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Fny6okoe Tpae/ieHMe KpeMHUs C npumeHeHMeM Bosch-mpouecca MaM KpUOreHHbIX MUKPOTEXHOJIOMUiA
YCMelwHo MCCNeayeTcs U COBEPLUEHCTBYETCS B TeYEHUE YXKe HEeCKO/IbKUX AecaTuneTvid. Mopaspo xyxe

n3y4eHO BbICOKOCKOPOCTHOE HarnpaB/eHHOe TpaBJieHne TBepAablX MaTepuanos,

npuMeHsarLwmnxcs,

Hanpumep, B npousBoacTee MOMC. B HacTosLLel CTaTbe pacCMaTPUBAKOTCA 06/1aCTU NPUMEHEHUS TBEPAbIX
MaTepuasioB B MOJIYNPOBOAHMKOBOW MPOMBILIJIEHHOCTU, @ TaKKe 060pyAoBaHWe U Mpoueccbl Ans UX

nAasMeHHOoro TpaBsieHUs.

Deep etching of silicon, achieved via Bosch or cryogenic microfabrication technologies, has been well studied
and developed over the last decades. Opposite from silicon, high rate directional etching of hard materials
for applications such as MEMS is much less investigated. This paper highlights possible applications of hard
materials in semiconductor industry, and appropriate equipment and etch processes for hard material

treatment by plasma.

TPYKTYPHL ¢ 6obImon rnybuHom penbeda, Bep-
TUKAJIbHBIMU OOKOBBIMU CTeHKAMHU, XOPOIIeH
OJHOPOJHOCTBIO M BHICOKMM aCIIeKTHBIM OTHO-
meHHeM TpebyroTcs /1 MHOIMX IIPUJIOKeHHH, BKIIIO-
vasi IPOU3BOACTBO MEMS, HOBbIe TeXHOIOTHH COOPKH,
a TaK’Ke M3TOTOB/IEHHe HHTEI PAJIBHOM OIITUKH. [Ty6oKoe
peakTuBHOe HoHHOe TpaBieHue DRIE (Deep Reactive lon
Etching) onTHManbHO OAXOMUT AJIs IIOTYYeHUS TAKUX
CTPYKTYP U B HaCTOsIIlee BpeMs LIKPOKO HUCIIONIb3YeTCs
B KPeMHHeBBIX TeXHOJOTUsX. [1ybokum penbed dpop-
MHPYeTcst TyTeM 60Mb6apaHuPOBKU MOJIOKKH HOHAMH.
[Tpodusib TpaB/IeHUS MOKHO M3MEHS T, YIIPABJ/Iss COCTa-
BOM Fa30BOH Cpefbl, JaBlIeHHeM U APYTUMU IIapaMe-
TpaMHu IpoLecca.
B Hacrosimee BpeMs B I1pou3BoAcTBe MOMC, 3D-c6opke
Y Apyrux o61acTsax pe3Ko MMOBBICUJICS MHTepPeC K IIpHU-
MEeHEeHHMIO TAKMX aKTHBHBIX W ITaCCUBHBIX TBEPIBIX
MaTepHasoB, KaK CTEeKJIO, KBapl, Kapbua KpeMHUS,
KBapIeBoe CTeKJIO, HU0OAT JINTHUS U TAaHTAJIAT TUTHUSL.
CTPYKTYpBI C I1y6okKUM penbedoM Ha 3TUX MaTepHa-
1aX, Kak IIPaBUJIO, CO3[AI0TCSI MeTOJaMH MeXaHHU4eCKOkH
obpaboTkuy, a mpumMeHeHue DRIE 1noka c1abo usydeHo.
JerictBuTeNnbHO, DRIE CIOSKHO MCITONIB30BaTh A1 TAKUX
MaTepHaJIOB, ITOCKOIBKY OCOOEHHOCTH UX XMMHYECKOT0
COCTaBa 0OBIYHO HAKJIAABIBAIOT OTPAHUYEHH S Ha ACIIEKT-
HOe OTHOIIeHHe, I[NIaJKOCTh [I0BePXHOCTH, CeJIeKTHB-
HOCTb U Iy6UHY TpaBieHUs . [109ToMy, UTOOBI CAeN1aTh
BO3MOKHBIM U 5KOHOMHYECKH Lie/iecoobpasHbIM I1y6o-

KOe TpaB/IeHHe TBeP/bIX MaTepHaJIoB C OPMUPOBAHKEM
BBICOKOKAYeCTBEHHBIX CTPYKTYp, HeobXonrMa paspa-
60TKa HOBBIX METOIOB 1 TeXHOJIOT U H.

BO3MOXHOCTU NPUMEHEHUA DRIE 119 TBEPAbIX
MATEPUAJIOB
Pa3paboTKka MHHOBAL[MOHHBIX PelIeHUH AJIs I1yboKoro
TpaB/ieHUs TBepAbIX MaTepPHasIoB Belach KOMIIaHHUeH
CORIAL B Koomepaiuu C IPOMBIIIIEHHBIMU IIPeAIIprs-
THSMHU K Hay4YHO-MCC/IeIOBATeIbCKMMU LeHTPaMHU.
OCHOBHO¥ LIe/TBIO 3TOT0 COTPYAHHYECTBA OBIIO co3/1a-
HMe IIPOMBIIIJIEHHBIX CUCTeM TPaB/lIeHH S, TeXHOIOTHH,
nuTorpadrUUecKUX MacoK B MHKPOCTPYKTYP, HEOOXOmH-
MBIX JIJIsI IIPOM3BOJCTBA HOBOIO IIOKOJIEHUS YCTPOHCTB
IJIsI TeIeKOMMYyHHUKAIUKR (SAW), MOMC U 4acoBoH
IIPOMBIIIIEHHOCTH.

3a mocaengHUe MeCsIbl IOoApasaeaeHHe HUCCIeno-
BAaHHUMU U pa3paboTok KomrmaHuu CORIAL BBHIIIOIHHIIO
HeckonbKo HHUOKP B 0651acTH 060pyI0oBaHHUS U ITPOLIeC-
COB 1J151 06pabOTKU TBEPIBIX MAaTE€PHAJIOB I10 TEXHOJIOT UK
DRIE. B pe3ynbrate 3Tor paboThl CO3/IAHO U Y3Ke JOCTYIIHO
JJ1s1 KOMMePYeCcKOoro HMCII0/1b30BaHK I HOBOE IIOKO/IeHHe
CHUCTEM PeaKTHBHOrO MOHHOIO TPAaB/JIeHUS B HHIYK-
THBHO-CBsI3aHHO¥ I71asMe (ICP-RIE) /151 IUIACTUH JHUaMe-
Tpom 200 MM.

Pa3paboTaHbl U MPOTECTHPOBAHBI IIPOLIECCH TPAB-
JIeHU s CTeK/Ia, KBapLieBOro CTeK/Ia, KBaplia, canpupa,
Kapbua KpeMHUs, HUoOaTa IUTHS U TaHTa/laTa TUTHS

CORIAL.
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C IIpMMeHeHHeM Pa3IUYHBIX Pab0UMX ra30B U Pa3sHBIX
PesKUMOB 06paboTKH. ONTUMH3UPOBAHbI [IyOHHA, ITPO-
uIb, CKOPOCTH U CeNIeKTUBHOCTb TPAB/IEHH S, A TAKKe
IJ1IaJIKOCTh IOBEPXHOCTH, IPOJEMOHCTPUPOBAHO IIPH-
MeHeHMe DRIE 1151 oyueHus penibeda IybrHoE 6omee
100 MkM.

HaKoIIJIeHHBIH OIIBIT I'Ty6OKOr0 TPaBIeHHS TBEPABIX
MaTepHaJoB [103BOJIsIeT UCIIONB30BATh €I0 B PAMKAX Pa3-
JIMYHBIX IIPOU3BOICTBEHHBIX TeXHOMOI U,

FNYbOKOE TPAB/IEHUE CTEK/IA

CTeKJIO IIMPOKO UCIOAb3yeTcss B MOMC, Kak IIpaBHIIo,
JLJIS1 U3TOTOBJIEHU S ONITUYECKUX MUKPOCKUCTEM, JIMH3,
BOJTHOBOJ0B M/IM 61OYMIIOB. IIperMyIecTBa ero npume-
HeHMsI 06yC/IOB/IeHBI COYeTaHHeM YHHUKA/IPHBIX CBOMCTB
(onmTHYecKasi IpO3pavyHOCThb, MeXaHHUYecKas IPOYHOCTb,
OHoIOruecKas COBMECTHMOCTb, BBICOKOE 3/IeKTPHYECKoe
COIPOTHBJIEHHE) C MEHBbIIIeH, YeM Y KPeMHHSI, CTOHMO-
CThI0. TaKsKe B pa3sBUBAIOIIUXCS HAallpaBlIeHHUIX MOMC,
TaKUX KaK CEeHCOPHBbIe IIJIACTUHBI, CTEKJIO MOXeT OBbITh
XOpOIIeH a/IbTePHAaTHBON KpeMHHEeBbIM II0[JIOKKaM.

B HacTosiIee BpeMsl Ha PBIHKe IpefiaraeTcst 6o/b-
[II0€ YM(JIO Pa3HBIX BUJOB CTEK/IA HAa OCHOBE JHUOKCHUA
KpeMHH S, KOTOPbIe Pa3/THYaATCA COCTABOM KOMIIO-
3sunuu. OgHAaKO B IpoU3BoACcTBe MOMC B OCHOBHOM

MIpUMeHSI0TCS Pyrex 7740, UUCTBIN AUOKCHU] KPeMHUS U
CH/TMKATHOE CTEK/IO.

Ec/TH BBICOKOE acTIeKTHOe OTHOLIeHHe He TpebyeTcs, To
IIPeATIOYTUTE/IBHON TeXHOJIOTHeH IS ITTy6OKOM MUKPO-
06paboTKU CTeKJa SIBISETCS KUAKOCTHOE ("MoKpoe”)
TpaBieHHe. JIMIIb B HEMHOTUX HCCIeJOBAHUIX OblIa
IPO/IeMOHCTPHPOBAHA BO3MOKHOCTb aHU30TPOITHOTO
r1yboKOro "cyxoro” TpaB/IeHHS CTEKIIA.

CKOpOCTh TpaBJ/IeHHSsI CTeK/Ia B 60/IBIION CTelleHH 3aBU-
CHT OT COCTaBa MaTepHasia. YHUCTHIH JHOKCH KpeMHHU S
TPaBUTb JIeTde, UeM CTeKJIO0, COlepsKalllee OKCUABI MeTall-
710B (IMTHS, HATPHUS, ATIOMUHUS U AP.). PopMHpoBaHLe
He/leTy4uX GTOPUCTBIX COeUHEHHUM, KakK IIPaBHUIIO,
3aMe/lIeT Cyxoe TpaBjeHHe cTeK/a (<0,5 MKM/MUH).
JlOTIONTHUTEeTBHBIMHY ITPo6IeMaMU MOTYT OBITh BEICOKAST
IIepPOX0BATOCTh IIOBEPXHOCTH M HH3Kasl CeJIeKTHUBHOCTb
[IpU IpUMEHEeHHUH HeONITHMAaJIbHBIX MAaCKHUPYIOIUX
MaTepH1aJioB.

IMYBOKOE TPABJIEHUE KBAPLIA

TpaByeHHe IIACTUH IpU 3D-cbopke 06bIYHO TpebyeT
obpaboTku KBapua ¢ mpuMeHeHneM DRIE. TpaBieHHe
KBaplla TaKsKe IPHMEHSeTCs B IIPOU3BOACTBE Pagroda-
CTOTHBIX MOMC U cucTeM MUKPOGIIOUIUKH, UCIIOND-
3yeMBbIX B 6HIOMeIULIMHCKUX [TPU/IOKEHHUSIX.

tructures with high depth, ver-

tical sidewalls, good unifor-

mity, high aspect ratios, and
with fast rate, are often required for
many applications including MEMS,
advanced packaging and integrated
optics. Deep Reactive Ion Etching
or DRIE is ideally suited to these
requirements and is now routinely
used for the fabrication of silicon
based micro-structures. Deep struc-
tures are created by the bombard-
ment of a substrate with ions. The
etch profile can be controlled by var-
ious process parameters such as gas
mixture, pressure, etc.

Nowadays, a number of active and
passive hard materials, typically
glass, quartz, silicon carbide, fused
silica, lithium niobate and lithium
tantalate gain interest, specifically
in the MEMS, and packaging indus-
tries. Mechanical machining tech-
niques are generally preferred to cre-
ate deep structures in these hard

materials, and only few studies deal
with hard materials DRIE. Indeed,
DRIE remains challenging for these
materials as their chemical compo-
sition generally limit aspect ratio,
surface smoothness, mask selectiv-
ity and etch depth. In consequence,
new etching techniques and pro-
cesses need to be developed to make
possible the deep etching of hard
materials with vertical structures
and at commercially competitive
etch rates.

PROCESS CAPABILITIES FOR DRIE OF
HARD MATERIALS

To be able to develop innovative solu-
tions for deep etch of hard materi-
als, CORIAL is deeply involved in
a cooperative project with indus-
try and research centers. The main
objective of this cooperation is to
design and industrialize etch sys-
tems, processes, lithography masks
and microstructures required for

next-gen devices in the telecommu-
nication (SAW devices), MEMS and
watch industries.

In the past months, CORIAL R&D
Team has conducted R&D projects to
develop appropriate processes and
equipment for hard materials DRIE.
As a result of this team work, a new
generation of 200 mm ICP-RIE sys-
tem is now available in our product
catalogue.

DRIE processes of glass, fused
silica, quartz, sapphire, silicon
carbide, lithium niobate, and lith-
ium tantalite have been devel-
oped and tested with different
gas chemistries and processing
parameters. Etched depth, etch
profile, etch rate, surface smooth-
ness and selectivity have been opti-
mized and DRIE >100 pm has been
demonstrated.

Based on our experience in hard
materials deep etch, we can support
avariety of production technologies.
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O6Aacmu npuMeHeHUst meepdbix Mamepuanos

Fields of application of hard materials

Martepuan On'll\':l;:nccxue Euomledlq,lanhl.}lvcmcxue C6opka Cunosas
Material H N Packaging 3/1eKTPOHMKA
Optical MEMS BioMed MEMS Power devices
Mukpodnonanka
NabopaTopun Ha ynne ﬁe"écc?g:'l(m
Crekno MuKpourbl B IE)/IEM6 2Hax
Glass Microfluidics Sensorsp
Lab-on-chips
Mlieenead Es Membrane spacers
JaTtynkn aaeneHuns
LIPS E MeXXCnonHble '&I'-ligilseiuﬂwf’noen ﬂel--"ml
Kapbua kpeMHus JINH3bI MwkponpuBoAbl e ——— ch)) M GRTIE ETMP'
Silicon carbide Lenses Pressure sensors Th h P . T A hisol P
Y P—————— rough wafer vias V(enc |?]o ation
Microgears R
Pe3oHaTopbI .
Keapy, Mukpodntongmka CeHcopbl %iﬁgrgg”::e
Quartz Microfluidics Resonators h h p .
Sensors Through wafer vias
Candup [suratenun
Sapphire Engines
AKTyaTopbl
BoniHoBOAbI Pe3oHaTopbl -
Hwnobat antuna AKTYyaTopbl CeHcopbl mi”:ggg”t:e
Lithium niobate Waveguides Actuators Throuah V\F/)afervias
Actuators Resonators g
Sensors
AKTYaTOPpbl
BosnHoBOAbI Pe3oHaTopbl o
TaHTanat AuTus AKTYyaTOopbl CeHcopubl KMO?E%?((;SHE:E
Lithium tantalate Waveguides Actuators Throuah V\[/)afervias
Actuators Resonators 9
Sensors

GLASS DRIE
Class is an attractive material for
MEMS devices, and it is typically
used for fabrication of optical micro-
systems, lenses, waveguides, or bio-
chips. Its unique properties (optical
transparency, mechanical robust-
ness, biological compatibility, elec-
trical resistivity) and its lower cost
compared to silicon are welcomed
advantages for these applications.
For emerging MEMS applications
such as haptic function on glass
plates, glass can also be used as an
alternative to silicon substrates.

A large variety of silica-based
oxide glass materials, with differ-
ent compositions is available on
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the market. However, Pyrex 7740,
pure silica, and silica glasses
are generally used for MEMS
applications.

Wet etch is the preferred tech-
nology for deep glass microma-
chining when a high aspect ratio
is not required. Only a few stud-
ies have demonstrated anisotropic
deep dry etching of glass.

Indeed, glass etch rate is highly
dependent on the composition of
the material. Pure silica is easier
to etch than glass materials com-
posed of metal oxides (lithium,
sodium, aluminum oxides, etc.).
Formation of nonvolatile fluo-
ride compounds generally makes

dry etching of glass a slow process
(<0.5 pm/min). Some other issues
of glass DRIE can be surface rough-
ness and low selectivity depending
on the masking material.

SILICA DRIE

Through the wafer etching for
advanced packaging generally
requires silica DRIE. Silica DRIE
is also needed in applications
such as RF MEMS, or microflu-
idics systems used in biomedical
applications.

It is significantly more difficult
to etch silica comparing to silicon.
Indeed, silica requires high energy
positive ions bombardment to get a
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[Mapamempbl mpasneHus meepdbix Mamepuanos
Parameters of etching of hard materials

_ rny6uHa TpaB-
Martepuan 5:2";&:,3’::“ JNIeHNs1, MKM CeNleKTUBHOCTb
Material Etch rate, pm/min Etch depth, Selectivity
Creksio .
Glass 0,5tol >100 Ni > 20
55‘&?)‘;‘&;?;'&":”" 1,5t02 >100 Ni >25
'éﬁfé“a"”"“" 0,6t01,2 >200 PR >3
gaagg’h"i'fe >04 >300 Ni >15
Hwnobat nutnsa .
Lithium niobate >0,3 >100 Ni >5
TaHTanat anMTus .
Lithium tantalate >03 >100 NI >5

KBap11 3HaUUTEe/IbHO C/IOSKHEee 1151 TPABJIEHH S [10 CPaB-
HEeHMUIO ¢ KpeMHUeM. TpebyeTcst oueHb BBICOKAS SHEPIHUs
60oM6apIHPOBKY ITOIOKUTENIBHBIMU HOHAMHY [JIS1 HHU-
LMAITUH XU MHUYeCKOH peakIIMH MeXK]y TeHePHPyeMbIMH
B IUIa3Me aKTUBHBIMH YaCTUI[AMH U TIOAJIOKKOM, YTOOBI
pasopsats cBsi3u Si-O c obpa3oBaHUEM JIETy4HX 110604~
HBIX COeJUHEHHH.

Cepbe3HBIM BbI30BOM SIBJISIETCS OIIpefie/ieHHe peskUMa,
IIPH KOTOPOM HCIIOTIb30BaHKE BBICOKOE MOILTHOCTH COYe-
Tas10Ch 6Bl C XOpOLIeH CeJIeKTUBHOCTHIO [10 OTHOIIEHHIO

K acKUpYyIoIlleMy MaTepuay. Elle oHa CJIOKHOCTb CBSI-
3aHa ¢ BBIDOPOM r'a30BOk CMeCH, YT0ObI H36eKkaTh 06pa3o-
BaHHU S [I0JIMEPHOI'0 ITOKPBITHS Ha IVIACTHHE U B KaMepe
peaxTopa.

INMYbOKOE TPABJIEHUE KAPBUJA KPEMHUA

Cripoc Ha KOMIIOHEHTbI CHUJIOBOH 3/IeKTPOHUKH 00yC/I0B-
JIleH POCTOM HCIIONIb30BAHUS 9KOJOTUUECKHU YHCTBIX
HMCTOYHHKOB SHEPTUH B IPOMBILIIIEHHOCTH U OBITY
(9Heprus BeTpa, CONMHeuHble OaTapex, 3MeKTPUUECKUI

chemical reaction between active
species generated in plasma and
the substrate in order to break the
Si-O bonds and form the volatile
by-products.

A challenge with silica DRIE
is to find a way to apply high bias
power, while maintaining good
selectivity versus masking mate-
rial. Another tricky point is the
selection of the gas mixture to
avoid polymer coating of wafer
substrate and reactor chamber.

SILICON CARBIDE DRIE

The demand for power semicon-
ductor components is principally
driven by the increasing adoption

of green energy sources in indus-
trial and domestic environments
(wind power, solar cell, electric
vehicles...). Silicon carbide is a mate-
rial of choice for manufacturing of
such power devices due to its wide
band-gap nature, high thermal con-
ductivity, and high breakdown volt-
age. This material can also be used
in harsh environment sensors appli-
cations because of its resistance to
high temperature and its chemical
inertness. For MEMS applications,
SiC is also an excellent material for
manufacturing of micro-resonators,
micro-gears, or pressure sensors.

To address these different mar-
kets, SiC via etch processes with

depths from 10 pm to more than
100 pm are needed.

SiC is a material hard to etch.
A high power ICP source together
with high power RF biasing are
necessary to get acceptable SiC etch
rate. To get appropriate selectivity,
a nickel mask is required.

Another challenge with SiC
deep etch is control of sub-
strate temperature. This can be
achieved with efficient helium
distribution and clamping
strategies.

For the via etch experiment,
CORIAL used a 5pm Ni mask giv-
ing rise to a good selectivity (>25:1)
and fast etch rate (>1.5 pm/min).
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x450 50 MKM | pm CORIAL

DRIE-mpagneHue 4-dtolimosoli naacmutsi Borofloat (onmuveckoe
CMeKA0) € UCnoAb308aHUeM 2aAb8aHuHeckoll HuKenegol macku
DRIE of 4" Borofloat wafer patterned with electroplated Ni mask

TPAHCIOPT U AP.). Kapbun kpemuus (SiC) onTrManeH
IUISL ©3TOTOBJIEHU ST ITOOOHBIX KOMIIOHEHTOB baromaps
TAaKKM CBOMM CBOMCTBAM, KaK IIMPOKAs 3aIlpelleHHas
30Ha, BBICOKAS TEIJIOIIPOBOLHOCTD U BBICOKOE HAIIPS-
skeHHe Tpobost. CTOMKOCTh K BO3EHCTBUIO BHICOKHUX
TeMIIepaTyp U XMMHUYecKass HHEPTHOCTh 0byciaB-
JTHUBAIOT UCIIONB30BAHHUE 3TOr0 MaTepHasaa B AaTUH-
Kax JJIsl 5KeCTKUX YCJIOBHUM 3KCIIyaTaluu. Takxke
Kapbug KpeMHHUS OTAHYHO IIOAXOLUT AL IIPOK3-
BoACcTBa MOMC, B 4aCTHOCTH, MUKPOPe30HATOPOB,

CORIAL

50 MKM | um

C3OM-u306paxkeHue K8apuesol MUKpocmpykmypsbl, noAy4eHHol
mpasneHuem no mexHonozuu ICP-RIE. lny6uHa peabecpa — 110 MKm
SEM images of silica microstructure etched with ICP-RIE 110 pm
deep structure

MUKPOIIPUBOOB U NATUYUKOB [AaBjleHUs. [Iph npu-
MeHeHUH SiC B IlepeuHCIeHHBIX 0671acTsIX TpebyeTcs
BBIIIOTTHATD TPaB/IeHUe C INTy6HOE 0T 10 MKM 0 60s1ee
yem 100 MKM.

SiC - CJIOKHBIM [IJISI TPABIeHUS MaTepHasl. YTo6b
OOCTUYb IIPHEeMJIEMOI CKOPOCTH TPaBlIeHHUs, Heob-
XOAHUMO IIPUMeHeHHe MOIIHBIX HCTOYHHUKOB UHIYK-
TUBHO-CBSI3aHHOH II/Ia3Mbl U BEICOKOYACTOTHOI'O IO/~
MarHW4UBaHUL. s obecrieueHHUs XOPOLIeH Ceslek-
THBHOCTHU TpebyeTcsi HUuKeeBasi MacKa.

SAPPHIRE DRIE

The anisotropic etch profile of this
sapphire DRIE process is caused
by the high bonding energy of
the Al-O bonds. Sapphire requires
high energy positive ions to get
a chemical reaction between the
radicals and the film to etch and
break the Al-O bonds. Then, atoms
can react with Al to form the vola-
tile by-products.

LITHIUM NIOBATE DRIE

Lithium niobate is a crystal-
line material widely used for the
fabrication of integrated and
guided wave optical devices due
to its favorable electro-optical,

HAHO MHOVCTPHA #e/68/2016

non-linear optical and acousto-
optical properties. With superior
electromechanical coupling coef-
ficient, lithium niobate is also
exploited for the fabrication of
next-generation RF components
(filters) required in telecommuni-
cation systems for mobile phones
Or aerospace.

Deep etch capability could be a
major step towards miniaturiza-
tion and performance improve-
ment for these applications.

Significant efforts have been
made to etch this material using
ion milling, focused ion beam
etching, or plasma etching. If
dry etch is generally preferred, it

remains difficult to obtain very
deep or high aspect ratio struc-
tures as nonvolatile compounds
(LiF) are formed and redeposit dur-
ing the etch process leading to
lower etch rate and non-vertical
profile.

OTHER HARD MATERIALS

Alarge range of hard materials can
be deep etched with CORIAL tech-
nology. We provide process sup-
port and advices to all customers
to develop and optimize their own
recipes during the lifetime of the
tool. CORIAL also offers demos and
trials to run at your site or in our
R&D lab. [ ]
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43 MKM | pm

C3M-u306paskeHue nepexodHbIx omeepcmuli 8 SiC, NoAy4eHHbIX NO
mexHonozuu ICP. Tny6uHa peabeda — 60nee 100 MKM, OMKAOHEHUS!
(popmbl — MeHee +3%, ckopocmb mpasneHus — 6onee 1,5 mkm/muH
SEM images of SiC via-hole with ICP. Structure depth is >100 pm,
etch uniformity is <+3% and etch rate > 1.5 ym/min

Eme ogHo npobieMoli npu r1y60KoM TpaB/leHUU
Kapbuja KpeMHUS AB/seTCS CTabUIM3alKs TeMIle-
PaTyphl MOJIOKKHU, Tpebyromas 3¢pGeKTHBHOTrO pac-
IpesiesieHUs Tensl U IIPUMeHeHHU s 0CobbIX criocoboB
duKkcauuu.

Jly1sl 9KCIIepUMeHTaIbHOTO TPaB/leHHU sl IlePeX0oJHbIX
OTBepCTUH COTPYAHUKHA CORIAL yCIeImHo HCIIO0/b-
30Ba/IM HUKeJIeBYIO MACKYy, IIOJIyYHB XOPOIIHI ypo-
BeHb CeJIeKTHUBHOCTHU (>25:1) nmpu ckopocTu bonee
1,5 MKM/MHH.

rNYBOKOE TPABJIEHME CAMNOUPA

AHH30TPONHBIN NPOoYUIb TPaBAeHUS caldupa NpHU
npuMeHeHUH DRIE 06yc/IoB/IeH IIPOYHOCTBIO CBSI3eH
Al-O. [l paspyIieHHUs STHX CBSI3eH IOIOKUTeTbHbIe
HOHBI I0JIKHBI 00/1a1aTh BEICOKOM 3Hepruen. 3aTeM
aTOMBI MOT'YT BCTYIIaTh B PeAKLHIO C AITIOMHHHUEM
c obpa3oBaHHeM JIETYUHX II0O0YHBIX IIPOLYKTOB.

rMYBOKOE TPABJIEHUE HUOBATA INTUA

Huobat mUTHS - KPUCTA/UTMYECKU I MaTepHa, KOTo-
PBIM IIHMPOKO KMCIIONB3YeTCS B IPOMU3BOJACTBE ONTH-
YeCKHX YCTPOMCTB 6yaromapsi XopolleMy codeTa-
HHUIO 371eKTPOONTHUYECKHUX, HeJIMHEeNHBIX OlITHYe-
CKHX U aKyCTOOIITHYeCKHUX CBOHCTB. [IpeBoCcxofHOe
3HaueHHUe K03pdUIIHMeHTa 3/1eKTpoMexaHUYeCKOHN
CBSI3U OTKPBHIBAeT MePCIEeKTUBH IIPUMeHEeHU S HHUO-
6aTa JIUTHUS O/ U3TOTOBAeHHS BY-KOMIIOHEHTOB
(dunPTPOB) HOBOTO IOKOJNIEHUS, BOCTPEeHOBAHHEBIX
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500 MKM | pm CORIAL

C3M-u306paxkeHue cmpykmypbl Ha candupe, noAy4eHHol
no mexHonozuu ICP. Tay6uHa peabega — 6oaee 300 MKM, CKO-
pocmb mpasneHusi — 0kono 0,4 MKM/MUH

SEM images of sapphire etch with ICP technology. Structure depth
is >300 pm, and etch rate = 0.4 ym/min

B TeJIeKOMMYHHKALIHOHHBIX CUCTeMaX M a9POKOCMH-
YeCKOM IIPOMBIIIJIEHHOCTH. Peanu3anus raybokoro
TpaB/IeHUs HUO6ATa IUTHUS MOXKET CTaTh CEPbe3HBIM
IIaroM Ha MyTH K MUHUATIOPU3aLIMU U IIOBBIIIEHUIO
IIPOK3BOAUTEIBHOCTH KOMIIOHEHTOB /IJISI IIepevYHCIIeH-
HBIX 00/1acTel IpUMeHeHHUSs.

BBITH IpeAIIPUHSTHL 3HAUUTe/TbHbIE YCHIIH S, YTOOBI
pa3paboTaTh TeXHOJIOTHUI0 06pabOTKHU 3TOr0 MaTepHaa
C IOMOII[bI0 HOHHOTO TPaBJIeHHU S, TPABJIeHHU I CHOKYCH-
POBAaHHBIM MOHHBIM ITy4KOM, a TaKKe IIa3MeHHOT0
TpaB/eHHs. [IpH UCIIONB30BAHUH "CyXOro" TpaBaeHHUs
IO-TIPesKHeMY TPYAHO IIONy4YaTh CTPYKTYPHL C OU€Hb
6ombuIoN ry6rHON penbeda MM BBICOKMM aCIIeKT-
HBIM OTHOILIEHHEM, TaK KaK obpasyromuecs HeleTy-
4yre coefuHeHUs LiF CHHUKAIOT CKOPOCTh TPaBIeHHUS
M HETaTHUBHO BIHSIOT Ha $OPMY ITPODHIISI CTPYKTYPHI.

rNMYBOKOE TPABJIEHUE AAPYTUX TBEP/LbIX MATEPUANIOB
TexHonorudeckue paspaborku Komnanuu CORIAL
MO3BOJISIOT BBINOJHSATH T1yboKoe TpaBaeHHe
IIMPOKOM HOMEHK/IATyphl TBepPAbIX MaTepHaJIOB.
TexHOMOrMuecKas MoAePKKA M KOHCYJIbTalUH 0be-
CIIEYMBAKOT K/JIMEeHTAM KOMITAaHKMK BO3MOXKHOCTD €03~
IABaTh U ONTUMU3UPOBATh CBOU COOCTBEHHBIE pellle-
HUS B TeUeHHe BCero cpoKa C1ysk6el 060pymoBaHUS.
IIpu HeobXOAMMOCTH MOTYT ObITh IIPOBeeHBI e MOH-
CTPalLlMOHHBIE U ITPOOHBIE UCIIBITAHUS Ha IIPeAIIpHS-
THUM 3aKa34HKa, a TakKe B UCCIe0BaTeIbCKOM 1abo-
patopru CORIAL. [ |
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