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ABSTRACT. The metal impurities in specific regions at near surface of silicon wafer were determined by
constant depth etching. It is possible 1o etch uniformly over the entire wafer surface by 1 pm depth with 5 mL
of etching solution made up of HF and HNO,; mixed by 1:3 volume ratio. The microwave oven was used to
evaporate the solution after etching. After spiking. The recoveries of Cu, Ni, Zn, Cr, Mg and K were found
0 be 99~103% for the microwave oven evaporation, In case of Cu-contaminated epitaxial silicon wafers, con-
centration of Cu was determined by ICP-MS using the etching method as a sample pretreatment method. Most
of Cu atoms were detected in polysilicon region and could be quantified by 1pm depth.
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Fig. 1. Schematic diagram of PFA plate and its cover for
ctching.
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Table |. Operaung conditions for the ICP-MS used (0 deter-

minc teace elements in silicon wafer®

RF power 1000 W
RF frequency 40.68 MHz
Nebulizer type Micro concentric nchulizer
Plasmia gas flow rate 15 L/min
Auxilary gas flow 1.2 L/min
Nebulizer gas flow rate 0.96 L/min
Sample wptake rate 94 pLfmin
Sampler and skimmer cones Pt
Quadrupole chamber operating ~1x107 torr
pressure
Quadsupole scan mode Peak hopping
Ion lens voltage Dynamic
Dwell ume/mass 50 ms
Number of sweeps 30
Number of replicale 10
Integration time/mass 1500 ms
Detector ETP(AF210))

*Perkin Elmer mode] Elan 6000 was used

(Norwalk, CT. USA)2) 2% Elan 6000 AR&-3lid).
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Fig. 3. The result of clching‘depth of 200 mm silicon water
for () the ratio of HF and HNO, vs. ciching depth, 5 mL of
etching sojution volume and 20 minutes etching time are
applied. (b) etching time vs. ctching depth, 5 mL of etching
solution volume and the ratio of HF/HNQ: is 1/3 are applicd.
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Fig. 4. FT-IR map of the etching depth of 200 mm cpitaxial
silicon water averaged out 1.0 um: the mixing ratio of HF
and HNO: is 1:3, the volume of etching solution is 5mL,
and 20 minutes ctching time is applied. ( {_] etching depth
<0.5um, 0.5 pmsSerching depth=<0.8 pm, §0.8 pm<
elching depth<].5 pm),
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Tabie 2. Operating conditions for the microwave oven (o evap-
orate the ctching solutions

Step | 2 3 4
Power (W) 450 600 400 Vent
Time {min) 0 50 2 2
Tnlet N: (psi) 5
Pumping rate (I./min) 3R
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Fig. 5. The recoverics of the spikes added to the samples for
the etching miethods : ‘The spiked concentration of each ele-
ment 15 (.4 pg/L.(for n=4).
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Fig. 6. Analytical results of the blank solutions resulted from
the etching method.
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L] 1
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|

Evaporation of 8M HNO, solution from the PFA
bottles using microwave oven

] T

L Rinse with amounts of deionized water

Drying of moisture adhered to the bottles surface in
the microwave oven

Fig. 7. The cleaning method of evaporation bottles.
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Fig. 8. The result of Fe concentration for cach cleaning steps
depicted in Fig. 6.(A: 1->3 step, B: 1->2{1time)->3, C: 1->2
(2 tmes)->3, D: 1-52,
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Fig. 9. Analytical results of Cu using the etching method ()
non-contaminated epitaxial silicon wafer. (b) 110" atoms/
cm?® contaminated epitaxial silicon wafer.

whegtel &Eaate] wiel spdals Alse 4ajn
d =
B Qo AR S olgstod vbed) 7]z 2

QL AlR)E fllo]3 Fe|, vnle)x 23 dRefja2]
T BFEL ICP-MS2 A3lelel. HF2E HNOS)
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Tahle 3. Detection limits for the determination of trace elements in the silicon wafer by ICP-MS uvsing the crching method®

Elements Cu Ni Zn

Mg Cr T Fe K

D.L(x10"atoms/cm’) a5 53 5.7

246 22 17.2 71 14.6

“Detection limil for each elements is 3¢ ol the blank signal.
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