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FREOOFHEIC L, B S AMITIE, V77 A TEREICEK LG a NX—
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ZDOLEDIZEWT, SEthFmoMmt LiFIick->T, RS20 H8EL L,
SEORERNRNRIEICA LT 252 &, kO, Mt B, SEifEs LT
B THDHZENFLEINTND LEITINZDHOD, 62, FERITEEK L2
I 7T — R Z 5T 5 2 LTRSS TR L, ERE ORI EZ R L
OROWEL BT L DA L ST 2 LA BEE LT, EREmICER L
PHEMAITE DT — A ZRET H Z L b RLH S L TUL7R0Y,

= H6AH

(7) FodkHIH

FiBAE-10—4 20 954A% (H6) (21F, ROLEIH D,

MEERE 1] FkFE T, ERAEFEFIUT (a) BLO (b) 2ELLE2REETD,

(a) FT, #%FEFIE LT (a—1) Bl (a—4) 25T, (a—1) M, (a—2)
p — n#ERHEE, Fp - nEEEBIIEROE LW A, £ OESEE 2T EEE oML, p
—nEHEEERT D LD ICHMMEICR>TEY, BO 1 O0NERICHEEL WD, (a—3) &
WY A R UM, SERET A FUEITATGLp — n #EHEBICEE L TRE S, KT,
(a—4) BEBRER, ZEXEATIAG — n#EAHEBICER L, ARty —n#EEICIEANA T
AT o E 2%,

(b) ERHETH-T, ZEREIAFEFNICEE SN, D tb 1 2OBRFRICE
WTHYIBSNDFBIZ L > TT 7 AF ¥ BRI TEY, BRENTHFROZNENICE
WCBES 2 A A 2 C, oAl L o1choTRY, 1 208NIZEWT, 4
< EB1ODELRIE L 1OORERTHWH T 7 7 4 — V&2 D FE5HE, |

Moo12]

REZ LT 572D FE] LEDDEEDOEIFATORMEICHIT 207 b 12DK
TCIZBWTHABIRZRHAAB AT F A F ¥ 22 LEDICE T, 51 O30t ek
BIND, REONZ =BT, BREOTEDICEFIZLLZEARSRAZLELETIC, L%

DI JEPIEDY IAD D L) IChHl SN D, 612, BABRT FAF v REICE->T, b
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FRSE I T 2560 7 VAR ZRAD S5 2 LB ARIZR 5, BRI N2 — 1k
SNTTFRAF YRR EIL, RFRICBIT ORI RICHY T 2R EHER A2 Z &
MDHEETH D, 7 F AT ¥ FEOIR L OEZ, oM MEE 705 HiEIC & - ThRiEc
25 K OIERSND,

[0 01 3] HAMZRHME ST F AF v R OME, R/ AR T2 H%)
i DA E 72 ITIERIZ Ko T ORG 2 M ESE2 Z LB ARBIZR D, ~ 7 nEjY
BBzt~ &, BHIT FAF Yy BRAMLE L T2 E7Tr B XLV BMiTH D, 1T
Pk a—7 ¢ I Ko TR ZHRANRICIZ 2°0 5T, ZUVRMEREZEDESEL 2 L
WABETH D, MBS, B 1ONSANITELT, KHOFER T ICE LN, JIFFE TR
DT 2 RICHE THEENICB W TEZE N A Z#D KIS 72 THU, |

MO0 2 6] mEMRBIZKLEZRBAINT ¥ XA F v R OREDOIK, ~Tik, KO, #lE,
HIBIC Lo TikE D, FEORIRIZ, MEEROBEEL NERETHZ ENARETH D, HAAR
HRIRRERGL, I, 5], £721%, SAK (HC P, Hexagonal Closed Packed) 7 LA &9 %
ZENHEETHD, ZNb O, T, BHAINRT 2 2F v AR oY X4 R
M5 a~5cllmanTwWabd, FHMHERE BZ26<, FFROKOEREFLL, HDHW
X, TNLVEY, TXRRAF Y REREONH T 0T 0 — i, BEEITEACL DI ER
L, BSELITRIICL > TR ESH FWHMIE (Full-Width-at-Half-Maximum, e KfED 1/
212 24ME) O X5 IZFREONYEITIR > 7l # DR OIS, FTFHICBIT 20l E
DEHEUT EREIZTHZENARETHD, BEEITIEAORRE I EITESIL, FFA
BT LD 1~ RS ERIFEIZT LI ENRARETH D, HAIRI Y — ORI, EEIZ
FoTRED, - T, FEZH T 2 EMNAAEEG R L REICEE LT, AT 242
NRU—ZERISELOFEETH DL, ¥ — ORI O L OVE ST, a2 HRT 5
72O DNAGAFE DO F R B L JIE T, £, DIFFR R OFE THEREZ RKICT 5720,
Z DOfEl & DJFFRIFHE DY A AR/ ETIFRIZEA L T, RZ—rDA#Z D L S5oE S
HTCTF ¥ —TEHELIEDLD, HOHWIE, BIOEILEDSITHZ ENARETH D, |
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[ [X5a] [XI5b] [X5 c]
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O 00O
cC 0O 00
0000

() Hst
FRRO)OFEHEIT KAuiE, B 6 AHITIE, FOLFERFOFFRITATEEE FHICEE S
, 2 s 1 DOBRIGTROZNZNIZEWTEET L EMMEZHR, 1250
JFFINIZEBENT, 22 b1o0Ledbl b 1 O>OBREHT W7 7 7 4
—NVEMA DT 7 AT ¥ DRI NDZ LICL-T, KoMENESZ &, KO,
HRIB T 7 AT v OF BRI, MHEEROER L OEA LT 5 2 EREHE TV
HE1FNZ D00, FHEEKEOREEZHER LoD OBELUZIETIC L 5 H )
A ESELZE BB LT, ERFREICHER LB RE O 7 — A 2R E T 5
ZEFRE STV,

F BT AHR

(7) FodkHIH
EFEABO 1,747 03 95A% (F7) 2%, ROLELHDH GRICL, Fik,
DEMEIZL D),

p=({|§
i

i

[(16EH3~18%TH) Light extraction of the LED can be increased by providing
a textured surface at one of the interfaces of the Ill-nitride heterostructure. The
texturing may be random or ordered. This is illustrated in Figures 13a—c. Figure 1
3a shows an inverted device employing a sapphire superstrate. The large refractive
index mismatch (n~0.6) between the sapphire superstrate and the Ill-nitride epitaxi

al layers results in a large portion of the light generated from the active region to
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be totally—internally-reflected at the sapphire/Ill- nitride interface. This light is tr
apped and guided laterally along the device towards the sides of the die. However,
because of the many loss mechanisms present in the Ill-nitride epi layers and elec
trodes, most of the waveguided light is lost before escaping the device. In Figure 1
3b, the interface between the Ill-nitride heterostructure and the sapphire superstrat
e is textured in order to scatter light out of the Ill-nitride layers. This reduces th
e mean photon path—length within the heterostructure and reduces the effect of int
ernal absorption, thus improving light extraction. A similar effect can be achieved b
y texturing the bottom surface of the Ill-nitride heterstructure, or at one of the in
terfaces within the heterostructure. Multiple interfaces may be textured in combinati
on to further increase light extraction. ]

((R3) L E DO, MREY)~T atiED 1 SO EIZBWTRET 7 AT ¥ &t
T LICkVINTE S, T/ AF YN, RRAITHHATS L, Zhid, K1 3(a)
MO 3(cNIRENTWAD KT 3(a)d, V7 74 7 iR 2R AT 2Rk E 42 R~
W77 AT FEEREMEEY =X X2 v g L OROBITEORFIENRKEVY (n 3
0.6) &, IHMEFEIOHAET DKM ONNY 7 747 « IIEEH O 5L T TR NERIC
B EShDZ il d, 2oL A6, EEIZHh > THETm~, #A4 ORIEIZH A>T
HEIND, LnL, MEEMT R & EMmEITFET 22 < OBRREEOTZ DI, BEOL
DIF LA LT, EENORT DENEDND, K1 3(bNIBWT, MEEI~T atgiE s 3
77 A T B OMORE D, Sea MREMDENOBELSE L 72D T 7 AF ¥ LS
ND, THIZXY, ~7T a0 IR R 25D L TR RN L, 37720
b, St SE SN D, FERZIRI, UEE(I~T e fEOKH, X%, ~7 2#En
DORED 1 DIZBNTT VAT Y IMLT D2 EICLVERTE D, < OREIL, SHOE
RAHMWKEBEHEL CTF 7 AF ¥ MLENGE5,)
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[FI1G.13 (b)

\ N/
ROUGHENED
-«\N\QS¥\\\‘ \\» /f;:;;/ SAPPHIRE | SURFACE
f
S SNVZZaY g
ey e P ey JTT1 =T

FIG.13(b)

() Hat
EREOOTHEIC U, B 7 AR, RE(~T ofiEL 7 747 Lg
e O ORiEE T 7 AF v L LT, KEMREMENOEELS TS Z &1
FoT, LEDDOYHIHREMT 22 L, RO, 727 AF ¥ INLIE, RHEAITHH
A TH LW ERREHENTVDE LTV 00, LT, EHRICEK L
RO T — &3 T 5 2 L ITRHE S TR L, R O a2 HERY
LODWOBEUIFEPNC L DM N Z M ESE5 2 L 2B @ LT, BRREITHEK
L7cihE I O 7 — A2 RET D Z & bR S TR,
B R 3AH
(7) FodkHIH
FBH2001—739 354Kk (W1 3) IZiF, KROTHILH D,

Mo0022] A1Ga Il nN/ V77 A7 REITHMSERE, LT 7 AT ¥ &)1
FTOHETH->Th, ZETUEIF U Y /UBEDRE S 2 KRE T2 LOtiitdRNdEEsn
Do, K51, M4 THHALEZbDO LA THLNALIGa Il n N7 7 A THEIZT 7 A
Fx O H T OMRMMEIELZET YV T LD ThD, 77 AF ¥ EDOF7A ]
Ga InN/V77A 7R %, ZIICAKHTLI0Z2 ORI L TE1 1° OFEERFAET
T EMMET D, ZBETES XUy MEEDORES ARSI LI X DR O
NHEDTr—RAZBNTIE22~27%Th b,
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Moo024)] REMIESSALIGa I nNR—RLEDORESEEZ, M7E22H LoD
T D, AT v 76 2BV TCIIERPHESN D, BRI 7 74T THELRTZ b DRE
FLV, RICAT 76 5BV, EROLEEIZT 7 AF ¥ R32Fbhd, 77 AF
STEEHLHIFTDO O LOVTNIZE S TEBLTHERY, - F72, DOYIZERE Y=Y b
XIERIA =y F U THIFIZL YV == 7 L TH RV,

Mo0028] A1Gal nNX—RXLED3 2%, }&HEEES 4 %20 L CEELE B
THHRFLLTHHLED, LEDIZEEHSBEOND Y IZEWKIEREZFRFOA X2 T 4 XE
AATOREBHRTFETHILEHHERD, ZOREL EDIZREWTIE, REJGIIEWEkZEL
TSNS, ]

() et
EROOFEHEHIC UL, F13ARTIE, A1Ga Il nN/¥7 747 FillH
SEREE, $bb, 77 AF v 2T A1Ga I nNX—ZXLEDIZ, J
RN LTINS Z L, RO, BRO EEICOTL T 7 AF viE, Bz o=
Y EXIEZRIAZy F U THMCLD NG —= 7 LTHERWZ EBGEEHiS LT
LTV HbD0D, £HEh, ERICEE LCEOMEIZT — S 2&T 5 2 &
TRCHE ST L, ERSE O E I A R L DD O BGEL RIS X S
NEMESEDLTEEBE LT, ERERRISER L i llim o7 — S A2 RkiET
5T EbRE STV,
X H14Ft8
(7) FodkiHIH
[High Output Power InGaN Ultraviolet Light-Emitting Diodes Fabricated on Pat
terned Substrates Using Metalorganic Vapor Phase Epitaxy] Jpn. J. Appl. Phys. Vo
1. 40(2001) pp. 1.583-1.585 (Part 2, No. 6B, 15 June 2001) (FF1 4) (1%, UTF
DFEEAH D GRIUE, TR, B 1 4RMRL, FmOBREIZE D),
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(L583HEHKI~101TH) Ultraviolet(UV) light-emitting diodes(LEDs) with an InGaN
multi-quantum-well(MQW) structure were fabricated on a patterned sapphire substrate(PSS) usin
g a single growth process of metalorganic vapor phase epitaxy. ]

(R A RESHMRIEE VWO H—RETrE 22 W, RF—AbShizy 7 74 75
B A(PSS) B2l nGaNZEETFHF (MQW) HEELHA T80 (UV) FIEH A A
— KN (LED) #EpL7,)

(L58 3HEAMM3~597H) Epitaxial layers of UV-LED devices were grown on a pattern

ed sapphire substrate(PSS) by the MOVPE technique under atmospheric pressure using a single
growth process. |

(GR3) Bk 7rt2z v, RRETICBWTMOV PE (A&RXHHKkRE) Hifr
kY, "=k Ehizth 7 7 A T HKR (PSS) EICUV—LEDT A ADTZEX X
YNVE RS ET)

(L583HEAM1 3~1447H) the widths of the ridges and grooves and the depth of

grooves were 3um,3um and 1.5 u um, respectively. |

(R3] W oobg, MESOE, MOMEOERSIZENZEN, 3um, 3umKkDO1.5umT
bHote,)

[(L584H/AM1 6~2147H) The flip-chip LEDs were placed on lead frames, and the
n molded by epoxy resin. The molded LEDs were measured at RT. Standard mounted LEDs, w
hich were grown on a conventional sapphire substrate(CSS), were also fabricated and evaluated
(CSS-UV-LED, sample B).]

(GR3) 7V v 7Fy7LED%# Y —R7 L —A LICHE L%, =R 8iEic L vpgL
7o W LTeRNS A A —F (LED) Z=iR (RT) Tl L7z, #k0Y 7 71 7HEMK (C
SS) higkEStE, MEMIC~Y Y MLZLED BERL, FiL7z (CSS—UV—LE

D, > 71B),)
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n-iype THAUTIAW T A electrode
ptype PUAG/TIPY Au/TVAu elecirods

mmjf 5-GaN:Mg (100 1m)

p-AlayGaayN:Mg (50 om)
i-— 4x InGaN/GaN MOW

oAl y Gty N:Si (50 nm)
-GalN:8i {6 pm)

| GaN buffer (27 nm)
e (0001) Pattcrned Sapphire

fig. 1. Schemuic disgram of the UV-LED fabricated on the PSS,

(GR) K1, PSS EMERENTZUV —LEDOBIIKEX)

Table 1. Comparison of the LEPS-UV-LED ({sample A) and the
C8S-UV-LED (sample B).

Sampie A Sample B

Subsirate N ' 88
{100 upphie

ppauY

(11 203¢an

Dislocation density 15 Wem™? 4 100em™

Die bonding Flip chip Standard
Operating volage at forward 34y 34V
current 20 mA.

Cuiput power F 1S.6mW ~3.5mW

(il 20mA)
External goantum efficiency e 24%% ~5.4%

{f 20 mA)

Voltage at reverse blas current of 178V IR URAY
100 nA
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(3 (#1. LEPS—UV—-LED (#>7WA) £CSS—UV—LED (47

JVB) DL

H T ILA Y+ 7 )L B
FHobx PSS CSS
(1100) 4,/
(1120) oo
BRI R 1. 5X108cm 2 4X108¢cm 2
HART 4T 7y TIFoT FEAERY
2 0 m AJIE ST 7] B it B 3. 4V 3. 4V
DENEET
H7IP o 15. 6 mW ~3. 5mW
(2 0 mAWK)
T ETNE, e 2 4% ~5. 4%
(2 0 mAWK)
100 pu AirSA 7 AEEF 17. 8V 11. 5V
DEE
)
() FET

EROOFEHE I ZAUE, B 1 4FI7ICIE, M OME 3 um, MEOME 3 um,
MEROES 1.5 pmDOMMMER TV 7 7 A4 THEREIFERLAZGaNALED
%, ROV 77 A THEWREAWZLED XV b, ifBENNSL, HARUY
HETDRNELRDZENTHEINTVDL LTV H00, 26T, RIS
TR U To s ORI 7 — 82580 5 2 S FRial ST U, B R O
PEZMER Lot OBELSUIEITIC L 2 A E2m ESELH 2 L A2BEL T, EhE
MR U 7o dh i O 7 — A R ET 5 Z SRR STV Ly,

7 W15
(7) FodiHIH
[High Output Power InGaN Ultraviolet Light-Emitting Diodes Fabricated on

Patterned Substrates Using Metalorganic Vapor Phase Epitaxy] phys. stat. sol. (a) 188,
No.1, 121-125(2001) (F1 1 5) Zi%, ROFEHEDIH D GRIE, Fik, F 1 5RM
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R, FrimOElE),

(12 1H%ER1~397H) Ultraviolet(UV) light-emitting diodes(LEDs) with an InGaN mult
i—quantum-well(MQW) structure were fabricated on a patterned sapphire substrate(PSS) using a
single growth process of metalorganic vapor phase epitaxy. |

(R0 A S BIHHREIEE VWO H—RETr 22 AW, "F—fb3nich 7 7 4 T H
B A(PSS) B2l nGaNZEETFHF (MQW) HEELHAT L2500 (UV) L4 A A
— N (LED) #pL7,)

[(122H9~1 11T7H) Epitaxial layers of UV-LED devices were grown on a patterned s

apphire substrate(PSS) by the MOVPE technique using a single growth process, without a mask
or any interruption. |

(GR3) k7 mt 2z v, <227 6 —4oFl b R2uvIREET, MOV PE (&R
SHRCRIE) BAfic kY, RZ—Absnty 77 A4 7HMR (PSS) EICUV-LEDT A
AADTEL X ¥ VEE KR SET)

(122H14~1547H) The dimensions of the structure were as follows: the widths of

the ridges and grooves and the depth of grooves were 3 m,3um and 1.5 4 m, respectively. ]
(R3] YEEOHEFTLL T O LB Tholz : I OmE, MEROE, K OMWETORES X%
NZFH, 3um, 3umKkOrl. 5umThHo7=,)
[(122H27~351TH) The flip-chip LEDs were placed on lead frames, and then caps

ulated by epoxy resin. Four types of LEDs were fabricated and measured at RT. Sample A was

fabricated on the PSS with parallel grooves along the <(1100) (1120) ,\) direction,

sapphire (

Sample B was fabricated on the PSS with parallel grooves along the <¢1120) ( (1100)

sapphire
aN) direction, sample C was a standard mounted (p—side up) LED with a transparent p—type ele
ctrode fabricated on the same wafer as sample A, and sample D was standard mounted LED wi

th a transparent p—type electrode, which was grown on a conventional sapphire substrate(CSS),

as listed in Tablel. ]
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(GR30) 7V v FF vy FLEDA U — R7 L—&A LICHE L%, =R X UBETH 7Rk
L7z, =iRT, 4MEOLEDMEKIN, FHllanz, R1ICER#EINTWDHERY, o
TVALE (1100) B 7 7 A 7 ( (1120) G a N)) FHOFATREEZHTHP S S RICER S,
P T BIE (11200 7 7 A 7 ((1100) G a N)FHOVATRIEEZH T HP S S RICTER S 4,
PN CiE, YT NVALERL YA RIIBR S V2 EZR O p BEMEZH TS5 (p 2 ED)
BERMLEDTHY, Y7 ADIE, ROV 77 A T7HMR (CSS) RICEESHE, D
WZ~v ML, pMERAEMAZATLHILED ThoT,)

p-type electrode ————_ p-GaN:Mg (100 nm)
n-type electrode Q p-Alg 1Gag oN:Mg (50 nm)
TTT— - - 4x InGaN/GaN MQW
NSy n-Aly, ;G2o sN:Si (50 am)
—f—— n-GaN:Si (6 um)

P — GaN buffer (27 nm)
/_./ (0001) patterned sapphire

r

"

Fig. 1. Schematic diagram of the UV-LED fabricated on the PSS

(R3] M1, PSS EMERENZZUV — L EDOHEIKX)

Table 1
Characterization of LEPS-UV-LED and CSS-UV-LED
sample A sample B sample C sample D
substrate PSS PSS PSS CSS
(1100>Sapphire <1120)sapphire <1100>sapphire
{1120} Gan (1100)Gan (1120) Gan
dislocation density 1.5x 103 em™2 %) 1.5 x 108 cm=2 4 x 10% cm™?
die bonding flip chip flip chip standard standard
output power . 15.6 mW ~15 mW ~9 mW ~3.5mW
(at 20mA)
external quantum 24% ~23% ~13.8% ~5.4%
efficiency
* Concentrated on the ridge region. |
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(R3] #1
LEPS—UV—LED&CSS—UV—LEDODOKH

YT IVA Y7 B Yo7 C Y7 D
HMi PSS PSS PSS CSS
(11007 47,4s (1120) 4,47 (1100) 45,47
(1120) cun (1110) oo (1120) oo
I E 1. 5X108 *) 1. 5X108 4%xX108
cm 2 cm 2 cm 2
AARy TV TFoT A A FEHER FEHER
TAUT
H ) 15. 6mW ~15mW ~9mW ~3. 5mW
(2 0mAR)
AR B3R 2 4% ~23% ~13. 8% ~5. 4%

* ORI )

() Hat
FROOFEHEHIZ XX, B 15 FITmIciE, 7 7 A 7ERISE O 3 1 m,
MRS ONE 3 uwm, MEFOWE 1.5 u mOMM %2 IT 72 L EDIX, ko7 747
EHRZEHWZLED &V b, BEENNS L, HAKRUIMNBERFIENELS 8D
ZENEHINTND LTV HDD, b2 h, FERISHER L7 oMlEic
T NEFRTDHZ LR STV e L, R O RS E & HERE L o0 Ok
ELIEHTIC L 2 N EZ R ESE 252 & 2BE LT, ERRE IS L 7z Sl
DT — " ZRET D Z LTI S TNRY,
o W4 201 F1TH
(7) FCHFH
EBRABO1 /41225 54K (F4201) 120, ROGTHELAHD GRITUZ
DEBE),

p=({|§
%

i
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- x// e %szii/;ffﬁ - /F#
- / 104
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102 102 102 102

() Mgt
FERFHIBEICER L C, BEFICIRA SN 2mEIE, BTl fFfraesid L9
ETLHHPONEEW LT H700OHMARKICE EE 0, [, Y¥EEICH
R SNAEDRREICHMNADRH RSN TOIIERY, ZhIC X » TYHEES O E
RNEENHESND bOTERY, LrdEZA, OO XEABAKICTE
RN EIXZDERENOH HINTH D,
Lo T, ERRDOFEHDHNG, RIS N ME O T — S5 1 2
0° ~140° OFPMHICHD &I FFEDHERDBA/RINTND LTV R R0,
= JE Al
Y7 7 A THRZBNWT, BHAIRRMEASZ = 2575 2 8T, Ga NRFE
ROFERMELLEL (Thbb, NHEFIELZN LSE), ZERFZ AT
flcExs (Thbb, MIETHERLM EIED) L0 HilFs, BBt -
T2 EBRWDDHITRY DEELL RV,
14T/ 1 5 TUTICIX, 7 7 A4 7 ERICHAIB 22 — 23T 5
LT, GaNRYPERDOENEEL /NS TELZE, T2, fHabEEK
BETELZ2LEFRBLINTWD DD, ZESZANTIGEITE 52 &IdEEHE S
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R TR,
YN

PLEA ~=lc kX, 774 7HE KRBT LTEG a NRPFERREIEL A A —
RIZBEWT, FEREOREMEZ MR Lo tOWELUIEEITIC L o )2 W E &
HAHZEEBEL, EREEEE LTS OMmOT — %21 20° #14
0° UUF&T25ZL1E, B IRV LRRITRLS, £, 2040 WNT I
D UK SCHER B OVE AT SRRl A2V LR S 4L TRV U,

L7223 o T 1T RIIZEBWT, R 1 OMER 5 IR E T2 2 L1
WBEHITL > TAELSITHEBI LB D LTV R0,

2) £&9

UEDEBYTHLIND, TOROFIIOWTHET5ETHARL, AFFEH 1
25, W1 RPN ST BT 2w L T EEDRRS BT 52 &R T
Tl LTV R, F, R 1 OREFHICEIZMOFFEFEEL L 2K
R 2 ~ 4 7%, B 1 RBNC BN SO E e 288 H U CYEE DRSS ITEE]
LD TRWZI ELHLNTH D,

LoT, Bul$m 31, BN, B 1BINIESOTREIEI 1 OdERM%
HETERWUE, BUSEFEHE 1 XR2ICOoWTHRHNTAIETHRL, ZhlZESn
THRREWMVHET Z LIXTER,

4 BUHEH 612> T

(1) FHER 8IZ2OWNT

FPNL, AR 1 EFH 8RB LICaEE 2, 3BV [FHEMR8] (iR
) OLBYOMESRHDLERELTNDEZA, HERHDOBENED L H 7
LOThH-> THHER 8N H D Z LiE, YFEEMITHFONRR, LdIT, REIX
FE S 8 IR DRERR D ARG ABE I SOV T B IR LW D, A ERESGE -,
F8 FEHNC D&, ARMFEH 1 OFER 8 IR O L T2 Z L ITYEFITL - TFH
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SRBEITRNZ LI T 5D, LEER-T, 2O EAENS L THEROER
D72 LT D,

772 L, BRICBWO THIES 8 IZOWT O A 72 ST, ZORICOVWTOR
GIBIMEDRF B THON TV RN Z LIS, FRICB W T R S - HiE R
IZHONWT, HITHFT 5,

(2) FER9IIZONT

UL, AEFEI 1 L H 8FH L OER E LT, HIER 6 ~FER 8 LIS
ATRCATREEE 2, 3 B) A @ [MiEM 9] (MMl D7 — ) ZFELTWDH & Z
5, H8FHHDBENED LI bDOTH-TH, HERINHD Z L1%, HHEH

[ZHWRIRN, £ DT 5 &, FHIER 9 IR D HETIZ OV T ORROHFHIZFR D A
IR, FROERITEA SNV EIZRDNE, LLTRET 5.

T ARERE T O O T — A OB 3R

AAEFEHT 1 O E ORI O 7 — 3 OEARTAIEFRIE, 75 3 (1) 7 ISR E R o &
BOTHD,

A4 H8IEHDOMERMIE DN H EAS D A DOHEINHIEFR
(7) Hst

H 8 A ODFFFFRE R OFPAIZIE, T[RRI 1] HEb & R LICRMRRE S v
FIEAR GGG & D5 70 B HERIEA Th o T, ARt O fE du Bk & m 23 Wi & S,
ATRC A X R O F 213 b 7 7 & MEEZ R L7208 SR S
NIebDTHDZ L AFHHE T8 REM, ) LRSI TEBY, DS B
DA & EERCE & BT AEICOWTRESIN TV RNWEZ A, T[EERET] E
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