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The Application of Thermoanalytical Methods to Photoetching Processes
Kiyokatsu Jinno

Many physical and chemical techniques are used in the fabrication processes of semiconductor
devices exemplified with large scale integration (LSI).

Photoetching processes are of growing importance in the drive toward more complex micro-
clectronics with smaller dimensions. The organic compounds contained photosensitive or radiosensitive
materials (photoresists or clectron beam and x-ray resists) are used in these processes as masking
materials, and it is necessary to know the thermal characteristics of them in order to yield the high
accuracy fabrication.

Meanwhile, the thermoanalytical methods are considered the best technique to know the thermal
characteristics of organic materials.

The purpose of this report is to describe the application of thermoanalytical methods to the
photoetching processes in the LSI fabrication. The investigations indicate that the thermoanalyrical
methods are very useful to select the resists materials and to establish the best treatment conditions
in photoetching processes.
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Table 1 Influence of Post-Baking on Negative Photoresists PBS, COP, Pt-BuMAT#H % ..
(OMR-83) Etch Rate and Initial Decomposition Fig.24c CF, & O, 5 A 441 2 e r-it}

Tem _ . .
perature DLy F o T EENEHA L, A

Posthaking Etch Rate of OMR-83 | Initial Decomposition A% &di f#L Y 2 by L o F v 7L,

Conditions Etch Rate of Poly-Si | Temprature, t/C B L IS 107 & Kk 15 B Bl7 (T atactic
R.T 1.00 145 , ; O

50, 20 min 082 PMMA T3, BARMND IR LT

100°C, 20 min 0.45 156 O, /CF, = 10T 108D T o F > 7 diiE &

150°C, 20 min 0.38 170 Tih o COVRIME AL K 4 PRI ¥ F

200°C, 20 min 0.09 200 : AR
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Be&o 772X~z F 71, CR,+0, /275 X% m,Verwxv%/ﬁﬁﬁipB&%DP«PMMA
BT 77 XA MUAOEFRY x5 v 74+ >Pt-BuMAOMEIC A %< 114,
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N PN _e—— 34 Table 2  Etch Rate of Various Electron Beam
Resists In Chemical Dry Etching System
c2
210° b .
& Electron Beam Etch Rate, v/nmmin™
= [ Resists 0,/CF,=03 | 0,/CF,=06
£ I PMMA
s | PBS 100 200
= COP 30 50
atactic PMMA 40 60
S Pt~ BuMA 6 15
10 F ] Table 3 Thermai Characteristics of Electron Beam
L Resists Obtained by DSC Measurements
Resist T Initial Decomosition
L 2 | Temperature, t/C
+ atactic PMMA 138 250~255
) , . syndiotactic PMMA | 130 300
0 0.5 1.0 isotactic PMMA 76 260
02/CFq COP 1490 210
. . . Pt- BuMA 130 340, 330
Fig. 2. Etch Rate v.s. O,/CF; Concentration Ratio PBS 98 148

in Chemical Dry Etching System.
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Fig. 3. DSC Thermograms of Syndiotactic PMMA (Heating Rate 20°C/min.}
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Fig. 4. Etch Rate of Electron Beam Resists by
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Table 4 Data Obtained by the Use of Kissinger’s Method
for Evaluation of Kinetic Parameters for the

a Thermal Reaction of Positive Photoresist
. Peak .2
Heating R_at_e! Temperature In [—(?/7"‘_)1 7.7 VK™
¢/K min P /K 'min
T./K
5 414 292X107°1 242x107°
10 421 2.38 564
b 20 435 2.30 10.56
30 447 224 2000

Table 4 sk RKick kvt E < A T799k]/mol &9
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Fig. 6. SEM Photographs of the Cross Section of a

4 m Wide Line (after a period of 20 minutes ~H:0

baking) CH, CH,

a. no baking. The magnification is different ~O—CH, v©: CH,—O- CH, r— CH, —O—
from the others, and no baking was done. OH L\OH
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