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YTOHEeHMEe MOoC/e BPEMEHHOro CpaLMBAHUS MOMYNPOBOAHMUKOBLIX MIACTUH — K/IKO4YeBas TEeXHOJorus
3D-MHTErpauun [AaT4YMKOB U 3/1EKTPOHHbIX KOMMOHEHTOB AJ1s1 MOJIyYeHUs MUHUATIOPHbIX CUCTEM.
O6paboTka yNbTPAaTOHKMX KPEMHMUEBbIX MJIACTUH SIBNSIETCS CJIOXKHbIM MPOLECCOM, MO3TOMY 6buLiv
paspaboTaHbl pas/iMyHble TEXHOJIOTMA WX BPEMEHHOro CpaliMBaHUSA C HocuTesleM pAjs crabunvsauuu
M 3aWmThbl NNACTUH BO BPeMsi MPOU3BOACTBEHHbIX onepauuii. ABTOpbl IPOTECTUPOBA/IM ABa TakMX MeToAa:
BrewerBOND c MexaHM4YeckuM pasgenieHnemM un ZoneBOND ¢ xuMunyeckum/MexaHU4Yeckum paspesieHuemMm.
B AaHHOM pa6oTe NpeAcTaB/eHO NOAPO6HOe ONMcaHWe LWAroB NoAroTOBKM NOYNPOBOAHUKOBOW MJIACTUHDI,
BpeMeHHOro cpawuBaHUsA W paspeneHuvus (ne6oHamMHra) nnactuHbl U Hocutensa. Metog ZoneBOND
npeanonaraeT LEeHTPUPYXXHOe HaHeceHUe afresvOHHOro COCTaBa Ha MOJYNPOBOAHUKOBYIO MIACTUHY
1 NO3BOJISIET MPOBOAUTb MPOLLECChbl NpY TeMnepaType A0 250°C. HocuTenb NoKpbIBaeTCs APYrUM afresvBoM
Nno Kparo MNaCTUHbI, a Ha ero LeHTpasbHyo 061acTb HAHOCUTCS aHTUAANe3UOHHbIA C/1I0M. DTOT MpoLiecc
no3Bo/sieT YTOHATb 200 MM MJIACTMHBI A0 50 MKM. MomuMo MeTtoga ZoneBOND npoTecTMpoBaH HOBbIA
MaTtepuan komnaHuu Brewer Science. 1119 pasgenieH1s UCNosib3yeTcs NpoCToe B UHTErpaLmM MexaHuyeckoe
YCTpOMCTBO. Bnarogaps NOKpbITUIO BCe MOBEPXHOCTU MOJIYNPOBOAHMKOBOM MIACTUHbI U HOCUTENS 3TOT
npouecc sB/sieTcs NpoCTbIM peLleHUeM Npyu Heo6X0AMMOCTM YTOHEHUS MJIACTUH 40 50 MKM. Are3vOHHbIN
coctaB BrewerBOND 305 3awuiLaeT CTPYKTYpbl OT NOBPeXAeHUs1 BO BpeMS CK/IeMBAHUS NMIACTUH. [JaHHbIN
MaTepuan no3BosisieT NpoBoAUTb 06paboTKy 3aHel CTOPOHbI Npy TemnepaTtype 250-300°C. Ha HocuTenb
HAHOCUTCS aHTUAATe3UOHHBI MaTepuan BrewerBOND 510, KOTOPbI NMO3BOJISIET BbINOJIHATD ME@XaHUYECKUI
[e60oHANHT 6e3 A,0MNONHUTENbHOW /1Ia3ePHOM UM XMMUYECKOo 06paboTku.

Back thinning after temporary wafer bonding is a key technology for 3D integration of sensors and electronic
components to obtain miniaturized systems. Ultrathin silicon wafers are difficult to handle therefore various
temporary bonding approaches have been developed to stabilize and protect them during the subsequent
fabrication steps. We have characterized two of these methods: the BrewerBOND with a mechanical release
and ZoneBOND with a combined chemical/mechanical release. This paper presents a detailed description of
the wafer preparation steps, temporary bonding and debonding processes. The ZoneBOND method involves
the spin coating of a wafer with an adhesive and tolerate processes up to 250°C. The carrier is coated with
another adhesive at the wafer edge. The area in the center of the carrier is with an anti-sticking layer. With
this process, a thinned 6-inch wafer down to 50 pm can be fabricated. Beside the ZoneBOND new material
by Brewer Science was tested. An easy to integrate mechanical release is used. Two silicon substrates were
bonded with polished front side, without structure and with an edge trim on the front side of the device wafer.
The coating on full surface of device and carrier wafer makes it to an easy solution for thinning down to 50 pm.
Device preparation with an adhesive BrewerBOND 305 saves the structures and prevents from destroying
them during the bonding. The material enables backside processing at 250-300°C. The carrier is coated with
the release material BrewerBOND 510, which allows a mechanical debonding without additional processes.
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JddekTHUBHAS TEPMOPETYJISILIUS U BBICOKAS IIJIOT-
HOCTbH [IepeXOfHbIX OTBEPCTHUI B KpeMHHUH b1aro-
Iaps MeHbIIeMy OTHONIEHHIO CTOPOH — 3TO JHIIb
HeKOTOPble U3 IPeHUMYIIeCTB YTOHEHHBIX IIJIACTHH.
OnHaKo, yMeHbIIeHHe TONIIUHBL IIACTUH Cylle-
CTBEHHO OCJIOKHSIET UX 06paboTKy. YIBTPaTOHKHE
KpeMHHUeBble IUVIACTUHBI TONIIHHON MeHee 50 MKM
HMeIOT HU3KYIO YCTOMYKUBOCTh, HU3KYIO JKeCTKOCTh
npu usrube, KpoMe TOTO, UX HeJIb3s IlepeMelaTh
C IIOMOII IO CTAHZAPTHOI'0 TeXHOJIOTHYeCKOro 0bopy-
noBaHUs. [I03TOMy ITPH UX U3TOTOBJIEHHUH, A TAKKe
IUIsl CTAabUIM3aL MU BO BpeM s MeXaHH4ecKoH obpa-
boTkH/IIepeMelleHHU S, UCIIOIb3yeTCsl BpeMeHHas
dHKcanus IACTUHBL CO CTPYKTYPOH Ha IIJIACTHHe-
HocuTerte [1].

JI71s1 yTOHEeHU ST MCIIONIB3YIOTCS MIPOLeCChl IIJIH-
doBaHUS, TPAaBIEHUS U IIOTUPOBKU. [[ByXdTaIllHAs
mardoBKa (rpybas u ToHKas) yaausieT 60JbIIYIO
YacTh KPeMHHUEBOTO CJIOS K IIPUBOLUT K obpa3osa-
HUIO IepeKTOB Ha IIOBEPXHOCTHU. M X MOKHO yCTpa-
HHUTb C [IOMOIIBIO SKUAKOCTHOTO TPaBJIeHUSI C OLHOB-
PeMeHHBIM BOCCTAHOBJIEHHEM KPHUCTATIHYECKON
pemeTku. Ilocienyomas XUMHUKO-MeXaHHUYeCKa s
IIOJIMPOBKA [103BOJISIET ITOJIYUUTh U/ ea/IbHYIO [I0Bep-
XHOCTb C Ra <1HM.

OnuH U3 cr1ocoboB 06paboTKU TOHKUX IIJIACTUH
OB IIpefIokeH KOMIIaHHeH Brewer Science. OH
BKJII0YaeT B cebs eHTPUDYKHOe HaHeCeHHUe ajre-
3MBa Ha MOJYIIPOBOAHHUKOBYIO INIACTUHY, a HAa HOCHU-
Telb HAHOCHUTCS AHTHU-aJTe3MOHHBIM MaTepHal
IJ1s YIPOILEeHHUS OT/e/eHHsI YTOHeHHOM I1IaCTUHBI
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Fig.1. Process flow for the Brewer Science temporary wafer bond-
ing technology

B mporiecce feboHauHra. Ha puc.l u3obpaskeHa cxema
nporiecca 06paboTKH TOHKHUX IVIACTHH, KOTOPBIH pac-
CMOTpeH B JaHHON pabore. CHavyasla MPOHUCXOJUT
IIOATOTOBKA IIOTYIIPOBOJHUKOBOM IIJITACTHHBI U HOCH-
Tess. 3aTeM MIPOBOAUTCS BpeMeHHOe CpalllMBaHHUe,
YyTOHeHHe U XUMHKO-MeXaHHYecKoe pasfe/ieHHe.

n near future new solutions are

required for miniaturized elec-

tronic systems with higher per-
formance, lower cost and reduced
thickness down to some 10 pm
(1]. Wafer thinning is one of these
promising solutions which facil-
itates 3D integration of sensors
or electronic systems. These sys-
tems consist of individual compo-
nents, which are vertically stacked
and have electrical connections.
3D integration requires the wafer
thinning of both MEMS and CMOS
devices. Efficient thermal man-
agement and a high through sil-
icon via (TSV) density due to
lower aspect ratio are some of the
advantages of thinned wafers.

Compared to thick wafers, the
handling of thin wafers is chal-
lenging. Ultrathin silicon wafers
down to 50 microns have low sta-
bility, low bending stiffness and
cannot be handled with standard
wafer processing equipment. In
order to enable the fabrication of
thin Si substrates or to stabilize
them during the mechanical pro-
cessing, it is necessary to tempo-
rarily attach these device wafers to
carrier wafers [l]. For thinning pro-
cess, grinding, etching and polish-
ing are used. Grinding in two steps
(rough and fine) removes most of
Si material and leads to surface
defects and imperfections. With a
subsequent Si wet etching, these

imperfections can be removed and
the crystal lattice are restored.
Finally the chemical mechanical
polishing (CMP) generates a per-
fect surface with Ra < 1 nm. One
method for thin wafer handling
is provided by Brewer Science.
This method involves spin coating
of device wafer with an adhesive.
The carrier is coated with a release
material to remove the thinned
wafer in a debonding process.
Figure 1 shows the process flow
for the thin wafer handling tech-
nology used in this work. First the
device and carrier wafers are pre-
pared. The wafers are then tempo-
rarily bonded and the subsequent
back thinning is performed and
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Puc 2. O630p pazAuyHbIX MexHoA02Ul BpEMEHHO20 CPAULUBAHUS
Fig.2. Overview of different temporary bonding technologies

B 1iestoM, BCe TeXHOJIOTHH CPAIlMBAHUS IIJITACTHH
HesiTCSL Ha KUIKOCTHBIE U CyxHe [2]. AAre3nBHOe
CpaliuMBaHHe OTHOCHUTCS K IpyIIe XUAKOCTHBIX
TeXHOJIOTHI C IIUPOKUM BBIOOPpOM METOLOB IJIs
nebonguHTra. K MoCciefHUM OTHOCSTCS TepMHUUe-
CKOe, XMMHUECKOe, Jla3epHOe U MeXaHHYeCcKoe

pasneneHue. Ha puc.2 mpencTaB/eHO KpaTKoe OIH-
CaHHe Pa3JIUYHbIX MeTOL0B BpeMeHHOTO CPallBa-
HMUSI TP KU KOCTHOM U CyX0k o6paboTke.

K TpagMIMOHHBIM METOJaM BPeMEHHOIO Cpa-
MIUBAaHUS [OJYIIPOBOJHHUKOBBIX IIJIACTHUH OTHO-
CUTCSI, HallpuMep, pas3fielleHHe OJ BO3JEHCT-
BHeM TeMIlepaTypbl. CoBpeMeHHBbIe Ke TeXHOJIOTHH
HallpaB/leHbl Ha Pa3paboTKy MeTOMOB AebOHAMHTA
IIPY KOMHAaTHOM TeMmIlepaType. K HUM OTHOCHUTCS
ZoneBOND, npepokeHHBIM KOMIIaHHUeN Brewer
Science, KOTOPBIH SIBISIETCSI KOMOMHALIHEN XUMU-
YeCKOTO U MexaHH4YeCcKoro pasfeneHus. OCHOBHAs
Hujes LAaHHOH TEeXHOJOTHHU 3aKJII4YAeTCSI B TOM,
YTO HOCHTeJIb JJeJIMTCS Ha [iBe 30HBI: B IIleHTpe dpop-
MupyeTcs obnacts cnaboro agresusa (3oHa 1), a mmo
Kpar - 0671acTh CUIBHOTO afire3uBa (30Ha 2).

ITomuMo ZoneBOND kommnaHus Brewer Science
IpejjaraeT HOBble MaTepHaJbl IO pa3IUvuHble Tpe-
0oBaHUS MPOLIECCOB CPAIlUBAHUS U pa3feleHuUs.
B meTome BrewerBOND HCII0/Ib3yeTCS J1a3epHOEe HIH
MexaHHYecKoe pasjeseHHe. JlazepHoe pasfie/leHHe
OKa3bIBaeT O4YeHb caboe BO3/IeNICTBHe HA YTOHEH-
HYIO [IJIACTUHY, HO MOXeT IIPOBOJUTHCS TOIBKO CO
CTeK/ISIHHBIM HOCHTe/IeM, IIPO3PauyHbIM A4 Jia3ep-
HOrO H3Jy4YeHHUS B AHaIa30He 270 HM U 360 HM.
AnTre3suBHBIe MaTepHalbl, KOTOPble UCIIONb3YIOTCS
B MeTozmax ZoneBOND u BrewerBOND, mepeuucieHbl
B Tab1.

IIpy MeXaHHYeCKOM pa3fe/leHUH MJIaCTUH Tpe-
OyeTcsi culOBOe BO3/leHICTBHe. [I[peuMyIiecTBaMU
MeXaHHYeCKOIro pasfeleHHUs SB/ISIOTCI HU3KHe
pacxombl, a Tak>kXe BO3MOXHOCTb HCIIOJIE30BaTh

finally the mechanical debonding
takes place.

Usually, temporary wafer bond-
ing technologies are divided into
wet and dry techniques [2]. For each
group several specific technologies
are available. Adhesive bonding
technology falls into the group of
wet process with different methods
for the final debonding. The differ-
ent approaches are: thermal slide,
chemical, laser and machanical
release. Fig.2 shows an overview for
different temporary wafer bonding
methods separated into wet and dry
processes.

In temporary wafer bonding
there are some traditional methods
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such as thermal slide release
approach. New technologies now
focus on room temperature debond-
ing processes. Here Brewer Science
provided the ZoneBOND technol-
ogy, which is a combination of
chemical and mechanical release.
The main part of this technology is
that the carrier is separated in two
zones. During the bonding process,
two zones are formed. In the mid-
dle of the wafer, there is a fragile
adhesive region (zone 1). In contrast
to the zone 1, there is a strong adhe-
sive area on the wafer edge (zone
2). Beside the ZoneBOND material
Brewer Science provides new mate-
rials with different requirements

for the adhesive wafer bonding
and de bonding processes. The
BrewerBOND method employs
either laser release or mechanical
release. The laser release results
in very low stress for the thinned
substrate, but is only feasible with
glass material which is transparent
to laser irradiation between 270 nm
and 360 nm wavelengths. The adhe-
sive bonding materials used for
ZoneBOND and new BrewerBOND
are listed in Table.

The mechanical release needs an
additional de bonding force to sep-
arate the wafers. The advantages
of mechanical release are the low
costs as well as the possibility of
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Adze3usHble Mamepuanbl 0451 Memodos ZoneBOND

u BrewerBOND

Bonding materials for BrewerBOND and ZoneBOND technologies

TexHonorus

Technology

Marepuan
Material

CprKTypa
Device

BrewerBOND

Knewn
Adhesive
Brewer BOND 305

2.

2320-15 N8 30HbI 2.

ALre3nNOoHHbLIN MaTepuan Ans cpalmea-
HUA nnacTuH: ZoneBOND 5150-30
Release material for carrier wafer: ZI
3500-02 for zone 1; EM 2320-15 for zone

Adhesive bonding material for device
wafer: ZoneBOND 5150-30

BrewerBOND AHTUAAre3noHHbIe MaTepuabl
ona Hocutensa: BrewerBOND 701,
BrewerBOND 510.
ALre3NOoHHbIN MaTepuan Ans cpalmea- L
HMS NAacTuH: BrewerBOND 305 Hocurens Tt o 1M
Release material for carrier wafer: Brewer BOND 510
BrewerBOND 701, BrewerBOND 510.
Adhesive bonding material for device
wafer: BrewerBOND 305 cen@seliy
Knen Z1: Kneit 72
ZoneBOND AHTUAAre3NOHHbI MaTepuan ans CTpyKTypa A%@%Sc')‘i%él: Adhesive 72:
HocuTens: ZI 3500-02 g5 30HbI 1; EM Device EM 2320-15

Carrier

pa3/IHYHbBIe THIIBI aATr€3HMOHHOIO0O MAaTepHalla.
TexXHOJIOTUYEeCKUU Inponecc Mmpyu MeXaHHYeCKOM

Hocutenb ! AHTI/I AAre3nBHbIN C/ION

S

Anti-sticking layer:
5150-30

Puc.3. CpagHeHue mexHono2ull BrewerBOND u ZoneBOND

technology

paspeneHHH ropasfo IIpolle, YeM IIPpHU MeTone
ZoneBOND, Tak KaK Ha BCIO [IOBePXHOCTb HOCHUTEIS

HAHOCHTCS OAHWHAKOBBIM aHTUAAT€3UOHHBIN CJIOH.
B pesynbTaTe OTCYTCTBYeT HEOOXOLUMOCTD B KU/
KOCTHOM XMMHYeCKOM TPaBJeHUHU HIHU JIa3epHOU

obpaboTke nepen eOOHIUHIOM.

using different types of adhesive
material. The process flow is sig-
nificantly simplified compared to
ZoneBOND in which the anti-stick-
ing layer is coated on the complete
carrier wafer. As a result the wet
chemical etch or the laser release
before de-bonding is not required.
In comparison to ZoneBOND
method the BrewerBOND technol-
ogy has simple preparation steps.
The comparative overview of these
technologies is shown in Fig.3.

EXPERIMENTAL

Before starting the wafer coating it
is necessary to do an edge trim of
the device wafer. Previous results

Fig.3. Comparison between BrewerBOND and ZoneBOND

ITo cpaBHeHUIO ¢ MeTOLOM ZoneBOND TexHoJIOrus
BrewerBOND uMeeT 601ee IPOCTbIe [IOJATOTOBUTEIb-
Hble maryd. CpaBHUTE/IbHBII 0630p JaHHBIX TEXHOJIO-

TUM [IpeJCTaBJIeH Ha PUC.3.

shown, that the wafer edge is less
susceptible for damage. The edge
trim width is 2 mm with a depth of
260 pm. Fig.4 shows the wafer edge
after the edge trim of an 8-inch
wafer. After the thinning step the
wafer diameter is reduce by 4 mm.

Experimental results using
ZoneBond material

Spin coating of the device and the
carrier wafers is carried on the
semi-automatic RCD8 spin coater
from SUSS MICROTEC. The device
wafer is prepared by the deposi-
tion of the thermoplastic adhe-
sive (ZoneBOND 5150-30). The sub-
sequent curing takes place at 230°C

for 2min. The viscosity of the adhe-
sive is 10000 centipoise high. The
adhesive layer thickness depends
on chuck rotating speed. A layer
thickness of around 20 pm requires
a rotating speed of 1600 revolu-
tions/min with a dispensing quan-
tity of around 5-10 ml (Fig.5).

The first step of the carrier wafer
fabrication on the RCD8 is forming
of a zone on the wafer edge with the
adhesive ZoneBOND EM 2320-15. An
exact centering of the carrier wafer
on the vacuum chuck is important
to get uniform coating on the wafer
edge zone. The thickness of the
layer is in the range of 0.5-3 pm.
After baking at 220°C, an anti-stick

#2/81/2018 NANO INDUSTRY
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Puc.4. 200 mm naacmuHa nocae o6pabomku Kpas
Fig.4. 8-inch wafer after edge trim

NCNbITAHUA
[lepen HaHeCeHHEM ITOKPBITUSA Ha II0JIYIIPOBOLHU-
KOBYIO IJIACTHUHY He0OX0AUMO yAA/NIUTh 4YacCTh ee
KPOMKH CO CTPYKTypoHu. IlpefpIAyLiHe pe3yabTaThl
[IOKa3bIBajIH, YTO KPaH IVIACTUHBI MaJIO IO BeP>KeH
[IOBPEXKIEHU M.

YhaneHue KPOMKHY IIPOM3BOAUTCS Ha IMIHPHUHY
2 MM U r1y6buHy 260 MKM. Ha puc.4 n3obpaskeH Kpai
8-IIOMMOBOM IIJIACTHUHEI 1Tocae o6paboTku. Ilocie
06paboTKH AHAMeTp MOJYIPOBOLHUKOBOM IIIa-
CTHHBI YMEHBIIUTCS Ha 4 MM.

OnbIT € UICNONb30BaHMEeM MaTepuana ZoneBond

LeHTpudy>kHOE HaHeCeHHe MOKPBITHUSA Ha IIja-
CTHHY CO CTPYKTYPOH U Ha HOCHTeJ/b BBIIIOIHSIETCS
Ha IoJyaBToMaTH4YecKkod cucteme RCD8 ot SUSS

ToNMHA CNoAa, MKM
Layer thickness, pum

10

500 1000 1500 2000 2500

CKOpOCTb BpalLeHns, 06./MUH.
Rotating speed, R/min

Puc.5. 3asucumocmb MOAULUHbI CAOS OM CKOPOCMU 8pAll,eHusl,
onpedeAeHHAs! HA N/n nAacmuHe ¢ 00HOPOOHbIM NOKpbIMUeM
U MoAUUHOU €051 30 MKM.

Fig.5. Layer thickness dependence on the rotating speed includ-
ing homogeneous coated wafer and measured 30 pm layer
thickness

MicroTec. [TonynpoBOJHKHKOBAS IJIACTHHA MOATO-
TaB/JIMBaeTCH C IIOMOILBIO OCaKAEHHUS TepMOIla-
CTUYHOro aare3uBa ZoneBOND 5150-30. ITocie 3Toro
BBIIIOJIHSIETCS 3a1yOIMBaHUe MaTepyasa Py TeM-
neparype 230°C B TeueHHe 2 MUH. BA3KOCTb afresmsa
coctasgeT 10000 cII. TonmuHa /105 aAre3yuBa 3aBU-
CHUT OT CKOPOCTH BpallleHHU s AepKartess. [l co3ma-
HUS CJIOSL TOJNIIUHOM 20 MKM TpebyeTcsi CKOPOCTh
BpamleHHs 1600 06./MHH. U IpUMepHO 5-10 MJI MaTe-
puaina (puc.5).

layer (ZoneBOND ZI 3500-02) is dis-
pensed on the center of the car-
rier wafer. Compared to 400 centi-
poise of ZoneBOND EM 2320-15 the
viscosity of the anti-stick layer is
only 50 centipoise. Compared to the
device wafer preparation the adhe-
sive layer thickness of the carrier
wafer depends on chuck rotating
speed. A Layer thickness of around
2 pm requires a rotating speed of
300 revolution/m in with a dispens-
ing quantity of around 1.5 ml. The
adjusting adhesive width is around
1.5mm (Fig.6).

The subsequent adhesive wafer
bonding is realized by using a
SUSS MicroTec SB8 wafer bonder.

HAHO MHOVCTPHA #2/81/2018

The adhesive wafer bonding is car-
ried out under low vacuum (process
pressure < 5 mbar) with a 170 kN/m?
bonding pressure using a bond-
ing temperature of 200°C. Figure
7 shows the wafer stack on a 6inch
fixture and the formed intermedi-
ate layer with approximately 30 pm
thickness after the adhesive wafer
bonding in the SB8e.

One way to characterize the
quality of the bonding interface is
infrared microscopy. Fig.8 shows
two examples after the adhesive
wafer bonding process.

The left one shows clearly visible
voids between the bonding part-
ners. In contrast, in the bonding

interface on the right side no voids
are detectable. In previous work 5 to
5 mm structures are used to eval-
uate the bond strength by apply-
ing an increasing shear force until
the interface cracks. A maximum
shear strength around 8MPa with
a dicing yield more than 90% was
obtained for the strong adhesive
zone (Fig.9). Compare to zone 2, the
yield and the bonding strength of
zone lis very low.

After chemical, mechanical and
thermal processes (T < 250°C), the
edge zone of the strong adhesive
area is released with mesitylene.
Then, the wafer stack with the
device wafer face down is mounted
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AOre3vB Ha Kpato NaacTuHbl
Adhesive on wafer edge

s
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Puc.6. MaacmuHa-HocumeAb nocAe HaHeceHUs adze3uga Ha Kpal,
a maioke 3asLCcUMOCMb MOAUWUHBI CAOSI OM HAHOCUMO20 KoAUYecm-
80 Mamepuand npu NocmosHHoU ckopocmu epauieHust 300 06./MUH.
Fig.6. Carrier wafer after coating with adhesive on wafer edge
including layer thickness dependence on the dispensing quantity
with constant rotating speed of 300 R/min

[IepBBIM IIATOM B IIOATOTOBKE IIJIACTHUHBI-HOCH-
Tens Ha cucrteme RCD8 aBnsgercs popMHUpoOBa-
HHe 30HBl Ha Kpalo IOJYNPOBOLHHUKOBOM IIJa-
CTHUHBI C IOMOMNIbIO aAare3uBa ZoneBOND EM 2320-
15. I{pe3B1>Ian7IHo BaskKHO 00eCIIeYUTh TOUHOE LIeH-
TPUPOBaHMNeE HOCHUTEJS Ha BAKYYMHOM JepskaTeje
JJ151 IONYYeHU ST OAHOPOSHOIO IIOKPHITUS 10 Kpaio
IIJIaCTUHBIL. ToninuHa cjios coctaaseT 0,5-3,0 MKM.
Ilocnme cymKku npu Temieparype 220°C B LeHTP
HOCHTEJs HAaHOCUTCS CJIOM aHTHAATe3HMOHHOIO

Puc.7. Ad2e3u0HHOE cpauwueanue nAacmuH co cpopmuposaH-
HbIM NpOMEXXYMOoUYHbIM choem 8 ycmaHoske SUSS SB8e

Fig.7. Adhesive wafer bonding on SUSS SB8e substrate bonder
with formed intermediate layer

maTepuana ZoneBOND ZI 3500-02. Ba3KkocTh cJios
AHTHAJATe3MOHHOI0 MaTepuasa cocTaBseT Bcero 50
cIl B cpaBHeHuHU C 400 cIl gnsg ZoneBOND EM 2320-
15. Kak 4 B c/iy4yae IOATOTOBKH IIOYIIPOBOAHHUKO-
BOM IJIACTUHBI, TONIIMHA C/I0S HA HOCUTEJIe 3aBUCUT
OT CKOPOCTH BpallleHHs JepsKkaTess. [ Toro 4Tobst
IIOJIYYHUTH CJIOM TOTIIMHOM 2 MKM, TpebyeTcs CKo-
pocTh BpamleHUs 300 06/MUH IPU HAaHeCEHUH 1,5 MII
Mmartepuasna. llupuHa ajgresrBa COCTaBU/IA IIPH-
MepHO 1,5 MM (puc.6).

on a tape frame and placed in the
SUSS de-bonding system DBI 2T.

In the DBI 2T, the mounted wafer
stack is fixed on both sides by vac-
uum. The mechanical separation
of device and carrier wafers is done
over the C-cut at the wafer edge.
The carrier wafer is clamped over
the blade and vertically moved on
a flex plate over power cylinder at
room temperature. A pressure roll
is moving backwards and control
the speed of debonding procedure.
The schematic drawing including
a picture of the DB 12T is shown
Fig.10 and Fig.17.

In the final step, the device wafer
on the mounted tape frame and the

carrier wafer are cleaned in a com-
bined puddle dispense- und spray
process. Similar to the edge release
process, the cleaning is performed
in the SUSS MicroTec AR12 module.
The used chemistry is limonene
or mesitylene with a subsequent
isopropanol rinse. With this pro-
cess flow, a thinned wafer down to
50 pm can be fabricated (Fig.11).

In the cleaning step the wafer
is rinsed with mesitylene. In pud-
dle dispense process the arm rotate
from right to left side for two sec-
onds supported with ultrasonic.
The solvent remove the adhesive
from the wafer. The cleaning pro-
cess needs to be as short as possible,

because the UV-sensitive tape
decomposed by the solvent mesit-
ylene. The puddle dispense elimi-
nate the whole adhesive layer in
15 min.

The tape loses their adhesive
strength after 30 min in mesitylene
bath. But the thinned wafer needs
the tension of the tape (Fig.12).

Experimental results using
BrewerBond material

The fIrst step of the device wafer
processing on the RCD8 is the coat-
ing with the adhesive BrewerBOND
305 material. BrewerBOND 305 is a
polymer material with a viscosity
of 6700 centipoise. Challenging is
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Puc.8. MIK-usobpaskeHue nocae a0ze3u0HH020 CpaujuBaHus
c depexmamu (caesa) u 6e3 depekmos (cnpasa)

Fig.8. IR-Detection after adhesive wafer bonding with (left) and
without (right) defects

T, H/MM2 | N/mm?

ZoneBOND
EM 2320-15

ZoneBOND
Z1 3500-02

Puc.9. [Mpo4yHocmb 30H Ha co8u2
Fig.9. Shear strength of zones

[Tocnenyrmoinee agre3sBHOe CpaliMBaHUe IIPO-
BOJMUTCS C IIOMOIIbI0 cucTeMbl SUSS MicroTec SBS.
ITporecc IpoTeKaeT IIPH HEBBICOKOM BakyyMe (<5 6ap)
C maBJIeHHEM CpalluBaHusg 170 KH/M? mpu Temnepa-
Type 200°C. Ha puc.7 u3obpaskeHa c6opKa IIJIaCTHUHBI
Ha HocHTese Ha 200 MM JepsKaTesie C HAHEeCeHHBIM
IPOMEXYTOYHBIM CJI0eM TOJILMHOMN IPHUMEPHO
30 MKM II0C/Ie CpalliiBaHKA B SB8e.

OmHHUM U3 c10cob60B OLIEHKHU KadyeCTBa IIOBep-
XHOCTHU CpPAallMBAaHUS ABISETCS MUKPOCKONHUS
B MHQPaKpacHOM cBeTe. Ha puc.8 mpencraBieHbl
IBa IIpUMepa IIJIaCTUH II0oCjIe CpallMBaHUA. Ha
neBOM H306paskeHUU BUAHBI IIYCTOTHI MEXKY CKJIe-
@HHBIMU IIJITaCTUHAMM, B TO BpeMsd KakK CIIipaBa
TaKHe IYCTOTHl OTCYTCTBYIOT. /i OLleHKHU IIPO-
YHOCTHU CKJIEHMBAHMUS HUCIIONb30BAIUCH 00Pa3IbI
5x5 MM, K KOTOPBIM 6bIa MpUJIOKEHA MTOIepey-
Hasg COABUTAIOIIAas CUJa 00 IIOSBJIeHUS TpelluH
Ha IIOBePXHOCTH CKJIeHBaHUS. B 30He BBICOKOU
aZre3svu NpU MPUIOKEHUHU IIOIePeyHOM CBUraA~
IOIIel CHJIBI GBI IIOJy4YeH pe3ynbTaT okojo 8 MIla
C BBIXOJIOM TOIHBIX KPUCTAJIOB 6onee 90% (puc.9).
B 30He 1 NPOYHOCTh CKIGMBAHUSA U BBIXOJH IOA-
HBIX KPHUCTAJ/IJIOB OYeHb HH3KHe 10 CPaBHEHUIO
C 30HOM 2.

[Toce XUMUYECKOM, MeXaHHUYeCKOH U TepMHuyYe-
ckot (T < 250°C) 06paboToK C KpaeBOH 30HEI C IIOMO-
b0 Me3UTHJIeHA yAANSIeTCs afTre3UOHHbIN CJIOU.
3arem c60pKa HOCHTEJIS C IIOTYIIPOBOAHHUKOBOM II/Ia-
CTUHOM, 0OpalleHHOMN JTUILEeBON CTOPOHOI BHHU3,
MOHTHPYeTCsl Ha PaMKY C IIJIEHKOK K IIOMeIllaeTcs
B neboumep DB 12T.

the dispensing without air inclu-
sion. The thickness of the layer is
in the range of 35-50 pm using a
HEIDENHAIN measurement sys-
tem. After baking at 220°C for
2 min without proximity to the
hotplate the device wafer is ready
for further processing. The sec-
ond step of substrate preparation
before adhesive wafer bonding is
the layer deposition on the car-
rier wafer with the BrewerBond
510 material. This release material
enables the mechanical debonding
without wafer cracking at room
temperature. The expected data-
sheet layer thickness is around 5-6
run using speed rotation of 1250
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rpm. The ellipsometry measure-
ment showed a thickness of the
release material around 3.5 nm.
The numeric model and the wafer
map after thickness measurement
of the BrewerBond 510 release
material are represented in Fig.13.

The subsequent adhesive wafer
bonding is carried out under vac-
uum (process pressure < 5 mbar)
with 180 kN/m? bonding pressure.
With the infrared inspection an
outgassing of the material was
observed (Fig.14).

One is bonded at 200°C with a
heating and cooling ramp of 10 K/
min. The next one has a longer
hold time at 100°C and 150°C for

20 minutes. The last bonded inter-
face show the wafer stack after
heating the wafer (200°C, 10 min)
before coating. Nevertheless the
subsequent wafer thinning of the
200 mm wafer is with the com-
bined three step process (grind-
ing, spin etching and chemi-
cal mechanical polishing) possi-
ble. With this conventional back
grinding process the wafers can be
thinned down up to 50 pm thick-
ness. Regarding to silicon surface
the roughness after grinding is
around l4run with a wafer thick-
ness of 115 pm (Fig.15).

Regarding to the thickness vari-
ation control a subsequent fine



NANOTECHNOLOGY

MpUXKUMHOWM
ponmnK
Pressure roll

=1y

Hocutens
Carrier

Puc.10. Mpouecc deboHOUH2a 8 SUSS DB 12T
Fig.10. Debonding on SUSS DB 12T

B cucteme DB 12T cbopka IJIACTUHBI C HOCUTE/IEM
c 06erx CTOPOH GUKCUPYeTCsl BAKYYMOM. MeXaHHUYecKoe
paszereHHe MOy POBOAHKUKOBOM IJIACTHUHBI U HOCH-
TeJIsl TPOBOHUTCS 110 C-06pa3HOMY BEIpe3y Ha Kparlo IlIa-
CTHHBI. HocuTenb QUKCUPYETCS BBIIIE JIE3BUS U IIOA-
HMMaeTCsl Ha THOKOM IJIACTHHEe BBEPX IIPU KOMHAT-
HOM TeMIlepatype. [IpUKHMHOM POJIKK [lepeMellaeTcst
Ha3aJl U KOHTPOJIKPYyeT CKOPOCTb ITpoliecca AeboHIUHTa.
CxeMaTHUYeCKHUI YepTesk C H306paskeHHeM CUcTeMbl DB

Puc.11. O4ucmka 8 modyae SUSS MicroTec AR12 u nonynpo8ooHu-
K08asi NAAcmMuHa moALuHol 50 mkm nocne puHanbHol Nod20mosKu
Fig.11. Cleaning in SUSS MicroTec AR12 module and 50 pm
device wafer after final preparation

Ha 3aK/IH04YUTeIbHOM LIare IIOAYIPOBOJHUKO-
Bas IIJIACTHHA, pa3MelleHHas Ha paMKe C IIJIEHKOH,
Y HOCHTEJIb OYHIIAI0TCS KOMOMHHUPOBAHHBIM METO-
noM (HanuB 1 HabpsI3ruBaHUe). Kak U B ciiydae co
CHSITHEM CJI0S C KPaeB, YMCTKa IIPOBOSUTCS B MOAYJIe
SUSS MicroTec AR12 ¢ MCII0/Ib30BaHHEM JIMMOHEHA
HMJIA Me3UTHJIeHA C IOC/AeIyom e IPOMBIBKOM H30-
[IPOIHMJIOBBIM CIIMPTOM. JJaHHBIM IIPOLlecC IpHMeH -
€TCSI B U3TOTOBJI€HUH IIJIACTUH TOJIIIHMHOM 10 50 MKM

12T ipencrasieH Ha pyc.10 v puc.17.

grinding is favorable. With the
downstream stress release spin
etching process defects or micro
cracks are reduced. In additional
the surface quality of around 4nm
is improved. With the final CMP
step the perfect surface quality
with a roughness smaller than
0.5nm is realized (Fig.16).

Besides the mechanical wafer
thinning there exist many other
chemical and physical processes,
which are partially tested and
compatible to the adhesive wafer
stack. These are:

« silicon dry etching;
« PVD-Metallization;
« photolithography;

(puc.11).

+ wet etching and cleaning process
with different acids and bases
like diluted hydrofluoric acid.
The most critical parameter is

the temperature. Processing tem-

peratures up to 300°C are possible.

After some tested processes the
wafer stack with the device wafer
face down is mounted on a tape
frame and placed in the debond-
ing system DB 12T (Fig.17). In
the subsequent debonding pro-
cess the device is separated from
the carrier wafer. The debonding

process of the 200 mm wafer is a

room temperature peel-off process

and identical to the mechanical
release ZoneBOND process.

During the process the device
wafer is fixed and the carrier
wafer is vertically moved on a flex
plate over two power cylinder.
The debonding force is lower than
500 N and finished after less than
5 min. The cleaning is performed
in AR12 module with mesitylene
and subsequent isopropanol rinse
compared to ZoneBOND process.
In the cleaning step the wafer is
rinsed by mesitylene. In the pud-
dle dispense process the chuck is
rotate right to left side for two sec-
onds with changing the direction.
The solvent remove the adhesive
from silicon surface. Regarding
the sensitive tape decomposed
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Puc.12. Pama c naeHkoli nocae 10 muH. (cresa) u 40 mMUuH.
(cnpasa) 8 eaHHe ¢ Me3UuMUAEHOM

Fig.12. Tape frame after 10 min (left) and 40 min (right) in mesity-
lene bath

B mponecce YMCTKY HAJIMBOM YHCTSIIee yCTPOU-
CTBO BO3/,eUCTBYET CIIpPaBa HaJIeBO B TeYeHHeE JBYX
CeKYHJ, B COYeTaHUHU C YIBTPA3BYKOBOM 06pabOTKOMI.
I1pu 3TOM pacTBOPUTE/b yAaAsAeT afre3us C [0y~
[IPOBOAHKUKOBOK IIJIACTHUHEL. IIpollecc 0O4YHUCTKH
IOo7KeH 6bITh MAKCHMAJIbHO OBICTPBIM, IIOCKOIBKY
MEe3MTHJIEH IIOBpeXXJaeT YYBCTBHTEJIbHYIO
K YO-u3/1y4yeHHUIO IJIEHKY. [IpU YKMCTKe HAaJTUBOM
CJI0M a/ire3uBa MOJIHOCTBIO yaaasercs 3a 15 MuH.,
a IJIeHKa TepsieT CBOM KJleslHe CBOLCTBA IIOC/Ie
30 MHUH. B M@3UTHUJIEHOBOM BaHHe. HeobxomuMo,
YTOOBI IO eP>KUBATIOCH OIIPe/le/IeHHOe HaTsIKeHHe
IJIeHKH (puc.12).

OnbIT ¢ MaTepuanamm BrewerBond

[lepBBIM marom B 06paboTKe MONYIPOBOAHU-
KOBBIX IJAaCTHH C HMCIOJb30BaAaHHUEM CHCTEMBI
RCD8 saBigeTcsa HaHeCceHHe ailre3UBHOI0 MaTepHrasia

Title Thickness  State Layer Type Info [632,8 nm]
NK layer nd, 0000
4,60 nm BE Cauchy layer n=1,1439
2,250m 9] Cauchy layer n-1,4610

Fitelayer 038717 k00576

Surfece [%]

48

Puc.13. Yucnosast modeab U Kapma noAynpos8oodHuUKos8ol naa-
CMUHbI NOCAE 3AAUNCOMEMPUYECK020 U3MepeHus mamepuana
BrewerBond 510

Fig.13. Numeric model and wafer map after ellipsometry measure-
ment of the BrewerBond 510 release material

BrewerBOND 305, KOTOpPBIK KMeeT BSI3KOCThb 6700 cII.
BaskHO, 4TO6BI OH HAHOCHIICS 6e3 BRIIOYeHHU S I1y3bl-
pen Bo3ayxa. TonKMHA €104 coCTaBUIa 35-50 MKM
(cucteMa U3MepeHHUs HEIDENHAIN). Ilocie 3a1y-
61MBaHUS IPU TeMIIepaType 220°C B Te4eHHe 2 MHUH.

by the mesitylene the cleaning
process needs to be as short as
possible.

For the manual tape frame
removing the wafer is placed on a
vacuum chuck after UV exposure.
With minimized nitrogen support
the 50 pm thin wafer can be taken
from the vacuum chuck by hand
(Fig.18).

CONCLUSION

In sununary the increasing of
functionalities in one system in
parallel with the component size
reducing, required the 3D MEMS
integration. One key technol-
ogy is the temporary bonding/

HAHO MHOVCTPUA #2/81/2018

debonding method with a high

priority in 3D IC.

Compared to the 3D IC in the
MEMS integration there exist dif-
ferent challenges.

o different functionalities (like
Optic, Mechanic, Fluidic plus
Electronic);

« many technologies and materi-
als (like silicon, ceramic, glass,
metal or polymers);

 sensible components with the
need of a hermetical package;

« TSVs with high aspect ratio and
large dimensions.

In the summary there exist
no standard solution. It depends
on the application. Actually in

3D-MEMS integration the complex
ZoneBOND two zone approach
is used. But Brewer Science pre-
sented new adhesive material
called BrewerBOND which allow
temporary wafer bonding pro-
cesses to produce 50 pm thin
wafer with subsequent laser or
mechanical release process. The
process flow is significantly sim-
plified. Compared to ZoneBOND,
the anti-sticking layer is coated
on the complete carrier wafer. As
a result the wet chemical edge
release before de-bonding is not
required. In additional the mate-
rial enables backside temperature
processing up to 300°C. [ |
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6e3 3a30pa MeXX/AY IJIACTHHOM KM HarpeBaTe/lbHOM
IIJIUMTOM, [JIaCTHMHAa OblJIa TOTOBA K JajIbHeHIlIeHn
obpabortke.

CrenyoIiiuM 3TallOM ABJISeTCS HaHeCeHHe CJI0s
BrewerBond 510 Ha I/1aCTUHY-HOCUTe/Ib. OTOT aHTH-
afre3sdMOHHBINM MaTepHas IO3BOJsSeT IIPOBOLUTH
MeXaHHUYeCKUN Ne6OHAUHT NPU KOMHATHOH TeM-
nepatype 6e3 prucka pacTpeCKHMBAHUS IIJTACTHHBL.
CornacHo NOKYMeHTAlLlMH, IPHU CKOPOCTH 1250 06/
MUH. TOJIIKMHA CJIOS JOJIKHA COCTaBIATh 5-6 HM,
HO 3JIIMIICOMeTPHYECKMEe H3MEpPeHHs II0Ka3alu
BeIMYUHY OK0I0 3,5 HM. YKca0Bas MOJe/Ib U KapTa
MOJYIIPOBOAHUKOBOK IIJIACTUHBI IIOC/Ie M3Mepe-
HU S TOJNIIUHEL cj10s BrewerBond 510 IIpeaCcTaB/IeHBI
Ha puc.13.

[Nocnenyroinee cpalmMBaHye IIJIACTUH IIPOBOAUTCS
o BakyyMmoM (< 5 mbap) mpu maBiaeHuH 180 kH/m?.
Bo BpeMst MK-MHCIIeKLIUU OblI 0OHAPY>KeH BBIXOJ
rasa (puc.14). B mepBoMm ciydae cpallMBaHHUe IIPO-
BOOMJIOCH ITpU TeMIlepatype 200°C c marom Harpesa
U oxaxkaeHus 10 K/MUH. Bo BTOPOM Cjiy4ae HCIIO0/Ib-
30BaJiach BeigepskKa mpu 100°C u 150°C B TeueHUe
20 MUHYT. B moc/ieqHeM caydvae mepea HaHeCeHHeM
IIOKPBITH S TPOBOAKIICS Harpes 10 200°C (10 MUH).

ITocyenyomiee yTOHeHHe 101y POBOLHHUKOBOMU
200 MM IJIACTUHBI BBIIIONIHSIETCS B TPH dTama (IIu-
doBaHMe, TpaBleHHE U XHUMHUKO-MeXaHHYeCKad
nosiupoBKa). C IOMOLIBI0 TPAJULIMOHHOIO IIpoliecca
HIHPOBKHU 06PATHOM CTOPOHBI MOXKHO TOOUTHCS yTO-
HeHH 00 50 MKM. [lIepoxoBaTOCTh KpeMHHU S [IOCTIe
HIIHPOBKU COCTAB/ISA/IA IPUMEPHO 14 HM IIpU TOJI-
IIMHe MOAYyIPOBOJHUKOBOM MJIACTUHH 115 MKM
(puc.15).

B mensax BeIpaBHUBAHMS TOJIIMHBL I1JIACTHHBI
[IpeAIIOYTUTEe]IEHO IIPOBECTH TOHKYIO MITHUPOBKY.
C mmoMoIbI0 LeHTPOOesKHOTO TPaBlIeHHUs CIJIasKU-
BaIOTCA JepeKThl U MUKPOTPEUIHMHEI IIOBEPXHOCTH,
a TaKk>Xe yMeHbIlIaeTCs ee MepPOXOBaTOCTh (OKOJIO
4 HM). Ha duHaNbHOM 3Tale XMMHUKO-MeXaHHYe-
CKOM IOJIMPOBKH MOXHO IOJYYHUTh HAeaTbHYIO
IIOBEPXHOCTH C IIEPOXOBATOCThIO MeHbIIe 0,5 HM
(puc.16).

[ToMHMO MeXaHH4YeCKOIro yTOHeHUs AJsl obpa-
60TKH COHOPKM MIACTUHB Ha HOCHTEJIe MOTYT
KCII0JIb30BaThCs CIeAYIOIIe XUMUYeCKHe U QU3U-
YeCKHe IIPOLeCChI:

* Cyxoe TpaBJIeHHe KpeMHMUS,
* MeTa/IM3alMs MeTOLOM QU3UYeCKOro ocaxkie-

HUS M3 ra30Bok pasbl;

e dotonurorpadpus;
* SKMJIKOCTHOE TPaBJIeHMe M YHCTKA C UCII0Ib30Ba-

HHeM Pa3JIHYHBIX KHUC/IOT U Iiesiouell, TAKUX KaK

pasbaBieHHas @TOPBOLOPOAHAS KUCIOTA.

Puc.14. Bbixo0 2a3a, onpedeAeHHbIl ¢ NOMOLWbto MIK-KOHMpoAs
nosepxHocmeu cpaw,usanus

Fig.14. Outgassing detection via IR control of different bonding
interfaces

Puc.15. Onmuueckoe U306paskeHue nAacmuHbl ¢ depekmamu Kpem-
HUST U Wepoxoe8amocmbto Ra = 14 HM nocAe MoHKOU WAUGOBKU
Fig.15. Optical image with silicon defects and measured rough-
ness Ra = 14 nm after fine grinding

Puc.16. ACM-u306paxceHue nociae LeHmMpobexxHoz20 mpasne-
Hus (Ra= 4 Hm, caesa) u Si-XMI (Ra = 0,5 Hm, cnpasa)

Fig.16. AFM-image after Spin etching (Ra = 4 nm, left) and Si-CMP
(Ra=0.5 nm, right)

Haubosee KPUTUYHBIM IIAPAaMeTPOM SIBISIETCS
TeMIlepaTypa, KOTopasi He [OJIKHA IIPeBBIIIATH
300°C.

[Tocne Heobxonumou obpaboTku cbopka mia-
CTHUHBI Ha HOCHUTeJe, B KOTOPOM IJIACTUHA OPHU-
eHTHPOBaHa JTHIEBOM CTOPOHOH BHH3, MOH-
THUPYeTCS Ha PaMKYy C IJIEHKOHM M IOMeIlaeTcs
B cucteMy geboupunra DB12T (puc.17). B mpouecce
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Puc.17. Cxema noaynpo80o0HUKOB0OU NAACMUHbI MOAUUHOU
50 mMKM Ha pame ¢ naeHKol neped de60HOUH20M

Fig.17. Schematic drawing including 50 pm thin wafer on a tape frame
before debonding

neboHIHHTA IOy POBOAHHUKOBYIO IVIACTUHY OTHe-
JSII0T OT HOCUTesl. MexaHUYeCKUN Ae6OHAUHT
IIJIACTHUHBL pasMepom 200 MM BBIIIOJIHAETCS IIPH
KOMHATHOM TeMIlepaType TaK Xe, KaK U B cydae
IIprMeHeHH MaTepuana ZoneBOND: mosymnpoBo-
HHMKOBaf IVIACTMHA QUKCHUPYETCS Ha MeCTe, a HOCH-~
Te/lb IIOAHHUMAETCSI BBePX Ha I'MOKON IIJIACTHHE.
Cua pasfeneHus He npeBriaeT 500 H u gercTByeT
MeHee 5 MHH.

YucTKa BRIIIOJHSAETCS B MoAyie ARI2 ¢ momo-
b0 Me3UTH/IeHAa M 3aBepllaeTcsl IPOMBIBKOU
M30MPOIIU/IOBEIM CIIMPTOM, KaK M B IIpoliecce
€ ZoneBOND. IIpu NpoMBbIBKe CTpPyel Me3UTH/IeHa
JepkaTejlb BpalllaeTCs CIpaBa HaJleBO B TeYeHHe
2 CeKyHJ, MeHqs HallpaBJieHHe, U PaCTBOPUTEJIb
yOansieT afire3uB C IOBePXHOCTH KpeMHHU . YTOObI
IIJIeHKa He 6bl/1a TOBPesKeHa Me3UTHIIEHOM, IIPO-
11eCC YMCTKH LOJIKEH IIPOXOAMTh MaKCHMaJbHO
OBICTPO.

J71s1 py4HOrO yialeHHsl PAaMKH C IIJIEHKOH, I10CJIe
Y®-3KCIIOHUPOBAHUS MONYIPOBOSHHUKOBAS IIJIa~
CTHHA [TIOMeIaeTCsl Ha BaKyYMHBIH Jlep>KaTesb. IIpu
MHUHHMaJIbHOU MOAAEP>KKe CTPyeH a30Ta MOoIyIpo-
BOJAHHKOBYIO IJIACTHHY TOAIMHOU 50 MKM MOKHO
CHATB C lepsKaTesisl Bpy4HyIo (puc.18).

3AKNIIOYEHUE

YBennyeHre QYHKIHOHAJIBHOCTHU CUCTEM I1apai-

JIeJIbHO C YMEHbIIIeHHEeM pa3Mepa KOMIIOHE@HTOB Tpe-

byetr mpuMeHeHHUs 3D MOMC-uHTerpanuu. OgHOM

M3 KJIIOYeBBIX TeXHOJIOTHUH B Npou3BoacTse 3D HC

SIBJISIeTCSI BpeMeHHoOe cpallluBaHHe/ne60HAUHT. [1o

cpaBHeHU € 3D MIC, B MEMC-MHTerpauuu CyuecT-

ByeT psiJi CJIOKHOCTEH

e pasnuuHas GYHKIMOHATBHOCTH INpUbOpOB
(HampuMep, OIITHUYECKHe, MeXaHUYECKHe HIH
coyeTaromye GIIOHAUKY C 31eKTPOHUKOMN);
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Puc.18. YoaneHue naeHKu U noAy4eHHas noaynpogooHUKo8asl
naacmuHa
Fig.18. Removing the tape and resulting wafer

e IpUMeHeHHe Pa3HOOOpPa3HBIX TEXHOJOTHUU
U MaTepuanoB (KpeMHHM, KepaMHKa, CTeKJO,
MeTaJIl MU II0IKMepBl);

e Heob6Xo0oUMOCTb obecreyeHHUs TePMETUYHOCTHU
YYBCTBUTE/JIBHBIX KOMIIOHEHTOB;

* HCIIO/Ib30BaHUe CKBO3HBIX OTBEPCTUM B KPeMHUU
¢ GOIBIINM aCIIeKTHBIM OTHOIIEHUEM.

B 11e10M MOKHO pPe3lOMHPOBATh, UTO CTaHAAp-
THOTO pellleHHs He CYIIeCTBYeT, U TeXHOJIOT U 3aBU-
CHUT OT 06/1aCTH IpHUMeHeHH s mpubopa.

B 3D MOMC-MHTerpauuy MHOJAY4YHUJ PacCIpo-
CTpaHeHHe KOMIIJIEKCHBIH [IBY30HHBIH MeTO[
ZoneBOND. OpHako KoMIIaHHUS Brewer Science pas-
paborana TakKe HOBBIM afre3MOHHBIN MaTepHall
o Ha3BaHUueM BrewerBOND, KOTOPLII;I I103BOJISIeT
BBIIIOJIHATH BpeMeHHOe CpallMBaHUe C IIOC/IeNyIo-
IIMM JIa3ePHBIM HMJIK MeXaHHUYeCKUM IeboHIUH-
roM, moJjiydyasi IIOJyIIPOBOAHMKOBbIE IIJ1AaCTHUHBI
TOJNIHMHON 50 MKM. TeXHOJTOTMYeCKHUN IIpoliecc
IIpY 35TOM 3HAUYMTeJIbHO yIpouaeTcs. [IoCKOIbKY,
B OTJIMYMe oT ZoneBOND, aHTHAaATe3MOHHBIN CJI0OH
HaHOCHUTCS Ha BCIO [IOBePXHOCTh HOCHUTEIS, OTCYT-
CTByeT HEOOXOAUMOCTb KUAKOCTHOM XMMHUUECKOM
06paboTku Kpas Iepen IpoBefeHUeM 1eOOHIUHTA.
Kpome ToTo, JAaHHBIN MaTepHall 103BO/ISeT UCII0/Ib-
30BaTh IpHU 06paboTKe 06paTHOI CTOPOHBI TeMIIepa-
Typy o 300°C.
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