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Development of high speed measurement technique for low temperature field by
utilization of phosphor thermometry in photo annealing process
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Excimer laser-assisted metal organic deposition is a promising method for
realization of low temperature deposition of functional oxide films at low temperature in
atmospheric conditions. In order to elucidate the mechanism of photo-assisted crystal growth during

irradiation of nano-second pulsed UV laser, which is the key for low temperature deposition, we
have developed a high-speed phosphor thermometry to monitor the low temperature field of oxide films
under irradiation of a nano-second pulsed UV laser in addition to a high-speed radiation
thermometry. We confirmed that the temperature fields drastically changed with the increase in the
number of pulses, which is important for understanding photo-assisted crystal growth. We also
confirmed that phosphor thermometry could be useful for temperature measurement in photo anneal
processing.



CVD

500

PET(

[Ref. 1]

[Ref. 2]

[Ref. 5]

3

RbVO,

[Ref. 3,4]

1
308 nm XeCl
(100)Si
mJ/cm?

[Ref. 6]
Sno,
Y,0;:Eu
InGaAs
130, 260
Y,0,:EU®*

Y,0,:EU®*



611 nm

500 492
[Ref. 6] 1200 K

- 3+
Y,0,:Eu
Si
laser fluence, substrate
e r—rrrrmpees] : 260 mJ/cm’, Si
2200 ey 450 3
— E 7
digital [ E =,
XeCl excimer holder oscilloscope é E g
laser j~ 2000F )z —{ 400 3
N - E
[ ] N ZER N N
N / 2 1800F ;?:::
attenuator converging - o E % 350 ©
lens S 2 3 — 55
— N 1600 E =1
slit 7 ( % E =
/ S = 3 300 7
S 1400 E ¢ 8
converging 1S FE max temp erature‘% =
mirror lens el ~ E <
© E —250 —
b InGaAs 1200 F ~ =
eam photo diode S E [e)
splitter = Re]
] module E ) K
Iﬂ[ 1000 Ersrprrrnmbrerrrmabserarabsaee RSk 200
10° 10’ 10° 10° 10
1: number of pulses, n
3: Si
Substrate
Sample .
Converging
XeCl excimer Spectroscope 1st 14th

laser (308 nm)

s g s s
= 2 = 2
2 2 2z -3
Attenuator LPF é % é %
= 1= a
5 — = ~
+*" Optics fiber =
Beam splitter
AN Converging 4th
. lenses
Mirror Mirror

Photodetector

Digital
oscilloscope

laser intensity, | (V)
() 1 "aunesadway
() L ‘aImesadwiay

s o s w0 10 a0
time, t (ns) time, t (ns)

3 260 mJ/cm?
Si XeCl 5

1800 K 4 260 mJ/cm?

10 260 mJ/cm?

Sno, (110) Si
500




maximum temperature, T (K)

E fluence, substrate
—0—260mJ/cm’, Si

—0—260mJ/cm”, quartz
—-130mJ/em’, Si
.| -O-130mJ/ecm”, quartz
E o 00 é
800g E
10° 10" 10° 10° 10*
number of pulses, n
Si
6 Y,0,:Eu*  XeCl
570 nm-640 nm
611 nm 6
[Ref. 7]
614 nm
615 nm
20 nm
6 611 nm
614 nm
7 2
Y,0,:EU®*
40, 80, 160 mJ/cm?
26 ns 10 ns
10 ps
[Ref. 6]
8 Si
950-1000 K

40 mJ/cm? 160 mJ/cm?
10 K
R LA R RN TN LR R
— 3
8000 ° E
Integration mode 3
(10Hz, 1s) 3
—— Long pass filter E
£ E
3 -
S E
z E
s 3
£ E
N P FEETE PR PR ST BTN
580 590 600 610 G20 630 G40
Wavelength, 4 [nm]
£rr I LU I TTrTT I TTTT I LU I LU I UL
6000 - |Integration mode 3
[ |(10Hz 1s) ]
[ |— Band pass filter ]
7 3
S 4000 - .
& - -
z F 3
[%2] - -
c - -
2 L ]
£ 2000 |~ -
U =
ool b b o b by gy
580 590 600 610 620 630 640
Wavelength, A [nm]
6: Y,0,:Eu®

1000 K

10,000

900-1000 K



1200 K

25x10°°

Glass

40 [mJ/cmz]
— 80 [mJ/em’]
—— 160 [mJ/cm’]

20

=)
©
<15
=
‘@
5
£ 10
S
8
& s
0
1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 y
0 20 40 60 80)(10»6
Time, t[s]
7: Y,045:Eu®
lOOO:"IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII":
990 - =
c F E
~ o ]
s 980 =
2 F ]
o o) 3
I = ]
£ o 7
F 970 F —O- Glass 3
E =0~ Single Si (100)| 1
F =0~ Quartz (SiO,) 3
960 |- =
:"IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII":
20 40 60 80 100 120 140 160 180
Laser fluence, F [mJ/cmz]
8: Y,0,:Eu®*
[1] T. Nakajima et al., Nat. Mater. 7
(2008) 735

[2] T. Nakajima, K. Shinoda, et al., Chem.
Soc. Rev. 43 (2014) 2027

[3] K. Shinoda et al., J. Appl. Phys. 100
(2006) 074903

[4] K. Shinoda et al., Appl. Phys. Lett.
90 (2007) 194103

[5] K. Shinoda et al., Appl. Phys. B 113
(2013) 479; Appl. Surf. Sci. 292 (2014)
1052; Jpn. J. Appl. Phys. 53 (2014) 05FB08
[6] S-W. Allison and G. T. Gillies, Rev.
Sci. Instrum. 68 (1997) 2615

[71 Y. Lin et al., J. Alloys Compd.361
(2003) 92

8
Nanosecond Temperature Measurement
for the Development of Low Temperature
Fabrication of Oxide Thin Films by
Pulsed UV Laser Irradiation

9th
International Conference on
Photo-Excited Processes and

Applications(ICPEPA-9) Matsue,Japan
2014/10/02

51

2014/11/13
Nanosecond Radiation Thermometry for
Excimer Laser Processing of Functional
Oxide Thin Films

6th
Tsukuba International Coating
Symposium 2014 Tsukuba 2014/12/05
Ultrafast radiation thermometry for
monitoring fabrication process of
oxide  thin  films in  excimer
laser-assisted metal organic
deposition

11th
International Conference on Ceramic
Materials and Components for Energy
and Environment Application Vancouver
2015/06/14

76

2015/09/13

Understanding of low temperature
fabrication process of oxide thin
films in excimer laser-assisted metal
organic deposition

40" International Conference
and Exposition on Advanced Ceramics
and Composites (ICCAC40), Hilton
Daytona Beach 2016/01/28
In Situ Temperature Measurement of
Crystallization Process of Tin Oxide
Films in ELAMOD Process at Nano Second
Time Scale

63

2016/03/21



53
2016/11/02

64
2017/3/15

http://staff.aist.go.jp/kentaro.shinoda
/

@
SHINODA, Kentaro

10442732



