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i SUMMARY

In an attempt for practical application of a new
process technology to realize new generation nano
devices, JAE is developing the ultra flattening
technology for a solid surface by using gas cluster
ion beam. With adoption of angled irradiation of
gas cluster ion beam to sidewalls of a micro-pattern
structure, we successfully reduced their surface
roughness (Ra) to a level of under 1nm. We applied
this gas cluster ion beam angled irradiation technique
to flattening of a vertical mirror of a MEMS (Micro-E
lectro-Mechanical System) optical switch. Since the
vertical mirror is structured vertically to the device
face by using semiconductor device fabrication
process technologies, it is difficult to flatten it by the
conventional chemical mechanical polishing. We
demonstrated that optical reflection property could be
improved by the angled irradiation of gas cluster ion
beam to a gold mirror surface that was produced by
the similar method used for the MEMS vertical mirror.
Unique shape change like cut-off tops of protrusions
was observed in the mirror surface. We consider that
reduction of average surface roughness resulting
from the shape change contributes to improvement of
the optical reflection property.

This research is being conducted jointly with Kyoto
University by reference contract for the project
“Advanced Nano-Fabrication Process Technology
Using Quantum Beams” promoted by the New Energy
and Industrial Technology Development Organization
(NEDO).
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1 FZXHE

HROSAHY—A 74> E—L (Gas Cluster lon Beam: GCIB) (F#BEEH SEAED
S5 FOEMEC 1 HICHFELAEEL—LTT.,. BEODAAVE—L (DF 1@
[C 1 EDFE) (CLEXTHF 1 BHleb DIRIVF—DIERE(C/INELEH. BIFKREIC
BRUKEBICEAREICSZ DEENNE L, FBRUBOEABNDR/\y T Y
TJ(STIIVAINYHU DT ) HROYEOEBRERICKD . BFKREZFIELT ST
EDTEDEVSIHFHZBULTCVWET, CDEKIIC. GCIB [FERDA AT E—LEIFE
BA55FHZERETHIENS. JSAI—HERFRKRAICEHRU TGRECDIZ—IFIRRHE
BN 7 JO—F EDFENZAEOTEED SERICHAEINTSED ' | Ffoxttto
FULSEEMIEMNE UTEBVLWRT Y vILEBLTVETD,

GCIB [FER DL Z#m i EE (Chemical Mechanical Polishing: CMP) ;& T8 L
VHEEDOHENTED P, BUMEREZRIGEDEVMEIEEZZSHTEDKD
FMFRHIR U CTHFIREDNTED T ELE. TFSIFLHRDHDFET, CDKSEFEIZ
— O ISREHEENRZZEBDETF T /1 A 0T /)1 ADXREREBLE(CFIRAT D&
HURET S NIRH TVETH ®”, GCIB IREIC KD ERERARDE(LE T I\A AA24FHED
Z(E&EDBRDEFEMICRANSNFIFINETIFEAEDSDFEAT U,

bbbk GCIB D% LWLWHE{ERE:fiTE UCHBRE U “GCIB BERSHE" ZHUL
TMEMS XAA v FEEIS—KRAZHEBEIT S EZHITCVET, CCCTHERE
[&. GCIB ZEFREICK U CRIDICIRETDHDT. /I\F—{EENESHEORIED
REICFICEUGETT . MEMS = 5—[FAEEIHHE 100 u m AEEDOMINE=S
—7T. FEAXMHENTHENZRVTCERRAICH U CEBICEREINE T, DD, =
S—DREAE [FHEBMICIEE nm H5E 10 nm EEBHRAKEVNCEHI DD ST, i’
KD CMP AR EZHWTCHET 2 EHREE T U, MEMS DEE=>S—7%Z GCIB %
MCHET S ENTENE., T S—DXRFFEEIRESN. ABAICHAWVWDKET 7
A INDEBEREEDBELRICKDHNZEZIFICKLKED, OVINT ML MEMS #5/\1 X
DHRIRICEZITDENTEFT,

ARTIE. FEHTHERNRELTCEGCBAERSEMOMESZ, F3E T
MEMS =5 —&$BUDAETERUCEDI S —KRAICK T DA RENFERE ERME
FARBIRICAT DEREREHICOVTERR, F4EHTINSDEDIST—FKHAICKHULT.
GCIB ZzAERH UcB S ICEREIFENNESND CEZRULE T, FREMIKEL
ZERAL. EERHOBEEHRTDIEICKD. AERGOIFEZEESHMCLET, &
5IC. HRIOSRAY—DEEEUTAr&E SFe 2RI DT EICEKD, £S5 —FKMAIC
FHUCHREBDEIRNEECTHDICEZRULETT, REICESEH CIREDESERDRE
ERNRFE T,
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2 GCIB AEREHIilT

GCIB O LWLWEB{ESEE LT, bbbk GCIB AERSEEZFRELTVET, C
NnE. 7= bZ v IR EDHMMIEINY —VBEDAEZFIE{LT 5T EHTE DIl
T49,

WRHAISAT—AF VE—LICKDERKREDFIEE T, ArFEDREEHR
USRI —ZERFRKRAICEEICASTDHENESNTEF Ulc, ZOBHIE. BEARE
DERDNSHI>EAEDKELLEDE. RABEIHKELLEDIEVDIERBERHESN
TWeT&®, SFe HRISRI—DKS [TIEZRINEDBVNI SR Y —%RET D &
TEEHRO SR —=RHTDEGEHRUTRARSHKRELLED L 2 HF5N
TVl TY . ZDcs. BEEENKELBH TOHR ISR Y —EEIFRKREEDIE
BERIFCNETH UKL ERARSNTEEFEATLURR. L UEHS, T7 b v IR
[CRRSNDREEALTINA REEICBVTIE. )Y —ViEEDRAIEDORER S hyRE(IC
REKHETDIcH. AEOFEEERRT S DRMAEFIHIEEELEETT .

HbNHNEFINFTIC. GCIB DEFREDEED Silo felREAEH 60 L EIC
H3E. AEEMERICRERIHEHITHES L. EERS ICHXTREHESZ/NEL
ITRENTEDREEZRVELE LR 'Y, SF6 95X —%AT 83 ETHREITS
& VU OVOREAET (Ra) [FEERFDZESD 1.0 nm EHEAXT, 0.3 nm &MsHT
INELIEDFEYT, COAERICLDIREBFEEEMRE. MEEISTRI—DIEERIG
MEHEVEEEEICEDENS. EERFOBESEFPOBFZRNAHDIENhhbE LR
100D bR RMEEENICAVNDCENTEDCEN S, BLEEZ FIFFIC, {EF
A LD ZRIRT D EDNTEDENLEFEEVZFT T,

BRAOSAI—AFVE—LZAERG UBSICRIDBFIEIEXAHDZXLELT
F. BERHEINCISAI—DSERUILEFDHIVEDFOEHHEEZLFEINZRC
LTWBEEZTVET, IEhE, RAICERULISAY—DSHERUIERFIE. 5
AT—DASFRELDHREVABET. IHEDEXDKFEABICKHTDEEITVNETD,
CNSDER UIERFHDVEDFHREICFET DOEBPRESMEERAT &K
b, LEDLHEHEISNET, COLDIE. ISRY—DEZ - REHZICIEC D 2 X1
TRED. ABRMICKDBFIELICEELFEIZRICLTVWSEEZISNET, CDE
T, BB UCETFEOEPRESEDEICIEERINEDNGNIX. FEFOEEITRILF—HIE
BICNESLKTOI Yy FUIDR DML BV, HE LRI EZRIGED TS
SRAY—EMBEDHFEDBDANMERERINEDTVWES LD BEEICEIDEEZI SN
F9., —H. EERHDBE. @ ULRFDDIVEDFHFOREEKFEABNDES
IXILF—FEDFNENEEZEZOSNE T, ZDH. @Rt UIEFHDVEDFIERED
MEROZEE NS DRGNS KD FET, COEFIVIE. BERSEED. ST3ILA
Ny Z U TPBEOEBELE,. BRRAZENT DREFDKEACDEEIRRDHT
5T, HRAISAY—%=EH I DEFEAEDKEARINEFE T HIRKZF AL TFIBL
WRZEIEH T DIIH T FECHDIEZTRELTWVWET, HRAISRY—ESYEDIRHS
abhbtEDtERRMHEREFIRAEDEFRZE. COETIVCHWCEBETSZ EHTEETH
BT EERELFE LR 2,
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pbNECOBRERSEMZAWVNT. 7+ b2y IBRO X DM/ — i8S
AOABEOXREHRSERETDCEICHILE LR 19, e, BRI T+ b= w o
BRIFTEL., MRT 4 RAIBEEDDHFICBVTH., TINAAKEEKLDSEICHIEHT S
75EE UT GCIB ORERSEENEETN '3, HFEFHFHEICLDI /ORI Y
TIEANZ X LBRBEDHSNTNET ',

3 RERFRH

EDBRZESRRAINY FHEEEICKID 2 u mETTZIVZZULERICER L. =5
—ZEEUE Ul HRISRIY—AFVE—LDOEFEEULTIE. ArgS A5 —& SFe
OSRAI—"ZRAWVWE U, 95 RAI—DEZY A4 XH. Ar 5 X5 —hHif] 2000 f&.
SFe SR 5 —(3#1 500 ALK DR TRAZITVE UIc. INSDISRY—1 4
E—LAZEDZIS—RKEICKHULT. BEEHDWIIZS—FKEADZEREDS 83 EDAETHE
U, EERFOBEEAERFOBEZHRUF U, =5 —DXREHFHIE. 250
nm OREDHZRWVWTRARF Ulc. CNIXIBERDIEZAWVNSZEICKD., HEEZ X
DigfiUCEBIT 5 ENTEDOHTT . AFKDBEIFZS—FKHEAICHLT 45 EL
LFEU. BilA¢ FERRGFDA@L SH>cAEELFELRE (B 1), EX5—FRED
RS KUXREHE S ZRFRIFIEEMER (Atomic Force Microscope : AFM) ZFEWTH
EULF U,
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4 T S—REDIREHFIEERERIAZL

ArOS525—=HAWNT. GCIB BHFIEDEIS—DXRFHFEERANF U, AE
BREHEDRHZIASHICT DI, =S—FKEAICKHUT GCIB Z#EE(ICRG ULBES &
83 EDNAETCRHRHUCESEZERUF U, CDEE. EWRHA A VEDRUICK
L5, EBIC 1.5 X 10'° ions/cm® THREILEUlc. ® 2 1% GCIB EERS AR
RS ZIT O IcRIR COR—DIS—(CR 9 2EELA S HEL L BEDBRERLIEIS T
TY, IRNTONRENSFEH—TIEBEAED O EDIBEDNEE. TEOBHRERGHE
DEEN 1 EFDKIICEBIELTHDFT, GCIB BEFIDZFLDE=ZS—ICHUT.
LWEEEDOSE A THELLDOBEDEAINET (K2 =if). GCIB =lREddHE. =
B - AERSROIBES THIC, BELYEEED. SICEELAN 20 EULOMEET. hik
hEPTHIEHDLHIDFUR,

= = - before GCIB (0°)
0.9 — after GCIB (0°)
08 & = = ~before GCIB (83°)
’ —after GCIB (83°)

04 -

Normalized Intensity
o
()]
I

03 -

-

Scattered angle ¢ (deg.)
2 HRYFAB—AF4LE—-LBHFIHTOEIT—DOBELEE LEE A L DORBEF

GCIB BHIC K DEEIGEERM AN A LZEFET BIcd. S S—KREADHIRELZ
FANF Uz, GCIB BREIRIEZDHEEEE AFM &%ZK 3(a)-(C) [CRUF T . FHIREHES
(Ra) &, BRH1R]. EEREF®. AERGFEROIEIC 57nm, 50 nm, 45 nm T UTc. REHEI
EENTHIRERES FEERFOBEE EAERNOBSTHICNESLLEO2TED., D
CEDEELCBEDRMNCHFES UL TVBD EEZSNE T,
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EIS—OXARGFHEERAMKREDOERZHSHICT Dlcd. KEALKROE(LZES
SICEFMICHRETLE UIc. I3 D AFM BZHF ULKHERULTHD E. BEERFDIBESE
AERAOBE CRREDOMOAERDDEDELE > TVDIENDLD T, IIEH 5,
GCIB EERFRICIFREMODOE (Ri2) OEIREFRAMELNTHEDALEDT
WEIH. BERFOBSICIESEDALED T, BUSREDELENZEZLIN
TER SEHIRICEIELTVE T . REFIRDEWVZEENICRI e, ALDREDKE
SEFETDRMZERRF Ulco B 4(a) [CRT LS (C. BLDREZIKR THELIL. ZDH
RFEr CRKENOELEETOESE h TEHE U FE Ufc. BERFERORIEICDOVTIE. 7
MM EERESN T CTEIELDFIEEERD ERIRSABERD EDFET DIcth. HERFE
DAREVIRE/NSVIREDIEHFEDETIELLE UTc. B 4(0) FREDFIRDIZ. 18
BRICHRRI R r, MEHCRESS h EHRFRErEDEh/rz2E>TTOY MUAERT
9. GCIB BRERIICIE r BVNE L h/r BBREVEFICEEFRIRODmDBHATN TV L
fehl. GCIB EERFEIC(E r DD XREL, h/r BNEWVEEICHMHNY T ~LTL
BT EDDODET,, EHROMERD GCIB BERGHEICHEASINETIH. RiLIcimah(C
RULIFADED C &[N U THFRFEDNNSVREICEDMDFASNDIRADELE ST
WE T REOREEDAEVE ELFENDFSHAELLEDEZEZISNETIH. CNIE
4(a) [CBWNTIF. REDARES (CHIET DHFRFE r BREL REANDELEICHES
T2 h/rBREVBEICHIGULE T, IO 5, HEELFREDERDMDE 4(b) [CH
WTETDHRRNY T FFHLICLDERTDEDEMGFENTTLULDL S [C.KRE
ACIEIRDZEE T GCIB DEERHN S LURERS C KD ILHELEE DR 25T
CEDTEXT,

3 HRIFAZ—AF L E-LBHICLZLIZ7—DRAEMRDOEFREHIEMBFEGR

(a) REESE, (b) Ar 75 RAZ—FEERHE, (c) Ar 77AZ—AE (83 K ) BH1E,
(d) SF6 75X 42 —HE (83 & ) BH#E . RENIBERBRHBFOE—LFRERT .
ZThZThOFEHREHE S () 57 nm, (b) 50 nm, (c) 45 nm , (d) 42 nm.
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(a)

0.1 *..‘.

® before GCIB
® Ar cluster 83°

® Ar cluster 0°

Copyright © 2007, Japan Aviation Electronics Industry, Ltd.

= St
0.01 + 3:0 :o‘o.
) 4 )
©e3 «® ® ®e
000'.3..
0.001
0 5 10

r (um)

4 (a) &IFT—FEREOHRIEUTETIVE (b) £3I7—KRADKEAREDOIR I

MZEETF ¥R No.30(2007.3)



Bitiian 8 HRISRAI—AFVE-LBERRICLDES S —RADTE b ARG IENE

RIS, EZIS—KEDFIELEARFIFEDHEICDWVNT, ISAI—DIEFEICLD
BULWERESTUE U, GCIB BERENETI(E. 95 AY—EERMEIEDIEZERIGED S
WEERADFEEETNPITVEWVWSEBERGEEFELFD I —IEHNSD FT,
—MRICEFEENICTEETHDEEZISNTVEIN, TvFVIREArOSRT—
DizaE. I\OFIRHADUEDTHD SFe VS RY—DIFEETHETSHE. 30
keV DRI RILF—DBE. Ar IS5 A5 —TIl& 47atoms/ion. SF6 IS5 RXAHY—TI&
137atoms/ion £%ED.SFe I S AT —DIEEDADMEBEEVWI Y F VIR ERLE T,
EBREICHT D SFe VT A —DREFHERETIEERREDES UL TVWDIHESH. ZD
ANZZXLIFRASHTIEHDFEAD. TYvFUIRDBKDKEL SFe VS A5Y—%=H
WBZEICKD, EXS—DREESSICTBLL. HREHSFEENES BB TREMN D
DET. COXIBEEZANS., EX5—KHIC SF6 ISRY—ZAERHFL. ArTS
AT —REDZEEHERUIX Ufc. ARFMFHZR 5 ITRULEX T, KEELEE SFe
SRAY—RBEDOHIH Ar IS AF—RFEDBZEE KD FFICHELADNKEVEE TINELED
TVWETY, Fle. BEDERE(LZR 4 EEIKREHFETCHRLTHDE. SFe VSRS
—BREER DA D h/r BPRNETVEEIICHTmLTLWS I EDhDhbFELE (B 6). ML
DIERZEZEZGDEDE. TVFUVIRNKELSFe ISRAY—ZANDT EICKD.
ArOSAI—EHRUCESZS— DR ZIDRESEDENTRETT ., THEDB,
GCIB AERGHM T, HRISRAY—DEERIGEPIYvF VIR ZEIY ~O—)LT
BCEICKDOT. THHBFENEDHFEINSEEZASNE T,

1
= = -before GCIB (SFg, 83°)
— after GCIB (SF;, 83°)
& - = -before GCIB (Ar, 83°)
T — after GCIB (Ar, 83°)
z =
g 0.1 r See,
E T, .
o) .~:.
8 LN
'C_‘é ~ . .~
0.01
z
0.001
0 10 20 30 40 50

Scattered angle ¢ (deg.)

5 HRYZAZ—AFALE-LBHAETOEIT—OEEEEERELA L DRE
(HRY A —EDZHR)
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® SF¢ cluster 83°
® Ar cluster 83°
0.1 (o
$'s
5 °
[ J ¢ Y
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001 - oo o8 L
* ®e $ :.. o
° °
o 09,4 eg o
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0.001
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R6 HRISAZ—BOEWMILDIEIT—FKEARERIROER
5 93U
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HAOSAY—A74 2V E—L (GCIB) DEERSEMODINAL L LT, MEMS X5\
A ADNREHFFEIEICT 59 DM ZRL T 28N T, EBEIS—FEEZIRFILT
ETF U, ZORER. BEEIS—ERHLUDOTATHRRUICED= S —KMEIC GCIB ZHKRat
TBDZEICKD SRFFEDNESND CEZRIA LUE UTe. = S —DRERARNZFFHHIC
FANTHER. GCIB OEERSCKD . RE_EDREDITimHHE] D ES NI HEYERAR
RIEDRIDCEZHSHICUE Ulco CNSDOERE(E D YREE S ZERS B, SEES
BBEDRMNCHFSUcBDEEZXONE T K HRAISRT—DILERIGEP I Vv F
VORRZIY ORI EICKDT. ARFHFEZS SICIHETCE DR ZRLE
UTeo. S#I3.KEED MEMS X5 /(A SR U T EES S—OHEL TOERZRE L.
KAMZERELEL TVWEVWEEZTVET,

BB KA. RBAZEDOHERRE. BROMILITBUEAN HTRIVF— - EEE
HERFEEE (NEDO) hMEEL CWVWAT0OY 1 U MRt EFE—LFIAF /MITT0O
TAKI] DEEE. [CKDITEDNICBDTH D HEAREDREARE WE_ERBIEUR.
RARFRELSHRHH N LE T,
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