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WD 2004/ 084300 PCT/ SE2004/ 000439 1 ELECTRI CAL
CONNECTI ONS | N SUBSTRATES Field of the Invention 5
wab@4pse8@nt i nvention relates generally to theCt/EE1004/000439
of sem -conductor technologly, and in particular to a
met hod of making a product, usable as a starting
ELE@EB&A&@WEQH@NMMJSHBSERATES a large variety of
sem -conductor devices. It also relates to the product
as such. Background of the Invention 10 In many
Fieldogfithe Eaventiom i n t he sem -conductor industry (in a
broad sense including both mcro- electronics,
m cro-optics and mcro-nmechanics) it is often required

The ﬂt@seﬂ%‘iﬂv%ﬁ&fﬂé%@eﬁeﬁﬂy PR HeRd &%%nﬁ’-fcoﬁ‘d&%'f' t@&ﬁl@lﬂé&oénd in
waf er, such as a silicon wafer, for the nanufactureée of

partigdgito a@aﬁtmﬁc@ﬁinalaegr ppeastuct yeableas %@ﬁi&l@g subsiiatg 1§ thermarufacture
ofa lglrgre%ﬁﬁetx olf% - nl{ﬁgto'r 89V1 f ﬁ:véﬁso]rélﬁ e 1d Iﬁ% éﬁ&ﬂt%'t aéaELtchf or

rconnec
W re- bondlng has been the conmmon technique However,
Wi 1 i s.not cost-effective and for devices
Bac@@?ﬂﬂ‘f?ﬂt Ii annter connection wires, such as array
devi ces, it nay not possible to attach Wi res at aI

Therefore r the last decade so called fljp p
In mapy Applicriionadn e emigFepsdugtoy gulystrpn Z@T@}dééﬂﬁeolﬁpléldmg both micro-

electl%ﬁfEE Orﬁfc% 1<t,soa.nﬂ\f?1 g) 138, AREE St A ot %ﬁ%oqﬂ;ldtgﬁgl&z‘éﬁéhts on

[ ow ng r sinplification,” inprove
both gides ofrmnncqmlnct]on wafee, Juak ks em&icon wafer, for the manufacture of semi-
in /| t erconnection

fldp-chi
cond c%or 1ce sHﬁ 43 gensors, micro- 8@“9\5 ?rﬁay'stPgtﬁP n%‘:jnagn &JS&MC Ip

ThIS |s nost often not possible for MEMS devi ces

= M cro-FEl ectrical - Mechani ca] Systens),
In thee%(rﬁﬂﬂefog BerkaEws AR IHFICPRIGSHS arcil Jewwuﬁet@adtn@ g been the

comrﬁcﬁletefslﬁrﬁ@tﬁe $iodRvEP Wll%%o%ﬂl lis ﬁ&%@ﬂ-ﬁ‘ﬂ%ﬁv& F!nd FirSielic8d Rquiring

have beén based 6n the provision of netalllze
manyggter¢onnection wigtsesuchens eay dﬁ‘gcctshrtmegfrnoa possilde fo fttachtwiees at all.

There{ftiv\%?(?\?‘e?t J lagtsc{e%% s% Egdmﬁ e&t ) 'g*%%ln ril%lﬂzits Cetgn ?}ﬁ& y Wed f(])r

surfaces
electmnica:lompanehtsemamd dieceztd olﬁahnbrboaﬂmgf theiedy Wib @i fop bilnglification,

. | tion t he .subs t ocesses,t hat can be

impragefl g5l 3R ST AGREAR P e Fa-ed P BRDOR BT RonqHpRpFAgeSS.
HowdVer, U5 pleh® BAAMRRY RhHERSthR Mevied At CRbnLaHE T RIVE Mthss is most often
not possible for MEMS devices (MEMS = Micro-Electrical-Mechanical Systems), for

example sensors and micro-mirrors, which need to have the front-side up.

Other techniques in this field have been based on the provision of metallized portions in holes
extending through a wafer, for the purpose of establishing electrical contact between the two

surfaces.
Such mixing of materials (i.e. metals and semiconductor material of the wafers) puts
limitations on the subsequent processes that can be utilized for the manufacture of

components, in terms of usable temperatures and chemical environments.

One method of the just mentioned kind is disclosed in US-6,002,177.
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One nmethod of the just nentioned kind is disclosed in
US- 6, 002, 177. 35 WD 2004/ 084300 PCT/ SE2004/ 000439 2
wao\2dous43er net hod is disclosed in WPO publ i capCDBEMI/000439
01/ 65598 Al (corresponding 20 published US patent
appl i cation 2003/ 0022475 Al),. by Vi eux-Rochaz et al ..
A furtiep meghoddg disploserkin WIR@ pu@mﬁaﬁvocoa P5P8 & (cpmesponding to

THEE I : h
pubhg«;egg@gagg%ﬁoﬁﬂmﬁ\e%o%omsSA@gbgfvl@axv.\ﬁé&{az et 51. e

I'ng suitable clos atterns; e.g. rings,
squares rectangles etc., filling the grooves wth

Lnsul atin terial, buil.di conponents mat chi ng .the
The a3 B SRR S iniier nfrices ek SPTRIRGR eloon an gRoggest a water,
the giob o8 deffi@inposulitable SWst@ pattamid, eRgrinkd, Rqides feOBnglEOE¥ S illing the
filling sa second grooves with insulating material,

A n 1 d : . ) ,
grooves With IRTURtHY WalRieinBRiding pompenepisimyehing thegnslosed arepy making a
. f I i I . . .
Pl SBR RN (28 SRR AR A L0 ER L Mg i
seconidsgréeyies withcoslateng matedaly ed puilsling earpmerises thebottom surface,

. disgl t he nufacture of a latformc I Sin
wsing 3 S Rehmle TR B ford e e R e 0 o p i hppes as
desirggleneral |y applicable starting substrate for

sem -conductor applications. 15 Sunmary of the
Invention Therefore, the object of the present
This prov&sid RNy SorsleR 28N bRt JH0dbe ho Bki16% He BEREHBLYof a
applicable starting substrate for sem -conduct or
platfosmpempeisineclenpinal tuevgreonnestionsvigs)f and usable as ialgenerallon
appli&gle%@mqgs sHGRTor §e?rﬁ%ﬁh@cqgr Aﬁ%li&ﬁio%s.f i el d, wthout
any restrrctions 1 n process raneters. This object
is achieved with a nethod according to claim 1.
Ther there is provided a nethod of making an
S“mlg?gcﬁf%sa?v%ﬁ’r?ﬁecti on between a first (top) and a
second (bottom surface 25 of a conducting or

e§em'-con,ducting substrate, conprising creating a
Therefqrgthe obigck ¢fdhe present anjieptioneis te prouids smiethgd of making a generally

. B ent y A .n0r tLON. of
DD e TG S SR RO SRR T B BB, Bt ru
utilizagignrod womimeg predess teahnadégysiai thisSiehd; twithoat atyutesteistiass in grocess
mamkﬂg top and bottom surfaces of said separated
p por%‘i on. 30 In a further aspect of the invention there
is provided a platform product for sem -conduct or

. nuf acfure_applications, conprising a wafer of a

This QORGSR PR BFHOQ BRFAUEIRG Kyt IMER BT heFeby, there s provided a

method of making an electrical connection between a first (top) and a second (bottom) surface

of a conducting or semi-conducting substrate, comprising creating a trench in the first surface;
establishing an insulating enclosure entirely separating a portion of said substrate, defined by
said trench, from surrounding material of said substrate, but exposing the top and bottom

surfaces of said separated portion.
In a further aspect of the invention there is provided a platform product for semi-conductor
manufacture applications, comprising a wafer of a conducting or a semi-conducting material,

and having well defined electrical through connections (vias).

Such a product is defined in claim 14.
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and having well defined electrical through connections
(vias). Such a product is defined in claim14. 35 WO
wWQO®4/098d4B00 PCT/ SE2004/ 000439 3 The present PCI/EER0D4000439
with wafer through electrical interconnection vias
allows "flip-chip packaging" wthout flipping the
The pressat inyprftondwith wafershion gk eleetrsaldaietronnentiopyidsallows "flip-chip

reo PR AL 1SR MRS DAL 15 i
mounfing conidewtplagedwinl the beckdiele of th@e(MEMSh)dcmé h reference

to the drawings, in which Fig. 1 ais a schematic

per spective view of a wafer having vias of the

Bneinmﬁbuoﬁ,oftli@DFmgmglsb is a schematic cross section of
a wafer as in Fig. 1, Fig. 2a shows a cross section of

a wafer before processing; Fig. 2b illustrates a
td RRG 0Re d ws a
e S e
an embodi ment where trenches have been filled by

oxi dat osition; .Fi 2e.il.lustrate
Crencit Bl Bee g ARHRREHER vipk i g fBrtneg eyt B imvention
var i OLESngSSIaMcEeIgﬁMI)SSI s@&ionsdfaipﬁéfeﬂis inm@gches; Fig.

4a il | ates a further od| ment. of the nethod

accor lﬁ PN Cr?sﬁ\?%?ﬂq 2 veaferrhedore proGegsing;cr os's

sect i Gg Oft, MudRii6! o HaR RGicAShdTRHErASSQIhNG O the
further embodi nent of the invention: Fig. b5a

i | | ustiigitZesshamserverferevith denens fibed with oxidehod of makl ng
Vi as %g%ﬁﬂ&% a%l (}J%ﬁnﬁéh\f H'eot 'E_ésghavg %egrpgl)gﬁ dFl?y ox1gat10n and

resul t accor
i || ustdepv@Bomopi ng of a via accor d| ng to the

i nventi.o Fi.g. 7 sho rior art device; Fig. 8 is

a cr o;lé ?&9{1 Et%wq’fgﬁeéﬁibgﬁlgﬁar@m&fe HHCWOBh: Fig. 9a

shows Rg.C¥ gewsSRsbhOPossbes eohlReiANSHImEY of ferdcgBEdi ed;
Fig. 4a illustrates a further embodiment of the method according to the

invention;

Fig. 4b is a cross section of a wafer having vias made according to the further
embodiment of the invention:

Fig. 5a illustrates another embodiment of the method of making vias according
to the invention;

Fig. 5b shows the result of the method according to Fig. 5a;

Fig. 6 illustrates doping of a via according to the invention.

Fig. 7 shows a prior art dévice;

Fig. 8 is a cross section showing an anomaly of an etch;

Fig. 9a shows a cross section where the anémaly is remedied;

Fig. 9b shows an array of trenches;

Fig. 10 illustrates a rectangular via according to the invention;

Fig. 11 shows a circular via made by a double etch according to an embodiment
of the invention; and

Fig. 12 illustrates schematically a process sequence for making a MEMS device

having through connections ending in a cavity;
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Fig. 9b shows an array of trenches; 30 Fig. 10
illustrates a rectangul ar via according to the

WO pooeg43on; Fig. 11 shows a circul ar via nmade BYI/SE2004/000439
doubl e etch according to art enbodi nent of the
invention; and Fig. 12 illustrates schematically a .
proc es%lgsfehulélﬁ@@temmﬂﬁmrwsatq\ﬁzm@ ef/Fige 1 2,ftasy whgrein the starting
t hrou ing in a cavity; WO 2004/ 084300
PCT/S%%%%%%gggﬁggﬁ%Wﬁ%? 13 illustrate a simlar
process to the one of Flg 12, but wherein the

Deta@%‘?@tﬁ% tmn 4 rﬁ?eé‘fﬂ %‘i Pgﬂg OEHBSI\S?WS fhe I&Fg{ih’gdl nventi on

5 The |nvent|on inits broadest aspect is
.Schematica illustrated in, F.g nd, b (not
The iGEigp in iy predgiss bl araicallo lieireiod gniies: 1aigddy (gt o seale).
It corfififies G%HFMO ¥ SBRREHR or of s‘éfrmcﬂﬂd tlﬁg bk eformlnfg a substrate
suitabl e for the manufacture of e varilet
suitalpfp éqrdh@n@wﬂaéwm:oﬂekar@e@nemfamcm dledronie dﬂamsc an/or micro-
[ C L.ces
mechgl‘?i\é dgﬁlgﬁsf gﬂ%?@o{pﬁ-@fﬁazggﬁgﬁ@% rén%@&go {s é)nqg)th sides of the
Wafels €S SEnSors M o-niiimor arrays, mags- ,opm:al rc@n@phctrﬁﬁbucﬂh@@mfsefsrﬂt@
such as lasers etc. The inventive feature is the
provi sion of vias 12, or electrical through

The iBRMAOE FdaIFS is BYPRALIDA of 1iROM Q)rfe%trﬁ:'aﬁﬁr&fgth@onh%ons extending
wafer 10 to a bottom side 16 %&neans th

from g épbyide ot de water 1Q1R¢ahqt@m tifhe ] & Bysmeansfithemethed seending to
the 1n@%fxtﬁfn Jﬁé F/f}g r%BH)ﬁng@{ gali] gsrﬁ@frfd’t%rédl gg )t(]fll \P%%I’ ell%ethey are
maderfene theavafesitsese Thhg motaluml]ar,y{ matferiell ie aked foathe actual electrlcal
9nnect|on In order to separate the vias 12 fromthe
COMNSSHPR 13 of the wafer in an electricall y insulating
manner, there is according to the invention oxide

rlal 15 i ntroduced between the bulk 13 20 and the
In OfC{;a lasseparaterife ViastlkdEPTnithe budle 13 e theivisder inanfelactripatly insulating

manngleﬁﬁz'ré 1sQ€3:&Hing% tE(é fn'ilé‘l‘?c éﬁfoﬁ&emgtﬁﬁél lgpgﬁr?g{yeé Pet’%ﬁe{gﬁ the bulk 13

native" material
and thegafias 12. iThe @leﬁhoctWlebejddsonbmlnuffmﬂ:han detatlvelowr.as, t he

waf er having been provided with said vias in a

desired structure, can be subjected to all the

By viinockths ifaey tist eply ‘@nmtraatiole’ MateHel is @88d; £ONHY aiadrial Bf the wafer
in terns of te er%bgre chemi cal envi ronnent ,

itself Brtlégcg thrangtfectuse fhe vies:the walis hgking peenprqvidsd véthojaut viawin a
desirdd@trubliated barfhd s &E® Al thprosbRirlg! Sips WHpESyRd i fhe semi-conductor
sem conduct or el ectronics
field, in terms of temperature, chemical environment, pressure etc, that a “native wafer” can
be subjected to. Prior art devices (i.e. starting wafers for semiconductor electronics
manufacture) comprising metallized portions, cannot be processed in the same versatile way,
because the metallization will not withstand too high temperatures, or the chemical agents
frequently used in etching and other procedures needed to make the desired electronic or

micro-mechanic structures.

Another advantage is that the wafer according to the invention is flat exhibiting a very low

surface roughness, down to mirror appearance.
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manuf acture) conprising nmetallized portions, cannot be

processed in the sane versatile way, because the
woredoaos43g@t i on will not withstand too high PCT/SE2004/000439

tenperatures, or the chem cal agents frequently used

.in etching and other procedures needed to neke the
By T8¢ FELPT oL (6P vaGH TBETALS s PR Hhn metosiel tiothe oaiginal wafer
ANQLA ) r
e A P Bl Sap bR by oS mAEH M i (0 the
structurn, gnhers, metalwad for nmmxeomompp‘p@ﬂeance WD 2004/ 084300
PCT/ SE2004/ 000439 5 By "native wafer"” and "native
wafer nmaterial” we nean the material in the original
A “wafaf eghall ibe $eldeh to iivan ial geary] subbieaté akablevau @iaﬂtﬂﬁg mefteri fhee.g.

t her terial that. has n added to
MEN@?HR@P%H@S Tisatet ascessardy apmagas ¥ Hat, EW@&’Fl%ﬁVlded with predefined

structBHs BAGESs dePrefsiokRbebtheSdIdhintd6r haksls tcfb F@ﬁ?ﬂr n%%l%&%é

substrate usable as a starting materia
performg orethe ingnterial ffrom whinhttheywetes &enidey conpl etely fl at,
but can be provided with predefined structures such
as depressions or other elenents or nenbers created by
Ina ﬁssirmlbpdim&m sf the:enfmmtmdﬂlustrd:tdr@nrﬁg X5 -alc foresnsedtions of Bevafer
nmbodi ment . of the
coring sl B iss Spachon ] feafe ghe 535 arezpadedp aguoasst phasperized
as co@f)rlﬂn%\wl@ Eene@ﬁl Istaps, ﬂaﬂ%lﬁblfofv%[&mt‘ tféh@l%sa‘ﬁdﬁﬁt?&ﬁmu&qhsdlé’ang

e vias_are made in a Process characterized

materfpl g thsr STQP YRS @Woonj@ﬁelﬂiaﬁllglgéb% renhe 2 lepstanartiallyrvig oxide.
trenches and introducing insulating material into the
grooves, and optionally filling the trenches, at |east

The stading maue;ialvis ahon)ducdiag ot 5 s@thieosdmtdriwefer@ @ig.ala), shitably a silicon

duc sen.c tor 20 . (Fi 2a), .
water (TR e Bt SREES JPUIETOS] s grrtsiias s diatie a thickness of
5008 petttiofigle teithickadsk o vag btemeﬁaoeum@ha 106@¢hh, 1\/!3>§t\/ddﬂﬂnﬁf01ally

) i gkness of 500m although the thickness can vary
availaf BtSyhASH (SOOMFHH FODOMIONDUHers B S0k J000303hickb Hepending on

size aﬁdl iﬂtéh@l@d (aﬁﬁhcgﬁgﬁ I-é@sﬁ&}er GRE %@ﬁtﬁ:{n) is %@ﬁgﬁl&? %vag&g Whibiting a

-1000mthic ependi ng sl'ze
thlckn@p pf 2@kt SO0 umaoquablyﬁﬁ@ Bamem owost refepghly ¢aM} #000oum.
waf ers exhibiting a 20 thicknes of 200 - 5000 gm
preferably 300 - 3000 gm nost preferably 400 - 1000

The figntngeridna sfteprls thegﬁﬁelrsﬂuln aftagfentls 21 He. Phavowiredes®éndircling a portion
nch 21 rrowr cess encircling a portion-

of the &a%qrﬁgp faé:f: 'f}beptr fis, made 4oy exapple by e,t@mp&gléby lgger based

mach1 el 15 BOMettdbdtlifhate had&indased machining, or by
(el’ectro-di scharge machining). 25 Trench

def|n|t|on is achieved by providing a |ithographic

TrencHBSHnifién {sclievad %y Bﬂ)vtlchﬁg %fth%rgraphic mask 22 (Fig. 2b) on the wafer,
which in itself does not form part of the invention. It is considered to pertain to the field of the
skilled man to design and use suitable masking and etching techniques, given the materials

used. Thus, a detailed discussion of the provision of the mask is not given herein.

Preferably trenches are made by any etching method yielding a high aspect ratio, e.g. DRIE
(Dry Reactive Ion Etching), electrochemical HF etch.

The trench should be less than 20pum, preferably 4-15, most suitably about 6-12 wide. Thus,
the layers of insulating material are 1-20 pm, typically 6-12 pm thick.
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which in itself does not formpart of the invention.
It is considered to pertain to the field of the

W@ kioklogdooran t o desi gn and use suitabl e nmaski NBCEHRER2004/000439
et ching techni ques, given tthe materials wused. Thus, a
detail ed di scussion of the provision of the mask is
not given herein. 30 Preferably trenches are nade by

. h 4 vi : .
te e RO ORI RE e L S sl 2008 28 886 Bk a§ afo-400um
deep.BuifablyTthe deptkinf thesthemah ik dbout 8396 uphamomw iy whier &bd:lgness In the
nost UI t.abl y about S 35 t

case ?fa@/gpmetﬁ QR laks.mgeSﬁagf/éh%?aﬁa@éld% laﬁréﬁm%ﬁ e gurface, to
hwpﬁﬁm%nﬁaaﬁmhgknl 2004/ 084300 PCT/ SE2004/ 000439 6 If

wafer is 500mthick, the trench is suitably about

200 490m preferably 300-400m deep. Suitably the

With\?\gfltél?ﬂ)t‘ah Ecélglg %‘f]{é {1 en?llgg ;tgig }L-}%?ﬁ %ﬁt&)’%tol Q%Qrzgi}%%@e bef*tween the

electrical nmu&:s’smsy:ahl’mtas amtah iaf 1O ping ey plicalgrs ObH)Omm $fthereds attlina oxide

tayer iy i a2 hoRam Gte el e T et i, way o RE g Wt until the

etch fe6&Hk e dQde; evHieH éctﬁéﬁdn%iﬂﬁst@ﬁ%ﬁﬁbytﬂi@waeﬂ &ehd ¢}Qﬁ1klrlcal plug (in
connections can be as small as gm. typically 5 00
the casgof eirgwardch Gengchy, il h%ua@ortqdahyéhe mﬂév @a@ areypnted érom falling
out. bottom surface, the etch can be all the way through
the wafer until the 10 etch reaches the oxide, which
acts as an etch stop. Thereby the via, i.e. the

The sle% (ﬂﬂ;ﬂe 1030rt1]0 grc(sl%cg%ﬁ{(]ﬁgna@c Olf%e %%?rug%l St ; f GRS IO limited

theretot ARy fgabhitnig shape thatldaa behapieve is tpbmbw rsutle Bs Svaids Cﬂeeﬁngles

e t.rench can be circul.ar, is of_.course no
trlana?%/sn%% ids, frapiegpids gic. P FP shapedig 1 o Tlaeawlb@mltaﬂon
[
e SR b DR B S Rt 7RI g ccin

procegpres kapleyedFi g. 3). The only linitation regarding the
obt ai nabl e shapes is set by any inherent limtations
of the masking and etching procedures enpl oyed. 20

Once @nceertches triaémcthe inaslBdemotdie andithe waferrie subjeded ®nah d:Hidizing

ted to n n rocess in order
procef Singiraty tp Rl St finG A 2340 i roveh (Bt svdcgn of g wafer

unles§iﬂ"1§ gﬁ)@e‘éte@ﬁ Hif©ahRlis adhiRE By 1ﬁcréa?511fg" 10k ?&ﬁﬁe‘ﬂ:lture':tb gtbout 800-
his is achieved by increasing the tenperature t

1300° gb (gxnlc@](yd_l 0% dran Py seagopfpinngamosphereOmiopghn, the ox1d121ng
procegsoébﬁlade%%n?t%g‘ggﬁpee{h% t eﬁ?ﬁ %g???e&?lﬁm%d O’célddché H?lgalmng space can

rocess can erm nate rench
be ﬁl]cd wthet. gl BEDS Rbgid 2 depdsitibieproeess] bdcagsesyfdis goodstep coverage
properties. However, any insulating material that is compatible with IC or CMOS processing
conditions can be used. It is not even strictly necessary to fill the trenches; it will suffice if the
material surrounded by the trench is kept at an insulating distance from the wall. This can be

achieved by the very small bridging oxide portion at the bottom of the trench.

Frequently, when etching trenches having the high aspect ratio as in the present invention, the
opening of the trench at the surface will be slightly narrower than the width about 5-10pm
below the surface (See Fig. 2¢). This phenomenon may cause the trench to become
incompletely filled with oxide, thereby creating voids (air traps) which may cause problems in
the further processing by IC, MEMS or CMOS techniques.
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25 be filled with e.g. TECS 26, in a deposition
process, because of its good step coverage
w@r@pms43des. However, any insulating material PEESEI084/000439
conpatible with I C or CMOS Pprocessing conditions can
be used. It is not even strictly necessary to fill the
trenches; it will suffice if the material surrounded
e
In orcté‘t‘ td H:%letd'&emh :ﬁgétil%rh sgﬁtaﬁlg gﬁ@\évéf;ég Egbs;}‘lb_leﬁg:dsg rﬁytfarﬂsﬁ:& etdhOfRer the
trenclb d@ﬂr,tgng] masl indek plmthel top saxface o€ thsovafenhasfbetin eerm@dc"ﬁhls 8%h will
hin renches hayi the hi
thin RN ot SHAETY iR OSs LeGRRB T e oo i Shg Butisty
“funnel” shhged tr@blRrét s¢diensTlid @oss setlidn dfecrshd @bl bsyindieste GMET broken
he wi dth about 5-10m below the surface (See
hneSﬁﬁgg Thi s phenonenon may cause the trench to
becone |nconpletely filled with oxide, thereby

creating voids (air traps) which may cause problens in
Whergthe tigacli/rendhes hpiedises smtv@lsbﬁll@cbmtlvﬂmlabmg ONIT8, to the rate of filling
e [0 000439+, 7
desued gﬁ%eﬁgle ?ne a3 %oﬁ{f gt% 2 é@%? et%frgs It ép}pﬁessmzlgereﬂ}p the back side
of theSW:iprISttbldnéd)d(aNlﬁ Uyt gmrdngt artetddiingeor dtha suitatsie edetlste, sudhrtfat the

1nsulart1é1m% prqq;ﬁlgltnetsg hogﬁh?tgerrfch:ﬁekﬁcfala\tﬁgg)mvﬁ\)ggi on a}gi@ck s1r&e of the wafer

(indicated GHiEH é/bﬁ\ik@n RERVEiol 1), THIs pRMeBtre848E8Sa plaity B9 AN y’
a strictl| funnel™ shapeg trench cross section.

extenging dkroygle %/hedﬁa feyf anglrcoptpsisimgermatsripl whigh iscidetidal tortbk énlk material

I t
o e 418 10 o SNy BRI S S S50 Be ity
trencHes| Thamlrfadmfrthdse pﬂltg mahetop and battemazfruhie whfep, separated by the insu

. sub' to a t n ss. Thereb t he back .

latmg X G Syrroun, ?tﬁlil nggreag%ponﬁ&pgé]maﬁd’ﬁor}gng} further
electr@ﬁn@ lalaﬁg:nw caﬁtﬁéﬂfonaéd E}ahhﬁbléﬂioh@ﬁhg tédhmbtpehat t he

i nsul ati ng oxide present in the trench/trenches

beconmes exposed on the back side of the wafer

For cdrtaiflh fcgﬁlof{g' 1f § n%c&rszf}g ).lotvﬂfe d}g@],ti%% tha %}q}e'r Wy in tge bottom of

roce ure yields a p ext en
the CaIVHY eughvidné wikf edectricadi Ommpmrm Ror salchan epplidatiod ltCWIlllI]R sufficient

mat er.
o ctch AETRERS et Ptben RS ) e e Aoy o Pied. Thus, the
overal) abinériah shiclafesnefthb yvatdt@ad be hia@igines .and g éi:éﬁlflgl ee&xpoke the
t.hese q on the to and bottom.of the wafer
msulaélgggraéﬁf i Byrebercnting b VIS iCA DB 26 lieveryapky isgid depressions.
surroundi ng wafer material, represent bondi ng areas,

to which further electronic el ements can be bonded by
An exguplesip the promigiongfidedentitieabcrofirrors miwratha plpﬂcqtmmm cagried out

T X I AR 1 A ——

electr6 ta;
W

el ectrical connections. For such an application it

An emvgo|d£mgn% o%%ﬁef 1n3en%on for the above purpose will be described with reference to
Figs. 12 and 13 below.

In a second embodiment of the invention, illustrated in Figs. 4a-b, the vias are also made in a
process comprising two general steps, the first step of which is identical to the first step of
first embodiment, thus yielding trenches 41 filled with insulating material 42, such as oxide
and optionally TEOS. Also in this embodiment, it might be sufficient to let the oxide in the
bottom of the trench function as a spacer to keep the “plug” free from the surrounding wall.
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to etch the surface selectively on those areas where
said cavities are to be fornmed. Thus, the overall
woeovi/08430¢ hi ckness of the wafer can be mai nt ai PESERANH000439
the etching to expose the 8 nsulating material,
thereby creating the vias can be achi eved onIy in said
This grappdigienbisPringsi mse@oahﬁm ipisidgsifaide forhaye githigketplatform (wafer

substgﬁé)l @Cfg?meefuffh fﬁd'tﬁjé SSin §frgnéhrk%n%%fd1§féttb ggllnioﬁ a depth of

carri out statlca plying a vo
about 4)0aum, éf widk banptsss:bte ta md@usulystmsmmpmsmgaﬁdtseamchhnmg a thlckness of
invent i

of, the n r the above .
up tobl300 1 TaSHRRE TR ket PaRHT SFEb REL ¥ puh BF yRECHS required,
the sevofd ¢&h b‘ﬂin@ﬂifel tﬁ)@tohﬂs@ed sl @Eﬁbrﬁﬂbﬁdéﬂfﬁﬂhb%&f sib&a deep trench will

invention, illustrated in Fjg t he V|as are
inevitgblybe s’ pirfhg opering they aébﬂiﬂw grf:r@ s, df sy embediggat, the
r r
thlck&maféfs v§1'11 Iﬁk 8p s?fr%l%/‘@yﬁﬂletrgc @:ﬂg@%ﬁnggihtaﬁ glﬁg{ga% il r&{; ﬁlsig the
smnevawmwg@mdmﬂnglem and bottapsidesich as oxi de and

optionally TECS. Also in this enbodinment, it m ght be
sufficient to let the oxide in the 35 bottomof t he

In thd seeomdstép of thie GacHmsl embiﬂﬁﬁfﬁfc patte @B ateh&efé) iRl g lithég@gphic methods
' WO 2004 430

h d /0
on thy bR BRI D BAS6 40SoH PUISERLBAIRS(LS GoReRdsfinegl cdbitiop
surfa¥¥) @Rid Will :Bq@eShd ﬁ@t heeﬁqgahmy Batferhd) THEEH hB’w@tzé o@g&’f\@fﬁﬂé

substrate) 40 for rther manufacture.
invergion pehses ard pléenngané of patisxisidse eonsidgegst to mftamatbdm fieddofithe skilled

man, ahd%]'lhotg&n §1‘ ag&lt%‘ll R substrates conprising

avin Ss of up to about 800 gm
However, if st|II th| cker waf ers, say up to 1000 m or

e ar red sec nd e ch fr. '
TrenciRtire et 5 iscshieavay didie GHGAGH b thedpi uige Hdigapd with broken
line if Fﬁ%n ah), ohiil thej{~I ARyl thabkide H&ﬁth‘éﬂtﬁﬁéh@tméd%n ‘i’lli!‘;eﬂ"ﬂsf‘ﬁe}%~I

| ow trenc Thus, in this enbodi nent, the |cker

proceggicelae finel Stygturgis sBewn it Iig. 4ty nvherein ¢he viag ae degigased 44, and the
insul t%%thse}%%gtlﬂé @all lged at@(fqg bit the same appearance on

e top and bottom sides. 10 In the second step
of the second enbodi nent, patterns 43 are defined by

AL I R AT ETAL S N

stepstop surface. This will require an alignment of the
patterns. This is however not part of the invention
per se, and alignment of patterns are considered to

Ina tlﬂ?d Elﬁb&hﬁfénf ng od kgl g) Qhe fifte stﬁé bt {Ih%qnet rﬁ@x@se@ﬁet?hiél@ﬁfnenches

be further di scussed’herein renc etc
that exignd gl e way thagughitbe wafmches mean thet the pva@ftrdié) cannot be thicker than

the m&klﬂq%& aép%ﬁ tﬁlgt ‘ish ac%ie%ﬁlé %? etching, i.e. about 400 um. Howeyver, in this case, in
order that the vias will not fall out from the wafer, of course the trench pattern must not define
closed structures. That is, each trench is represented by a “line” (see insert in Fig. 5a), having
a beginning and an end, such as a semi-circle, or two legs of an angle. When the first trench
52, extending through the wafer has been made, oxide is introduced into the trench, possibly
the trench is filled with oxide. Then, a second trench 54, matching the first so as to form a
closed structure, i.e. a second semi-circle matching the first semi-circle is etched, and

subsequently filled with oxide, if desired.
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line in Fig. 4a), until they neet the oxide in the
trenches made in the first step of the procedure. The
WO 2evalos4svr uct ure is shown in Fig. 4b, wherei n PEESEI00H000439

are designated 44, and the 9insul ating separating
wal | s _are deS|gnated 45. 20 In this enbodi nent a

In pringipiiha dinak shepe cambeachieyed ipseyerm sisps, vetich isetill wthimthe inventive

r Iy i

concé#, B €8x 5;95(9&%?1% s a (Jv(rca)%t?e sérg%éﬂo Jﬁts Elge HPthg;g gltﬁ%“ ses

etchlng trenches 25 that extend all the way through

f t hat..th f 50 t . o
A e R ot ol B RO O SR oy B wapgchiic
hlgh@tcﬁﬁdu&ﬂmty tI@n thdbulk of G wafellQhaM@R, beiaBhichéSbE a;q%smg Rhe wafer
e vias wl] not fall out fromthe wa

rder
60, a’g?r G %S wffﬁ e¢1} WAl byhbefarethemesk werk glhisitamoved, a@;@aopmg
proce§§ (46 1Y @8). Dbpile 1‘n§ber1§lai§ thetr nﬁ@oau%ea gmgéegéu 5 at¥w into the

ITne" (see insert in Fi havi n eglhni ng
trenchesdh24foranag € gue hireigarshg, Wb¢rc ¢ penetsates the wadlgsn tife teamch and by
. [ ext endi thro
T I o N T .
to a depthrudtup tpabaittdlSyum. hanitablergposuse drid dnadalwig thme Wﬂ(ﬂ gield a fully

coped iR g3 REEtr b A ibeieas oo e BRgPrd oS e

(optldfﬁﬂl?j"ﬁll‘ﬂgttﬁhetréﬂdhéi Wit Mhsuting Inhtdrial &hé R stRBRire will be a wafer
subSequently filled with oxrde, i f desired. WO

comppigg/aaduwabty qﬂ’drrglsazmmum%@ insglates by meanspantdxéde from the bulk
of thef %&/Qxﬂ‘ wh 9:311 ba %s&ﬁtlﬁm&vg&ldhal%e X?Jeﬁtfr?ﬁffﬁmte%glﬁg cﬁ(isse to the
St W

I'n the 1nv Ive conce
1nsulat&gsmter1&l sUmoumtmg)t}mr\mseEue ¢o the lmlntedrp@ﬁbtranmrd}spth atag up 30 pm
furth atu f th venti 1S to. prqvi . .
in sy iion B8 o g 0 Pt ool e Popisten Sl hale 68 v g ciamete
corre§NduG b Yid Widthana ir&ﬁ:hbﬂé Is-nf phhi 3&@61&& byl aﬂcﬁmga@tﬂeecemre of
achi eved bgﬁexp05|ng t he waf er after” trenches
the anga yurwdrd Ry dhe, trangh, e fepiag pmbm@md ot frpmy the outer

cucuﬁl?é'r@dﬁec@ rellﬁésﬁ ?ﬁg?&%% ceife? 81%31 (t?ﬁﬁ?’%}st?F g?ﬁaofzt%%}ﬂhé‘ﬁn doped

mat erla Yy |ntro UCG
via canrhednerhesedtio ebati 6@ ve2 I fiother agbedigients 1C1srpm$1b}e ts bﬂmﬂda a

er, etr the waJls in the.t ch nd .b .
plusalf5 St R ENTeBES Tuskohi bt o pt ot T Vi pfiaRY g giameter
as dediitd, tbsretitdllyt dx@ibiihd ns Unitatiowdirogarlifg splelg 10 to a

depth of up to about 15m A suitable exposure and

annealing tinme will yield a fully doped, thus highly
The V%Ggéﬁ@tlﬂg’ﬁmﬁ'tﬁe déf}fiﬁé BRRedshe f&)anlfétlﬁllyﬁhﬁs &in Fl% h6(;t’é wherein

non- doped. After ~ (Opti onal I'ng t tren
dope ygigidns jarpsshloam; wigh denser haithing (t pénstratien dezpth of doping in the bulk of

1hew@&pg§ﬁgwngﬁﬁﬁ&gﬁ% gm% plurality of high conductivity

I nsu ns of an oxide fromthe bul k

This feature will have utility in RF applications.
The invention will now be further illustrated by way of non-limiting examples.
EXAMPLES

Example 1 (prior art)
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of the wafer which can be essentially non-conductive,
except froma finite region close to the 15 insulating
WOoreoe084b0 surroundi ng the vias. Due to the |i nPCESE2004/000439
penetration depth, vias up180 m in dianeter can be
de in the above indicated way. However, if _a hole
In ﬁ%é 2 PRIQY A §lestrisiahernmeption S BEH 5P WA (¢wreshendingiioFies3 i US-

6,002}: I:r??'?e Or?pﬁsteﬁ %I‘liiﬂl oléssln%rsﬂyeg%glf’&hﬁ%ﬁgﬂﬁ 'tﬂef- LrR&nal walls of

e ar surroun renc
said ludgsi to gpravade ﬁecmealfoonnmdob@bd’cwwmirh\e tWwe sigles ef the chip.
circunferential trench and fromthe center hole. In
this way the diameter of the fully doped 20 via can be
Exaniple? @Raestratiosirolemwith staddaid freschesgigdi ments it is
possible to provide a plurality of concentric
trenches, thereby enabling the provision of vias

A staRodhd E}bﬁé}f@chaw% ﬁﬁ%rﬁ{ed o s‘i‘%nr\ﬁﬁ"er A8 Aol o 100 1im in dlameter

exhibiting no ITmtations regarding size. The via

and 5p@wnithickg from the doping process is schematically
illustrated in Fig. 6b, wherein 25 dope regions are
shown wi th denser hatching (the penetration depth of

In orctbo m prgvide thdeermhbk agfattetnled mask evas povidedvon otetsirtbeokensurface)

Thi,s feature .wl utility.in.RF )
of the ‘6%9 B bl 1560 el s iencheSip e pramplgere simple
“hnetgby§iﬁ@kﬁ&;by way of non-limting exanples. EXAMPLES
Exanple 1 (prior art) 35 WD 2004/084300
PCT/ SE2004/ 000439 10 In fig. 7 a prior art electrica
j ng to Fig. 3
The o RREbRA0R3" 155 4R DRIE (M LA TRRIANE es” 1 &
silicon chip and netallizing the internal walls of
connect.i

A serff i el S B b G AT AP b B SR eten
200 afd 400,00 h@dnwvtuhmsﬁeawsamaﬁd pmpzllﬁ ﬁi EiB) 8 é\nsa%gaﬁcé@rxﬁiew of the top

trench etch was perfornmed on a silicon
openifjg pE UGREd 19 Slep WinAseaai berriaEly seeh &lesmgmg i§ Rpugvertthan the trench

aboutqﬁ)gﬁﬂ al&xgn B ¥ 'r’ﬁfeéﬁglllij ?131 Sﬁ%ﬁon eg:@d’dgﬁg}r Eﬁﬁlﬁoﬁ%ﬁete filling of

ed on o top sur ac
t11etr¢31phsnaﬁldacqnelntmdgﬁélptgstep echni que. The trenches in
this exanple were sinple "line" shaped trenches. The
et ching process was a so called DRIE (Deep Reactive

ExamblerB (Eligiiatioh Df the standard etch drawback)

Therefore, in order to remedy this problem, an additional, shallow etch as described in

connection with Fig. 2e was performed.

This process step yields a strictly monotonic trench shape, as can be seen in Fig 9a, i.e. the
opening is the widest part of the trench, which than gradually becomes narrower. Fig. 9b
shows the structure of a plurality of trenches after the shallow etch.

Filling this trench structure with oxide, will result in a completely filled trench with no voids.

Example 4

In Fig. 10 an example of an array of completed vias having a rectangular shape is shown.
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A series of trenches exhibiting varying depth and
w dth was made the depths varying between 200 and
WA 0@ai0s43do t he wi dt h between 5 and 12 gm | n Fi BCT/SEZ04/000439
magni fi ed view of the top 1lbpening of a trench is
shown. As can be clearly seen, the opening is narrower
than the trench about 10 gmdown in the trench. This
Exmgaggonenon causes frequently an inconplete filling of
0 the trench in a subsequent oxide filling step.
Exanple 3 (elimnation of the standard etch drawback)

Fig. igll ! efsgah%rray gﬁ g}rag gléad&%g?r]oergglgﬁ%g r Obl rxrxgxoere etching from both
sidesafniRewifeohasbeeh efpthyede was per f or msd. Th| S process
step yields a strictly nonotonic trench shape, as can

be seen in Fig 9a, i.e. the opening is the w dest
Exan}¥ b of the trench, which than gradually beconmes

narrower. Fig. 9b shows the structure of a plurality

of trenches after the shallom;etch 30 Filling this

1T [ |l resu .
In Fl%’oﬁqﬁge}t%% lff)%u'% ?cg %1@% gﬁ)cgs% sgdtience fof aklngét(g/ﬂ%}/lg d2V1§% in
pmﬁmmmﬁmgnaiﬁfdaﬂamﬂmpmﬁxohnaﬂmarray of conpl eted vi as

havi ng a rectangul ar shape is shown. W 2004/ 084300

PCT/ SE2004/ 000439 11 Exanple 5 Fig. 11 shows an array.

The sedrtiMg SsbstrBdes A¢ 6t §ilikon Wagr g0PEGH BN frréf(eﬁésez eire BicA8d to a
fromboth 5 sides of the wafer has been eggb

certaimydenih, as despribed apove.andrdled with etidawd.see Fige en a local area on
RSSO 0 FBSLP i MENBAOY L gl mesin
75 (os tauity),mgachinesdavat ® W]&;eraﬂled:ralhjchmre]ldswhereb)jnt}maﬁﬂﬂatéd)(preferably

a. Tren hes72 .are etched to
cirulgt OB BT SRR T B 37 TR (8- S4teraBanppyan artay
of mi¢ebmirfdi€or sémk @€k switfie €Bmehth? nRRHIRS |(§cﬁer%b@&1119fm&1bﬁed with
waf er mnth respect to the trenches) is etched't

refer%cwwasraé QEpYies s dnsdssirel, isproxided pygr the eavati wyl @ew}ecmcal

oS A R SR ot 8 SR By e

a sultable VQRWSE is camsuikibly bd ahievad rbgzrpmxadmg soldembuanpsaF8 fooflip-chip
er sg e.el ement

moutip B8 PO bR or Plns ik Eap B PSR PP souree or

other F&Hd&f@fz&ig de¥iden TEih@olobs @ masufb@satifeSLM’ S (Fpadil DigH: over
V|tg and the electrica
Modulators whereby the present invention can be used, is disclosed in our pending US patent

application serial no. 10/654,007.
Example 7

In Fig. 13 a further embodiment of a process sequence for making a MEMS device is

schematically illustrated.

Thereby the starting material is a SOI wafer (Silicon On Insulator) 80, wherein an oxide layer
82is buried inside a silicon wafer, Fig. 13a. Trenches 84 are etched and filled with oxide 86,
as described above, but due to the presence of the oxide layer, the trenches will only reach
exactly down to the oxide layer, which acts as an etch stop, Fig 13b. This is an advantage over

the embodiment of Fig. 12, wherein the bottoms of each trench may be located at slightly
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t hrough connections can be used for actuating e.g. a
defl ectabl e nenbrane/ mrror by applying 20 a suitable
waooltags00 Thi s can suitably be achi eved by prorCTSEZP04/000439
sol der bunps 78 for flip-ch2p nounting or netal pads
for wire bonding, to provide connection to sone power
dlffemnmecpﬁlsosuchdhatezvhearasiegrezssmg igesoheddorT elcerwpldoslgwmﬂ@of the wafer, the

oo QL RSHAEL A8 Rl 8o AL 2RI G s

scherpativdlln filudGaedtie R Ig laﬂplfhe@ah mman$>e seaal thﬁltCtheeré @lighOvariation in
furt her enbodi nent of a

25 Example 7 In
how w@&%@@gﬂ@alaew@d?%%b%ﬁ%@avgy ¥edevi ce i s

schematically illustrated. 30 Thereby the starting

material is a SO wafer (Silicon On Insulator) 80,
On thgteenamy, wrthe gnbedimeptef F18213s vihenithaldapressiga 88 is made by etching,

t

first tWﬂ@PEﬁ%dX&dge %%382 &ﬁggeg%‘ral t%el? &%%qhgg)gd IIA}Jteﬁfeg removed, the
trencigsesifirtedoadted dxactix adie kaye te,vel Jlneldb t}&rrldpmsmn,l dee @id. M 3¢, or

r.each xac to the oxid
esserfiTE TS P the P sortod o Srid Goreliohn i il SpEfoma® can be
“overt MehedMROEH IR thatOfll b Grendies rdMIB IR danfhRpROt t o of each

trench may be | ocated at slightly WO 2804/ 084300

PCT/ SE2004/ 000439 12 di fferent depths, such that when

[ [ e t

Thus by AP URERER b oC e pHE i AhoNe i 2BD B3t o dfine it € prosent
invensibowmbereheplovided mmoﬂlfcauEtheffomhef a:iﬂ:f:mtltagsubﬂhrateﬂn ﬂlelferm ofa

mat i cal | ust t at 2c, Wherein.it .
cond fENE TR MR Rcamtphund TR 258 cr e b 5 e alfraRes Fhgpopfuring o
large ®aidty of ssinhcqdattotldescaabBy @irtRe felms ivhier @lﬁiéeidS’ Mron® tHktart
the c&tray, i n.the enmhodi nent_ of ng 13, .when the
compggipeelesiusal egmestiops ssten ingithimghythe wat(viashdl WUl besgme possible
to ded Qfﬁi Ilnﬁl?{@é'tru%t?ur& o b(pcﬁ sfcﬁ?@f‘ﬁq@ wedstdn bReR; Yéﬁ“%a@inT hag Thae fact that

oxi de layer is renoved, the trenches w
the vm&@r@tquesfpnn Hes asiginal [veafiet 1tsslf,smd1@stthmwd@p pwblemf Wlﬁlséindmg all
. | O. ush with the bottom
puxmgbgpgégﬁ% ﬁﬂegaﬁng%§%$é%§me¥% fact, the trenches can
be 10 "over etched” to ensure that all the trenches
reach the sane depth. Thus, by the disclosure and
exanpl es given above, it has been shown that with the
present invention, there is provided a product in the
formof a starting substrate, in the formof a
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conducting or sem -conducting wafer, that can be used
for the purposes of manufacturing a 15 large variety
wo@toogmsdzeconduct or devices. By virtue of the wedES8E2004/000439

already fromthe start conprising electrica
connections extending through the wafer (vias), it

PCT UAIMSscome possible to design and make structures on
both sides of the wafer in a very versatile way. The
fact that the vias are nade formthe original wafer

1. A methetl fof nmkk@,Saﬂ insulwiadl elecri@platvnecaionietirzhanitisng 4a(tbp) and a

roce dltlon usable with plain silicon wafers.
secong{ T BSHEM) BRSO BEFRAIIBBST FBIRIITne Viehpr, CORPRRnE
1. A reéhig Oked¥Bkh 0@ fa6t Jufaed;at ed el ectri cal
connection between a first (14) (top) and a second

(16) (sstrblighipe guinsytasing enelogish %n}af?lmep@aﬂng a portion of said wafer,
[ [
deﬁn&ﬁﬂ/ ﬁeﬁ&’ p@#&sﬁ ffsbgnu 1 (ﬁl.'hdl EQH%HME t?? geaé gﬁa‘ffrg%[lg ef%c;s[n%n[ﬁg top and
bottoarmllrfaswdseldtsepa‘ageds)epmnatl ng a portion of said wafer,
defined by said trench, from surrounding materi al of
said wafer, while exposing the top and bottom

2. The widiianles odimediiflclaBRal #hesinnald tr@ieh isl@efhed 'B!?Qt pmtéﬁﬂd the form
as cl ai ned |n claim1l, wherein said treng

def j ned
fa olgsed lopmy engiteling amegiqngfspidgyafer byt agte%tm%g {hé %rtlzfr wiggpr; and
wheréin?&’iﬁtlh &Hlfg @l oduwal @é’taﬂ?ﬂéﬁed"@ thfnthis) encc?‘goﬁcﬁﬁ QWhretsB&s to

wherein sald 1 nsulatin osure Is

exposesha bisilsting] nigyeriah imthi tgnela ithbréhot qsm?vhs?ung thednsidating englosure.
expose the insulating material in the trench, thereby
establishing the insulating enclosure. 15 3. The

3. Thewidioad ®slaimad e dlaind 2¢Wwhadrgindhe Wineiieg v gebforrmed mlecmgelySon said
erforned,selectively on,said . surface.so, as

el d
surfacg 50 3s4Q fvleéfi atlgashrae é%/mﬁﬁsm 18 57id sugfage, wherehy at f@w oyg depression

exhibit8 gt cRiRBiAERSBstiicHs. exhibits said el ectrical
connections. 4. The nethod as clainmed in claiml,

wherein said trench is defined by a pattern in the
+. o Bt PR B4R AR SR80 A o o
of a linedaliag iartggemigmdraa dnd aﬁd txtbhding édoigh the sabstrate; and wherein said
ol A B SR AP BRI 4 Bl P Sl IS o7 g e

trench @fd:@éndn€ tR&Eh the W@fer%‘deﬂhé a SetleBEEMUBOFdrin dfid élbsréa loop, and by
said second trench with insulating material. 25 5.

subsepemilydfilling eaid ispecanditienel withinsulajine meateriadai d t r ench i s
defined by a pattern in the form of a closed | oop,
encircling a portion of said wafer but not extending

5. The hretheghastchedmed freclaina howherein said trench is defined by a pattern in the form

of a closed loop, encircling a portion of said wafer but not extending through the wafer; and
wherein said insulating enclosure is established by creating a second trench from the bottom
side and mating with said first trench; and by subsequently filling said second trench with

insulating material.

6. The method as claimed in any preceding claim, wherein the trenches are created by an

etching process.

7. The method as claimed in any preceding claim, wherein the trenches are created by a laser

based machining process.
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wherein said insulating enclosure is established by
creating a second trench fromthe bottom side and
woradoifg3vh t h said first trench; and by subsequrel/E§2004/000439
filling said second trenchihith insulating material.
30 6. The nethod as clainmed in any preceding claim
wherein the trenches are created by an etching
ro € nethod ecedin
8. To AR it % S PREsRe Qo Pl RN phErFE clfred by an
electlbaﬁszﬂaa@dﬂadhnrﬁg proeesss. WO 2004/ 084300
PCT/ SE2004/ 000439 14 8. The nethod as clained in any
preceding claim wherein the trenches are created by
9. The ﬁleﬂﬁJdeézetcwm@a%@&@y PR cBEDEIBiIT) WHRESRR ﬁ%s%lanﬁ atdifhg is introduced in
met hod as cl ai med in any preceding claim vvherel n
said treeldsat i ng material is introduced in said trenches.
10. The nmethod as clainmed in claim9, wherein said
trenches at least partially are filled with said
10. Thonswthatliasglamate in abhim 9.0wvHekein Aaiddtenolksal leaskpantjaliynare filled with
.,..nsuyl ated el ectrlcal connection between a first and a
Saldlgﬁﬁ%ﬁ’@ mAgHelce of a wafer, conprising providing a
waf er of a suitable conducting or sem -conducting
material; _etching_ at_ |east one trench in said wafer

11. Appethodipf makisg agriesubtied eleirical spanection betwees adupnd pepgond
surfaéeu(g’ffaqyﬁgf nggngﬁ tion of said wafer; filling said

trench w'th sulating materi al thereby creating an
i nsul alre*ddmgl segefer obd sm@bb@@ndMngm emu cngldluhtlmgjgllaterlal

o1 ect rhdire adfine Cef BhBidp Sd MALerirpE gt 5 058 sfagsesaidisonch

compssaﬂéliza@xeomfdnag wpbieion of eatPivagdrNg provi dl ng a vvafer of a
swtaglﬁ conguctl ng r sem -conduct i ng materi al ;
et chi riYl1ag s31 enchy i ithep gpsulting afmtftrwétm@tcr%m@@énsulated

electrial %x&@@ﬁkﬁ%ﬁ&{&%ﬂﬂd@h Sidwaendi ng a portion of said
wafer; filling sald trench wth an insulating

mat eri al ; and
12. A method of making an insulated electrical connection between a first and a second

surface of a wafer, comprising
providing a wafer of a suitable conducting or semi-conducting material;
etching at least one trench from the first surface, said trench completely
surrounding a portion of said wafer;
filling said trench with an insulating material; and
thinning said wafer from the second surface to expose the insulating material in

said trench, thereby creating an insulated electrical connection extending through said wafer.

13. A method of making an insulated electrical connection between a first and a second
surface of a wafer, comprising
providing a wafer of a suitable conducting or semi-conducting material;
etching at least one trench from the first surface, said trench completely
surrounding a portion of said wafer;

filling said trench with an insulating material;
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25 thinning said wafer fromthe second surface to
expose the insulating material in said trench,
WO b@nekpocr eat i ng an i nsul ated el ectrical connPCT/BE2V04/000439
extendi ng through said wafdf. 13. A nethod of naking
an insul ated electrical connection between a first and
a secofiehing ailpagt ene furthepierab, frarn ther espmbsi@ficpyr said tenel

f I t . ' .
comyftt Sfizp iy TUbHAR o8RG O R R Reo ARG Mebgyment wi
sﬁdpmm¢mmmﬂm§hmdmhhanch conpl etely surrounding a portion

of said,.wafer;. filling sajd trepnch wth an insulating
naterﬂﬂi 9@#é%%%?é@%%@wﬁhé%ﬂ§ﬁg@@a 139 15 et chi ng
at least one further trench fromthe second surface,

said trench conpletely surrounding a portion of said

14. Aypetbed panaking ey elestriealsonanctgn befean a|ﬁr§mmémse9@ndwsurface ofa

e 084 B8y Gl Ui o ey o

trenclmfoh@bcmﬁla idopingathe elagarial swedundahbetieitemchet ween a
first and a second surface of a wafer as clained in
any preceding claim conprising introducing a doping

15. Thatneﬂiodbs Iclmﬁlﬁe@mdélgmg th, v;;lfe@é’m aﬁﬂeﬁ:ﬁfohllg @Jirgheﬁi jlt)_lﬁhﬂgoﬁ ﬁhtﬂe is provided

sur.rounde the trenc e, met hod

in thegay i h%{?&l% Ay sibirerch ta enatls S wAwsion ot Adeeper

dopidgf ench or hole is provided in the wafer in the region
surrounded by said trench to enable the provision of a
deeper doping. 16. The nmethod as claimed in claim 3,

16. TM@& ﬁfge &Is Q%l ggﬁff?%ﬁe?éin ﬁéf%{]cgr%lﬁl@ses%%{%{chl gqp layer

cOrrespondi ng t'om
provm@i at aclepiht qo,rrespmrchﬂg/totthebmtt@m ohexid edvéty, ehete®d tlieo tranches are

e S SEAE Soph et L0 S0l SLT 2400 | Y g o

the wﬁi@ﬁ@é&hﬁlﬁbeﬁr@érﬂoﬁhgbaﬁteﬁﬂi sk@V8yer. 17. A product (10)
usabl e as a starting substrate for the manufacture of

m cro- 20 electronic and/or m cro-mechani ¢ devi ces,

conpr i sk Rdua j:]?Jaane]ag) cf%{‘? f aﬁ)gfratg 9@%@8%%&%&6 of micro-

conductan nat e
electremc(andi’o( tijrosnedhanie;desiced, eamprising el ectrically

c ond UCt | Watldr HBTJOF a sérr}zgon?ix ttlphrédolr r(‘:gnciiul?:glgg hatesr?e{l an\ﬁra\ellrn’g a first (14)

and a second (16) surface;

at least one electrically conducting member (12) extending through said wafer,
characterized in that

the electrically conducting member (12) is insulated from surrounding material
of the wafer by a finite layer (15) of an insulating material; and in that

it comprises the same material as the wafer, i.e. it is made from the wafer
material.

18. The product as claimed in claim 17, wherein said wafer is a semiconductor wafer.

19. The product as claimed in claim 18, wherein said wafer is a silicon wafer.
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15

25 characterized in that the electrically conducting
menber (12) is insulated fromsurrounding material of

wo b@4naf3er by a finite layer (15) of an insul aPCTIgE2004/000439
material; and in that it cdfprises the sanme nateria

as the mafer i.e. it is made fromthe wafer 30
20. Fhgredugt as dgimerhia apy of gleima k6-4P avhaseini saidewaferhasz, thickness of 200
_ f 19. The
SOERHBARI YR S0 B DS BERRBNRARY. RS | 10 TR
a S|I|con mafer 35 WO 2004/ 084300 PCT/ SE2004/ 000439

6 roduct as.c n.o l.aims 16-19,.
21. Tirataiel 32 pRaest e o St Tehoudintn Bo i ndiidhg e layers
oflnﬁﬂaﬁfr%rrﬂélbﬂaliw@-m 139QPpieMy §03iunpr ef erably 400 - 1000
1. The product as clainmed in any of clains 16-20,
V\herel n the thickness of the finite layers 5 of
2. Rl B R oy o ol S U T Mt o
dlstamdfré)epme@rth@elncteucaltcwnnammes is lahgelt thag éO lpﬁt e ealtyn-100 pm.
el ectrical connections is larger than 10 gm typically
50-100 gin. 10 23. The product as clainmed in any of
23. THegireduct 8s daimediaray 0f LlaBnEd-22, witer&ls Sivhat isyesﬁérﬁfrany flat,
24. The product as clainmed in any of clains 16-22
wherein the wafer conprises one or nore | ocal
24. TRYEERY MG aifed)inafy 8F cl|a§1§55f6 QZ‘QNI?BH‘&B ALwWhALEER mses one or more
whérein the |nsulated el ectricdl connections a ,
local depressians|(V3) iflatiEastine sutfacs thereoh mhsreir ﬁmenmﬂatséeldctrical

coméjc‘ﬁgﬁsegrﬁieggéﬁtiaﬂ}?'ﬂush with the bottom surface of said depressions.



