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<t s Met hod of producing a filter 5

The i nvention concerns a nethod for production of

according to the preanble of Caim1. 10

This type of nmethod is known from WD 99/05344. Fine filter
pores are etched with this nmethod in an mt or p-doped silicon
bl ank, which is connected as an anode or a cathode. A first

side of the blank is then dipped in an etching solution
whi ch a counterelectrode is arranged to generate an 15
current. At the sanme tine, a second side of the

in
et chi ng
silicon bl ank

opposite the first side is detgeddofoprpgueing a filter 5o that nminority

charge carriers are created in the bl ank. The bl ank therefore
forps a "working electrode” that is e el ectrochem cal ly
perPorated as a function of its dopifRESiption the etching current
density and the chem cal conposition of the etching |iquid.
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The invention concerns a method for production of a filter
according to the preamble of Claim 1.

This type of method is known from WO 99/05344. Fine filter
pores are etched with this method in an n- or p-doped silicon
blank, which is connected as an anode or a cathode. A first
side of the blank is then dipped in an etching solution
in which a counterelectrode is arranged to generate an
etching current. At the same time, a second side of the
silicon blank opposite the first side is exposed to light
so that minority charge carriers are created in the blank.
The blank therefore forms a "working electrode" that is
electrochemically perforated as a function of its doping,
the etching current density and the chemical composition
of the etching liquid.

Ultrafine filters can be produced with this method, whose
structural dimensions, i.e., pore diameter and pore spacing,
lie in the micrometer range (um) to the nanometer range
(nm) . If the structural dimensions are smaller than about
100 nanometers, however, the microstructure of the filter
can become porous or sponge-like.

One problem here is that the etching process occurs not
only on the "pore bottom," but also across the pores, which
can lead to a situation in which the pore cross sections
are not kept precisely constant over the pore length and,
in addition, adjacent pores are connected to each other.
Such "cross-etchings" occur, in particular, when minority
charge carriers or "defect electrons" reach the pore walls

of the blank being processed. The defect electrons are
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10 US 5,348,627 describes a similar etching process in which

the blank is exposed to light to generate holes in the

valence band, during which the light intensity can be

alternately varied in order to vary the etching rate. A

broadband light source or monochromatic light source is
15 then used.

DE 42 02 454 C1 describes a similar method for the production

of a filter, geared toward generating pores, whose cross

sections are not constant but have cavity-like expansions.

20 Such cross-sectional expansions are achieved by changing

- the current density in the substrate wafer, in which the

cross-sectional enlargement is achieved by increasing the
illumination intensity.

25 EP 0 296 348 Al also describes an etching method in which
electrolysis is initiated by illuminating’thé silicon element
from the back and the illumination is kept constant or
varied in time in order to control the etching current
by the formation of minority charge carriers. The etching

30 current is then a function of the light impinging on the
silicon element and primarily determines the hole width.

The objective of the present invention is to improve a
method, as mentioned at the outset, so that a roughly
35 equivalent stipulated pore diameter can be maintained over

the entire length of the filter pores.
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is connected according to the doping as an anode or a cathode
and dipped with at least one first side into an etching
15 liguid in which a counterelectrode is present. Activation
enerdgy is supplied to the blank during the etching process,
for example, by light exposure or by heat. Minority charge
carriers or defect electrons are generated by the activation
of the individual atoms of the blank, in which the generation
20 rate increases with the activation energy supplied per
unit time and with the supplied activation power. If the
blank is connected as the anode, for example, 1i.e.,
positively charged, the positively charged defect electrons
or holes migrate to the outside of the blank to the side
25 facing the negatively charged counterelectrode, i.e., the
cathode.

The electric field that can be established in the blank
is then "bent" by the smallest recesses or irregularities
30 in the planar surface of the blank to their tips or bottoms,
in which the defect electrons follow the electric field,
which means that etching primarily occurs on the bottons

or tips of the recesses and fine pores are therefore formed.

35 It turns out that with increasing etching progress, i.e.,
the increasing pore depths, the defect electrons not only

migrate to the "pore bottoms, " where the etching progress
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It is known from the prior art that the radiation intensity
can be increased to increase the pore cross section, but
it thus far has not been recognized that the activation

15 energy supplied to the blank must be reduced with increasing
pore depth for etching pores with constant cross sections.
In contrast to the prior art, an assignable pore diameter
can be kept roughly constant over the entire pore length
with the invention.

20
If the activation energy is supplied by light exposure,
the side of the blank opposite the side dipped into the
etching liquid is preferably exposed. The supplied activation
energy can be achieved, for example, by sequential connection

25 and disconnection of the light source or by a gradual
reduction of the light intensity, i.e., by dimming the
light source. A light source with a broad frequency spectrum
or a monochromatic light source can be used, whose frequency
is adjusted to the blank material.

30
According to a modification of the invention, "start
recesses" for the pores being etched are created before
the electrochemical etching of the blank on its first side,
the spacing and the arrangement of which correspond to

35 the desired pore spacing of the pore distribution. The
start recesses, for example, can be pre-etched using a

hole mask or produced with laser beams so that a filter
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pores wi th roughlysdlngyaanging the wavelength of the light, one dopant
10 after another will "respond." One preferably begins with
the highest doped or most highly concentrated dopant and
proceeds in diminishing progress steps to the more weakly
concentrated dopant in order to reduce in stages the
generation of defect electrons. It can be prescribed as
15 a support that the dopant concentration diminish in the
etching direction, which is achieved by allowing the dopant

to diffuse from the first side during doping.

According to a modification of the invention, it can be

20 prescribed that specified regions of the blank be only
relatively weakly doped or undoped and are therefore hardly
attacked or are not attacked by the etchant at all during
the etching process. Because of this, unetched "stiffening
ribs" can be produced in the blank that increase the

25 mechanical strength of the filter being produced and improve
handling.

According to another modification of the invention, a
magnetic field is generated during the etching process
30 directed essentially perpendicular to the etching direction
and superimposed on the electric field established in the
blank. The charge carrier movement produced by the electric
field in the blank is therefore superimposed on a
magnetically induced movement caused by Lorentz forces,
35 so that the number of defect electrons reaching the pore
walls is further reduced. It could be prescribed as a support
that the magnetic flux density diminish in the etching
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Figure 4 shows a favorable distribution of defect electrons
attainable by the invention;

20 Figure 5 shows a practical example in which a magnetic
field is superimposed on the electric field;

Figure 6 shows a diagram to explain the method of action
of the magnetic field;
25

Figure 7 shows an energy scheme of a blank material; and

Figure 8 shows a schematic view of the filter with stiffening
ribs.
30
Figure 1 shows a sketch from the initially mentioned
WO 99/06344, whose contents are fully referred to here.
A blank 1 in the form of a silicon wafer, which is weakly
n-doped here, has a recess 2 on the surface. The blank 1
35 is connected to the anode 4 of a current source via an
electrically conducting mount 3. A counterelectrode 5 is
connected to the cathode 6 of the current source. Because
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progress, which can be achieved by reducing the 1light
intensity and is further explained in conjunction with
15 the following figures.

The blank 1 can be doped relatively homogeneously through
its entire volume, for example, with a dopant concentration
between 10" and 10" cm®. As an alternative, however, it

20 can also be prescribed that the dopant concentration diminish
in the etching direction, i.e., from the side of blank 1
facing counterelectrode 5 to the opposite side, which
supports a reduction in the generation rate of the defect
electrons with increasing etching progress. Several different

25 dopants, which can be activated by corresponding wavelengths
can also be contained in different concentrations in blank 1,
which permits stepwise reduction of the defect electron
generation rate, in which the individual dopants are excited
by light with dopant-specific wavelength.

30
The etching process is not conducted until the recess 2
is fully etched through blank 1 and a through-hole is formed.
The diameter of the through-hole depends essentially on
the dopant concentration of blank 1 since this influences
35 the electric field forming in blank 1. The weaker the dopant,

the smaller the pore diameter since the etching process

then primarily occurs on the pore bottom or on the bottom



handl [ ng. According to another nodification of the invention,
a magnetic field is generated during the etching process 30
directed essentially perpendicular to the etching direction and
superinposed on the electric field established in the bl ank

The charge carrier novenment produced by the electric field in
the blank is therefore superinposed on a magneti cal |y i nduced
nmovenent causeef bjedas=seiRt anflothessi@swalls of the xepess e angreécheld def ect
el ectrons reacfysg ifwx pore wall's is further reduced. It could
be prescribed as "a support that the magnetic flux density
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drawing. In RZ or depleatierdezamengs formed on blanifFilglrve thesaprd igd
schematic vi ew,9f+ 2 af&ANGSRMe T1O", which is shown here by a dashed
line and has the average width W. The space charge zone
RZ is comparable to a pn junction, over which the applied
10 voltage drops. The electric field in the space charge zone
RZ is varied by recess 2, as shown by the movement arrows
of the defect electrons, which are represented by the "+"
symbol. The recesses 2 have an essentially constant diameter
D that corresponds to the pore diameter of the filter being
15 etched. The pore diameter D and the space charge zone
enclosing the pores of width W therefore form a region
of width D + 2W in which the defect electrons migrate to
the pores 2 and etch them further, primarily on the pore
bottom. In order to achieve pores with a roughly constant
20 diameter, it is important that the number of collected
defect electrons in the region of the pore bottom is
significantly greater than in the region between the two
adjacent pores, which have a spacing T between them. Etching
therefore occurs primarily in those regions in which the
25 density of the defect electrons and reactants, i.e.,
etchants, is high, i.e., on the bottom of recesses 2. The
etching removal, on the other hand, is much more limited
between the pores.

30 If, as schematically shown in Figure 3, the pores become
deeper during the etching process, the space charge zone
RZ also extends accordingly. If, as is further apparent
in Figure 3, the spacing of the individual pores is
relatively large in relation to the width of the space
35 charge zone and the generation rate of the defect electrons
remains as high as at the beginning of the etching process,
which corresponds to the prior art, then numerous defect



executi on of the nethod; 10 Figure 2 shows a cross section

t hrough the bl ank right after the beginning of the etching
process; Figure 3 shows an undesired distribution of defect

el ectrons 15 during the etching process; Figure 4
shows a favorable distribution of defect %l ectrons attai nabl e
by the invention; 20 ure 5 shows a practical exanple in which
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source. Becausgore depth, the etching removal of the pore walls can be

10 avoided, which is shown in Figure 4.

As is apparent from Figure 4, the boundary of the space
charge zone RZ runs "beneath" the pore bottom, so that
the defect electrons collect primarily in the vicinity

15 of the pore bottom and etching also occurs primarily only
in the region of the pore bottom.

The situation depicted in Figure 4 can be achieved by
reducing the etching rate of the defect electrons with
20 increasing etching removal, i.e., by increasing the pore
depth. This is possible, on the one hand, by reducing the
radiation power supplied (cf. Figure 1) or by reducing
the voltage between the blank and the reference electrode.
A further improvement can be achieved by appropriately
25 prestructuring the blank before the beginning of the etching
process by choosing the spacing of the start recesses for
the pores being etched so that the desired thicknesses
of the pore walls and the spacings T (cf. Figure 2) of
the individual pores and the width W of the space charge
30 zone being established fulfill the condition T < 2W.

This condition can be maintained by pre-etching with a
corresponding spacing of the start recesses. As a supplement,
it can also be prescribed that the dopant concentration
35 diminish in the etching direction or that several different
dopants of different concentrations be provided, which

are excited in succession by monochromatic light, permitting



7. of the formng electric field, the field line density in
the region of recess 2 is greater than in the other regions.

The charge carriers of the etching liquid marked "-" t herefore
preferably reach the bottomof the recess 2 so 5 that the etching
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intensified at these sites. The mnority charge carriers or
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reactants in the etchant, pore formation or electropolishing
occurs on the first side of the blank.

As shown in Figure 1, "control" of the defect electrons
15 occurs, for example, by controlling the illumination of
the blank 1. One possibility consists of varying the
irradiation intensity during the etching process, in which
the number of generated defect electrons can be reduced
by a time-controlled reduction of the irradiation intensity.
20 For this purpose, for example, a pulsed or "interval
irradiation" with radiation intervals and radiation pauses
can be prescribed, in which the light source can be simply
connected and disconnected. The interval lengths are then
adjusted to the instantaneous pore depths. For example,
25 after each irradiation interval, all defect electrons
generated during this interval are supposed to be consumed
before new defect electrons are generated in the next
irradiation interval. An appropriate seguence can be
empirically determined beforehand. As an alternative, a
30 shutter or aperture technigque can be used in which an open
cover is arranged between the light source and the blank.
A light source with an aperture can also be used, which
opens and closes accordingly.

35 As an alternative, a "variable" light source can be used,
i.e., a dimmer, which is controclled according to a

preprogrammed program by a microprocessor and adjusts the
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of recess 2 ar@oﬂﬂ.eoflt%%twa&ﬁleé e aepeeES oA &F HRt §BEEct electrons away
| ast. ure shows a cross, section through blank 1 right

after 5 on Ym% d%?%bso¥st%%p%?8ﬁ+ibeprocess A space charge zone

RZ or depletion zone is forned on blank 1 by the applied
voi&age (cf. Fﬁ@}*{ﬁg :Qfe e'a(mnensc %?Ot erLelra% a dasg'ﬁ“glng generation
of the start recesses, different methods can be used, for
example, etching with KOH, standard lithographic methods
or ion bombardment using hole masks or laser-induced
processes. With such pretreatment, the start recesses can
15 be generated in any desired patterns or arrangements on
the side of the blank being etched, in which the number
of pores per filter surface can be established exactly
as desired.

20 Figure 5 shows a practical example in which a magnetic
field B is superimposed on an electric field E established
perpendicular to it. The electric field E runs here in
the direction of the positive Z axis and the magnetic field
B in the direction of the negative Y axis. The defect

25 electrons denoted "+" move in the direction of the electric
field. As a result of this charge carrier movement in the
magnetic field, Lorentz forces are produced that deflect
the defect electrons perpendicular to the electric field
E and perpendicular to the magnetic field B. The defect

30 electrons therefore execute gyro movements and can be better
kept away, especially by changing the magnetic field
intensity and the distribution of the side of blank 1 in
contact with the etching liquid (cf. Figure 1).

35 Figure 6 schematically shows a section of the blank 1 in
the XZ plane (Figure 5), in which the magnetic field B
is represented by a circular symbol and emerges from the



line and has the average width W The space charge zone RZ is

conparable to a pn junction, over which the applied 10 vol t age
drops. The electric field in the space charge zone RZ is varied
by recess 2, as shown by the novenent arrows of the defect

el ectrons, which are represented by the 12" synbol . The
recesses 2 have an essentially constant di aneter D t hat
corresponds t @ldre mdf &hei dnewenqomemelrfuelrtsertyb@ufnghze;anagnetlc fl@tleihed

The pore di amgj efnd)&ditkd Nee PGP IO Z % ion, i. e O gl he

pores of wdth VVtherefore forma region + 2Win
whi ch the def RtChEing giggstiPy ik thgrefore acts asig,d m68P8§l§ I‘3;1’11'"(:]’°§t ch them
further, pri rmtthdlt/ dyfﬂd%ﬁ:soﬁhe defect electdni,t @hichni®rcgey] itta tacteilgve

porgs MY o ALY O aod socayge, of A Saalds o dumarianh o

ion df the
pore bottomisa Sltuatlon is sichaevedaim nghetmbf atf\%mdlerfepheehézjim%et ween
the two reach tﬁQJ ﬁ&Fé‘ha@Qée%vmVMH 5@&99&@ ﬁﬁl@@%ﬂge%ﬂostxv&fdmtyhem
Et chi ng herefore occurs primarily in those regions 1'n which
the 25 CO%F%nycB‘PS‘E heegei@etobl BRerBPseand reactants, i.e.,
etchants is high, i.e., on the bottom of recesses 2. The

ng renov e ot her_hand, is .much more |im
betheen t ha porkgife 1 En8ahn"Mtkay B FRATBE S HIANCRGH 3 voRoRGR 3,
the pores becopend VB fully ocdeyyied @Vﬂrthnglteh§renehKngtp$lm@@$)s andnemspace
charge zone unoccupled%ﬁdé&ﬁ%ﬂ% %%Coteg'cﬂ%i wlllichaéef&éé”&iéer

appar ent igure 3, the spaci‘ng of the individ pores is
relatively I ar@@“*ﬁs%lélﬁt eRATYY thrter doh %‘?et%ke%‘b%@%}g 3t the blankchar ge

zone and the OS8E&Eh0EnG ai£lehcd NEarlelotad 00id Qinduct ion band NI NS as
as at the i npi ng of the etching process, ic
?Fesponds t ot} pi‘?ognaﬁp?rgﬁeﬁaﬁuﬁg‘ﬁgué:a&‘efael&o be referred €o as

the forbidden zone. If a semiconductor is p- or n-doped,
the energy states of the electrons of the doping atoms
lie between the valence band and the conduction bands.
Three such energy states Ed1-Ed3 are drawn in Figure 7,
20 each indicating a specific dopant, i.e., corresponding
to a certain type of atom. The number of electrons
represented by the black points indicates that the first
dopant, whose energy 1level is Edl, is more highly
concentrated than the second dopant and this again is more
25 highly concentrated than the third dopant.

To generate defect electrons, the electrons must be raised
into the conduction band LB. This is possible, in principle,
by activation of the electrons from the valence band VB,
30 which, however, requires relatively high energy. The required
activation energy to generate defect electrons is reduced
by doping the blank since the energy levels Ed1-Ed3 lie
between the valence band VB and the conduction band LB.
If the blank 1 is irradiated with photons of energy EA1l,
35 the electrons can be raised from energy level Edl into
the conduction band. Accordingly, by activation energies
EA2 and EA3, the electrons can be raised from energy levels



9. =~ el ectrons will reach the pore walls and cause undesired
cross-etching there. The state depicted in Figure 3 would

therefore | ead to undesired and uncontrol |l ed w deni ng of t he
cross sections of the pores. 5 If it can be ensured that the
space charge zone RZ forns faBly between the pores at snall
pore dianeters during ) the entire etching process, i.e., even
wi th increasingd2 and Ed3 lntm)ftéledéﬁﬂﬁ}lcthéne‘?@h@nd’“gfr%‘?rd\%oc&roﬂ‘ﬁélﬁbre
wal I's can be 19ight is usedVai &ioshi il §onédifatSRVWPatd offi @effeRtdelectrons

As is apparent from Filgu%e 4, the b undaer% of thg.sgacg th .,__charge
zone RZ runs "BRReatPrEHE Dork® béY VeSo fRgPTELn © thgdoping

el ectrons col | ecticentratibysiof tiiee Voparnittsy THis means thoft tdhe flzoremtbot t om
andget chi N9 al 38pPEEHI 38" A Y o8Nl dopants . can béngfoggdr °ghed dhnd Ne

pore bottom ) i tuation depicted 1n ure 4 can
achi eved by semiconduckayublapkthe @iEferRpt feneRnirat ete@ndl &t rons

with 20 thisNERASNY L5081 @IBYA] but iéh o O¥NnEREYERSYEDs HHA pore
depth. This is Qos |$£le, on the one, hand, by reducin he h

radi ati on powe? %hiﬁ '%dd?5?9tF‘Fgﬁ?Erﬁ?so?a VT R in the energy,q
vol tage bet weehat@lesbhamé. anide theobebil pugetimbecdeDatet electrons wild
fugpher inprovegenf €R8 PEr8CRLEYEICRY 8PRLOBL! BH&l¥nted by doping.

In order to produce the depletion of the defect electrodes
on the side of the semiconductor blank exposed to the
etchant, the blank 1 is only relatively weakly doped, for

15 example, less than 10" cm®. It can also be prescribed that
the blank be doped in defined rib regions RP (cf. Figure 8)
with a dopant concentration below 10' cm®. If silicon is
used as the semiconductor material, such limited doping
ensures that the rib regions RP are resistant to an etching

20 attack, which improves the mechanical strength of the etched
blank. Moreover, etching can also be guided or channeled
in the direction of the thickness of the blank on this
account. The etching segments can be stipulated in the
blank that advantageously influence the movement of the

25 defect electrons. The rib regions can extend parallel to
the etching direction through the entire blank.

As an alternative to the explained application, which
describes the production of filters, there are additional
30 applications. The perforated wafers according to the
invention can be used, for example, as microresonators
or as catalysts whose pore surfaces are coated so that
a very favorable, i.e., large, surface/volume ratio is
produced. Application in micromechanics is also possible,
35 i.e., the pores can be used for fixing or mounting
micromechanical components. A wafer precisely perforated

in this fashion can also be used as a "light display" in



25 - prestructuring the blank before the begi nning of the etching
process by choosing the spacing of the start recesses for t he
pores being etched so that the desired thicknesses of the pore
wal | s and the spacings T (cf. Figure 2) of t he i ndividual pores
and the width Wof the space charge 30 14 zone being established
fulfill the condition T < 2W This condition can be
mei nt ai ned by phéchttite hgdiwidual pores can be providegonidimyndpetdwall f t he
start recessescoégralgggggeﬁgghs of illumipatibnCan also be prescribed that
t he dopant concentration 35 dimnish in the etching direction or
that several different dopants of different concentrations be
IO_rovi ded, whicboping the blahR &xaitedcih, SuyeEesskomply, m@omﬁlmrhc
ight, permttin - .
a stepwise r edbeﬁf’gﬁdf“ﬁnttheb)éea]‘dé‘&xﬂ%gpleo?\%p%?iésjéhttq the crystal meoltI'he

generati on rat erobyt heatiéhgcthel eilions bhankedblamk,the simultanegus., the

activation eneag¥ §%Qghyo |§hgoagbghbeﬂaggsghat 5 essentially all
of the generate 5 ect eFectrons uring the etching process are
al ways consuned. A correspondingly concentrated etching liquid
is therefore essential, i.e., an excess of reactants in the
etchant relative to the nunber of defect el ectrons. Dependi ng on

t he nunber of defect



0 - el ectrons in conparison wth the nunber of avail able
reactants in the etchant, pore formation or electropolishing

occurs on the first side of the bl ank. As shown in Figure 1
"control" of the defect electrons 15 occurs, for exanple, by
controlling the illum nation of 15 the blank 1. One possibility
consi sts of varying the irradiation intensity during the

et ching process, in which t he nunber of generated defect

el ectrons can be reduced by a tine-controlled reduction of the
irradiation intensity. 20 For this purpose, for exanple, a pul sed
or "interval irradi ati on" we&f™Padi ation intervals and

radi ati on pauses can be prescribed, in which the |light source

cangbe sinply ; Method £HNRAE 'Erb ARk (> cenpeel £ J"h%h&@ﬁeé ‘larhengt hs

are then ed to |nstantaneou%a$ore
exanmpl e, 25 Ofa‘FT é?r ®acioriedr giratbon serbeoRAuUCHPY I‘tﬁ?f%’"ta]elléct rons

generated during thisnhééesyak &% ﬁn&ﬂéﬂﬁsédzalt@ld@l% S6ESHHEA to doping;

bef ore new def ect ele frons e ted.in the ne

i rradiation intervaf ﬁﬁggbpgag 3ﬁﬁﬂgﬁ 5ﬁugE% in contact with

enpirically determ andebﬂﬁm@tmﬂdxtm,annatvhechaaic:m;maexﬂﬂectrode ishut ter
perture techniq e d M@;SD

ar%gnged bet ween thggfggﬁ?géoﬁﬁgée%nd ﬁqbé?¥y]etChed acﬁ&d% 1ht source

with an aperture caﬁnargm be gekerapiminority Charge(ﬂﬁﬁﬁﬁeiﬁﬂléldgé%

accordingly. 35 blank 1é\ssapp§lléereat kye, b@an\éaﬁlu@"lllng thiedRt sHiHLe can
be used, dimrer, which is controlled according to a

pr epr ogr ammed pr ogr Bﬁ?ﬁ?s%v WFG&FSE%%%%PY%%‘E 5&1‘:&31%1%‘3'{ e activation

energy supplied per unit time 1is reduced with

15 increasing etching progress.

2. Method according to Claim 1, characterized by the
fact that the activation energy is supplied by
irradiation of a second side opposite the first side

20 of the blank (1) with a light source (8).

3. Method according to Claim 2, characterized by the
fact that the number of photons impinging on the blank
per unit time is reduced with increasing etching

25 progress.

4. Method according to one of Claims 1 to 3, characterized
by the fact that the activation energy is supplied
by irradiation with a broadband light source.

30
5. Method according to one of Claims 1 to 3, characterized
by the fact that the activation energy is supplied
by a monochromatic light source in which the wavelength
is varied with increasing etching progress.
35

6. Method according to one of Claims 2 to 5, characterized
by the fact that the irradiation of the blank (1)

I



Iight “intensity of the light source to the etching progress.
Natural |y, during use of the m croprocessor, other process

paraneters, |like the voltage between the blank 1 and the

counterel ectrode 5 or the etchant concentration can also 5 be
varied in order to ensure "depletion" of 16he defect el ectrons
on the pore walls. In principle, any illum nation control that

permits the depl eti &8 wgpadteddat boterturiabdyring the etchipyg prrceage wall s

i s appropriate. 10he consecut@d'é' I‘zﬂra@:’fl%ttrl%%t ReLr{14 |B%1Qbaéllforﬁer?ed
during generation of, the sta recesses, different nethods can

be used, for andloreﬁaﬁblérrégéﬁtﬁﬁnwnR?P$&§4 %?téhﬁEVﬁePlﬁﬁ%ﬁthhlc
met hods lengthankanbar dnent using hol e masks or | aser-induced

progesses. Wth such pretreatnent, the start recesses can 15 be

genérated in any desired patterns or arrangenents on t he side
of the bl ank b@ing ¥ethed adoerdingtta heeminBépims 1 to 6, chapdctriri@eder

filter surface can B¢ %ﬁéa?hbﬁhﬁﬁaﬁxﬁﬁé|ébt1vatlon enery desidihlied0

Figure 5 shows a practical exa whi ch etlc field B
i s superinposed on &R EP@CP}FEka%?dbE %%PB%Y?%%

perpendi cular to it. The electrlc field E runs here in t he

di ggetion of the pogLiis £8s AN, bhe JPEVELLe LS charagterized I

direction 8f the- negative Y%hs
denot ed "+" nove |nbyh'ehellfae@t|tj‘ra’tbfthteh@lehéct(ilbcle pretreated fbeﬁCd:eAs a

result of this chargeeebbbREnTRY B Uiy t BR which the start recesses
for the pores being etched are generated at least
on the first side of the blank.
15
9. Method according to Claim 8, characterized by the
fact that the start recesses are pre-etched with a
hole mask.

20 10. Method according to Claim 8, characterized by the
fact that the start recesses are generated with laser
beams.

11. Method according to one of Claims 1 to 10,
25 - characterized by the fact that a magnetic field (B)
that passes through the blank (1) is generated, passing
through the blank (1) essentially perpendicular to
the etching direction.

30 12. Method according to Claim 11, characterized by the
fact that the magnetic flux density (B) diminishes
in the etching direction.

13. Method according to one of Claims 1 to 12,

35 characterized by the fact that the blank (1) is doped
with a dopant with a concentration of up to 10Y cm?.
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magnetic field, Lorentz forces are produced that deflect t he

defect electrons perpendicular to the electric field E and

per pendi cular to the magnetic field B. The defect 30 el ectrons

t herefore execute gyro novenents and can be better kept away,
especially by changing the nmagnetic field’ intensity and the
distribution of the side of blank 1 in contact with the etching

liquid (cf. FilfureMgthod 3mccording fiogupaes €heRapiesl | ¢ skOws1d section
of the blank 1 in characterizddByX¥hdlfaee €ithgwrr blankn(Whiicghdbpea

gﬁgpg;;cf ]; Ioﬁql ,([j hs with several Sairf%%&%%%négganbé’s %nﬁ' éggﬁ'c?{nésé/e@%lop%g&%

pl ane of the draw repncEmdrattiemsi.ty of the magnetic field B
ingg eases here in the Z direction, i.e., opposite the et chi ng
direction and therefore acts as a "magnetic mrror" t hat

defl ects the défectMaihad r decomsiiclw | Foquaret apifvelagms 1 to sBdwn by an

arrow. Because of tdHas-aBREREEEE bYERELEhERhat the dopant Sordditdidtddni S
achieved in which o t el ectrons reach the pore

_ |y, a few def . .
wal |'s, which permt '%d]lrﬁhl?r?arf@e &5 | ylirection. constant cross
section of the pore. 10 Figure 7 shows an energy diagramof a

blfd1k with a Vlaé ENGkthoq according to one of Claims 1 to 15,
characterized by the fact that the blank (1) is doped
in partial regions with a dopant concentration lower
than 10" cm?,

15 17. Method according to one of Claims 1 to 16,
characterized by the fact that the blank (1) consists
primarily of silicon.
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band VB fully occupied with electrons (not shown) and an

unoccupi ed conduction band LB, each of which defines the

adm ssi bl e energy states of the electrons of the bl ank. Bet ween

t he val ence band VB and the conductio/qband LB, 15 there is an

energy gap that can also be referred to as t he forbidden zone.
If a sem conductor is p- or n-doped, the energy states of the

el ectrons of the dopi ng atons | ie between the val ence band and

t he conduction bands. Three such energy states Ed1-Ed3 are

drawn in Figure 7, 20 each indicating a specific dopant, i.e.,
correspondi ng to a certain type of atom The nunber of

el ectrons represented by the black points indicates that the

first dopant, whose energy level is Edl, is nore highly

and this again is nore 25

< To generate defect

el ectrons, e elec st be ralss into the conduction

band LB. This is possi bl in principle, by activation of the

whi ch, however, requires
activation energy to

relatively high

generate defect ¢lectro i s{reduced ¥ "dopi ng the bl ank since
the energy level § Ed1-EQ3 |i et ween t he val ence band VB and
t he conducti on banpd LB. If thefblank 1 is irradiated with
phat ons of energy/ EAl, 35 the el e¢trons gan be rai sed from energy
| evel Ed1 into teﬁcggﬁduction band. rot ngly, by activation
ener gi es ) jand BA3, the el ecfrons can be raised from energy
| evel s
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13 ) Ed2 and Ed3 into the conduction band. When nonochromatic
light is used, a specific generation rate of defect el ectrons

can therefore be achi eved according to the doping

concentrations of the dopants. This ans that different 5

appropriate types of dopants can be ped into the

sem conductor blank in different concentrations and, on this
account, a gradual distribution of energy |evels and avai l abl e
defect electrons can be created in the energy band schene. The
probability that defect electrons will 10 reach the pore walls can
al so be prevented by doping. In order to produce the

depl etion of the defect el ectrodes on the side of the

sem conduct or bl ank exposed to the etchant, the blank 1 is only
relatively weakly doped, for 15 exanple, less than 10[err]

cnferr]. It can also be prescribed that the bl ank be doped in
defined rib regions RP (cf. Figure 8) wi th a dopant
concentration beltpw e ; ilicon is used as the

sem conduct or nat-r[al| 4up 1 ted dopi ng [ ensures that the

rib regions RP arlé [ blsﬂap a et ctihg 20 attack, which
i mproves the mechigni cpl ﬁ e@hed bl ank. Moreover,
y ¢

etching can al so pel g:ﬁﬂdqdlo A in the direction of the
t hi ckness of the ngnk\Lj‘J\*~__+ A fgbcount The etching segnents
can\be stipulavé/ iP k he N!!& @at advang&gsggsly i nfluence

t Hejnovenent OF the 2p Rb

|
l | ef pc el éc@ons. The egi ons can
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As an alternative to the expl ained application, which descri bes

the production of filters, there are additional 30 appl i cations.
The perforated wafers according to the i nvention can be used,
for exanple, as mcroresonators 3/7 or as catal ysts whose pore
surfaces are coated so that a very favorable, i.e., large,
surface/volune ratio is produced. Application in m cromechanics
is al so possible, 35 i.e., the pores can be used for fixing or
mount i ng m cr onechani cal conponents. A wafer precisely
perforated in this fashion can also be used as a "light
di splay" in 14
whi ch the individual pores can be provided with individually
control | able neans of illum nation. Dopi ng the bl ank can
occur, for exanple, by neutron 5 () bonbar dnent, by adm ki ng the
dopant into the crystal nelt or by heating the siligon bl ank
during the sinmultaneous dijff f usi on of the dopi ng gasgs.
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15 _ C ai ns 5 1. Met hod

for the production of filters in which gg7bl ank of n- or
p- doped et chabl e sem conductor naterial is connected as an
anode or a cathode according to doping; > a first side of

the blank is brought in contact with
in which a counterelectrode is 10
el ectrochem cal ly etched; activation
mnority charge carriers in the
bl ank during the etching N

an etching solution,
arranged, and
energy to generate
blank is supplied to the
rocess, characterized by the

fact that the activation ergy supplied per unit tine is
reduced with 15 i ncreasi ng etchN ng progress. 2.
Met hod according to Caim1l, dharacterized by Yhe fact
that the activation energy is |supplied by > irraﬁﬁqt'on of a
second si de oppositethe frrstyNde R0 of the blamk“(fl) with
a light source (8). ) Met hod according to Claim2
characterized by the fact that the nunber of pgeaﬁrs
i mpi ngi ng on the bl ank per unit tine is reduce ilg
i ncreasi ng etching 25 (:> Dr dQr esey L::
; () 0
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4, Met hod according to one of Clains 1 to 3, characterized

by the fact that the activation energy is supplied by
irradiation with a broadband |ight source. 30 5. Met hod
according to one of Clains 1 to 3, c acterized by the
fact that the activation energy is supplied by a
nmonochromatic |ight source in which the wavel ength IS
varied with increasing etching progress. 35 6. Met hod
according to one of Clains 2 to 5, characterized by the
fact that the irradiation of the blank (1)

16 is repeatedly interrupted during the etching process,
the consecutive irradiation intervals being shortened

and/ or the irradiation pauses in between being | engt hened.
5 7. Met hod according to one of Clains 1 to 6, characterized
by the fact that the activation energy is supplled to the
bl ank (1) by supplying heat. 10 ) thhoaxgccordlng to one of
Clains 1 to 7, characterized ZCX
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by the fact that the blank (1) is pretreated before

el ectrochem cal etching, in which the start recesses for

t he pores being etched are generated at |east on the first
side of the blank. 15 9. 6/ Met hod according to C aim 8,
characterized by the %act that the start recesses are
pre-etched with a hol e mask. 20 10. Method
according to Claim8, characterized by the fact that the
start recesses are generated with | aser beans.

11. Method according to one of Cdainm 1 to 10, 25

characterized by the fact that a magnetic field (B) t hat
passes through the blank (1) is generated, passing t hr ough
the blank (1) essentially perpendicular to t he etching

di rection. 30 12. Method according to Caim1ll, characterized
by the v facg thgt the magnet| | ux density (B) dim nishes
in the etching q{r h\on. 13. h‘mﬂd accofding to one of
Claims 1 to 5 chanact ef Dy the tact that the

blank (1) is do with ad Mth a goncentration of

up to 10[err] c
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17 . 14. Method according to one of Clains 1 to 13,

characterized by the fact that the blank (1) is doped wth
several different dopants and coordi nated dopant
concentrations. 5 15. N@?hpd according to one of dains
1 to 14, char act er { Zed by the fact that the dopant
concentration di mnishes in the etching direction. 10
16. Method according to one of Cdains 1 to 15, )
characterized by the fact that the blank (1) is doped in
partial regions with a dopant concentration | ower t han
1016 cnferr]. 15 17. Method according to one of dainms 1
to 16, characterized by the fact that the blank (1)
consi sts primarily of silicon.
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