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1. Introduction

   To  prepare a shear  mode  transducer  and  resonator  in thc
VHF-UHF  range  [1-3], it is necessary  for a  ZnO  piezofi]m to
haye a  unidirectionally  aligned  crystallite  c-axis  in the plane.
The  thickness distribution of  thc film is expected  to be
constant.  It is also more  convenient  if we  can  fabricate this
film on  various  material  surfaces  without  epitaxy,  In prcvious
studies,  we  have attempted  to fabricate unidirectional  ZnO
films using  an  RF  magnetron  sputtering apparatus  [4-7].
However, the crystallite  c-axis was  randomly  oriented  in such
fiIms fabricated at  the center  of  the anode,  wheretts  it was

unidirectionally  allgned  in such  fi1ms fabricated at the edge  of

the anode.  In addition,  the film thickness  decreased as the

distance between the  point of fabrication and  the  anode  center

increased. [[his indicates that the unidirectional  crystallite

alignment  and  uniforrn  film thickness  arc not  simultaneously

achieved  at  the same  position. The  unifoTm  film thickness  is
generally achieved  by the planetary rotation  of  the substrate
during deposition [81. In our  ZnO  film, however, the planetary
rotation  sccms  to result in the randem  orientation  of  the
crystaHite  c-axis.  In this study,  therefore, we  have atternpted

to investigate the effects  of  sample  geometry during sputtering
on  the film stmcture  (c-axis alignment)  and  thickness,

2. Samplefabrication

   Pyrex glass of  1 mm  thickness  was  used  as  the substrate.
The  aluminum  electrode  film of  O.3 pm  thickness  was  evape-

rated  on  the substrate.  The ZnO  film was  fabricatcd using  a

conventional  RF  magnetron  sputtering  apparatus  (Ulvac RFS-
200 using  a  neodymium  magnetron),  The deposition eon-

ditions used  are  shown  in Table 1. The  substrates were  set  at

three substrate  positions labeled A, B  and  C, as  shown  in
Fig, 1. Sample (A) was  set  parallel to the anode  (substrate
positien (A)). In contrast, samplcs  (B) and  (C) were  inclincd
30= to the anode  plane. SaTnple (B) is near  the targct at  the

edge  of  the anede  (substrate position (B)). Samp]e (C) is near
the target at the anode  center  (substrate position (C)),

3. Evaluation of  crystallite  orientation

   The c-axis  orientation  at each  point of  the films was

characterized  using  an  X-ray diflfractorneter (RINT 2000
Rigaku). Figures 2-4 show  the XRD  patterns measured  evetsJ

5mm  from Lhe anode  center.  The  (1120) peaks appear  ncar

2e =:  56' in Figs, 2 and  3. The(1120)  and  (1OlO) XRD  peaks

appear  near  2e =  56C and  320, respectively, in Fig. 4. These
resu]ts  indicate that the crystallite  c-axis  of  ali samples  lies in
the substrate  plane. The peak  near  2e =  38' represents  the

(111) peak of  the  aluminum  clectrode,

4. Evaluation of  crystallite  alignment  and  Mm  thickness

   The  XRD  patterns revcaled  only  the crystallite  orientation

in the equatorial  pla]e, whereas  the tu-scan  rocking  curve  aud

p-scan pole figure analysis  gave quantitative infOrmation on

the extent  ofcrysLallite alignment.  The  crystallite  alig]mentin

the substrate  normal  direction was  estimated  using  the ful]
width  at  half maximum  (FWHM) of  the tu-scan  rocking  curve,

The crystallite  alignmcnt  in the substrate plane was  estirnated

using  thc FWHM  of  the ep-scan curve. The FWHMs  were

multiplied  by 213 in order  to cancel  the effect  of  thc  CuKor7
ray.  The  film thickness was  measurcd  by a  stylus  mcthod

(SJ-400 Mitutoyo).

   The FWHM  of  the (1l20) to-gcan  rocking  curve  of  sam-

ple (A), (B) and  {C) is shown  in Fig. S. The  FWHM  of the

(1122) w-scan curve  of  samp]e  (A), (B) und  (C) is shown  in
Fig. 6. The film thickness  distrjbution of  thc sample  (A), (B)
and  (C) is shown  in Fig. 7.

"e-mail:dteO140@mai14.doshisha.ac.jp

5. Discussion
5.1. Sample(A)

   The  rninimum  FWHM  of  the  (1 120) tu-sea]  recking  curvc

was  observed  at  the measurement  point of  25 mm,  as shown

in Fig. 5. This indicatcs a  good crystallite alignment  at  this

point. ln addition,  the minimum  FWHM  ot' the (1122) q-scan
curve  of sample  (A) could  also  be observed  at  the 25 mm
from  the anode  center. The  FWHM  of  the (1 122) q-scan curve
increaged at thc  anode  center. These results  reveal  that the

erystallites are  almost  unidirectionally  aligncd  in the plane
at the measurement  point of  25 mrri,  whereas  they tend to have
a poor alignment  in the plane at the allode  center.  As  shown

in Fig. 7, the  tilm thickness  gradually decreased as  the

distance betwecn the measurement  point and  the anode  center

increased.

5.2. Sample  (B)
   In sarnple  (A), the crystallites  were  unidircctionally

aligned  at  the measurement  point of  25mm  from  the anode

centcr, however, the film thickness was  not  perfectly uniform
at  this point. To  obtain  tilm with  uniform  thickness, sampte
(B) was  fabTicated at substrate  position (B). In sample  (A),
the  thickness  gradually decreased as  the distance between  thc

measurement  point and  the anode  center  increased. At
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Table1Deposition  conditions.

       RF  power

    Total gas pressure
Sputtcring gas composltlon  ratlo

     Sputterillg Lime

   60W
  O.09 Pa
Arf02 =  1!3

   20h

 Substrate position

Fig.1  Substrate position CA), CB) and  (C) in

 tio]td RF  magnetren  spnttenng  apparatus.
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Fig.4 XRD  pattern of  sample  (C) as

 measurcment  point frem anode  center.
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Fig. 5 FWHM  of  tu-scan  rocking  cun'e  of  sample  (A),
 (B) and  (C) us a  funetion of  measurement  point from

 anede  ccnter,

Fig.2 XRD  pattcrn of  sample  (A) as

 measurement  point t'rem anode  ccnter.

'tidiL-h'a=yE

a fullction of

ooooo

80000

60000

40000

2000

a1orvo

= fi
:-- 406s"t

<o

,.gek'}/fs.･s"ss
20lo"e`bS･abt

o20
40 60

TXI]v-}

f
Es30

70 Il1/Llll･i'1l
I'I･[/11i'
lli･i/it I

6...t.ttt..11lt.ll.......t..'tttlttttttt..I/tttttttTttttttttttttlt
ttttt

--O-Attttttttttttt
ll11i･iitB

it11i･ oC..tt l･---- tttttttt
50 li･

i' I1iIi
'111lil,i'i'

l i･ t....40ttttltl tttttttltttttttttitttl･l･

l/l･Ii'I
11i'1'i' i

ll lttttttttttttttttt'i'30 1i'11ll..i'111

1/11 l'
20510l5202530354045

Distance from anode  center  Lmm]
2e[deg.]

Fig.3 XRD  pattem  of  sample(B)  as

 measuremcnt  poinL from [mede  eenter.a

 function of

Fig. 6 FWHM  of  v-scan curve  of  sumple  {A), (B) and

 {C) as  a function of  measurement  point from anode

 center,
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Fig.7  Film  thickness disttibution of  sample  (A), (B)

 and  (C) as  a  function of  measurement  point from anodc

 center.

substrate  position (B), we  expect  that the depositien rate will
be higher at the edge  of the anode  because the target is near.
As  shown  in Fig. 7, the thickness  gradually increased as  the

distan¢ e  between the measurement  peint and  the anode  ce]ter

increascd. It was  comparatively  uniforrn  at the pesitions of

30-40mm  from the  anode  center.  The  uniform  thickness  in
this area  was  ulso  cenfirmed  in the optical fringe pattern of  the

film surface.  Cornpttring with  the thickness  data for sam-

ple (A), the unifbrm  thickncss area  moved  to the edge  of  the
anode  in samplc  (B), Sample (B), however, always  shewed

broader FWHM  of  tu-scan  and  q-scan curvc  than sample  (A).
This indicates that the crystallite  alignment  in sample  (B) is
not  as  good  as that in sample  (A). In the unifOrm  thickness

area,  the FWHM  of  the (1122) ep-scan curve  is more  than  60n,
indicating a  vcry  poor alignment  in the  plane.
5.3. Sample (C)
   Samp]e  (C) wus  placed near  the ZnO  target at the anode
eenter.  The  thickness  ef sample  (C) markedly  dccreaged as  a

function of  the distance fi'om the anode  center. The FWHM  of

the (1 120) w-scan  rocking  curve  was  smal1  at the posjtions
from 5 mm  te 35 mm.  The FWHM  of  the (1 122) g-scan curve
also indicated a  unidjrectional  crystal]ite  alignment  in the

substrate  plane at  the positiens frem  5 mm  to 35 rnm.  Thcse
results  demonstrate that an  excellent  crystallite  alignment is
obtained  in a  wide  areu,  despite the thickncss distribution,
5.4, Conclusion

   We  have focused on  the crystallite  alignmellt  and  thick-

ness  distribution ef  ZnO  piezofilms by changing  the sample

geometry during sputtering.  In substrate  position (A), the film
thickness  decreased as the distance between the measurement

point and  the anode  center  increased. In substrate  position (B),
the uniform  thickness  area  was  obtained  at the positions ef

30-40mm  from  the  anode  center.  Samp]e  (B), however,
showcd  a poor crystallite  alignment.  On  the other  hand, in

substrate  position (C), an excellent  crystallites  alignrnent was

achieycd  in a wide  area. The film thiekness, howeyer, showed
a  strong  distribution. These results  indicate that the crystallites
alignment  and  film thickness  are  strongly  afliectcd  by the
substratc  position, despjte that the other  sputtering  conditions

are  idcntical, To  obtain  ZnO  films of higher quality for the
fabrication of  a  transducer and  a  resonator,  it is necessary  to

understand  the fabrication mechanism  in the sputtering

p]asma  region  in detai].
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