and cellulose nitrate,
cellulose polymers, woven nylon or metal threads, metallic silver, glass fibers, and
microglass fibers.

The disadvantage with these filters is that they do not have an exactly defined
hole structure and in particular, their pore diameters are not clearly defined. Liquid
is kept in channel-like structures of the filter due to surface tension and when using
a certain pressure, the liquid is expelled. In the so-called bubble test for the integrity

I test of filters, the corresponding formula is as follows:

pP= K-40cosf

P: Bubble point pressure
d: Diameter of the pores
K: Shape correction factor
0: Angle of contact between the liquid and the solid
o: Surface tension
The pore diameter d goes into this experimentally obtained formula. From the
formula, it 1s clear, however, that the influence of the other parameters leads,
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3 nevertheless to undesirabl e substances or particles with dinensions that
are Iarger than the approxi mation value d for the hole dianeters passing
through the filter. Another disadvantage of the known filters is that they
are not resistant chemcally and are attacked, for exanple, by diverse 3
acids, such as concentrated nitric acid, concentrated sulfuric acid, or
concentrated hydrochloric acid, nunmerous solvents, such as, anong others,
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vetted wi adnseirttImeeJkaaly definidtsie holeldiatheter, and, if especially desired, uniformly
distributed or structured hole configurations, and is a process which can be used at
low cost. The filters should have good chemical resistance and good temperature
resistance.
This goal is attained by the features indicated in Claim 1. Advantageous
developments and refinements of the invention can be deduced from the subclaims.
? The basic principle of the invention consists in an electrochemical etching
process, in which a weak n- or p-doped semiconductor, and in particular, silicon, is
connected as an anode or cathode, depending on the doping, and is etched with an
etching solution, wherein a holding element is affixed to the semiconductor, with
this. element being chemically resistant with respect to the etching solution. For the
etching, the semiconductor affixed to the holding element is immersed in the etching
liquid, until one side of the semiconductor is wetted with etching liquid. The holding
element "bounds" hereby the area of the semiconductor wetted by the etching
liquid--that 1s, an arbitrarily "sharply delimited" filter area can be produced by the
shape of the holding element.
The electrolytic etching is based on the fact that the electrical field in the
doped semiconductor is "bent" by even the smallest recesses or irregularities in the
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el ement "bounds"” hereby the area of the sem conductor wetted by the etching
liquid--that is, an arbitrarily "sharply delimted" filter area can be
produced by the shape of the holding elenent. The electrolytic etching is
based on the fact that the electrical field in the doped sem conductor is
"bent" by even the snmallest recesses or irregularities in the 4 pl anar
surface of the blank toward their peaks or bottonms. Mnority charge
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doping substance concentration of the weakly doped silicon is thereby in the range

of 10" to 10" em™®. With doping substance concentrations greater than 10" cm?,

channel diameters of a few nanometers down to the micrometer range can be

obtained.

In the nanoporous range with channel diameters smaller than 2 nm, it is
possible to produce disordered geometric arrangements, which, however, does not
bring any disadvantages for many filter purposes. Beyond the macroporous range,
which is above 50 nm, a perforation structure in a geometrically ordered

) arrangement is obtained.

D According to a refinement of the invention, several filters can be etched
simultaneously, wherein either several semiconductors with correlated holding
elements can be used, or one semiconductor, which is subdivided into several "filter
parcels” by a correspondingly shaped holding element. This makes possible the
maintenance of identical process or filter parameters, which is of special
importance, for example, in application fields such as medical technology, food or
space technology.

According to another refinement of the invention, the holding element is
shaped in such a manner that with reference to the light source, it has the function of
a "shield" or a reflector. The shield or reflector can be combined, as one piece, with
the part of the holding element affixed to the blank or it can be a separate part. The

holding element can be rectangular, for example, or have the form of a circular
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el’'ement's can be used, or one seniconductor, which is subdivided into
several °filter parcels" by a correspondingly shaped hol ding el enent. This
nmakes possi bl e the maintenance of identical process or filter paraneters,
which is of special inmportance, for exanple, in application fields suchsas
nmedi cal technol ogy, food or space technol ogy. According to another
refinenent of the invention, the holding elenent is shaped in such a manner
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subsequently connected with traditional holding elements, so as to create a structure
that can be used in a conduit with an arbitrarily shaped cross section.
Silicon, in particular, and preferably, monocrystalline silicon, is suitable as
the material for the blank. Other semiconductor materials can also be used,
however. As materials for the holding element, one can use, for example,
polyethylene, platinum, polytetrafluoroethylene,
fluorine-containing synthetic rubber, or the like, which are chemically resistant with
respect to the etching solution.
As the etching solution, a hydrofluoric solution, for example, with a weight
fraction of hydrofluoric acid on the order of magnitude of 1-50% can be used. A
solution with a hydrofluoric acid fraction of 2-25% is particularly suitable. Other
equally suitable solutions are described in U.S. Patent Nos. 5,348,627 and
5,139,624, ~
According to one refinement of the invention, the holding element for the
blank can be affixed to one or both sides of the blank, already before the etching,
wherein the holding element can be shaped in accordance with the later application
purpose or according to the installation conditions of the filter. The material for the
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Silicon, in-particular, and preferably, nonocrystalline silicon, is
suitable as the material for the blank. Qher sem conductor materials can
al so be used, however. As materials for the holding el ement, one can use,
for exanple, polyethylene, platinum polytetrafluoroethylene, 6
fluori ne-containing synthetic rubber, or the like, which are chemcally
resistant with respect to the etching solution. As the etching solution,
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respect tigvention, in a uniformly or even structurally distributed arrangement. Application
areas are the following, for example:
-Air filtration in clean rooms in the production of chips; thus, particles with a
diameter smaller than 0.2 um can be separated, which improves the production of
chips with extremely small conductor structures;
- filtration in the field of medicine (for example, blood particles),
9 microbiology/biochemistry, exhaust gas technology in traffic, aviation, and space
travel; :
-cell fractionation;
-DNA elution;
-and many others.

The invention will be explained below, in more detail, with the aid of an
exemplified embodiment in connection with the drawing. The figures show the
following:

Figure 1, a diagrammatic sketch to explain the etching process;

Figure 2, a perspective top view of a filter produced in accordance with the
mvention;

Figure 3, a filter with a holding element;
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t he blank material. Thus, conpact filters wth extrenely small channel

di aneters, which can be defined according to wi sh, can be produced, in
accordance with the invention, in a uniformMy or even structurally
distributed arrangement. Application areas are the follow ng, for exanpke:
-Air filtration in clean rooms in the production of chips; thus, particles
with a dianmeter smaller than 0.2 [err] mcan be separated, which |nproves
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Figure 2 erspect ive top view of a filter produced in accordance with
the i nverflo T.Figure 3, a filter with a holding el ement; 7 Figures 4a
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line density in the area of the recess 2 is greater than in the other areas due to the
field line density which is being formed. For this reason, the charge carriers of the
etching liquid, marked with -, preferably arrive at the bottom of the recess 2,
wherein the etching effect of the etching liquid 7, which attacks on the upper side of
the blank 1, is strengthened at these sites. The minority charge carriers in the blank
1, marked with +, are produced by an illumination of the underside, which is
indicated by the light arrows 8. The illumination can be constant or vanable

The blank is n-doped with a concentration of 10" em™ to 10" cm™. The
constant or chronologically variable, applied potential or the anode etching current
is a few mA/cm’. The etching solution has a fluoride content of ca. 10%.

The etching process is carried out until the recess 2 is etched completely
through the blank and thus a through-hole is formed.

The diameter of this through-hole essentially depends on the doping of the
blank, since it influences the electrical field formed in the blank. The weaker the
doping, the smaller the diameter, since the etching process then takes place
predominantly in the bottom of the recess 2
and the side walls of the recess are etched away to a lesser degree. A completely
etched filter is schematically shown in Figure 2.

A regular hole structure is obtained, according to another exemplified
embodiment of the invention, by applying a perforation mask on the upper side of
the substrate in a first operation, and chemically etching the substrate on the holes of
the perforation mask in a traditional manner. In this way, a surface with uniformly
arranged and thus structured recesses is produced for the subsequent
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of a current source, via an electrically conductive holding element 3. A
counterelectrode 5 is connected with the cathode 6 of the current source.
The field line density in the area of the recess 2 is greater than in the
other areas due to the field line density which is being forned. For thig
reason, the charge carriers of the etching liquid, marked with -,
preferably arrive at the bottomof the recess 2, wherein the etching effect
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away from the Figure 4 shows various shapes of the holding element. In blank 1, which 1s
circular in top view, the holding element 3 has an annular shape in Figure 4a,
hexagonal in Figure 4b, and square in Figure 4c. In Figures 4e and 4f, the holding
element 3 is rectangular, wherein blank 1 in Figure 4e is ellipsoidal and in Figure 4f,
rectangular. Figure 4g shows a blank 1 and a holding element 3, which are square.
Of course, shapes other than the ones shown are also possible.

Generally, the holding element is to be selected preferably so that it has the
suitable shape already for the later installation of the filter into tubes, channels, etc.
Furthermore, it is possible to first affix a holding element suitable for the lower
installation after the etching process on the filter. The holding elements can
therefore be affixed before or after the etching process.

Figure 5 shows a holding element 3 with a circular-cylindrical
shield 11, which surrounds blank 1 in top view. A light source 12, from which the
light arrows 8 proceed, is located within the shield 11. The shield 11 can be
metallized on the inside, wherein the light power that strikes blank 1 is increased.
The shield 11 can be connected, as one piece, with the holding element 3, and after
the etching process, can be removed from blank 1. Alternately, it is also possible to

_1..4.
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etchlng | iquid 7. The boundary areas 10 can, however, also protrude
vertlcally fromthe etching liquid. In this way, the back side of the blank
is not wetted by the etching liquid and the blank can be i mrersed
correspondi ngly deeper into the etching solution, which is found in a ¢
contai ner 9. The aforenentioned back side of the blank can then be
irradiated with light 8 during the etching process for the production of
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shown in Figure 7a, several--for example, box-shaped--shields can also be placed
boxed into one another or next to one another, wherein corresponding rectangular
illumination areas, which lie "in one another” or next to one another, are produced

" on blank 1.

Figure 8 shows a batchwise production of filters, in which a large number of
blanks, which are affixed to identical holding elements 3 or shields 11, can be
immersed, in one operation, in a container 9, filled with etching liquid. To raise and
immerse the blanks, pins 17, which are connected with a lifting device, which has
not been depicted, are provided on the outside of the shields 11. The electrical
connections are not depicted in Figure 8 either.

Figure 9 shows an exemplified embodiment, in which blank 1 is illuminated
on the side 18 that is wetted with etching liquid, wherein the light source 12 is
located outside the
container 9. In this regard, the container 9 has a bottom 19, which is made of
transparent material so that the light rays depicted by the light arrows 8 can enter the
interior of the container 9 and illuminate blank 1. The counterelectrode 5 can be a

-

ter

AXEL von BOLO
AI;/’\TLL,NI;E DipL. - WIHTSCV;/{ -IMG
RSTR. 13 - 81545 MONCHEN



Figure 6 shoews an exenplified enbodiment, in which the shield 11 has the
shape of "a parabol oid, wherein the light source 12 is located in its focal
point. In the exenplified enbodi mrent shown, the paraboloid is netallized on
its inside, so that the light rays given off by the |light source 12 arqgg
reflected so that they strike blank 1, parallel to one another and
vertically. In this way, a very unlforn1and honogeneous il |l um nati on of
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cq§xespond|ng rectangul ar illum nation areas, which lie "in one another" or
neXt to one another, are produced on blank 1. Figure 8 shows a batchw se
production of filters, in which a |arge nunber of blanks, which are affixed
to identical holding elenments 3 or shields 11, can be imersed, in one
operation, in a container 9, filled with etching liquid. To raise and

i merse the blanks, pins 17, which are connected with a lifting device,

whi ch has not been depicted, are provided on the outside of the shields 11.
The el ectrical connections are not depicted in Figure 8 either. Figure 9
shows an exenplified enbodinent, in which blank 1 is illum nated on the
side 18 that is wetted with etching |iquid, wherein the light source 12 is
| ocated outside the container 9. In this regard, the container 9 has a
bottom 19, which is made of transparent nmaterial so that the |ight rays

depicted by the Iight arrows 8 can enter the interior of the container 9
and illumnate blank 1. The counterel ectrode 5 can be a
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16 gria, for exanple, wherein a good illum nation of the side 18 of blank 1
is attained. Here, the holding elenent 3 with_j ' and 21 al so

e
has the function of protecting the side 22 of X i si de 18,
frombeing wetted with the etching liquid. The [} l“ﬂjﬁﬁﬂﬂj{mbcat ed 13

outside the container 9 can be a diffusely ill 19 w1 agn cent disk,"
for exanple, or a "lum nescent surface,” forned by several illumnating

tubes or other |ight sources, for exanple. Such an arrangenent of the |ight
source 12 can reduce the structure size of the device. As an alternative to

the exenplified enbodi nent shown in Figure 9, this arrangenent can be used
al so in tdgikat chwi se production of filters shown in Figure 8, wherein all

| ocated ot si de IFRECEOF A1paFodiction o TS, B whihcidebst ine ek Eoedipf B of
filters, orp-dbped, etchhblessentioonductokmatetéala§ connevtes as apamhodetartmbathode,
the dopi pehafi & W dbBingo CCL 0 B, S T oaht - at Least ih part. ino
cont act a first stdeof thenblaskslisibreughérat lesstdn pat i centactwidnaw atcimg sakution; st
char act er o ?’*ﬁ"?ﬁ?*“gﬁ‘sﬁﬁi‘%ﬁé‘% iy sTlg Pt &sBrod ae S DIaK IS, o
with resp ated i i’,‘gﬁﬁi ng solution, is affixed to the blank (1), that the
hol d: n ?hfh?fm?ﬂﬁed imtl%httaﬁmlﬂlir@rr‘]éée{nbht @i{)@ whitle i§§£b_n'rrlli¢talljleﬁﬁ'tsta!nﬁ witlli i qUin fl
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befyeen t(B andithie biank €Heare itMyersediin the ¢tchinig liguidy entdi the ffirseside ofithbi ng
ol ament (JkAE6Ee ?éﬁfc?g%@%?&?g?&ﬁ% Oimed A LA Wi AR 118 (ZXE‘?’ 1)
i s | ocat s¥chawaydhatcentpetancas bavean the hnldwgslempat (3)and the)blagk (b) ocess
accor di nge;mgﬁ@'er@petcﬁﬁ%q@ﬁg_ri zed in that the shield (11,13) is coated
wth alight- rze‘flir(e)gct:slsngcco?gm'gnt%'Claim 1, characterized in that the holding element (3)
has a shield (11,13), in whose interior a light source (12,14) is located, on a stde
opposite the first side of the blank (1).

3. Process according to Claim 2, characterized in that the shield (11,13) is
coated with a light-reflecting coating.

4, Process according to one of Claims 1-3, characterized in that the shield
(11,13) 1s circular-cylindrical.

5. Process according to one of Claims 1-3, characterized in that the shield
(11,13) is paraboloid-shaped and that the light source (12,14) is located in the focal

O point. |

6. Process according to one of Claims 2-5, characterized in that the holding
element (3) has several shields (11,13).

7. Process according to one of Claims 1-6, characterized in that the blank (1)
is a silicon plate, which is doped with a doping substance concentration in the range
of 10" to 10" em™.

8. Process according to one of Claims 1-7, characterized in that the blank (1)
is n-doped and connected as an anode.

9. Process according to one of Claims 1-8, characterized in that the etching
solution is hydrofluoric acid with a fluoride content on the order of magnitude of 2-
25%.
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4. Process .according to one of Clains 1-3, _characterized+n that the shield
(11,13) ‘is circular-cylindrical. 5. Proces e of Cainms 1-3,
characterized in that the shield (11, 13) Iilﬁmmﬂﬂimg ed and that the
i ght source (12,14) is located in the focals pein recess according to
one of Clainms 2-5, characterized in that the holding el enent (3) has
several shields (11,13). 7. Process according to one of Clains 1-6,

characterized ]OnP?dS@ésstaI&@oﬁdlﬁgko oAt of Claims 113 %apic’%éﬁzed\m fHat tlse BRiakd Wi th
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the por apaeﬁr%t%ss g ﬁﬁfﬁmensﬁ B e d by gterc s Hest S8 18) Of

char act efhezBlinkn(1hhat the light source (12) is located outsi de a cont ai ner
(9), filled with etching Iiquid, which has a transparent wall (19) and that
the light source (12) is located so that the |ight penetrates the wall (12)
and the etching I|qU|d and illumnates the first side (18) of the blank

(1).
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