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Development of Phase Change Optical Disks

Toshio INASE
Akio KONDO

Phase change optical disk is one of overwritable optical disks, suitable for removable multi-media
disk cartridges. We have investigated the application of GeSbTe thin films for phase change optical disk
media. The disk samples consist of four layers; first protective layer (ZnS-SiO;), active layer
(GeSbTe), second protective layer (ZnS-Si0O,), and reflective layer (AICr).

In the present study, methods for the manufacture and evaluation of phase change optical disks have
been established. A composition Ge;Sb,Tes was found to be suitable as the active layer for phase
change optical media. The overwrite cycle charactersitics were improved either by thinning the second
protective layer or by thickening both the active and reflective layers. By optimizing the film thickness
and sputter conditions through the use of Ge;Sb;Te, as active layer, CNR of 60 dB, overwrite erase

ratio of 60 dB, and 10° overwrite cycle ability were effected.
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Table 1 Standardization of 90mm rewritable optical dick cartridge
Capacity Type Data Sursace Record Standardization
128MB MO Single Side PPM 1992 year
230MB MO Single Side PPM 1995 year
640MB MO Single Side PWM 1997 year
1300MB PC Double Side PPM 1997 year
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50
(a)
60 - -20
50 - -30
40 | -40
i} 9 B
e 30 450 =
2. S =
) $) 3
3
s
20 - -60 o
=
o
10 - =70 &
@]
0 L [ 1 ‘80
6 8 10 12 14
Pp(mW)
Fig. 9
70 40
65 |- oy 30 —
_ A ......................... e %
5 z
= 120 =
Z. ~, -
©
[£3]
11
0z
o
50 1 0
0 0.5 1
(GeTe) (SbeTes)

Composition (X)

Fig.10 Dependences of CNR (@) and over
write erasability (A) on composition
(x) of active layer.

KoMK (x) KFEL2RT, CNRIZX=0.56,
0.71 BV C60dBE 2 AR\ EEL e > T3, X
ONEVCEATERREROEMEBENS <, AAD
BWEEZLNDZEDBLEZRALDIZDDO LV —H—
NI —BRELTWBLDIEWCNRER-TED,
x=1 TR ETENT 7 A EDRFEZENN
SN ER L > TONRBEL K- T 55D EFE X
bhb, (Fig. 8&8B) OWHEFIZ0.30=< x =0.71
DOFPITIZIF0ABOEE 2> T b, x= 0 Tl
BB O MR A R WD EE RV AL

(50 )

Change of CNR(dB)

sl

10000 100000

100 1000
OW Cycle Number

10

Change of CNR as a function of over-
write cycle number for disk samples
with active layer of various composi-
tion. Vertical axis indicates a CNR
change from initial value.

HEZRMETLTEY, x=1TRYPHESOCLY
BT BZ EDLEBEIEGCOWHEEERE L -
TWhhoEEZLNS,

Fig. MBI BT H0OWH A 705 A b OFER
HRT, MHIECNROFMME (1 BEDOfE) »bHD
BIEATT. COT T THHLCNROBLERL VS
M BIHIiT 5 EOWY A 7 AEriid x =1.008—%F
R<, ®WT0.30y 0.71DIRIC /e » T 5D Z &g h
%




RV — e

£839%% (1995) 51

LA EDMBAELER DB R, HCNR, OWHEEK

BFUOOWH A 2 VEEHD AT v AR KW x =0.71
(GeiSbeTes) #*FRSRIEOBBEMM L LTI LAERL—
7y bERERL, LREOSERY STARL—7 v bR
FRALTED TS Z & LT,

Fig. 11525 x =0.71 (GeiSheTes) DM T HOW
YA 201 FENCFE LV TCNRA10dBLA I o & 2
BETLTLE 2 Z &R 5%, Held, ERME
BINBOWH A 7 /110778 TCNRE DOWH EE DK
THS5ABU TR 252 LA HEBIC LR
BDHT e L
(2 OWH A 7 LEFEDSE
(1) atiEowss

MWEALET « 27 DNHE & L TN S 5

WHEALL W A BEVALE S0 5 BOWH A 27 1t

AR, il WML RBLWCEBREZBRD, T

NHDT & bIRFE*MAL HAICTERICE 2

TT A APV T AEBFELTOWHA 20T A b

T ot ZOERAFig 121", KRB

AlCr&k 352 LIt L WCNROBAERNNEL D

OWY A Z VFtE D) B35 & &5 in 5,

CORBRRED S, SHROBFED 120 OBEiERE

D HBEZAL (80nm) »HAl— 3wt%Cr (200nm)

EFTBHIEE LT, EZ200nm & LcDILAID

BE LA URERBLI-DTH D,

(2) #EIREZER
B— B RER, TEERUONHBORE Y~
NEREER I Y A 2UELOWY A 7V
M KRR IZAR A & < T
SROFRBTCREEREOBREL L TO X 5 X
L& g, (@D ITERESLE)

—_
>

(=1
&

Change of CNR [dB)
I
b=

-20 | = )
rAl AlCr
-30
1 10 100 1000 10000 100000

OW Cycle Number

Fig.12 Dependences of CNR change on over-
write cycle number for disk samples
with Al reflective layer and AlCr reflec-
tive layer.

- B—{R#NE : 120, 150, 180, 210nm

- FLERSE 115, 20, 25, 30nm
B {R#EE 20, 25, 30, 35nm
- 4= 150, 100, 200. 300, 500nm

Fig.13 (a), (b) B REROFEELZZELE
oW Y SNV DOWHEEELCNROOWH A 7 /LK
FMERT, ChbDr 7 78 B TOWHEERT
HIEMEZ D F & %, CNRIZHHUED b DL % HE
BC & > TRY, i, Kb ol R % &
bTo ZhbDihfE, 50OWHER, CNRYEFIHA
DfEM B 5 dBREA T 50WH A 7 A EH % — 5 dB
AV R ELTERDR,

OWHEZR, CNRO— 5dBA A v + DEEE 4
% Fig.14 (a)~(d) KRd, ThbDs 57
MOHOWH A 7 A2 RS T HICELTO LS i
ThEE W ERbh 5,

I. B REFLHELT 5,
I iisBEEL T %,
. REEEEL T 5,

BREE B IZEOWY A 7 AT AN A E <

5Dk, BOERHEBE~RKFoT L L HERBERA

(a)

5

<>

)
—_
<

Qgm  25m S0om. B | \ §

" L]

v 3

L %
' H
% 4

1 10 100 1000 10000 100000
OW Cycle Number

Change of CNR [(dB)
1
& &

|
Do
(=3

(b)
40
o
fact &
% 30fSeanens 4 .
;g 20T =
s Y.
o
- 10
£ LY
© LY
0 L 1 1 i Li.d
1 10 100 1000 10000 100000

OW Cycle Number

Fig.13 Overwrite cycle characteristics of disk
samples with various thickness second
protective layer. (a) Change of CNR as
a function of overwrite cycle number.
(b) Overwrite erasability as a function
of overwrite cycle unmber. @, A, H
and 3k denote 20nm, 25nm, 30nm and
35nm, respectively.



Journal of TOSOH Research Vol.39(1995)

52

(a) (b)
1E +06 p— 1E4-06
1E +05 ko 1E405 § //.
1E+04 ::/.-t*""hu 1E+04
I ; 5 3
£ £
A [ o
m1E+03 L o 1E-+03
3 -
E: ?
1E+02 E IE--02 F
1E+01 1E+01 i
100 120 140 160 180 200 220 10 15 20 25 30 35
Thickness of First Protective Layer [nm) Thickness of Active Layer(nm)
(c) (d)
1E4-06 F 1E+06 F
1E4-05 1E+05 F~ i
Y T (TSN A
1E+04 E LE 404 [t
E B
. £
m 1E+03 o 1E+03
g} ¥ =1 1
I.P H [Te)
| CNR
1E+02 : 1E+02 [ owE. |
3 savinie
A I
1E+01 . . 1E+01 L L
15 20 25 30 35 40 0 100 200 300 400 500 600

Thickness of Second Protective Layer (nm)

Thickness of Reflective Layer(nm)

Fig.14 Dependence of —5dB point on thickness of each component lay-
er. (a) Dependence on first protective layer. (b) Dependence on
active layer. (c) Dependence on second protective layer. (d) De-
pendence on reflective layer. @ and A denote —5dB point of
CNR change and that of overwrite erasability, respectively.

BENERBECEN LTV bk
BEOHNDP RIS B EEL NS,
REEKIEDEIZ EOWH A 2 Vit AMED R L e B
DL FEEOBRBBENKE e DIRE FRENME
TEaZ L0, i, RRB AT A H
BTl rdbnbErbn%,
REBERFECEEOWH A 2 VAL E L e %

(52)

DiEy BHBEDRE & EROBEDENRE L b,
REBBREAN T DI Bl &0, REBoR
BDE L I % & & & 0 RO A M bl
FTLEIELEDBIDEELZLR S,
LLEDOKRBHER 16, SEBOBAR R L Y02
g (L), Bel (B5VIREEB) OEm
HRE R IET 2 S L OOWH 1 2 VT AM % A |




Ry — s

70
65 |-
o *'..
— ' 90 °
m
= 60 [ e
o (]
Z,
5 o
®
55 I t
50 g el gaeeat o ol "
100 1000 10000 100000 1000000
-5dB Point

Fig.15 Relationship between CNR and —5dB

point of CNR change.

BRDLIENTELZ EWNG - T,

72721, Fig. 151R T X 2 e&y v 7 og)#io
CNROfE & — 5dBA 1 v + ORIz & oHBEER
NHYH, OWIAMED B\ v T IECNRAEE W
HREH D Wb,

i, EEERCAEN T VEEO T A
7 TERCLAF < faf1 L 23 < LR WCNR % 77
FTOKR LT, Bl E DI WS (BEpkGR
TUVELE) OF ¢ 27 TRCLEEM LI &
CNREBAERLH LD THDLEEL HR D,

LLEDZ & bigdiiREE 7217 7 ARFEED
MORGHEXERPCNREEBRE LA bEAFEORE %
ZlLXH, CNRED NG VvV AEEZKBHLOWY
A VEREZA LSS ROREED VT &SR
5o

% B BUE S 20 L

B, B_REE. RREROHE OB
(BEH A, JE T —) ZrhEhZEhIEit
YV SN RBE LOWH A 7 VR D K BB B
SRR TN,

VT NVOBREREIILTO®EDTH 5,

« B —{f-#&JE : ZnS—Si0. (150nm)
« RLERSE 1 GeiSheTes (20nm)
55 {28 : ZnS—SiO; (25nm)

(3)

( 53)

2394 (1995) 53
- RATIE : AlCr (200nm)
s TR BORRESZ U TO L WELS

BT v I BRBE LT,
c B—{RERE . HAFE=0.20, 0.40, 0.60Pa
R —=150, 300. 450W

< GUERRE P HAFE=0.20, 0.40 ., 0.60Pa
/7 —=45, 60, 75W

« EETEREERE ¢ AHE=0.20, 0.40. 0.60Pa
227 —=150, 300. 450W

- RtIE P HAFE=0.20, 0.40, 0.60Pa

»27—=100, 500, 1000W
Fig. 16~191c — 5 dB#E A ¥ h D KB O BB &

HEME RS, E4DBAKB T 5dBRA vV

N OBEAAHRAEED N E W T E R D, R

HECEST + 2 2 28T 5546, &1ERAT 4 —

Z—REVEH L THOWS A 7 /VEEIE K B

Bzt , HTOLART A=A —ERHT DT~

YINEWT EREKT D,

(4] BEESREORR

OWH A I NI X DHILDFEREBEL eI T v 2
NAvaRAa—=FXBBFEGBEFOBERZITR-
fco Fig. 201318k, FEELETFR LT + 27
BYTNDEZEF—"—F A4 PEKRICETHL.5TH
SELATESOHAEGEENGETH S, T4 AT D
WEST Yy 7DBL—yFOL7 Z2—1CFHL, FA—
DF— sz THIBRDOBEBFWRZOOWY 1 7 v
EIEFERBE LI DTH S,

SEERME LI AELR YT + 2 7 XFig. 5 wWird &
HICHZIRRE (RSdhil) D> RS~ —7 XD bR
BEDE W, VWb b High to Low OitsEE— N T
BHHo, BEEBEKO LBMENKHROE
HOMEZREF S THY, BFEIITT - IETOK
BIRMEL o> T 5,

Fig. 20 5OWH A 7 VEIEAET ZLinT — 4 =
) TRIRACOBFEBEBICEN Y E LT DT L)
Mho MEENT « 22 DR LOWH {1 7 VIC X
BHADFEROVED &L LCREBOWHERE K 51T
BRTWAMNY, F—xx ) 7ORAATORER
HADRBEEME > TWA D F— 45 ) 7R
D LEBERBOWERBPEI V2T, COBR, B
HEEBSEHBCINANELTWEHDEELLN D,

Fig. 20/ (3 EEHELM It L B ¥ v TV OBERK R & R
LMoo v 7 [AiERBEY T - ER. B
AW OENCIIL T O L 5 fJMNRH 5 Z &b -




Journal of TOSOH Research Vol.39(1995)

-5dB Point

(b)

1E+06 F

1E+03

1E402 bt

1 [l | [l | ] |

1E401
1

00

150 200 250 300 350 400 450 500
Sputter Power(W)

Fig.16 Dependences of —5dB point on sputter conditions of first protec-
tive layer. (a) —5dB point as a function of Ar pressure. (b)
—5dB point as a function of sputter power. @ and A denote
—5dB point of CNR change and that of overwrite erasability, re-

(a)
1E+06
1E+05
‘:3&-—1‘————‘H‘
1E+04 :— . CEETRN- 53 Fomo s LI
=
E
0 1E+03‘-
®
i CNR
: ——
1E402 v
E oW E.
IE+01 : ' L
0 0.2 0.4 0.6 0.8
Argon Pressure(Pa)
spectively.
(a)
1E+06 ¢
IE+05 |
IE+04
=
2
[+ W
0 1E4+03 -
=
L? F
CNR
1TE402 b °
3 oW E.
1E401 . . -
0 0.2 0.4 0.6

Argon Pressure(Pa)

0.8

-5dB Point

1E406 ¢

1E+05

1E-+04 L

1E+03 bt

1E+02

1E+01

! 1 L | ] 1 1

40

45 50 55 60 65 70 75 80
Sputter PoWer (W)

Fig. 17 Dependences of —5dB point on sputter conditions of active layer.
(a) —5dB point as a function of Ar pressure. (b) —5dB point as
a function of sputter power. @ and A denote —5dB point of
CNR change and that of overwrite erasability, respectively.

(54)




-5dB Point

-5dB Point

Y —HREHE

$39% (1995)

1E+06

U |

1EH05 Foon ]

1E+04

1E+03

1 i |

1E401
0

Fig.18

0.2 0.4 0.6 0.8

Argon Pressure(Pa)

(b)
1E+06

1E+05 |-

1E+04 |

-5dB Point

1E+01

1 ] Il | | 1 1

100 150 200 250 300 350 400 450 500

Sputter Power (W)

Dependences of —5dB point on sputter conditions of second pro-
tective layer. (a) —5dB point as a function of Ar pressure. (b)
—5dB point as a function of sputter power. @ and A denote
—5dB point of CNR change and that of overwrite erasability, re-

spectively.

1E--06 ¢

1E+05

1E+04 |-

1E+03

1E+02 |-

CNR
+
ow E.

1E+01

0.2 0.4 0.6 0.8

Argon Pressure[Pa)

(b)

1E406

1E+05 |

1E+04 |8

1E403 |-

-5dB Point

1E+02

1E+01

200 400 600 800 1000 1200
Sputter Power (W)

Fig.19 Dependences of —5dB point on sputter conditions of reflective lay-
er. (a) —5dB point as a function of Ar pressure. (b) —5dB point
as a function of sputter power. @ and A denote —5dB point of
CNR change and that of overwrite erasability, respectively.

(55)

55



56 Journal of TOSOH Research Vol.39(1895)

3.7MH:z OW Cycle 1.4MHz

T AWAWAMAY
i
AWM ST

VYNV

-ﬂ"‘nﬂ.l1.,n_n,n.r.;‘.l‘u'u'u'U'.I'v._M".N'H'u’u‘u‘u‘u

P 5000

10000 AV

M"\"-‘M

Fig.20 Playback signal waveforms of 3.7MHz
signal (1.5T signal) and 1.4MHz signal
(4T signal) in each overwrite cycle num-
ber for disk sample made by standard
sputter condition.

"'-’IIJW.“J‘J'U"LF.DJ’J‘M'

720
I. EEENEVERET—2 1) TEBEAD K
g s b,
. B—REBNE G ET— 2 ) TR LD
FHEREL 5, .
. B-REENVFENTEF— 2 1) 7BA SO
S REL 715,
V. B—REBORE T —NRAENFEFT— 4
TV 7RO REENEL b,

Fig. 5 KR L5, SREIFLIY v 7 TidE
RIEOBRENEINT 5 LR, 7EALT 72 2 E
ERHEREGLS LD, SO b, FROFEES
BEROENDOHERIC BT, REENE T3
DIFLFERDOBEENEL It ->TE VESEBOBHTEH
PRI ->TWBEDEELLRE, T, KERHME
o TWBDREHBORENEL k- Tk O TH
BORARENRE »TWBdDEE2 bR 5,

RREELEB Ly, aE. REBxE T
5L > TOWH A 2 VTEAMED A B3 % D,
BELENICL L L > TRERBD X A — D 2
<Ly WBREN DI kT b b EEL bR
%o
(5] HAB#EY L 7IICLB0WH 1 & L

LD XD A BOBE R OB B LS B

(a)

—
(=]

]

Change of CNR (dB)
8 =

w
=
T

1 10 100 1000 10000 100000
OW Cycle Number

{h)

50

07

201

101

OW Erasability(dB)

1 10 100 1000 10000 100000
OW Cycle Number

Fig.21 Overwrite cycle characteristics of disk
sample obtained by optimized sputter
conditions. (a) Change of CNR as a
function of overwrite cycle number.
(b) Overwrite erasability as a function
of overwrite cycle number.

KRR AY L ECOWY A 7 VA M X8 519
D&M (BEHE, BUESE) 21Tk -1, &
RHLALET v T DOWH A 7 VB O BIEREE %
Fig. 21 Rd ZORIFY v IV TIEOWH 1 2 1
107 I B W TCNRDOWA 99 4 dB. OWH =KL
7Ty MNeBhb o TRDEBEAESIL LTV L,
MEND Y v TN TOWY 1 7 Vb pik & < %
FEIRTOLZ EMRDh5b,
LLEB~TE LD, OWH A 7 Vit ok s
RPBEGEHRTE. & 5\ 39 A 7 VS D
TR S DI EEREE, BRSO T 5 &
EDOWY A I M kpthh K& ST 5 2 &mT,
MO BERERT D2 LN TET,

6. BEREEHIGY 7 ILOFHE

S ERATE LIS HECRDE T « 2 7 OFEfiRE R % b &
W RS E AL D L — ¥ — E680nm. S L v X
BAOE0.550 ¥ RICAEDRIHEED T « 2 7 23 E
L. SesEERMEORF~ — 7 RIKEE T,




R — e

H39% (1995) 57

70
60 |-
50 |
40
30
20 +

10| d{,a” ic_rgg oW E

0 Il 'l i i
0.2 0.4 0.6 0.8 1

Mark Length(#m)

CNR-ErasabilitydB)

Fig.22 Dependences of CNR and overwrite
erasability on mark lenght. Sample is
made and tuned by conditions for
680nm laser. Data is obtained by 680nm
laser, objective lens with NA of 0.55,
and linear velocity of 8m/s.

BT+ A7 OBBEINEY I 2 v—v a2 VETER
RPMEE COFRBERL L LRLUTORY kD,
« B—{R#ERE  ZnS—Si0: (120nm)

. FLERE ! GeiSheTes (20nm)
« BB{RERE | ZnS—Si0: (25nm)
- [RG)E : AlICr (200nm)

BIE T HRE © 8.0m/s T e\, v — 7 RITELERE
BRAEREZEZD L L 0BT,

Fig.22IcCNR B L OHEERD < — 7 RIKFEM % T
To T TOBEERIBAEISOTER I TV HHEE
L7+ A7 BDERICIE S SDOTUTOL S ICL
THIE Lo

(1) w4 TES2REHET 5,

(II) 4 TES ER1.5TEEZ XA V2 bA—r3—

T4 T B,
(I ZORETD1I.5THEEDCLE A TEESD
CLOM LY DELXHEEREL LTHET %,

SRIOWESRE T, = —27RH0.53 pmic BT
CNR745dBE Ey {HZEA20dBEAE & W 5 {EHRISO
DHEME (FEP) wRnT 5,

Fig.22% Q%2 & <— 7 RMNE It 5 LCNR, Hk
FELEPTLTE D, BEENEL LS LR
WELBREAREMET T A Z 0855 A, CNRID
Bl T3~ —27%0.53 g mic ¥\ T50dBEL EDfE &
o THE D045 pmic BT % 3 I1F45dBCELEH
BVt LIcCNRE & T » T B, — T, HEXR
KB LT <— 27 R0.53 e mic B\ T#13dB & 7 -
THED, HEEEZTE->TWb, BERETOERE
L CHRLESFHEE O O MICiEE O EE b & i 2

(57)

bhan, SHRIREHEE. SRRV THEREE
DE EDBFEOFEL b,

CERAR o WA b o oo € =t ¥ (o157 i S GARYRE =9 = 8
BOBRRCERSE, REEMEOR. &5 W I3ER
PR ER L EAEEOREFRET b 5, HTE,
REREMH OB & & L CEAREOTRA 21T -
TWhEZATH D,

7. EEDEIUVSEHDFE

A EIDBFEFIRC 35 W THEILEIK T + X 7 OFFEL,
FHEE 2R Ly LU FOBRE2E L,

(1) GeTe—ShiTesT 1 v LML HEIFIZE\ T, Ger
ShTeaDHFACNR, OWHER, 5L UOWH A
INDEHERDIRT v ZAHR L RV,

(2) OWHA 7 Vvitham L85 ICi3E REREY
#H BHVITEEE. REBEAESThiX v,

(8) OWH A 7 VR EBRBD 2%y 248 (F
AE, U =) KRG EAERE L,

4) OWH A 7 Vit X AFARBFREOL IR T — 4
BRI L D SR OTTHEL
PlED X5 IefR% b & fifEE, BESH O R#E

b2 4775 - 1458, CNR : 60dB, OWHEZX : 30dB

ETBHEENENT « A/ RBLZLMBTE, OW

YA 710K EEFER LT,

T, V=Y —HER6SOnmIIHDF + A 7 2RASEL
LSV — 7 REATHEABIE LR, v— 27 R0.454m
B\ T45dBOCNRE 5, EElER A E O Al Ebk 23 RE
mEhi,

SHRIT, BB, REBOMBRAS ATV EH
RAOWY A 7 DR L% BigdT £ & b, B
BEE, BRRCROAHEEEROR LR HBE LICHE
ZBAR AT > TV FETH 5,

X R
1) “ABfkzLr s tn=2s2", No. 613, 76—8l1
(1994) .
2) “BEETT A AEE (LAY Y—F)
(1991) .

3) H. Seki, Appl. Phys. Lett., 43, 1000 (1983).

4) T. Nishida, M. Terao, Y. Miyauchi, S.
Horigome, T. Kaku and N. Ohta, Appl.
Phys. Lett., 50, 667 (1987).

5) R. Barton, C. R. Davis, K. Rubin and G.
Lim, Appl. Phys. Lett., 48, 1255 (1986).



58 Journal of TOSOH Research Vol.39(1995)

6) N. Yanada, E. Ohno, N. Akahira, K. 10) M. Suzuki, K. Nishimura, K. Furuya, M.
Nishiuchi, K. Nagata and M. Takao, Jpn. J. Kobayashi, I. Morimoto, K. Mori, T.
Appl. Phys. Suppl., 26—4, 61(1987). Yamaguchi, K. Negi and W. Tamura,

7) Y. Maeda, H. Andoh, I. Ikuta and H. Symposium Digest of The 51st Autumn
Minemura, J. Appl. Phys., 64, 1715 (1988). Meeting of The Japan Society of Applied

8) H. Iwasaki, Y. Ide, M. Harigaya, Y. Physics, 21 (1990) .

Kageyama and I. Fujimura, Jpn. J. Appl. 11) T. Ohta, M. Uchida, K. Yoshioka, K.
Phys. Series 6 (Proc. ISOM), 68 (1991). Inoue, T. Akiyama, S. Furukawa, K.

9) M. Terao, T. Nishida, Y. Miyauchi, S. Kotera and S. Nakamura, SPIE, 1078, 27

Horigome, T. Kaku and N. Ohta, Proc. (1989) .

SPIE, 695, 105 (1986) .

| i o &
o =)

7 # H #
KA TR O£ B g4 E B B X

Toshio INASE Akio KONDO
Atk PEfO614£4 A1 R At BEFI51%4 A16A
FrlE  BRBISEm e EEBTRE

BT TN —T TEHEA

HESERYE S|

(58)




