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1 Plasma Etching of Tapered Structures Description Field of the
Invention 10 The invention relates to a method of plasma etching
substrates, in particular micro-electronic semiconductor substrates. 15
Background of the Invention Plasma etching processes are commonly
used to etch layers in the production ofl integrated circuits. Reactive lon
Etching was the main technology, but recent advanced 20 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 25
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 THESMEsFAtE L tRE (BaraRsieaDE VorEdE Hhgre also
are some sputtering effects which are believed to be smaller than 30 the
chemical etching effects. Further, it is believed that the chemical etching
process is increased or supported by 2 ion bombardment. Both effects
combined result in a synergy effect providing an enhanced etching rate.

Main, steps-n dhe etching process are: 5

Field of the Invention

The inventicn 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 techneclogy, but recent advanced
techniques such as electron cyclotron rescnance (ECR), and
inductively coupled plasmas (ICP), were initroduced, using

magnetic fields to enhance plasma densities.

It is believed that plaéma etching 1s 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 beslieved that

the chemical etching process is increased or supported by
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1. formation of reactive particles, 2. arrival of the reactive particle at the
surface to be etched, 10 3. adsorption of the reactive particle at the
surface to be etched, 4. chemical adsorption of the reactive particle at the
15 surface, 5. formation of a molecule, 6. desorption of the molecule, 20
With increasing device density on or within a chip, there is an increased
overall functionality, e.g. in applications like MEMS, RF circuits, where

hYigrdeenserRimftroackatérst afemteyractP ofen ald Wittt diditafafd e * 9Y
analog-2% elegtrenic.campeneniscbhis increased cormplexity leads to

smaller bond pads on devices and advanced packaging challenges. One

of the essential features of image sensors packages and 30 MEMS or

Yolar cellsare the backsidectontactsrOptical 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

YevitesHid: PEqife 4 pP6tetisn BgaihsCeiironmental influences. Even

35 for AeroMEMS which need an interface to the environment to 3 detect

or to, oty fhe, fow behaylour precisely, defined, peninos of PASSAGSS pe
are 8&sential for the rf‘unclfionaﬁty of
etched,

3. adsorption of the reactive particle at the surface to be

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 integrated, often also with digital and analcg
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 sclar cells are the backside contacts. Optical
devices reguire 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 ReroMEMS which need an interface to the environment to
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these devices. 5 One problem of the state of art etching methods is the

bowing of etched passages. This means that the diameter of etched

passages increases below the mask and after removing the mask, a

small collar extends along the edges oketched structures. Accordingly,

bowing shows pronounced 10 disadvantages for the size of etched

structures and causes problems in subsequent manufacturing process_.=
RS tOBRCE6f tadhventigH LS 1198 ak BBjEEL 6 the MvEAtoIFtb probide” e
agnethegofcetchingsofptdeastparts of arsubstraterwhich isueliablerandi ty of
%?%:Sog/eggvrpécgos size structuring precision. 20 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
issfurther, an abject of the invention to providean, 25etehingmethod the
which enables etching of tapered passages and to define the sidewall

SRYREFST tgser%afﬁa%faaaé BAEEd "on'theetBinG néthdd. 56 Suntily 6 ©*
the-lnventiers T hiscobjectds achieved byamethodrefsplasma etching of atoving
o551 paty of 2 sypstate paceordanee ith DgeRendsl Al tandticneq
050, % dvantageous refinements are subject of the respective

dépandent Taimsc5s Actordiny to BTEihventior, tieridlis providéd a

substrafentages for the size of etched structures and causes

problems in subsequent manufacturing process steps.

Obiect of the Invention

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

and improves a micro size structuring precision.

furthermore, 1t is an obiject of the inventicn 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 k0.
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and at least one mask is applied onto the substrate. This mask can be
structured after deposing on the substrate or an already structured mask
is applied. 10 The structure defines or comprises openings in the mask.
These openings might have different shapes, e.g. round structures to
form circular passages or rectangular structures to define stripe
conductors or passages. 15 By performing a plasma etching process,
material is removed from the substrate at least in the openings. According
dhennventions a pracessgasis used eampesing@t least onespective
réaeloggrgde%ndloax%/ggn. 20 The inventors have discovered that it is

pOSSI & With this gas mixture to etch micro-size structures, especially

passages for backside-contacting electronic devices. The inventive

method provides tapered-passages Withysidewalk25 apgelssubstantially rate
independent from the material of the substrate. This means that the

SHEWAIF angeTieiftia? i Hefined bythe CR/stSttclute nor tollows the ="+
orystal dexture: 3cEurthermareaif isspossilgle $0 farnppasdagesubstrate or

substantially without averhang, (howing) helow the mask. According to a

preferred embodiment of the invention, the” amount of oxygen in the
process gas is less than 40 % 35 preferably below 20 %, in particular
preferead-below:25 % £ ke pertiondmdeiined inyelumepercentage. dhek .

ratio of the said oxygen to the said halogenide is | han 30 %
These openir@ﬁy%qut ﬁave %%99%xg§t5§§§§e%,3g.§x round
structures to form circular passages or rectangular

structures to define stripe conductors or passages.

By performing a plasma etching process, material 1s removed

from the substrate at least in the openings.

According to the invention, a process gas 1s used

comprising at least one halcgenide and oxygen.

The inventors have discovered that it is possible with this
gas mixture to etch micro-size structures, especially
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 fcllows the crystal

texture.

Furthermore, it is possible to form passages substantially

without overhang (bowing) below the mask.

According to a preferred embodiment cf the invention, the
anmount of oxygen in the process gas i1s less than 40 %

preferably below 20 %, in particular preferred below 25 %,
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preferably below 25 %, in particular preferred below 20 % (ratio in volume
percentage) . The inventors discovered that 5 with an amount of oxygen
below 30 % of a SFe/02- mixture it is possible to etch micro-sized
passages substantially without any ovgrhang or bowing. The volume of
the gasses is measured as standard cm' (sccm). 10 The halogenide is
provided in particular as a sulfur halogenide, especially as SFe.
Abeording-foothelifivelitioh the téfim halbgenidesds defifed as Mvtectiés or °f
atoms; EompHsing.ane-or meke halogen atoms., 15Margoveks saithan 30 %,
halogen atoms can be chemically bonded in Toleculesfor pandb%BEOVid%% N
RE fortst 36t iRstancE Asions ‘within Bplasmia. Trie Metidd a6cording o <~ °
thesinvention refates<o warioas: 20usubstrales, imparticalas séarconducter that
materials likg silicon wafers, According to apreferred.erbodiment ofthe . ;¢
invention, a photoresist is used as mask. 25 Such masks can be ‘
strudtarsd-with photcHthayrapiiE Sproté&se s @8Fédially Gsing 'stéppersty
whichenable steugsuneswithoa presisian of ¥8pm-ofieves hetterhize. gksses is
recision 8f only atsmgll frgctioa ?Jg micrometer, as f.i. 30 0,2 pm or
e\?éinsﬁﬁepmésrha ifventors discovered that the selectivity of SiO, is very
good. It is possible to etch on photosensitive resists. 6

The halcgenide is provided in particular as a sulfur

halogenide, especially as SFs.

According to the invention the term halogenide is defined
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 1s used as mask.

Such masks can be structured with pheotolithographic
processes, especially using steppers, which enable
structures with a precision of 10um or even better, i1.e. a
precision of only a small fraction of a micrometer, as f.1.

0,2 um or even 0,1 pm.

The inventors discovered that the selectivity of 5104 is
very good. It is possible to etch on photosensitive

resists,
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After etching the substrate, the mask can be easily removed. 5 According
to an embodiment of the invention, the substrate is etched in at least two
etching steps. In particular, a first etching step can be performed having a
higher etching rate than a following seCé)nd etching step. 10 With the said
first etching step it is possible 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 in one or several further etching steps with

lowee etchinghrate. 15 Ehe inventers«jscaveregsthat by reduciag dhe v

proer;[rllgqrgf oxygen in the second etching step, the accuracy can be

improved. 20 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 (Mia hale)can-also hereiched intofhe sybstratedn a singles yp st rate
etching step, 25 Especially by means of added gases for passivation, for

ANTHIETESF3 br TAF8E i pb¥SibR 16 etef passiyes of high accuracy,

which are substantially free of any overhang or bowing. 30 With the

t ccording to the.inyvention, various etching. rates are passible, in, .
A e Bing ot G b e A B 08 S taaving
preferablybetwesn 7anee 100 Pmmia, and paricllaryprefstred-betweenstep .

Gianel 20M/MMING first etching step it is possible 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 in one or several further etching

steps with lower etching rate.

The inventors discovered that by reducing the portion of
oxvgen 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 cne passage (via hole) can also be
etched into the substrate in a single etching step.
Especially by means of added gases for passivation, for
examplie CHF3; or C,Fg, 1t 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 300 pm/min, preferably between 7 and

100 pm/min, and particularly preferred between 8 and

20 um/min,
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process gas improves the manufacturing accuracy and further reduces an
overhang formation below the mask. Preferably, these passivation gases
include at least one carbon 5 comprising chemical compound. The
sidewall angle can be controlled by parameters of the etching process. It
is possible to form sidewall angles between 50 to nearly 90. The

invéntBRIdiRBovEreB ARAL- TG WitRTarP@ERing methodatcoramg thahe =© the
ipventions the: sidewalbaagledoesmot fdilowt theierystat stiucture ahdaftrther
substrate. For most lications steep passages are desired. But an 15

R s o Do e T B B e et
drirorecariduttive aterigRine furthes protess stéps: BWecordingly Hben

sidewall angle is.rkept preferably between 75 and 85. 20 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
td ivalley)d praavidingrapstandard $urfacerroughness Ra gf dhesidesalisof the

below 109 nm. preferably. below 30,amy, in.particylar below, 2510 Ny, o1

(Ra). It is"possible to form passages or via holes of very small diametérs
BetvEsF103m and 5@?651\’ préferabl Betweein 1S dhdi6epirered that
patticularly preferred between 18 and 0 M. 30 the invention, the

sidewall angle does not follow the crystal structure of

said substrate.

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 cof 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 (Ra).

It is possible to form passages or via holes of very small
diameters Dbetween 10 um and 500 um, preferably between 15

and 100 um, particularly preferred between 18 and 70 um.

According to the inventicn, 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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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 8 sidewalls of the passage. %ccording to the terms of this
description a passage defines an overhang below said mask, when the :
diameter of 5 said passage in the neighborhood of said mask opening is
|8 iar the diahéteP BFSaiE $nask opening. According to the
invention, it is possible to form passages, wherein in the neighborhood of

the mask opening 10 the difference oﬁt}hce djameter of the opening and the
i) Ol inG e 500 1 s Hort 40 i Sreabadily FseaEes BT i

particulasprefered féssithan<2l pm. Apossibie sverhang cahdeddomeolfed of
inter alia bythe. 15 power of the plasmpasqures: Espegially for removing a; ¢

remaining overhang, the substrate can be thinned. 20 With the method
actofditg t5 e ventioAtheStibstrate® &an Bé Eichdtfio'a depth of
between 5 pm and 500 pm, preferably between 20 and 200 pm, in

artioular, preferred  hetween, 80, and 160 pm, 25 As a,plasma sourge for
generating I%e plasma, nearly all kinds of fﬂasn%a sources can be Used, in
particLiae tnduttivelidoupled-plashrai@bPy sbareds afe Stitabie s Bycpening
stucturing-thesmask with:a, stepperan-accyeacyef 30-hetterthan 40:um

can be achieved.

diameter of the passage 1s less than 10 um, preferably less

than 5 um, in particular preferred less than 2 um.

A possible 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 pm and 500 um,
preferably between 20 and 200 pm, 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 ccupled plasma (ICP) sources are suitable.

By structuring the mask with a stepper, an accuracy of

better than 10 um 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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To improve the surface roughness of the substrate, the substrate might

be smoothed in a further process step. 9 The temperature of the

substrate during said plasma etching process is hold below 200 C,

preferably below 150 C, in particular preferred below 120 C. Accordingly,

the method according to the inventionis suitable for 5 microelectronics.

To decrease the substrate temperature, the etching process can be .
bBfoiRE® BisEBAIRUGUSIVE IR partictilaf pulsed L 1014 paptichiar! fiigna etching

substrate can hesetghed.ima KOH ®tching pracess.Afteretehingsaf the, in
substrate, conductiye stripes can be far for instance by, depasiting a
et b Eondtcive: T5TAy S o iE the Subtrate Fivally. Tha SUbratre s
ean beccoated withreepassivationotayer 20uEHeinvention is suitable for

yarigus.applications,.such as electronic components, in particular wafer

LD S

level packages, image sensors, e.g. CCD chips, Micro Electro
Mechanical Systems (MEMS) or also for microfluidic systems. 25 Due to
the factthat the sidewallisaglesisenat enpalydear einehameuatinflyenced s s

lg:% It}h%[anatena# of the s%bstrate also JIHS(?{S in Partlculatr cular Sieves,

.molf
Gah be “manu éjciﬂﬂree%l. ﬁ%ﬁ?iﬁgrlsnélan e provided with sidewall nggls

of nearly 90 in order to form substantially trough- 30 going passages. The
inyeption is-suitable for photosensifive deyicene ctched, in a KOH

etching process.

After etching of the substrate, conductive stripes can be
formed, for instance by depositing at least one conductive

layer onto 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 Electroc 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 pheotcosensitive device
backside contacting, in particular of charge~coupled

photosensitive devices (CCD}.
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backside contacting, in particular of charge-coupled photosensitive
devices (CCD). 10 By directly contacting each pixel, the signal noise of
image devices can be reduced considerably. 5 The signals of each pixel
can be amplified by a cascade type amplifier or a photomultiplier, in
particular a secondary electron multiplier. The amplified signal can be
transmitted by a bucket brigade 10 circuit. Due to the fact, that the
bucked brigade circuit processes amplified signals, the signal noise is
reduged esignificantly: Preferaply.sthe above mentioped leGIIONIG i s of
components are 15 provijded as integrated circuits, in particular as thin

Hifh FiteGrated EircUifs Brief DESERiftion st tHe Brarihgs: 20 Figs. 1 to 6

show steps of etching a substrate according to an exemplary embodiment

qfﬁgegqvqﬁmg, Bigs. £ 19 10.show schematically 2 methed,of contacting .

25 waferlevel packaged image sensors, Figs. 11 and 12 show two
iﬁﬁﬁb%sao"f‘%]aégéé‘é’s EtEhadRAitH e $ame rééipe but withdifféreht Btch
tiaesndrigse13 to: 15:5hew & multistep etch method, Fig. 16 shows a

result of a multistep etching method according to Figs. 13 to 15. 11 Fig.

17 shows a picture of the result of the inventive

The amplified signal can be transmitted by a bucket brigade

circuit. Due to the fact, that the bucked brigade circuit

processes amplified signals, the signal noise is reduced

significantly.

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

integrated circuits.

Brief Description of the Drawings

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

an exemplary embodiment of the invention,

Figs. 7 te 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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etching method, Fig. 18 shows schematically a plasma source adopted to
be 5 used for plasma etching according to the invention. Fig. 18a shows
schematically an inductive coupled plasma source. 10 Fig. 19 shows
schematically a cross section of an are of a photosensitive device. Fig.

20 to Fig. 25 show schematically flow charts of an exemplary method of
wafer level chip size packaging, 15 wherein a wafer is packaged and |
Edrtacted Wi Inter PaifaT Btchifg melifodsS&tording tote mvERtion 7 e
PetailedPescriptian of preferred Embodiments 20 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
providePa sbbstratech ahet 28 sbbstraterl a6dordigtdthisteHBodifnert Pe
ofsthe invention; is.a wafergomprising electic compagents-2-01 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
Stiucturesa 38HAs«shover #kigi 2aa photolithogtaphic maske3 isl appliedz sma
Qn the backside of the substrate 1. As a next step according to Fig. 3, the
mas % Is 35 structured to define openings 4 on said substrate 1. With a

12 photolithografic arrangement or a stepper device (not

Fig. 19 shows schematically a cress sectilon of an area of a

photosensitive device.

Fig. 20 to Fig. 25 show schematically flow charts of an
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 etcning 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 Z may comprise e.¢g. an
image sensor or in general electronic, opto electronic,

micre fluidic or micro mechanical structures.

As shown in Fig. 2, a photolithographic mask 3 is applied
on the backside cof 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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shown), it is possible to apply micro sized structures with an accuracy of
10 pm or to apply sub micron sized structures with an accuracy of 0,1 pm,
respectively. 5 Referring to Fig. 4, passages 5 are etched through the
openings of the mask 3 into substratel}. According to the invention, there
is used a process gas for etching comprising SF6 and up to 30 % 02.
These passages may extend 10 through the whole substrate like vial or
may enldtintee Pradefinedrdepts ThwithirP sulbstrRiEe R0 The fvehters (not

diseqvered that the sidewalh angle of the Japered passages substantials wich

does not depend an the 15 material of the substrate and can be controlled
Basetf 6H the prBtess patanteters” FaftRer td'iz8 of ThE otiérhahg
Bowingcarelse gontrolled avthithednventive gtching methpe.c20 Thé basic
idea of this plasma anisotropic etching method is the balance between

the sidewall passivation and the bottom etching. 25 Plasma etching of
faperett passdgesican-be peASMIed 8 HR 2(Hight Rat®ACP fRdGetve €
Goupled Plasma) plasma:kit Joels: As giching gas SF6is.used,BGhiewng the
etchinlg.rates u&tOTZS pm/min ig silicon. C4F8, 02, anfd CH@F@ are used as
635‘%‘?varti%cr)1ngases?38 The ﬁ]ggmaaetgﬁ c[:D)Fo@csesss %%%en8§ t& & Certain

extepd bnithe Ehemical reaction ofthé plasmalgasseswithasubstrateylextend
through the whole substrate like vias or may end in a

predefined depth of within substrate 1.

The inventors discovered that the sidewall angle of the
tapered passages substantially does not depend on the
material cf 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 ¢f 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 pum/min in silicon. C4Fs, 02, 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 stch front

and depends further on the diffusion rate of the formed
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The etch rate is depends on the diffusion rate of the reactive species
generated by the plasma to the etch front 35 and depends further on the
diffusion rate of the formed 13 etching products to escape from the etch
front. The rates of diffusion to and from the etch front are reduced

relative to the shallow silicon structures. This reduces the etching rate, as
the etch depth increases. 5 As an alternative, cryogenic plasma etching
GoUla Blisb be UsEdor efchirif 6Pfapéredpadsages S Thedhechakismrates
used: iF engenic-eiching is a-combinatian-of fermation: ot blecking layer
and reduction of the reacti groba ility of 10 radicals at silic Qj.surfacg. A
aavatage of 1S motfcd 14 the trybGENE tarperatire. TH fow ©oos
temperature igynot saitable fohmaay applications due1e ke respective
temperature limitations. 15 Figs. 7 to 1.0 show schematically a method of

contacting wafer level packaged image sensors. Fig. 7 shows plasma )
Siehity GHthferedinvial Riolesarr ThaRin@l SHEfures fiisiliCory g also be

substrate eomprises.q 20 siligpntayerdds eatpawhich aresistdayeldis vsed

alprplied as etch stopﬁ!: er. Below the et@eqa{)classagg ]_5 Jgwere IS .also a

Iayerc of'conductive material 14, Aaglcfics)én Sh&St 10°is mounted fo 8i |(I:}'onOf

layerckt peeférably using arglde dayern12.iGlaks sheet:t0 eovarscaaive 1 ity of
elements (C/sensors) of .25 silieqn layer, 14 Bigq 8 showshe deposifione hod
of passivation and IDL (Inter _ ,
is the cryogenic temperature. This low temperature 13 not
suitable for many applications due to the respective

temperature limltations.

Figs. 7 to 10 show schematically a method of contacting

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 1is
mounted fo 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 i1s spray coated. A resist layer
17 is applied as final layer. In a subseguent process step,
resist layer 17 is opened above the layer of conductive

material 14.
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Dielectric Layer) layers. Two passivation layers 15, 16 are applied onto
the silicon layer 11, wherein the first 30 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 layey, In a subsequent process step,
resist layer 17 is opened above the layer of conductive material 14. 14
Fig. 9 shows plasma etching of the passivation and glue layers 12, 13
and 14, 15 in order to form a passage to the conductive material 14. In a

subsequentstep, the:ouier b esistiayeri1¢10f Fig.83)is strippedaAs glue
shown in Fig. 1Q,.contact layers 18.are finally covered, preferably

sTpa t%?fesd,‘lvgifh %%ngt%%la]yér‘ ar?g1 réé?st%ﬁ%%%.g& sgfﬁierfpn?a&aﬁngaﬁge to the
sumpastioforeahtaciing aré applied E0TFheseprocesses indlode cuter

Rlasmaietghing of viavheles farthegelectrical.contact{o the front-end pads
and the scribe- channels, spray coating to create the contact window in
this via holes and the metallization to redistribute the 15 pad connections.

Te hatregood uniformity. nd step-eaverageywrspray coating,iie1ly covered,
lithagraphic,processes.and metallization inside t sages, a fapered .
gdewall IS ﬁ(@[&de%. ZoePass'ages With%erét%?a %siggﬂv%ﬁrss‘agsg §or%é%ss%%%buted'
ift Eyofénicthtotessts &réHot apt fo'he BSed Sines ftis difficalt epplied.
obtain a good step coverage at the sharp

These processes include plasma etching of via holes for the
electrical contact to the front-end pads and the scribe-
channels, spray coating to create the contact window in
this via holes and the metallization to redistribute the

pad connections.

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

passages, a tapered sidewall is nesded.

Passages with vertical sidewalls as normally seen in
cryogenic-processes are nct apt to be used, since it is
difficult to obtain a gocd step coverage at the sharp
corners in subsequent spray coating or sputtering

processes.

KOH and TMAH are meost 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 (1 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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corners in subsequent spray coating or sputtering 25 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 30 are the low etch rate (1 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. 15 Use of channels with tapered sidewalls has obvious
ddvantagessuctr as simple gegmeteifos Cdloutation, higheripossibie flow

(ates apd seduced thermal tmg congtant 3 twas discovered thatdtis s gner

easy to create tapered passages insilicon with a depth up to 30 pm with
B SF6I07 alslmiktiret For passafestieepet #i86 phi. Hhe Sifewalr© -
tends to show overhang, i.e. bowing. 10 Figs. 11 and 12 show two
assages etched with the same, recipe but with different etch times. The
D eoT0e ALboranG 1 Fig TLwak elchedit b shorter 75 EmeHios 4.
The etchedepth is aboab17 pat.IThis pagsageuhas esséntiailywbth a SFs/02

gverhang or powing, The.passage agcerding 19,E19. 12, was et¢hedforayz11

longer period of time and has an etch depth of about 54 pm and an 20
&dtHang of aB6Yt S BRT s overfiang o bBfing is very critical for the

next

Figs. 11 and 1Z show two passages etched with the same

recipe but with different etch times.

The passage accerding 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 pm 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 causss a reduced or faulty coverage in this area.

The 5F¢/0;-5i system is believed to be an icn-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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process steps as shown in Figure 8 to 10 such as spray coating,
deposition of passivation layers and metallization 25 since it causes a
reduced or faulty coverage in this area. The SF6/02-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 30 with silicon
oxide. The SF5' ions etch the passivator or passivating layer enabling
F-redicals 16 eich thewsiiconcsubsiate 1er Tho possibldcduisesof the be:
overhang are believed to be: Sidewall charging due to the fact that the
passivation layer is an insulator (Si02), so that ions colliding with 5 the

stdétvaiPwill 18576 theiPcliaige "Whichds ftficulitd® CompBnBateiniti -+ °7
electronst T his:chargingadan-repel the nextoionszlonideflection is tiosy with

PIAROWNSRA,IO! PFOIZ eieh.gns (0JTNIE, The NegRING.PAeniaka 1hg, ¢ +o
passage walls e sidewa

eflect the ionsto t ; lon'shadowing, when ions

AV BRAEF&n Ahgle theepsite sof the bassagewilithisek ionsHfgmtie next
eiching the area under 15 the mask layer. It is believed that the ion

deflection is the main driving force for the overhang formation in the via

profile (bowing). 20 Fig. 13 to 15 show a multistep etching method. As
showndiniFig.c13,cas a firststdp apassagesavithcan S£:/0; etch gas

mixture. The negative potential of the passage walls

deflect the ions to the sidewall;

Ton shadowing, when ions arrive under an angle 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 Filg. 13, as a first step a passage 5 with an
overhang 20 i1s etched into the substrate. In this first

initial step, a profile having bowing has been generated
with SF¢/02 =-plasma (10% 0z). The typical etching rate in

this step is higher than 1Cpm/min {(for 5% etch area).

The sidewall angle o 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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overhang 20 is etched into the substrate. In this first 25 initial step, a
profile having bowing has been generated with SF6/02 -plasma (10% 02) .
The typical etching rate in this step is higher than IOpm/min (for 5% etch
area). The sidewall angle a is defined-as the angle between the 30
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.
Rz fR&fevAAg EPFIGE 25, as théfinalstep, ‘ahdisopftiGpic Sfehnt Step Withe
§E§rﬁla§mgh&%fpenfqrme¢the@pagn@vem%rgge@ﬁa@ﬁ@g- ¥ aﬂ@nlﬂz&)eand
to achieve the final passage.geomejry. 5 The stress containing silicor. ,
Ryer With%rystal %{%Iotcla‘%ibnlgs Bo@ntAlly gaerh%ergzt%da}ﬁ %l%\é%hghi%al%mal
trrmAag St @aatbevavoided to guarantee an improved and reliable
package performance. 10 In a further step, the etch mask has been
removed in pure oxygen plasma. In a last etch step, the final profile has
B&én abRiRvEd HP 15AR isotropicletcR SteF(&H6 prasmajrER)- 46 shows
pictures of results of sonulisiep etchingn methedipeformed araordingl to

an embodiment of the 20 ipvention as shown Figs. 131015, The sidewall, . .
anglrés are adjus%{ble at least i the range of 75
reiiable package performance.

In a further step, the etch mask has been remcved in pure

cxygen plasma.

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

an isotropic etch step (8Fs plasmal.

Fig. 16 shows pictures of results of a multistep etching
method performed according to an embodiment cf 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 1s excellent {«Z0Cnm peak

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

The ion deflection can be minimized by increazsing 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. C4Fs
or CHF3) .
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25 The roughness inside the passages is excellent (<<200nm peak to
valley). The selectivity of silicon to resist is higher than 50. 30 The ion
deflection can be minimized by increasing the sidewall passivation, wall
charging and/or the energy of the ionggbefore entering into the passages.
This effect can be achieved by adding an extra passivation gas (e.g.
C4F8 or CHF3) . 18 A C4FB glow discharge produces chemically
reactive polymer precursor species, which can be employed to deposit a

blackinggiotymer flamisotropicatiyabeve theswates bisuriacec Duedothe ymer
factdhathe passivation malerigl is A FG _palymer, effecis sych as fan .
%ﬁarglng and ion deflection can be avoided. 10 a?faereé préjfﬁgs can be
héhielved dn bR STEF with thisigaat ERErhistY L Fige 17shoWseschehtatically
the-etching of a passage 5 into 15 a silicon substrate 1 using a
SF6/02/C4F8 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. Wsiag danc 20B:mchbiiayeraeatéral; iheroughness inside ther C-
passAde s aboul pm(paaklo valley). The selectiylty of silica.(or fesist.
IS ab%ut g0. Thg SdF6/02/C4FO gas mixture provides essential easy design
can e avolaed.

Tapered profiles can be achieved in one step with this gas

chemistry.

Fig. 17 shows schematically the etching of a passage 5 into
a silicon substrate 1 using a SFe/0,/C:Fs gas mixture. An
gndercut 21 is bullt belcw the mask, but nearly no overhang

can be seen.

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

resist 1s about 80.

The SFg/0,/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 reguiring good roughness gqualities such as
microfluidic or electronic packages, an extra smoothing

step ls needed.

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

surface with silicon oxide and polymer (FC flucrocarkoen).
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25 improvements. Nevertheless, the roughness inside the passage is
critical for some applications. The typical roughness is about 3 pm using
this gas mixture. For applications requiring good roughness qualities such
as 30 microfluidic or electronic packaggs, an extra smoothing step is
needed. As an alternative, a SF6/02/CHF3 gas mixture can be used. This
as chemistry enables passivation of the silicon 3 sulg%czx/ith silico
[

fIe%@Td potymer(FEfusrocrbony. 15 Thetgas cH ot onifythe ™
solree=af the fluoracarbon tpolymerl passivatingithe silicoh suifaceibut source

glsothe source Qf.CR-jons, which in,turn are responsiple far the remoyal, 2 )

of SIOFFy layers at the bottom of the passages, forming the 5 volatile
TOREY: Thel i Fatichih thistcdse’is 3se the-BE PBRATErSS not 4<Bidlle t1e

as the Edﬁte)pgkymgr. depesitedby- G4R8 discharge (E:G eatios2)33nd:canbe FC
remove 02 completely. 10 Fig. 18 shows.schematically a plasma
géS%%eéb %geé} ?ogr é)l%ls?n%ae%t%ﬁin%sac%%%d%tda ﬁﬁley irﬁl\%ntéléoerﬁp %Jéted by
plasnib solree B0 démprises-a fower electrode3 band ancuppereleétrode
§8mWTL§Pe"’H§ connected with a power 15 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

psed. 2GAntincuctivercatpted-plasmassaures: 35 isschematidallysed for

plasma etching according to the invention.

The plasma source 30 comprises a lower electrode 31 and an
upper electrode 32, which are connected with a power

generator {(not shown), a gas inlet 33 and a2 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 1is 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 coll 36 outside and an electrode 38
inside the plasma chamber 37. When a alternating electric
current 1s passed through the coil 36, 1t causes a time
varying magnetic field, which results in formation of a

plasma.

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

of dielectric or as some kind of capacitor. Sc¢ 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 electromagnetic
induction, that is, by time 25 varying magnetic fields. The inductive

coupled plasma source 35 comprises.g 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
SIS Sn ForPationof P BbiRasAaNA Solcalled HapR SRR i$ forkhsd nlasma
theraeighberheed:of  albsurfaces ip the reacteyz whiclrare-grounded, into the
elrfctrodes_ and Wag%rThis ark sheatq can 5) considered as some kind

B5 bt diel&Etric or as'some’ mﬁ%? cjaf}agtor. 0 one may 20 assume that

the applied power is transmitted to the plasma through a capacitor. The

Rrocess gas can he,guidgddnfothe plasmasouree thiough gas inlet33, 5

According to the invention, all known kinds of plasma sources can be
GE8T, G, RED nficrowave et€ Hg. Td shdws sSCHéMaLEHy a cross

section of an area of a photosensitive device 40, in particular an image

nsor 10 comprising pixels 41. I.Egch pixel 41 comprises a photosensitive -
?haﬁ'ge cou?:)c%l’eoc?r device %ﬁ S]llslggc s%fdea c%ﬁ?a%%eds via pla%%agés.agai%rea ok @
passagesrare filled withv eoadudtiveimatesialé andafe aichithwith aansor

elching methpd.according fo the iyeptign.; 12 Fachpixel 41.is connected

via said passages with an ‘ , ,
photosensitive charge coupled device and is backside
contacted via passages. Sald passages are filled with
conductive materizl 6 and are etched with an etching method

according te the invention.

Each pixel 41 is connected via saild 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 commen nolse,

The signals of the amplifiers 43 are transmitted viz a
contact layer 45. To transmit the signals of the
ampiifiers, 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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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 20 adhesive material 42 onto the substrate 2. A contact layer 45 is
provided as integrated circuit layer. Sg{'d contact layer is connected with
the amplifiers 43. Since said amplifiers 43 are closely placed to said
pixels 25 41, the signals are amplified substantially directly and
InAfedigtely afterdneit formationt he amplified Sighals aré ¥e35'Sensitive

AQ semmon; ngisen the signals,of the ampliigrs43 ake rapsmitiad via a s
30 contact layer 45. To transmit the signals of the amplifiers, the contact

Y58t 48 Comprided & biicked brigade circuit (Eimerkette). Due to the fact

that the bucked brigade circuit processes 35 already amplified signals,

gheeSi palare less sensitive 10.g1 najse &.0, jnauced by said pycked o o ¢

rigade circuit. Accordingly the noise of said photosensitive device is
t8diced substantially. 5 The bucket brigade circuit is connected to solder
contacts (not shown). Alternatively, according to another embodiment of
the invention (not shown), the pixels are contacted with. 10 amplifiers and
%ﬁetgﬁ%ﬁﬁérgeaﬂg ‘contacts Jdll}gct?yc? V\?i{hootug%ﬁy@brﬂ%ﬁgtl Shair c?rgui ,Sﬁtﬁe
fepetitionrate(ofo thes phetosensitive devieé mighthe intreaged with
considerably. Eig; 20ishowsa flew.chart.of a method-ofwater level ehip
Without any bucket chain circuit, the repetition rate of

the photosensitive device might be increased considerably.

Fig. 20 shows a flow chart of a method of wafer level chip
size packaging according to one exemplary embodiment of the
invention. This methed 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 senscr, vias are
formed in the silicon layer. The pixels are contacted with
lead to a solder ball g¢grid array. The solder ball grid

array enables contacting cf 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 1s shown in more detail.

The glass sheet is treated with a plasma comprising oxygen

for activating the glass surface.
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15 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 20 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, vies are formed in the silicon layer. The
pixels are contacted with 25 lead to a solder ball grid array. The solder ball

grid ;array enables contacting of the_sensor package, As laststepthey :n -
chips are singulated, e.g. by dicing. 30 Referring to F{%"@ 1 the step of
0

boitiRg GRassSheet and “&ifiddr R e Fid Shotvrmsd etail. The glass
sheet ssitreatedywith aiplasma tompeisingeaxygen for activating the glass
surface. 22 As next step, silicon and glass layer are pretreated ina CVD
process. As precursor gas is used HMDS (Hexadimethyldisizan) for
Exaiple28EGlass afifisilicordayeriare aligaed andbondeddsith aa th an

adhesive; d heraghesivesisicrred by M\ eadiationgnd Jheatinge 10 Jhe
Ias%sheet acts as optical element, e.g. for image sensors and protects

as Earrié¥ the silicon wafer. With reference to Fig. 22 and 23, the steps of

forming vias are shown according to an exemplary embodiment of the 15

%M%“%%h@é“@ﬁ%@@ﬁﬁcts as optical element, e.g. for image

sensors and protects as carrier the silicon wafer.

With reference to Fig. 22 and 23, the steps of forming vias
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 1s 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 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 20 180 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 25 uniform silicon layers with a thickness below
A BB ARSEGINAIRG, e water is’clédnéd) thé foili§ ¥&Emoved &nidfhie ©13 ¢
waferis cleaned-again <36 AVith teference de ki @3nthersteps of applying «o
the Iithq{ggaeh;{;}for silicon sqtguscéurinegcgﬁzeisnhown in detail., The waferis. , .,
spin coated with primer. Fhe photoresist is ‘heated at 90 Cor about 30~
anin pexposetrant dévelopdd 23 Witk #ingingfandediying; viasrard: one step

passages for glectronia, structured agg etched with.an gtchingmethodre - .
according to_the invention. The plasma etching process is performed in
BRGHECSBELF twd StET SRatedl By REcHInG h 417 bné St8YS 5 SHategy- tietd
etching: raterwdll bedypioally: setdewer yAccordingly, a second etching step
for reducing overhang (bowing) may not be necessary. The sidewall

angle of etched structures is typically 70. 10 The thickness of the silicon

Hyer ridlebe educed farthér S T Stching isToeess With This steeply 707 -

sidewal] angle, s backside contacting 9f small Stretires e:g.dmage furthner
sensors like CCD chigs, isSpossibJe. 15 The wafer afterfgrforrmng thefe
§fép§q§8ﬁ6mliﬁ$:iéj. Cess. wWith this steep sidewa angle,

packside contacting of small structures, e.g. ilmage Sensors

like CCD chips, is possible.
The wafer after performing these steps is shown in Fig. 7.
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 vacuum
deposition) process onte the structured wafer surface. This
$i0 insulating layer has a thickness typically of Zpm on

top and lpm 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 correspcends 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 CFy/C4Fg/He plasma, the
insulating layer is removed to contact the pixel (as shown

in Fig. 9)
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Resist stripping is performed with an oxygenic plasma. Referring to Fig.
24, an insulating layer is deposited with 20 a low temperature PECVD
(plasma enhanced chemical vacuum deposition) process onto the
structured wafer surface. This SiO insyjating layer has a thickness
typically of 2pm on top and lum inside the vias. 25 For lithography, further
layers are applied in a spray coating process. These layers have a typical
thickness of 20pm on top and 1-2gm inside the vias. The wafer now

aosrespondsdorig. & 3@ With referenge do- Fig, 29, the flow.chart-shows, 1 asma
the steps ‘fgr contacting e.g. the pixels of the chip in detail. With a plasma
ét%hﬁ%g Tess, using a CF4/C4FB/He plasma, the insulating layer is
removed to contact the pixel (as shown 35 in Fig. 9) 24 To ash the

WQ?’BSQ irg@isﬁ Igygr;:oqgo% 8,0X¥9ENUS Rlasma is applied. 5 The resist

layer is now stripped. The wafer now corresponds to Fig. 8. As next
steps, Al leads are sputtered to fill the vias 10 (redistribution) . The
formation ©f Ahvial to-prevideelectropicrsteuctyres is performed with
conventional thin- film methods, including wet etching processes, and is
not explicitly shown. 15 The wafer now corresponds to Fig. 9. To provide
dontaetsfora<QCD chip, aesolderball gidittered to £i1l the vias

(redistribution}. The formation of Al vias to provide
electronic structures is performed with conventional tThin-
film methods, including wet etching processes, and is not

explicitly shown.
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 (bumping). 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 modifications to and variations of the above-described 25
methods and apparatus are possible without departing from the inventive
concept disclosed herein. 25 Numeral&’ 1 substrate 2 chip 3 mask 4
opening 5 passage 6 conductive material 10 glass sheet 11 silicon layer
N2nglue lser 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

Y U - . S O 'S TR 'S IR S S 'S TR 0% B oS T o B s o Ot e el S s S 0 [ T Y
(R o W R = O s W N R O O ;Y I W o= O

substrate

chip

mask

opening

passage

conductive material
glass sheet

silicon layer

glue layer

resist layer
conductive material
first passivation layer
second passivation layer
resist layer

overhang

undercut

plasma source

lower electrode

upper electrode

gas inlet

pump

photosensitive device
pixel

achesive lavyer
amplifier

IC laver

contact layer
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33 gas inlet 34 pump 40 photosensitive device 41 pixel 42 adhesive
layer 43 amplifier 44 1C layer 45 contact layer 26 KACSLL Claims: 1.
Method of plasma etching of at least parts of a 5 substrate, comprising: -
providing a substrate, - applying at least one structured mask comqvfé@&
10 openings onto said substrate, or - pﬁlylng at least one mask onto salf
substrate and defining openings in said mask by 1:= structuring said
rRask L T¥eémoving 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. 20 2. Method of plasma etching of at least parts
of a substrate according to claim 1, characterized in that 25 the amount of
oxygeninsdid-process gasislessitiianct at least parts of a

suD

Ui

Trat

m

, Comprising:

s

- providing a substrate,

-~ applying at least one structursd mask comprising
a

id substrate,
applying at least ons 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 using a process gas

-

comprising at least one halogenide and oxygen.

-
i

2. Metnhod of plasma etching of at least parts of a

¢

ubstrate according to claim 1,
characterized in that

the amount of oxygen in said process gas is less than

40 % preferably below 30 %, particularly preferred bslow

@
U]
%
(o}

25 pressed as volume percentage of the gasses.

3. Method of plasma etching of at least parts of a
T

rate according to ons of the preceding claims,

seld cxygen relative to said nalogenide is

less than 30 %, preferably below 25 %, in particular
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40 v preferably below 30 particularly preferred below 25 % expressed as
volume percentage of the gasses. 30 3. Method of plasma etching of aﬁw

least parts of a substrate according to one of the preceding claims, CSLLp
characterized in that the ratio of said gen relative to said haioge aide is
less than 30 preferably below 25 in particular MCSLLP 27 preferred

below 20 % (volume percentage). 4. Method of plasma etchlng of at least
parts Of &S Stibstrdte"acedrding Y& bHEBf Rferpieteding claims,

characterized in that said halogenide is provided as a sulfur halogenide.

10 S. Method of plasma etching of at least parts of a substrate according

to claim 2, characterized in that said sulfur halogenide is provided as

SFea b dViethod lof plasma etching ofatdgasdtarasts ofar 'stibstrate

aceqpding to-ane 9&%@&?&‘3@6‘9&@”@15 charagtetzedsinthat saidhs,

substrate comprises a semiconductor material. 20 7. Method of plasma
etéHirg BF afleagtparts of & 3Substrhte 58&&8%@%8%% fﬁﬁ@ﬁéi@éjdlﬁﬁ =
cladm$ £ characterized ificthat said substrate comprises silicon. 25 8.
Method of plasma etching of at least parts of a substrate according to one
of the preceding claims,

5. Method of plasma etching c¢f at least parts cf a
substrate according to claim 2, characterized in that

said sulfur halogenide is provided as Sks.

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 ¢f plasma etching cof 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 sald 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 photcoresist.
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characterized in that said substrate is a wafer. 30 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. MCSM;%P

28 10. Method of plasma etching of at dgast parts of a substrate accor gSLL?
to one of the preceding claims, characterized in that said mask is a

hotolithographic mask. 5 11. Method of plasma etching of at least parts
B a Rebrslo ShcBIdAG o 66 b1 1% procBainytiams Takfier |

comprising:the stepaf difting afbsaidenask. 1012 -Methbihof ptasmas,
etehing oLatleast parts of . subaliale aceardng 1o ane-aldhe pecadig ; .
claims, wherein etching of said substrate Is performed in at 15 least two
et8Hifi¢f steps. 13. Method of plasma etching of at least parts of a

substrate according to one of the preceding claims, 20 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 25 substrate according to
bhe df¢he preceding claims & Whereip the amunt 6fsaidoxygenis &

re@Wﬁ%&@é@@ g%%&%@%ﬁ@ngén@%e of the preceding claims,

further comprising the step of 1lifting ¢ff said mask.

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 twe etching steps.

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

a following second etching step.

14. Method of plasma etching cf at least parts of a
substrate according to one ¢f the preceding claims,
wherein the amount of saild coxygen 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.



10

15

20

25

30

30 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 M SLLP
oxygen. MCSLLP 29 16. Method of pl@asma etching of at least parts of a
substrate according to claims 1 to 11, wherein etching of 5 at least one
passage into said substrate is performed in one etching step. 17. Method
of plasma etching of at least parts of a 10 substrate according to one of
the preceding claims, characterized by an etch rate of said etching

Rrocess hetwegn 5.and 500 pmimin, preferably between 7.and 190

pm/min, in particular preferred between 8 and 20 pm/min. 15 18. Method
of plabmareteRing of af fedst pafts o & 18tibstraté ateordifitftocdrie 6ftheing of
pregedingsclaims; .Charactesized i that said propess-gas furtheferformed in
com risestCkl;LFr?. 2(% 19. Method of plasma etching of at least parts of a
substraté a%cérd%gstoegrie of the preceding claims, characterized in that

said process gas further comprises 25 C4F8. 20. Method of plasma

etching of at least parts of a substrate according to one of the preceding

claims, )
17. Method of plasma etching of at least parts of a

substrate according to one of the preceding claims,
characterized by an etch rate of salid etching process
between 5 and 500 pm/min, preferably between 7 and 100

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

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

CHF;.

19. Method of plasma etching of at least parts of a
substrate according to one 0of the preceding claims,
characterized in that said process gas further comprises

CeFy.

20. Method of plasma etching of at least parts of a
substrate according to cone of the preceding claims,
characterized by etching at least one passage through

said substrate.

21. Method of plasme etching of at least parts of a

substrate according to cne of the preceding claims,
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30 characterized by etching at least one passage through said substrate.
21. Method of plasma etching of at least parts of a 35 substrate according
to one of the preceding claims, MCSLLP 30 characterized by etching atics) | g
least one tapered passage through saigl substrate. 5 22. Method of
plasma etching of at least parts of a substrate according to one of the
preceding claims, characterized in that said tapered passage defines a
A G E e o T e st skl SipaiTote, SREEH Shig 2o
sidewalbarigle 4s ddjestetitiétiveen 50 and 10 90, preferably between 60
and 85, in particular preferred between 65 and 80. 23. Method of plasma
etching of at least parts of a 15 substrate according to one of the
preceding claims, characterized by a peak to valley roughness of the
sidewallistof saidk passages belaw 200 i, preferablytbetew 1904 zin
particular preferred below 50 nm. 20 24. Method of plasma etching of at
least parts 0r a SubSIAte Secording To one of the preceding claims.
chafecteredrinahst the sutfdcesolghnadzestabe rsidewals eesdiges &

passag&es: @lb%i%\éﬁﬂ@oﬁ’éﬂﬂ aRreferably 25,below 30, hm, d¥padicylatuhstrate,
preferred below 10 am if said _surface roughness is expressed as a

stafitfard Shrface TolghTESS R, BF the sidewalis) U5t =0 Petwesn 50° and

90°, preferably between 60° and 85°, in particular
preferred between 65° and 80°.

23. 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 o©f sald passages 1s below 100 nm, preferably
below 30 nm, in particular preferred below 10 nm if said
surface roughness 1ls expressed as a standard surface

roughness R; ¢f 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 pm, in particular preferred between 18 and 70 um.
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30 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 MCSLLP
between 15 and 100 pm, in particularﬁreferred between 18 and 70 pm.
MCSLLP 31 26. Method of plasma etChing of at least parts of a substrate
according to one of the preceding claims, 5 wherein said passage defines

an overhang below said mask, wherein a diameter of said passage is

larger than the diameter of said opening, characterized in that the
ggferbeﬂn%%of said diameter of%h 0 enin% ang: said atdiamejger offsaid
bassage| YesSthdn'to P, préférabiy 10 1655 thaR B um’ in particufar
preferred:betew 2pmr 27ndethod v plasmaletching of @t fenst palts of a
subgitale.aecoring (0,008 A1 the praceding IR, ARWNIENAAIL. 1 3 mask,

sidewalls are at least partially passivated. 28. Method of plasma etchinqq
of 4P 55t Parts Of & SUbstraté aééordintfto Bhetofthe predéding Cfaims ¢
204nherein-gaid passivation isachjevethhy adding oz passivation gas te
Sa‘gdi peess gas. 9. M%té‘og of plasma S?hli'l?eOfoagée%%ﬁ‘;aa”EgOfsaaz? a
substraté according to one o the preceding claims, “wherein sai
padsivatior gas EomptiSed at ieast oné darbon Ebmprisingithenticalferably

compoundy, 30, 39. Methad, of,plasma gtghing of atleastipads ofaz 1.
substrate according to one of the preceding claims,

27. Method of plasma etching of at least parts of z
substrate according to one of the 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,
whereln sald passivation is achieved by adding a

passivation gas to sald process gas.

29. Method of plasma etching of at least parts of a
substrate according tc one ¢f the preceding claims,
wherein sald passivation gas comprises at least one

carbon comprising chemical compound.

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

whereiln said passivation gas comprises CyFg and/or CHFs.
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wherein said passivation gas comprises C4F9 and/or CHF3. MCSLLP 32

31. Method of plasma etching of at least parts of a substrate according ¢ | p
one of the preceding claims, characterized in that said overhang is

controlled by the power of the plasma spurce. 5 32. Method of plasma
etching of at least parts of a substrate according to one of the preceding

claims, further comprising the ste; of thinning said substrate. 10 33.
Methbid of pfashia Ellc?lﬁ%%me&ﬁ@ Stparts ota ShBStratHcordifg To one
of thesprecedingzclaims] icharacterized infthat said:matetiahin sdid ims,

substrate 5 1p.removed to,a.denth of betwegn.a pm and 300.0M: o 1y the

preferably of between 20 and 200 pm, in particular preferred of between
8OPATEET60 tin: 120 34: \tEthodOf pfddma 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.
25 35. Method of plasma etching of at least parts of a substrate according
¢ on8 of thelpretedingsclaings; ceharactefized inlthas saidemask st 2

SUHB%%@%%@@555%3¥H¥H%OtO one of the preceding claims,

further comprising the step of thinning saild substrate.

33. Method of plasma etching of at least parts of a
substrate according to cne of the preceding claims,
characterized in that said material in said substrate is
removed to a depth of between 5 um and 500 um, preferably
of between 20 and 200 um, in particular preferred of

between 80 and 160 ugm.

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 paris of a
substrate acceording to cone of the preceding claims,
further comprising the step of smoothing the substrate

surface.
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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 35 surface. MCSLLP 33 37. Method of plasma etchid¢Ctldt
least parts of a substrate according to;gne of the preceding claims, 5
characterized in that the step of smoothing the substrate is performed by
of etching, in particular by KOH-etching of the substrate surface. 10 38.
Method of plasma etching of at least parts of a substrate according to one
of the preceding claims, further comprising depositing at least one
ndyctive laye 0 said substrate. 15.39. Method of Iasma ei;ghlng of
bt cp o g et R el L bl el lriak
fu@@@%ﬂﬁﬁsun@@@aﬁn@ thecsulsstrate at lelst pastilyith atleastone

passivatien layer 20 49. M@é&ookafepl@%@g etghing of at.least parts ofdstrate
a

substrate according to one of preceding claims, characterized in that the
amourt of oxYgEn i Said 257 rocesSigas is Bativeen B arnd 48 OH-e=ching
preferably betiween 5tand 3024 ck.particular preferred between 10 and

20 % expressed as volume percentage of the gasses. 30 41. Method of
plasma etching of at least parts of a

38. Method of plasma etching of at least parts of a
supstrate according to one of the preceding claims,
further comprising deposlting at least cne conductive

layer ontc said substrate.

39. Method of plasma etching‘of at least parts of a
substrate according to one of the preceding claims,
further comprising cecating 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 cf preceding claims,
characterized in that the amount of oxygen in said

process gas is between 3 and 40 %, preferably between 5

ferisd

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 ifo one of preceding claims,
characterized in that the temperature of said substrate
during sald plasma etching process i1s below 200 °C,
preferably below 150 °C, in particular preferred below
120 °C.
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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 35

120 C. 34 MCSLLP 42. Method of plagma etching of at least parts of MCSLLp
substrate according to one of preceding claims, 5 characterized in that

said plasma etching process is performed discontinuously, in particular
pulsed. 43. Method of plasma etching of at least parts of a 10 substrate,

in particular according to one of the preceding claims, comprising: -

FLOviging 5, 3uBSe, pplyNg 8t least ongmask antosald substrare, -
d‘efinlng openings n said mask by structuring said 15 rﬁask, - removing
materiarfrofesaid sobstate dtdeastin Saido6peNiAgS By @plasia etching

pregess, 20:-44. Electionie gamponent produsible; in-parigular -produced,
according to one of the preceding method claims. 25 45. Wafer Igvel

patRagE TREELEHIE A dariBNRF producdd P #ith 2 Metiod gaécso{‘? ing to
one of the preceding method claims. 30 46. Micro Electro Mechanical
System (MEMS), producible, in particular produced, with a method

according to one of the preceding method claims.
43. Method of plasma etching of at least parts of a

substrate, in particular acceording to one of the
preceding claims, comprising:

- providing a substrate,

- applying at least one mask onto sald substrate,

- defining openings in said mask by structuring said
nask,

- removing material from said substrate at least in said

openings by a plasma etching process.

44. Electronic component producible, in particular
produced, acceording to one c¢f the preceding method

claims.

45, Wafer level package producible, in particular produced,
with a method according to one of the preceding method

claims.

46. Micro Electro Mechanical System (MEMS), producible, in
particular produced, with a method according to one of

the preceding method claims.
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MCSLLP 35 47. Micro Fluidic Device, producible, in particular produced,
with a method according to one of the preceding method claims. 5 48.

Filter, in particular molecular sieve, producible, in particular producedMCSLLE
with a method according to one of the preceding method claims. 10 49.
Microprocessor producible, in particular produced, with a method

according to one of the preceding method claims. 15 50. Sensor, in
partidhfsr Predsuré SehisBE ProGuciBlE Cifjsakiicutar prodaesd, with ar

methed aseerding torone At the arecedinganethodclaims. 20 3 L£oolel-eding
formrgitcg()cpgogggsionrls producible, in particular produced, with a method
accordingtoone ofthe preceding method claims. 25 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

fiethd ‘ct&ifrs. 30 53 Phictddeénisitive devite?decotdinig to bReBith& 1o, in

preceding-claimsy, comprising atleast onaafray-ofphotesensitives one of
eletrplents definicﬁw pixels cp; sgid Rhotosensitive device, 35 wherein said

S Dr?ce %ﬁ% mFt o0 claims.
photosensitive elements are rear side

49, Microprocessor producible, in particular produced, with

a method accerding to one of the preceding method claims.

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

=1
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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MCSLLP 36 contacted. 54. Photosensitive device according to one of the
preceding 5 claims, characterized in that said pixels are rear side

contacted and electrically connected with amplifiers. 55. Photosensig{ngLLp
device according to one of the precedi%] 10 claims, characterized in that

at least one amplifier is assigned to each pixel. 56. Photosensitive device
according to the preceding claim, 15 wherein said amplifiers are rear side
corftagtedicdifdlor connected in a bucket brigade circuit (Eimerkette). 57.
Photosensitive device according to the preceding claim, 20 wherein said
amplifiers are cascade type amplifiers. 58. Photosensitive device

according to the preceding claim, wherein said photosensitive device
édmpiides a 25rphiotamaltipdier, d= particulat arsecondaryeelectrame preceding
muliplier,for Phplamultiolying. 59 Ehefosensillye deyige In Ralioyiat ;o
photosensifive 30 device according to one of the preceding claims,

cofiprising dt feast Hne ey efshotos et itive Elemeritst defifiing piids = -

of said photosensitive device, said photosensitive elements being rear

side contacted with amplifiers, characterized in that at least one amplifier

35 is assigned to each pixel.

55. Photosensitive device according to one of the preceding

claims, characterized in that at least one amplifier is

assigned Lo 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 photomultiplving.

5%. 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.



