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Pa3paboTKa XMMHMKO-TaNbBaHMYE€CKMX NPOLLeCCOB ANS
nTorpadmryecKoro NPOoM3BOACTBa TPEXMEPHbBIX
MHMKPOCTPYKTYP

Abpamckunit A.1O. 2, TonbaeHb6epr B.T. 2, 3enmuckmui Al 1,
Konppatbes B.M. 2, Koponbkos B.I. 3, KopoHkesuu B.I1. 3,
Macnun AN. ', MeaBepeB AJK. '

Kntouesbie crnioea: JIMTA TexHonorus; peHTreHoBcKue WabnoHbl; anekTpoocaxgeHune cnnaea Re-Ni;
aneKTpoocaxaeHne Au; AUPPaKLMOHHbIE 3TEMEHTbI NIMH3; FanbBaHMYECKOE KOMMPOBaHHUe

Paccmorpener ocobenHocty JIVITA  TeXHOJNOIMM M3TOTOBJEHMA TPEXMEPHBIX METAJJIMIEeCKUX
MMUKPOCTPYKTYP Pa3JM4HOro HazHaueHna B CuOMPCKOM IleHTPe CMHXPOTPOHHOIO U TePareplioBoro U3JIydeHns.
PaspaboTanbl Ipoliecchl 3JIeKTPOOCaXKAeHNA CIIJIaBa PeHII-HIKe b 11 30JI0Ta B KaueCcTBe IIOIJIOMIAOIIX CJI0EB
JlJIs1 PeHTTEeHOBCKMX 111a0JI0HOB, a TaKsKe OIlepaluy XMMIYeCcKoro cepedpeHns, MeJHeHIA 1 HUKeIMPOBaHUs 18
raJibBaHMYECKOr0 KOMMPOBaHMs A1 PaKIMOHHOIO dJeMeHTa KOPPUTMPYIoIleil 0 TaIbMOJIOTMYeCKOl JIMH3EL

Development of Electroless- and Electroplating Processes for
Lithographic Production of 3D Microstructures

Abramskii A.Yu. 2, Goldenberg B.G. %, Zelinsky A.G. ',
Kondratyev V.l. 2, Korolkov V.P. 3, Koronkevich V.P. 3,
Masliy A.l. ', Medvedev A.Zh. !

Keywords: LIGA process; X-ray masks; Re—Ni alloy electrodeposition; Au plating; diffractive

elements of lenses; galvanic replication

The paper discusseslithographic and plating pro-
cesses, which are the major components of LIGA tech-
niques. Fabrication of X-ray masks (XRM) and copying
of diffractive optical lens are used as examples.

The fabrication of XRM is an essential initial
stage of LIGA-technology for production of any
microstructure with deep channels (up to 200 pm)
and a high aspect ratio (up to 100:1). An XRM is an
X-ray opaque pattern of the future microstructure
supported by an X-ray transparent wafer, for ex-
ample, a glassy carbon one (Fig. 1). Contrast ratios of
the XRM to different absorbents were calculated for
the radiation source (X-ray synchrotron radiation,
a VEPP-3 accelerator, Budker Institute of Nuclear
Physics SB RAS, Novosibirsk), and Re and Au were
demonstrated to be the best absorbents (Fig. 2).

The paper reports the results of the electrode-
position of a Re—Ni alloy (90—95 wt % Re) from sul-
fate and acetate electrolytes onto XRM blanks. In
the first case, if current density is 5—10 A/dm?, the

average deposition rate is about 8§ um/h, current ef-
ficiency 20—30%, and the final coating thickness 20
um, the coatings are gray, undulating, very high-
stressed, and with a continuous network of large
microcracks (Fig. 3a). Using an acetate electrolyte
allowed to stabilize solution pH during the electrode-
position and to obtain light gray, lower stressed Re—
Ni alloy coatings. Nevertheless, microcracks cannot
be completely eliminated from a 20-um-thick cath-
ode deposit even in this case (Fig. 3b).

Gold is a more promising absorbent for XRM.
It was deposited onto XRM blanks from sulfite—thio-
sulfate and citrate—cyanide electrolytes. Asis not the
case with Re, both electrolytes yield continuous and
dense Au deposits, which ensure the required high
contrast (100—150) if they are 20—30 pm thick. A cit-
rate electrolyte produces higher quality and more
fine-crystalline Au coatings (Fig. 4).

The central problem in copying the flat dif-
fractive element of an optical lens (Fig. 5) was high
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internal stress inside the electrodeposits (especially
Ni ones). It results in local separation of the conduct-
ing strike layer (chemical silvering) and distortion
of the copy microtopography. A flat copy can be ob-
tained with the required accuracy (Fig. 6) in the fol-
lowing way. First, a thick (40—50 pm), low-stressed
copper layer is deposited onto a silver under layer.

1. BeegeHmne

OnHMM 13 aKTyaJbHBIX M MHTEHCUBHO Pa3BU-
BaIOIIMXCAHAIIPaBJIEHN) COBPEMEeHHOM raJIbBaHOTEX -
HUKM ABJIAETCH JICIIOJIb30BaHMeE IIpoliecca 3JEKTPOo-
OCaKJEHNA MEeTAJIJIOB IIPY IIPOV3BOJICTBE IIMPOKOTO
Kpyra TpeXMepHBIX MeTaJIIMYeCKUX CTPYKTYp. IIpu-
MepaMy TaKUX CTPYKTYP ABJAIOTCA MMUKPO- M Ha-
HO3JIEKTpOMeXaHNdecKne ycrporicTa [1], Gosabiime
JIHTerpaJiIbHble CXEMBbl I MHOTOCJIOMHbBIE ITeYaTHbIEe
nJaThl [2], PUIBTPHEI U YIIPABJIAIOIIVE BJIEMEHTDI JJIA
JIa3ePHOM TeXHUKMU [ 3], MUKPOIIONIHbIE TECTCUCTE-
MBI 11 MequiinHel [4] u gp. Kak npaBuio, nogo0HbIe
MMUKPOCTPYKTYPbI CO3JAIOTCA C IIOMOIIBIO TaK Ha-
spiBaeMmoir JIVITA texHosiorun [5], ABJAIONIEliCA CO-
BOKYITHOCTBIO JIMTOTPaPUUECKUX M TaJbBaHNYECKUX
onepanuit. C nomoisio Jutorpadun B poropesnc-
Te POpMUPYETCA TPeXMepHas 3aroTOBKa Oyaylieii
MMUKPOCTPYKTYPBI, & C IIOMOILbIO FaJIbBAHOTEXHVIKY B
onpejeJsieHHbIE ee MeCTa JIOKAJIbHO OcasKaaeTca Tpe-
O6yeMoe (pyHKIMOHAJIbHOE IOKpPBLITHE. B 3aBucuMoc-
T OT KOHKPETHON 3amaun (TJIyOMHBI M acCIIeKTHOTO
OTHOLIIEHNS 3aIl0JHAEMbIX IIOKPBITMEM KaHAJOB, UX
MMHMMAJBbHBIX Pas3MepoOB, 3aJaHHOJ TOYHOCTM W3-
TOTOBJIEHMA U T.J.) MCIIOJIb3YIOTCA Pa3JIMIHbIe BUIbI
JuTorpacuy ¢ IpUMeHeHMeM M3JIy4YeHUs B LIMPO-
KOM CIIEKTpaJIbHOM AuamnasoHe. B wacTHocTH, 1A
CO3JaHMA MMKPOCTPYKTYP C BBICOKMM acCII€KTHBIM
OTHOILIIEHVEM ¥ BBICOKMM paspellleHyeM Heobxonu-
Ma PEeHTreHOBCKadA JmTorpadgusa. JlomosHuTe bHbIE
[IpeMMYyIIecTBa (BBICOKYIO MHTEHCUBHOCTD ¥ MAaJIYIO
PacxXoAVIMOCTB ITyYKa ) MOKHO ITOJIYYUTD IIPY MICIIOJIb-
30BaHMM [JIA JIUTOrpadmy PEHTTEHOBCKOTO Ayalia-
30Ha cHHXpOTpoHHOro uanydenusa (CI) yckopure-
Jieit. VIMeHHO II09TOMY JMCCJIeOBaHMA 110 pa3paboTke
JIMT'A mipo1ieccoB 1 IPOMU3BOACTBY 3D-MUKpPOCTPYK-
TYP PasJyIMYHOTO Ha3HAUYEHMA BeLyTCA B CO3JaHHOM
Ha Oaze VIId CO PAH CubupckoM I[eHTpe CUHXPOT-
porHOro u Teparepuosoro nainydenna (CIICTH) [6].
Vadopmarmsa o pesysnbpraTax paboT B 5TOM HalIpas-
JIEHNM U IIPMMEPax PeIleHNs HEKOTOPBIX 3akad fAB-
JIAeTCH IeJIbI0 TaHHOM CTaThIL

2. N3rotoBneHne peHTreHOBCKMX

wabroHoB

Ilonyuenne pentreHoBcKux Iabjonos (PIIT)
ABJIAETCs 003aTeJILHOI cTamyel M3TOTOBJIEHNS JIF0-

After that, the flat copper copy is separated from the
original (together with the under layer), and a thin
(1—2 pm) functional Ni layer is deposited onto its face
from a sulfamate electrolyte.

The study was conducted under integration
project No. 55 of the Siberian Branch of the Russian
Academy of Sciences “X-ray LIGA Techniques for
Synthesis of 3D Diffraction Structures.”

0071 TOCTATOYHO TOJICTOI ¥ BBICOKO aCIIEKTHOM MUKPO-
cTpykTypsbL PIII mpencraBisaeT co0oit HENIPO3padHbIA
PUCYHOK M3 IOTJIOIAIOIIETO PEHTTEeHOBCKOE MBJIyde-
HIe MaTepraja Ha IIPO3PaYHOil JJIA MUCIIOJIb3yEMOTO
uaJydeHua nonpsoxkke [7]. Kak nmpasuio, nia co3nma-
Hua PIII BeICOKOrO paspemeHus M MITOTOBJIEHUA
MMKPOCTPYKTYP C OOJIBIIVIM aCIIEKTHBIM OTHOILIIEHVEM
MCIIOJIb3YeTCHA CI0KHAA MHOTOCTa AV IHA A TEXHOJIOT A
C TIOJIyYeHMEM IIPOME’KYTOUHOrO I1a6JI0Ha MeToiaMu
yJIbTpacnoIeTOBO MM Ja3epHo JsmTorpadum. B
[IOCJIEIYIOIIEM C JMCIIOJIb30BaHMEM ITPOMEYKYTOUHOTO
mabJiona u peHTre%Ochoﬁ JuTOrpaduUy B «MATKOM»
criekTpe CU (A~12 A) mosryuator pabounit PIIL

IIpu 3roToBIEHNY MHOTMX IIPAKTUYECKY BaYK-
HBIX MUKPOCTPYKTYP ((pUIBLTPOB IJiA TepareplioBoro
UBJIYyHeHNUA, MUKPOQIIIONIHBIX CUCTEM, MUKPOCTPYK-
TYPUPOBAHHBIX OIITHNYECKNUX DJIEMEHTOB U T.JI.) XapaK-
TepHBI KpuUTHiecKue pasMmepsl dosee 10 MEm. B aTom
cayuae PIIT BeicoKOro paspenienus He TpebytoTes. [To-
3TOMY [JJI1 MBTOTOBJIEHNA ITOJOOHBIX MUKPOCTPYKTYP
B CIICTU paspaboran 6ojiee mpocToil OZHOCTA NI~
HbIT mporecc uaroropjenusa PIII ¢ mcnosb3oBaHueM
IJIyOOKOI1 peHTIeHOBCKOI IMTOrpaduy 1 BBICOKOYYBC-
TBUTEJBHOTO (poTopesucta SU-8 [8].

2.1.opmuposaHme 3D-MUKPOCTYKTYp B

¢oropesucre

B xauecTBe OCHOBHOrO MaTepuaJa MOIJIOKEK
npu usroroByneHun PIIT B CIHCTU wmcnosabsyercs
crexyoyriaepos. OH NPaKTHMYeCKM NpO3padeH s
IIPMMeHAEeMOro nuaras3oHa uasiayderus (A=0,3-3 A),
MIMeeT XOPOIIYI0 3JEKTPONPOBOSHOCTE M BBICOKME
pUBMKO-MEeXaHNYECKMEe XapaKTEePUCTUKY, CTOEK K
TEPMMUYECKVM, PaIMAalVIOHHBIM ¥ XVMMWYECKVM BO3-
nmevictBuaM. A yIydIIeHMsA CLENJIeHUS CTEKJIO-
yrjepoza C Pe3NCTOM, a BIIOCJENCTBMUM ¥ C OCaMK-
JIa€MBIM B BBITPABJIEHHBIE KaHAJBI ITOTJIOIIAIOIIVIM
CJIOEM MeTaJljla, IIOBEPXHOCTD YIJIEPOIHBIX IIJIaCTUH
[IpeBapUTETbHO MEXaHMYECK) IIIN(OBAJIN I C Iie-
JIBI0 TIOCJenyomero (GOPMMPOBAHNA PE3VICTVUBHBIX
CTPYKTYP Ha Hee MeTOJOM LeHTPMUYyTIMPOBaHNA Ha-
HOCIJIYI PaBHOMEPHBIN CJIOJ HEraTMBHOTO (poTope-
sucta SU-8 3agannoit Tommub (30-100 MKEM) ¢ oc-
JIELYIOIIVIM €TI0 OT>KUTOM.

OKCIIOHMpOBaHMEe (poTopesmucra IPOBOAN-
Jochb (POTOMUTOTA(PUUECKUM CIIOCOOOM, a TaKiKe C
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