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Nanoprocessing on Silicon (100) Surface by Using SPM and the Study of the Structural Change

A
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M. Takagi’, A.Matsumuro’

AmAEZTT
and H. Iwata'™

The fabricating methods of nanoscale shapes on Si (100) surface by using atomic force microscope (AFM) and scanning tunneling
microscope (STM) were investigated. As a result, nanoscale grooves and faces were fabricated by the scratching methods using AFM.
The scratching loads had a major influence on these shapes. Nanoscale pits, grooves and faces were fabricated by STM as a result of
controlling the sample bias voltage and the tip curvature radius of tungsten probes. Cross-sectional TEM observations of the nanoscale
grooves and faces fabricated by AFM and STM were carried out to study the microstructural changes of Si single crystals. As a result of
the TEM observations, it was found that many dislocations and an amorphous phase appeared in the surface of the grooves and faces
fabricated by AFM. On the other hand, the single crystalline structure without a dislocation was preserved in the surface of the grooves
and faces fabricated by STM. Based on these results, it is considered that the fabricating mechanisms of AFM and STM are a mechanical

processing and an electric field evaporation, respectively.
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T, P EOEEREEEOTERICIERT 5 Z LB T
J A—VINLTEA & LT, mE BRI A 5 EAR
71— 7485 (Scanning Probe Microscope; SPM) % fiV /-7
J A= VITIRER SNTWS. 205 L, BRTEIC X Y&
WEn- W S Z2 AW ELER b o xOVEE%$E(Scanning
Tunneling Microscope; STMIZ & AN TIE, —RFHEIEETTH %R
WROMBBHIN T, B—R I ) Fa—T7 2SN RAVTEH-
F ) A= VOIMLEITY 2 & ETHREER Z L6, fEDTH
M CIEE#2 T ) 27—V OMIFEE LTHFSN, £
 DRFFEHER 2 EN TS P9,

F7-, R4 SE(Atomic Force Microscope; AFM) Z U
FEINTi, <A 27u b4 R V—0 RN LDOMELEDT,
¥ OHEN SN TS IO,

LAL, Zhbo STM = AFM % fV - SPM AT\ T
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AT =R BTp ERIZAREC 720 TN L0
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2.1 mnIsHE

AWFFETIE, pBo Si (100) BfESE T T % 1 mmX2 mm &
FEORKE SIZEWTL, T LR L.

2.2 AFMIDT

AWFFETIX, AFM (OLYMPUS #H8L ; NV2000) (iR & A
YE FERSE (NTT 777 #H) 22858 Lo b D2 L -
AFM L CIE, et LB Bl Lan3 b, BeteEEIED
avF s ME—REERAL, BNTEOENTO 2 FBEOM L%
Totz. ™, FEBRIRE, KKRFTIT-o7=.

AFM IZ X AN T oMK 2R 1 1R #HINT T, 17
A v AR EE ST L. INT 4R, AEZHEEE 10 um,
EAHE 10 um/s & L, BIHEEHE 100~200 uN &2 b7z

AFM IZ X 2TEMTOEMERK 2 E 2 (3. minLiE, #Hétx
EESEDTREAMELZTS L TRETZ LICk V7o T
S, BIBEHIE 200 uN, EZHFE 10 umx10 um, EEEE
10 pm/s, EET A 85256 T >, HuRLUIEZEKSE & Lz,
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Fig.1 Schematic diagram of nano groove fabrication by using AFM
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Fig.2 Schematic diagram of nano face fabrication by using AFM
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explorer) {2 STM A3 %7 (Thermo Microscope -84 ; No.5370—
00) 435 L= b D& Lz, STM I TICHAVWZiReHE, ©03
mm O W (=5 2648 % 1 mol/ml © NaOH /KR TE
fRAFFES U C/ERL U7 W BB H A5/ L7z, STMNLTIE, Z#ho
VYR FICHMT 2EEE 7 +— Ky 7 L, BRet—3 0k
HEfEZ —EIC OB —EET— FEERL, /L, EnIED
EINTD 3 FEOMILEITo7-. i, FRITER, K&H 7o
7.

STM 12 & B /R INTOMIEK 2R 3 (2R, ST Tk, BRet
BN 7 7 u—F LIDREECIRE A R W5 2 & e <3}
NA T RABEERESETNT Uz, ITEMT, b rVER
1nA, INTHERG60s & L, BB SA T AEEE 3~10V &S
w7z,

STM I X AT TOMMER AR 4 \oRd. WML T, BRet
BRICTS A > E2FEET D L ICEESETNTL L. T4
1%, broRVER 1 nA, EAIEEE 10 um, EAEEE 10 pms, E
HEHR0EE L, BB TRAEEE 3~10V BRI

STM 12 & AEIN OIS 2R 5 \oRd. minTiE, BRét%
EESELTREMESZT L L THETZ I2 X ViTok. L
ST, BBANA T ABEI0V, b R/VER 1 nA, £
10 pmx10 pm, EFDEEE 10 um/s, EBET A 300 71>, #&
EUEE S EE Lz,

W probe w—s ].
Si single crystal T

N

nano pit —

Fig.3 Schematic diagram of nano pit fabrication by using STM
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Si single crystal
o
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Fig.4 Schematic diagram of nano groove fabrication by using STM

Woprobe —» ].

Si single crystal

Nk
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Fig.5 Schematic diagram of nano face fabrication by using STM
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STM JILd AN ARM IITIC X ¥ Si BEREHEIZAE U7
D B WNIINTHEIC OV T, IS S SR L 2T~ 5720
2, Wi & 2 m B B 8% (Transmission Electron Microscope;
TEM)(UEOL #! ; JEM2010) C/1£2 L7=. TEM BZRZEOMERIC
X, EHA 4 B —sdEE (Focused Ton Beam; FIB)(SIH # ;
SMI2050) Zff Liz.
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3.1 AFMIDT
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AFM % iV CIEN L 21T o 72 B Lo M TER O D A—A
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EWEICK L ONTIERE SIEEN i 42, 85, 99nm, IR
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U BMEESND. 2, FA4VEY RBEHCo[REEM
T U7-BRT, Si BSOS IEEAE L (R LI-b D EEZXbRD.

AFM IZ X 2IEINTAS, Si Bk OBEE I KIT T 8T H
BINNTT B DI TIEOWTE %2 TEM TBIZ L. B T1%, 3l
FREHE 100 N THIT L7 TIEME O TEM B Th 5. T
R ZIIK 500m TH 5. MIIFE T OEREEHHTHZE < DEsfL
DFENBESND. ZOEAOFAEN, SiBRESRLSEER L
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BRI TELT 7 AME L bBESND.
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Fig.6 AFM image and the A-A" depth profile of nano grooves fabricated by

line-scratching under different loading forces

St single crystal

dislocation

Fig.7 Cross-sectional TEM image of a nano groove fabricated by line-scratching

under a loading force of 100pN
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Fig.8 AFM image and the A-A’ depth profile of a nano face fabricated by
scanning-scratching under a loading force of 200pN
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Fig.9 Cross-sectional TEM image of a nano face fabricated by scanning-
scratching under a loading force of 200pN
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STM % FAWTEEI A 7T AEER 3 VEO5 V T/UNLER
HI N THORE RN A—AEED STM &% FhZ21E 10 (2)
B () IR, RBAS T REE3 V OERNIIETET,
B AL T REE 5V TET ) A=A OREFLTDZ L0
TEDL. ZOZ LD, BEAATREEZV &5V ORIZIUM
TAZRT 2 BMENTFET 5.

T IIEREAA T ABE L ML AROBES R OEROBEFRER L
TW5, #BASA TAEEN3, 5, 10 VO L IIMTAESIEZE
NFNO, 6, 16nm TH Y, MTREBEEENZEN 0, 725, 1430 nm
Thd.
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Fig.10 STM images and the A-A’ depth profiles of a nano pit fabricated by STM
at sample bias voltage of (a) 3 Vand (b) 5V
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Fig.11 Variation of depth and diameter of a nano pit as a function of sample bias
voltage
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STM Z AW CIIN T 21T o /=& D STM &2 E 12 1277
NI BB 7 REE3, 5, 10 VTMLLED
DTHD. MLEOHESIIZTNEN4, 5, 6 nm T, MLIEDIE
IEENTH 660, 680, 830 nm THY, FOBEIZBWTHT/
AT —NVOMTIEETEHRT D ENTES.

STMINTIZH1T 5 WSO ek OB LR LT 57
DI, e REEO R D W FHEHWT, RN TRE
FE10V TEM L 21TV, MITEOWmE %2 TEM B L. T
FAV= St SRR 300 nm D W RS K UM SR4EE 800 nm
D WHED SEM #, EOZh b0 W & FAV-C/ERL LN
THEOWIE D TEM B2 Zn2hnE 13 (a) BV (b) [TR7. 5
SRR O/ S W AREHCIEEL U7 DR S 1349 40 nm,
SES RO R E VW W BREHCRRL L7 IER 1349 10 nm
Th 5. Feimh RO/ IV W BEHE AV STM T TR E
REMIATE D2 &5, STM NI W SO S R
EH LTI TN EEZOND. £, MTEORERHL
IZiE, BT BN T 7 AMOREITBE SN TRV,

A Distance A

Fig.12 STM image and the A-A’ depth profile of nano grooves fabricated by
STM at different sample bias voltages
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Fig.13 SEM images of W probes with curvature radius of (a) about 300 nm and
(b) about 800 nm, and cross-sectional TEM images of nano grooves
fabricated by each probes
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STM % FiVNCRRb A 7 AEE 10V CEM T 21T o 72 R\ D
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KEBsy % 5D HMIEOZOMERE, K 13 128 LI TIEOR
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B 15 (b) RO (0) 1%, MITEmo—H%EfzEcgligE Lz TEM
BThs. F05H, MTEOROHEE (K16 (a) @A)
D TEM #%K 15 (b) 12, MTEDOLZWVIEE (X 15 (a) ® B
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ZOEY (CH) OETEFORE, SiOLREEHTHDZ LM%
5. STM MOV, Si EEREROR ST
DHERBIRDOBRUIENT W RS AR LT, HA R LA BRZs
LTWB EEZ B, ZOWET Si BRSBTS Rb
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3a NTANORELRD D EBIEEIND. FOES (D ER)
DOEFEHFOFREER, Si BERTHDEZ L B0, ZOREND,
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IRETT 256100, Si BfERSEEE eI+ L2,
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Fig.14 STM image and the A-A’ depth profile of a nano face fabricated by STM

(a)

(c)

Fig.15 Cross-sectional TEM images and diffraction patterns of a nano face
fabricated by STM
(a) cross-sectional TEM image of a nano face
(b) cross-sectional TEM image and diffraction pattern of region A
(c) cross-sectional TEM image and diffraction pattern of region B
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2 (113, 15). §t» T, SIM L= ta<wA 7L
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BRAFEEFESTMTTHNE, B —RBHRHOBERIZLY,
SiJEFHA AL L, Bl LTS, o T, EBRHER
BTN LOBENE, FREHIESEE AR Z 2. MIEo
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BIROBMLIEIC W HREHOS AL L, T 2Rz T 518k
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T5LETRENZRbOTIIRVWEELZLNS. K15 (o) ITFT
INTEOMESD TEM Bk O OB FEIFTORERE, MIEOK
55 E D B BEFC STM T3 Thh iz 2\ To b 0T
bD. ZOFETIE, S| EERIMESEEAEREI X, MIEL
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ENAFAE T DAERBIEDBM LI W S L, Fh 2R
WZhRET2 (K17 (1)). 20k, WERE—Si BiERBOERIC
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Fig.16 Schematic illustration of nanoscale scratching process by using AFM

Fig.17 Schematic illustration of nanoscale field evaporation process by using
STM
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