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ABSTRACT

Mn doped ZnGa,0Q, thin film phosphors were prepared on Si(100) wafers and ITO coated glass substrates
by rf magneiron sputtering technique. and ihe effects of the substrates, dopant and the spullermng paramet-
ers were analyzed. Changes of the orientalion were observed after annealing treatment. The grain size of
ZnGa,0,:Mn thin film deposited on S1 waler was smaller than that on 1TO/glass substrate, which resulted in
higher PL intensity. The PL spectra of Mn doped Zn(za,0. thin films showed sharp green luminescence spec-
trum. According to CL spectrum. 1t could be concluded that Mn jons acted as an actuatar for green emission
by substituting Zn atom sites.
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Table 1. Sputtering Condition

rf power 70~150W
Background vacuum 5x10° Torr
Working pressure 3—4mTorr
Substrate temperature 450~600°C

ELLE R

Powder weighing and mixing
<InGa,0,+MnO(0.006 mole %)

‘ Ball milling (24 hrs)

Pressing
(2" disc mald, 1.5ton pressure)

r Sintering-1300°C in air
{heating rate-1°C/min.
holding time-5 hrs)

Slow cooling

Fig. 1. Fabrication flow charl of ZnGa,0;Mn spult-
ering target.
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Fig. 2. XRD patterns of ZnGay0,;:Mn thin films(150%W,
Ar/0,=20/5) deposited en (a) ITO/glass suh-

strates and (b) S1 (100) wafers at various sub-
strate temperatures.
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Fig. 3. Variation of XRD patterns of annealed ZnGa,0Mn thin films(450°C, 150W, Ar/0,;~20/5) deposited on {a)

Si {100) wafers and () ITO/glass substrates.
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Fig. 4. Surface morphologies of énGdzO] Mn thin fllms
(450°C, 150W. Ar/0,=20/5) deposited on (a)
51 (100) wafer and (h) ITO/glass substrate.
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Fig. 5.

Cross sectional SEM images of the ZnGa,0,:
Mn thin films(450°C, 150W, Ar/0,=20/5) de-
posited on (a) S (100) wafer and {b) ITO/
glass substrate.
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Fig. 6. Ga/Zn ratio of ZnGa)y thin films(150W, Ar/
(0,=20/5) deposited on Si {100) wafers and
ITO/glass substrates.
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Fig. 7. PL spectra of Zn(Ga, 0, thin films deposited on

ITO/glass substrate with an annealing at
700°C for 3h.
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Fig. 9. CL. spectrum of ZnGa0 Mn thin films(450°C,
150W, Ar/0.=20/5), deposited on ITQ/Glass
substrate, with an annealing at 700°C for 3h.

aqeHE A

A& 4 ek Fig 102 AFE
0.5~3.0 kVE W5l )
9 A N3k F=EAL Ui AT Ao 3
VA 28E 2] e 545 VER I 3}, Fig, 112
e Us FAEEALS 23 Ao A AL | kY
2 usta, AFE 0.2~1.8 mAR W37 S
R FrE AdRe s Zrlslden AR o
¥ o] Fa1E AL ghaka 4 ol

120

100 -

[}] o]
] [=]
T T

Brightness(cd/m?)

-3
<
T

/

10 15 20 25 30 35
Current{mA)

201

0 . J
00 ©5

Fig. 10. Luminous intensily vs. applied voltage for
ZnGa,04Mn thin film.

60
50+
E t
E 40
° -
L
= //
2 3ol
C
E
=
& 20}
10 /

0 P SR 1y ) L 1 Loa L
00020406081012141618240
Current{mA)

Fig. 11. Luminous mlengity wvs. carrent density for
ZnGa,0,:Mn thin film.



ZnGa 0% ZnGa-0yMn B3 ehs of vladE
¥ EMeR Si(100) Ae)m e ITO/Fel71# -rl"ﬂ
ete] FEWN4el V)R HE EEseTh Al
=9} 7)Es] SR oelr] wlete] FaoE et
Hach gAEFoe Ak £ Wl 0
9o, dEAe] Fole] Al g GalZn 9 1]"3]
= gA2 g R v 2HgSE
o 23} §i(100)7)FellA] 43k QA7 7F [TO/HAH
7ol AR gaar] 2o #A JEsien, PL
2HERe] P YA=2217t 2 S8i(100) #HolH ¢
A 8 =4 JEdTh ZnGa.D, 9 430 nme] #H
wENaE ke ye g9 2dERE dYa,
ZnGa,0nMn 2Habed| A= 508 nmel 4] F gl 3 g
Zre ol S dage] B ek gk 509 nmdA
o4 FH Wy e 4 FALaS

9% e

I, i rto ofy |}m

n&rﬂ )

Ry

=

=
=

Zhate]

H @ 109795 @S B A g H] (A

ISRC-07-E-4025)9] &]3led AT zlguict, o]l 4}
=3k

REFERENCES

L. K. Ohno and T. Abe, “The Synthesis and Particle
Growth Mechanism of Bright Green Phosphor YAG:
Tb," J. Electrochem. Soc., 141(5), 1252-1254 (1994).

2. C. F. Yu, P. Lin, "Manganese-Activaicd Luminescence
in ZnGa,0,, J. Appl, Phys,, T9(9), 7191-7197 (1996).

3. C.'W W. Hoffmaadt and J. J. Brown, "Compound For-

of vz =5

10.

11.

13.

. L. E. Shea, R. K. Datta and I. J. Brown, Jr.,

. 1. I Hsieh, M. S. Feng, K. T. Juo and P Lin,

]
=

ofd=le] &3 625
mation and Mn™-activated Luminescence in the Bmary
Systems R,0- and RO-Ga,0., [ fnorg. Nuci Chem,
30, 63-79 {1968)

"Photolu-
Minescence of Mn*-activaled ZnGa,0,, J. Flectrochem.
Soc, 141(7}, 1950-1954 (1994).

T. K. Tran, W. Park, J. W. Tomm, B. X. Wagner, 5. M.
Jacobsen, C. 1. Summeis, P. N Yocom and § K
McClelland. “Photoluminescence ZnGa,O,: Mn powder
Phosphars,” J. Appl. Phys., T8(9), 5691-5695 (1995).

T. Minarmi, T. Maeno, Y. Kuroi and S. Takata, “High-
luminance Green-Emitting Thin-Film Electroluminescent
Devices using ZnGu,Op;Mn Phosphor,” Jpn. J. Appl.
Phys. 34, 684-687 (1995).

. C. F. Yu and P Lin. "Luminescent Characteristics of

ZnGa,0,:Mn Phosphor Thin Films Grown by Radin-
frequency Magnetran Sputtering, Jpn. J. Appl. Phys..
35, 5726-5729 (1996},

T. Omata. N. Ueda, K. Ueda and H. Kawazoe, "New
Ultraviolet-transporl Elcctroconductive Oxide, ZnGa,0,
Spinel,” Appl. Phys Leti. 649), 1077-1078 (1994).
“Growth of
ZnGa 0. Phosphor by Radio Frequency Magnetron Sputl-
ering, . Flecirochem. Soc, 141(6), 1617-1621 (1994).
1.8 Yoo, B. S. Jeon, 8 W. Kang and T D. Lee,
“Optical Characteristics of Phosphor Screen m Field
Emission Environments, 9th Infernational Vacuum Mi-
croclectronics Conference, 562-565 (1996).

R. M. Bhargava and K. Gallagher, X. Hong and A. Nar-
mikko, “Optical Properties of Manganese-doped Nano-
crystals of ZnS,” Physical Review Letters, 72(3), 416-
419 (1994),

. R. J. Hill, Physical Vapor Deposition, Appendix C, Air-

co, Inc., California, 1976.

I. 1. Hsieh, € 'T. Chn, C. F. Yu and M. 8. Fong, "Ca-
thodaluminescence Characteristics of ZnGa0, Phosphor
grown by Radio Frequency Muagnetron Sputtering, J.
Appl Phys. T6(6), 3735-3730 (1994).

A 35 | A6 5 (1998)



