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+
Structure induced in polyimide by Kr irradiation
" Yoshiaki NAKASE

Osaka Laboratory for Radiation Chemistry
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute

Neyagawa-snhi, Osaka-fu

{Received February 25, 1988)

The efifects of ke irradiation on films of polyimide was investigated
to evaluate the structure changes and the Kr atom retention. The surface
of the irradiated region showed metallic gray color and its electric
conductivity was increased.

X-ray diffraction and IR spectra showed no characteristic change.
Analyses by such as X-ray photoelectron spectroscopy, Rutherford back-
scattering showed that Kr atoms existed at surface layer with the depth
profile deeper, but broader than the theoretical estimation.

Carbonization occurred due to the sputtering of N, O atoms, and
several cracks were observed in the cross section micrograph of Kr+
irradiated films. Most of the implanted Kr atoms were retained in

spherical regions with about 15 nm diameter.

+
Keywords: Polyimide, Kapton, Kr irradiation, Structure Change,

Surface Analyses, Carbonization, Kr Retention
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1. 13 C & &

SR THEOREREBA 4 v 2BETL L, BEHSRET S LE LN TH B,
FOWHICOVTIE, FEEBENL. fiaZ RUBEe=u@sY, x5, ok, ~
) v EBEERRILSY 50T, Art (40~ 200keV) EFRHLIEA, 7400 RE
Kh—F/ENRERT AT &Y, SBEGOHOERELT, HEINL TS, £/, Ar(150
keV) 30, Krr (300keV) 2BH LAAT by GEIAIF) 74 vaTHREIREOER
BHESNTLBY, —F, £ T e=L AT 4 FicKet (100keV) £FEHLAEAY,
RELTRAEL, R 2-0F0ERY, BHElcio BB RHOR EXSH L, £/, R)F/
Vit Art, Kot (0oid 200keV) 2HE LABGOEEBICSIL++ ) 7H M THS
ZEMAHEN, L 0—#MiciEd, STOEVEY) =T, PR, SEBTOLLOHRY TR
NIz B EVbRTN S,

T 23 TOA 4 vBHRiCL2BERLCEL TETFoRESTHOR TS, 1) 7 v {he=
VFY 7 4 vaitHe (4.5MeV) ZfEGic LD C =CHEXRKENE T EHIR, UV, AR
KDRILA < b VEQFED I Shic s T3, 7, 44 v BECES R =D TO
OB 2N S L BIA Y 72 F Ly 7 vaic Ar (150 keV ) %% S
L, BEHFZOHH, kA 4 2HEBS (SIMS ), BoER <7 v EET, fI#EHD
g avE, MR2FLYIVEBERARELUEL, AFLEBIRBNEETH AT L, £, Rt
REBEABOHBEETHZ L EESHRHE N,

A4 3 FTEBICET 2 ovEArT (500~ 1000eV) 2BHELEERAY, #1903 Bk
ETHERECIT, MORERTLE (N, O, H) itthxT ANy F &N, ZOHRBHNERIBC
CEG L & bic, REMEE, LESHSEHLEOKECIN > THWA L EMNRINTV S, $77,
COXEHREAERTHEER, EHELS0.2 emETORSTHD, BRITBETRD SNARIE
(~10nm) ZYFEFITF . Fliz, EBoird (E500eV) 0:* (70%), 07 (30%) %
NTE YT 4 MBS LEIESIC Y CO BRET A, 2 OREROERAM bIThN. C
ORI BFAMBEEELTRE, A7 vd, TRHBEL, 14y OEARSERLTLTE, &
7o, AEOREMCRTCHEREN TV %0 G, CODRER EBEZR/ILOERXILZ
R fEmST oniT ETH D,

—7, B4 4 v ORBN~OREBIZY VTR, BEAF VBICHEST S EFITDINWT L
BRENTNS:, FlBOH 7 b e K" (300keV) BHEOBSITE, BHEEOHL 73
BEEDICEESRL, LoL, 400 CULEMmes 3 KEMs ks hs ¥ £/, Ar'
(150 keV) DEAIE, %1% LARBESNIS 70, Chbid 4+ v BAMELAE (He'
-RBS) THAINLHERTHE,

Y722 L YANT 4 FOIO Kr S, #+— Y= BF4H%E (AES) T, BHE®E (0.1
%)EﬁFﬁ%ot“oﬁUE:wﬁwﬂf—wmAfyIﬁ*(mfm%zumv)%ﬁ%tt%é@
TlRA A EBAE (SIMS) L AEENFHEL S, Rle—0N 7 AEEE (Tg) &xftk
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LT, T/ Tg=08BETDAEE TEARNBRKRSLY, TglLOoRETIE, REEIZ0E1S,
ZHE, FEAREFD, Aoy —nwd =it EOBENIRETR ) v BRRICEET Sy
EHEINI TV 3,

DL, 14 vBEICLsEaaFHEOBEERic o0 TE, C=CKa, RsTE, &
BITEDR Yy 50 Y IBED, BEHE T2 EBELMITE -0, FOBE, RHEE
BELTLUERARE IO, 4, BEEA L ORISR, RIEBESIC OV T & RIS S
EAR _ .

AFFICBV TR, SaFMENc o0 TR IC L ZBEELOBAEITO L L b, 14D
HERSRERFR LDV TEHBHNEZELTTL, S2TTHT 2144 vORBRSSRE\LHICT S,

2. E ER

2.1 HERUES

AxVBEICED, 75 FHERIKBATLAEEL T, MAYSAFHEORELIEL
SHBEYA I KT s (Kapton— 500 H, 125 #m [E, HL8) & Huvis,

Kr #2id, 44 AR (99.99%, 350ml, HAEE b #8) 2403 AV,
Ke* @A 7w 7 4 voa~OBEHIE, MEEEL~ 100kV, E-—4LFBFH6~10 tATIT-7
(BHFFES ) B EREB) . £/, ZHEH24 (RBS) ARBE LT, Kr* (100kV,
0.5 pA) % 1.5x 10" atoms.~cm® BEE L 7B GAERR L 72 (AARET-HBERT, HEHEH
B, RERSHEAMEAS" - OFER B 5. 1 4 v Danfisyk #HE) ,

AT T4 a~OKrT OBNBORIES LI, EEOBK LOME,L 2HEERHA L,
—IE T T — e PR EBEEE (Kr 40~ 100kV, 6~ 10 pA) OEAIILKr*
DEENDEHRFICEDEBRERE L, BHbPEZE0oEReERH =4 LM oEERH R
Lo BREOBE & BERE S SRR (atoms,/cm’ ) &R 1z,

—77, BTN ABEREAEEE S 2580, BHEP (Kr100kV, 0.5 2A) oFE
CHNEIEER (675 V #EM) AHINLEA G A —4 ETRAIS BREIC B ERE TR
& (atoms, o ) &R 7,

22 RERERURESIH

Kr" BHEHOERBOBEEZICE, STHKE (ORET B 8 JEM - 200 CX ) #A 0.
s, EHABICEIHECEAICE, HE7 VAREICAuUEZREREL, BRBICLLBEDE
Zicid, 379 b—24 (Dupont MT 2-B) icib, EI#60nm ORBHEMERLI.
- RES OGS, X ELBETFoE (BEREER (B % ESCA 850) Tid, MgK, (8kV)
EROTHITL, 204+ VEEMTE (SIMS, ATOMIKA ##8 A—BIDA 3000) TR, Cs*
(12kV ), 027 (12kV) ZHWTHT L, BBEERIZ ANy s (v Frd) SNHDT,
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LT, T/ Tg+ 08 BEOCRE THEARMEBRKELY, TglLoRETIE, BEEII0E15,
TG, HmARTFS, Ay - =7 EORTINARETR ) v RBBBICEET 20
EHESNTH B,

ZDE T, 14 YR saaTHEOBEElic > TiE, C=CHa, HIsT, £
BILREORNy 7 v 7ED, BEMNSE L5 EBE LM -7/, TOBE, ZE#
EEHTLHHEE R VA L0, 4, BEA L Yy ORBER FEESIC 0T RIHEL a8
£, : : -

ARFICBV TR, BoTFMEHcS0 THRENIC X ZEEE(LORIALT O E L b, 14D
iR & REREIC OV TERABELITL, G272 14 v OREHELASHICTE,

2. E OB

21 HERUES

14 vBEIC LD, 57y MNPBRICELILEEEL T, MAYESFHEORELEZ
LAILLAEYNAL I F T 4 vs (Kapton— 500H, 126 gm &, H| LD 2Hv/i,

Kr #izid, 44 vEARAx (9999%, 350m 0, HEEBZE GO ) 270z AV,
Kt*" DA 7 by 7 4 va~OBHE, MEET40~10kV, E—sBHRE6~10 tATIT-7
(BHEH 0 B hEHREE) . £/, ZHEHS (RBS) AsKE LT, Krr (100kV,
0.5 pA) % 1.5 X 10" atoms.”cm® BE L sl &KL 72 (HABE T HITER, BB
R, REESHEEmESY - DFER B 8. 44 8 Danfisyk HED .

AT R 7 g nbe~DOKr" OBBREORES I, EHEOBKR EOE,S 2HEERALL,
—RIE T > T F— o P EBEIEE (Kr 40~ 100k V, 6~ 10 #A) DB Kr*
DEEI D BERATICATE DR A RE L, BEPETOEREFERE €= 45 L7555 phER M RS
L. BRIEOHEE & BEHEM & 5 5 BEER (atomscm’ ) &R 7

—h, AR ABEREFERE S A8 481, BHH (Krr 100KV, 0.5 #A) OFEE
ICHNSIERE (675 VESH) 2HIML AN SA -4 FTHRANS BREICEREMEA 5 O THE
8 (atoms,cmf ) ARt

22 REBRERUREIN

Kr* BitaloRmBOEEIC Y, STHMHE (OAZET () W JEM - 200 CX ) ZH /.
W, EHEBICEAHECEAIE, HET7  VARBIR AuZzEE L, BHEMICIXIEBEDE
&icid, 37abr—4 (Dupont BMMT2-B) itkb, EX#60nm ORBHEESR L.,
L RESITOEES, XEEEFaxE (SEEER (B & ESCA 80) Tid, MgK, (8kV)
ARWTHIFL, 204 4 YERMFE (SIMS, ATOMIKA &8 A ~BIDA 3000) Ti3, Cs'

(12kV ), O (12kV) £HVTHT L, BBEmIA Yy (2o FYF) ENBHDT,
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ZOBRSAREMSH (SLONHE. DEKTAK) TRE L7z, 7%, ESCA 850 OHE, T v
3"'/7"1511%1;* (2kV) TiT-»7

BH R ERROEHEOE /N c2 0T, FEFEOMSHERMFMAIT O 1o, FAZER
Hiek (ATR -Ge 7)) X4, £EBHBHATCS) T, BRERHAZHER LS 0MEE L, IRZAN
2 8 WERIE LR Y—F v B Model 1750)

Kr' BEtRmEmO#EEIC OV T, B X R (EBEEs (k) 8 RAD—RB, CuK4 50
kV, 150 mA, ASIE2°) TRH LK. 7/, EEHOEIc>0TE, ©E&2EHE (b
mm k) THEIE L.

Kr @ Depth profiie {%, #%/i%3&l# (Ratherford Bachscattering Spectroscopy ) Tl
EL7FH, ¥EBIGIC Tandetron (He™ 2.275MeV, Normal and Grazing Detector
Angle) Th 3,

3. HBRUEE

31 XBEHREVEREHAE

B, AT aovnd, BEHTHELL, KT OBtk IkEs SHEBICELRL, £

BRRATRT LIS, ERESNTTHE &R B{HohT0ad, HIRRTLIK
XY (ASHA 2°, BEEEHE) <, $EgElobeEFTFor—-r8R0oh, H5EE
®OF:F (Short range order ) OEFEAESBHTETEX B, Kr' % 40 By 200 keV THA L 72508
(5x 10" atoms,/cm®) THEKEDEHT R <7 bEARL, Ki' OBEICE - T, Lok
FREBEDTOWIEWT Eddbhh » 1,

Kr* BHHc & 0 7 4 VAo RAECSBRROSEONBICE T, AF Y230 F, A4 VEICE
D 1~ 5 OBAEROE FAED 512 Vo, &R (Kr 200keV, 5% 10 atoms,” cm®)
ZonTh, PBIRMEWIMETT AT &E2EE L

LR OB RREOBSZ(LAR S o 5 BT, Koo iEatstel (100keV, 5x10"atoms
et ) OEBMERE (SEM) itk 2HEAT -1z, ZORBEAK 2Rt HEE CHHD &
BERE (D LHETAE, OIONOEROEE BV TE Ke B & D REICMMAHR
PIET Enbhpd, 3 FEOEM S, 50 nm ONEHOFELHER TR ENTE, b
i, FRoA, HEECORLTVE I Lbh5,

WiT, 74 LW DV THEATERE (TEM) KL AHESIT 7. IFERVLE{D
BEEAN 3 ILRd.

eEtE (GAD wowv Tk, RE (B »onNEiE TREE-IHERETH L, K" E
K TE, FEBEY 00 nm OBEHENE SRS (R, ELLTOLT ENHEETE
3, COBHEBOIKER (20515 6, #115mm ¢ DEERKBLEKIEFZomL TN ST
L hSbinBe COBACKr AT AT &k, TEM RO T3 VA AMBX B4 07+
AFTHE L (F-sR13EE LEr -7,
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TOES %ﬁ@*ﬂég‘f (SLON 4% DEKTAK) THiEL 7. 7ik, ESCA 850 DiFE, T v
FryidArT (2kV) TiT-i,

BHEASRHROEEEOE />0 T, BEFHAOEMHNESEHFMEIT I 00, RAZER
H#: (ATR —Ge 7)) X4, £ERBHBRTCS) T, BHEEHARZFE LS 0HEE L, IRAX
7 M VERIE L OY—F vz iE Model 1750)

Kr' BEZEOESEIC OV T, B XERdrg (BEER (k) 2] RAD—RB, CuK, 50
kV, 150 mA, AT 2°) TRif L. 7, SEHOBfLic>0TiE, €8/ 2 EHE (b
mm BlfF) THRIE L7,

Kr @ Depth profiie (%, #%/5%FL#% (Ratherford Bachscattering Spectroscopy ) Tifl]
FELfps, EFEILGIC Tandetron (He™2.276MeV, Normal and Grazing Detector
Angle) Th b,

3. HEBRLAUVESLE

31 XREFRUERER

HEEL, A7 v T7svnid, ZBEETHLY, K- OBSick) kfd L BRICELL, &
BRRERT LIS, EREENFTHIEI LR, B{HONTWAY, Hlrad Lo
X&@Er (AgH 2°, EEERAE) TR, HERIoLteETFor—sB8@voh, H5EE
OFF (Short range order ) OEFEEHGHETE 5, Kr' & 40 K8 200 keV THRA L 7o 508
(5x10% atoms,cm’) THEBEOEETA <7 brzgr L, Ki'oRBSIE > T, Fkok
FICELHE L THIEW T Eh5hm - .

Kr* Bz kO 74 VvAaEEBCEBARBEOLNBACHE T, A4y 3 0F, A4 VEITX
D 1~ 5 OBRIEROETHED 503228, Ak (Kr' 200 keV, 5x 10" atoms,” cm?)
oW Th, BBEREVNIAETFT A &AL,

L 0SB EREOBSE(LAA S »icd 5 BT, Kt lEHEE (100keV, 5X10°atoms
Aot ) DOEBAELE (SEM) Ik AHMELIT - 1. TOMBAR 2IcRT, #EE (GAD &
BEgtEE (FAD LHETRE, OONOBEOBHEILEVL TS Ko BHIC X D RECI A
hAAT Edihhbd, 3FARECEM, S, 50 nm ONHOFEELRE T A ENTE, =6
i, FRON, HEBEHE—ICATHLTHWET Ehibirb,

Wit, 74 VAR OV THEBHREIE (TEM) Tk A8BEEIT-7. 3HEKRP2GHED
EE4AX 3ITRT,

e (HAD wowvTiR, EE (EE SOoNEE TREE-IHBRETH LS, KR
FEETE, FEEK 00 nm OBEANIE BARE (R, HWEALTHWAT ESHEETE
5, COBEHOIARER (20 512 5, #¥1150m ¢ DERERMLEEHEH oML T AT
b h. CORRIKKr BEET 50 L, TEMBRO L2 vEMHX Q<42 07+ 7
A FTHEHE L (F— 9 BEELE® 1) .
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32 XREOW

3.2.1 XPS

FEBCET2E8ETHRORELHM LI, XPS (24 Vv FSEHBESCA) ic k5 HEsS
AT - 720

X 4(Alid, Kr* BEH 7 b7 4 WL DESCA 22 b THAS, Kr BFE, BIHMAEK
Ar* (2keV) kBT v F 7240 (BESICBET AL 120nm &75 — Filk) OB
FTRHONDS. BLROFEET A AFICHICT AUEICHEOAS E— 21, RKRE, §4b
L, ArTiCXE Ty FrrEx3nLETo B, T, BravFfllicyzrLTnsg, TH
b, AROF - IT oy TOLBEMEEING, T, HEBIZOLTIT HHERERABICR
T Kr HFARBEZRTOABMB TR ABBHEIN TS, Thid, K4A) D Kr B H¥E
OEEEHFBEE L THBOWLHTHY, ETOKr ARELLOGODEELN S, EE HED
N T, Kr BFidae ks coin, C H OxHEDRA 2 bavid, K 4A) EERII,
{2 wFH~7 LTS,

CNODILEDANY bDE—7FHSE, ZhZTNOCEROBEICHIET ADT, £ OFN
» 56 Depth profile 21852 LB TE 2, WbiT, €/ HEDHY Y MEEETFEICLD2NT
kY, ThThD2ECHNT 2HE%28ES (e Fro8HE) OB ELTRLEL Bk, A7
brico0T, HuRUAOILEDSE (HRME) 3, C=Ttwt /o0, N=T5wt o, 0=215
wt/0 THbd, INSOEICH~NT, BEEA (t=0) THC=875wt 0 THV, HEMHH
TRILRCHENEL, N, OFFFEV, i, Kr BTOFEELTCHER (t > 24 min=
120nm) T&y C, N, ODRPEREELARSCR-T0AHI LY, LS LTS,

gEE DT, RBOHERBELS SO DS AERNE LN

Zhid, Ar® (2kV) REBA T b vD Iy F v 7dic, READED COBRMTH 58
BEERL, TORBOEELEIFIG LTV EEZERT S, Litd-T, HohoBoh s
Rl Ker oA 7 v~OBEHc LY, 2o F /B 243 (=120nm ) OFEIFT, Krli
THRALTVEL EOWRDATHD, CTT, Ar"DAT g d 51y F v 7 EELE
EH—ETHEERETNE, ATEO= v F Y 7EEH300nm (1h) THBEELS, v
FUEERMSnm min £720, EAROBRIBENTE S,

3.2.2 FT-IR (ATR)

LD ESCANIE, RUFE » HELFOFRLD, A7+ ho N, O RTEM, Kr BH
DL F B Ebhofce 22T, N, O2SURTHOREBETOEBEREL % 557250,
FT-IRCEZRABIR R P WDREETT -7z BERFHN (ATR) KEDEOGNIR
WX A~ 2 » wEE 61T T,

X 6(A) 12, Kr* (40keV, 5X10% atoms,/cm’ ) RHEEE &M iz oW TORLE &
WEOBEGBTHD, K6BE, ZOHMBEDEX <Y FATH B,

Kr* BHEEEOERI R <7 bt i A8, B ohniBud, ERTFEHAORMCHIET
LHE— 7 OREEICIERMEAD SIS,
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2300 cm 7 EROBINE — 7 00T, RBERPAEICTEIh -l thofi43 Figk
HOoRFRCRBsSNI E—2, #4b5, ~1720em™ (4 3 FAMFE=1C=0), ~ 1520
cm™t (RYFUBC=C), ~1380cm' (4 I FENI) RU~1250cm™ " (FHEKEI—Fv
$—0), HKr* DREEIEIDEDT ST bbb =T,

chsOEFEORRELLIc 20T, Kr* OHEE & OBBRER 7 IR T,

BI7TIA) (KhtED) 3, Zh&FhoRAx2 P vitBT 5 C=CoREE L, MOBTEOBNLE
O (C—7FEOW) #RLAEZEOT, C=0, ¢ =00, GLOTHD, MEEBED
B & & B OFRFOBEPRBLENITE ~TWE T &b 5, —7FH, NIOZELE, Ml
T TEHED, C=COHRELRIRETHAL CAHHEETE S,

BO7R) (F7#eh) 3, 6B DER~<Y bicEF ZREATH (458) OBNE OB/ % &
BFEOEHELTORLAELDTED, C=0, ¢=00/DEC=C DR, MREVHELIE-
TWLH T EDDh b,

3.2.3 SIMS

Kr* (100keV, 5x10%atoms./cnf) BEHEc>0T 2k 4 Y EESH (SIMS) &
I EBHEIERIT 7 —RAZF &L T, Cs' (12kV, 01 pA) 2BHVTHE SW/BECRD
Depth profile 2K 8t~ d. | _

C™, O 2w Tid, $150nm ¥ TREMEHOFHE G g U ORI
Evon, CREL, ORDULA-TVS, —F, NEFIL20TE, N SRETEEN D
CN™ELTRIELAY, C EADEZIRENT B9, CNTOELONETOBESARAT
B ERTEEO, RBEHEEOEEBB LAY, T, Kr 020 T bRBHEEDE
i3, HHETHWOW I EETRERTE S,

—kA A VELTCsTORDIZO: ™ (12kV, 0.8 pA) BT, KrEFOAT 20 THEE
LR, MicRRERna, RERBW200mm T, KrHhEmk o "AEicH -» THFicED
3 5% Depth profile BfE S LocL, Kr™ OBMHEEA 100 42 » FREITTSIMSit&%
Kr OHBED TR TEL 0, COMRBEAFRELITEICLETERL L,

3.2.4 RBS

1 # vEGEEE (RBS) Kk B5REATEIT -7

®9if, Kro (100keV, 1.5x10"atoms/em’) BEHMN 1 4y ARE L 268 ic >0 Tl
FL7RBS 27 b TH D, '

ME A v OBREHE L 164° (normal detector angle) THY, G & FH (F+ %
WEARD »5, Kr, O, N,CIEFIREBHEE~7, #5303 Y a vy pRYoNs, ZREL,
STEO Ly OERHEERRICR L.

T, ZEICHVARICE T A Kr [T Depth profile L0 EEICIEA/%iT, RIKAE
% 102° {(Grazing ) & L#ze Kr BEficd 527 radp s, B 109 Depth profile %
B, £f, WAL, HEA A Y OBE» S, HEOREKET - KIEFOREZMST L
HTE3 Y, 22T, K BTBELIET 5L, 154 % 10% atoms/cm’ 2548 S iz,
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Kr Catoms/cm’) = (A/H) % (05 (Ey) /o (Eo) ) > (e (e )g) oo 8y

A TR EhKr BT (GREETIE 7.238 counts )

H :Si— edge O#ELEE CRAE T 2,934 counts )
og;t By KB A Si OBEMERE (RHETE 1.039 cm®)
kel E, iE17 3 Kr OGN ER GFEHETR 7.1 e’ )
£ MCA eV - chanmel (AZEETi3 3061)

(e)si @ SiDPHIEMTERE (RAIE T 92.6 X107 eV, cm®)
E, : A A4 vOxzrE FRAETIE2.275Me V)
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Table 1 Kr atom concentration in Kapton-H film stored
. several periods under ambient condition.
stored fomtne | D D Dk
2
(month) (degree) (eV/channel) (counts) (counts) (atoms/cm”)
1 102 3,961 2,934 7,237 1.5,E16
3 103 4,004 6,200 13,466 1.3,7E16
5 105 3,946 5,746 12,996 1.4,E16
8 102 3,941 5,477 12,434 1.4:E16
1) Parameters in equation (1)
2) Read 1.5,E16=1.5,x10%®
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Table 2 Atomic concentration of the samples stored for
several periods after Kr-implantation

Stored Depth Atomic concentration
periods (nm} Ci{%} H{%) N(%} (%) Kr (%)
{nor ) {nor} (nor) (nor} [nor)
1M 0 ~ 30 60 35 2 3 ' 05
22 13 07 11 02
30~160 60 31 3 4 18
22 11 11 15 071
160 ™~200 59 29 4 7 14
22 11 15 26 05
200 ~230 56 217 5 11 0,7
22 10 20 13 03
> 230 54 26 6 14 o}
22 10 24 51 o
3 M 0~ 20 50 35 2 3 |os
22 13 o7 11 0.2
20~ 120 60 31 3 4 18
{ 22 11 1.1 1.5 01
”120~150 59 30 4 6 14
2 11 15 2,2 0.5
150 ~17%0 59 29 4 i Q.7
22 11 15 26 03
> 170 59 30 4 ¥ ¢)
22 11 15 26 0
5 M 0~ 20 60 as 2 3 05
22 13 07 11 0.2
20~120 60 31 3 4 18
22 11 11 [ 15 0.1
120~150 58 30 4 & - _1_6
22 11 15 2,3 c6
150 ~170 59 29 4 T “0_?
22 11 15 26 | 03
> 170 5% 30 4 7 ¢
22 11 15 26 0
B M Q0 ~ 20 60 35 2 3 05
22 13 07 11 0.2
20~~120 60 31 3 4 n;_ﬂ
22 11 11 15 0.7
120 ~150 58 30 2 s 16
22 11 15 23 06
150 ~170 59 29 s | o1
22 11 15 26 03
> 170 59 30 4 7 4]
22 11 15 26 ¢}
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Fig. 1 X-ray surface diffraction patterns of Katon-H
films (125um) Krt-irradiated and the pristine
(opposite side of the film).

a: Pristine, b: 40keV Krt-irradiated,
c: 200keV Krt-irradiated
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Kapton
Kr+—1mplanted Pristine

Fig. 2 Scanning electron microscopic photographs of
Katon-H films KrT irradiated and the pristine
Upper two: x10%
Lower two: x3x10%
+ Kapton
Kr'-Implanted Pristine

e

100 nm

Fig. 3 Transmition electron microscopic photographs of

Kapton-H films KrF-irradiated and the pristine
Upper two: x3x10%

Lower two: x2x10°
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Fig. 4 X-ray photoelectron spectra of Kapton-H films
A: KrT—implanted (100keV, 5x10*% atoms/cm?)
B: Pristine
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Fig. > Relationship between etching time and weight
fractions of C,N,0 atoms after Figure 4A.
Theoretical values, C: 71%, N: 7.5% and
0: 21.5%, since chemical unit is Cz:H,gN20s.
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Fig. 7 Relationships between Krt energy (acceleratiom
voltage) and ratio of 0D C=0(9), ¢-0(®), NZ(U)
to C=C (A), and decrement of optical demsity
(B) {C=C(2), C=0(®}), ¢-~0(®), NZ(O)}.
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Optical Absorbance(arbitrary unit)
. . ‘ . L i | l i

Fig. 6

R I R A ¢ I
3000 2000 1600 1200

Wave number (cn™/)

FT-1R ATR spectra of Kapton-H f11ms
A: Implanted (Krt 40kev, 5x10% atoms/cm?) and

Pristime.
B: Differential spetrum after A.
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L] LI

C- {M=12.0)

Kr- [M=B4.0)

0 10 20 30 40 500

DEPTH [

Depth profile of Kapton-H films (by secondory ion mass
spectroscopy)

Straight lines: Tmplanted (Krt 100kev, 5x10'°® atoms/cm?)
Dotted lines : Pristine
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Fig. 9 Ratherford Backscattering Spectrometry (RBS) spectrum of
Kapton-H film Kri—implanted (100keV, 5x101% atoms/cm?).
Het* :  2.275MeV, 40uC

Angle: 164°
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Fig. 10 Kr-depth profile generated from the grazing angle (102°)
experimental sgectrum for Kapton-H film Krt-implanled
(100keV, 5x10'° atoms/cm?)
Hett :  2.275Mev, 20uC
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Fig. 11 Kr-depth profiles generated from the grazing angle
experimental spectra for Krt-implanted Kapton-H film
stored for several periods under ambient condition.

He™® :  2.275Mev, 40uC
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Fig. 12 Relationship between depth and atoms number in
KrT-implanted Kapton-H films after Table 2.
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Fig., 13 Comparison of Kr-depth profile of the implanted
Kapton-H film (RBS data) and of LSS theory
(Rp=73.3nm, ARP=18nm, 1uA 3600s)
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14 Analysis of experimental data of RBS
Kapton film (Solid line): Krt 100kV, 1.5x10%° atoms/cm®
Summation of Gaussian distribution (Dotted lines)

S: N(X)=Aiéo(l/20)exp[—(x—Rpi)2/2AR§]

i=0: Rp0=53
i=1: Rp1=68
i=2: Rp2=88 ARp=35
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