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1 *159159* *@00002* Plasma Etching of Tapered
Structures 5 Description Field of the Inventlon

The invention relates to a nethod of asma etch
L R A
sem conductor substrates. 15 Background of t
Invention Pl asma etching protesses are commonly uSgglise

to etch layers in the production of integrated

circuits. Reactive lon Etching was the main

technoloéy, but recent advanced 20 techniqueﬂWHMmmmwmmww
*GOOOD2*

el ectron cycl otron resonance (ECR), and ind

coupl ed plasmas (I CP), were introduced, using

magnetic fields to enhance plasnma denS|t|es It is
bel i eved t haPlpsman®tehdimon®f Fapered iStonatures a 25
chem cal etching. This neans that chem cal reactions
take place between atons of the bulk material and gas
atons to forma nol ecule, which then is renoved from
the substrate. Due to an applied DC voltage, there

al so are sone sputtering effects which are believed to
biee semipterot han 30 the chemical etching effects.
Further, 1t is believed that the chem cal etching
process i s increased or supported by 2

Field of the Invention

The invention relates to a method of plasma etching
substrates, in particular micro-electronic semiconductor

substrates.

Background of the Invention

Plasma etching processes are commonly used to etch layers
in the production of integrated circuits. Reactive Ion
Etching was the main technology, but recent advanced
techniques such as electron cyclotron resonance (ECR), and
inductively coupled plasmas (ICP), were introduced, using

magnetic fields to enhance plasma densities.

It is believed that plasma etching is based in part on a
chemical etching. This means that chemical reactions take
place between atoms of the bulk material and gas atoms to
form a molecule, which then is removed from the substrate.
Due to an applied DC voltage, there also are some
sputtering effects which are believed to be smaller than
the chemical etching effects. Further, it is believed that

the chemical etching process is increased or supported by
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i on bonmbardnment. Both effects conbined result in a
synergy effect providing an enhanced etching rate.
Main steps in the etching process are: 5 1. fornation
of reactive particles, 2. arrjival of the reactive
particle at the surface to be? etched, 10 3.
adsorption of the reactive particle at the surface to

ben BbmbBeEdméntChediteale fFdserspidcabitled he du@actinves synergy
particle at the is surface, formation of a

. S. )
ROIFEEG Brogldd@dorpt EoRaGLeChE MR dIFE e 20 Wth
i ncreasi ng device density on or within a chip, there
is.an increased overall functionality, e.g. in
YepPi 4EPSNLN thte SVENBRIRR TOFSSSH t3EE wher e
m crosensors, mcroactuators are integrated, often
also with digital and anal og 25 el ectroni c conponents.
thi $OrRétdL8e @ ic FRFICEAey PREddSSF smal | er bond pads
on devi ces and advanced packagi ng challenges. One of
the essential features of image sensors packages and
30 RERBVEL &F dhecdstire Prid tidcditsidde htatiigce to be
eRihedl devices require on the one hand side an
interface with the environnent w thout any
restriction caused by the packages. However, on the

at hekshapd 198 r pld GRladevL g i3 e TAAWHE Furface to be
pgo%e%tlon agai nst environmental influences. Even
etched,

4. chemical adsorption of the reactive particle at the

surface,
5. formation of a molecule,
6. desorption of the molecule,

With increasing device density on or within a chip, there
is an increased overall functionality, e.g. in applications
like MEMS, RF circuits, where microsensors, microactuators
are lntegrated, often also with digital and analog
electronic components. This increased complexity leads to
smaller bond pads on devices and advanced packaging

challenges.

One of the essential features of image sensors packages and
MEMS or solar cells are the backside contacts. Optical
devices require on the one hand side an interface with the
environment without any restriction caused by the packages.
However, on the other hand side, optical devices also
require a protection against environmental influences. Even

for AeroMEMS which need an interface to the environment to
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environnent to 3 detect or to nodify the fl ow

behavi our, precisely defined openings or passages are
essential for the functionali&y of these devices. 5
One problem of the state of art etching nethods is the
bow ng of etched passages. This neans that the

dic2Riebrofo @loehed RaASSIURH IHHHBASRS Ll e yresdEined
and after renoving the mask, a snal| coIIar ext ends

QP&RG "IRe C&d§ES SOReSt AREd S SN kA 60T Ké’l?orfd‘}’}fgqjypnallty of
kowisrg geRaws spr onounced 10 di sadvantages for the size

of etched structures and causes problens in

subsequent manufacturing process steps. bject of the

lomee RidoB eml D £l tc hieS st t@bjcaCtaef ddveh iy enddrsnd QLS the
rOV|de a net hod of etchln%|of at | east parts of

S00R08 ARG PASASER -0 ThHR R oVed & % G- dheer of

SlREU HaRG aRfe®C 1% a 52} BHINEITAY Gradlt drid aF b efdmoving
of the invention to reduce bow ng of etched assages

dheafaséaste tsHaddntacdil athe % eieds GfL aehi e etched
@rr%@%tu@'e% .0f de BtghiNg H@Jll'}{bd sHdwd prdeJJ}%ec?n

obj ect of the |nvent|on ‘to provide an 25 etching

IFESIRGT aRfFiagle Se Faty] é'éleetscliﬂen@%fettcﬁﬁeqf ek PrESHes anthcauses

50 B fdae e B deualde angler L ARG &8 RassRadse pased

on the etching method. 30 Summary of” the Invention

This object is achieved by a nmethod of plasma etching

of at least parts of a substrate in accordance with

i ndependent clainms 1 and 41 to 50.
Object of the Invention

It is an object of the invention to provide a method of
etching of at least parts of a substrate which is reliable

and improves a micro size structuring precision.

Furthermore, it is an object of the invention to reduce
bowing of etched passages or at least to control the size

of bowing based on parameters of the etching method.

It is further an object of the invention to provide an
etching method which enables etching of tapered passages
and to define the sidewall angle of tapered passages based
on the etching method.

Summary of the Invention

This object is achieved by a method of plasma etching of at
least parts of a substrate in accordance with independent
claims 1 and 41 to 50.
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4 Advant ageous refinenents are subject of the
respective dependent clainms. 5 According to the
invention, there is provided a substrate and at | east
one mask is applied onto the substrate. This mask can
be structured after deposing on the substrate or an
al ready structured nmask is applied. 10 The structure
defines or conprises openi ngs in the mask. These
§¥ ni ngs nH? have different shapes, efg.. round

Y O REITREF of - pasiagect off AP aRBOPaFELve
Sde¢prideres ¢aided ) ne stripe conductors or passages. is
By perform ng a plasma etching process, material is
renoved fromthe substrate at |east in the openings.

Aces € gy tioo tiiee | Tvesh £ 06, at@é@§e5§ gﬁévi@e@sgdsubstrate

r|S|n at | east one, halo e and oxygen, ,
%{Erﬂ%r% AV PRF SEdVerbd h %%dé%? b%bw:fﬁte This
tid Sk Gas w&Xétw&tﬁ&kéﬁC£fﬂéﬁr@e§b§§n§téMC£Hé6§ubstrate or

especi al | assages for backsi de- contactlng
rgc"’llr]fﬁﬁ Y e tesurghemas hveht fRRL hethod provi des

t apered passages with sidewall 25 angels substantially
|ndependent fromthe material of the substrate. This
M SS tHE L i e S3HENeT | OBngPRPREFERePPERINGST iLﬁeElh%ymaSk

e £ y@;&@hrﬁ@é Ugtgm e Ha%ef@ifﬁé\@eﬁbesﬁé?ééa g. round
texture rt her nore | S pOSSI orm

PSS HIEE SUDSR TRl FHE Wi R ROBRS 89€PRaRy FBEWARGY AT

bt e e STBSK - 4 AEC08 dwglg;@ 8oR&EE L £ 80, 8nhedL aBRE | Of
the invention, the anount of oxygen in the proceéss

gas is |less than 40 %
By performing a plasma etching process, material is removed

from the substrate at least in the openings.

According to the invention, a process gas is used

comprising at least one halogenide and oxygen.

The inventors have discovered that it is possible with this
gas mixture to etch micro-size structures, espedially
passages for backside-contacting electronic devices. The
inventive method provides tapered passages with sidewall
angels substantially independent from the material of the
substrate. This means that the sidewall angle neither is
defined by the crystal structure nor follows the crystal

texture.

Furthermore, it is possible to form passages substantially

without overhang (bowing) below the mask.

According to a preferred embodiment of the invention, the
amount of oxygen in the process gas is less than 40 %

preferably below 20 %, in particular preferred below 25 %,
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below 25 5 the portion in defined in vol une

percentage. The ratio of the said oxygen to the said

hal ogenide is less than 30 % _ preferably below 25 %

in particular preferred bel ow 20 % (ratio in volune
percentage). The inventors discovered that 5 with an

aneu rgior@filo@mgxemebtﬁlrmu 30 %difurde P it dg et Urtee !ﬁzﬁio of

[ ossiple to etc Cro-sjze assages, supstanti a .
L o YRS g 5 oM 1L SR AR i gos nhan 30 5,
AR abl y MRASN ©F as, sitrantard a3 (&M rrdd Pdow 20 %
hal ogeni.de i rovi ded in rticular as a sul$ég

Hef ild‘e,"oéé‘g‘&ipﬁ’i%ﬁr&sa 6. RSO TS tdescovered that
wientdrornidig tt eydiglegetideod saef ided 9B, /mlepikesre it
or atons _conprising one or nore hal ogen atons. is,

NET EAPSL LGP IRH By AL o6h RRES T S Hontretl Y

Wl HIEC WINES e rGath P& PIEBW AR, athd OASLuh®rof NSH& ses is
as ions within a plasma. The nethod according to the

ARSI %e|Sftaaiars! A | dG6S™20 substrates, in
particul ar sem conductor materials like silicon

waf ers.. According to a preferred enbodi nent of the
iTﬁ\?eﬁ‘tail&ﬁ,en&depH@t FESiigted sl Rar HC etk . 295 Shighfur

MRSy AR e eHgiGtared ad tdy phot ol i t hographi ¢
processes, especially using steppers, which enable
structures with a precision of | Qmor even better,

InRor@in®dy @Y HH iHfveord Bl defkf a0d1 Qe Rid@ is defined
mcroneter, as f.i. 30 0,2 pmor even 0,1 pm

as molecules or atoms comprising one or more halogen atoms.
Moreover, said halogen atoms can be chemically bonded in
molecules or can be provided as ions, for instance as ions

within a plasma.

The method according to the invention relates to various
substrates, in particular semiconductor materials like

silicon wafers.

According to a preferred embodiment of the invention, a

photoresist is used as mask.

Such masks can be structured with photolithographic
processes, especially using steppers, which.enable
structures with a precision of 10pm or even better, i.e. a
precision of only a small fraction of a micrometer, as f.i.

0,2 pm or even 0,1 pm.

The inventors discovered that the selectivity of SiQy is
very good. It is possible to etch on photosensitive

resists.
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The inventors discovered that the selectivity of SO,
is very good. It is possible to etch on

phot osensitive resists. 6 After etching the
substrate, the mask can be eaéily renoved. 5
According to an enbodi nent of “the invention, the
substrate is etched in at |least two etching steps. In
particular, a first etching step can be perforned

hayi n a higher. etching rate an a follow ng second
LIS AL A R T S S MR
isepossd bl e to etch deep structures in a fast manner
Due to the fact, that high etching rates may result
in a reduced accuracy, the process will be finished

i Acomed g sevesnl efbotihreenet 6hi oge shepst bhhl ONErsubstrate
e{gkg@ d ter.1 i€ The 'ngento s. di scovered that by

FEAUET AN S He ot t T ORS bf w%x@é%ﬂl?ﬁ thePSecond et chi ng

step, the accuracy can be inproved. 20 As a | ast _
sfep,_it.is possibLe to etch,with a hal ogeni de _gas as
p#%c%%’étjg%‘él%fﬂ y3 lEJeFﬁb %%héilﬁg%e@r%%%g%e gagriormed having
Al tieidgtedt vetyning reesttione passauewi{ng asdobgd €8Fhing step.
q*s q%yaetch d_into the substrate in a single etching

s ’e"g? RS B ST 0t rRe BFchdbkdl faRe3SEREe to etch

phssh Vet i ik ufos iexanpher Gilsner . (L8, tdtths Poss] btgat
to, etch passages of high accuracy, which are

TG FRRS Fehngeovet hhhg? BPABeHE YCCBPAGY « hthe
t e deed ogh B Oles Of i §0ed hen | BY¥ENGE 08 v¥AL 1 Oy EAERT B8ching

steps with lower etching rate.

The inventors discovered that by reducing the portion of
oxygen in the second etching step, the accuracy can be

improved.

As a last step, it is possible to etch with a halogenide

gas as process gas only, being the single process gas.

Alternatively, at least one passage (via hole) can also be
etched into the substrate in a single etching step.
Especially by means of added gases for passivation, for
example CHF3; or C4Fg, it is possible to etch passages of
high accuracy, which are substantially free of any overhang

or bowing.

With the method according to the invention, various etching
rates are possible, in particular the etching rate can be
varied between 5 and 500 pm/min, preferably between 7 and
100 pm/min, and particularly preferred between 8 and

20 pm/min.



10

15

20

25

30

rates are possible, in particular the etching rate can
be wvaried between 5 and 500 pnmimn, preferably
between 7 and 100 pnimn, and particularly preferred
between 8 and 20 pmimn. 35 The addi ng of

passi vati on gasses |like CHF3 and C4F8 to the process
gas i nproves the manufacturing accuracy and further

I'BigleICL8d Biflg OV LI PaHgi ¥ ot 18k | asHekovi kBecHBskand C,Fy to the
Preferably, {hese passjvation_gases,include at | east

ORECEHT BOPE S LBRHPTST ngl @ HRAT B AAC EBRDOENACC FRaCy and further

stéleyedd angbee ERdnder §6Mhf Obhele DywpPBhaNRLEKS OkekBeably,
etching process, It is possible to form sidewall

aFRR 3R PHet Wbkl o0 JaseRehRFyude’ at ThRaFhyveReoFarbon

di: SEPY £ By t bRémLOa M EBmasuglichi ng met hod according to
the 1 nvention, the sidewall angle does not followthe
crystal structure of said substrate. For nost

appé | €244 0051 ShLEPe PSS APEScaherdeskhely Pita@Btetd of the
sidewal | angle of 90" mght be to steep to enable

PRI RS P OFeEDndliEt i ¥ePoFShBhe cBAJERFT VeI ARV RFE aPNTheS

fetein Psotess séepsy 4¢eordhaglvehbsrsi dewablcapdl ehat
Is kept preferably between 75 and 85'. 20 The

robghneR sebFRihe BeHeoRI fSCoFdine pasthgesntantpen, the

" ecucheh 1 Cabel 09500 Agy Poelsrabhy &9y9§£9w/%99ceuke of
in particular preferred to bel ow 50 nm peaﬁ to
vari@ysubpEb¥tei ng a standard surface roughness R, of
the sidewalls below 100 nm preferably bel ow 30 nm

in particular below 25 10 nm (Ra)
For most applications steep passages are desired. But an

sidewall angle of 90° might be to steep to enable
deposition of conductive or non-conductive material in
further process steps. Accordingly, the sidewall angle is

kept preferably between 75° and 85°.

The roughness of the sidewalls of the passages can be
reduced to below 200 nm, preferably to below 100 nm, in
particular preferred to below 50 nm (peak to valley)
providing a standard surface roughness R, of the sidewalls
below 100 nm, preferably below 30 nm, in particular below
10 nm (Rjs).

It is possible to form passages or via holes of very small
diameters Dbetween 10 pm and 500 pm, preferably between 15
and 100 pm, particularly preferred between 18 and 70 um.

According to the invention, the interpretation of diameter
is not limited to substantially circular passages. It can
be applied to essentially all shapes of passages wherein

the diameter is defined as distance between the opposing
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It is possible to form passages or via holes of very
smal |l dianeters between 10 pm and 500 pm preferably
between 15 and 100 pm particularly preferred between

18 and 70 ~im 30 According to the invention, the
interpretation of dianeter i% not limted to
substantially circul ar passages. It can be applied to
esiskid dld wRldhshapesagd . passages wherein the

dianmeter is defined as di stance between the opposing 8
sidewal I s of the passage. According to the terns of
Uhiéoﬁeﬁrﬁj’ itﬁ]im ﬁ:m&ﬁ&gﬁ tldﬁf i@%&ﬁﬁp’@ﬂ@lﬁ h@ngabsé@ew

S mas en the ter o sai ass e i n

8 EHIRR bV e PR PRt RS | B SR pRBLeT of
déﬁ@tgﬁsﬁgéa.rﬁ s kn OPEB Sgh oo ACEOT € g h@skNSpening is
i hventi on, (§%P5|ble to form passages, wherein

i TPEHF rieh adh&nen 8 ¢ hed hradkl St hgoREN A@-
di fference of the dianeter of the opening and the
di ameter of the passage Is less than 10 pm Ereferably

| 5P g i PRt abt prerResetPessot hapm

2o P48 a e POSH Y &1 1OVEL N LGS0 £1058 A 0b E eghd %sgkabp@nlng
by the _15 power of the plasma source. Especially fo

rieho VA higt S SR nﬁleo\féw&%ert% S separend cahd b%he
td Ak r 288 Wi ddesdmd hod aceoredhng 10 hRe preferably less

i nvention, the substrate can_be etched to a depth of
betaReh @“pn%rhrﬂaa%wuﬁ‘ﬁ PHPESEFABI e het Wedh 20MEnd
200 pm in partlcular preferred between 80 and 160

pm 25 As pl asma source for generating the plasna,
ﬂ%a@@@s%p1e overhang can be controlled inter alia by the

power of the plasma source.

Especially for removing a remaining overhang, the substrate

can be thinned.

With the method according to the invention, the substrate
can be etched to a depth of between 5 um and 500 pm,
preferably between 20 and 200 um, in particular preferred
between 80 and 160 um.

As a plasma source for generating the plasma, nearly all
kinds of plasma sources can be used, in particular

inductively coupled plasma (ICP) sources are suitable.

By structuring the mask with a stepper, an accuracy of

better than 10 pm can be achieved.

To improve the surface roughness of the substrate, the

substrate might be smoothed in a further process step.
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ki nds of plasma sources can be used, in particular

i nductively coupled plasma (I CP) sources are suitable.
By structuring the mask with a stepper, an accuracy of
30 better than 10 pm can be achieved. To inprove the
surface roughness of the sub§%rate, the substrate

m ght be snoothed in a further process step. 9 The

rerpeeabera tofret e Thestsudtse rditd nEiSaigd iR asma etching
etching ,process is hold bel ow 200 OC, preferably ,
BEPGRSEsGS EOLeh Pelart PO alC prdfesia @t elRad otad 50c C, in
Aagerdunglry p rielfe nRidh ok 1 Acagrding taxddieiingent itor inethod
suitable for 5 mcroelectronics. To decrease the

SGESEAANE COMFERAtBrENHIRE SRt ARG dE can be

pelcheened tdiosGeit.i nuously, in particular pulsed. 10 In
particul ar, the substrate can be etched, in a KOH

etching process. After etching of the substrate,

genducirbu estthiep@uedtrdie tafp@dtdr, ivhd aehibyy process
depositing at |east one conductive 15 |layer onto the

§@hsPraPEr fErARd Wi sare Hanstisdte ddh BfE denled mused
passivation layer. 20 The invention is suitable for
various applications, such as electronic conponents,

il particylagr wheersUbsidlatpadddyde etidhege sehsokOH

@t@hiREPpticREs M cro El ectro Mechanical Systens
(MEMB) "or also for mcrofluidic systens. 25 Due to the

fact that the sidewall angle is not or only to a

MR aReunhd Rff uenced it Ahe MiKId @l ci8fe & ipes can be
substrate, also filters, in particular nolecular ,
diogres, £gx B@&stance by depositing at least one conductive

layer ontoc the substrate.

Finally, the substrate can be coated with a passivation

layer.

The invention is suitable for various applications, such as
electronic components, in particular wafer level packages,
image sensors, e.g. CCD chips, Micro Electro Mechanical

Systems (MEMS) or also for microfluidic systems.

Due to the fact that the sidewall angle is not or only to a
minor amount influenced by the material of the substrate,
also filters, in particular molecular sieves, can be
manufactured. Such filters can be provided with sidewall
angels of nearly 90° in order to form substantially trough-

going passages.

The invention is suitable for photosensitive device
backside contacting, in particular of charge-coupled

photosensitive devices (CCD).
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manuf actured. Such filters can be provided wth
sidewall angels of nearly 90" in order to form
substantially trough- 30 goi ng passages. The invention
is suitable for photosensitive device backside
contacting, in particular of !Bharge-coupl ed

phot osensitive devices (CCD). 10 By directly
contacting each pixel, the signal noise of inmage

gégiges caf be reduced consjderably. 5 The signals of

P pF et Earobe? Ghphd f $36N bY 1AL asEhBeSigpe noise of

alfddd i @vDEea PARIRAUEEAREERT cohBiRaERbEYl ar a

secondary electron nultiplier. The anplified signa

can be transmitted by a bucket brigade 10 circuit.

Drige t 01 gMe1 4 a6, cdBRtpLhe) bugkede DEhPRUR: EHTEYI b cascade

processes anplified signals, the signal noise’is

r'etRE RO 51 Ght ¥ i @ant | BIoPPRE &R ABF STt hénabayeicular a

n@st b ek, ed eed £ O CngPIPONERES are is provided as
integrated circuits, in particular as thin film
integrated circuits. Brief Description of the Draw ngs

2fhdi fp 1 £ 184 65 S Séa%rpr@ft?&ﬁ@ﬂnﬂgtédsygsysaéket brigade

according to an exegplary enbodi nent of the _ .

| PvEitEon, D gs0 B¢ ot @t shiba s cheeabiekedybalgedpogircuit

;grdﬁggégg'iﬁbl£¥&¥@f§fgﬁ$Y§! Qﬁgkggggainﬁgfs eg§°£§duced
igs. 11 and 12 show two | mages of passages etched

wiiFnihiecarslie. reci pe but with different etch times,

30 Figs. 13 to 15 show a nultistep etch nethod,

Preferably, the above mentioned electronic components are
provided as integrated circuits, in particular as thin film

integrated circuits.

Brief Description of the Drawings

Figs. 1 to 6 show steps of etching a substrate according to

an exemplary embodiment of the invention,

Figs. 7 to 10 show schematically a method of contacting

wafer level packaged image sensors,

Figs. 11 and 12 show two images of passages etched with the

same recipe but with different etch times,

Figs. 13 to 15 show a multistep etch method,

Fig. 16 shows a result of a multistep etching method
according to Figs. 13 to 15.
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Fig. 16 shows a result of a nmultistep etching nethod
according to Figs. 13 to 15. Fig. 17 shows a picture

of the result of the inventive etching nethod, Fig.

18 shows schematically a plasm source adopted to be

5 used for plasma etching acébrding to the invention.

Fig. 18a shows schematically an inductive coupled

pfrag el 7 sshwe.a ki Fgre 19f stioswsrsohiemed f celd yi v atiosse
seé:tiion ofe%irea of a photosensitive device. Fig.

0y $3d? ‘how schematically flow charts of an

exenpl ary nethod of wafer |evel chip size packagi ng,

IS, wh in a wafer is pac ed d contacted usin

Eidy 18 S o B AL S Sl e 16 fhetdorted to be
i ueedht £ aan . pl et d tesh Deg cac Pd t dnPftprierieeention.
Enbodi nents 20 Fig 1 to Fig. 6 show schematically the
steps of etching of parts of a substrate according to
ant e x e ashowThnsiarat 1 c£11 § hen | Iv@dd Bre Asushovpidsma
Fig. 1, there is provided a substrate 1. The 25

S Fate 1 according to this enbodinent of the

invention is a wafer conprising electric conponents 2
on,itggir nt side. The el ectronic conponents 2 may
Corfpr i IQYS FFNIMRIGECIERE0? ©F°TH eer@t ©f anarea of a
ebrestds M Lit 0 ddBlaedronic, mcro fluidic or mcro
nmechani cal structures. 30 As shown in Fig. 2, a

phot ol i t hographic mask 3 is applied on the backside
ofig hesubstraie 45 Ao HEXEmSt EPa BIGEOF bR Orfd dof an

3, the mask 3 1s ) ,
exemplary method of wafer level chip size packaging,

wherein a wafer is packaged and contacted using, inter

alia, etching methods according to the invention.

Detailed Description of preferred Embodiments

Fig 1 to Fig. 6 show schematically the steps of etching of
parts of a substrate according to an exemplary embodiment

of the invention.

As shown in Fig. 1, there is provided a substrate 1. The
substrate 1 according to this embodiment of the invention
is a wafer comprising electric components 2 on its front
side. The electronic components 2 may comprise e.g. an
image sensor or in general electronic, opto electronic,

micro fluidic or micro mechanical structures.

As shown in Fig. 2, a photolithographic mask 3 is applied
on the backside of the substrate 1.

As a next step according to Fig. 3, the mask 3 is

structured to define openings 4 on said substrate 1. With a
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35 structured to define openings 4 on said substrate
1. Wth a 12 photolithografic arrangenent or a
stepper device (not shown), it is possible to apply
mcro sized structures with _an accuracy of 10 ~im or
to apply sub mcron sized st3uctures with an accuracy
of 0,1 pm respectively. Referring to Fig. 4,

RASSANES hD @A 16 CJ&%M&M dhe ORYPdWIOfiddenot

mask 3 into substrate According to the invention,

(B i s Afsde &%sok@s% T BARNY QL L § W igires with

b A eyt &80 P02 o Thes e fassages rﬁ?é’r&i(t&néjedlo

t hrough the whol e substrate like vias or end in a
PR URES depth g %ql’fﬁarFSéLFb%toralt iy, W?We‘fﬁlo\fs
di scovered that the sidewall angle of the tapered
passages substantially does not depend on the 15

fafEaEN Dt He Sulfst IRATSEIRF catife LoHtadl tieP wHsddre

PperitRy PHACaTT RAATES 8lifeo RUBNS atd Ne, iz idd&o the
over hang bowi ng can be controlled wth the inventive

etHAN{g Aet HEE L0 STHE Shst P TURES DfIaTi LoDl st NI

AURALTORISE Bi.cAhRg ugettlap@ ol § O%heTlQ@E@”}ﬁgsggéé\ﬁeﬂa§/h@xtend
si dewal | passivation and the boftom etc I ng

’ E‘é“w}btw A Ore LS etk traskidie 7 ldeh e ek fekdrei oh
kl t tog{bme@tﬂ %;fl (o indisct 1 Mg, oupl £dy Plasma) pl asma

ng gas SF6 1s use achi evi ng
etching rates up to 25 pnminmin in S|I|con CAF8, 02,

Al GHRR AR M8 &5ve RASSINVAL 1L 4286S%a P angle of the
tapered passages substantially does not depend on the
material of the substrate and can be controlled based on

the process parameters.

Further, the size of the overhang bowing can be controlled

with the inventive etching method.

The basic idea of this plasma anisotropic etching method is
the balance between the sidewall passivation and the bottom

etching.

Plasma etching of tapered passages can be performed on HR
(High Rate) ICP (Inductive Coupled Plasma) plasma kit
tools. As etching gas SF¢ is used, achieving etching rates

up to 25 pm/min in silicon. C4Fs, Oz, and CHFg are used as

passivation gases.

The plasma etch process depends to a certain extend on the
chemical reaction of the plasma gasses with substrate 1.
The etch rate is depends on the diffusion rate of the
reactive species generated by the plasma to the etch front

and depends further on the diffusion rate of the formed
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The plasma etch process depends to a certain extend on
the chem cal reaction of the plasma gasses with
substrate 1. The etch rate is depends on the

di ffusion rate of the reactlve speci es generated by
the plasma to the etch front!335 and depends further on
the diffusion rate of the formed 13 etching products

téi:cﬁﬁ@fbo%rfcf&fnttg‘%cﬁte%rbafﬂé)rﬁrorﬁr h@né ales, ofod fiusd ofhres
to and fromthe etch front are reduced relative to

tHe EHAYWRSiT9 o firaetireetathi Sromd s redeced

Ao g d ale .t RS e 1856 s ideptd), | HeFeaseses 5 ’ﬁ'?‘l@nreduces
al ternative, cryogenic plasma etching coul d al so

S eftdirhlé”t%ma\@rofa% dfer &F Pasierfes @Cm%sfh%cham sm
used in cryogenic etching is a conbination of

formation of blocking |ayer and reduction of the

rreacti onl fRwipdhive + erfodem radiloadma attaidingogould also be

Sd'gécd"‘%r %tfjél'ﬁa}@/%? a9 ec} r}:35193 %%QGS "Isné I}ﬁ“echanlsm used

cryogeni c tenperature oW t enperature i's no
Sl te ag efrgirc rmtrghlamolua:a |czm§omﬁetx@ tdie f@spaamcmeof

fHd” éfnéﬁﬂ' c@fﬁ&q&§ tgétfé § bability of
ol Seeh K57

mat | a method of contacting
|afageeﬂsn@1§brss,irfaq; A m@d‘piraisame e2&hilngs ofethod

TR SR Ao CIANE ST FotdefitdfOls not
whiidreld & dsmstmarayappllaaaizaqzrm i ke afso etlod s Fpe ¢ @ijee .

ﬁﬁg%&g%f% qgf%gg , there is also a layer of
conduc A [

Ive na eri at gl ass sheet 10 is nounted
to S|I|con | ayer 11 preferably using a glue layer 12

q}lagsss 5}1 o l](p %ovv?rssch%% leca%fyeytﬁ?eéllocéSc?fls&gr?gac%lng

wafer level packaged image sensors.

Fig. 7 shows plasma etching of tapered via holes and
channel structures in silicon. The substrate comprises a
silicon layer 11, onto which a resist layer 13 is applied
as etch stop layer. Below the etched passage 5, there is
also a layer of conductive material 14. A glass sheet 10 is
mounted to silicon layer 11 preferably using a glue layer
12. Glass sheet 10 covers active elements (IC/sensors) of

silicon layer 11.

Fig. 8 shows the deposition of passivation and IDL (Inter
Dielectric Layer) layers. Two passivation layers 15, 16 are
applied onto the silicon layer 11, wherein the first
passivation layer 15 is deposited in a CVD process and the
second passivation layer 16 is spray coated. A resist layer
17 is applied as final layer. In a subsequent process step,
resist layer 17 is opened above the layer of conductive

material 14.
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25 silicon layer 11. Fig. 8 shows the deposition of
passivation and IDL (Inter Dielectric Layer) |ayers.
Two passivation layers 15, 16 are applied onto the
silicon layer 11, wherein the first 30 passivation

| ayer 15 is deposited in a process and the second
passivation layer 16 is spray coated. A resist |ayer
17 is applied as final layer. In a subsequent process

resi st 17 i s opened above the | ayer of
c%h%uc% %%oﬂﬁt%fgimalﬁtcﬁhn FP§. tbesﬂéﬁélﬁﬁééﬁﬁ and glue
elgpeng DI, the pagsivptieniandrgbuetol ayensalgasddgantdo the
n order tp assage to the conductive

rﬁﬁ%ﬁygﬁlﬁﬁ matkenlay bL%que t SFBBSGEH%HBUFE?PB Flgjquter

|l eyeist 1lapér Fi D7 8F Fsgstgippedstfsps8gwn in Fig. 10,
contact layers 18 are finally covered, preferably
sputtered, with a netal |ayer and redistributed. A

S@%d@ﬁoﬁﬁsfnaﬁﬁgbuﬁ@eréoﬁgaégr189QE§CEBnQr@rﬁlﬁgpiyegovered
10 These E;ocesses i nclude plasma etching of via holes

fRFe el LY etpVFbaredonthel omehalftaler ened paediangibuted.

ti“%éEdéPQma§PaQ@@|§um§@f§YIgoﬁékngoﬁeagffﬁéeaEQeapplled
contact window in this via holes and

metallization to redistribute the is pad connecti ons.

T@h@@¥%@ﬁ9@@s§@éfPﬁ@@&&eaﬁga§ﬁ§pe€9H§ﬁ§9§f'GlépﬁQYes for the
coating, in I|thograph processes and netal lization

i hsteler 1Pl PRREAGesto athapEredtspudvapfsi andebedscribe-
Rassagess W i brypribselngi devallsc@sc RO 8BhLYc8e8Mnbi8y in
this via holes and the metallization to redistribute the

pad connections.

To have good uniformity and step coverage in spray coating,
in lithographic processes and metallization inside the

passages, a tapered sidewall is needed.

Passages with vertical sidewalls as normally seen in
cryogenic-processes are not apt to be used, since it is
difficult to obtain a good step coverage at the sharp
corners in subsequent spray coating or sputtering

processes.

KOH and TMAH are most common methods used to generate

tapered passages in silicon since these are cheap and easy
to use techniques. However, limitations of these techniques
are the low etch rate (1l pm/min) and the inflexibility for

different designs (fixed angle at 54,70°).

For microfluidic applications passages with tapered

sidewalls can be used as diffusers or nozzles.
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cryogeni c-processes are not apt to be used, since it
is difficult to obtain a good step coverage at the
sharp corners in subsequent spray coating or
sputtering 25 processes. KOH and TMAH are npbst conmon
nmet hods used to generate taH%red passages in silicon
since these are cheap and easy to use techniques.
However, limtations of these techniques 30 are the

low etch rate (I pmmn) and the inflexibility for

i é’rfeﬁthaﬁlél&l%nﬁﬁ(tﬁ %g@% e lfewsyl gy has giyvious

G0t aldied & uipPplalsCatiingl®e RASSRYES, Wdh daparet ion, higher
sidewal.ls can be used as di fusenglor ozzles. 15 Use
OB i T ey "SRR | DT AR Somstan

advant ages such as sinple geonetry for cal cul ation,
hi gher possible flow rates and reduced thermal tine

dndtPEnl SR RES UiSvered & HASYH (9 STERNP t'PREEA e

repee@ds Aas$ageTdm wiidH coraddh b deptdn Ym tii &0 PBFe/0;
with a SF6/02 _gas m xture. For passages deeper than
I3 SpML A Ssi dERaIRN2 S I3Tds Q%%W%r%ﬁﬁ‘}' jthe sidewall

BawWdg tol @Hodovekhafy] 12 shawiiMy passages et ched
with the sane recipe but with different etch tines.

The passage according to Fig. 11 was etched in a

$hefd.erni iand i1 SHerd padiRiCh datd st dofne
pm  This passage has essentially no overhang or
BORRE Piite Widds &4 eddiath o-imas - 12, was et ched
for a longer period of tine and has an etch depth of

about 54 pm and an 20 over hang of about 20 pm
The passage according to Fig. 11 was etched in a shorter

time interval. The etch depth is about 17 pm. This passage

has essentially no overhang or bowing.

The passage according to Fig. 12, was etched for a longer
period of time and has an etch depth of about 54 um and an

overhang of about 20 pm.

This overhang or bowing is very critical for the next
process steps as shown in Figure 8 to 10 such as spray
coating, deposition of passivation layers and metallization

since it causes a reduced or faulty coverage in this area.

The SFe¢/0,-Si system is believed to be an ion-inhibitor
process. In this gas system, the oxygen induces the
formation of a passivating layer on the silicon surface

with silicon oxide.

The SFs" ions etch the passivator or passivating layer

enabling F-radicals to etch the silicon substrate.
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This overhang or bowng is very critical for the next
process steps as shown in Figure 8 to 10 such as spray
coating, deposition of passivation |layers and

metal lization 25 since it cayses a reduced or faulty
coverage in this area. The 6/02-Si systemis
believed to be an ion-inhibitor process. In this gas

SYstepbs el OXygese s NdECERet BeerhRFBLEONLOf i8ved to be:
passivating layer on the silicon surface 30 with

silicon oxide. The SF5+ ions etch the passivator or

pasgévalinghbayehg €nabtengnk- E&QtC@h§tt@h8t$Qs§D@ation
%Ilcon substrate, 16 The pOSSIb|e causes of th
0

e
YRENYS a7 R bféw%%artésb%z SiAAt T GiHg idliarg gvith

t beef acdekdat thel passiyathenr Eﬁ&@@e'Swﬁﬂchn§§|@$9f1cult to
(Si02), so that ions collldln% t he sidewal

WFPTPFRSYES t HF R ehaf BEONfhi € lﬁsCH@¥gi@@IFa@orepel the next
cogpensate with electrons. This charging can repel the

next ions; lon deflection is nost pronounced for

SF6/ 02 etch gas 10 m xture. The negative potential of

t hén PASB RS Wath | S5 ﬂ§§£e§£0ﬁ8§nb8@5f59 ép%Kﬁ g%@ﬁlhas

| on shadowi ng, when ions arrive under an and
tBHEEdee - oFn¢ heePashugerOWrPELinl 0ok Fbﬁsp$$@ﬁ%%t@%lh§

therpeea wmdelondSebhengaskqbayer, It is believed that
the ion deflection is the main driving force for the

overhang formation in the via profile (bowng). 20

Fign dRadOwilmy ShoneR MYhLi SEEP,E1GRLRY BRIE0G1e the topside

of the passages will block ions from etching the area under

the mask layer.

It is believed that the ion deflection is the main driving
force for the overhang formation in the via profile

(bowing) .
Fig. 13 to 15 show a multistep etching method.

As shown in Fig. 13, as a first step a passage 5 with an
overhang 20 is etched into the substrate. In this first
initial step, a profile having bowing has been generated
with SF¢/0; -plasma (10% Op) . The typical etching rate in
this step is higher than 10um/min (for 5% etch area).

The sidewall angle « is defined as the angle between the

surface of the substrate and the sidewall of the passage 5.

As shown in Fig. 14, the mask (3 in Fig. 11) layer is

removed by pure oxygen plasma.
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As shown in Fig. 13, as a first step a passage 5 wth
an overhang 20 is etched into the substrate. In this
first 2Sinitial step, a profile having bow ng has
been generated with SF6/02 -plasma (10% 02) . The
typical etching rate in this’step is higher than
10~immn (for 5% etch area). The sidewall angle a is

ded toefi R tHerangl gsbef ween .t ben 3P sprfacenof sbheropic
substrate and the sidewal|l of the passage 5. As shown

| AL T 19t eP hiel WasKRE(3 Al . 19 ey fgpared sto rramnies]

by PLH £n XYQ@”OP'?§§?-lﬂ7an&@i§§rhﬁ§ t9 EtBiede tAS final
the final step, an isoptropic etching step wth SF6-
PPaZPAI? sIPERebFYed to renmove overhang (20 of Fig. 11

and 12) and to achieve the final passage geonetry.

The stress containing silicon layer with crystal

dTe¢ othreoh aenpaiehty abiyigenetaved vhth abrhbalcal

t hi o Pay < C { de ant e j d

B b e e R s
steinnime sieh, nesk hasavebhcdehovedatanpae ean okygeaved and

D}@fﬁ@b%ég%é%k?ié §%990§$§ﬁcethe final profile has

been achi an 1sotropic etch step (SF6
plasma) . Fig. 16 shows pictures of results of a

tis hi o r c i n.
ot et o P 00T ven ey e RouicE gemyBefgin pure
1oxyJere glalemal | angles are adjustable at least in the
range of 55-750.

In a last etch step, the final profile has been achieved in

an ilsotropic etch step (SFg plasma).

Fig. 16 shows pictures of results of a multistep etching
method performed according to an embodiment of the

invention as shown Figs. 13 to 15.

The sidewall angles are adjustable at least in the range
of 55-75°.

The roughness inside the passages is excellent («200nm peak

to valley).
The selectivity of silicon to resist is higher than 50.

The ion deflection can be minimized by increasing the
sidewall passivation, wall charging and/or the energy of
the ions before entering into the passages. This effect can
be achieved by adding an extra passivation gas (e.g. C4Fg
or CHF3).
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25 The roughness inside the passages is excellent

(0200nm peak to valley). The selectivity of silicon

to resist is higher than 50. 30 The ion deflection

can be mnimzed by |ncrea5|ng the sidewal

passi vati on, wall charging ah®l/ or the energy of the

ions before entering into the passages. This effect

can be achi eved by addi ng an extra passivation gas

e.g. CAF8 or CHF3) 18 A CAF8 gl ow discharge
6@6@&1%&&»%{14@& daaduee potipricalphiecipaetive polymer

%&%@u%%orw@p%l%@n %l%ﬁmlc%b%et %nﬁﬁ%\%}de 3 d@lﬁgﬁz@f@gm%

E& ymer filmisotropical ove t r5s
€ Cika noh @ ofl yde rt rﬁatlmt héomwlmthloh ajpeiver itdle iwafeFC
Rel e, effects such as ion charging and ion
defl ection can be avoided. 10 Tapered profiles can be
achieved in one step with this gas chenistry. Fig. 17

Phevng Sehematiccalhy  f he LLeRING 4f; 3 % 398 15 IO pc-
is a silicon substrate 1 using a SF6/O F8 gas

poltvoea., Affeghdestgh 2% ileonb@whargieldownchd amsief lgation

Rear ngQyewhang can be seen. Fig. 16 shows the
resuF% ofotﬁis etching nmethod. Using an 20 8-inch

waver material, the roughness inside the passage is

L I
Shpuled wpasds el b 1% S8 Sl i asp i ous

wihemisg ryr.ovi des essenti al easy design

Fig. 17 shows schematically the etching of a passage 5 into
a silicon substrate 1 using a SF¢/0,/CyFg gas mixture. An
undercut 21 is built below the mask, but nearly no overhang

can be seen.

Fig. 16 shows the result of this etching method. Using an
8-inch waver material, the roughness inside the passage is
about 3 um (peak to valley). The selectivity of silicon to

resist is about 80.

The SF¢/02/C4Fs gas mixture provides essential easy design
improvements. Nevertheless, the roughness inside the
passage is critical for some applications. The typical

roughness is about 3 um using this gas mixture.

For applications requiring good roughness gualities such as
microfluidic or electronic packages, an extra smoothing

step is needed.

As an alternative, a SF¢/0,/CHF3 gas mixture can be used.
This gas chemistry enables passivation of the silicon

surface with silicon oxide and polymer (FC fluorocarbon).
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25 inprovenents. Neverthel ess, the roughness inside
the passage is critical for some applications. The
typical roughness is about 3 umusing this gas

m xture. For applications re?ﬁiring good roughness
qualities such as 30 mcrofftidic or electronic
packages, an extra snoothing step is needed. As an

ahkeghat cue, Bs Skt 024 GAFBhgasoit Xt Ube €38 beuds8€arbon
Thi s gas chemi stry enabl es _passivation of the _silicon

BS1YBFFabaSHVRTENEI EHR &iildECAndUpdPFRePUtF@lso the source

buerocaphen) whi8h The tads &hk3 respbols 1@Nky e theukeRoval
of the fluorocarbon polyner passivating the silicon

&tir FaLeF bt YASH athd o ompfofcrhng RS safiioh figrming the

Ldnpcane C@Eprnsﬂ}@ & forrdhies remvals &fsSiQ  FY so the FC
| ayers at the bottom of the passages, formng the 5
velLEPRrreieOn?t TReSE2E1RatSO R £Ri #OdyEer sdeposdgerhly

EE?BBQEﬁHBEgESéEQt 2at3babhe a3 the bBe RRHWRY by 0,
deposi ted by F8di scharge (F:Cratio 2) and can be

cempyedehy-02 conpletely. 10 Fig. 18 shows
schematically a plasma source 30 used for plasna
etching according to the invention. The plasnma source
§@geoﬁgrﬁé@ySaspgﬁ@@tépééﬂWo@epéfsaﬁdS@wrC@péérused for

ﬁ'l%%l;néog%cﬁgntg\"’ﬁic%g r@ifgCern %‘Btele‘Eln\()"eth igpRover 15

generator (nof shown), a gas inlet 33 and a punp 34.

Preferably, instead of the direct etch plasm chamber
@ﬁ%gEQEQHatQOEEQe 38, Bnjducli we 16odR! @d RItAYM 31 and an
chanber 1s wused. 20 An i nductive coupl ed plasna
sppeceedsctgodehddnt Whdlchy are connected with a power

generator (not shown), a gas inlet 33 and a pump 34.

Preferably, instead of the direct etch plasma chamber
according to Fig. 18, a inductive coupled plasma chamber is

used.

An inductive coupled plasma source 35 is schematically
shown in Fig. 18a. Such type of plasma source in which the
energy is supplied by electrical currents which are
produced by electromagnetic induction, that is, by time-
varying magnetic fields. The inductive coupled plasma
source 35 comprises a coil 36 outside and an electrode 38
inside the plasma chamber 37. When a alternating electric
current is passed through the coil 36, it causes a time
varying magnetic field, which results in formaticon of a

plasma.

A so-called dark sheath is formed in the neighborhood of
all surfaces in the reactor, which are grounded, electrodes
and walls. This dark sheath can be considered as some kind

of dielectric or as some kind of capacitor. So one may
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shown in Fig. 18a. Such type of plasma source in which
the energy is supplied by electrical currents which
are produced by el ectromagnetic induction, that is,
by time 25 varying magnetic %%elds. The inductive
coupl ed plasma source 35 coffprises a coil 36 outside
and an electrode 38 inside the plasma chanber 37.

¥Benma ahtaer nRaki agpeleat bioCJerClirsr Q&tanismm%sie@ot Itrh@ugﬁasma
the cojl it causes a tine gylng neth field

\RﬁF&HgPeéuFﬁEaCﬁtP&WEPFoHrGFeé% 351 &Sta. eAgél&d@sﬂ o the

gaekmsheatik ces thebigd igast he1rei gisbor hood of  al |
surfaces in the reactor, which are grounded,

el ectrodes and walls. ThIS dark sheath can be
aeasirdengdtas tseme nkiend 1039 af 1dielde! i der oFS pIeEha

kind of capacitor. So one may 20 assune that the

SPPFFred Félersi &5€fan&ntt 't FUHEOYFVES B t hr ough a

capacitor. The process gas can be guided into the

Elasna source through gas inlet 33. 5 Accordlfg to the
AfentPofnoyE| SERERR thicRdd Yol Rrasita Sesd@eSican Feea of a

Be8dosendithive Bletiowave,etie, ﬁaﬂilc%%a§h%W§lmage sensor
schematically a_cross section of an area of a

FREP&3EABPL Ph&cdsvidde FBCh Bt i4dulcomPart Sefage

§ﬁ6§8%e$gl%Q@Erb%b@%epbé%biéﬁldé%ﬂaé Rinteli Abackside
onprises a, photosénsitive charge coupled device and

Conbackerdd  acpreacEed viSaigh PedFegessaing faddagesidie

Ebhhﬁ@t%ﬁ%hmaQQQQ%qt%V%n@a%%@ @tdﬁéﬁ“&fﬁﬁaéﬂ‘éﬂﬁiﬂﬁ§ihethod
an etching nethod according to the invention. 15 Each

BEgerdany §oc fhged@@nil®Nsai d passages with an

Each pixel 41 is connected via said passages with an
amplifier 43. The amplifiers 43 are provided as an
integrated circuit layer 44, comprising single ICs. Said
integrated circuit layer 44 is bonded via a layer of
adhesive material 42 onto the substrate 2.

A contact layer 45 is provided as integrated circuit layer.

Said contact layer is connected with the amplifiers 43.

Since said amplifiers 43 are closely placed to said pixels
41, the signals are amplified substantially directly and
immediately after their formation. The amplified signals

are less sensitive to common noise.

The signals of the amplifiers 43 are transmitted via a
contact layer 45. To transmit the signals of the
amplifiers, the contact layer 45 comprises a bucked brigade

circuit (Eimerkette).

Due to the fact that the bucked brigade circuit processes

already amplified signals, the signal are less sensitive to
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anplifier 43. The anplifiers 43 are provided as an
integrated circuit |ayer 44, conprising single ICs.
Said integrated circuit layer 44 is bonded via a

| ayer of 20 adhesive material 42 onto the substrate 2.
A contact layer 45 is prOV|d§H as integrated circuit

| ayer. Said contact layer is connected with the

aBRLEf b85S 43qucelingg said ameliell 8rsgddearerelosel y
glaced to said pixelS 25 41, the signals are anplified

GBeraAnDAY i PedsryOAndaidnphgitateny 1atver deNérFe 1S

ggagggaogunggnggghg§led signals are |less sensitive
to common noi se. The signals of the anplifiers 43 are

transmtted via a 30 contact layer 45. To transmt
%Hg Bhgﬁéksbg gEB@ c@gghhﬁ'grscohg%cQQat%Btsb§$%E #3ntacts

conprlses a bucked brigade <circuit (Ei nerkette). Due
ttoothehpget -t hat the bucked brigade circuit processes
35 already anplified signals, the signal are |ess
sensitive to 21 noise e.g. induced by said bucked
Biirganetévedyit aCCAEEHR Rl RrOEerogROIEISA (O the

EHQEH%%%%‘t ﬁ% daulee i $hef §QQ%Q% %QSE%HEb%E%H wothnhe

ucket bri gade circuif i's coénnected to solder contacts
@m@ﬂl§h@ww)anAlﬁéﬁnamp&eﬁyer@c@@ﬁdp@@tﬁ@tadoﬁhéﬁctly

fyhadireat, %u%ﬂ%t b?é?gg%?? (Nt Shy eEH%l PX§E§e of

are contac wi th iers an anp ifiers

ahe p@wtaeﬁe@lduwecﬁbyicemmnmmwtb@nyﬂ@@@h@ﬁdch@m@iderably-
circuit, the repetition rate of the photosensitive

devi ce m ght be increased considerably. Fig. 20 shows
&ifl.owOclstwowsotr 4 lowet bbdréf ofafeemeltdnsl ofhimgpfer level chip

size packaging according to one exemplary embodiment of the
invention. This method is used, in particular, for

manufacturing a packaged CCD image sensor.

As shown in Fig. 20, a silicon wafer is bonded with its
front side onto a glass sheet. As next step, the silicon

layer, which is supported by the glass sheet, is thinned.

For contacting, e.g. pixels of a CCD sensor, vias are
formed in the silicon layer. The pixels are contacted with
lead to a solder ball grid array. The solder ball grid

array enables contacting of the sensor package.
As last step the chips are singulated, e.g. by dicing.

Referring to Fig. 21 the step of bonding glass sheet and

silicon layer is shown in more detail.

The glass sheet is treated with a plasma comprising oxygen

for activating the glass surface.
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15 si ze packagi ng according to one exenplary

enbodi nent of the invention. This method is used, in
particul ar, for manufacturing a packaged CCD i nage
sensor. As shown in Fig. 20, a silicon wafer is bonded
with its 20 front side onto?3 gl ass sheet. As next
step, the silicon Ilayer, which is supported by the

gl ass sheet, is thinned. For contacting, e.g. pixels
of a CCD sensor, vias are fornmed in the silicon layer.
The 3l S aRe Tontt AR IhasD5laved are Pt gerted in a
b/l rddb S [ ans Tiesolder balligrisq amgy enabl es
contacting of the sensor package. As |ast step the
cipwdime i il st 2an) e£QF exampkeng. 30 Referring to
Fig. 21 the step of bonding glass sheet and silicon

| ayer is shown in nore detail. The glass sheet is

tT e dnd t9i b garaskay eonpre sthiggoxygerd $ended with an
| it Surfac S1 .6
afd a4 'Itlgf aq{}‘?ﬁsscﬁ_\ﬁé" {808, r &2 byASU\?efgdrc'gi?%}b and

silicon and ass layer are pretreated I1n a

presedsl - As precursor gas is used HVDS
(Hexadi net hyl di si zan) for exanple. s A ass and silicon
| ayer are aligned and bonded with an adhesive. The

ddred s 9 shaateddis s remli aed brelanentheat ing. £d0 Mrege
| C . Ok ro ] e

s S L e U i e

Wth reference to Fig. 22 and 23, the steps of form ng

W 5 raéﬁéé}%’@occﬁof%i NG L4 d&‘r‘zfxe{ﬁ% A e SOOI FBIL: g vias
of the 1s invention’i nore detail.
are shown according to an exemplary embodiment of the

invention in more detail.

Fig. 22 shows exemplary the steps of thinning the silicon
layer. The wafer is laminated to foil and the silicon layer
is thinned by grinding to a thickness between 50 and

180 pm. The grinding may be performed in several steps with

different feed to achieve a better accuracy.

Due to the fact that the glass layer acts as carrier of the
silicon layer, it is possible to manufacture substantially

uniform silicon layers with a thickness below 100 um.

After grinding, the wafer is cleaned, the foil is removed

and the wafer is cleaned again.

With reference to Fig. 23, the steps of applying the
lithography for silicon structuring are shown in detail.
The wafer is spin coated with primer. The photoresist is

heated at 90 °C for about 30 min, exposed and developed.
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Fig. 22 shows exenplary the steps of thinning the
silicon layer. The wafer is lamnated to foil and the
silicon layer is thinned by grinding to a thickness
bet ween 50 and 20 180 pm Th% grlnding may be
performed in several steps wiet different feed to
achi eve a better accuracy. Due to the fact that the

glrass kaY8inadchidasirantl ekiglk bhe p%b%b@%% lFayere) eidc ronic
IS possible to manuf act ure substanti al ly ™ 25 uni form
StIrueSHIrdy8Fs Ricched WATtEkASsStEBiag Tedhos agcoading to

g%b”@hﬂgntﬁaﬁ “@B@r E%sﬁbeéﬁ%%in h%rd@éss‘%sr%%RW%Qmed in
he wafer is cl eane agal n. referénce to

ﬁPgOHEBSt?EeO§téH§ @ﬁeﬁpﬁwyﬁﬁggWheBY|ﬁww@gm@pww fgr one step

%%lb%%@yStEH%t@%bﬁgnﬁr%a§@0Wﬁlﬂnb@e%@ﬂlcalE@es@%fQ%dé%
spin coated with prinfer. The photoresist is™ heated at
dgcoedisglaboat S3GOREN e tekiosed tamd foay dlesyed nap@verhang

Ablb&finkl) N#iaR9 ndRd pdr Kiek@ss¥irgds and passages for
electronlc structured are efched with an etching

nmet hod according to the invention. The plasma etching

@%%C%iﬁehél@eﬁhgﬁ%e@f'%tcﬁ%d@%%r%%%%f@%.Mpéégﬁ%ﬁ%ly 70°

strate In_an one step 5 strat
8h@htﬁQCMaﬁéSWpﬁltb@ sypiican yayer meyee reduced further

Acc i ngl et ¢hi P fQls
o&e? %Q z‘%o% %%%%%@s %Htgle tzltégesggr)? %Eﬁ'he Si &ev\é]lgle'
@raglkél@lfe @p@ﬁ@@tgmu@tfurse@llls steypicaldes 7@ .9 . I0aTiee sensors

thi cKRes$s ﬁg ghel§ilgggga}%yer may be reduced further

inthe etc g pr ocess. th this steep sidewall
angl e, backside contacting of small structures, e.g.

%ﬂgg%a $eNSQS oyl | %%fggR1% | R gleS 2%'@ sHH%nFﬁg F{g

er after perf rmng these steps i's shown in

Resist stripping is performed with an oxygenic plasma.

Referring to Fig. 24, an insulating layer is deposited with
a low temperature PECVD (plasma enhanced chemical wvacuum
deposition) process onto the structured wafer surface. This
510 insulating layer has a thickness typically of 2um on
top and lum inside the vias.

For lithography, further layers are applied in a spray
coating process. These layers have a typical thickness of

20um on top and 1-2um inside the vias.

The wafer now corresponds to Fig. 8.

With reference to Fig. 25, the flow chart shows the steps
for contacting e.g. the pixels of the chip in detail. With
a plasma etching process, using a CF;/C4Fg/He plasma, the
insulating layer is removed to contact the pixel (as shown

in Fig. 9)
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Resist stripping is perfornmed with an oxygeni c pl asma.
Referring to Fig. 24, an insulating |ayer is deposited
with 20 a | ow tenperature PECVD (pl asna enhanced
chem cal vacuum .deposition)zprocess onto the
structured wafer surface. Thi% SiO i nsul ating | ayer
has a thickness typically of 2~imon top and | pm
inside the vias. 25 For |ithography, further |ayers

e applied . in spra coatln rocess. These | ayers
ﬂ%%eaﬂﬁpt% cfac”rr%ﬁégi Rl %% &23%%% EoPy dhPHYIRHRUS plasma
insigepltied vi as. The wafer now corresponds to Fig. 8
30 Wth reference to Fig. 25, the flow chart shows the
steps for contacting e.g. the pixels of the chip in
detaide s Wt maipeplp@@ovets:{y}ﬂgp@apcess, using a
CF4/ CAF8/ He plasma, the insulating |ayer is renoved
to contact the pixel (as shown 35 in Fig. 9) 24 To
agte thedandanash FosdSdndAyes g op, a oxygenous
plasma is applied. The resist” layer is now
stripped. The wafer now corresponds to Fig. 8. As

mexinedte e N, IEadse e ﬁwtsﬁdte@ef@dfﬁé ledhe Mi@syias
10 (redlstrlbutlon) The formation of Al vias to

prIRAIGE T I G The riganateson sohek¥ of sl e throvide
@Wdrﬁ@'sﬂfﬂ&uﬁéé rﬂﬁ%%mé@%% NSh ntelt&?ellngchin—

processes, and is not explicitly shown. 15
v T Sratdsistnd sl Wiy gvetroetmmgj@mﬂm% fand als not

R G 2 spbder ball grid

The wafer now corresponds to Fig. 9.

To provide contacts for a CCD chip, a solder ball grid

array is applied (bumping).

The wafer now correspond to Fig. 10. Finally the chips are

singulated.

It will be apparent to a person skilled in the art that
modifications to and variations of the above-described
methods and apparatus are possible without departing from

the inventive concept disclosed herein.



array is applied (bunmping). 20 The wafer now
correspond to Fig. 10. Finally the chips are
singulated. It will be apparent to a person skilled in
the art that nodifications tQ and variations of the
above-descri bed 25 nethods a apparatus are possible
W t hout departing from the inventive concept
diusetosed herein. 25 Nunmerals: 1 substrate 2 chip 3
mask 4 opening 5 passage 6 conductive material 10
gl ass sheet 11 silicon layer 12 glue layer 13 resist
| ayer 14 conductive material 15 first passivation
iayer 16 second passivation I%é%r 1g resist layer 20
verhang 21 undercut 30 pl asf&PS5GRAEE 31 | ower
gl ectrode 32 upper electrode chip

3 mask

4 opening

5 passage

6 conductive material
10 glass sheet

11 silicon layer

12 _ glue layer

13 resist layer

14 conductive material
15 first passivation layer
16 second passivation layer
17 resist layer

20 : overhang

21 undercut

30 plasma source

31 lower electrode

32 upper electrode

33 gas inlet

34 pump

40 photosensitive device
41 pixel

42 adhesive layer

43 amplifier

44 IC layer

45 contact layer
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33 gas inlet 34 punp 40 photosensitive device 41

pi xel 42 adhesive |ayer 43 anplifier 44 1C layer 45
contact layer 26 Cains: 1. Method of plasma etching
of at |east parts of a 5 substrate, conprising: -
providing a substrate, - appl9ing at |east one
structured nmask conprising 10 openings onto said
Sulastrsat e, or - applying at | east one nmask onto said
substrate and defining openings in said mask by is
structuring said mask, - renoving material from said
substrate at least in said openings by a plasm

tch usi_n proces, a npri si ng at

Headl= B! P St ie Shrdod oo 220 2 BT & =

pl asibes tetadtei, NG oafp rdts ingast parts of a substrate

according to claim2, characterized in that 25 the

anount of oxygen in said process gas is |ess than
- providing a substrate,

- applying at least one structured mask comprising

openings onto said substrate,

or

- applying at least one mask onto said substrate

and
defining openings in said mask by

structuring said mask,

- removing material from said substrate at least in said

openings by a plasma etching process using a process gas

comprising at least one halogenide and oxygen.

2. Method of plasma etching of at least parts of a
substrate according to claim 2,
characterized in that

the amount of oxygen in said process gas is less than

40 % preferably below 30 %, particularly preferred below

25 % expressed as volume percentage of the gasses.

3. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,

characterized in that

the ratio of said oxygen relative to said halogenide is

less than 30 %, preferably below 25 %, in particular
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40 % preferably below 30 % particularly preferred

bel ow 25 % expressed as vol une percentage of the
gasses. 30 3. Method of plasma etching of at | east
parts of a substrate according to one of the
precedi ng cl ai ns, characteri®ed in that the ratio of
sai d oxygen relative to said halogenide is |ess than
30pY¥efpretear blywbelbow 2%oc%umen ppatikntdlqgan .27
preferred bel ow 20 % (vol unme percentage). 4. Method of
pl asma etching of at |east parts of a 5 substrate
according to one of the preceding clains,

haracterized in that S%Ld han%enide IS providgd as a
al t'6FPREI BJeRtde™216 5P 1RE REd 36t 151P8<nE 3t =ChiPhg 2of
at shpastapar ksceldangsybsbhat @ raeeer @irk@cdong 2ilALAs,
characterized in that said sulfur halogenide is

pr 6VPHRETSE3R6. 1Ps teativEehEd Rel oFrAdRE dScRiFRyLeedags @
| eagll rpar hg1efeaideybstrate according to one of the
preceding clains, characterized in that said
substrate conprises a sem conductor material. 20 7.
Met hod of plasma etching of at |east parts of a

ubstrate according to one of the precedi ng cl aims,
ShaMSEP@PiEédp#ﬁsﬂﬁaﬁt§§9893853@Fa9@a@6n§PF§ésOf a

si klpgBratéSa8coMatingd tef cphaame, etphlirag tefridkd @asthat
parts of a_substrate according to one of the

pr E2édi AYLErai helogerirscier Proyirsct Rst Sfai d
substrate is a wafer

6. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,
characterized in that said substrate comprises a

semiconductor material.

7. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,

characterized in that said substrate comprises silicon.

8. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,

characterized in that said substrate is a wafer.

9. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,

characterized in that said mask comprises a photoresist.
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30 9. Method of plasma etching of at |east parts of a
substrate according to one of the preceding clains,
characterized in that said nask conprises a
photoresist. 28 10. Method qf plasma etching of at

| east parts of a substrate a@éording to one of the
precedi ng clainms, characterized in that said nmask is

a0 phot ohbd hogr gphésa sBsking 4. adeihedtobaptassn a
etching of at |least parts of a_ substrate according to

on@Hof LE¥RES preceBihad cFi PRS CfuFhRePTRBRPENSI RY2ERE!
SteRapictétitog ohfrsat dsdB8kmastO0id2a PREDEULI Bhographic
pl asma etching of at |least parts of a substrate
ac®dF8ing to one of the preceding claims, wherein
etching of said substrate is perfornmed in at 15 | east
two etching steps. 13. Method of plasma etching of at

| east parts of a substrate according to one of the

Pt ecg8t RE4ChRI PBasrhy wberehy arfheslegbehpstep Basaa
hi gher etching rate than a follow ng second etching
steprsaRatRpe Aeardingl Benanet ehi hgeoPracefengt Chains .

of r@rtRor sUbsbF L EngceRE dipgpt 9ronerei nhherpr e6edi Adsk.
clainms, wherein the amount of said oxygen is reduced

in the second etching step. 30 15. Method of plasma
etching of at |least parts of a substrate according to

one of the preceding clains,
12. Method of plasma etching of at least parts of a

substrate according to one of the preceding claims,
wherein etching of said substrate is performed in at

least two etching steps.

13. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,
wherein a first etch step has a higher etching rate than

a following second etching step.

14. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,
wherein the amount of said oxygen is reduced in the

second etching step.

15. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,
wherein the substrate is etched in a final etching step,
using a process in this final etching step comprising no

oxygen.
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wherein the substrate is etched in a fina

using a process in this fina

29 16. Method of plasnma

| east parts ofgg substrate according to
g

st ep,
conpri sing no
et chi ng of at
claims 1 to 11, wherein etch

oxygen.

passage into said substrate is perforned in
etching step. 17. Method of plasma etching of at

et chi ng
etching step

| east one
one

of 5 at

| east

parts of a 10 substrate according to one of the

precedi ng cl ai ns,

characterized by an etch rate of

sigd d st Prgicass detveesn &r and BODsPMBA s of a

ferably bet 7 and 100
pr S TRF Wo ARt i hd 2 i

Rl 4l e ipeabn Brching of

pl asirel fghiote QfasfadeasitPagd 5d Bupst sabstIat®arformed in
according.t.o one of the preceding clains,

ch& et iSF8Rat sai d process gas further

conpri ses
| east parts of a
precedi ng cl ai s,

CHF3. 20 19. Method of plasna etching of at
substrate according to one of the
characterized in that said process

gas. IEthel COMIdsSes e 2h o 20 Mtdod, ofc Hl @8R

etching of at

oné® WS T SRR €I &8 rRne

et v Ate digasd H&n%rpéb?@&geré?{ QtHthaJ.Sciiiéjt
é}eézrably between 7 and 100

21. Method of plasna etchjng
between 5 and 500 um/min,

| east, parts of a

substrate "according to

2H Earkiee @iy piains,

rét&eess

| east parts of a

pum/min, in particular preferred between 8 and 20 um/min.

18. Method of plasma etching
substrate according to one
characterized in that said
CHF5.

19. Method of plasma etching
substrate according to one
characterized in that said
C4Fg.

20. Method of plasma etching

substrate according to one

of at least parts of a
of the preceding claims,

process gas further comprises

of at least parts of a
of the preceding claims,

process gas further comprises

of at least parts of a

of the preceding claims,

characterized by etching at least one passage through

said substrate.

21. Method of plasma etching

substrate according to one

of at least parts of a

of the preceding claims,
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30 characterized by etching at |east one tapered
passage through said substrate. S 22. Method of

pl asma etching of at |east pg@ts of a substrate
according to one of the precéding clains,

characterized in that said tapered passage defines a

si deambttangkedr eyakitebing the leastacaeofcapairdd passage

substrate, erein,said sidewall angle is adjusted
?&é@ﬁggosaé dsfés§5 “Coreferably between 60 and

8S', in particular preferred bet ween 6S and 80'. 23.
Met hod of plasma etching of at |east parts of a is
substrate according to one of the preceding cl ai s,
char Metabdzed byaamaeakchangabEeﬁtrQeghmee&xah tlfe a

id I f d refe l,
e e L UL
24chbketbedrotepl asmahatchiang Q&p@&ebe@ees@@et@eaﬁnas a

substrate_according.to,one. of cedi ng cl ai s
ChaTdRreli sER0IR PRARCLHE Lhr FhtooRotgRReds GF lthgubstrate,

Sldﬁé@bhﬁ phigdakddpassagasgile hel awilee cdmbeptiveiar abl°y and
parti cul ar, prefgrred below 10 nmiif

|
Be OHFFgﬁénbéﬁgHﬁ§¥§ePs6prF@§s 3 asld Pegtdsvdar

sup&a@erréaugaﬁeggnRg5 otnyhgosi.dewal | s. 30 25. Met hod
of plasma etching of at |east parts of a substrate
according to one of the preceding clains,
characterized by formng at | east one passage having a

dianeter between 10 Iimand 500 pm _preferably between
48. Method of plasma etching of at least parts of a

substrate according to one of the preceding claims,
characterized by a peak to valley roughness of the
sidewalls of said passages below 200 nm, preferably below

100 nm, in particular preferred below 50 nm.

24. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,
characterized in that the surface roughness of the
sidewalls of said passages is below 100 nm, preferably
below 30 nm, in particular preferred below 10 nm if said
surface roughness is expressed as a standard surface

roughness Ry of the sidewalls.

25. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,
characterized by forming at least one passage having a
diameter between 10 pm and 500 pm, preferably between 15

and 100 um, in particular preferred between 18 and 70 um.




and 100 pm in particular preferred between 18 and 70
pm 31 26. Method of plasma etching of at |east parts
of a substrate according to one of the preceding
clains, 5 wherein said passagf defi nes an over hang
bel ow sai d mask, wherein a dianeter of said passage
is larger than the dianmeter of said opening,
characterized in that the difference of said dianeter
of the opening and said a dianeter of said passage is
| ess than 10 pm preferably 10 less than 5 pm in
Rart Mevhat preperced bekawnd bmlatzzeakhtb@dt@fomlasna
etch%ng o% at | east 8arts of a ﬁﬁbstrate accor to
on8UBF “FRECpRECEEFNGYIcFRi RES ©5 WhEr BFR°E4H8TIsF 6 Prs
ar ehatelrastipapbisabby passheat ad. ov%&hawatb@doafsald mask,
plagna etchigg of at |east parts of gbst h
actBFGFAG EoY0ARSGE L RE FRe eBFﬁaaSFa%ﬁs af@e%hEPéPnt €
saadamQSékvati@alasog@huﬁgedcbﬁraddb&@zad passhuat tas
sai d praqcess hod of pl asma etchégg

gas.t
géFgF§§§Fep8 téaép QlaQSt§6b§Fr5P§ SPEBLAEING oS

OfdiﬁﬁeﬁéﬁcsﬁlBﬁl@'9b§§agewﬂ§rQb@sS@h@np§©SHm9tbQ@f@@%bly
conprlses at | east one carbon conprisin em cal

cohpBdinghago>3gm N%Ph86r6ﬁcﬁﬂé§nﬁr§€€ﬁFﬁ BELgY PeH®t
parts of a substrate according to one of the
precedi ng clains, wherein said passivation gas
conprises CAF8 and/or CHF3 32 31. Method of plasnma

etchiaghel atr beashapaktsigf arsubstieake 2eeesdioRgat 0
one of the preceding clains, characterized in that

saﬁabayéﬁﬁanQCPgreéﬁer5P|@aebyftﬁ@e preceding claims,

wherein said sidewalls are at least partially passivated.

28. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,
wherein said passivation is achieved by adding a

passivation gas to said process gas.

29. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,
wherein said passivation gas comprises at least one

carbon comprising chemical compound.

30. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,

wherein said passivation gas comprises C4Fg and/or CHF;.
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-power of the plasma source. 32. Method of plasma
etching of at |least parts of a substrate according to
one of the preceding clains, further conprising the
step of thinning said substrg?e. 10 33. Met hod of

pl asma etching of at |east pafts of a substrate
according to one of the preceding clains,

Shar deteoidzed ipd atshat esaind nptod isad liga ssaipd rousb st at e

is is rempved to _a.depth of bet n 5 pmand 50Q pm

o EPEPRERYS GF BEAIEN 290 S 00 AP T SO e

pr ehatrbedeef zekhetiveeha80 said 16 hang2Q s34onRidlad dfby the
pl asnma et%hi%% oﬁ at Ieastéparts of a substrate

acBOPFEENnG t 66n& L8P EhE Op-é&edi ng cl ai ns,

characterized by generating said plasma with an

i nductively coupled plasma (I CP) source. 25 35.

Met hod of plasma etching of at |east parts of a
sahsMeatedacdopdiangat @ temd nef dhetpreced pGralsaids,.a

characterized in that said nmask i s structured with a

o BHBEEEo56" 35 BretRa Tt Chloacn B e G T s
pafugtakracomplsisiabe taecerdNe f ahdn@iefy tshed substrate.
preceding clainms, further conprising the step of

snoot hing the substrate 35 surface. 33 37. Method of

pl asma etching of at |east parts of a substrate

%%cordin to one of the preceding clains,
. Methdd of plasma etching of at least parts of a

substrate according to one of the preceding claims,
characterized in that said material in said substrate is
removed to a depth of between 5 ym and 500 pm, preferably
of between 20 and 200 um, in particular preferred of

between 80 and 160 um.

34. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,
characterized by generating said plasma with an

inductively coupled plasma (ICP) source.

35. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,
characterized in that said mask is structured with a

stepper.

36. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,
further comprising the step of smoothing the substrate

surface.
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5 characterized in that the step of snoothing the
substrate is perforned by of etching, in particular
by KOH el Eching of the substrate surface. 10 38.

Met hod of plasma etching of 25 | east parts of a
substrate according to one of“the precedi ng cl ai s,
further conprising depositing at |east one conductive
| ayer onto said substrate. 15 39. Method of plasna
etching of at |east parts of a substrate according to
one of the preceding clains, further conprising

QmatMéﬁhbbeoﬁUpﬁ&éﬁheeabhhﬁgsbf parteaktypwuirtB af a
| east one passivation |ayer. 2Q 40. Method of plasna

et ERPAGTBFSaRCFeReLNBaFPsOBE at EﬁSsPF%P@déBSOF&Pﬁﬁsto

ongngtaptecedingifl 8hfs, thehakapt 8fi gRotAihBathkheubstrate
anpunt of oxy 8en in _said 25 process gas i s between

3
andS4BeEf OpRefiePdnPy BEFRERA 5-NaRAT8HCY] aFnbY KOH-gtching

pabki eHbasupseteteedubetiween 10 and 20 % expressed as
vol une percentage of the gasses. 30 41. Method of

pl asma etching of at |east parts of a substrate
according to one of preceding clains, characterized
in that the tenperature of said substrate during said
pBasMatBeenPhigrpretasstraipgl ek gooleest BFéFér&%

beEﬁB@%§§E€£ﬁcb8rH§ﬁ? EH'@Bepb%f%EEeErE@EQWhg3%l$%Qs,
42. Method o l asma etchin east parts

ffar§05§t?Qméraééégdﬁﬁgoﬁétéﬁé af g?ééédpﬁg EPaPRELive

layer onto said substrate.

39. Method of plasma etching of at least parts of a
substrate according to one of the preceding claims,
further comprising coating the substrate at least

partially with at least one passivation layer.

40. Method of plasma etching of at least parts of a
substrate according to one of preceding claims,
characterized in that the amount of oxygen in said
process gas is between 3 and 40 %, preferably between 5
and 30 %, in particular preferred between 10 and 20 %

expressed as volume percentage of the gasses.

41. Method of plasma etching of at least parts of a
substrate according to one of preceding claims,
characterized in that the temperature of said substrate
during said plasma etching process is below 200 °C,
preferably below 150 °C, in particular preferred below
120 °cC.
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de

characterized in that said plasma etching process is
rformed discontinuously, in particular pul sed. 43.
thod of plasma etching of at |least parts of a 10
bstrate, in particular accqr ding to one of the
eceding clains, conprising” - providing a substrate,
applying at | east one nask onto said substrate, -
fining openings in said mask by structuring said 15

mask, - renmoving material fromsaid substrate at | east

in
=)
pr
C

said openings by a plasma etching process. 20 44.

eclE ONbE SONPDASKHE Predusybbe, atnlpakti pHlkas of a
oduced, accordlng to one of the regeding met hod
7 dngi bt

SHRSLIHEE 4ECCYUALRT | BOePPParkapEe aims,

Pack eabeér PEOFUCRdLhati ERia ﬁEéBﬁQ aeenidyngrbeesBeis

of

the preceding nethod clains. 30 46. Mcro_Electro

VERPEFPERED Y55 AR EMERRYS L Br odilicPBFELICHAR T pRPLFEGL ar

pr
pr
pr

a8
48
in
on

44,

45.

oduced, with a nmethod according to one of the
eceding method clains. 35 47. Mcro Fluidic Device,
oduci bl e, in particular produced, with a nethod

Corﬁéﬂﬂo&OoPnﬁlQEméh@t@ﬁeﬁ?dbﬁgatnﬁbﬁgﬂ phait@BofSa
Filter, in particular ecul ar sieve, produ0|ble

subakFR kel afh pPRELEEHL 2R BRCATABRH0CaLREr AENGNE
gr0teaths PL&ERI NgopBLNdNGL Al 5.

- providing a substrate,
- applying at least one mask onto said substrate,
- defining openings in said mask by structuring said

mask,

- removing material from said substrate at least in said

openings by a plasma etching process.

Electronic component producible, in particular
produced, according to one of the preceding method

claims.

with a method according to one of the preceding method

claims.

46. Micro Electro Mechanical System (MEMS), producible,

particular produced, with a method according to one of

the preceding method claims.

Wafer level package producible, in particular produced,

in
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10 49. M croprocessor producible, in particular

produced, with a nethod according to one of the

precedi ng method clainms. is 50. Sensor, in particular
pressure sensor, producible, in particular produced,

with a nmethod according to ord of the precedi ng

met hod clainms. 20 51. Cool er for m croprocessors

R7odMeEkbe Flundpar Detilcar, pRfceiidted.e Wit g metdiadir
accorﬂing to Qngvof the preceding nmethod clains. 25 ,
52PTPHBEESen¥rtivé BEHICE Gk fioaone of the preceding
chaegroaoupkeds .. phot osensitive device (CCD) or

conpl ementary netal oxide sem conductor (CMOS),

produci bl e, in particular produced, wth a nethod
according to one of the preceding nethod clains. 30

53. Photosensitive device according to one of the .
APecEdilR§ L cLAi R L tdENPRILs FRd et lagastienife drogpfele, in
phetesensi birVerogheRnt % 1def iand RIX e Hdisd to one of
phot osensi tive device, 35 wherein said photosensitive

el ERgnPsegreipgamesitgd $62186nt act ed. 54.

Phot osensiti ve device according to one of the

preceding 5 clains, characterized in that said pixels

are rear side contacted and electrically connected

wot hyaeRbbl-bekss 020 p RRR9$ARST Lin/ & A8 GH ACCHH MEY, with
to one of the preceding 10 clains, characterized in

t hat ngthpdageceseiagpltiof cae iof thesippraedindeagthod claims.
pi xel . 56. Photosensitive device according to the

precedi ng claim

50. Sensor, in particular pressure sensor, producible, in
particular produced, with a method according to one of

the preceding method claims.

51. Cooler for microprocessors producible, in particular
produced, with a method according to one of the preceding

method claims.

52. Photosensitive device, in particular charge-coupled

- photosensitive device (CCD) or complementary metal oxide
semiconductor (CMOS), producible, in particular produced,
with a method according to one of the preceding method

claims.

53. Photosensitive device according to one of the preceding
claims, comprising at least one array of photosensitive
elements defining pixels of said photosensitive device,

wherein said photosensitive elements are rear side
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IS wherein said anplifiers are rear side contacted
and/ or connected in a bucket brigade circuit
(Eimerkette). 57. Photosensitive device according to
the preceding claim 20 whergin said anplifiers are
cascade type anplifiers. 58. otosensitive device
according to the preceding claim wherein said
photoseastédve device conprises a 25 photonultiplier,
in particular a secondary electron multiplier for
photonul tiplying. 59. Photosensitive device, in
particul ar photosensitive 30 device according to one
cl ai. ns, rising at |east one

th ecedin

ot oy B R ET L ChEr (FOBLBF cHBRPEILARY £ PGC pPRoFGeopreceding
sa|dﬂa&m&pseM§r&¢u@rﬂ2&dC§m sRb € s@b@tg§£@§été¥§ rear side
el enent s belggmFH § side contacted wt anplifiers,

char At ar T e QEChECHEh¥%t CORReGRPH i FiER @Bpisfiers.

assigned to each pixel.

55. Photosensitive device according to one of the preceding
claims, characterized in that at least one amplifier is

assigned to each pixel.

56. Photosensitive device according to the preceding claim,
wherein said amplifiers are rear side contacted and/or

connected in a bucket brigade circuit (Eimerkette).

57. Photosensitive device according to the preceding claim,

wherein said amplifiers are cascade type amplifiers.

58. Photosensitive device according to the preceding claim,
wherein said photosensitive device comprises a
photomultiplier, in particular a secondary electron

multiplier for photomultiplying.

59. Photosensitive device, in particular photosensitive
device according to one of the preceding claims,
comprising at least one array of photosensitive elements
defining pixels of said photosensitive device, said
photosensitive elements being rear side contacted with
amplifiers, characterized in that at least one amplifier

is assigned to each pixel.



