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The surface condition of single crystal Si prepared in an ultrahigh vacuum (UHV) has been
investigated after the surface processes with several analyzing devices. With a non-contact atomic force
microscopies (nc-AFM), a scanning auger microscopy (AES) and a measurement of surface wettability
we argued the Si surfaces from the view of physics and chemistry. Particularly, Si surfaces under the
process of fabricating devices were focused, aiming at the discussion of the standard way of the surface
cleaning and the evaluation method of the clean Si surfaces to advance fine semiconductor devices.

With the AES measurements, three types of surfaces prepared in UHV, which was the clean, the H-
terminated and the oxidized surfaces, were analyzed just after cleaning in UHV, after placed into nitrogen
gas atmosphere and after dropping pure water. At the same time the wettability of Si surfaces were argued
by measuring water contact angles (WCA) measurement. As a result, peaks of C and O were detected
after dropping water. From the intensity of them, the H-terminated surfaces were the most chemically
stable. Besides, the H-terminated surfaces were the most hydrophobic, but the clean and the oxidized
surfaces showed the super hydrohilicity, regarded as the density of silanol groups on surfaces. Then, we
tried to measure the WCAs on super hydrophilic surfaces by calculating the intervals of the interference
fringes appeared along the edge of water.

For the Si surfaces prepared the standard of preparing semiconductor surfaces were discussed by
chasing the surface condition and change under the device processing environment. Moreover, with the
originally improved nc-AFM which was controllable in the gas condition, the fine structural of the Si
surfaces after dropping water and the structural changes before and after irradiating atomic hydrogen (H)
were observed. H irradiation on Si surfaces were examined in high H, gas pressure, and after that in-situ
observations of the changes of a fine structure were challenged.

Si surfaces terminated with H or silanol groups were not contaminated, even though water were




dropped. On the other hands, it was revealed that the contamination and the oxidation intensively
proceeded because of an existence of active dangling bonds on clean surfaces. And, as to effects of the
atomic H irradiation, it was observed that the difference of the etching process and rate between Si (001)
and (111) surfaces. After the atomic H irradiation, it was observed that many etch pits were formed and
they became deeper and larger on Si (001) surfaces. On the other hand, there was no etch pits formation
on Si (111) surfaces, and surfaces became flatter by the atomic H irradiation. In addition, it was revealed
that the etching rate was changed by the H, gas condition and the temperature of Si substrate.

As for the report of the observation of the Si surface and the adsorption and reaction of atomic H,
almost all experiments had been carried out under the UHV until now.

However, | realized observation in environment near the surface treatment stage of the real
semiconductor manufacturing process by this study and was able to analyze nano scale observation of the
Si surface structure there and the process of the surface reaction. It is in this way thought that a clue to

apply a soft Si etching effect of H to semiconductor minute processing was provided.
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AWFIEIL, e S1 RERHFOR R, & MATEEZFIH LT AKEARESG AT A & St i O R
PERFR, T/ AT —VZEELDOH D Si T ADT aE AOHRESEICERT 52 &
ZHEE LT,

FT. K& ORIGE NS 2 72012 St SR A E OO 2 JE Lz, 3k LT,
Si(11DmE & S0V mE D [EE, KE (H) i, WodfabRim O 6 MEOERE L, &
—V=E K (AES) @O UHV F v o N— TR L7, %, KRICE S 71 UHV
~AES 5B ICEAE Lo SRR N CRUK AR T L CEMAEZRY . 2 ORi% T AES 5 & 17
ST, HEB X ORI R ITEE AN (<10°) Thoto, —FH. H KERREITOPBUKE
Toh-oTlohy, HF RIRIZ K 5 H &t O#flf (K 80°) L V/hEhovz, AES s H#&
R PR D NEETH TN, KEHWTFTHZLT C & O Bl En, REBEHHHIIC
OH ETHiicsind Z &, BEO, MukHORE C NREICHMT 5 L HLE SN, SiREOD
IKOBERA BRI 72 OH FEOBEEIKF L, KM FERICERTOX 7 ) 7R K28 OH
IS d EREE L, KOKXRHEIENEN LY Z7OXEH T, OHEH7-V DK E DS HEE
R VX—~O%H2H M L7 (Si(001)F i £ T 0.034 eV, Si(111)T 0.059 eV), ZDfE%
N H KSR KT 20 T L7z & &2 5 &0 OH JE o K im % & 4 #6 & L (Si(001)-H T 1x1
WiED L 7 ) TR REED 50%, (111)T 80%) . Si(001)-2x1-H, Si(111)-7x7-H ¢ %1 AL
BT DR AR Uz,

IREROS AT A & LT, bR 7B B EE (nc-AFM) 2@ ICRE LI W 74 7 AV b &



IMEVL T He WA (5 Pa, 5-500 scem) ZHbfa L CIRHRAK#E (H) Z234AESE, HF L LT
Si(001)-1x1-H, Si(111)-1x1-H FK#EIZHH L, nc-AFM T “Z 035" MIRAJICBIZE L7z, H R
FeOoDEmIZT Yy FEy BRI, RS HROxZ v F o 73N L 0K 4 FE0 -7,
KFBHAWEND /NI WIEE, £z St BERBERNEG VNI EZ T I REN-T, —F.
Si(111)-1x1-H £#ElZ= v F > bR I ed -7, UHV FCHRM L7 Si(11D)-7x7-H T
X H BHTT 7 2A0MMAHEML, RRERFCTAT v 7THICERDIER S L7,
Si(001)-1x1-H TIET7 7 A EOFIBRANE R & /oo Ty F o 7 pRiEde s, Si(11D) Tk Si
JRTIE 3ROy 7Ry REFEDH, 280 SI00DH EO Si L0 b=y F o FWHERE,

Ltk ERT AL I FETEIT/EUL L, T3 AL + FLfi &R T LV TR - Hl8E9
LEFEMITII DI T THA 5, 7 A ZEREIN & eim R B F 2 B IS O Tnd 2
EINEETH D,

Pk, Agasix, URV B2 PO Fofelc2lE L WA RERYZIER L, 731
2AHGET 10 ZTEWEREE OKFECIRIESMEAT ) CTo Si FKii D Bt % 12 dnfg 2 D 7o
SCENNCEIRT D L ZABKREN, Lo THL (w7 U T AV AU R) OEAGHLE LT
+o s 5 6 D LFRD T,



