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ABSTRACT. The analytical results obtained by microwave digestion and acid digestion methods for
sample pretreatment to determine metal impurities in silicon wafer by inductively coupled plasma-mass
spectrometry(ICP-MS) were compared. In order to decompose the silicon wafer, a mixed solution of HNQ, and
HF was added to the sample and the metal elements were determined after removing the silicon matrix by
evaporating silicon in the form of Si-F, The recovery percentages of Ni, Cr and Fe were found to be 95~106%
for both microwave digestion and acid digestion methods. The recovery percentage of Cu obtained by the acid
digestion method was higher than that obtained by the microwave digestion method. For Zn, however, the
microwave digestion method gave better result than the acid digestion method, Fe was added to a silicon wafer
using a spin coater. The concentration of Fe in this sample was determined by ICP-MS, and the same results
were obtained in the two pretreatment methods.
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Table 1. Operating conditions for the ICP-MS used to deter-
mine trace elements in silicon water*

RF power 1100 W

RF frequency 40.68 MHz
Nebulizer type MCN 6000
Plasma gas flow rate 15 L/min
Auxilary gas flow rate 1.2 L/min
Nebulizer gas flow rate 0.95 L/min
Sample uptake rate 94 g« L/min
Sampler cone Pt(1.1 mm)
Skimmer cone Pt(0.9 mm)
Quadrupole chamber operating pressure ~1 X107 torr
Quadrupole scan mode Peak hopping
Ion lens voltage Dynamic
‘Dwell time/mass 50 ms
Number of sweeps 30

Numnber of replicates 10

Integration time/mass 1500 ms
Detector ETP(AF2100)

*Perkin Elmer model Elan 6000 was used.
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Fig. 1. Assembly for the evaporation of sample solution in

the acid digestion and microwave digestion methods: The
material of sample bottle and protection cover is PFA.
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Table 2. Operating conditions for the microwave digestion sys-

tem to dissolve silicon wafer for the determination of trace
metad elements by [CP-MS*

Step
1 2 3 4 5
Power (W) 250 450 650 250 Vent
Time (min) 5 5 5 5 5

*0.3g sample was used. The volume of each acid used was
3mL, 2mL and 3 mL for HNQ:. H:O; and HF, respectively.
Digestion vessel used was HPS-100/110 (Milestone).
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Fig. 2. Effects of the volume ratio of HNO+ to HF used for
the acid digestion method on the decomposition time: 0.2 g
of silicon wafer was used.
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Fig. 3. Recoveries of the spikes added to the silicon wafer
sample for the acid digestion (AD) and microwave digestion
(MD) methods: The spiked concentration of each element is

1 ug/L.
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Table 3. Analytical results of the blank solutions resulted from
the acid digestion method and the microwave digestion method
to determine trace elements in silicon wafer by ICP-MS®

Element Acid digestion Microwave digestion
(mg/L) (gl
Cu 0.0330.04 0.0530.04
Ni 0.0330.05 0.13102
Zn 0.0120.02 0.1340.]
Cr 0.01320.01 0.0710.0%
Fe 0.2510.15 0.4410.21

*Errors indicated are standard deviations of 6 and 30 replicate
analyses using the acid digestion method and the microwave
digestion method, respectively.
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Fig. 4. Relationship between Fe concentrations obtained by
the microwave digestion method and the acid digestion
method in the silicon wafer bulk.
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Table 4. Detection limits for the determination of trace ele-
ments in the silicon wafer by 1CP-MS using the acid digestion
and microwave digestion method®

Element Acid digestion  Microwave digestion
{ng/g) (ng/g)

Cu 0.03 0.06

Ni 0.15 025

Zn 0.14 023

Cr 0.15 0.25

Fe 0.25 042

“Detection limit for each element is 3 of the blank signal.
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