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WD 2004/ 084300 PCT/ SE2004/ 000439 1 ELECTRI CAL
CONNECTI ONS | N SUBSTRATES Field of the Invention 5
The present invention relates generally to the field
VST 20860Bd308onduct or technol ogy, and in parti cCRAITESE200@/006439
nmet hod of making a product,! usable as a starting

’ rate for the manufacture of a large variety of

EL%EMWHQN SRS UBYTEATES rel ates to the pr oduct
as such. Background of the Invention 10 In many .

P la g tiops in the sem -conductor industry (in a

telf of e LD ¢l uding both micro- el ectronics,
m cro-optics and mcro-nmechanics) it is often required
to build conmponents on both si des of a sem conduct or

The presat nvepian r&éaf%% esnTRlkble thelield of seami-condsictea trehaelpai, encin

partieelat to AGRARMCS OhaldRy h ﬁl%ﬁuctﬁié%le 89a ﬁ%ﬁ? E@ostrgﬂe%lqh ra.?lﬁﬁcture
jUSt to nention a fe e prior art
of a%m‘ﬁgﬁ Wt seri- F‘?Rd@?t@b‘ilmﬁ .Iﬁr@soSre@wS drethie pegsluct as such.
Wi re- bondi ng has been the conmmon techni que. ‘However,
Wi re ponding is not cost-effective and for devices
Backergung phiye Inggnfionnt er connecti on wires, such as array
devices, it may not possible to attach wires at all.

Ther e{ ore, over the | ast decade so called flip-chip
In mgny; anplicRopHE the esmiviondicjor dedeiry Gn 2 bryad sense insiiding both mioro-

electﬁﬁ[@ AARAY-Sptick AndWHdrd-nl B Qe I&?Jnf%?/lgécglé@(? ﬂ)dl’rﬂgi co&ﬁ;ﬁﬁ&@’ on

| owi ng for sinplification]
both élggst of asgerdvetowalpe sushak a sitigon wafer, for the manufacture of semi-

cond RAGKRICBY bhdH KTCABNE fid,O) %HBP;&S?? J?St %{@Mﬁ% 41%5 p-chip

bondi ng connects thé device wt ron
This is nost often not possible for MEMS devices

In thd pYBrtToMaek ik Jﬁi&%hnégﬁﬁg'?%irl glé’\lm\ﬁ?%% Hnéh% Heen the

exarrpl e sensors an mcCcro-m
commppeles e Hpwevangvirgbondingds natsostrefigetss and fd;orhieswﬁs elhiring

manﬂlﬁﬂéﬁ:oliﬁe%ﬂmp%%g s8h és%agg ée%{ lﬁﬁ‘lag Bﬂtr}%tsg{)llre t§ gtq%co ires at all

portions in holes exte
Thereé@rﬁw@bﬂﬂe flast decare saseallogy ﬂeul-cém mpmaingdaambmmﬂdy\mirfot he

el W65 S QDR 0l By g,

nmetal s, and Se
improved quality and cost reduction in the back-end packagmg/mterconnechon process,

However, flip-chip bonding connects the device with "front-side” down. This 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.

Otber 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 ternperatures and chemical environments.

One method of the just mentioned kind is disclosed in US-6,002,177.



limtations on the subsequent processes that can be
utilized for the manufacture of conponents, in terns
of usabl e tenperatures and chem cal environnments. One
nmet hod of the just nmentioned kind is disclosed in
US-6,002,177. 35 2 A further nethod is disclosed in
W PO publication WO 01/65598 Al (corresponding to
publ i shed US patent application 2003/0022475 Al), by
Vi eux- Rochaz et al. The method in the latter docunment
conprises the provision of grooves on one side of a
waf er, the grooves defining suitable closed patterns,

A forer nfelHB@ &, als%gsean@mms&bﬁ%bﬁsvc% ﬁ6559§ Al {cbir@pdrldfig 1o
rooves wth nsulatlga mat erial, building conponents

Pubtishedr SRt PP liratip 8 0024 oA b iy - Pé’CIEﬂZ&F lity of
second grooves fromthe bottom surface natlng with the
0 ooV f||||n sajd second grooves
ot RERLR, et pesma Tomprtsensby MaviHg ?f&ﬁ‘iﬁ’&?ﬁéﬁ‘t%ﬁ e afigavate, the
grd@@istd@ﬂﬂhlﬁgﬂnftﬂﬂéclos%pdﬂgmi,h% ﬁﬂglﬂ,%qﬁ@&sﬁ%ngﬁﬁ &€} fllisddhe grooves

Wlt% ?nr;. gt%}grn?agesnairﬁ]ng r?ﬁllglgltg%}gn ?g}a Of,}l}flga {l]xg elab:cg c? a&n %olrgqicax%teanw vrality of
seopmmromst from tietGesonnotfacki rsting with the eoprmmvéaﬁnmg aiddecdnd grooves
t? Héﬂlf t?l{g ma?e np ur]ging !:o%:ptoxrxe:;]l esroglt}reg)roggr% purfag Ak, %seaﬁé hf: gxlu% foHaed
ele@utﬁé t:qna@oetomsdp Ctimmt the (mlpd!ud: baomapmporcats |a®dfsnred8u mrary of
the Invention Therefore, enbodi nents of the present

invention seek to provide a nethod of making a
Thig airegsyis fajrly egaplaxcand ithe pyblicptidnrigessiebdisalest thefmpufacture of a

pla@8H com BRI Qlric B R ACTh MG APRAs Qﬁd LFQ;IG as3 rgefi)é%lggtpglf&ﬂle
utilization of conmon process tec¢hno
starfipgsyugstral forssu-capdyeterapalicptions- ons i n process
parameters. According to a first aspect of the present
i nvention, there is provided a nethod of making an
Summagy ¢f ithednvensithect i on between a first (top) and a
-second (botton) surface of a conducting or sem -
conpri si ng creatln trench in

nducti ng substrat e,
Tl ol PQ%%PWS@%&I%P&@HF%O BvidRa et pgnaking a generally
appﬁmleaaufng setrats & yenieﬂﬁlh&bﬂ m@u&cwdpplwatlﬁis a$1awﬂllg full
rom sur,roundil n

ate, defin
it R of Siringn ot mlesd 3 B e b b TR b rofie
parbatterom sur f aces of said separated portion. 2a
According to a second aspect of the present invention,

there is provided a nethod of making
According to a first aspect of the present invention, there is 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.



an insul ated electrical connection between a first and
a second surface of a wafer, conprising providing a
waf er of a suitable conducting or sem -conducting
material; etching at |east one trench in said wafer
fromat |east one surface, said trench conpletely
surroundi ng a portion of said wafer; filling said
trench with an insul ati ng nateri al thereby creating
an insul ated el ectrical connection extending through
said wafer, According to a third aspect of the resent

AccorqiRenf peAnd asprst of thegrresens ivERIgn DGR fSRERYIdSH @ wpﬁ‘n@p

an mz*'.umaﬂ eﬁ:ﬁ‘ﬂal ebieedtioh Q&bveéﬁQJ‘fﬁﬁthl ORcHAMERB ofa FAfESt an d a

coneFGFEPE S5 Bl Bt b S Bl e

at leaptine frérgh jn seidovalan @oatat leasa&te soifsee, shidendh chmpletelyne first

Iet gSur.r din ortion
sorof i BB RO EETR RS o SR AP Bt g
creatipyg prempuddted eéﬂqmcalhpchtmg extaidingtbivagh shidomfarhe second
surface to expose the insulating material in said
trench, thereby creating an insulated electrica
Accopdiigrie  third ﬁSPé‘%togﬁG prsgpnt investieh thees isipraifieda metaslof diakige 8o
insulded QYA BERERE thfNeénrh%rB R £ Mool WA 'of’epgaf{a){' anﬂmsrfi

provided a nmethod of making an insulate ectrica
provigihh T ¢ SHEDREeHivaingioF s sorugting sl S pES éea@;fona

trench\@dif the i BIRfabsS sdidirenll &)ﬁhﬂété]ﬁ sirrofif a Rkt of éé.'xc; ke
conductlnglor sem -conducting material; etching f

filling BKenghEth piasHlaa FasTHoE s Ppie sy Wﬁ%&@m &siseford ench
surfadwmpeﬁeah@ﬁn@wﬁ@méﬂxan ¢ BidRRALH, BBroBY créting at¥bubdisd

I l1ing.said ch mnthzﬁn |nsulat|ng mat eri a
eecmecf‘ g“oa‘l‘texe‘é S H@slﬁlﬁlrvf @r trench fromthe second

surface, said trench conpletely surroundi ng a portion

t ching/caorr ondi n o/lin ment
Accorog R QSR 10T oot R ORIcPapere st s ey G
an insflated Eeatridal eonodetion behweama ﬁnsaﬂdatseamgd smfer ofalwafdé;ccempx@bl@
-t i f of. the rese |nvent| th

ol vt AnARAE Eiaval SRR B RVERY. Wil B o,

trenchtftpen thefingf ﬂtﬂl@r sidgfenehi @m@leelyeautrpmdmg agndlibo of said wafer;

i

ﬁumg@alﬁ il ugﬂuﬁl& ; n%ge?]i ; G8Th A&éagter@g,fme %chﬁ%)\r/r} he o
Secon‘f $“Ff§‘te sittreacesplntlsyrpending agprtioh ebsetd wafier el ectri cal |y
matchﬁ SGhdndfg E@lﬂgﬁénmeﬁlt\ﬁﬁpéaﬂ%o{tmﬁ gHef éi?% Lq{éﬁé%% said

aracterized in that th ctric |ng
ﬁwmﬂﬁﬁﬁﬁewﬂh§“P%§UP%F@@n$ron1surroundlng naterlal of the
wafer by a finite layer of an insulating material;
nd |n that it conprises the sane material as the
Accorging {ora fifih agpect of thegresep iertiopharis Pygxded 2 pratiist Psgble apgstarting

substrate for the manufacture of micro-electronic and/or micro-mechanic devices, comprising a

wafer of a semi-conducting or conducting material, and having a first and a second surface; at
least one electrically conducting member extending through said wafer, characterized in that the
ele_ctrica]ly conducting member is insulated from surrounding material of the wafer by a finite
layer of an insulating material; and in that it comprises the same material as the wafer, i.e. it is

made from the wafer material,
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cording to a sixth aspect of the present invention,
ere is provided a Mcro-Electrical - Mechanica

stem (MEMS) device, conprising solder bunps for

i p-chip mounting placed on the backside of the
vice, and having wafer through electrica
terconnections, wherein the electrica
terconnections are insul @ed from surroundi ng
terial of the wafer by a finite layer of an

sul ating material, wherein the material of the
{8 (L HHBE aPech ALthe BiistsAY 18 veatien, thessdvRsovidad @Migio-Rlectriceh e

Medhafi&l SystenﬂMEMS)ldSWEHi BngrsRE L4108 bivasTor SIREIRH hl@lmtmg placed on

resent inventjion wth waf

the ?ﬂﬁ‘f%ﬁ@@ﬁ%s P@f&ﬂr%ﬂé &P“'i?w@?fewﬁ\@mcwﬁa atstponspqpighy, whercin the

electric

bliigercdninprtip@itaigiulged int hﬁuﬁndidglmnalgaftﬂ%&;affdr Bk fifitdi@yer of

on S eb e B U gl R wationt waPgrStisens mpgal o

the wlefer o it isBndde frofelecwdf@tmandiabf t he Drawi ngs The

in
th

pe
in

vention will be described below with reference to

e drawings, in which Fig. lais a schenmatic
rspective view of a wafer having vias of the
vention; Fig. Ibis a schematic cross section of a

wafer as in Fig. 1, Fig. 2a shows a cross section of a
waf er before processing; Fig. 2b illustrates a wafer

W

th trenches in cross section; Fig. 2c shows a wafer

with trenches filled with oxide; Fig. 2d shows an
enbodi nent where trenches have been filled by

oxi dation and deposition; Fig. 2e illustrates a
trench exhibiting a narrowed opening; Fig. 3 shows

vari ous possi bl e geonetrical shapes of trenches; Fig.
4a illustrates a further enbodi nent of the nethod

ac
se
fu
il
Vi
re

cording to the invention; Fig. 4b is a cross

ction of a wafer having vias nade according to the
rther enbodinment of the invention: Fig. 5a

| ustrates anot her enbodi nent of the nethod of making
as according to the invention; Fig. 5b shows the
sult of the nethod according to Fig. b5a;



Fig. 6 illustrates doping of a via according to the
invention. Fig. 7 shows a prior art device; Fig. 8 is
a cross section showi ng an anomaly of an etch; Fig. 9a
shows a cross section where the anomaly is renedi ed;
Fig. 9b shows an array of trenches; Fig. 10
illustrates a rectangul ar via according to the
invention; Fig. 11 shows a3circular via nmade by a
doubl e etch according to an enbodi nent of the
invention; and Fig. 12 illustrates schematically a
EH’B?Q&@@%%O%W% énvegion vtk wagpr diraveivEleaiissl intercopregtiqgyias allow
"flib3fi g G bt @I‘ib%m%rt‘l{@ iR glene c%wﬁ@é(ﬂd& Ynce R safagr%ﬂlﬁ #PRip-
E20 /000439 |ustrate a simlar
chip oS8 heRbscihen by bkl of e CUBMSHeFes ¢ he
starting material is an SO wafer. Detailed
#ﬁécrhﬁtlon of Preferred Enbodi mnents of the Invention
eserinfionof By DAV proadest aspect is schematical ly
‘illustrated in Figs. | a and b (not to scale). It
a waf.er conduc
T BT R PR ety P ety s i
suitable for the manufacture of a |large varlety of
(rjne\cjlr g-eg{l ge g‘%’] ir grl:rh(é‘nrha %Vﬂel%gest’:{lvc vrlltTw W) eavx?rageerglavm%xaiﬁ :}ﬂﬁ’ énventlon
conponéiig $b o Sbhmrhtlscrd&sseogﬁn ofhevai@ anamffig. 1; e. g.
SENsor g % §Qs gbrogs%%_ﬁl%ﬁ bEYRaf rryefafeoprgtggsm al conponent s
such asfiasers etc Inventive teature’ is the
provi sifigh Zpfllugtrates a pafer with wénehds i @eds sedtipmugh
connecty &Oﬁésho@%(ﬁ GRE Hith tréna%ghﬂem& Sidle 14 of the

waf er to a bottomsid nmeans of the net hod
accor difig24 $hows preembpgiaen; Wettf?échﬁﬁ haye beampiilied by exidatiersgnd
mat er i @kpoditiod;he material of the wafer, i.e. they are
15 made fron1the wafer itself. Thus, no auxiliary

mat er i A& 2SillpEals f gench peibigag sprreyedapeniog|

CONNeCFigd M showd vAidHe boshele%e&ﬂ@hsshaﬂw offfkc@dhed;2 from the
bul k 1% ﬁ@hhe maf n. el ec rlcall% |nsulat|ng
% 3

manner el Bicprg Bliment chibe RvehseRiing 9 e
naterlahe&ﬁm;ntroduced bet ween the bul k 13 20 and (he
\éle?Zi lj'%ge%)gﬁl_a rcrx%tsshs%gio\lllmok“ :cli wgfgr h%%%g {'fasp z%gdel a@ch Ing 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 device;

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

Fig. 9a shows a cross section where the anomaly 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 8 MEMS device

having through connections ending in a cavity;
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By virtue of the fact that only "wafer native"

material is used, i.e. the material of the wafer

itself is used to manufacture the vias, the wafer
WaiosgsBeen provided with said vias in a destmadoos /00439
structure, can be subjected to all the processing

st eps gr_rrgllgy d in the_sem -conductor 25 field, in
terns t H‘E‘ésr“éfetﬂ'sé““ %"IPé‘?ﬁe%SéP therppe o6 Rige b3 bupwhesinrtee starting

etc, t hadterdnl inatSvieya@f er” can be subjected to. Prior
art devices (i.e. starting wafers for sem conduct or
el ectronics manufacture) conprising netallized

Detpidstt D @0siption 60PEcfli@e PERGESHAR L] thﬁ@?w%ﬂﬂ@n versatile
way, because the netallization wll not w'thstand too

hi gh tenperatures, or the chem cal agents frequently
The lmedummmatsdiﬁtbefdgst&%cﬂﬁ B&emB QNG AU Sred EﬂQEQ 159 dB kfot to scale).

nic or 30 m cro-nec

Itcot he. desir dlm
SR Y ucting gpt sfgai-goaducing matrsialaiirering a substrate
swtabbadbr thie rmnufacﬁdfeomm%etvm@eg% bﬁnfc!r@&emcbdewc@g aft/ol fidfoc

o urface roughness, to m nor appearance
RN S A Bres gequirim companénieomait sitezofithe
wafetread. isst@ompdngoro-Wairef drdlys, 11’{5@70%%1&] OGP IRLE LA ad IQsergéﬁ

original wafer itsel "Auxiltary teria
therefore be any ot her materi al that has been added to

The inkentive feanat i @ t f
: ° g{& vg d%atﬂﬁﬁtt; © PRAEINAT viks TR 1oR kle DAl %emg&ioggéaxtepdmg
om Piafbolibs paterdg tya h@t@m ffl@FgIﬁTBWemaaad; of tbe nethgd acddiEdiBg to

the Iﬁﬁmdlﬁﬁé Ivﬂf;l SompiliseitBe Qe NRGES
d n e pr iJ| ded with pr ed%?tlﬁ%e te‘Ei tﬁ%ﬁ?éeé}élscﬁt are
made) Ota Bh“o@wml@n@mtm@ lmsedﬁnﬁhe sheal elatteidalby

connSmioR, process performed on the material from which the
wafer is made. 10 In a first enbodi nent of the
invention, illustrated in Fig. 2a - 2c (cross sections

In ordbi' tcﬁsep&ﬁt%rthe ﬁldﬁ ENgoklige lgﬂE ffﬁﬁﬂé whfeP eSS lec'cttr(iec%@ Hrjsg%, 10
t he VIaS aremaelna process cnarac g H
mannsfs 9385‘%6 PEROFdige tadhe g@ﬁ@roawxsip@menah Bninltrpdyred biisieon thafbulk 13

and (Herv@RARE ThemethioA 0 J418dshGheld Rterial into the
grooves, and optional Isy i r’}?fﬂrﬁ{i}tﬂlt‘%gmtrenches at | east

partially with oxide. 15 The starting material is a

By meh”tfﬂmé faﬂghﬂroni’y %ﬁﬁﬁ%’bﬁga‘?{ h8 %]d ?g oy m%ﬁgi%.ﬁ%ﬁthe wafer

ere a

tself B bly a_silicon wafer

itself i rblé rn{anp.‘faﬁplgea W Fing, tbmwaﬂqehﬂ?&lgdleempmmé ohith shidwidadn a

desirell Bingdai e Ssan O sulIOQEA 103k Lhi Iefn,(c k;)ﬁ

field, bet ween 300m a]ﬂd 1080 m%%g%%s%g e qy)?g 1%%'3?%¥(@ductor
161, 10terms g tereieraigepheneal ﬂU@I‘ﬂdIiGﬂ,(pT&sste&f $haflsi Enative wafer” can

be subpRRUES Q‘Qro} BRQEiLLY EK ’stagtﬁﬁ%érg £:90 semiconductor electronics

manufacmre) COnlpI'lSll‘lg 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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size and i ntended application. However, the invention

is applicable to wafers exhibiting a 20 thicluies of

200 - 5000 m preferably 300 - 3000 pm nost

vwo sevsbloy 400 - 1000m The first general stePréoeddiBoaso
provision of a trench 21, is. e. a narrow recess
enmrcafl ng a_portion of the wafer top surface. The

By ‘At wetrs ang deative wadstangieréal bye sieaibe qnagariabip thegeginal wafer

itselD ARl REREMIP Jou Rl thB¥oRDM 48 loR6E ﬁﬁteghﬁtﬁﬁehgg gecn added to the

machi ni ng 25 Trench definition Is ac
Suuﬁvfsﬁ“g?ﬁbz@eﬁalr%fm@eﬂwow (Fig. 2b) on the

waf er, whi ch initself does not formpart of the
'zﬁ ntlon is considered to pertain to the field of
A"l slall qqt@@nﬁﬁﬁl%aaé%ﬁlﬂﬁu@ﬁétemséﬂsmatﬂfb’necr naEEkuak@reg
MEMB @p$ltcatid 3l §Eh Bb&‘é@dy in rﬁél?lgrl?ﬁt WRE Gh gorw]n ?%{%h  predefined

Thus, a detailed discussio provis
struchirey suply agdrpregrigusontnghasielrmes OPm@fttbma oteptet hyrsoive praxess
perfUFREE o thediter®ll BRI IHTE R 11 g a high aspect

ratio, e.g. DRIE (Dry Rggacf%ﬂll%eq{i%n Et chi ng) ,

el ectrochem cal HF etch. The trench should be | ess

In a fifoBeInboA Nt Bf B %{V%Bjué(n Q'HLQSE'&'EB 15 S%ﬁ' tﬁﬁlg%ssa%)e%%n 5t Gyafor
d wi de, Thus, 35 the ldyers o are
uring theylifforept iypeess stopssnatio seale); thi Vlame 2004 [108PR0Ess characterized

as coﬁgﬁé% édn@ﬁ@itg‘?sy %EL]E tpﬁ'thgsbéqprgg\[en&hes 2&9 r"g O?S&%ﬁlﬁ%%ﬁ}%

trenc is suit
matepl do the greayss.and watiekably Hillite thfh’eeltchan etfledss patiallyt whR ¥ide

to 100% of the wafer thickness. In the case of 100%
enetration, it is necessary that a thin oxide |ayer

The s aaterial ighoanducting: Cfraicsel;mmuducﬁarlwaﬁqn 20 MEng 2)nmdkably a silicon

D

- wafer (Blthéigh Hféraoflr@ﬁg s %ﬂp&fgﬁ{o {'%d géaﬁ gcgslﬁagvh%gga thickness of

i nyventi_on,
500mperlthengh e Eﬂcl@le@cqamvead be@mnéﬁ@umaﬁd nmmube Masit somhérciaﬂy

availabf sllcoh Y& B |sé’mf’901:ﬂ:|19&81§1\%afer L her E%Lgéoﬁ‘ 0! h@pé){i ﬂq]lcke gﬁaeﬂ@ng on

| ayer prOV|ded on t
size apg intanged WC¢Wngwevmahmmaﬁlmni agplitdtee bOvAEGRxhibiting a

thickre€@CHRS. 4006 pﬁf( lpﬂe‘e? 137 gr ?@% lll'%s lﬂ‘gsrt] P’?e elg'{lﬁ 4 8@61%@% Y

the via, i.e
circul ar etch trench) wi || be supported by the oxide
e of .t

The ARDEenRfEY The sha
) o?etll on %%ﬁ%&f) gE})Jnaci ?he‘%lghe ARy r&&rgﬁ ﬁ‘f‘%’icpm%ﬁi"’mon
Ofthe e eéfOPcS@{fﬁ@eTh@)tlemqhm mde for example by etching or by laser based

machining, or by EDM (electro-discharge machining).

Trench definition is achieved by providing a litho graplﬁb 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 Jon Etching), electrochemical HF etch.

The trench should be less than 20um, preferably 4-15, most suitably about 6-12 wide. Thus,
the layers of insulating material are 1-20 pm, typically 6-12 um thick,
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: 1300"6; tpEalipd10008, afah ekygeheoﬁ;h@ﬁhgl afmé

15 thereto. Any geonetric shape. that can be achieved
i s possible, such as squares, rectangles, triangles,
ronboi ds, traptezoids etc. or conbinations of shapes
W(EIZ@J./OQI)}OG The Onl y | | m t at| on I‘egal‘ d| ng thePCT/SE2004/000439
obt ai nabl e shapes is set by any inherent limtations
of the masking and etching procedures enployed. 20
Once the trench is nmade, the mask is renoved, and the
ﬂﬁﬁj ) [ cess r
L T IR PR B8 bRl sghb0 A Rop BERER Fattiedh Bhapoum
dﬂ% lﬁﬂiﬂa@ﬁ Shegfepthird ﬂmfe@ph isuhb@ 9% up th 40Qraf et veaids thiEkgess In the

s B T S B T SIS 13 D Sl

about
keer A fermeds gh@fnu@ghere Optionally, the oxidizing

process can be term nated before the trench is
conpletely filled, and the renmi ni ng space can 25 be
Witlf the|ngaghagd acbording to TEQSeabon, il pitchl @paisi-to--entepy distess between the

i REGEUSE Al 5105001 LTRSS S i i

laYBWmhldb@mﬁle(BmﬁnpmMesthe pigh ca:ﬁmhlltt?@ﬁéy ﬂﬁéﬁgh&hélﬁ&‘@r untl] the
ki C necessary.to. fi t he
ctch R YR Sl 87 SRR P ooy e b o aaBoAl plvg (i
the cageeniehy C‘lllsl ftt@pilrermh) aiill beapbatddy thi Glidher 1:f1£@[ﬁet:l Hi&m falling
¢ wall. This can be achieved by the very small bridging
oxi de portion at the bottomof the trench. 30

Frequently, mhen et chi ng trenches havi ng the hi gh
openi.ng

The ﬁl?f?ceﬁfth 311118 311 1rc eﬁgn r i CW l}e{é\{rg agfgprglﬁpF P wesenob liited

e nc
therefch dmy tghemeirid b‘lmPatﬂmU batﬂ&e]daﬁlleved D pbseibld, RRhS 16, ﬁe@ﬁﬁgles

t h t
wanforts, TSRO TP B et HERERgR i
regardmgahﬂ cvhgamahmmpms sdt bppsy bR iR oS4 38e RBAD IR chdhing

her processing by IC, MEMS or CMOS
me%ﬁ“er%@‘%ﬁ ‘i WD 2004/ 084300 PCT/ SE2004/ 000439 7 in

order to remedy this problem swtably the wafer is

o, Pl bR o
processanmwm to g’ﬂom&nmﬂacﬂngmddb 24%hihe tréﬁbﬂr(aﬁcf& B bhi@%Ls of the wafer

wnles S bt el BTN i DL eions B apecumne igrboriHao-
s?ﬂér@ AbRiopaly) Y QK&Ring

h/ trenches have been

| n_Fi n the trenc
proces Sucgﬁ Y a%debﬁFW &E trepch a?l}lﬂaf%ﬁl&é andhe remainingspape can
be filitd Withreg, TEOS 26, in a deposifion process, because of its good step 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‘S—IOI.Lm
below the surface (See Fig. 26). 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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desired, the wafer, in a second step, is subjected to
a thinning process. Thereby, the back side 10 of the
wafer is thinned down, by grinding or etching or other
Veiegoabssaooret hod, such that the insulating oxpdEsero04/000439
present in the trench/trenches becones exposed on the
back side of the wafer (indicated with a broken |ine
in Fig. 2d). This procedure yields a plurality of
In ofdet tegsihed e enabBg, Sunably @i WiTer MRAISEANT FAIRY: e8h Bferdhe
Henqa%gxtal m@|chk|s |dent|caI%}o the bul k material of _
ThERETPaskipuk op thydompyriaceef the Mabu haslrenyernoysd) s gieh will
thin duival ehel sirfped SIRANE abiBenB kB Yark &\Fing %g%%ﬁ@&d?ﬁgsom% ? Strietly

«e. SUnfacesg of these pJugs on the top bottom _
ﬁmﬂ%tr & %P““‘g b5aghTess SpfophERsicRess seqtign afier thx pleleistindipats wish broken
linessuPigeedi ng wafer material, represent bondi ng areas,

to which further electronic elenments can be bonded by

sui t abl e bonding techni ques. For certain applications
Whehthd 1BerRBGRESRE YiateCheB Qi kofith Gl 4 ;
d ._\A$1elaei n.the bottom of‘W%g?t@gaﬁ%ﬁ%ﬂ%QB%&ﬁgggr%etoﬁﬁllmg
esitgd, dbg Wrien)in g 57G08d SR it subrsted due Fhimmingipiobéss altiershyi the back side
of thevwbfer Rethiiabd BOWE MY orib@nEbeRcliRg oSMthEAGR b?@{;ngﬁui VELY i he
. .those.areas where said cavities are to %e orme’cf.
Insulgieoxidepuesegt mythg frenchiFercies basomen exmset ort the bagkfsisle of the wafer

(indi®@edBitnG 8iores 1in@{ﬁqrig.%¥i%fs @ ah ﬁei&’soéﬁu}aﬂ% of “plugs”

i.nsu atlﬁgﬁnaterlal, thereby creating the vias Baﬁ be
extendig;thipagh Big Walerand sprgpriséisr asaterplsvhiolsis Adengiza npihe bilk material
f thd Wefeld MOM ipRig@ Wik b ;e = £ I S
B e T R R R S L R et

ect |
trenches g %Paﬁe%ﬂﬁt?eé@éluﬁb%ﬁhe Epeanl hotiemiof the veafer, sepatatek dwthe insu
latingt hededed b ek ' matBRale ' i C1q whi
ngt ﬁﬂo@nc[ﬂ]é Woer at@ﬂal, gﬁg&%ﬁﬂ%%lﬁ%m% tqoxglacl\ll\flmer _

ur po escri

! inve[éti on for the abov&ﬁg
- clectrplip glegieuts qap be ppriled by suitahle bpadivelterhnia8es. | n a second

enbodi nent of the invention, illustrated in Figs.
¥ 4a:b, the vias are also made in a process conprising
Or cqrigt @@i'éﬂfwns $tlapacessprydo provide cavidips infa wdfer whisin the bottom of
the caveRtdr6@Hed Rith BRcLAIS: L st di nent,. thus.
!;ﬁl d:: ng trenches 41 ?ﬁ%@%s%%rﬁilgf%%ﬁp gp?aﬁlé) N rblegfl%wm
to efelythie surfpqe sglectivaliien thasedureny tiboreatald caVii@Sare Ab bofdrned. Hihas, the
overal€ ARG B knedstor Medir, clent to.let the oxide in
. the 35 hottom of et_heertt& %é?}éé{?%ﬁar]fg&? A ihg ctgh:gggocgpo?e&he
insulagpgimaterial, therehy craatingthe visscarhles achieodiouly irgsatdldpresiGhs,
2004/ 084300 PCT/ SE2004/ 000439 8 This enbodinent is
primarily used when it is desirable to have a thicker
An exgnple ﬂ%ﬁhﬁﬁ’(qm@_? of deflpablamiyo-dlrrbey whdre tHeutefl &ion is carried out
electrdggg%'d%@géﬂﬁiyi% AG8tBe b eﬁlrllﬂ:el?:tr‘cs‘t"rileninbaeca%%)gj gelcgv(?r tﬁ&é‘éﬂ?&tﬁb}? mirrot.

An embodiment of the invention for the above purpose will be described with reference to

Figs. 12 and 13 below.

Ina secoqd embodiment of the invention, illustrated in Figs. 4a-b, tﬁe 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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about 400gm it will be possible to nake substrates
conprising vias, and having a thickness of up to

about 800 m However, if still thicker wafers, say up
W@2000083@m or nore are required, 5 the secomeTedEbns/m00439

fromthe bottomside, wll 8generate w der trenches,
nch w eV|tabI be wi der at the

A | I
T AT AR o0 U R B P v  tHRKS plsdorm (et

 suberh) @ Berthe furier midbEekes, YRk ar&nvi dd HRQLdBS, Stiics (ﬁéﬁyth of

Sy, tric t he ense that the vias, wll not exhi
abog Ui, ]I:&B?JB%‘-‘F‘& 48 make ﬁﬁ?ﬁ‘iﬁﬂf’f%@m&ﬁmaﬁ@ﬁsmtb@ﬁmg A degmess of

up td @bdu 8001 gmsHowBebr St @ thickérheraseentp &8 iR more are required,
i t ho raphlc nethods on

tt 43 def i
the {’a dg%‘f S%WF gf;{fagfegl sl1 ewénlggegeraw grd:Fe@c}Epﬁt firgepcdeep trench will

inevitalilg bé Rgddrhetht bﬁéiﬂ@&ﬁa:ﬂﬁﬂaﬂ@ﬂ tl@ﬁbht 1Bud QPmisSHbha%ent, the
This w || gnnent of the patterns. Thi's

uire.an ali
thickeg "R Yl AGi e skigly B e In i 540 Fhéhﬂlp aies 3@l nefpabibit the
sam@hppg AaRe onHotiPfte k@Y A8 bAHem §RBS| dered to pertain to the
field of the skilled man, and will not be further
di scussed herein. 157 Trenches are etched in the sane

In th a8 step ef ik eahe il
wae;(:o s ﬁ 7 SmBsli h@lﬁuﬁna?tlﬁll'ﬁ H% g&&ﬁ%&@f ﬁﬂoé‘}%}%}ﬁ f‘?lethods

oken ne in_ Fig.
on R RN SRS il ARsadatiomy weiching ﬁhqiremh@ definsssadhs bp

surfab®leTHid Wl regliFd bl i Andif oﬂh@gﬂﬂérﬁb Thi8 is ARye WS 51@ of 38
vias are d éggnated 44, and the 1 nsulating s paratln
inverfion et sy endrRASTiea Qe s o coidermdo Bersbuiorfbmield of the skilled

man,t2AH Wl B8t B fufthe dBh8Ed hefeidv Ol ded, but at the cost of
further processing steps. In a third enbodi ment
(Figs. 5a - b), the first step of the method conprises .
Tren€te Bielcted @NGB 88me way 8L w&ith 1?!: ptggfe (%Ycaﬁeﬁ LR H broken

.t :%e fer. This neans that th canno
line ip g da) upilhey mers Wiﬂ?ﬁﬁl’ééﬁﬂﬁw@ made ingha Gt etwabﬁ tge by

proceduh TAYfindl sRuctil %104:9% Fﬁ‘g W‘Gﬁﬁgﬁ%ﬁw tht 9 8 Qllesdeg g&%adf Jééi; and the

order that the vias wl| out rrom
m@ﬂgéﬁlﬁﬁr%t@gtwstafe&%lﬁﬂ%@t ‘ESer n must not define closed
structures. That is, each trench is represented by a
see jnsert in Fig. havi ng a begi nni ng
In fhl%\ﬁfag%qﬁméﬁfcﬁ thigig of the avades ax@nc?ed; t aithe tos of Bigbengfrogessing
steps.angl e. When the first trench 30 52, extending through
t he waf er has been made, oxide is introduced into the
trench, possibly the trench is filled with oxide.

Ina thTﬂﬁfﬂmb@ﬁ&ﬁ @F’ig 5.156 €0 Rhe st é?aat &Qﬁ@xﬂe&gg 8c§ﬂ1ér§stes gtglugg Térenches

cl ose struct ure secon
that e’ﬁﬁl@d:ﬂ W@ Wap dhrppghsthe wafr. Tzhusrmtaas ﬂr@t theorafiet, 50anaohot be thicker than

the maximum depth that is achievable by etching, i.e. about 400 um, However, 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 ctched, and

‘subsequently filled with oxide, if desired,
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subsequently filled wth oxide, if desired. WO
2004/ 084300 PCT/ SE2004/ 000439 9 In principle the
final shape can be achieved in several steps, which is
wo zéok/osu3éoni N the inventive concept, but forppiaekhS@bise
reasons a two-step procedure is the nost appropriate.
A further feature of the invention is to provide
In lglélimé’@tf VEr3] shensean b achievied & sevérel sipaswisichiststit] within the inventive

conBé@ N fof BREUEH iy, Bxys J%rkt%) Ockgglll.tjé etmhoe V}%f erlatcThl S
can be achi eved y exposl th éba
trenches have been nade, but before the rrask vvork 61

e eriale s ar ReaO TR Bl e R

highen eopdpHipvitythaibp bylked tierenfer Hjs eargbe sahmwectw axposn@m)wafer

60, WAL iRndhes PARYLRLES: tbn?be\f@‘;laltfﬁ hdlk fesnrglap}f afj apt%é)aaig

dffu5|on enters t materiral 1Tnt
Procesise e Gap Qandnguapteriglis ﬂiemhjdm@dudmé (ﬂ)llusltgatd:ﬂbﬁ @rodvs) into the

trenSiRBED (f@ifmlﬁg Ie% a %ﬁﬁﬁ&r sﬁ%{% vﬁ:e?e”i]'t #’&%%8%@%0 Sa?lﬁ LR ?rali)ﬁhyand by

dif anneal i n
diffyspmenicrs the mpteaial iibe eémdntvé phglaid aifio trhibe wall eurrdunding the plug

a t |
1o ey S0R0 oM 15um, ARHUAOBladbhe b ol ne WA &ty
dopeg, thys leighl Y@@h‘iﬂciﬂgﬁ wig, wherbasrtiaxd builyofihe Wiafeh i croneioptd. \Aftey

(ophﬁhﬁﬁr) ﬁllﬁ? %@ﬁﬁﬂhgs\éwf%@gésg& q)f,ytg%tg%arlg ¢ hethIU ge a w%fer

com@rksqumplpqabm of highn¢anduatiority wias, chmﬁaﬁedth}r s ban ﬁlﬁﬂlé ﬂtbmﬂl@ bulk
t he

of thEQafk \vﬁich%tiﬁ 9 Hﬁgﬁﬁ]ﬁ’lytngg conaglgtnr'%, e}f(:ﬁptofr%‘gf@*te lrv.%gwnkféose to the

} penet rati on ept as u
insulygrgematerial iverreunding the dlas‘.ziltedo the Yimitdo yewetation ﬁel:iih,hmsls%%) 30 pm

in d1§§etexh:§t\{ b@glage ﬂ%ﬁ%ﬁ&fe mcﬁ?aéedg\?agroﬂg *966,}/1%&@18% égl ggqvﬁlgt%“éameter

trench
CoTTegRAREIng fQ)th Vflﬁ@l @raamnsl:u i.eci+htigd, i yravivedttyenting iR centre of

or,ned both t he

s A084 20 DB RELELISH ' RERLAS B oo,

circugfrentighiyench end fxarretlhe renddr hbleenfthis wﬁdlmﬁ%g&@r ¥ tBe £EF dBBed
I t het .e nents._ it

via ceilngrfé 6%2%% {é’o"‘tbgﬁﬁ‘?t% %rgg[nq:grtnh% FIBP 7S 1S B Lﬁ{p,pl'cqywe a

plurality of ednesntrit frenddiey, therelipt enabidlﬂgl‘tbe ﬂb@iﬂioﬁb@ﬂla@%xh&})iiﬁﬁg a diameter
| eslire t.heoreti ca y

o o BB BTEL RS ipfB Sttt oo he vias

resulting fromthe doping process is schematically
e regions are

cv.aJS' i he do
e i S ST A

~dope 1@91}91131@‘ e Bhovithwith ulekseohatcHile(tafeRétrdtidn ADOWRE Hb ifg BrRKERK of

thewgfbﬂ??%’g{ﬂr‘gfﬁfbro‘fcgnﬁﬁees)w Il have utility in

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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30 The invention wll now be further illustrated by
way of non-limting exanples. EXAMPLES Exanple 1
(prior art) 35 WD 2004/084300 PCT/ SE2004/ 000439 10
wWanohi/@iso6 @ prior art electrical connection strdiShdu§iizo
is shown (corresponding togFig. 3 in US- 6,002,177).
At conprises drilling holes in a silicon chip and

In figet aptiorArRiechival sovpectivalstrugtiue és shbwn {eircbspridas to Gig. 3 in US-

67, e BRSSPI e P

said fiplen lospravidaeldciticd nommestiats beitvest trdwo didey efithbicidpch was

performed on a silicon wafer. The wafer was 100 mmin
di ameter and 500mthick. 10 In order to provide the
Example A feasonstatia afgrotden mathlstandesd peehictkéd on one surface
(top surface) of the wafer, by standard |ithographic
techni que. The trenches in this exanple were sinple-
A standprddreneiheipiewas peficined on Thiticet wifen Thpwatte s&s WG men S@iameter

d & iR E (Deep Reactive lon Etch) 15 A series of
a0 trgjr??ﬂlggRexhi biting varying depth and wi dth was nmade

t he depths varyi ng between 200 and 400m and the wi dth

: : n Kg.8 amgnified viewgf th
In ord W01 08N erb B Pl o SRR o i S o ot
of the walsr, by Istendgyd hithegrapbicrieabnioue (Tht hancheh i thisenahpleapeitimple
“tinel haftdQWMnd) the trench. This phenomenon causes _

freguently an inconplete filling of 20 the trench in
a subsequent oxide filling step. Exanple 3

W ' rd-etch qr k) Therefore,
Tho g rddhs B £l e BB IO Ehi s AR BRRL  Dnal
shal  ow etch as described in 25 connection with Fig.
, I S ,process..ste lelds. a strictl
A sl of BenchE) UL vk AR R EEERia o athd e wihyoming feween
200 an$h 400 wp el the wiidth bievenh desd 1ant Indig, BhembgeRahviewd &b top

o, PR DR BIFR JALG LS e i R 0L

aboutd0¢im down in the trench. This phenomenon causes frequently an incomplete filling of

the trench in a subsequent oxide filling step.

Example 3 (elimination of 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 ne voids.

Example 4

In Fig. 10 an example of an array of completed vias having a rectangular shape is shown.
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30 Filling this trench structure with oxide, wl|l
result in a conpletely filled trench with no voids.
Exanple 4 35 In Fig. 10 an exanple of an array of
vaprpl/adied vi as havi ng a rectangul ar shape i Sp&haWho4od 30
2004/ 084300 PCT/ SE20( 141000439 11 Exanple 5 Fig. 11
shows an array of vias nade according to the
enbodi mrent where etching fromboth 5 sides of the
Ex fees has been enpl oyed. Exanple 6 In Fig. 12 there is
own a schemati c process sequence for making a MEMS
deV|ce in 10 particular an array of deflectable
Fig,. Mt Gh@wsMhd T
B Pl oLyt 86 e bR b oM i ot
Slde%@‘?tpﬁ“i@rfed@ﬁiwe%@?wg@r| bed above, and filled wth
oxide 74, see Fig. 12b. Then, a local area on the
op 05|te side of the wafer (mﬁth respect to the
Examplgfches) is etched to provide a depression 15 75 (or
cavity), reaching down to where the trenches end,
whereby the insulated (preferably circular
In Figy {3 ﬁlﬂalre. ig goverhr wheyhatisanerest feaneire SrenasqzosdBM Ssieick) ig.
partibilfe a ARy RRHANE B ARIARLAYs, Of micro-mrrors, or some
other suitable el ement of member (schenatlcally
" indicated with reference nurmeral 76 in Fig. 12c), as
The #88h PO wWafs t
ARShg Bibetr® 1PRKLERS SR oG 0L s AR e cched 0
certaipcdeqe %@es'én@d abomﬁm@ﬁld@bw@ ovsdb T4 med Fiir i2br Tltm a local area on

] it
the ogiglﬁlltz \!sllgg offe g?agé\}l:(%jﬁg geggé’c?%? 19 genc]; é).}%gt?lgld%(? Pliogl Eﬁ q%pressmn
75 (R BRI A @acbmgrﬁ@walto paes ﬂﬁqﬁemherse:nbmhbwtg the insylated (pdteferably

mrcul%.@ BRSEL 1bﬂ%9glf$ﬁﬁe&8ﬂ@rares e Fi gé) é? & ngé%{l% lng &h array

devi ce. Techn for urin
of miggogRirrory/o8 some @‘fﬂl@) fielle blymtalhtear preashen (schemaﬁnaﬂlyanmcﬂad ith

referéﬁ%@gumérﬁl 2] ﬁi“f}l P) h@degl“ll%d/ %é%gﬂg & at gﬂ,ﬁ and;the electrical

plication se
ﬂm’“ﬂh gennecIions Payx bﬁh@ﬁd é:mmam g. (afdeﬂeqmlﬂeﬁﬁﬁbﬁuﬁﬂﬂﬁmﬁ))f dplying

a suitiBid LhieQearYENR ﬂﬁéﬂl}? Be hhieved by providing solder bumps 78 for flip-chip-

mounting or metal pads for wire bonding, to provide connection to some POWET SOUrce or
other energizing device, Technology for manufacturing SLM’s (Spatial Light
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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15

schematically illustrated. 30 Thereby the starting
material is a SO wafer (Silicon On Insulator) 80,
wherein an oxide |ayer 82is buried inside a silicon
wab®upsdbaog. 13a. Trenches 84 are etched and Ifdjl,gﬁgwgoo“g
with oxide 86, as described above, but due to the
presence of the oxide |layer, the trenches wl| onIy

~ differentcdepthexsach ’[hﬂt wlhnmi depresiien Bxtolled fra €lie, oppbiiRBidecIfshed®afer, the

throﬁ@h Edrnbe EIQHI c%_s??%hﬂ}i g‘bo%e i bort}ﬂadv n %?ﬁﬁ%}e)%ﬁggtbgﬁls is

eeMm I ment wWher el
Schfmaélﬁelly iftmstraad ih E«mﬂfécd wiitresl it gt BeyseMOhAAR44 084 34t variation in
3 2 _dj.ffer. t depths such that when
thgg%%S%éggégﬁggé %5%%QHBQF8WPY WMnosite side of the

waf er, the through connections nay extend slightly
reSS|o Thi

On tﬁ@ E a%)p % ﬁ-’%te}n%g%llﬁ%{rmf gge&q l%e 3 e?Eesm% g;l rﬁaqsetby(%q]ilmg,

I’cCa
ﬁrstlﬂ@ Iywied onidaﬁayehw eilli e reachbd, ghd thearilehit@bxdide lafo\ @#HeRed, the

t['CIl %g Q/Iﬁ 5 8&8@&}?&& X %? aboé?VﬁLﬁSld% \él t%resbsgcg]t g%%g. ﬁeor

con rar
essemf@#iwé §5$1b’nv1ﬂﬂhe Bottmdﬁlrﬁye eff saldl db@ressidrs Bitfadth@e Bfidheslcan be

» each and then, when the
OVBP)&C%’% |t‘g¥‘g5%“e?t§at\rg¥&fb cheifgat ?*Fee%%@ﬁéep‘fﬁn |1 be Iocated
exactly at the sane Ievel i nsi de the depression, see

These P 8861 ap TS8R <021 koo F e S iGHENDS pesat

1nverttmn,1me éowmrovﬂb@ b] §ﬂbdudt®n &i&fb&h@oﬂ% dubkiBie, i BRIV of 2
I scl osure and

dept
condh GRAGN ser§1-r§oagﬁct1£§ %@Eer lP?t (‘ﬁ%g@ ﬁ@g Eormpqqq%f)f HARHagqtyEng a

exa
largepradsty wf semmmﬁﬁut@mﬁvibébeBg virSueif €héi velBe aBedtlyQEE thel it DE

R ETU TEE ENI R E —

to defigm dmdmakﬂﬂtqmom&fs o bottigitek arthel kiahg irfe vepy hak e %@& "ﬁ:ter'act that
evices. B V|rtue of the waf

the vig.{; ax%“?nm Ctﬂgr gig a»}(alfer ijs u@{feé@fq?qbl%f w1thstand1ng all

rea

proceemumdﬂionmnﬂ.bm&ﬂﬂmﬂibbﬁﬂ@ﬂﬁ the wafer (vias), it
wi |l beconme possible to design and make structures on

both sides of the wafer in a very versatile way. The
fact that the vias are made formthe original wafer
itself, makes the wafer capable of wthstanding al

process conditions usable with plain silicon wafers.
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WD 2004/ 084300 PCT/ SE2004/ 000439 13 PCT CLAIMS: 1. A
met hod of making an insulated el ectrical connection
first (top) and a second (bottom surface

t
gﬁzgﬁ%gﬁg%cti ng or senmi-conducting wafer, c onffrly 2Py oap4 39

co
creating a trench in the first surface; establishing
pcaIimisig-ati ng encl osure entirely separating a portion
of said wafer, defined by said trench, from
surrounding material of said wafer, while exposing the

1. A aptheadf mlalaﬁlgcam sl F AR SRhEHRER %ﬁq_fﬂﬁfddpg&d 40

sesdid CRRTREY oA PG G APt lng el Lomtht,

renc erlne

cl osed claapg a@RGELK fl the'frsBaP@Ed;i On of said wafer but

not extending through the wafer; and wherein said

i nsul atFABLMRE Fuisuating eadlowiss eotisdy senpratingmiondpngiseid wafer,

| defided Eﬁiﬁcﬁ&éﬁcﬁ?ﬁoﬁ&uﬁ*&xﬂ‘ﬁhgt hatE Pt of §Mv.%{%§ Uk atd &?ﬂseing the top and

materjal in the trench, thereby establi’shing
botipmsyrfages AESad senstalgdarortian. 3. The net hod as cl ai med in

claim2, wherein the thinning is perforned selectively
| east one

n sgi‘g surface so as to yield at |
2. TE%*BP e poHaimeddaickin dr whereln spid dicadyis defineddyta patiern in the form
f 2 SRRIISSY, @Rcir@d 4 ' | Gl ' .
? 'aThe nefﬂhodc_ngs cla%°@f@ ﬁ&ﬁg i%&é;afér}n%&{ E%’é@g&ﬁg g{arlblg&ts?%ﬁ%{?r’ and
wherein s3ick insidefing englosatetivestablished i thioming s boftom stuifrve so as to
expd3@the ubiting GhAd : | n 1
pt he subst rgt e; aﬂn @Egsgﬂhﬁgg})%&q?bgéﬁﬁg% enlgs%%é’f%;%glf’ gre.
is established by creating a second trench
3. TR th&I R iRcifh 8 i SRER ext engi —
bR At o 5 et e R L P POy om i
surfage gRsasdo Visd at lgpml oy depsesbior ipusaitt suyfats, Whierehy sbledstpae deptlession
exhiﬁifs%&ﬁ'%lé&ﬁlé&l{;élﬁ}éb Lhg material. 25 5. The nethod as
~ clainmed in claiml, wherein said trench is defined by
a pattern in the form of a closed |oop, encircling a

- .saj : t endi th
* RGNl SRREL By SRR LR By RUeh e o
of a methgyipg 8 heginbingand an embamd exteoding throwgicthe fularatehend wherein said

o8, OB M DS S SRS 5

su
trench st axteniding theomgh ited waf@ito efinEhepattein/ i thefor@l offia Eheded Rop; and by
r;ifhes are created

subse@{l/@ﬁgg ﬁ(ﬂﬁfgdélaf@se%&i Rafhe eli}srﬁle}ﬁgg ke

5. Th§ method as claimed in claim 1, wherein 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 subsequenily ﬁllfng said second trench with
insulating material.

- 6. The method as claime_d 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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etching process. 7. The nmethod as clained in any
- preceding claim wherein the trenches are created by a
| aser 35 based machi ni ng process. WO 2004/ 084300
Wb Hbsdfg4/ 000439 14 8. The nethod as ClaiﬁﬁﬂwégmﬁBMuw
preceding claim wherein the trenches are created by
an el ectro-di scharge machi ning process. 5 9. The

nmet hod as clained in any preceding claim wherein
oduced .i sai d trenche

8 Tﬁ%‘i%ﬁ‘iewn%%lﬁn%ta‘%%égycw's‘?%@gt#ahw%fw e tgnchesiare @egied by an

electro-disclinese raschimagpropesst i al |y are filled with said
insulating material. 10 11. A nmethod of naking an
i nsul ated el ectrical connection between a first and a
9. Teenathat] assilaifred én ady Erecvaing laine, oMiREdis in3glaph©Mib @A s Bitroduced in
r.of a suitable conducting or sem -conducti ng

- vwaf
'Sald%?czlﬁ'al; etching at |east one trench in said wafer

- fromat |east one surface, said trench 15 conpletely

~Sur ing.a porti.on, of said wafer; fjlling said i
10, AR o AP R P g Rstiaaes pbleatpadelier igied it
said inggletirggt reaterigl ectri cal connecti on extendi ng through

said wafer. 12. A nmethod of maki ng an i nsul at ed

el ectrical connection between a first and a second 20
11. Asmethad of méking wa imsnlated lepiticsl icoghepticiVietivergh 2A6iwednala sefond
Surf‘,:K?u(i)fta*abl e. cgnducti ng or sem -conducting naterial;
&t S NG at o PRAEE one trench fromthe first surface,

sa |f d tprmalﬁlhg faomfér_eifalsyitabi?ehtfoﬁ@uﬁﬂé a:gseglmlaﬁdqcaﬂg phtesial; d
war er L (A Sal _trenc W an Itnsulatin .
mat er ieaﬁfh{ﬂga%&%i%‘”%e At Hgad &a%ﬂre%afneqi I3 et asetsishench

compsetelf amreoundingensstton dfaidnmgdrat i ng material in said
i nsul ated el ectrical,

conneaPiS LS PR EROIIGRE SAFHAEreLY coatng  inplol

 electridal crakiestgnantcntinghinbech widesdtsi cal connection between a

first and a second

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 corpletely
surrounding a portion of said wafer; |

filling said trench with an insulating material;



surface of a wafer, conprising 30 providing a wafer of

a suitable conducting or sem -conducting materi al ;

etching at | east one trench fromthe first surface,

said trench conpletely surrounding a portion of said

wafer; filling said trench w4h an insulating

material; 15 etching at |east one further trench from

t he seconéickipg ftdenst ong firther trenpk fomdppeeand syrfase spid tseiing

Q:oﬁl@feiél}oﬁngﬁnd%@ adpo%ﬁl%f sdidlv iR} RACHRYERRBRNGhE B/ih Qflérﬁhent
gnnent said portion on the first surface;

mel$H§m§§P@nﬂEﬁ?ﬁéWﬁFﬁench with an insulating

materi al . fififho s ARIHEAENG] witlkd AdARg GlaFLN | Cal

connection between a first and a second surface of a

wafer as claimed in any preceding claim conprising

12t B QS RIS R &8I @hh&iod BtRecd a ikt GAF scobtlsurface of a

selectlvely doping the material surrounded by the

tadeTeR claiped iy pRRSEdBRIClAE, equanTivig Uitipduging hdopime npgsiabingp a

afenbtf ?o?tsei&!i!i%e ?'dﬁﬁlﬁ?ﬂhe HaRRARURSuAG] & hSrethOVi ded in

t he waf er he region surrounded by said trench to

enabl e the prOV|S|on of a deeper doping. 16. The

Bt IROn@Rodds Rl ih Bait] B, PheinWREE bk fulBer WRA®Ior hole is
conprises an_etch stop layer provided at a depth

dwPided iy tha wafsr tnghe 1egion W%ﬁﬁk‘&fb@ﬁﬂ drerche @lgﬁble\mfém‘ﬁvon ofa
tdagpet BSpEhes are etched to a predetermn ned depth,

defi ne by said etch stop layer, and wherein the
thinning of the wafer conprises renoving said etch

S60Phd ANEIG-as Slhimed iPEIRHLS tvieRBRhE waBr @nHhisdstah BGh stop layer
substrate for the manufacture of mcro electronic

VG ahe dapBLoretpardine (@die hotiem of sidedvidy.idiersby e denches gre

SfIRbd AL CepGOMHUED b Gid Bdekdpahyer, ahd wﬁ&&h R tRinning
first and a second surface; at |east one el ectrically

b AT SRS THRFOBRE shdietelstenlaskigh sai d waf er
characterized in that the electrically conductlng
menber is insulated fromsurrounding material of the

vdf er by A& Predypt esablgpes stetingspbptiaig forthe rynwacter chmicrand
iefectr&td and/or micro-mechanic devices, comprising

a wafer of a semi-conducting or conducting material, and having a first and
a second surface;

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

the electrically conducting member is insulated from surrounding material of
the wafer by a finite layer 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.



it conprises the sanme material as the wafer, i.e. it
is made fromthe wafer material. 18. The product as
claimed in claim17, wherein said wafer is a

sem conductor wafer. 19. The product as clained in
claim 18, wherein said wafer is a silicon wafer. 16
20. The product as clained in any of clains 17-19,
wherein said wafer has a thigkness of 200 - 5000 gm

refera 3000 efera
2 PGBy Fihcn b o Wl FElp. PRESR AT A B et
200 e @G0, lpeefd:rhbl)z mﬂes:sooofum, st prefetaly 40@y 2009 (0.
insulating material is 1-20 gm typically 8-12 gm 22.

The product as clained in any of clainms 17-21, wherein
2tlh"éhe|cp'r0ch1h1/ G ehtrmerd-in anycEitlabns 17420 Waoei txehiskess dfhke finite

el ectri C r..than 10 gm typically
I%Y(?rslc&)n Son mg %en Re 102’63” “&S*El%‘ Hg % llzé’inhed in any of

cl ai ns 17 22, vvherel n the wafer is essentially flat.
2%4The '}&1 ?racs)g: ar 61‘1‘?’ ar%/l o%?:lfzrléengss i Zr]lgw%'?rgﬂl I;Rc;lpé Ic%%nie?r:tg%énter
meb@wcﬂns;hq eth:catcall easfctiands largef thael O e rtgadally Wha 0@ um.
the insulated electrical connections are essentially
flush with the bottom surface of said-depressions. 25.
23, Theqralull s chimaah adybdflehnncEl-225whtreimt {VE=2)is ehaattiay flat.
conprising solder bunmps for flip-chip nounting placed
on the backsi de of the device and having wafer through
24| Betproduet as claimedrix anyng cctairrmBS 12/ iWh&)aip thwhveatei compliges one or
ngodcs fr%)ggulncarlesgqfoﬂst t?nr eﬁ?eanteo%t]el % ace Wal%e uelgtﬂfeedxﬂﬁfu:i Zedl eévg}c
camectirgs httessagpiabip flesh with thwhe:tom mrfa-haa)f saiddgrésalon0f t he

i nt erconnections conprises the sane material as the
wafer, i.e. it is made fromthe wafer material.

25. A Micro-Electrical-Mechanical System (MEMS) device, comprising solder bumps for

flip-chip mounting placed on the backside of the device and having wafer through electrical
interconnections (vias), wherein the electrical interconnections are insulated from
surrounding material of the wafer by a finite layer of an insulating material, wherein the
material of the interconnections comprises the same material as the wafer, i.e. it is made

from the wafer material.



