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Study on Surface Roughness of Substrates under Different Cleaning
Techniques by Total Integrated Scatter
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Abstract Total integrated scatter (TIS) is used to measure the root mean square (RMS) roughness of the fused
quartz substrates cleaned by Kaufmann ion source and the K9 glass substrates cleaned by ultrasonic and End-hall ion
source, respectively, to study the influence of the above cleaning methods on the surface micro-roughness of
substrates. It is found that the RMS roughness of the K9 glass substrates cleaned by ultrasonic under different
conditions all increases due to the damnification of the substrate surfaces, while the surface RMS roughness of the
samples cleaned by End-hall ion source and Kaufmann ion source is significantly affected by the experiment
parameters, such as the beam current, the cleaning time, and the energy of the ion beam. The RMS roughness of the
samples can be decreased under appropriate experiment conditions.
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Table 1 Operating procedure of the first ultrasonic cleaning technique

) 1 2 3 4 5
Cleaning procedure - - - - - - -
ultrasonic cleaning rinse ultrasonic cleaning rinse unwatering
. . . de-ionized acetict+ hydrogen de-ionized .
Cleaning solution acetone . _ isopropanol
water peroxide (5 ¢ 1) water
Cleaning time /min 3 2 3 2 2
F2 OBAEEERLL 2 MEEL R
Table 2 Operating procedure of the second ultrasonic cleaning technique
o 1 2 3 4 5
Cleaning procedure - - - - - - -
ultrasonic cleaning rinse ultrasonic cleaning rinse unwatering
. . . de-ionized acetict hydrogen de-ionized .
Cleaning solution acetone . isopropanol
water peroxide (5 ¢ 1) water
Cleaning time /min 5 2 5 2 3
3 BAIEYRETE K BERS AL A i1 RMS fH s B FH A Kaufmann BT 3 % K9 3% 38 Fl 4 92 5 /- itk

Table 3 Surface RMS roughness of K9 substrates

before and after cleaned

Rrus first method second method

Before cleaned /nm 0. 66 0.66 0.70 0.78
After cleaned /nm 0.93 0.93 0.97 1.02
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Fig. 1 Surface profile schematic of K9 substrates
before and after cleaned
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Table 4 Cleaning conditions of the End-hall ion source

BEASFE A Y

Samples Yoltage of the (?urrent of the F:leanin.g
ion beam /V  ion beam /A time /min

A 300 2 5

B 300 p) 10

C 300 ) 20

D 300 ) 30

E 300 ) 10

F 250 2 10

G 200 ) 10

H 100 2 10
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Table 5 RMS roughness of the samples before and after cleaned by the End-hall ion source

Samples A B C

D E F G H

ARgys /nm 0.422 0.469 0. 381

0.029 0.376

—0.239 0.192 1. 407
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Fig. 2 RMS roughness of the K9 substrates before and

after cleaned by the End-hall ion source
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Table 6 Experiment conditions of the Kaufmann ion cleaning

Samples Energy of the  Current of the  Cleaning
ion beam /eV  ion beam /A time /min

A 200 0. 04 15

B 300 0. 04 15

C 400 0. 04 15

D 400 0. 04 15

E 200 0.03 15

F 200 0.05 15
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Fig. 3 RMS roughness of the fused quartz substrates before

and after cleaned by the Kaufmann ion source
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