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ABSTRACT

The kinetic process of laser photochemical reaction of diazonaphthoquinon-cresol system was

studied by using laser spectrophotofluorimetry and laser induced fluorescence attenuation method.

The nonlinear relationship between photodecomposition rate of the sensitizer and laser power,

exposure time, and concentration of solutions was discussed in detail.

INTRODUCTION
Recent years, as rapid development of information science and technology, die study on light

information storing material has become an important field. An intense focused monochromatic

Ar+ laser light as the excitation source was used for exposure of the photoresist. The photoresist of

diazonaphthoquinone system is the key material for manufacture of the laser recording original

disc, micro electric devices, ultra large scale integration of high resolution and lithography. The

laser photochemical behavior of diazophthoquinon-cresol system under exposure of Ar+ laser was

discussed. The sensitive process was studied by laser fluorescence spectrum (1)> (2) and laser

induced fluorescence attenuationC3). The nonlinear relation between photodecomposition rate of

the system and laser power, concentration of solution was investigated in detail. The results have

not been reported before. Laser characteristic curve and photosensitivity of die sesitizer were

calculated. The research results of this paper have important guide meanings on exploitation and

application of diazonaphthoquinone photoresist and its sensitive system. It has laid a theoretical

foundation for further research of optical laser disc resist.

EXPERIMENTAL
The laser used was a single-line and continuous Ar+ laser (INNOVA 70) which provides laser

beam of wavelength 457.9nm. The identification signal was checked by using the grating

spectrograph (WDG500-1), photo multiplier counter (HAMAMATSU R943-02, STANFORD

SR400). UV/Vis spectra were recorded by HITACHI 260 spectrophotometer used to monitor the

photochemical changes of photoresist. The diazonaphthoquinone agent was ester obtained

by the condensation of 1,2-naphthoquinonediazide with novolac (hereinafter called

PAC) The concentration of samples were 0.809, 2.429, 8.089mg/ml , and solvent was

methylcellosolve.

241



RESULT AND DISCUSSION

1. Laser fluorescence spectra and UV/Vis absorption spectra
Fig. 1 was the laser fluorescence spectra of PAC before UV irradiation. Laser power was

30mw and no focal. The concentration of sample was 0.809mg/ml. The curve A was the laser

fluorescence spectra of PAC before laser irradiation. The curve B was the laser fluorescence

spectra of PAC after laser irradiation 25 min.. The curve C was the laser fluorescence spectra of

PAC after laser irradiation 50 min.. Fig.2 was the UV/Vis absorption spectra of PAC .

Fig.l. Laser fluorescence spectra of PAC. Fig.2. UV7Vis absorption spectra of PAC.

Fig.l showed that there were obvious double peaks in laser fluorescence spectra of PAC

(0.809mg/ml sample). The changes of peaks were dependent on the time of laser irradiation. As

increasing irradiation time, the height of peak fell obviously to definite irradiation time. The

results showed that laser photochemical reaction of diazonaphthoquinon-cresol system has

reached a regular stage. The corresponding prove by Fig.2 was got. In Fig.2 the curve A was the

UV/Vis absorption spectra of PAC before irradiation. The curve B and C were the UV/Vis

absorption spectra of PAC after laser irradiation 50 min. and 75 min.. It was clear that curve A was

different from B and C, but curve B was similar to C.

2. The kinetic process of laser photochemical reaction of PAC
The laser fluorescence spectrum of PAC gotten from Fig. 1 was no longer changed after 50min.

irradiation time. For study on the kinetic process of laser photochemical reaction of PAC, the

relationship between fluorescence intensity and Laser irradiation time at fixed scanning

wavelength (photo-multiplier-counter) was discussed. The indication of the grating spectrograph

was fixed in 604.2nm (i.e. fluorescence peak of PAC). The counting time of photo-counter was the

same as the time of laser irradiation. Therefore the change of fluorescence intensity recorded by

photo- counter was the same as by Laser irradiation time.
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(1) Influence of laser power on laser photochemical reaction of PAC

Fig.3 was fluorescence intensity vs. Laser irradiation time under different power. Laser

power was 7 mw and 30 mw. The sample concentration was 0.809 mg/ml. Fig.4 was UV/Vis

absorption spectra.
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Fig.3. Fluorescence intensity vs. Laser

irradiation time under different power

Fig.4. Change of absorption spectra

by UV irradiation under different power

Fig.3 showed that fluorescence intensity of PAC decayed as laser irradiation time under

definite laser power. And decaying rate of PAC speeded up as increasing laser power on curve A

and B. They were proved by Fig.4 offered the UV/Vis absorption spectra of PAC under laser

power irradiation. The curve A in Fig. 4 was the UV/Vis absorption spectrum of PAC before

irradiation. The curve B and C were the UV/Vis absorption spectra of PAC after laser irradiation

under 7mw and 30mw power. It was indicated that absorption density of PAC (300—450nm)

deceased as laser power increased.

A index equation by mathematical regression method to the above curves was got. The

photodecomposition rate of PAC under Laser irradiation was:

CurveA: If = c + a . e x p [ - x / b l ] bl =5.7595E-01

CurveB: If = c + a . e x p [ - x / b 2 ] b2 = 9.8926E-01

In this equation, If - fluorescence intensity.

X - irradiation time, s.

a , c - the coefficient corresponding to experiment condition,

b - the coefficient corresponding to laser power and concentration of

solutions .It was defined to the time that Fluorescence intensity induced to 1/e of the curve.

It was obtained the laser photochemical behavior of diazonaphthoquinon-cresol system was a

kind of nonlinear kinetic process and the increasing of photochemical rate can been got by

increaseing laser power.

(2) Influence of concentration on laser Photochemical reaction of PAC

Fig.5 was fluorescence intensity vs Laser irradiation time at different concentration. The

concentration of samples were 2 429,8.089 mg/ml Laser power was 30 raw Laser wavelength

was 457.9nm. The indication of the grating spectrograph was fixed in 604.2 nm
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Fig.5. Fluorescence intensity vs. Laser Irradiation time in different concentration

Fig. 5 showed that fluorescence intensity of PAC decayed as the concentration of samples

changed. And decaying rate i.e. photodecomposition rate of PAC speeded up as concentration of

samples decreased on curve C and D. They were proved by the absorption density of samples in

table 1 The absorption density of PAC decreased obviously as concentration of PAC samples

under the same power. It was indicated the photodecomposition rate of the sensitiser was

influenced by concentration of samples.

Tab 1 Change of absorption density
concentration (mg/ml)

no irradiation
8.089
2429

after laser irradiation
D(339nm)

0 734
0.496
0 339

in different concentration
D(39Snm)

0 512
0 364
0 213

The curve D was selected to modif> mathematical method The photodecomposition rate oi~

PAC under Laser irradiation was got

I f = c + a exp | - x / 1 8 7 9 2 ]

CONCLUSION
The kinetic process of laser photochemical reaction of dia/.onaphthoquinon-crcsol system

was studied by using laser spectrophotofluorimetry and laser induced fluorescence attenuation

method The nonlinear relationship between photodecomposition rate of the sensitizer and laser

power, exposure time and concentration of solutions was obtained, and the increasing of

photochemical rate can be realized by increasing laser power and reducing concentration

of solution
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