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Desorption of hydrogen on the flat Si(111) surface studied by optical
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The hydrogen adsorption and desorption from a single crystal Si (111) surface have been studied
actively with interest for a long time, since hydrogen desorption is the central rule of CVD growth of Si
devices. However, some unanswered problems about the desorption order are still remaining, especially
at low hydrogen coverage. In literature, isothermal hydrogen desorption was investigated from a H-Si
(111)1x1 surface prepared by using chemical etching method. They used sum frequency generation
(SFG) to detect the hydrogen coverage. That study showed that the hydrogen desorbed homogeneously
but could not decide the desorption order at the hydrogen coverage around 0.2 ML, because at coverage
lower than 0.2 ML the resonant SFG signal was indistinguishable from non-resonant background.
Referring to this work, I intend to analyze the order of desorption from a flat Si (111) surfaces at high and
low hydrogen coverage by using optical SFG and SHG spectroscopies.

In this study, | have investigated the hydrogen desorption mechanism from a flat H-Si (111)1x1
surface at 711 K by using both SFG and SHG spectroscopies. | have used SFG spectroscopy for
investigating the hydrogen desorption at higher hydrogen coverage, and the SHG for lower hydrogen
coverage on the hydrogenated Si (111) surfaces.

The H- Si (111)1x1 surface was prepared in a UHV chamber by dosing hydrogen molecules with
~3.5 Torr on the Si (111)7x7 surface at 600 °C. The SFG signal was obtained as a function of the IR
light wavenumber. SFG spectra of each experiment were taken from 2060 cm *to 2110 cm* with a
scanning step of 1 cm . Each measurement was conducted in the polarization combinations as ppp
(SFG in p-polarization, visible in p-polarization and IR light in p-polarization). Before heating, the
sharp peak at 2083.7 cm ' is attributed to the stretching vibration of monohydride on the Si surface.
After heating for each 10 s at 711 K, the sample was cooled down to RT, and the SFG spectrum was taken.

This procedure was repeated for 20 s, 30 s, 40 s... and up to 230 s and the series of SFG spectra as a




function of heating time were taken. From these resonant SFG spectra, the coverage of hydrogen was
calculated. The calculated hydrogen coverage decreased from 1 ML to ~0.18 ML in ~230 s and was best
fitted to the second order desorption.

As the other investigation, | have applied SHG spectroscopy for the hydrogen desorption order at
low hydrogen coverage below ~0.18 ML. When the SFG signal became comparable to the background
due to the lower hydrogen coverage, | switched to SHG measurement and detected the Si dangling bonds.
The fundamental light wavelength 1064 nm with power of 380 wuJ/pulse was used as the excitation light.
In this experiment, | used the polarization configurations P;, Po. The sample was heated for each 50 s
at 711 K and then cooled down to RT, and the SHG signal was taken. This procedure was repeated for
230 s, 280 s, 330 s, 380...up to 3880 s. Then I heated the sample in different interval of times and
measured SHG signal up to 18330 s. The heating time dependent SHG intensity curve showed that the
intensity initially increased rapidly as a function of heating time and then gradually saturated when the
number of dangling bonds were saturated. The initial coverage of SHG measurement was 0.18 ML. The
hydrogen coverages during the isothermal desorption was tried to be analyzed to the first (1%,
intermediate (1.5™) and second (2"%) order theoretical curves. The reduction of hydrogen coverage
showed that the first order was the best fitted.

In addition, investigation of the hydrogen desorption from the H-Si (111)1x1 surface has been done
at various high surface temperatures. The heating temperatures were of ~711, 730, 750 and 770 K. By
SFG, | detected Si-H vibration and investigated hydrogen desorption at the high hydrogen coverage from
1 ML to 0.44 ML since SFG signal was close to background at low hydrogen coverage. After SFG
measurement | switched to SHG measurement and detected Si dangling bonds and monitored the
hydrogen coverage when it was lower than—~0.44 ML. This investigation showed that the hydrogen
desorption was assigned as second order in the coverage range 1 ML to 0.44 ML for all of the heating
temperatures. The low coverage hydrogen desorption was assigned as first order in the range below
0.44 ML to 0.0 ML for all heating temperatures. Combining the SFG and SHG analyses, the desorption
order and also desorption activation energy were clarified on the whole hydrogen coverage from 1 ML to
0 ML. From the series of SFG and SHG spectra observed at several high temperatures, | have calculated
the desorption activation energy for high and low coverage of hydrogen. For second order desorption, the
activation energy was 1.96 + 0.49 eV and for first order desorption the activation energy was 1.41 + 0.35

eV. The value of activation energy was low for lower coverages and high for higher coverage.
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AFSCTIE, B EEZE I B TORFIE I 58 42 (SFG) 43 & 688 — il 38 4 (SHG) /70t % e
JTITHIZLDTEDRH VAT LERRE LI, LT, ENEHW KRS TREICLY HE
L 72 H-Si(111)1x1 @@ » S DO KFEORBiEEZ . 700K AT OREHEE IR W T, 1 HEFENELIC
KFETEDIVIRIED HAKENT X CBBET 2 £ TOR, #gAc I m e < B L ., Bilkic &
572 BEDO B A EST D Z LN TE T2, 2 2 THELN R RO—EBITSEITHIE DS B A EIE
T2bDThote, £lo, ZOMBEHGIZE b DTEM L= RV X —Z2RET LT LN TET,

HHEIK ST EDOKRFEOWMAEIL, FEREEDFHEO L TIHFICHELRFETH L, WEITIE
Z < DR ZORIZONTRINTEY fHFRPEHELTHLIN . ZNOOMICHFELH Y,
ELRDFENVLEEN TV, Z2 T, AT, TTHREEZEMOTORE 282 T 5,
SEFNJE I A (SFG) 3 i & 658 i 3 A (SHG) i i DL A G b v AT A& kG RE L
72o SFG 73 Y6k ClE Si(U1L)E i L D/KFE D Si-H IRENZ M T | KB &R HEE
DOWRENTE D, —J7, SHG 5 iETIH SIA) ETAZERBEEL7-H LD SioF 7Y v 7R
v RERRITE | KBEPWEE DRI ORTENTE D, 2 DD HIETKIRWEE 2T~
TOWBETFEDRNEL I IZHE LTZ, £72 SHG HIEOHIERK 2T ICEL L, Jefrifse
F 0 HREDKEZ LT 72, Si(111) LD KFE DA 1T Si(111)7X7 ifi % 53 TR OKFEIZIREE ST 5 Z
LIZE VT,

FERFER LV . H-Si(111)1x1 K6 OKFZOBEEHL, 06 =150 =04 £TIEL. 2ROM
BECHY, 0=022050=0FTIX1ROPEETH D Z ER¥bhroTz, 0=0.2 LT OBLEED KEL
N1 ThHDHI EIL, Reider HIT X DEATHEE TRO LNTZRELE ZEETHHDTHD, &H
NS OPEEDEEDIFEHEL =RV X —% T L= A7 ay MZE W RDIZEZ A, 2RO P
DOIEMAL TRV F —1 196049V TH YV . 1 ROBEEDTEME LT R /LF—% 1.4140.35eV T
Dz ENbhoTz,

T OERER LY H-Si(111)% D 700K 231 HKFE OB T 57 LA %
L7z, 6=04LLEICETD 2ROBEEICOWTIE, Fifl BARFEOIBHEIC LD KESFE L
TORBEE LL<FET D, 0=02LLFD 1 ROBBEIZ DN T, OFHINEFSi 2 & $ 7295 Si-H
D2Hb 5 H OBLEED b 2 12V3 X VBHEER R S IUEEAHIR S NS EF L, QF A N1 K
FA R, bTANA KT RS TWTEIDOKBLSFNFEEST 5TV, B)KIMGIZEW
THANA RTA RBER I THEET 257V, 3 OB BEINT,

LIk RGBT D 2 b OREIT, BT OIERIE L 2BMETIE & ik oBRE AT To
FEHER 22 L & UL E 7o BB b AR R B 7 & O BB G O BRAE L G HIC B H#RT 5 &
ZANKEV, LoTHE(-T U T YA = 2D E LTHOMEESH S H D LR T,



