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Chemical Vapor Deposition of Electroceramic Thin Films

(PZ-l) bv conventional OMCVD, as f irst
t lescl ibed b1' Okacla in 1988," r,r ' i l l  Lre
treated. Attention n,ill be siven tc) alter-
r ra t i ve  ways  o f  CVD th . l t  have bccn de-
ve loped main ly  to  hand le  p recursors
with extremely low r.apor pressures.

Chemical Vapor Deposit ion
Orr the topic of chemical vapor deposi-

t ion, useful textbooks are ar ' .r i lable. '  I f
organometal l ic compounds are useLl . ts
precursors, the te.chnique is referred to
as organometailic chemical r.apor depo-
sit ion (OMCVD). Organometal l ic com-
p o u n d s  t e n d  t o  h a v e  r e l a t i v e l y  h i g h
\.apor pressures and decompose readily
at elevated temperature:.

B:rsically an (OIrA)CVtl sl,stem consists
o i  th ree  par ts :  (1 )  a  gas-mix ing  sys tem
(the gas systern) connected to (2) the re-
..rctor cel l  and (3) a pumping system with
gas exhaust. (See Figure 1.) The main pa-
rameters controlling tlre composition of
tire deposit and deposition rate are the
partial pressures ofihe frrecursors in the
reactor ancl the deposit ion temperature.
Therefore accurate control of these pa-
rameters is essential.  Vap1r15 oi the pre-
cursors are translrortecl to the reactor Lrt.
l e a d i n g  a n  i n e r t  c . r r r i t ' r ' g . r s  t h r o u g h  t i r
ovL-r tne preculsor.

Since lhe vapor pressures of precur-
sors for electroceramic thin films gener-
allv are krw, they must be er.,aporated at
e le r .a ted  tempera tures  ( tvp ica l l y  50-
150'C). In order to prevent the condensa-
tiorr cli precursors in the gers s1,stem, all
parts have to be he.atecl to or above the
evapora t ion  temprg l ;11u 1s .  A  way to
achieve this is by making use of coaxial
tubing of the gas system. The inner tube
is used for transport of the carr ier gas
containing the precursors and through
the. outer tube fkrws hot oil heating the
inncr  t r rbe .  (See F igure  I . )  Un i fo rm he. r t -
ing oi transpc'rrt  l ines is .rccon.rpl ishecl,
. rnd  i t  exc ludes  t l re  occur rence o f  ho t
spots where the precursor might, premi,r-
trrrely, decompose. (Hot spots easily oc-
c r r r  when the  heat ing  is  bv  e lec t r i ca l
heater tapes.) When heating of the gas
system is not cr i t ical,  the use of simple
electr ical heater tapes wil l  do. The occur-
rence of hot spots may Lre ;-rrer.ented bv
using tapes rvith a negative tempL-ratrlre
resistance coefficient. Such an approach
u,ould l ink well  wit lr  erist ine commer-
e  ia l l y  ava i l . rb le  CVD s)  s lems.

Alternative ways of precursor trans-
portation are being explored. One way ls
to dissolve a suitable Drecursor ln an or-
ganic l iquid. This solut ion then is trans-
Dorteci k) the reaction chamber. Accuratc
iorrtrol oi t l -re solut ion's f low rate is es-
serrt ial .  In a mult icirnrponent system, in

38

Figure 2. Cation stoichiometry (Pb/(Zr + Ti)) and composition x as a f unction of the
deposition temperature. The f raction of ZTB x n was 0.5, and (A/B)o was 1. A
leveling-off of A/B at the stoichiometric ratio of unity with increasing deposition
temperature is observed. The value of x decreases with increasinq deposition
temperature.
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Figure 3. Cation stoichiometry Pb/(Zr + Ti) of tilms deposited at 700"C as a function
ol p rrt. At this temperature, the composition of the solid only slightly changes with
the g as - phase composit io n.
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Chemical Vapor Deposition of Electroceramic Thin Films

.rre suppressed. Cienera lly, low-pressure
opera t ion  impror .es  the  un i f r t rm i ty  in
thickness .rnd c()n1pr)sit ic 'rn of the thin
f i lm.

The Deposition of Lead
Zirconate Titanate
^ In the fol lol ,r . , ing, w,e prr.sent results
from our experiments to deposit PZT by
conventional OMCVD. A number of typi-
ctrl probiems associated with tire deposi-
tion of electroceramic thin films (control
of composition, h.rrdr,r,are issues) are en-
countered in this materials system.

Detai ls of the. deposit ion sysiem bui l t
for the rleposition of e.lectroccramic thin
f i lms . r re  descr ibed in  Referer rce  11 .  In
short,  i t  is eguipped r,vi th a horizontal,
rectangular react()r cel l  cttntaining a ro-
ta t ing  s i l i con  -ca  rb ide-cc ' ra ted  graph i te
suscef r to r  suppt t r t ing  one.  150-mnt  Or
1 0 0 - m m  r , r ' a f e r .  P r e c u r s o r s  u s e d  a  r e
t e t r . r e t l r v i  i e a d  t  T E L t ,  / i  r c ( ) n  i r r  m t t ' t r a  -
fc r f  in rybutox idc  (ZTB) ,  and t i t i , rn ium-
te t (a tL '  t  t  i  a  t '  t tbu tox ide  (TTB) .  I t l cn t i ca l
alkoxide gr()ulrs on the zirconium and t i-
taniunr precursor suppress unclesirtrbie
effects of the exchange of l igands. Spe-
clr l  care htrs kr be taken for hancl l ing the
TEL since i t  is rather unhe.althy. An ad-
vantage of this set of prs.6.,rc,ltt is thtrt it
onlv ct'rlls for a moderate heating (<50'C)
of thc gas svstent. The sulrstrates rvere
o x i d i z e d  1 0 0 - m m  s i l i c o n  w a f e r s  p r o -
vidcd n'ith a p].:rtinum electrode-

An important issue for CVD of elcc-
trcr6gl;111i6 thin f i lms is the. control of the
compos i t ion .  A  use fu l ,  nondest ruc t i r .e
techniqLle to determine composition is x-
rav  f luorescence (XRF) .  To  e lec t r i ca l l y
characterize the f i lms, a Lrlanlsi t1.1,1-
num la1's1 *.ur 6lpposited bv sputtering
arrd patterrre.d into eL.ctrot-les u'ith r.tell-
de f ined areas .  Genera l l y  i t  i s  advanta-
geous to  a lso  pa t te r r r  the  I )bZr ,T i r  ,O.
and the plat inunr bottom electrode. Fer-
roelectric properties \\'cre measured .rt a
tvpical frequencv of 1 kHz. The capacitor
a r e a  u s e d  f o r  t h e  n t e a s u r e m c n t s  t 1 e -
scribed here .,l.trs 104 pmr irr all cases. In
f uture devices such ars nonr.olat i le fer-
roelectr ic memories the 

"capacitor 
areas

rnav be nel l  untler 1 g.m-.

Depos it ion Tem peratu re
The deposit ion temperature is a major

parr.rmcter irr a (chemical vapor) deposi-
tron process. I t  determines the decompc-r-
sit ion ratc of the precursors and has a
strong irrf luence on the crystal l ini ty and
structure of the cleposit.

For the dep65i1i,,r.,' of IrbZr,Ti r ,Or, the
dc'posi t i ttn te mprc 1.11 1 yg r,r'a s sy's temat i -
c;rllv vtrried betr,ve'en 550 and 775"C. The
par t i . r l  p ress l r res  o i  the  TTB (p  I  1s )  and
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s̀se'e氵 s/fψ  ò'J0alao丿 丿e〃 氵臼ε uε  ro,‘
ε
O'zqd丿 ° θsε 。 θ叨 tJl veu/L1〃 s̀ tl0冖 cu a丿 ε sdool at/̀rq,矽 @=x丿 o=/Pe叨 目 qo e丿 ε sdool引 u刀 bsr引

‘
厂0=X'oJ × uo″ /sodlI/0。 etl氵 丿ou0〃 0u冖 丿ε sε  ρ`εlJ剑 刀 0a`e et/氵 /o sepn`〃 dttJε /ε丿e/lε s氵 ε pa'nsPθ tt/sdool印 se丿 a`s/H ε e'刀 0J

9661彐 Nnrl

石“ ˉ -— —
【
uJ o/∧

丬 l彐 -【 uJγΛ丬I

一

υ

冖

〓

o

`

♀

J

N

一

l

丨

l

l

︱

l

aLlf .rPqLu , 0[ x I  ]o 
- l3I rql Jo .rrns

-sa- rd  Ip r l rpd  paxr l  g  u l l , ! \  ro . ' l .L . rzq . l  Jo
r.rorlrsodsp aql roJ lr.qrrJsap acl IIrM sllns
-ar 'Sur,uolir) oLIl Lrl sJosJnro.rd rral{} Jo
s.lJnss^old Iplliud aql _]o orJe.r Jrll ,3trr8uerqr
, iq  por . ru . r  aq  uu l  i l snor , rqo  s^ur l rJ  o r { l
ur Lul l l rrulr l  o] Lul- lruol lrz Jo orlPl Jr l I

(ql,norB pallorluof, - rrorlrsoduoJ)
a . ln le radru . r l  uor l rsodap s rL{ t  lE  s ru . roJ
,O' rr-L'JZq.l  ( , ,n,gI J. ' t  rorra 1e1u.rr-uuod
-xo urLIl l . \  )  Jrt laurorLlf , tols a.rJLI^\ pasn
Jq Lrrr s.r;nssa-rd 1rr1recl 1g1 1o a8ue.r
l .? lur l  I  solP.r l :^Lroru ap u()r lu.\  Jssqo sr L[ I. .rpqlu 

. gl X 8 ucqt ;aqSrq r.rr(/  roJ LI)rr
-pPal luLl^{aluos .)Luolaq ol puJl b^LulIJ
JLII pa,\Jasqo sr ,{1r un J() orluJ Jl l} . lLu
-orLl)rols oLI+ lnoqp lp J{o-xurla^sl P '3rns
-sa.rd 1ur1-rud sr!1 a,rorl f  ' lui l l )rJap-ppal

o r p  s u ] l r J  a L I l ' r p q l u  |  0 l  <  f  >  r r r d  J l'r r I d snsro.\ p.r11o1d sl '1"001 1e palrsodep
sLuJrJ .r(U PJulelclo PuP g/v sr passordx.r
' i I  + tn/qrl ' , r ' t laluctrqlrol:^ Llol lp) a{l
'€. lrni jr-{ ul ' r l f ,ui  luqu-r .  0[ x I  Z ]e pJxrj
ara^l gIZ pue gJ_l .rql Jo .rsol l+ r lrq^\
parrt, \  sr?,r, t ' lEI jo a;nssa;d lp(uecl oql

'surlrJ r1)r LII ' rzqd 1o uorlrsod
-ap rLil JoJ PaqlrJssp oq il1,\\ sros.rtrla.rd
a1s-g pLrp "rosrnl;-rd uorlpJ alrs-V aql J()
aruanl,Jur aql ':iur.\'roll(I aql ul 'rLril1 aq]

Jo  s t r+ t? r  r ro r l rsoc lap  pr re  u ( ) r I rs^oduto)
aL I l  u ( )  a f ,L r . rn lJur  up  a leq  s l t l s ;n la . id
.rLl l  J() i ,unss.r;ci  Icr l .r t 'J JLl l  . i lst l() t . \qL)

saJnssaJd lellJed

'.ro_lp,\L oLIl ;t1 ernle.radual rulo;run p
a,\pLI ol {.rpss;lau JJoJoJJLII sr 1r'r ur ilrur
- l( ]rulr pooa P LrrPlqo ol Jap.ro ul , l i ,gl

lnoqu Jo "r ur a8ueqr u asneJ llri\{ raJp^l
aLIl la,\o f"gz Jo arrrluraduol ur puerd"-
u 1eq1 s;r1c{rui sl l i l  Z a.rn3rg Jo c8uur
arnlerodual .rq] ul z 0 o] E'0 lnoqe urorJ
saspoJ)ap r Joj anle'r aq1 ;.rrr luradua1
Hrrrsu.;rlur LIlr,\^ "r ut aspalJap 1ut'rr;ruBrs
P s lPa. \a - I  suor i rsodap rO '  ' I J ' rZqd J t l l
uo oJnluJadurJl al l l  Jo rrLrsnl jur Jr iJ

'perrnba.I snql sl [oJ]uoJ a-rnluradurai

-【 tu o/∧丬I彐

回

aJeJnJre PUp wJl>- s slelJajetu srLll ut Jni)
-Jo lou snl l l  I l l^\  ursruuqlaw pcl loJluoJ
-uorlrsoduor aqI sJlr lssJJd .rode,r , ,no1
3,\eq saprxo lenpr^rplrr aLIl  ' ror-L(JS'pB)

J o  r s r ? )  a q l  u l ' . r n l J o , { t r r u  i r a 1 1 e  s r t l l
'sua1s,{s polElar pue / irOtt lr lg ul t()zlg
aldruuxa .rr4 'sarnssa:d rode,r r13rq ,{1e,rr1
-u1ar Strnetl  slueuodluol Ll lJ,n surals,{s
sl lr l rr luur raLl lo .roJ oslv 'srultJ 

luor)(Iap
qc l  o l  peJ [  os le  uu f ,  ] r r l j r  s rq t  ' (a r r " r l
-e;adtuel qSrq .t.ra,r e ''3 a; sJSeJ oLuarl
-xa uJ 'sqrosep 

oqd ss3)xa JLi l  'sproM

rrt l  l ()  u l  
' '  

o 
'  
l I  rzqJ LU.r() l  ol  .-or_L puP

rg_r7 q1r.M pal)par spq tul l l  Oqd aqi lo
oJnss^JJd.rodu,r aql snsJrr Oqcl pal)paJun

Jo J r l tSs-ord  . rode. r  reqSr r l  aq l  Jo  l lns
-ar J\ll >-t ,!\opur^/\ s:^Jiro,rcl srql Jo JJuaJ

-rn)f,o aqf J"919 lnoqP_4,\oqP JaJPM arll
Jar\O Suollulle,\ aJnJPJadtUal OJ a.\lllsual
.,{.re,l 1ou :-r sluItJ aql Jo .{-llatuor.{)ro]s
uorleJ aql ]uql slv\orls ] lnsal stql 'arnl

-uJadual Sursearrur r{1lM ,(llur-t }o or}ul
JuleurorLlr lois Jql lp i i /y trr 1p-Hutla.\ .r l  P .
s l rq rL l \J  . .1  LUsrupqJ ; tu  u ( ) r l l soc lap  pa l lo j r  l I
-uo)-LrorlrsodruoJ p Jo lJaJJa aqJ z aJn
-8IJ ul arnlp.radural uorlrsodap aqt 1o
LrorlJunJ p su pallold a"ru (3r sr s;oslnla:d

Jo (:)rlpr Sr.rrpuodsal;or '(lI + t7)/t7 : t1
uorqrsoduo:  dq l  pur  las t 'qd  scB a t l l  , r l
s.raga.r 3 anqilr '8(g/y) sr sros.rnra.rd 1o
ol ier Sulpuodsaro)'(rI  + rZ)/qd: Al\ ' )
A J l a u J o r r { J r o l s  u o r l E f ,  a r l l ' J e q u

i  0 t  x  9  tP  ( r r rd )  lgJ  aL I t  Jo  teq l  Put
ruqu f _01 x 9'z lE paxu a.raM ( 'r IZd) gIZ

一
一

o08

θ丿nssθ 丿d∫ 田 J'ε d7彐 ⊥ a〃 J丿o uqJounJ ε  sε  εO纟
口J△εc’’zqd∫ ° sdool哪 sε 'aJ。

^/fH z ε
'l,oJ

(Luo/A丬)彐

osz    Og1    0s     Og-    Og1~   Ogz~   Ogε -   09冫 ˉ

,η

⌒
F
o
`
♀B
~
ˇ

△昱
J口quJ c~01× 冫 1 ∶ p

丿eqtt c~0,×
6  ∶ o

丿εqtu ε ~01× 9 ∶ q

丿L·qtu ε ~01× z ∶ ε

∶1:△ d

surllJ ulql crueJacoJl3ols lo uorlrsodaq rodel lecluaqc



Chemical Vapor Deposition of Electroceramic Thin Films Chen

v a l u e  f c r r  x c  -  p z t e / ( p z t r ,  *  p , , o )  w a s
varied by charrging both the partial pres-
strres of the ZTB and the TTB. The total
t ' f  t h e  p z r 3  J t l d  p 1 1 i  W J S  k e p t  a t  5  l 0  '

mbar so (A/B)s- 1. In al l  cases, the f i lms
har .e  the  cor rec t  ca t ion  s to ich iomet ry ,
A/B :1 In Figure 4, the values for -t  as
measured lvith XRF for films deposited
at 700'C are plotted against rr.  A nonl in-
ear relation between r ancl t" is observed.

The surface morphokrgr. was exam-
ined by  sca  r r  n  ing  e lec t  ron  m ic r ( )sc ( )py
(SEM). A representative image of the sur-
face morphology of a f i lm with r :  0.8

and a thickness of 150 nm is presented in
Figure 5. Individual crysttrllites of a few
tenths of a rnicrometer are observed. The
crystal l i tes seem t{- ')  be rather densely
p;rcked. No large influence of the zirco-
n ium to  t i tan ium ra t io  on  the  sur face
morphologv has been observed. Neither
the temperature nor the partial pressure
of the TEL, provided the stoichiometry of
thc'f i lms is maintained, have a large in-
fluence on the morphokrgv. As a rule, a
s ign i f i can t  change in  the  morpho logy
points at an off -stoichiometry of the films.

In Figure 6, representative XRD pat-

Figure 9. Scanning-electron-microscopy image of a PbZr,Til ,Oe film deposited
over a trench in a silicon wafer provided with a Pt electrode.

terns of f i lms on PtlSiOr/Si with r :01 
r

0.8, and 1.0 are presented. Only ref lec'
tions due to the PbZr,Tir ,O.. Pt, and Si
are observecl.  The PbZr,Tir 'O: has a
(111) preferential orientat ion. This is at-
tr ibuted to a seeding effect of the (1111
Pt-electrode. This preferential orienta-
tion is less pronounied for higher values
o f  x .  T h e  d i f f r a c t i o n  n a t t e r n  c a n  b e
i n d e x e d  b y  a  t e t r a g o n a l  s t r u c t u r e  f o r
.r : 0. For .r - 0.8 and 1, the diffraction
pat te rn  i s  indexed by  a  pseudocub ic
struct u rc.

Ferroelectric Properties
The hvsteresis loops of the fihns de-

posited using different values for p 16s are
presented in Figure 7. The zirconium
fraction r was 0.3. The lead-deficient filn
has a low remanent pol..rrization (see Fig-
ureTa). The off-stoichiometry of this film
does not prevent it from being ferroelec-
tr ic. The ferroelectr ic oerformance im-
proves with increasing prnr. The value
tor remanent polarization P. increases,
and the hvsteresis loorrs saturate at lower
l ie ld  s t rengths  (see F ig r - r res  7b  and 7c) ,
For the higher values of prrr. ,  the loops
have a more rounded shape (see Fig-
ure 7d). This shows that the quality of the
film drops. Obviously the process win-
dow as determined by the ferroelectr ic
prt>perties is somewhat smaller than was
found based on the XRF analysis. How-
er''er, the ferroelectric properties arc. also
invar ian t  to  the  TEL par t ia l  p ressure
within a certain (smaiier) proce-ss win-
dow.  The observa t ion  tha t  the  f i lms
slowly become rich in lead seems to cor-
relate with a clegradation of the ferroelec-
tric properties.

Representative hyste'resis loops for
three values of r are presented in Fig-
ure 8. For r : 0.1 (see Figure 8a), the loop
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Figure 10. Hysteresis loops of ferroelectric capacitors (PbZrs5Ti650s thickness is 300 nm) at three stages of processing. lmmediately
after structuring (a), after an anneal for 5 minutes at 500"C (b), and after isolation and metaltization of the ferroelectric capacitor (c).

矿
E
￡
0
三

⒍

冖叹
L
°̀
0
i
一
⒍

2̄00   -100

E【kV/cml

-200   -100

E IkV/cm]
E〔kV/cm]

MRs BuLLETI"/Ju"E1θ θ6



966L彐 "nr/"I⊥彐11ng suⅢ      。
661彐

εEε,-E9ε
冖
z【,:xuJ εooε

'E9ε ~z【
,:θ uo叩 J

'lueuurrdeq erl^|3s reuolsn) suw aqr pnluot
'seurnlon s8ulpearord eseql;o ,{uu Jepro ol ro 'uol1rurrofu! erour roJ

ls∶1·s·n~u。N ooo8$

丨sI1·s·n oo· 69$
JoquJow s诩 w oo· 6s$

日-ε9z0凹 m1qΛ

I■su"】Ju:"ェ o∶Jl00100Ⅱ 。J

lsIl·s·n-u° N oo· 8∠$

lsl1·s·n oo· ε∠$
丿oqtu。 ws凶 w oo· ε9$

日~olε 0凹 "IoΛ

■II suIIIJ u】"工 0ul。。I。oⅡ 0J

ls∶1·s·n~uoN oo· V∠$

lsIl·s·n oo· 69$
J°qLuow ε 丬w oo· 6s$

日̄ 【9ε ●"mIQΛ

ΛIsⅢ ⅡJ Ⅱ:叩工。ul’。I。°Ⅱ0J

ls∶1·s·n-u° N oo· V8$

斗sI1·s·n oo· ε∠$
丿θqLuaw s丬 w oo· V9$

日-εε,。 Ⅲ"I0^

Λ s凹ⅡJ uII】工0ul。。I。oⅡaJ

,{1a;ro5 q)rnese1 snrpeilrw eql urorJ seges Eu;nupuo) V

ˉ W△ ⅡJ NIH工 0■u工0Ι△Ⅰouu■ J-

. r  n s d
t a t  t  D  tZ t  1 l l i l o . t  ' )  7s / i . r 3  1  

' r as l r l ;  ap  141
pup /uJ. \or lp la1 uu,r  . i ' .1  'srreut :oCt 

t , l  ID Zt
tZZ .1 (tOOl 'q8rrrqsl1r.1 '0t€ ror(l

'c l tu. rg :o5 sa5 :a1e6) r rasrp- l  ) .J  pr . rp 'nsaq
'g  

S  
' c l l t r l l  y ' g  ' s : a , { y1  

U  A  ^q  p r t l pa  ' 1 l l

s tuI IJ t t t1 l .L t . t . t I ) t I ) i ) ) , ) j  u l  'sur t t l t ( )q 
l , \ ' l r - )

prrL '  'LrJ. \or . [L] [ . - )n up, \  ' l  ( l  ' las l tc ;q Jp I , \  
' t  

L
999 d

(766 f  ia:a lucry1 )  s. r r . r  7.r . r1.ro.r  t  t  1 p, t  1 u t  S, t  1 Lr  1
r l t rL l ig ' lut  r l i t  )o. t ( l  ur 'o lnery ap zp. l  y  J pue

'uo-)s 
-) lAl 

'st].rqou -l 
l 

'uullrl,^{rl,N (l l 0l
'(8l,Ol 'I"r.X ,naN 'ssaid rluoperv) s.7ss,rJo./d

l u l l J  u l t l l '  spJ  ' L I r a )  'M  pL IP  u . r sso^  I  I  6
Qeat) tst'z6Lr

'oN lualp. l  s  n 
'e] l tuol  

)  puc epE)L) ^ 8
lg l  d ( tb6l  )  gzL t l j r !o. r )  is / i  13 1

'Xul lo^ '1. I  pup' i ] lnou )  u 'uosl . r . ! i r . ) . {  S } l 'n- l
'7 'z1r ,uota[  

C' ] l  
/sr lorpJrc 

V S 
/sr)srH 

U Z
zoe c1 (966I)  L sr t . t l r t [ , )01.1]J ] l r lur le lu l

' { r r )sr lg UPA ( l  pLrE 'nPJpolrg 
s 

'u l l . i l )  ' ( l  
9

t t t t  d ( t1 ' ,6 l )6 s,r l i  . / , ) turv / '1 :arpralg
' I  pup ' I l l l s r l g  ue^  ( l  ' l au rp re )  .U ' l ne l s  

ID
'3uer.17 

1 
'.r1clr.uexa roJ ras ?iC).IVii141 rog g

6Z19 d ( i66r)  0s
's l i t1,1 

lddy /  r r r i1 'ou1-y 
> pLI t ,  / tLueI I lyN / r In

-n. \ 'V 'p)pN I 'et l )c l ,^ ' l  f  
'p)r -uupurp 

r \  
/Erpt l

-c,\ p) I 
':rldr.uexa rol .rJs '!C)rf(rq'Pg) lo.l t

' (9661'qHrnqsly( l  /69I  ror( l
'dui5 roq sa>l  l . r lenl ) :a;(cr .uaauq.rg 1pue
'ue, ie:cy 

f  
'ua1sr:q3 q . iq palrpa' . i r i rss,r . ro; .1

s I  r  t . t  )  I  D W / , r , l t )N I  l / ,  .  J  t  l . !  t  L l  ( )  t  d I  D )  t  t , )  I  t t  11 11 u t t  f
i s.t {) J -r / I l, I 1 () -r.t.r ( I n q I t t t I u.t,t d t u.r1 r1!'l g'c 1d u r,'
-x . l  JoJ aJs 's lo l lnpuolJJdns '1-r1.9rq ro3 g

'z l  
I  d ( t66r)  LoL 41nu)

'1sl i . r1 
l 's1.re11 [1 pur ' 'aBut1 ly l  

/s l . rssoM
'A1g' l l r . l  

V M's l l lM 1,"1 
'a1c{urerarol  ras Z

lLgz cl G86L) zgt ')()S ILL')tl1o1l
.r,r1; 1 

'trasvrg 'C pup 'sJorrrlr5 
[ y 'cde.1 g '1

?ssor:) 
:l t\ 

'u.ror:) 'l 
t\ 

'J[cluex.] .ro1 ras I
socuaraloH

'sSl loJuJ

-oqp'l Ll).rpasal sdr1rq.l aql lE s.rn8Pallo)
Jno e3pa1,r,rou)rP ol alr l  plno^\ aM

luau6palMoulcv

'sJolrJPdeJ 
{o aJueulJ(UJad

JtJlf,alaoJ"ral JqJ Llo a)LlJr-ll]ur ou -lo alllll
tllrm suo ! Jrllrldde,{.rcrruar-u ro1 srolneder
)rJlralaorro1 ur palurl3alur dl lnlssarrns
arJ^ surIrJ r"rrll] tor ILL'JZqJ sarlrado.rd
)rJlf,alaolro1 lua.la1Jrp Sur,req su1rl o1 8ur
-pual 'fr.rr-rrlA AIrsEJ aq uuJ uor]JLr.rJ runru
-oJrrz aql 'alqrsEal sr uotl tsocl luol rulrJ
aL[] Jo I(uluo] 

'paure]qo ar€ s]lnsJr poox
'rrot lrsodaptO' I I I ' rZq.I Jo asp) aql uI

suorlnlos lura,\as
saqrrf,salr .r lJtue srql 'ssaroro 

cn f aql
salerr 1c{uor d11er1ue1sc1ns sr q1'sarnssard
.rodel . .r lol  . ,(1a,rr1e1ar a,req s;c'rs.rnrard
Jlr-lelre^e aql ']salalur 

JO slpualpul JIrIIPJ
-arorlrala i.ueu roC ssaf,Ord AAJ(1,\lO)
Ieuraql IeuorJua,\uor e Sursn palrsodap
aq upr slxlrJ ror I \L,rzqrl ,  leql uMor{s
u , raq  spL1 l l  'O  l I  )ZqJ ;o  uorqrsod, rp
al l l  rro srsPrlLlLua LIIrM sr"r.rJl j  ulql rrureJ
-af,orlf,ala 1o srsaqlu,(s aLIl roJ AAJ(4O)
J o  a s n  a L I ]  p a q r r J s a p  a l J r l J e  s r q J

suorsnlcuoc pue {leutung

(161 arn3rg
aas) '(-ruryJr/ 

€S ot) d Jo pue (ur/A) t9
o l )  ' 3  

J o  a s P a J J u r  u E  s a s n e J  u o r l e z r l
- lel3l-u puu uorJelosr aql 'z luLu/VLr 

€ ol
-Luru/Vu Ogc ruorj (n g 1u parnseou) luar
-J11J aiu{pel JLI} ssearJap o1 pup 0€l/[  o]

091 LuorJ Juelsuor rrrlJalJrp aql aseaJrur
,{11er1ue1sqns ol puno1 osle s€,t,r srolrred
-u) asar{l  ;o .9urleauuu aq1 sapnlr ldue
ramol lp sr-rorlezr.rulocl rrgrel ol spuat 13

u l  uor l )n [ ] . l J  Jq l ' rJ . \ , rA \ ( )H u( ) r  l r 'TUu lod
luaue[ral aq] JO asPaJ)ap lqnrls e sasnE)
S u r l e , r u u n  a q j  L U J / A \ t  E i  o l  q l S u r r l s
plau a,\rf,raoJ orJl lo asparrap p ol spEal
s.rolr JecJr' ,r  f ,  rJlralJorrJJ aql 3u r IBauup
)e{} srrto!:^ qOl slnnrl 'ztrJr/)ll 

0g lnoqe
sl tl (egt alniJrg aas) tur/N1 08 tnoqe Jo'3 ue a,req sdool eql 's.rolrreder )rt l ralaor

- r rJ  aq l  Jo  Sur rnJrnr ls  aL I l  ra lJp , { la lp
-rpaurr.ul 'uorler8alur 

;o sa8els aarql lB
-ra,{e1 tgr I l l . rzqd lJrql-uu-O0€ e qIM
s;o l r reder  J r r l Ja laoJJaJ  ro1  pa l t rasard
ar€ salrn) srsarals,{q '0I aJnBrC uI 'srnl
-ro sarl;ado;c1 rrJlJalaorral aql jo uorlep
-e.rBap l trurl l ruHrs ou ".O' 

' rJ ' .r2.- l . I  pue
aporlJala srLI l  Jo Surrnlrnrls luanbasqns
pup aportrala do1 aqt Jo uorlrsodop aql
;urJnp leql Ierluassa sr lr  'sauolualu ur
sJolrrpoP) )rJl)alaoJJal JO asn aLJl JoC

'aporllala

ld parallnds aLil Jo ss.rulrlrll parnpar e
ol anp AIurPru sl slr{I 'Jallprus lellMauros
;rc1 <l1 readclu ssaul)nl l  ruFJ aql saop
Llruort rlll Jo uro]loq aqt le ^luo 'r{ruarl

aq l  u l  . { l lp ru roJUor  pa l rsodap s l  Lu l l l
' o '  

l l ' r zqJ  ar11  6  a . rn3r3  ur  uMoqs sL
raJr:l\ uoJrlrs pazlurleld pau.ralled u ra,ro
sO' rIJ 'rZq,l  1o uotl tsoc-lap aql 'aldrue
- \J  up  qv  sJJ tAJp . ' r - ln lnJ  l (u  l l tP l lodLut
.{13ursea.rrur auroraq 1I^\ slqJ paurel
-qo aq uer a8era,ror dals poo8 leql s1

cAJ Jo sarntpal a^rl)prlle ar{l Jo auo
spadsv uolpraarut

.ror r l l rrzqd
) r r l J a l a o r r r l _ J o  l e q l  o l  a l q p r p d r u o l
s r  uor lPz l re loL- l  uor lPrn lEs  aq l  o laz  s r

I€rJAlPru snll ro] uolluzrJll]od llrauetual
rql pa^rasqo sr dool srsarals.{r{ alqnop

V 
' ( r8  a rn8rg  aas)  l r l ra laor raJr lu€  s r

'()rzqd 'Lu/AT 
00€ lnoqp arp splarj uorl€r

-n los  aq l  ' s rspJ  JsJL{ l  u (  ( }s lV  (qg  o . rnBr l
.ras) paurelqo ar€ qlSuor+s pla]J a.\rrraor
aql roJ sanlP^ raMol r{l!^4. sdool raururls
'arn])nJls )rqn)opnasd aq1 Sur.Leq srult
roc  'aurPs  ar l l  lnoqE su luuraJ  q l ;uJJ ls
p l o r J  u o r l e r n l e s  a L I l  l n q  / s a s e a J J a p

qlSuaJls plarJ aArJraoJ aLIl 'r Sursear)ur
t l l lM LU) /n> l  00 t  lnoq t ' J ( )  P l r r j  par lddu
up le  sa le ln les  pup p . rdeqs-arunbs  s r

J

dool
a . -- o l i l

JOJ s

-Jala
-JOJ

t * l !
-u l /v l

aJ  ns
osI€
-1v\ol

se,1!/\
JIJ}:)

-ul l \ /
aq] J-Brs
sdoc
'Qz
JAA{(
'sast

anle
-tur
-Ja lc

UIIIJ
-3tg
trlIIJ
tunr
a J e '
- ap

JIqT
uoll
JOJ
a q r
sanl
-e lu

(rr t
-le
e s r
I S P
-JAI

t

surllJ urql crueJacorlcalf lo uorlrsodag rodel leclueqc


