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Electrical Characteristics of Oxide Layer Due to
High Temperature Diffusion Process

Be ¥ - dt B ORET
(Nung-Pyo Hong - Jin-Woong Hong)

Abstract — The silicon wafer is stable status at room temperature, but it is weak at high temperatures which is
necessary for it to be fabricated into a power semiconductor device. During thermal diffusion processing, a high
temperature produces a variety thermal stress to the wafer, resulting in device failure mode which can cause unwanted
oxide charge or some defect. This disrupts the silicon crystal structure and permanently degrades the electrical and
physical characteristics of the wafer. In this paper, the electrical characteristics of a single oxide layer due to high
temperature diffusion process, wafer resistivity and thickness of polyback was researched. The oxide quality was
examined through capacitance-voltage characteristics, defect density and BMD(Bulk Micro Defect) density. It will
describe the capacitance-voltage characteristics of the single oxide layer by semiconductor process and device simulation.
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Fig. 1 Schematic diagram of sample.
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Table1 The information of wafer

No. Ingot growing method polyback
#1 Float Zone 15klk A]
#2 Float Zone 0 [A]
#3 Czochralski 0 [A]

A1 ARAH-AG B4 &34 #3226 o)A probe
station)& UERA Roz AR AT ek NE Tl
o8 AFY AL F F F oy P AFL I
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® 2 M2 3 EMAZE =AH
Table 2 The condition of diffusion temperature and time

No. Diffusion temperature Diffusion Time

#1 1300 [C] 48 [Hour]

#2 1325 [C] 32 [Hour]

#3 1350 (] 20 [Hour]
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Fig. 2 C-V characteristics of 15[k A] polyback FZ wafer
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Fig. 3 C-V characteristics of no polyback FZ wafer
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Fig. 4 C-V characteristics of no polyback CZ wafer
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Photo 2 Surface defect of 15[k A] polyback floatzone wafer
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Photo 3 Surface defect of no polyback floatzone wafer
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Photo 4 Surface defect of no polyback czochralski wafer
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Fig. 5 C-V characteristics of no polyback FZ wafer after
high temperature biasing stress
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Fig. 6 C-V characteristics of 15[k A] polyback FZ wafer
after high temperature biasing stress
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Table 3 Result of capacitance-voltage characteristics

vy
ol &F AV[V]] Nssl/cr]
e
130050 | -00477 | 24lel2
15[kAF]ZPBS 1325/30 | -00057 | 1.88el2
1350/20 | -00191 | 196el2
1300/50 | 00167 194e12
no PBS 1325/30 | -0.0225 | 175012
FZ 1350/20 | -00101 | 18212
o eBS 1300/50 | 0.0383 2.0912
1325/30 | -0014l | 17212
¢z 1350/20 | -00946 | 168el2
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Photo 5 Device characteristics of no polyback floatzone
wafer after 1325(°C] diffusion
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Photo 6 Device characteristics of 15[k A] polyback floatzone
wafer after 1325[°C] diffusion
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Photo 7 Device characteristics of no polyback floatzone
wafer after 1350(°C] diffusion
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Photo 8 Device characteristics of 15[k A] polyback floatzone
wafer after 1350[°C] diffusion
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Photo 9 Bulk micro defect result of no polyback floatzone
wafer after 1300['C] diffusion
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Photo 10 Bulk micro defect result of no polyback czochralski
wafer after 1300[C] diffusion
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Fig. 8 Warpage characteristics due to diffusion time in
1300[°C] diffusion
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Fig. 9 Warpage characteristics due to diffusion time in
1350[°C] diffusion
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