Am
A

LIGA J|

i
) -

oo N

APEFFPIedTa

l

LM 2

o 2087 RE AM2E Ay g J)go] mA]
ZE A%e A Agso gt deE ¢EA
& FAgd 9% o4 4 ZH(wet-chemical
anisotropic etching) & A¢ EatzreHLow-
pressure plasma), ©]& H T AAY(dry
etching)d] 7|&=2 71&slo nlolaz HdAa
(micromechnics)$} vlo] =22 ¥ (micro-optics)
Y #old EF3 HL&IHL e Aol I 4o
th. oldd EW mATZ AF 7]&(surface
micromashining) & 4FEAA, 712 AN F9
TopollA e &5 Uk

ol9}= th2A| LIGA 7]&d o3 Nz 718
o] ARH I glth LIGAY ode AH 33
& T 4 FRY Yo HEIA A o
Aog2 U 22 7k FRAA 719
t}. 2] Z(lithography, Sdo]2 Llthograpie), =
F (electrofoming , 4] 2 Galvanofomung) A}
Z(molding,, EY4ol2 Abformung)d] ZAo|t}.
23 LIGAE X-rayg o438 4749 H7|=4H,
o|g o]&% AEFAE dvlstx Ut LIGA=
T o] Rol7] Aoz o] FAF FAR, LIGA
TR L "5AZ, 3ol AEEol A 1975
d IBM9] Romakiw 59¢] Ago= A/|EFH X
-ray AA71ES BRI FRE AFAE Aoz
Ho k. o]EL FA 20 mlo|aEY HAXE
g X-rayg ol&3ld HEYT & & A/ =
aild nFYnle g4 F2EE A o
A0 LIGAY ridelgtie & + gioh. 28y
AR 9w LIGAE, Al 33E& Eisle,
19829 KfKe] Ehrfeld 5o <jsted A= n
OJEE olE9 3ld A&z EHAA HT-
AETRE Tl olde Wfozs A¥EE
o] & tFAA] W& AAISA F Aot &
o] FRo] A4 dEA7] AR AL TR
A+  AE (Kernforshungszentrum Karlsruhe
or KIK)olA &0z B 59948 £238)
71 A3 ARG mola R 7)Y 24 =S
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i ORo4AR B0

LIGA 3322 A& o[ F2}a 2.

LIGA 342 3242 oA . 1A=
x-ray 4% @AE FHIM A £4 vlo]a
€ AEY FolE Ze g HA2EST Au

X-ray 57 de A3 E B3 X-rayE %
AR 3 @3RS Bl EEn gArER 4

‘8‘ [z\G]
il
)
{>
i)

L T 34 AHE s il o8y
HE 57] 8 229X Al 1 B X-ray 4
2 oAb diEted |, A 2 AL X-ray vlaz
el Al 3 F2 A= B, Al 4
Az7|ed B, Al 5 A z}&,’-,] °q:|" 3|

S&Eok et miTez FAE R
o & 71&stal

[——Moid insert
() Moid fabrication

~—— Moid mass
(e) Moid filing

“EET"IET Y - ot sructure

{f) Unmoiding

(38 1) LIGA 339 Mg=

La &

1. X-ray A2t 4 A
LIGA 339 AA& FA7 g FASHME
13 e 4& & dve Aotk HE 9
A o2 #3 547 Fresnel 3|2 5748
A 7] sl e AL fAste Bl
Aofol gtk g HAAET} F47] Wi g
ol Adidez gyEth G 34 A7t
ol7] A3 H& A= BAHE ©
. $9 eFEAEL WS 48 7 UE
Aol o8 4A 2& 7 %13’— 7]% dze ¢
Zrasict Axpg kA s} of
AR P FAEO) S-S “ﬂ ﬂb-«l A g
dM Azp7)grt G EE olg HARolE d
. 29 25 28 7l A2 oldd A3
2 8 ololq WA Yol fEE AF Yl
o £449 Y4¢ neiFw Ao AALe A%
F(EF 107° torr FEZ AU E L] &=
VA A4 dot. o3 e A} el el AR
& &4glel FHsy] sl #FA4(bending
magnets : dipole)o] @FYd] ®o] A1
t}, e HzklEo] HAAS(diploes)2HE A
HAH 7] o)A glod o] E3t AFgog {7
=i gith Xi%moii*‘?‘—ﬁ e He §4¢ 3
Aste A9 duA, E, AR, I, A (magnet
field), Bell oj3) 2afAm AZHAA e Fd
Uz P& BETO| HizlaiAl Aot AFHozHH

(28 2) 23 B3 71e7)e T4
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LIGA /1% % A% 47

2% % 9 13

FGANAFH

FALES A 214 (10,000 nm)
7A(0.001 nm)FE7A] of$ ¥

& $ANYS zta th. X-ray lithography@
old st 99% X-ray 94(0.1 - 20 A) 7
Aot}

e olgste

10000 pwrwew

Attenuation Length(pum)

v
o0

1 n 100

Wavelength(A)

(38 3) PMMAS] s me 24 54 54

¥ 3.2 X-ray #HRA2ER Bo] ol
PMMA (polymethylmethacrylate) 9] @3d] w2
7+ (attenuation) EA S HofF1 9t} 19 3.
oZHH HR2EY FAY w7} a7HE 33
HAE Nggoz ¢ 5 A 9k

X-ray % HAXEE =39 virFZES T
iz ¥ W =% & dAolge FAHE AAA
= ol HRAAES FHE X-ray does®] ¥l
et @4 Jteedd 2 Adx ol 23HA €
o}l £ o)aH PMMAS] 7 ¢ 3122 (Bottom
of PMMA) X &R o] 2~4 kl/em* =
7} HojolRt 83 ddo] dofjd 4 Ajm B
aEa it o]yl PMMAY] c} H(Top of
PMMA)d &4=&= JuiAe 15~20 kJ/em® &
731 Q= Aoz A ). olhr) B
oko] does’}t =¥ PMMA 247} ¥8 (foam

ol YAR)HI ofs} | 9 mlo|2E “*011‘ m}
232 % & Fo =FHA Gojokdt 7t
AE F g F7] gEolt.

Z449 doese HAXE Aad F4E 9uiR
of WA, YA AHEY, GA2E A7

FF AT, B Ave A2 A Fole F
‘r*ﬂ ()& &% X-ray window)d] s} = g
o] W3latA drh.

d& Eo YA2E BT} A7t B FF 4,
HAZ power P/A9] Hef o3 =F=cHdE, 2
o] z M9 EFFH doesE 4( 1)02 Jehd
+ Utk

D(z)=u(Nexpl —u(A)z]-expl —Zpd.)
=p(Nexpl—(DzT )] (1)

o 71A
#(A)=absorption coefficient of the resist
material
=absorption coefficient of the absorber
material
d,=thickness of the absorber material
T(A) : modulation factor
oy 7 A& JHAE BARRY A B
7Rz ord Aol Aok WA sAd A
E-¥ (spectral distribution), F54 <] 548 HE
E4, =324 9] T4 (geomerty of exposure set
~up) oIt} wAgHlel TAoIR YAjo] Ao
Aol ez dos] mEd UHE WAL mw
7 feAE e sAges T4dd 9
£ JA2EY nlaag § ol $3o Folof
a7 WEd LejEoiol sk Azolth. A(2)
o WAEY A HA2E £44E doesd] F&
7% % e,

D(2)=1.421-10"(-L- é)’,lo 27 2 (Eanr @)y
X f szz(“‘él‘l)ﬂpMMA(/l) eXD[ — tpuna(A)z ]
Anax

exp[ ¥ —uAddAdt (2)

o714
D= fo 1 (¢)dt =necessary exposure does
D(z)=absorbed does
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Ey=energy of the electron at rest

f(#)=change of the magnetic field with time t
( this is characteristic for a synchr-
otron, where the energy oscillates with
time, it is 1 for a strage ring )

r.=radius of the storage ring

R=distance between source point and resist
layer

T =period of magnetic field change

I(1)=time-dependant electron current

T s=time of exposure

H =scanning distance

w(D)=absorption coefficient of the resist
material

Gs(A(t)/A)=universal fuction which describes
the spectral distribution of the
synchrotron radiation

A(t)=characteristic wavelength( this is time
dependent for a synchrotron, for a
storage ring A(¢) is constant )

A=wavelength of the synchrotron radiation

Uruna=2absorption coefficient of PMMA

z=depth of resist volume to be considered

Ko oJste} wFetazt s HAXEY F
A=le X-ray doesd] % (Dr, : PMMA surfaced]]
%‘ag“‘f_‘ doesgl 0(}, Dazottom - PMMAQ] bottomoﬂ
Z35E doesd] %4, @9 J/em®)E 7 F U
o}

2. X-ray oj2&3

X-ray A12+& 9§ vf23 &= X-ray sourceZF
B dax sk AYe 4 A A 2E
g3l A2 g glojo} 3, £F X-ray £A
Al X-rayd] £& odAld o8 vzt ¥y
2 3957 FEE VI A AT o] FA
of gt} LIGA FAANAM X-ray vix3ae aA
7B e 2 v 4 e HRE FH 9 soft
X-ray ot23% 339 hard X-ray ofA 09|
t. vfagd] JES HF FREY FA o)

A=y 1 olfe S TREC FAY AA
He e gAY X-rayg AL =% AA}
seg ad BE X-ray F5A9 FA7 FAY
Aok 3l7] et & §o 500 vlo|aE A
=9 FAE =387 fiMe A nlo]aE
X-ray &4 A7 28 Ha ol& A &st
7] fEiA e HEHY FRe Testn I
Yoz AFe] 7h53dtA Aot

I 4.9 AYHQ] dARH P9 vlraE
Uehiglth. 28dlM BE ule} o] wWrEgels}
IR3E AA e AAY, 28 HEHIY ¥
AHol A& X-ray F7A oz FAHA 9]
o nfazd AMREE WEYC A5s X-rayE
2 FHsloo} st F wlo]aEY] FAZE X-
ray FFA & AA® F Ue 7AH H=E AY
. QQofob gk, EE X-rayd] tid WAL AY
3 glofof ditt dA WEgdozs AMREE A
829 2% %2 EAL ¥ L9 Jepiitha o2
71 de AMEHE Ase SN, ZH 2 o)
= FE3 % (optical transparency)”’} Bei} Siof
H]3] 43l 9&E(Young's Modulus)o] 3.36 %
10*%dyne/ciz A Si(1.3x 10'%dyne/cii)o]v} BN
(1.8x10%dyne/cii)ell 3] &o} 7|A1 EAe]
$5at7] giolth. 28y Xorayd] o Aol
Ade HHE Utk X-ray FFAEE Ay, W,
Ta $& AMRat=d X-rayd] thdt F580] &7
mjFolth. Augl A$ =39 & 4A HEe §
g 7] i Bo] o] & U} o]z
Au FFAE A7|ESH e AMESlY wEY] dE

o 7jdo] =AAolojo} @t mebAM SiN, T A

(318 4) Membrane type soft X—ray mask
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(B 1) X—ray vix3& 712 A8 54

um W/em ™ K 10°° 10 "dyne/cm?

tsuog K a R.D. UTS. YM Op. F.M

Si 5.5 1.6 2.3 Low® 0077 1.3 Poor 1
SisN, 23 0.2 1.8 Some .05 3.36 Good 0.23
BC 6 49 2.9 Unknown 0015 3.9 Unknown 2.95
BN 3.8 0.8 2.9 High .10 1.8 Good 3.74
SiC 36 0.41 2.3 Low® .20 3.8 Good 6.9
B 7.5 0.65 4.2 Unknown 023 45 Unknown 10.6
C(Dia.) 3.0 6.55 1.2 Low® 02 11.2 Good 20.2
Be 25 1.58 12.3 Unknown 027 14.7 Bad 39

* Maximum measured value mm thickness
FMmm:tso% X (tso% X IC) X t50% X U.T.S. X Y.M.
FM(Figure of Merit) =FM,,/FMg;

(FM does not include radiation damage to mask material or optical transparency)

% Presently under Test
# BN does not meet radiation damage requirements.

® t5 . Thickness for 50% x-ray transmiss-ion at 8.33 A

® ¢ . Thermal Conductivity

® ¢ Thermal Expansion

® R.D.: Radiation Damage

o U.T.S. : Ultimate Tensile Strength

® Y.M.: Young’s Modulus

o O.T.: Relative Optical Transparency

A AR = W=A] =44 F(plating
base)E HAAIACk staL 1 Yo BAHE HAA
E JEld Aug =502 F4A "o
Hagd o Z$e ok o] Wrygel fial Si
dlo1s 718 AA & AHgst 2 Yol X-ray FF
A& FPANAoZA X-rayE AYHOZ T
e 98E g o] A Sidelnd oF X-
rayd] 5% AR Bgo] FES F d
Yz A5t 2238 & 4% AHsh 9

3. ®Molz2

LIGA 3AdA 718 ol d75H Ue &5
THE Ni g Ni ggeolq 2 9 Cu g Cuge=
A7} o] FojA 1 Ytk Ni E=F¢] o] o] §5e=
olfrE I FH|Y HA] T2 A A7,
HAAE JJME e R $3E Yehly] 9E

ojth® dukgoz Ni A7|EFE s Ni
sulfates} Ni sulphamateZ Al&-3H}.

LIGA 24 ol83d] AZehs 59 slojag
SA9) B4 ol FREE 49 olo2E IA4Y
B & slolzgs] 2744 ¥ 712 dd Az 5
g Zo| AEe 7T Stk @ 7189 9 2]
o) sfEo] 42 B A% E3A A BA) 2
AST ER 2 el S40) iR, olsh
S R DS ER-EEE Y
B A8 Aold HEd s &3 ERdze 8
2 o]%(mass transport)d] 7|13 HAFEE &
¥, electrode kinetics ¥ 3% T8 (concen-
tration profile) $o] ¥¢1¢l Aezw BRI 9
9 ol @ BAE IR JA BAY 99
o B B4 olF 849 71T L ARE ok
3 o)E MAE 21 g Frojo} 3t}
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£ o5 AT, A FAHNM ARy 58
o WE AvAEE nE o AF YolHe &
Ze] o] Foly AT A Y A" oM A
3o} Fukg oeld] A o] &4 o)F HH&
1HE ot ok AV EFAA =g dofu
= #% o2& df(convection), i
(diffusion), ©]%(migration)s] A 7}x] 9|
o3t AN A FuAX Agdd. 1 F
ANA Az e e F& oj29 Yo] FE
oz FA® £ oy, 1 FIE Zs
LIGA Fz¢ A7EFd JoAM= dfe] &
B4 0|29 sFo] A& A wER 2L F
flonz gtz TA7E AXA dot b @
A AF 259 37le A dolAx ol& M5
3 AR BEs WolAA ddh 23, LIGA 7%
B9 EFA &% Wle 75 o9 il #
ot 1Y 5& EdolF A%E TAFoE Jgd
Zolth. Fo] F1 HE A4S =78 o Aud
oz F&ole] "gate] & Yl
&+ de7Pt LIGA 728 22 1334 &3
o] P &g FE3= Zolg & £ A

K. Leyendecker! %& RME(Rotating
Microstructure Electrode)& o] &3l FZE9]
4 QA wEg @A AF 29 2 Zi Al
st EAsld, T2EY Fo|7t FNESE, &
o] ZolALE F& o2y UFI Y AEd
Zlddte et #aTe dF89a, LIGA F
ZqAMe AN=gY dE¥ &, T gold w

= -~ mass transport mainly by convection

mass transport mainly by dittusion

laminar flow

microstructured
polymer layer

conducting substrate as cathode

(38 5) 84 o)F &%

Hste A48 T4 2 B4 ¥3 & v

S WHoE Y 4 v AltEgnh AR
B4 A Aol& A d8iM THo &
EEH Ao 4doA o]FAANEE FFL= o
A AR dx9 HE 2AF o} d= Aoy, F
A% g5 #R0) Lasite Aol o9 Hsled
A7) B Al AF 2 AGU7 A9 Wyt g
s3ital st istd Hhd sl " 2
# Bax v Qs

4, AE JIE

LIGA 3% % =% 3RAUOEE vy F2E
o] 48 + Ut THY 2R RE AF
B8] AzE77t & B ohle g e 7
32 2 5 gloh olgd a9de FE] 98
LIGA 33& A& F4olgke M o]
=& Y& AAB Y

LIGA 344 AMgHE AE7le EF d44
AR WA S §88 Aot a8y FoF Alge
2 Yihel Alzd A AgEE AL A8 e vl
A2 FHE WY w$ F& T2AA 44 &
37| g2 Tt 25 HIE IR E whol
nfo] 22 At ARgEO A} STt FF Zyh|
= FEEY &&E AIE A5Y §H FIX
Sojol 3in, I & A& AEUt TS A=E 7}
AL 7Y E2FEH £ 4ol dojd grx
w30l Aop g T3 AARE A$7] A, A
2 JAA AlE TR o] £3E T IF
717t AU Zo] oA R3] o) F
¥ 29 FF& AZNHE fAs oF gt
AEAgY aF2Ae 1 F3H FRE A&
A& Ao EAHEE JIACk 88 FAld 1
P 72 49 AFAHE BEA AT d} 1
£ ¥% Ed ol gA4e dux & o A3
aEAe} 58 Alole] EEE @A (form-
locking)o] dojutx] ¢¥=& 3 uHo| uf$ o
nfok &, ol& 93] ol o]=A(internal
mold release agent) & Al&37| %2 Fith AlEEHE=
Zg89 #£H2E PMMA, Polycarbonate,
Polyamide, Polyethersulfone, Polyoxymethylene,

8 A oy 4y
>,
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Polyvunylidene fluoride, Epoxy resin 50| 9t}

DFHPHE e AN F2E Adsted 99
2% & WY ¥4 Ale ¢ $88 A1
ojtt. PMMA HAAEZ X-ray 4zt o &
¥ £ AZ £ Nig A7) =38k A¥5d 34
dA F7Hd A AE7]E 50nmo]slo|t}. o]
= nfo|22 B9 d7|d 28 FX ol B4
A JIA g dJd) AzF FH EL njojaz
€39 28 22 Agplde REEIET. 9
Uatd, 88 E2REH AI2ES 23 glo] B3l
£ Ao| E7bs3y] ol

LIGA 34d& Zgv Aol Algte
BEE 2oju ot At A2 FRES A2F
A1l # g vlo|az AR Wid dF 7)x3
A E2H 72E AR R AFez ol
o] 7]2A4Q EepxH 2 At &yeg U
o AU nEA 2 g TE A3 Egd)
o3 Algte] 24 34 ¢ AAHE Aot A
23y}, 479y, 4 MEQU PZTFo] ol
ATFEHIT Yot

5. Ztzo| o7 8ig U S8 o}

(1) =] A7 &%

- ¥

U] A$ LIGA 71€g HF5AD Uy »
ofz} 71 A7 #ddln FEAYGY J)e 2
Aol 2 9% 3z gk KK ¥ IMM
(Instiutte of Microtechnology Mainz GmbH)&
FAo=2 LIGA #8 77} g3 9l}. 1982
d X-ray A% 7)&d A7 =F 71€g ol&3lo
A FH94 28 98 nlolaE =28 A
A1, 1985dd= LIGA 7]&& o]&dld 18
U g Ze AFRECUIEE AME Mass, @
Elf, 38 E5)& AFT. 199034 3
R & olg3d FFole w7 E AREN
o o|F2 A7t ALHY F A9 njaag A
£3ld, e AlZ7)eg o839 2%F TR
F4E A 7IdAZA Micropart,
Degussa, Jenoptik, Siemens 5-¢] ¢] 7o 2o
3l @)oo E3] MicropartAhs KIK2RE 7|&

& o]d o}l 9E(JEE TH), AFNUIEE
AX) R FeHrol(AZY 2 ~dEZ2H) &
& AFNLEE sl 9oy dF AEE AHolm
Uk

FTY A= Ui =2 19933 5EH A7E 4
st oyt 71949 80] ol¢ ol &g A7
7b AR I Qi EAlE FHAHE ARE AY
(Human Capital and Mobility Program)# IMM
o 71€3 AQok AFA, B4, 8 Fopd] 574
o ¥ Z2AE7L APFHT oo 107] djg ¢
3070 HA7E Fdda e Rez LA U

4#9 A% Budker INP(Budker Institute of
Nuclear Physics)& 2408 AT/ A= ¢}
. 1980def o] AFE AlFd AegT LA
AR AlA Hzx2 AP 7HAE dou 3
3] delAAE ¥ Yok AFEEE vs AR
3 (Microelectronics chip)e] %Aitelzl dalA ¢l
o @Al 71 Wol AFEHI e Roke o7
wofd| &85t 9 ETi viAl FF W=y
(polymer microporous membrane)¢]t}.

oj9jd metx, ogjE], AYx FAME FLF
AF7L o] FAX L QiTt

e A FEF EEL o HoliA 7]
ZA79 AL 8T ATE FAA FA
3L vk 7|2AT AAE d7v|HeeRy A
AR oldsle 852 7Y T84 AR
28 A9g wol 2251 o,

R E

JA2A getoln 198080 Fu) AL Az
BAAA A Fe Z AP Z7h T2y QA
e AAH e AYs 3 ot 1 Z2aY F
37t Hi-MEMS(High Aspect Ratio MEMS)
Alliance2 TRP(US Government’s Technology
Reinvestment Project)?] AR Y3} 71&7] AT
4, IC design & farbrication g 59 7]&4 A
dol} =2ago] AY=H 1 9t AF FHE 9
E 9 7194A9 &4 AFE Jjdeld IBM,
IEP, TVJG2 <A¢t MCNC(Microelectronics
Center of North Carolina), CAMD(Center for
Advanced Microstructure and Device), $0]=]d]
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v tige]  IfM(Institute for Micromanuf-
acturing), Wisconsin tj 8t%5 22 A+4 9 tfg
o] Fdsz k. 58  MCONCAAMe
MultiProject LIGAzle =209 <t LIGA ¥
AL FYE F£ 98& F1 LIGA 7|9 24
o] dzsha it

AEzde AL LBL(Lawrence Berkeley
Lab.), JPL(Jet Propulsion Lab.), SNL(Sandia
National Lab.)o] €& 0|8 7]& @dd & »
T glen A dAF W J|2AF Yid=
S84 Hopz &3 gFEop +&& A 1F
3n] 12 = (high aspect ratio grid structure) T
Z AFd 93& Fi ot o] "2 SSRL
(Stanford Synchrotron Radiation Lab.)3} 354
T2 58 2mm TEEY AT FFaL 3
.
-3 Y
U9 A 199437 AANFETREDT
294 LIGA 7]% 71 /g A8 A7E A
Ea 2 FEIN(EF 7HE7))E ol &% a7

(B 2) LIGA 7j&¢& o4& 7ted AlF 2 A A%

B 19979 RE AFEA o}y & AlFdA e 7
2 7)1 8rd FF31 e 47t AFAA
9 dAfE 712 Bolz A 34 FHE A ¢
9 A (wxz AF 7%, X-ray 7 V&, EF
71€) 718 E A3 478 AL U &
gEoIEE Y8 FRE L dF{dolH AFe
A% 7HAe F2A AFT FPsia 9l

ZYGAME 7)&9 Za4E AR EY AErlE
M Al g3toz 1995 RE 248 AW
A A Zzade] FAEI glen o] 22 IY
ol LIGA 719 o] A= gl 7|«
Mo EXEE 33 MuAE g Aolw A
22hd 19989 ol REE el ®E LIGA ¥
A Mu| A7} FHeE A S4Eof oo A 7)o
g Aoz Holth

(2) &8 Fof

olo} & LIGA 7]&& o848 o F&d +
Ade AFAE - Bid Aoz oS & 29
A7 AE L 9= LIGA7| &S o] &8 A4
£ ¢ 1 AZE ZYstad

Product

Market

- Sensor components
Acceleration, Flow, Torque, Position,
Angle, Ultrasonic, Humidity, Gas

- Microactuators/Micromotors
Valve, Valve array, Switch, turbines,
Gears

- Fluid components
Mixing system, Nozzle plates, Fuel
injection nozzle, Ink jet print nozzle,

- Components for microelectronics
Microconnector, Heat sink for chip, Lead
frame, Microelectrode, Reflection grid

- Components for microoptics
WDM, Optical waveguide, Coupler,
Fiber-chip coupler

- Micromechanical components
Joint, Spring, Bearing, Gearwheel

- Microfiltration components
Isoporous membrane, Cross-flow filter,
Microimpactor

- Microstructured layers

Catalyst carrier, Contact materials, Wear

protection, Electrode for fuel cell

Automotive Engineering

Precision Engineering

Mechnical Engineering
Information and Communication Tech.
Optics

Microelectronics

Power Engineering

Process Engineering/Technology
Measuring Technique

Medical and Biological Engineering
Envrionmental Technology

Aerospace Technology
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A7 LIGA 7]1¢ 2 1
dotr gttt LIGA 71%% Al
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) ol

0} a1 A 7
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= A&, A7, A7), 8%, 7|14 2 2"k EF
el Aol Slofof rhgdty ofd whe} o]dt
2obe] AR & 7)dE 4= ok

9] 744, LIGA 7]&d tig 7k @Az
My dHsitta & 4 9t 28y LIGA 7]l
gfet 719 WE Al o) & 5 e oHe
e8] 231 v E o Ao 1 ofe
LIGA 7]&& 7438l e
4 F Aok =F7eY 4%, FHdAe
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r
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2
1o 4
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£, LIGA 71:—;@1*& EE 3 e WHEE At A}
o A BouAe ¥ Aoz dEA
ot oet AlEshs 37171 FolgogA AF
S 298 PRI Jorng old wE AlE
TE 3= Aoz dEA Ao U9 A
, AUAEY g F8e /A Qe 7Y ¥
T Fo| 9o LIGA 7]&d a3 U=
71T #FE F dtn £ gt oy se
& M F e AAzA X-ray 44 7)&S
grsgo} vte Aot AAr|&de nlaz A
& 7%, A8 71, X-ray ¥ °|& 7l&, dA 7]
&5 B2 7led A7t A8 AT AeE
He71ed A de Vg g4dud wE A7
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