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Fig. 1 Schematic diagram of a system for ultra-
high-vacuum thermal desorption spcctroscopy

VG: vacuum gauge; TMP: turbomolecular pump;
RP: rotary pump; QMS: quadrupole  mass
spectrometer; IG: ionization gauge. A: sample
transfer unit; B: sample stage; C: IR heating unit;
D: temperature controller; E: computer units
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Fig. 2 Schematic diagram of the heating unit
(samples, sample holder and thermocouples)
Cleaved wafer (typically 1cm?) was used as the
sample.
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Fig. 3 TDS spectra of mass fragments of 1, 2, 15,
18, 28, and 44 m/z obtained from samples (a) with
and (b) without implantation
(1X10"/em?)

hydrogen ion
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Fig. 4 SIMS in-depth profiles of H in Si obtained
from (a) as-implanted and (b) H, desorbed samples
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Fig. 5 TDS spectra of H; obtained from hydrogen
ion implanted samples with various implanted dos-
age, ranging from 10 to 10'®/cm® (a), non-
implanted; (b), 10'°/cm?; (c), 4X10'*/em?; (d),
10'%/cm?
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Fig. 6 Relationship between the amount of de-
sorbed H, and cleaved sample weight

The amount of desorbed H, was evaluated from
peak area between 250 and 520°C in TDS spectra.
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Fig. 7 Relationship between the amount of de-
sorbed H, and ion implanted dosage of hydrogen
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Fig. 8 TDS spectra of H, obtained from HF tre-
ated Si (00 1) surfaces

(a) experimental result and (b) theoretical calcula-
tion assuming first-order desorption
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Fig. 9 TDS spectra of 18 and 27 m/z obtained
from spin-on-glass films carried out a heat treatment
at 200°C for drying and densification
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RO P-OH #EER U7 aRTIZELZ®H H5h HO
IZEREL, B RO B 3 Si-OH A ICKERKES L
H,0 & P-O-C,H; HIZHERNT 5. v RO 7 BBk,
Si-O-CoHy A D 6o DIl &, BDOHELIZPED S
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Fig. 10 TDS spectra of H, obtained from thin
gate oxides with various thicknesses

(a) 20.4 nm; (b) 10.8 nm; (c) 4.8 nm; also shown is,
for reference; (d) re-measured spectrum of the oxide
sample with 4.8 nm thickness held in vacuum for 30
min after the first measurement.

™

Ther.mal oxide
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dT/di=60 deg/min
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Fig. 11 TDS spectra of HyO obtained from thin
gate oxides with various thicknesses

(a), 20.4 nm; (b), 10.8 nm; (c), 4.8 nm, also shown
is, for reference, (d) re-measured spectrum of the ox-
ide sample with 4.8 nm thickness held in vacuum for
30 min after the first measurement.
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Fig. 12 Relationship between the quantitative
amount of desorbed (a) Hy and (b) HyO from the
gate oxide and their thicknesses
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Quantitative desorption analysis of ultra large scale integration materials by
thermal desorption spectroscopy. Norio Hirasaita® and Taizou Uchivama™* (*Oki
Electric Industry Co., Ltd., VLSI R & D Center, 550-1, Higashiasakawa, Hachioji-shi,
Tokyo 193; **ESCO, 1-3-10, Nishikubo, Musashino-shi, Tokyo 180)

A quantitative method to evaluate desorbed gasses from ULSI materials has been in-
vestigated by thermal desorption spectrometry using a quadrupole mass spectrometer.
Thermal desorption studies for hydrogen ion implanted Si wafers exhibited good repro-
ducibility of measurements. The reproducibility of the Hy desorption peak area in the
thermal desorption spectra was found to be within 5% of relative standard deviation be-
tween measurements for the 5X10'* Hy/cm? sample. Also a good calibration curve was
established between the peak area and the amount of implanted hydrogen, ranging from
10" to 10'/cm®  The quantitative analysis of H desorption revealed that HF treated
Si(00 1) surfaces were almost perfectly terminated by hydrogen. It was also confirmed
from desorption analysis of ULSI materials that inorganic desorbed species can be quan-
titatively evaluated by using the calibration curve and by taking into account of frag-
mentation factor, ionization probability and transmission factor in mass spectrometry,
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and pumping speed for the desorbed gasses. The detection limit was approximately
1X10'3/cm?, even for Hy, and HyO. This work demonstrated a successful application of

thermal desorption spectroscopy to quantitative analysis of species in the range of
10"*~10'"/cm? from ULSI materials.
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