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po lyd imeth l ls i loxane (PDMS):  i t  is  t ransparer l t .  and has a
low sol id-rapor interfacial free errergy. The l iquid prepoly-
mer can be cr-rred to a sol id in situ b1, '  i rradiat ion of the
system ri i th UV l i-eht. The elastomeric stelntp is then pceled
away. lcar ing the waveguide structures: adhesion between
the st i lmp and the polymeric microstructures is uot a
problen-r l trr  correctly chosen polvmers.

Mant'  nrcthodstr '3] have been used to tabricate polymeric
waveguides:  eramples inc lude react i \e  ion e tch ing. t * l  UV
laserlsl  ancl e-beamt6l writ ing, incluct--cl  clopant dif fusion
dur ing po l imer izat ion (photo lock inr r l - l  r . rnd sc lcc t ive po ly-
mer izat iont* l ) .  se lect ive po l ing o f  c lccr ro-opt ica l ly  act ive
molecu lcs  i r rduecd by an e lect r ic  t ie ld .  "  ; . r r r t l  p t r l rnrer izat ion
of  se l f -assenrb lc-d  prepolyme.r . f  " ' l  MINt I ( '  has charactcr -
is t ics  that  mar  s ive i t  advantages o\er  thcsc-  processes in
cer ta in  appl icat ions.  F i rs t .  us ing n l rs tcr \  ( rc l ic l -  s t ructures
havin_e thc- s;.unc shapes as the desired u ar crruicies) rnade in a
photo l i thographic  process and e lasto l lc . r ic  "s tamps"  com-
p lementar )  to  these shapes,  MIMIC cun c .as i ly  generate
polyn-reric r iarcguides of dif ferent shu1.lc.s und sizes; the
flexibi l i t l  ot '  this procedure makes i t  u cuncl iclatc for the
firbrication ot '  lou'-cost inte-qratecl opticl l  cle-r. ' ices with
compl icatc-d  s t rLrc tures.  Second.  MIMIC'  a l los  s  thc  fabr ica-
t ion o f  la rse nuntbers  o f  waveguides in  a  s ing le  s tep.  Th is
paral lel ism alst 'r  has the potential to produce- low-cost
dev ices.  Th i rd .  N ' l  lMIC is  capable  o f  proc lucrng n aveguides
and c laddings us ing a wide range of  U\ : -cLrnrb lc-  po lymers.
Thesc s t i . r r t ing lnater ia ls  can be pure co l lp( )unds.  b lends
ol- mLrlt i l i l l tct ional molecules. and polrnlcrs t l t)pcd with
mater ia ls  such us dves that  modi fy  opt icu l  unt i  phrs ica l
proper t lcs .  Th. 'opt ica l  proper t ies  o f  the warcsu ic lc :  unc l  the
claddin_ss cun thus be changed independentl l  or cr u idc
ranges tc-r tultc the waveguide structures lor part iculur
wavelengths and uppl icat ions.  Four th .  MIMIC can bc uscc l
to fabricate polr meric waveguides on virtual ly an!, optlcal l \
f lat surface to r ihich the polymers of the w'aveguiclcs ancl
cladding hare sood adhesion: i t  is a roont-tcl t . lpcri .r turc
process that proceeds under mild condit iorrs. IVI I1\,1lC can bc
used with non-planar surlaces, where prolcct i()n l i tho-
graphic procedures fai l .  Fif th, since i t  is a repl icat ion
procedure, MIMIC can also fabricate str l lctLrrcs in which
the thickness of the u'aveguide dif fers at di l lcrent points. or
cer ta in  types of  3-D s t ructures. I l ]

Figure I outhnes the procedure used to labricate wave-
guides using MIMIC. The procedure has t l-rree stages. First
(Figure 1a-d). the waveguides were fabricated on a si l icon
wafer by MIMIC. The ends of the structure \\ ,ere prepared
by cleaving the waf-er. Second (Fig. le fJ. the cladding layer
was fabricated by placing a drop of l iquid prepolymer on the
waveguides. and pressing a second textured stalnp into this
l iquid. The polymer was photopolymerized. and the stamp
was removed. The amount of l iquid polymer appl ied was
just enough to wet the interface between the stamp and the
waveguide ar rays.  Us ing a low-v iscos i ty  (<  100 cP.  25 'C)
prepolymer. we were able to keep the thickness of the
cladding layer { l0 pm. Third (Fig. l f  g). one end (the

Fig. 2. a)A schcmatic of cross-sections of clad wave-uuides fabricated on a Si ,

SiOl substratc. b) Thc actual dimensions of the waveguides l i rbricated using
MIMIC. There are lour dif ferent sizes. sizc A. B. C. and D. of the waveguides
mcntioned in the papcr. The sizes of the waveguides l l ,cre measured undcr a
scann ing  e lcc t ron  mic roscope (SEM).

between a cladding layer and a substrate (a si l icon wafer
covered with a l-2 pm thick layer of thermal si l icon
dioxide). The material of the waveguides had an index of
refract ion (r?-suide:1.545) that was sl ightly higher than the

Place a drop ol prepolymer
on waveguides and then
press a POMS master on
the too

.1 .  Cure

I 

2. Remove PDMS

@
I  

crr",  Remove PDMS

| ",""u" 
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S i z e  w 1 ( U m )  w 2 ( ! m )  w 1 t w 2  h ( p m )

Cleave  S i  wa {e r

<10 gm1\r ' ,11, ,
I r iiiifii_-***
l *

Waveguide

1 . 1  p m
'  .1  \SiO" (1-2 um)
;.' ir-1^ 

'

5t  waler
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B
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F i -e .  L  D iagram out l rn ing  thc  labr ica t ion  o1-  rcc tunsu la r .  c lad  channe l
wavegu ides  us ing  M IMI ( ' .

output cncl) ol- the system was again squared by fracturing
the waf'cr substrate.

Fi-uurc- I  shorvs the structures and sizes of the clzrd
waveguides. TI ie single-mode waveguides were sandwiched

a )

at terned sur face of  the c laddinq
I

ladding layer

I

4dt. Muter.1996.8. No. 5 t  L'C-H Verlagsgesellschtt/r  ntbH, D-69169 Weinheim, 1996 09-15-9648 96i0505-0421 S 10.00*.25 0 421



,4DVANCED Communications

/NAilERIALS

index of  the c ladding layer  (n .1 , , .1cr ing:  1 .52-1.53) .  F igure 3
shows SEM images of the clad waveguides. The cross-

section of the polymeric waveguides was trapezoidal because

the l ines of polymer on the photoresist master that we used

to make the PDMS stamps also had a trapezoidal shape.

The roughness of the edges of the waveguides, shown in

Figure 3c, originated in the defects of the photoresist

master. The roughness may cause loss of the l ight.

Output end

deadhesion

Input end

substrate and
- 10 pm the waveguides

Fig .  3 .  SEM images o f  ou tpu t  (a  and h)and input  ends  (c )  o lc lad  wavegu ic les
Thc wavegu ides  shown in  th is  l igurc  u re  r rade o f  po lyure thane (J -9  l ) .  and thc
c ladd ing  mater ia l  i s  UV-curcd  po l racr r la tcs  (UVl5-7LV) .  The po l ln tc l ie
s t ruc tu res  wcre  coated  \ \ ' i th  -10  nn t  o1 'sc ) ld  be l i r re  the l 'werc  examinec l  u r in !
scanning electron microscol.r l

The cladding la1, 'er started - l  rnm from one end of thc-
network, and covered the rest of the waveguides complctclr
(F ig .  1g i ) .  The unc lad cnd was used as the input  enc1.  S incc
higher-order modcs of the l ight escape from these uave-
guides within the f irst few mm of propagation. learing
- I  mm of the waveguide open to the air made i t  easier to
trace the optical coupling of the polymeric waveguide u' i th

the optical f iber used as a l ight sourcc.
We patterned the upper surface of the cladding layer in a

rel ief structure with feature sizes of several pm (Fig. 3). This
deep. three-dimensional patterning made the cladding layer.
considered as a planar, slab waveguide, extremely " lossy"

and thus prevented l ight that was coupled into the cladding
at the input end from propagating though the cladding.

Fabrication of waveguides using MIMIC required the use
of UV-curable prepolymers that had relat ively low viscosity
(< 300 cP at 25'C). The low viscosity al lowed the capi l lar ies
(with lengths of - I  cm) to f i l l  completely in a reasonable
amount of t ime (< 12 hours for a viscosity of < 300 cP).
Heat-curable polymers general ly are not suitable unless they
remain in the liquid phase before they fully fill in the

channels. We prepared the ends of the waveguides by

cleaving the substrate. The polymers and the Si iSiOr waf'cr

have very dif ferent mechanical propert ies; the polyrnenc

structures and the wafer substratc n-ray de-adhere and'or

break along dif ferent fracture planes under the external

mechanical stress. The problcm can be addressed by

reducing the thickness of thc polr meric structures. In our

erperience. the end of the warcguidcs and that of the Si SiOr

subst ra te  adhered and matchcc i  ue l l  (as  in  F ig .  3b) .  Thc

claddin-s was. however. much thicker than the waveguidcs.

and drfferences in the geometrr ol- the fracture surfaces in thc

Si  S iOr  layer  and the c ladc l ing larer  o f ten resu l ted in  an

ol l iet in the ends of these strLrcturcs.

At the current stage ol- c ' lerclo1'rnrent of this technicluc lbr

fhbrication. we were not ablc'  to obtain the well-ordcrc'cl

structures shown for the cri t  rc 'gron of the clad waveguicle
(F ig .  lh )  cons is tent ly .  A l i t t l c  r lc -ac ' lhes ion and a mismatch

of less than I trrm between t l ic e-nd of the cladding layer uncl

the end of  the waveguides (F ig .  lb td id  not ,  however .  seenr

to  d is tor t  the pat tern o f  l ight  e ' r i t ing the waveguide.

Light from a laser r.ras c()uplcd into a waveguide b1

but t ingf  t t t l  an opt ica l  f ibcr  uguinst  i ts  end.  We har  c

demonst ra ted gu id ing f i r r  l rght  n i th  u ,ave lengths:0 .55 l rnr
(He -Ne  l ase r ) .  0 .63  l r n r  (Hc  \ c  l ase r ) .  and  0 .85  / im  (d i odc

laser) ;  these wavelengths c t r r rcspt )nd to  core d iameters  o f

3.1 pm, 4.0 pm. ancl 5.-{ 7rn.r ir t  the f ibers respectrvel l ' .

Unclad waveguiclcs ( . l -9 I  .  polr Lrrethane. Hguicie :  I  .545 )
u ' i th  cross-sect ions i ' r1-  - -  i  , ,n r l  rF ig .  2)  suppor t  mul t ip le

r . t t oc l es  u  i t h  l i gh t  hu r  i ng  r i . r r  c l cng t l t s : 0 .55 -0 .85  pm.

Cluc i  r iu rcgr r ic lcs .  l ' r rbr ier r tc t l  as  dcscr ibed.  cou ld  be e i ther

s ing le-nrodc or  nrLr l t r -nr ( ) ( lc  r lc '1- rcndrng on the s ize o f  the

$avesuidcs.  thc  r iure lcncth  o l - thc  l ight .  and the re f ract ive

ind ices o f  thc  matcr ia ls  o l 'uh ich naveguides and c laddings

were fabricated. Figurc J1s ..111r\\  s a second-order mode for

0 .55  pm l i gh t  i n  a  s i zc -D  lF i i g .  l ) J -91  wavegu ide  ( / ?su idc :

1 .545)  wi th  a  LJVI l - l  c ladc l rng tmul t i funct iona l  po lyacry-

lates, n.1,,,1cl ing : 1 .51). t i  l tcrt '  ut least three rnodes were

al lowed. For waveguidcs r i i th smaller cross-sections. fewer

modes were al lowecl to pro;trgate. A J-91 waveguide of size

A  w i t h  a  UV l l - 3  c l add inu  u l l owed  on l y  two  modes  f o r

0.55 pm l ight .

The number of modcs can ulso be decreased by increasing

the wavelength of thc l ight since the determining parameter

is the rat io of thc sizc ol '  the waveguide to the optical

wavelength.  A c lad uavegr- r ide (J-91 c lad wi th  UVl l -3 ,

f t ,guictc :  1.545, Hctaclclr.g - l .-52) of size A, which al lowcd two

modes for 0.55 pm l i-uht. transmitted only the single lowest-

order mode for 0.85 1rm l ight (Fig. 4b). This performance

can be compared with the single al lowed propagating mode

(Fig .  4c)  for  0 .85 l rm l ight  in  the opt ica l  f iber  o f  a  5 .5  pm

diameter which was used to couple into the waveguide.

As expected. decreasing the size of the waveguides and

increasing the wavelength of the l ight decreased the number

of the modes al lowed to propagate. Decreasing the index

difference between the cladding and the waveguides also

decreased the number of al lowed modes. Wavesuides (J-91.

b)
- / ,front edge of the.

| | ctadding layer \
| | mismatch

J  L ton  edqes o t  the  /- /
- /  ^ . . L ^ . - ^ + ^  ^ - l

A ) 1
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F i - e . , 1 .  P h o t o g t ' u p h '  ( ) l ' i i ) t h c  m u l t i - m o d e  o u t p u t  l l ' 9 1 t . r  c l r r . 1  l . r r c s u t d c  1 J - 9  I
c l a d  r i i t h  l . \ ' l l  l )  o l ' : r . z C  D  u s i n g  0 . - 5 5  l r n t  l i - e h t .  b t  t i r c  . r n : : l c - n r t r d c  o u t p L r t
l iom a  sn ta l l c r  c lad  surc : ru idc  (J -9  I  c lad  \ \ , i th  tJV l l - -1 .  : rzc  \  r  L r : rng  0 .E-s  l rn t
l igh t .  and c )  thc  ou t Iu t  o l '0 .S5 l rm laser  l igh t  f ro rn  u  s inu ic -nr r , t l c  onr icu l  l iber
(co lc  c i ianrc tc r  -  5 .5  l rn r l  rccorc led  by  a  CCD canrcr i l  r l  \ . rn lc  t l r : tuncc  l rs  the
outpu t  cnc l  o1 ' thc  l ru rcgu ic lc  uscd  in  b ) .  Th is  ou tpL l t  l l - t rn t  th r ' r r I l i c . r l  l i hc r  r rus
uscd as  thc  input :ourcc  l i r r  thc  c lac l  wavegu idc  in  b ) .  Thc  \n t . i l l r ' r  l l ( ) ( i f  \ l r c  in
c ) c o r r p a r c d  u i t l t  t h l i t  r n  h ) i n d t c a t e s  t h a t  t h c  a r e a  o 1 ' t l t c  c L r l c , , l  t i l .  r n p L r t  l i b c r
u l ts  b isgcr  th t rn  lhc  c r ( ) \ \ - \ cc t iona l  a rea  o f  thc  u l rvcgu i t le  rn  l . r

r /uur . t . - -  1 . , i ,+ ,5 )  r t f  s izes  A and B were  s ing lc -n toc lc  i l l  i l

waveler lg th  o f  0 . -5-5 / /n t  when they were c lad u i th  L ' \ ' l - i - rLV
(rnult i functional polr,acrvlates, n.1,,.1.1i, ,u - 1.,5-l  ) .  u hcrcus thc
same  wave -qu idcs  c l ad  w i t h  t JV l l - 3  ( r i e r . r . t . t , s  -  l . 5 l )
a l lowed two modes to  propagate.  For  a  c ladc l ing o f  UVI-5-
7LV on these u,uvcgtr ides. two modes were l t()t  al lo\\cd to
propagate unti l  thc- cross-section was of size C.

All  these observatic 'xls. except the shapes of rnodcs. were
cons is tent  wi th  the theoret ica l  ca lcu la t ions. f r r l  The modes
were more symmetric t l -ran the results of the calculat ions.
i .e . .  the ra t io  o f  the hc ight  to  the width  o f  a  mode was
smaller than the rat io obtained from the calculat ion. We
hypothesize that thele may have been an index gradient
across the face of each waveguide due to the dif ferential
mechanical stress in the process of cleavage. The result in_s
lens at the output end of the waveguide would change the
shapes of output modes.

Since the areas of the cores of the cyl indrical optical f ibers
were larger than the cross-sectional areas of the trapezoidal
polymeric waveguides. the eff iciency of butt coupling from a
fiber into a polymeric waveguide was low. The measured
ratio of the intensity at the output of a single-mode

lUATERIATS

waveguide (0 .7  crn  long.  J-91 c lad wi th  UVl l -3 ,  s ize A,
0.85 prm l ight. f iber core diameter - 5.5 t/m) to the intensity
at the f iber output ranged between 0.05 and 0.10. The
eff iciency of transmission and coupling were independent of
the polarization of the incoming l ight. When the waveguides
were fabricated on a gold substrate. the intensity of the
output was strongly dependent on the polarization of the
rnput. and the output was strongly l inearly polarized with
the electnc l ield paral lel to the substrate.

Wc har. 'c also coupled l ight into an unclad waveguide
saturatcd w' i th rhodamine 590 chloride. Light
( ) :0  .18t t  7rnr .  b lue)  propagat ing in  the wave-qu ide exc i ted
thc moleculcs of the dopant; the result ing f luorescencc
(green)  l i t  up thc  ent i re  waveguide.

Fabr icat ior . r  o l .uurcsu ides us ing MIMIC s t i l l  has severa l
l imi ta t ions.  F i rs t .  thc  preparat ion o f  the ends of  thc
waveguides bl l l 'actLrr ing is r.rot entirely reproducible. The
de-adhcs ion and nr is r t ra tch l t  the output  end can.  some-
t imes.  d is tor t  thc  put tcrn  o f  the erc i t ing l ight .  Fabr icat ing
reproduc ib lc  unc ' l  opt ica l l \  opt in t ized cnds is  a  technica l
cha l lenge ren l r in ing to  be so lvcd.  Second.  the proper t ies
andi  or  d inrens ions o l '  thc .  po l rn tcrs  n tay change on cross-
l ink ing.  i r rad ia t ion or  hc 'u t ing.  Thrrd .  the ra te  o f  f i l l ing o f  the
capil lar ies is slou unrl i r tr  c.rsc. lr  1'rroport ional to the length of
the channc l  that  thc  l iqu ic ' l  t ravc ls . l l l  Fabr icat ion o f  a
waveguide wi th  lcncth  - l  cm requi res severa l  hours .  and
the maximum length o f  the channel  ro  be f i l led by a  l iqurd
p repo l ymcr  ( - 300  cP )  a t  25 'C  i s  1 .5  c rn .

Despi tc  thcsc l imi ta t ions,  micromold ing in  cap i l la r ies
provicles u l1c\\.  lou'-cost. simple method to f irbricate single-
modc polrrncric waveguides. This procedure is straight-
forward ( )pcrat iona l ly .  The ease wi th  which MIMIC
generates cor.nplex polymeric microstructures with pm-
scale dimcnsior.rs. i ts abi l i ty to fabricate a range of classes
of  matcr ia ls .  and i ts  ab i l i ty  to  generate  complex topo log ies
and to accept non-planar surfaces as substrates. al l  provide
capabi l i t ies  that  can bc appl ied to  the fabr icat ion o f -
waveguides.

Experintentul

Thc unclad '" i  ar csuiclc: r.r  e re prepare d bv M IM ICl. using a maste r rnade l}om
po l l ' (d i rne th l ' l s i lo r lnc )  (PDMS.  Sv lgard  184.  Dor r  Corn ing .  S i l i cone E lasro-
mcr :  i t s  cur ing  ancnt  -  l0 : l )  as  descr ibed prev ious l l  U ] .  The suppor t ing  sur t l cc
rvas  a  s i l rcon(  l0 ( ) )  11  1 f  g l '  covered w i th  I  2  t r rn t  th ick  la ; -e r  o l ' thermal  s i l i con
d iox ide  (S i l i con  Scnsc .  Inc . ) .  The top  sur l l ce  o t ' thc  unc lad  waresu ides  were
o. r id ized  s l igh t l l  in  a  L iV  ozone c leancr  to  improvc  adhes ion  bc tween thcrn  and
thc  po l l ' n ie r ic  c ladd ing  la1 'c r .  A  drop  o f  l iqu id  p rcpo lvmer  o l 'a  c ladd in -e
mater ia l  uas  p lacec l  on  top  o1 ' the  wavegu idcs  anc l  a  PDMS n tas tc r  was  then
p lessed doun in to  th is  d rop .  Thc  prepo l l 'mer  spreac l  in to  a  th in  la1 'e r  (<  l0  l rm
th ick )  bc tucen thc  n tas tc r  and thc  wavcgu idcs .  Thc  l i r s t  -1  mm o l '  the  nc twork
lrorn the input cnd uas kept arl 'av f ' ront thc prepoll ,mcr of-t l ie cladding laycr.
Thc  prcpo l rn rer  cons t i tu t ing  thc  c ladd ing  layer  rvas  cured  by  UV inad ia t ion .
The PDMS s tamp \ \ ,as  removcd.  and the  ou tpu t  end rvas  c leaved.

Wc have lnbr ica tcd  *avegu idcs  u , i th  UV-cured po lyure thanc  (J -9  l .
Summcrs  Opt ica l :  and NOA 73.  Nor la r . rd ) .  UV-cured po lyacrv la tes  (UVl l -
:1M1.  Mastc rs l .  [ . iV -curcc l  cpox t  ( [JV l ,5 .  Master  Bond.  Inc . ) .  an t l  rhodamrnc-
dopcd po lyure thane (J -9  I  sa tura tcd  u ' i th  rhodamine 590 ch lo r ide .  Erc i ton) .  Wc
l iave  c lad  wavcgu ides  o f  po lyure thanc  (J -9  l )  w i th  UV-curec l  po l )acry la rcs
( U V l l - 1 .  t - l V l l - 1 M  l .  U V 1 5 - 7 L V .  M a s r c r  B o n d .  I n c . )
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Oxygen Ion Conducfivity of Platinum-
Impregnated Stabilized Zirconia in Bulk and
Microporous Materials* *

By Andreas Ziehfreund, Ulrir'lt Simon, and

Wilhelm F. Maier*

Yttr ia stabi l ized zirconia (YSZ) is a well  knou'n sol id

electrolyte with good oxygen ion conductivi ty at high

operating temperatures (> 500'C). Thin l i lms made l-ront

this material are of great interest. especial ly fbr the
manufacturing of catalyt ic membrane reactors. l l ]  sol id

oxide fuel cel ls,t2l electrochemical oxygen sensorsl] l  or the
production of oxygen semipermeable membranes. Major
problems of present oxygen conductors are thc high

operating temperature and the rather low permeabil i t l .

For practical appl icat ions, materials with signif icantlv lou'er

operating temperature and higher permeability are needed.

Oxygen ion transport through the bulk is a materials
property, while the oxygen transfer from the gas phasc into

the sol id and back should depend on avai lable surf irce area

and activation barriers. Increase of surface area by the use of

highly porous material and reduction of the actir , 'at ion

barrier for chemisorption are modifications which may

improve the oxygen ion conductivi ty. The oxygen transport
properties of solid electrolyte membranes are affected by

catalyt ic act ivat ion of oxygen on the surface. According to
Pizzrnital platinum electrodes on the surface of solid
electrolytes enhance the oxygen exchange rate of the
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material by inf luencing the oxygen adsorption equil ibr ium

at the electrolyte surface, promoting the overal l  charge

transfer reaction at the three phase contact gas/electrode/

e lect ro ly te  (Eq.  l ) .

I  12 O1(gas) + 2e (electrode ) :  Or 
- 

(electrolyte) ( I  )

Thin f i lms of microporous rnetal oxides with a narrow

porc size distr ibution and a large surface area can be

prepared convenient ly  by e lect ron beam evaporat ion. ls l  We

expected that microporous thin-f i lm sol id electrolyte mate-

r ials with a large inner surf i lcc with incorporated highly

drspersed plat inum part iclcs. accessible to the gas phase.

u ould al low a higher oX\'1lc'11 r 'caction rate and thus enhance

oxlgen ion conductivi trcs. cspecial ly at lower temperatures.

Because microstructural r ari l r t ions are known to have an

cnormous effect on thc ionic conductivi t ies of zirconia

clcctrol-v-tesla'61 these thirr f lhl  r laterials might exhibit  new

clectrochemical transport nri)pcrt ies. These propert ies wil l

need to be characterizecl bcl irrc- potential appl icat ions of the

thin f ihns. lbr examolc in orr scn-selective membranes can

be considered.

In this communici l t i t rn ue' r 'c 'port the preparation and a

study of the ionic conciuctr\  i t \  ol- bulk and microporous Pt-

stabi l ized zirconia. Thc nratcrials were investigated by

complex impedance spr'ctr()scopl in the temperature range

200-600"C in  an ox\gcn utnrosphere.  Th is  method is  an

crcel lent tool for the studr o1'the microstructural propert ies

of YSZ phases and pror idcs the possibi l i ty to dist inguish

between bulk. grain boundrirr and electrode polarization

effects for various kirrds ol ' iott ic conductors.[7'8]

Bulk YSZ (9. I  mol " , ,  \ ' .O, ) rvas prepared from powders

from aqueous slurr ies br standard sintering methods, parts

were impregnatccl uith Pt ( l  wt.-oh Pt) The pel leted

samples were c\ aponrtcci br an e-beam and condensed on

aluminum fbrl .  rcsult ing in a rnicroporous thin f i lm. The thin

f i lm material was isolatcd br dissolving the aluminum foi l in

aqueous acid. lsl  f i l tercc1. dricd and powdered (microporous

samples). The chenrical composit ion of the bulk and

microporous samples \\ 'as confirmed by XFS and AAS.

The Pt content in the rtr icroporous YSZ increased to 1.5 wt.-
o/o.The negligible e nrichme nt from 9.1 to 9.3 mol oh Y 2O3in
the microporous materials should have no effect on the ionic

conductivi ty. which for the system YSZ is nearly constant in

the composit ion range 6 l2 mol o/o Y 2C1.lel The enrichment

of Pt and Y2Oj can be explained by the variat ion in

evaporation rates. which decrease in the order

Pt > Y2O3 > ZrO2. Thc Pt content in both is far below the

percolation threshold so that electronic conductivity in

paral lel to the ionic charge transport can be ruled out.t l0l

X-ray powder diffraction patterns show the presence of

the cubic structure of YSZ in the bulk as well  as in the

microporous system. The microporous material exhibits

only sl ight peak broadening. Nitrogen sorption isotherms

(BET) showed no measurable surface area of the highly

sintered and compact bulk samples (< I m2/g). while the
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