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TS LEOHMENRH DY, Hobld, SACITATZH ONi & Sn-xPd A4 (x=0~1 wt%)
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el NN RNy
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TSR 2EHA L, TNENOREESL, Ni-P 5 um, Pd-P 1 um, Au
0.06 um& 725 L 912> X &21T o572, Ni-PBEOPE A HRITH6~8 wt%, Pd-PiE
ITHIS~6 wt% T 5, TEEITE AXHREIEFT (Fischer® XDV-u) % AW CHIE
Liz, ®ox#, BRUIRLEZTRTY I v 7 A (THEERH T2 7 5 v
7 A 529D-1) Z8Ai L. 0.6 mmgDSAITA T R—L (THEAER M30) &L
SHESACIFATZAR—/L (Al M705) Z#HE, RAGRARIC TE— 27 i E240°CT
B[ROV 7n—ziTolz, U7 u—%, REFHEUIZTI50°C T3000FH, 7008F

. 1000FFfo=— v 75247\, ZuzxtriarR) v vy— (ARET
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B SM-0910) |2 THrE N T&AT - 7%, SIS E A T3S (FE-SEM,
Zeissfd ULTRASS) ZffH L THEARmOGEE 2B Lz, &8 OMAE
RNF = BOUXHRHT (EDS, EDAXH) %, = — P U JRICEK LTI &HE
Dt e I IXHET (XRD, U 27 8 SmartLab) ZHWTHIE L7z, 7=,
FRE TS (TEM, AARETH JEM-2100) ZHWT, A4 O Mk
DIt 24T > 72, 708, TEMARBOERIZIZT AV T I 78 b—2L4 (Leicald
Ultracut UCT) 8 X OUXH A 4> & —2 (FIB, SI# Xvision200DB) %&i#E & H

Y

Table 2.1 Process and conditions of ENEPIG surface finish.

Process Productname Temperature Time
Cleaner ACL-009 50°C 5 min
Rinse
Soft etching SPS type 25°C 2 min
Rinse
Acid dip 10% H,SO, r.t. 1 min
Rinse
Pre-dip 3% H,S0O, r.t. 1 min
Activator MNK-4 30°C 2 min
Rinse
Electroless Ni NPR-4 80°C 25 min
Rinse
Electroless Pd TPD-30 50°C 90 min
Rinse
Immersion Au TSB-72 82°C 12 min
Rinse
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. B
Fluxing
. B
Solder ball mount Sn-3.5Ag or Sn-3Ag-0.5Cu (0.6 mmg)
. B
Reflow e Below profile, once
. B
Aaging at 150°C Reflow Profile
lg gl -
300 700 1000
h h h E 200 \
-, 8B =B 2 150 4 \
Observation of IMC £ A =
/ Reflow loading
50 / -— ‘

0 100 200 300 400

Reflow time [s]
Fig.2.1 Schematic diagrams showing the solder mount procedure and reflow profile.

(IMC: Intermetallic compound)
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SAR L USACIFA T ZAWTY 7 a— L E#OBA Tk O Wrim Bl 22 o5k 1
ZER221IZ7R T, WTHRODIIATETEH, PAd-PH o ZEEIZATZDOMITK2~3 um
DJFEPASnafE D FERL S AL TE Y, Pd-PD - X EITIL DO Y- FEE DJE L D35 > T
W7z, [K2312SAR L USACIFAZ Z AV T Y 7 b — L2 E#% O Wi 2 EDSHR Y
HLTHONTRET 07 7 A VE2RT, SAIZATE TR, @iREDOSnEPA,
P& o T2Pd-PH - D 530 B (K2.3(a),(b) 4L, 1TATZ LEPA-POH - &
FEED M O FH L YEHLIZ X U PdSna)& & Pd-Sn-PE B L TV D EE X B 5D,
SACIZATZTIEPA-PD - E D B IESn R HH S22 Do 7o D3, PE D Cud3Pd-P
o XL PASnafE D> B H S iz (K2.3(c),(d) » TS DFERMNS | SAC
IXATEICE EN D CuiPd-PH > T ED FIZCusSnsazE L TRHT L T\ 5 =

EDIRIR S T,



Fig. 2.2 Cross-sectional SEM images of solder joint interfaces after reflow soldering

using SA solder (a) and SAC solder (b).
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Distance (Lm)

Fig. 2.3 Cross-sectional SEM images of solder joint interface after reflow soldering
using SA solder (a) and SAC solder (c). Concentration profiles by EDS line

scans in (a) and (c) are shown in (b) and (d).



[42.4|ZSA/ENEPIGS AN JE AL S 4L 5 JEVPA-Snir 42 fE  (PdSna) DT O TEM
I DFE R Z R, BAEIYT (SAED) /8% — 2BV TPdSnsd>(100), (120)33
L ON020)E IZHRHET DB EEIT ARy RBIEINT-Z £, Pd-SnE
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Fig. 2.4 Cross-sectional TEM images and selected area electron diffraction (SAED)
patterns of Pd-Sn IMC layer using SA solder after reflow soldering: (a) Pd-
Sn IMC/Pd-P interface, (b) magnified image of Pd-Sn IMC, (c) SAED
pattern of upper side of Pd-Sn IMC layer, and (d) SAED pattern of lower

side of Pd-Sn IMC layer.
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Fig. 2.5 Cross-sectional SEM images of SA/ENEPIG (a) and SAC/ENEPIG (c)
interfaces after solid-state aging at 150°C for 300 h. Concentration profiles

by EDS line scans in (a) and (c) are shown in (b) and (d).
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Z3 at% Th o7z, XRDIGHTOFER, NizSns, NizSnP, PdSns, AgzSn 35 LY B-Sn
72 EEBOEAENFEE S iz, X2.7IZSA/ENEPIGHE & FLHE K L 72Ni-POP
U v FEE L UNi-Sn-PE {1 O TEM 73 #r OfE F 4 7797, NizSnP (001), (010)F5 &
COIDAEIZFEE T AEHF AR Y RRFRESNTZZ &0 6, ¥M2.6(a)D AR > M
ZNisSnPAH, AR v F2&NisSnaff &g L7z, 150CH T — 7 T, PIINi-P
Do EMEPGIXATEAPEH L2272 NisSnP/EILPdSnafE 2> & Sn ML T 5
ZEILko TSN EEZOND, ARy 3B LU4ONIREITZNLZEN
14.6 at%33 L 19.6 at% T - 7=, SACITATZTIE, (Cu,Ni)sSns/E L300 D=
— 7 (¥2.5(c) MHEIZIRo T2, [K2.6(b)D AR v k535 KX TU6ITPdSn4
J& & (Cu,Ni)eSnsfg O FL 1T, ZNENONIREITBBLE5a%TH Y |
2.6()D ARy F3EBLUV4 L iR L TR T —Th o7z,

_21_



Fig. 2.6 Cross-sectional SEM images of SA/ENEPIG (a) and SAC/ENEPIG (b)

interfaces after solid-state aging at 150°C for 1000 h.
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Fig. 2.7 Cross-sectional TEM images and selected area electron diffraction (SAED)
patterns of Ni3SnP IMC layer after solid-state aging at 150°C for 1000 h: (a)
NizSnP IMC/Ni-P interface, (b) magnified image of NizSnP IMC, and (c)

SAED pattern of Ni3SnP IMC layer.
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Fig. 2.8 Schematic diagrams showing the IMC growth of SA/ENEPIG (a) and
SAC/ENEPIG (b) interfaces from after reflow to solid-state aging at 150°C.
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Fig. 2.9 Difference of Ni concentration just above IMC between SA/ENEPIG and

SAC/ENEPIG interfaces for solid-state aging at 150°C.
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L 72 [BL1% OFPAEE & PA-PIEE 2 7 — 7 CH BRI T HIIN D RIBEL . 7 — 7" & H2fil
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Table 3.1 Process and conditions of electroless Ni/pure-Pd and Ni/Pd-P deposition.

Process Productname Temperature Time
Cleaner ACL-007 50°C 5 min
Rinse
Soft etching SPS type 25°C 1 min
Rinse
Acid dip 10% H,SO, r.t. 1 min
Rinse
Pre-dip 1% H,SO, r.t. 1 min
Activator KAT-450 30°C 2 min
Rinse
Electroless Ni NPR-HK 80°C 25 min
Rinse
Pure Pd 60°C 90 min
Electroless Pd
Pd-P 50°C 280 min
Rinse

Table 3.2 Bath compositions and deposition conditions for electroless pure Pd and

Pd-P plating.

Pure Pd bath Pd-P bath
Tetraammine palladium(Il) chloride 0.01 M 0.005 M
Ethylene diamine 0.05M 0.15M
Citric acid 0.05M 0.05M
Sodium chloride 0.015M -
Formic acid 04M -
Sodium phosphinate - 0.05M
pH 5.5 7.5
pH adjust Sodium hydroxide Hydrochloric acid
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Fig.3.1 The apparatus of thermal desorption spectroscopy.
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Fig. 3.2
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Thermal desorption spectra of hydrogen from electrolessly deposited pure

Pd (a) and Pd-P (b) films. Broken line: as-deposited, solid line: after 2

months, x: hydrogen content in atomic ratio (H/Pd).
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Fig.3.3  XRD patterns of electrolessly deposited Pd-P films: (a) as-deposited and

(b) after heat treatment at 600 K for 30 min.
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Table 4.1 Thickness conditions of test coupons.

Thickness (um)
Ni-P Pd Au
Ni-P - --- 5 --- ---
e e e e
BN e S e 2 AR
Ni-P - Au 5 --- 0.08
Ni-P --- Au 10 --- 0.08
Ni-P -—- Au 15 - 0.08
e R R R
Ni-P -—- Au 5 -—- 0.05
Ni-P -—- Au 5 - 0.09
e s o R e
Ni-P Pd-P Au 5 1 0.1
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Fig. 4.1 Thermal desorption spectra of hydrogen from electrolessly deposited Ni-P

(5 pm) films. Solid line: as-deposited and dotted line: 4 days after deposition.
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Fig. 4.2 Thermal desorption spectra of hydrogen from electrolessly deposited Ni-
P/pure Pd (a) and Ni-P/Pd-P (b) films. Solid line: as-deposited, dotted line:

1 week after deposition, and dashed line: 1 month after deposition.
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Fig. 4.3 Thermal desorption spectra of hydrogen from electrolessly deposited Ni-
P/Au films. Solid line: as-deposited, dotted line: 1 week after deposition, and

dashed line: 1 month after deposition.
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Fig. 4.4 Thermal desorption spectra of hydrogen from electrolessly deposited Ni-
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Test coupons of electrolessly Ni/Au thick -
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® AES Evaluation
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Fluxing
. B
Solder ball mount = Sn-3Ag-0.5Cu (0.6 mmg)
. =
Reflow on hot plate === 533K-40s
. B

Measure height (D) and (h)

.

Calculate spread factor

D : Height of solder ball (Before reflow ; 0.6mm¢)
h : Height of solder after reflow
S : Solder spread factor S(%) ={(D - h)/ D)} x 100 (%) ===-- (5.1)

Fig. 5.1 Schematic diagrams showing the condition of test coupons and the solder

mount procedure for solder spread test.
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Test coupons of electrolessly

deposited Ni-P/Au Ni/Au thickness = 5/0.08 um
I
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As plated

Fluxing
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® Ball pull test
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Fig. 5.2 Schematic diagrams showing the solder mount procedure and reflow profile

for ball pull test. (IMC: Intermetallic compound)
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Fig. 5.3 Thermal desorption spectra of hydrogen from electrolessly deposited Ni-P (5
um) /Au (0.08 um) films. Dotted line: as-deposited, solid line: heat treated at
533 K for 40 s on a hot plate, and dashed line: heat treated at 500 K for 30

min under a vacuum condition.
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Fig. 5.4 Thermal desorption spectra of hydrogen from electrolessly deposited Ni-
P/Au (0.08 um) films of different thickness of Ni-P layers. Solid line: Ni-P

(5 pm), dotted line: Ni-P (10 um), and dashed line: Ni-P (15 pum).
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Au:Ni=94.6:5.4

Au:Ni=81.6:18.4

Fig. 5.5 AES spectrum and Au:Ni atomic ratio of Au surface of electrolessly
deposited Ni-P/Au films ; a) as-deposited, b) heat treated at 500 K for 30 min
under a vacuum condition, and c) heat treated at 500 K for 30 min under an

atmospheric condition.
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Fig. 5.6 Images of electrolessly deposited Ni-P/Au films after solder spread test ; a)
as-deposited, b) heat treated at 500 K for 30 min under a vacuum condition,
and c) heat treated at 500 K for 30 min under an atmospheric condition. The

solder spread factor is indicated in images.
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Fig. 5.7 Pull strength and failure mode distribution after ball pull test of Sn-3.0Ag-

0.5Cu/ENIG solder joints with as-deposited and heat treated at 500 K for

30 min under an atmospheric condition.

Fig. 5.8 Ball pull failure modes : (A) ductile mode (solder left on whole area of
joint), (B) quasi-ductile mode (ductile mode : >50% in area), (C) quasi-
brittle mode (ductile mode : <50% in area), (D) brittle mode (almost no

solder left).
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Fig. 5.9 Cross-sectional SEM images of ENIG/solder joint interfaces after reflow

soldering of as-deposited (a) and heat treatment (b).

5. 4 55
ARETIX, Cutk FIZEBMENI-P/AuD » X 24T o -3 B2 W T, HIEDKHE

B CEHREH S AufERE ONIRE, 38 X ONTATSIRIVADL 0 2 H1IE L,
HEEMNI-P/AURICE ENDHKBITZEDIZEAENNI-PIEFIZEENTEY Y
T u—7p OB Lo THBEST 2 Z L 3o T, IXATETRIVRN U PHRIX
R S ENJREISHT 2T A O T, ETKRRESMHERDL Z &0
bhrolz, —HT, TATEHESRESCHEIE— K, BRSh 588 OBIRS

FEEEIZ DWW IR K FE DN 2N E R bo 7=,



5 R

1) A. Chinda, N. Miyamoto, and O. Yoshioka ; Hyomen Gijutsu, 49, 1291 (1998).

2) C. W. Hwang, M. Kiso, S. Hashimoto, and K. Suganuma ; J. Mater. Res., 18, 2540
(2003).

3) L. Shohyji, S. Shimoyama, H. Ishikawa, and M Kojima ; Trans. Japan Inst. Electron.
Packaging, 1, 9 (2008).

4) Y. Oda, M. Kiso, S. Kurosaka, A. Okada, K. Kitajima, S. Hashimoto, G. Milad, and
D. Gudeczauskas ; Proceeding of International Microelectronics & Packaging
Society, IMAPS 2008, 924 (2008).

5)C.E.Ho, L. H. Hsu, S. W. Lin, and M. A. Rahman ; J. Electron. Mater., 41,2 (2012).

6) Y. Oda, N. Fukumuro, and S. Yae ; J. Electron. Mater., 47,2507 (2018).

7) T. Hiramori, M. Ito, M. Yoshikawa, A. Hirose, and F. Kobayashi ; Journal of Japan
Institute of Electronics Packaging, 6, 503 (2003).

8) E. Takahashi and H. Nagasawa ; J. Japan Weld, Soc., 47, 507 (1978).

9) H. Sampei ; J. Surf. Finish. Soc. Jpn., 58, 219 (2007).

10) S. Toma ; J. Surf. Finish. Soc. Jpn., 63, 660 (2012).

11) K. Aoki and O. Takano ; Kinzoku Hyomen Gijutsu, 32, 643 (1981).

12) D. W. Baudrand ; Plat. Surf. Finish., 68, 57 (1981).

13) K. Tashiro, T. Watanabe, H. Inaba, and H. Honma ; Hyomen Gijutsu, 51, 606 (2000).

14) S. Arai ; Hyomen Gijutsu, 43, 1079 (1992).

15) T. Nakamori, M. Suenaga, D. Hirakawa, Y. Ohno, T. Hagihara, J. Kagami, and T.

Takeuchi ; Journal of Japan Institute of Electronics Packaging, 8,225 (2005).

16) Y. Oda, Y. Sagara, N. Fukumuro, and S. Yae ; J. Surf. Finish. Soc. Jpn., 69, 415

(2018).



17) T. Takemoto, N. Fukumuro, S. Yae, and H. Matsuda ; ECS Trans., 33, (21), 11
(2011).

18) S. Kumamoto, H. Sakurai, Y. Kukimoto, and K. Suganuma ; Trans. Japan Inst.
Electron. Packaging, 1, 48 (2008).

19) T. Hagihara, T. Takeuchi, and Y. Ohno ; J. Vac. Soc. Jpn., 55, 499 (2012).

20) R. Hasegawa and T. Kurosawa ; Bul. Jpn. Inst. Met., 13,277 (1974).

21) H. Nakajima, S. Shimizu, K Onuki, Y. Ikezoe, and S. Sato ; J. Chem. Soc. Jpn.,
1989, 681 (1989).

22) JESD22-B115A, Solder Ball Pull (JEDEC Solid State Technology Association,
2016).

23) Y. M. Kim, J. Y. Park, and Y. H. Kim ; J. Electron. Mater., 41, 763 (2012).



=&
1

N R

BRGORIRICBWNTT Y & MEROES L RAIRIZR>TEBY, ICED
RAEHEMEICRE S EBR S 5 Bl RILHLOSEIEMME L LT, BEPOKED
ZE) LT ATEEETE L OB OW TR 21T > T,

—E IR TH O IR . Y P RO E AL L XA A
BLUOW > E P OKFICET DIEROMZEDOBEL, AbF7ED B HIIZ DOV TIHR

~7z,

R TCIIEEEAENI-P/PA-P/Aud o X R EIZSn-3.5AgIT A TE B HEA LTk,
IS0 CTRMBWHZITH) LB SN T, BALEESREZETIED
(Pd,Ni)Sn4 548 DIEEL A 71 = X LOFFER 21T > T2, —BIZAEH 4 A Ni/Pd/Au
FEOPAJE DEA130.05~02 umfEETH D2, ZZzl ume L, #EAEIHI
PASE ZTERL S 2 Z L2 L - T, TEDONI-PIEONIZPA-SnE @ ~FLH L T
(PAND)Sn4Z TR T 5D Z & & Cuxk & TeSn-3.0Ag-0.5CulT A 72 CTldk Z OHEHL P
il S Z ENnbhrolz,

= F TIINYPA/Au® > (T & 2 #liPdds K UPA-PELEE D 7K 3 D AFELER
BBIZ DWW TRET 2T o 7, MIPAHLE IR E CTH D . BVLEIC K - THT-IHE
PREFMEN TV Z ENBRFRIFZEIL—KFEI FAX—L LTFELTND
ZENbohotz, PAPHIEIZTE/LT 7 A THY . 400~550K THiEES 5 k3
EARBANCES L 72PdE POJFRFRIC T v 7SN RETAHAE L, 570K Tl
Pd:P & PdeP72 & ~DFEAEIC £ 0 BIIZHEET 5 Z & N bdo Tz,



F5 VU B CIECub i ISR & 4L 72 HEEEAENI-P/Auds J OV fENI-P/Pd/AufE
T DKFEOFEENZ OV TR E(To T2, TNETNOEEEO D > X EHK L=
TR BB % DRk R B2 KBEEEEA <7 MV X0 JE LTfER, LTz
EDRBINE TR ST,
(1) Cul®Ni-PEE
o FEAZITITZ K B ENDHKBNFEIRAE CRBITHEE L 72,
(2) Cul®Ni-P/PdjiE
Ni-PH - ZEH% LD SIEPKBRITD 2D 572, PAD o ERISHIZ T
J& DONI-PIEIC & EALTWKEN I L 7= &2 b b,

(3) Cul®Ni-P/Aufi

il

BEHKSEDINI-P®D o X [EE DS~ 10EFEE L < Ni-PIRICEEND S
DKFITAWEZ X - THEEZ Il S Tz,
(4) Cul®Ni-P/Pd/Auf
Ni-P/AufE 1 0 & K FEEIT1/2~ 11082 12 LTz, PdH -
& SOSFUINI-PIRIZ & £ 40 5 K E A BEE L 72 BRI L CIBAR
NDAUEIC LD BEBEOKEN —TEERF SN,
AU DK BEBEITHIZ R L, KR A R CRE R L hE LTt %
FOCHERE TS 2 Z LR TE T,

B Tl b K FE RO L) o T2 IEERENI-P/Ausd - Z EH D KFHE &1
WA TEDBRIC OV TR 21T o 72, BEHFKENZ O EIZATEIENY
FI@m < RoTed, ITATCHEGRE., Ere— N X OG- BRRITIT N
RN Lol



LLED X 9108 ARFFE TR I T O KR OB 2 L XA T8RS
PEE DRRZH LT Lz, AFTETHDL N E e To, W@ RO TR
DIRERBEMHIZ R IZ 2 A TH D, £l BTATREES LKRITET
R, B OB EE MR OB & 720 | TEMICLANTH D, 5%,
BB RAMAREABEN T T EIRASEHNSND Z EE2BFF LV,






WY A

KimLid, ELLTTRICTTmILEeE LD bDTH D,

P

Intermetallic  Compound Growth between Electroless Nickel/Electroless
Palladium/Immersion Gold Surface Finish and Sn-3.5Ag or Sn-3.0Ag-0.5Cu Solder
Yukinori Oda, Naoki Fukumuro, Shinji Yae

20184F01 H JAT

Journal of Electronic Materials, 25472475 . 2507-2511 E (2

OB

—E
BARAIPA & Pd-P > X T Ok
NHEEE mEES \EER
20184207 A %17

KA. FH569ET . 308-309 HIZH#H]

&
il

Py
"E

A

ZEQJ'

ENi/Auds L ONI/PA/AuD > X D K& D28
AR MHBREE, mEES, \ER
20194703 H 1T

R, H70E3 5, 163-167H I FaH



S

Rl
il

HEEMENI-P/AudD > X JED 1T A T2VENMEC JIE 9 i 7k 35 D 5728
NHEEHL M EEE, mEEA,. \NEER

20184F09 H 31T

FIEFEA, 69K 5. 415-417EHIZHa#;

LU A RERICEREBLR L2, HEE SICEL > TEINTmILTH D,

(D Direct immersion gold (DIG) as a final finish

Shigeo Hashimoto, Masayuki Kiso, Yukinori Oda, Hiroshi Otake, George Milad,
Don Gudeczauskas

R 184F FEAT

Circuit World, 532175, 16-22HIZ5#

@ BEM= v T NIRT VT NS X EEOH T U —I1X AT RHE
MAWZ, DNEE KEREZ ., AR

FRR196E2 A 58647

KB, H58%E27. 109-112H Ik

@ Study of Suitable Palladium and Gold Thickness in ENEPIG Deposits for Lead
Free Soldering and Gold Wire Bonding
Yukinori Oda, Masayuki Kiso, Seigo Kurosaka, Akira Okada, Kota Kitajima, Shigeo

Hashimoto, George Milad, Don Gudeczauskas

_80_



SER204E11 H 31T

Proceeding of International Microelectronics & Packaging Society, IMAPS

(2008) . 924-930 B |Z 4B

@ FaL OB T VT Nd o & OB
ANEED:

WRR2TAE10 H AT

REHAN, 665105, 453-457HIZHEHk

(® Metallization technology of SiC power module in high temperature operation
Tomohito Iwashige, Kazuhiko Sugiura, Takeshi Endo, Kazuhiko Tsuruta, Yuichi
Sakuma, Seigo Kurosaka, Yukinori Oda, Chuantong Chen, Shijo Nagao, Katsuaki
Suganuma

WRE304E4 A FEAT

2018 International Conference on Electronics Packaging and iMAPS All Asia

Conference (ICEP-IAAC) (ZHg#

® AS5052-H143 X UNA2017-T4T )V 2 =0 AEA O T REIC K IT T B
Ni-P&H o & D%

PO, B)IKREL. BEFE, FLwh, BRE. DHEER SREA

PR30 H FAT

B4R, He8E1175, 627-629H (2 fg#Hk

Lk

_81_



_82_



AWFTEDZAT & ARGR L DIERIZ B 72 V) | @8 >8NS ZHE, ZH5REH Y
LT S RN R AR TRt e Rt 2 NEEIREAIDL LD Ko
BaeRTLeblo, EEHLBRL EFEY, £, PbmGEEICBWT, &

iy

HARTHRY, ZHE2WEE X Lol RS RS R TR 2d%
AR TBORe A, FRE Zdx ATHDERIEAEICTR EHW 2 LET,
AWFIEDBATICH IV A O ZHE, BEZBY £ LI RBERSIRFERER
TEEOPZERE MEEdR  m=sEsA. FRE B AL L0 R L
£, F7o. ERR EICIRIWIZ W T BRSNS KRB L RHMb s
THHERET RNV —(OFHIE T VL —T Ok, &b, Bl A
JNHEEG, ARERIR, MHEEER, Ifthire ko T E# W2 LET,

Lo AT R R B il LR B~ D AR L | KRR DOZATIC TR & T
Naigy £ Lz, BTSRRI EATTEHR, B
B ABAERERIZIR S W2 L E T,

RRIZ . AWTEDZEATICH T2V MGHEIFFED SR 2 W T2 72 & £ L7 EAT T 3ERR
AP RIFFEFT DR, EE 2 XA TS o EFRITEH N LET,

_83_



