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Growth and Luminescence Characteristics
of ZnGa204 Phosphor Thin Films by
Pulsed Laser Deposition Method

Byung Seon Moon
Department of Physics, Graduate School,
Pukyong National University

Abstract

Oxide thin-film phosphors have received considerable attention for
use in flat-panel displays due to their excecllent luminescent
characteristics, stability in high vacuum, and absence of corrosive gas
emission under electron bombardment when compared to currently used
sulfide-based phosphors. Recently, ZnGa:xOs, one of the most promising
luminescence oxide materials has attracted enormous attention for blue
emission. It can be used for the applications in vacuum fluorescent
display(VFD) and field emission display(FED) as a low=-voltage
cathodoluminescence phosphor. ZnGaxOs has a spinel structure with
space group of Fdsm. In the normal oxide spinel (AB:04) structure, Zn®'
ions occupy the tetrahedrally coordinated A-sites, whereas Ga® ions
occupy the B-sites which are octahedrally coordinated.

The ZnGa:0s powder samples were synthesized through solid state
reactions of ZnO and Ga:0; powders in the evacuated quartz tube at
1000C for 12 hours in an electric furnace. The calcined powder was
pressed into a disk with 25 mm diameter and 2 mm thickness, and then
sintered at 1000 C for 5 hours in the Ar ambient. A single phase

dense ZnGaxOs ceramic was as a target. The films were grown by
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pulsed laser deposition method using an ArF excimer laser with a
wavelength of 193nm. The beam of excimer laser was guided into a
high vacuum chamber and focused on the surface of ZnGayQ4 target
with a spot size of 1 mm x 2.5 mm. The distance between target and
substrate was kept at 35 mm. The laser fluence was approximately
40J/cm®. ZnGaz0s thin film phosphors have been deposited using a
pulsed laser deposition (PLD) technique on Si (100), AlLQOs; (0001) and
MgO (100) substrates at substrate temperature range over 350°C ~550°C
with various oxygen pressures (50, 100, 200 and 300 mTorr) and post
annealing temperatures (550 (as grown), 600 and 700 °C).

ZnGa:04 films show polycrystalline structure with Si (100) and
AlO3 (0001) substrates, and epitaxial structure with MgO (100)
substrate. All peaks of the X-ray diffraction (XRD) patterns of the
as—deposited thin films were consistent with the spinel structure of zinc
gallate. (311) is the main peak of the standard powder diffraction
pattern of ZnGa:0s whereas (222) is the preferred orientation of the
film deposited on Si(100). Based on the result of the experiment, the
films have different morphology, crystallinity and film thickness under
the different deposition conditions. According to the result of
postannealing, at 600 °C, the vaporization of ZnO triggered a partial
decomposition of ZnGa:O.. In other words, a small amount of ZnGasOs
was converted to Ga:0; due to the vaporization of ZnQO at 600 °C.
Thus we can observe ZnGazQs phases along with GaxOj phases at 600

C.

A room temperature photoluminescence (PL) spectra of ZnGaOs
phosphor thin films grown at the different oxygen pressures in Si (100)
substrate show that the film grown at 100 mTorr has higher
luminescent intensity. PL. spectra of the film grown at oxygen pressure
100 mTorr are composed of three main transition peaks 420 nm, 465

nm and 520 nm in a blue region. Emission spectra of ZnGaxQs films



grown on the Si (100) substrate at a deposition oxygen pressure of 100
mTorr, annealed at different temperatures for 30 min. reveal the broad
band extending from 350 nm to 600 nm peaking at 460 nm. The main
peaks of spectra slightly shift toward the UV range. PL intensity
became weaker after annealing at higher temperatures.

The luminescent intensity and peaking wavelength for ZnGaxOs is
closely related to the Zn/Ga stoichiometry. And Zn/Ga ratio depends on
the various deposition conditions like substrate temperature, oxygen
pressure, and substrate. Especially, the substrate is one of the most
important factor to determine the PL intensity. The PL spectra exhibit
a broad-band emission extending from 300 to 600 nm, peaking at about
450 nm, and appeal to be composed of several overlapping emission
bands. The full width at half maximum (FWHM) was 170 nm under
the excitation wavelength of 254 nm. The enhanced PL intensity and
crystallinity was observed with the ALO3; and MgQ substrates. The PL
intensities from it will be subsequently described that the better
luminescent characteristics of the films were achieved from the films

with the epitaxial structure of ZnGa:Os due to the better crystallinity.
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3% o7k dojubAl Bk ol 2l

v E=0

v B=0 (2.4)
vx E=(

VX B= g€ x aT?

..17_



ﬁz._v¢_é%- (2.5a)
B=vxA (2.5h)

2 FolAn, er14 At 4 o5 WA & FAsA Geolx o]
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2 Fa o7 E Vg BOs gon ge agde nxag
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(0)9} B (0) o ] ;17]::
7= ()
g 1EZ] (2.24)
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2wt w=0. ° A= | f> el AU | > AdeEel oy
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Olt
ok
g
jired
ol
o
s
rlo

H =& ;iz:(expi(;'?-—wkf)) (252)
mod es 4 2.5
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Ae pelth AlA @504 wel Vel s RRelAl A p;
2 imw,rz HAAZ 5 . e hwg; = Ey— E;°F ofeleh 2
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2 slo) F4 Holsk wE Holdl Wy AAH HFE Tdol ®rk
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Wi (ED) = 25 33| <f | e B 5[ pa(w) (263)
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_i',éklz->’2:%’<f'zle7’j‘i>|2 (2.65)
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radiation fieldel Y= % y(w)ol w3tz 7Rt 4 Ael9l b
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vtk o 2 sl webdq migratione A A E vkl Ao glojA 7}
4 Fag HAo
Vacuum Pump
ArF Excimer

Laser

%

Reactive Gas

substrate

219 3.1 PLD¥ol 9|3 vtk & 114
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ArF laser(193 nm)
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Laser beam Target

O
O
O (L
O Deposition
O
Substrate
5« '» Migration
O-, O
Substrate
Crystallization
Substrate

1% 33 PLD®¥ A ofg whutel A3} 9y
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3.3. PLD system

AT E ZnGa0s FRA WS HFA7)7] 93 B RA 2y
349t £2 PLD systemS TASHT 7198 shado] 193 nm<Ql ArF
excimer laser(Lambdaphysik, COMPex205)& o]€s9 3, laser ®<
targetell H%£35t7] 913t mirrorel W=E AbgE AT 2 F A2 = rotary
pump(Woosung D20A)®} turbo molecular pump(Mitsubishi, PT-500)%
Abgstel A EAx10° Torn o2 whEolRh, JERx Wrs 942

41 9= target holder®t 3E{7}F W AE substrate holder’} 8o g A3
wlo] 151, substrate holder® HEZ o] A HA targets} 7|3 Alole] A

S 2AHY 7 JALE AHAS Azedo gar AFsE vhub A 2
s 2AE F Ade ThA FF FAI AxEo] ot

Target holder= 4709 targete] 2}z #Abd 2 38 32 29

o EF A IF oA A5 APS &ty Ystel vwme] W
A7 7bset e Bx ¥ A (load lock chamber)et A&kl koo
AanE Azz P58 dolqU S target TW Yol oF 45 “Z FApA]

1% target WO RYE WA WHow Falzor) s, o Tehx

op QIAbE o] gt fell e 719 9o FAEe] weto w gaelA fh
3.31. #lo]A A&A]

PLD¥ el of7jglo=m ARE3E oAy o= 7] dojHe] dFow
kb Yol uEE 1889 2 o] Aol ExcimerE excited
state dimerell A Feigl Ao 2 AXNT o)Al A A excimerdh
AAXZE 1A el gl dxte} o7 AHl v A4z TAHE B
b 42+ 2olth Excimers U7} w8 Aeidd wiuk kAt A Ex)
g e B, Wg Uiw AR dojxwl A szl EA)
Al & A ¥k o]elg excimert LFAE A H& TR AAFC o
Aol s oz delel vlghg 71A 4 AHAr, Kr, Xesb a9zt

(F, Che} Adgsted 712 grad 889 excimer® A8y, 1 #3=2

=
=

e
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ArF(A=193 nm), KrF( =248 nm), XeCl( 1=308 nm), XeF(A=35] nm)&
E 5 odon, Aed dogelA ga A4 g2 g wraA W

£ AP o] &3k AN ol AE Nova Tube'™ 7142 o] &8 7o
t}. Nova Tube' ™ol 34 7]1&e Huwg A HHo AL Ajgso
2H 298dEs AARGE otk kg excimer laser™ halogen
source Halo Safe™ <& A}-83}191t}. Halogen source: = 23 halogens #
ol A A gt Wb 21Ed halogen fluorines R elr] 9sk b=
7bEol da gla sk2E FHsske ol wlg ddslzon  tank
halogen®l] vl3 57} w022 F3 7| g2 2498 9 4+ 9tk

ol de F¢ A4 vz 7) ¥ 2
2 H AEe] 9% A RES AU FAE 7l gojor F 5

3 Es HAS

of
[l

A F HAE Hels Aol dolAE HAage

)

, halogen source Halo Qafem% AE WAL gols Wo Mdxjs) F9
o

o
o w3, delx AE Fol 7

_1>J
[
U
)
N
o

31of A= g Ao s} wold Ao T3 gdAg A
o B A s T3 9ol 190 nm~2500 nmel UV-grade fused
silica WAE AU, target T laser 28 AEH37] 935
712 37 em?) A=F AFESEATh. e deolAvt A ®
< W F=HHeR W MWe o UA 7t A FEEHEE Aoy &
o

dHel e ggol d@ ARBH el Ax Prko] wAH o

O
<
£
L
h

oA =ed ol g plumeolet Fuh EH o] Fw golx] Alole] AbS A
B2 T4 ns Atelel Yoy x el Ty oA Hzagow
W&, sputtering, desorption, cluster W2, ©]23 Fo] dolutxm plumedt
Zlgel JsAgo s F3 resputtering, EWolE, o297, &1, 4
.2 355 dlol A7) target WA H& HAL ul WA

+ plumed %S YEehW Aot}
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#3103 Aue ¥ B HY

Material Transmittance Range(nm)
Magnesium fluoride 140 - 7500
Sapphire 150 - 5000
Calcium fluoride 150 - 8000
UV-grade fused silica® 190 - 2500, 2600 - 4000
Borosilicate crown glass 315 - 2350
Zinc sulphide 400 - 12,000
Zinc selenide 550 - 16,000

® UV-grade fused silica absorbs energy in the range 2500 - 2600 nm

Substrate

Thin film

Outer
plume

Inner
plume

Target

29 35 #dol4% B Euel A4ARS o plume ¥}



3.32. AEFAA
ol AZHEH 2 dolAqylo] target TP FAIE W, target TH O
Y Eohzolrt PAH o] Zebzul iakEe] vl Tgale] uhdt
o2 Ay dade JdFdeist gestt whef EH7I%‘91 71 97
of A uturs. A AEH target THOZEE ablation® YRS o] 2=
g W s ol F7] FollA et 2 vyt g5l wygre 7

W) ok T, FrRA} WY o

datn Heg gy uwierg ”
SaEe] BaZol o] A3 T Fo| B4sE Rzl ik 2w 8
g2 At Tlu Z2wE Aol TR wreHA FFES HA
at1, AAAQ Zwro] BrisatA HiE Aol waAd ™ mapay urop

o ol & i

o] TAHE AFTFAZFE FUEAE wAAZL Zast A3
12t stir 717k 1 719F olste] deos wizl® AelE W Folet 3Fhr),
T AF7lEoA HIFste AFe TR 23 Ao wed ARy
(10° ~ 10" Torr), 2510° ~ 107 Torr), 2 F10* ~ 107 Torr), =

2REFA0" ~ 10" Torr), FAE0Y Torr olshem 7jgaol pi

Z1F vl PLD systemo) A 7F4 slA A LA a4 ZFo] ol

H 369 2 ATolA AREF AdF Aule rstetA HEE el ok
g 362 e AviE AT o zedof & R A T v Es
S AAls Fa Uk BE AF Ay @ FHE standard port(pumping

port, gas inlet, pressure gauging % view port %) ©]&o] Mol i=
target, 7| % 3 #olA W Foll A&ste port7t R E o .
Av o] Fefoll= AR (crosses), Y5 & (cylinder), +3 (sphere) $0] ¢l
ouw F Aol HAste] A A W= dEHolnt agn AF
v <kl target holderts § U3 AF Z oM AlLHow Ads7) 9
Al 7He targetE BY F UAEE AASIAG. o #HolAy i
T g ARSA FAA AL sto 713e stEE Ay AW E g shd
Hog o Wzhs dof & Hart gl

Aol ARgE AF A= a9 360 TAlE wkel 7o) laser port

rke
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Zol L, target port flange®} target Abole] 712 T, target®} 7} A}ol 9]

AE] S, substrate port flange®} 7]+ Alolel A7 Z, target W2 HA
(target normal) ¥} o] AY F=Z Aleje] zk ¢ F& Jehgoh

A AT AW Ao glojMe= L, 6 2 T+S+29 ¢S nAAA

target*]f Z1a3e] Ael S 728 2Ast ¥gAE 4 JEE §3e

3 ~ 10 cmeolth, PLDH o2 wrebe 23 o) target BH

EHE 4" Eg2vle target T HAL wel oz HA Qo

2 Ee Ay e RE ud F

g7 dolA AR
45w 53 Wi E AEF 9ol Aot
2

Target Port

Focussing  Laser Vacuum Chamber .
Lens Window . ¥

Laser ,,/
Laser Port

Substrate Port’ “Substrate

a9 36 AF A el parameter

_66_



2% 5 g4 vgo] Folmy o Zolst A HolAw folA

H)
i=}
F Qe Hewse] FolEnh weld BAF PolE A

2" 36% ol elA R target EHS WA Zk 4 substrate

holderg W& ch2 Fx15o) dlolAye A Yol 9A84 Bres A
t}

N
~r
D)
N
-

Ui 24 g5 gekstesd, 1 olf=
target TH I Helo] Zi7lE AT Me e A HAE FAEY
7F olg 7] wEolth wkHe Afolzt g7} W F A ®W substrate holder
7t deolAel BEE WA 5 U] wEo] HAHG Are Ao da
st whebA 457 W3 7F AAAE wE Zoln, 2 AFedAME oA
target X He WAAH ZF 95 o 45° 7} F 2 AAEACH

Load lock chamber® 43 Z ol main chamber? 2 &Z7& Fx% A
2 g7l BEddA 7S wEstr] 9k g A el Main chamber}
load lock chamber A}olo|= gate valveZ} 2dolA] HQo wel F Aw A}
olZ A MAE 5= Y} Magnet bar: main chamber <t v 7|
& load lock chamber %22 7 wiy} load lock chamberZ%-El main
chamber ¢F2] substrate holderell 738 #ztéteis & o AlE3ho)

Main chamber® JFoz wE7] ¢a4E RP2 5x10° Torr ©]3he]
Aexrzt AA & ol TMPE 7Mssted nxdgoz wrETh TMPY ui7)
e B9 500 gEolH, SHLE = 29 670 3ol B =Y Z(backing

vacuum pump)$! RP9] ®j7] £2& o 330 zglolth. 1T 224z =

Olt

T M 7FF Alel# 2 pirani gauge”’} main chamber$}t load lock chamberel]
4zt g A FAE glow, ¢ 5x107 Tonr7HA 9 &g A3k
AHEH T Cold cathode gauges pirani gauge® &R £ ¢+ 133 <
ZAsl= o AF25 T main chamberd] #2txlo] 9lto}

Substrate holdere Zdtznt A So] ZatyE 7187E Hol= mlog

target holdere} vi5® 3 f1=]sf Stk 3E = substrate holderel] W4 =]
ol sloem 7w s Sl 4¥L dvh. 123 target holders W 7Y
ol targets H#HE 5 A=F H ,

X,

pd vd o 5 A -
AR, 47 AH 9 FAG T 4 A%
Kol
=

AAAZ A 7leke wAEte]

s A e
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controller(MFC:Pungjurn, Rich field) 2 & g3t w2729 98 nAs

7“” }_x%g]- T o]r;}

3.33. 713 7+E A

7198 Ve AAE A @99 target holder @e o) 0 C ~ 700 C7}
Ao Ex e 23 Jhed Mg sEE Ay 24 92 AFed
EE Aol 0T ~ 1300 To €% WeE 2= p-100(3d A
temperature controllerg& A3t 3, 0 V ~ 300 V7R Ades 24T 4
SCR Unit(SJM - 60, 4 d2hH& AMgste ke Ao)st
A =7 o)yl Wil heater Al 9] #¥ 2 system WO

T 93 HHE Y8} cooling systemS A x5k}

M

rr

Sh ARG /4
=]

)

fo

34. ZnGax0s F33A 2h2re] A 2

3.4.1. Target Az

FEAe] e AE AAE B4 0% millingste] 2o #
AZE @9 A 715 solid state reaction method9d ureaZ AFE3te] 54719
1600 CT74x 2% g &o F&38 (2 19}

A &44 3= combustion method
[

sol gel method & A& Aol i, E-beamolt} sputter® o] &5}
HErs vElE ok B AYelMe medA AT #A4 A7 solid

"2 Alge9d. Solid state reaction method:=

T2(1000 T~1500 C)

state reaction method
D (powder) AEl2l Mz

hl
v
i
o
uy
o
()
fol

o
o
2

2 £EE ¥ol BAL GHdE PPolh L5 2w g oAl
S UG oFE YA FAUAIL el ol%@ BAT U}
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PLD-® ZnGa:0; Aet=] target® A1 2Hst7] 913 92 24 Zn0(99.999%,
Aldrich)?t Ga203(99.999%, Aldrich)& 1:1¢] vj&=2 T astqch olgA &
TH AMEE B2 AARE AFEsd 208 AE millingS A :
5 £3E YANEE FA T (quartz tube)ol B AFTHIe} ARG
=74 10° Torr7kAl g wh7] &tich x2
g0 g wAsn, g7l BEe2ERE HEstr] 9ttt 107

Torr2 & wj7lg ¢ $5E & 25(FHH x4 1200 C)
bl

ol
=
N
1o
o
22
rlo
jo_\:
k3
oX
o
e
< rlo

o] FRo FEF tEE Hd & FAR o N8BS IFow @
A3 Ayt o u Folsjop & M £ AN WA R D
S uy) gle) AEaA R LEsol Bl AW Ho 1T W
H YABES FAs7] st Az

= 5 3L 1000 Cell M 12A1%F sf43)
Al stazh B9 ZnGaxOs %S PLDE 1904 Aey g4 o

4@zl #isked 10 % polvinylalcohol(PVA) &8-S 2 & A (binder) & 4

wt?s Eghstol R 1% Ao T A 20 mme F8 B ALn

750 kg/em® 9] §FES sbste]l Aot HE® Meele 1050 ColA 3

AMEESE Adste] Mg dAs AT x2S ZnGaOs AT S PLD
& targetZ AF83l7] HsiA A 20 mm, A °F 25 mme =g o
n}&F A o}

3.4.2. 713 A

ZnGaxOs @334 2ers Fastrl 98 Si100), MgO(100), L8 1
AlO3(0001)  718E&  Z7F ARESEETE Si(100),  MgO(100), 281
AlO3(0001) 71#-& diamond cutter2 A3 =27](10 mm X 13 mm)& &
ghal AbESEl T Si(100) 7)1 ®We] Si0. F& AAsHY] YEte] B
(Hydrofluoric acid) &2 2 etching A& sqtt. A& 73S E2 &

=
dol 5 ¥ AE YARANI Adel TR4T Mold . Ysjelzaz
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718 B 28 5718 Soldla Bdlo] vl Fule o]Edo] glEx
HEv ol ARekA od 99 2& wWyow $ H ot etching A
2l gt MgO(100)9h ALO3(0001) 7188 7]19 Fde] Fatw §7]2ou
5T =5

Hu
N
o
oin
i)
N
N,
n‘lo
to
o2
il
fifo
2L
2
ol
ol
)
o
S
o P
tlo
i)
>
P
N
il
-~

Target=} 7]¢-g& Fn)3}

WouE o] ek gk 4, AF Mu 9@ B8 7T E cleaning
8kal, target R 719E FHlstel FAG vhg wute] HPers A
FoREA Zeade JHdt aem, RPE AMEste] AF A
o} ZFggEo] 5x107 Torr &7t Id TMPE JEAIA 1x10° Torr
o] TS Ao 1T} 1x10° Torr ol&2 uel7td sEewe
227 &) 2xAor)e] T2 aag AP 2w HAE _?4;(]0”

Egstd TMPE 113, 712 9 controllerS o] &84 st ko] 2

2 FJAG Aast o FUHA Hu golqE A
e

F42
28 WANY WA AR, delAwNe WEe Wz 9

=2

H]

AN
i
ol
k

il

]

dold o zlet B2 5 A% F gHolAE el o W o
AE 7HEAD F o= guel AN FI delAE warming updte] ol

°|HE FE3| ddste] date do)A ouxlel Rio ol ARREH &

gyl dolAnle] A2E WALALRE o 907 vk A "ol A Wol A& Y=
o TYLE MMEE wET AE dzg YA golA WE AT Lo
Ui target E A YAA AT target THORRE Zlzulyl A E=

oo Zebzel daEol targetel R Wl GAT sle ol ZH o)
webo 2 st Btk 7195 target Abolel AgE REw s wo] B
zobe] Fogo] GAER ATk ol oixet B FE xgsHA

uhebg A aba),
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34.4. vrure] Az 24

Az ZnGa0s B3 Aleke targets AHgste] PLDR 22 ZnGaxOs

g dhebg ZFaEgich. PLDYHO R F 2w dite] E48 AdaeE W
TES ZAI 71F Abol A, Ak B9 ZIHER, go)A oux 7
T % gelAe Faa Gl g

ArEE S vt ARAl Ag At BYUIE wteo & Foegt g B
APAE AFx #9o & vrete] FRAXAS FAE7] Ysto] A B
42 50 mTorr ~ 300 mTorr7bAl WEAIZIHA 7|2 % 550 T4 =
2+l o

A@sl wA Koo Aol weak slwhel BAHE plumes) A 9
7bodebAa ojol wep EaE wurel zAux Awe] web webav

o AgelAe 7183 EA Abolel AE 35 mm ~ 40 mm7tA WA

1A 7% 550 CTollM ZnGa0s &3 A vhebs Z= A1 7o)

Bteh FAA] A g 108 E9HE dH] ablationg #sled Aetm mAe] ®
Aol EAsts olEdS AASAT. olu 7 shutter® 7124 plume
of w&52 x5 31Utk oY ablationo] ¥4t shutterE® Eil V)
TS HBE AAd aGA A, HolH Fiaa | HzZ 108 5o wehg =
Zeb i vo A AIZES 5 Hz® 10087 F sl A eol #leolA Fap4
s 1 HzZ sbo] o8 S35 A2 713 ¢ 243 Udxtso] A=

golth. HLRH #old Fu47t

o}, FEbo] Tl wlate Lo ofetm g AAS F& wgHo] Fx = A
% B 33%HTIuchi, Auto Dry Decicator

THY ZnGa0s FHA e TAAY ang FHs7) I nFEa A
712E AHEste] Ar 9171904 600 €, 700 CTE dA s ¥ 32

= Aol M A2 ZnGax0s BEA vhere] FA 24& Ae)E Aol

r
2
i
i
ol
2
¥
Rt
i
QL
~J
—
»)
g
o]
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E 32 ZnGaO: 8§34 oo 24 23

Target

Substrate

Substrate temperature
02 gas pressure
Excimer laser

ZnGaxOs BFA) A epe
Si(100), MgO(100), ALO(0001)
350 T, 450 TC, 550 T

50, 100, 200, 300 mTorr

ArF (193nm)

Repetition frequency 5Hz
Laser fluence 138 ~ 160 m]
Target - substrate distance 35 ~ 40 mm
Deposition time 100 min

3.9, ZnGa0s HF A viere] EA 7}

PLDW S o] &3dle] oje] Z=z715}9A
= R BAE FAH skl XRD, AFM, 82837 58 A gaid.

A2t ZnGay0q FFA| eture] F

ZnGa0y F3A wbete] Fxof AAFAS FAalslr] 9Yste] X-A 31"
(Philips, X'Pert) 248 & 313t X-4& Cu-KeXdoz Uz JEHE £
& F AR 2o, $4 A JbEAY 40 kV, A% 30 mAR stol

= 0° ~ 80"
£ HHstr] #F otk oL XA YA
ol 4+ goniometer ¥ goniometer Yo el g
T X-4 detector® ?‘35101 At HAR 342 detectore] A ol %ﬂ
3l 91+ monochromatorell 2] s] Megth Al &9} detector ¢l gk of

7bsdtek 29 379 0- 20 FAANAM, AlE 5d

of il F-E AAZL 99 UAF beami} detector Abole] ZF 26 7} £ A
of A Aapd oz Ag YoM Bragg #7118 WEsE WS o
51d FHE 28 4 At o2 FAS Alg AAd @Bk 3P He

$ge 2ASEE texture S0 ALSH T
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ZnGa0y FFA ¥taho] mgwe] mAFxE= AFM(Digital Instrument,
Mutimode'™ SPM)& AFg38tel 1 m % 1 me WA tishe] 24890},
AFMZ A& HWE g 23 (probe) o2 scanningdted €13 A2
Apolell ZHgste P& FAHSA Alge FY Uy E4S Dol =3
Aotk & AR Alolel AlE 1 melA 100 A o|W7bx] WEA R

W G313 Alm Alele] ZAYFANE W ~ 100 A Ao E

it

o
=
TE YA gol AEsty, AR EWORHEH 3 A ~ 4 AAE
=]

go] 2gein awr WolAw o

-

)
©
2
oo
Ql_'
)
~0f
o
|
gty

ALY HE %

a3 FHEAY 7] B3 @ s, Ast] g WA

i

%

¢
I-O{l
ful
o,
i
Ol
ol
2
i)
o
H
i)
R
fu
>
>
L
lo,
o
[Eat
rir
o
o,
~
o
N
[t
-
‘?‘—"
hul

X-ray source N

de_tector

-

(E . ]
sample 'e,

28 37 X-A Ao Age. " Hgue As g g
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AFMY #AHoz= Az wx

Jad
T,
1l
2
w
2
—_>I‘-‘L
ol
h
o
ta
il
>
iy
il
i

=
A F 3, EARE 7Y AHdA s do) 23 Honw
(10° ~ 10° N) iR 2 vz 23 sbssie] Axz ohaks 287207
S AE, AA W, AF F S)NM FHe] sty mATow dx 23
Fog AAlY #4490 ARE 2L £ U oH AHS2RE AFMS
Ao ds S & 8 olyg wed §718 A Tor SfFo}
S W3 7ka sl

PLDY e 2 A5l ZnGaxOs B3A 2tte] o7 x=eds) ug

of Ao ZAsA 1t 9¥ cell holdere] &% tape—é— /\]-%'5}04 A 2 gk
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