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Measurement of local carrier relaxation by combined AFM/STM

Inami, Eiichi

3,300,000

Based on combined scanning tunneling microscopy and atomic force microscopy,
we have developed time-resolved-scanning probe microscopy to measure the dynamics of local
electron/hole-relaxation. The principle of our method has been verified, using semiconductor surface
as the test sample. It was revealed that our system can detect the tip-sample electrostatic force
modulated by the local transient electron/hole. On the other hand, the experiment on the metal
surface revealed that the modulation is due to the electron/hole within the probe tip. That is, at
pre?ent, our system detects the relaxation of electron/hole within the probe tip, not the sample
surface.



XL C—19, F—-19—1,
1. WFZEBIA Y DY =

Ve, 7T 7 ) u P — OB A AR
PR, REIEORFRME  FrEMEICE SV T2 Ebk
RERE T NA ADOHBEREALTND, 2D
Ko ERIZIE, R T ) A — L CRE
Ltozf TN AL et - EETEBH L

W o TN KRELFHE LTS, —H,

7A42%¢%ﬁozﬁ(A%%E%@&)
DT, TN T A ADRA 2k 2
EAEINDICHEDLL T, R~ 7 vl F)
fbEn-&L L CoORERERTH D, T
A ARG DO 7p HHERITIL, T A= T
DOREXETEAM « B & 0T, 1Bk Li=T
INA ADEAWISE 2 OZE R - RER i RE
Z LU TR L. BRI 2 AR RO i & i
SHTHEICON T 2EINN AR TH D,
STM X° AFM (RSN b ER v —T7H
T8BE (SPM) 1, W& OIS 7ok - Wk & -
A=)V T 52N TES, DR
el b S e = rp B AN s 3 N b S
FRAERRREDISASE F THIGIChT
Do WEICHFERIL. APM 2588 L5 L
wﬁﬁﬁ%%%%b\:nmib\%mﬁt
B BERNERBEICHET D Z LITK
Ly Uiz, AREEEORSIL, S0V EF FRED) 23R
DT BN FLAA—EREEETE
B SERNG, ZRICRB LNV RAELEE
AEFA~EI R4 ICh D, HiEEIL, AU A
FLAEBEE S FLR—F WA LT,
T NA AN @& 72 JR T R AT O SR 2E A 1B
AIHEZR R4 % SPM(TR-SPM) 2 EE T& % &
EZ. REOEFERIZE ST,

2. WO HR

AWFFE Tl ARM/STM Z Xk LT, F/
A — MVEEICA C-E - - ERLOEERE
B, FREX &2 L TR \ﬁewﬁu/m“

% FiE (TR-SPM) WSt 5, BARRI 2R WFSE
I T Hich b,
(@D AFM & STM 3 A7 A% FZ TR-SPM & &

T LOEREEITV, BERAEEZTT ),
(Dﬁﬁbtmsm/XTA%Eﬁbf J)
P&, TT@‘fﬁ%D 1R & AT RE %ﬁnﬁjﬂé

3. ﬁ @ﬁ%

Z A TR-SPM DR A R, HEM
ﬁ/?vﬂ%%ﬁﬂ%ﬁﬁET%@éﬁé
T KD BREA RIS U o) e
FERR 720 b o R VBT (R v 7 ER) =T,

B 7

S @
N

\l HESHOER

AL

JLARE

BrRFRUF

X 1 TR-SPM & FFE

Z—19,

CK—19 (Jtm)

H T

X2 TR-SPM DT a7 XA¥YT T A

—F, BT VAN IREN & FEYEIC R E OB
%Hﬁtﬂwx@fw7m 7' Fd%ﬁﬂ
WZHIML ., BEE-FRmIcA Co5FrER T
WET S, HEXRITEENRE ﬁmﬁf
L TERSIND, o T, Yu—T7&ELED
PRIERFIE] 2 L, R T ER S —

FE % DO BB EDEFERIGEOND,

4. WFZEE R

(1) STM & AFM % JAi% & U 7= TR-SPM DS %
1To70, X 2 12, ARWBFFECTHEZE L 72 TR-SPM
O % 7~ ARLEE L, OAFM/STM (X 2 #&
W), @7 —7EEH IR (X2 BEREE) .
MO EN S, OITiE, KTHHFRoOBES
HZZ ARM/STM % o, EEME D T LN—
W21, Si LAA—% Pt-Ir THEBLI-H DX H
VN2, ARMEE TR B AT — R &8
L7z, —FHOx, "V AEEE N SE 51T
BRERAR TV T ) uno—H,
81180A) B LU v F L N—IEENC [ & &
TNV AELE T —THE T RAa—
F(TYLy hFy 2 ao—H DS0X30324)
MDD, 7SIV AEEOENRE « EAERER X
ER A=A NN I Ny

(2) AEEEAHNT, A 7 EROREREZ
AR L 7=, SEBRCx, BUBHZ Si(111D) - (7x7)
FHER N, o FL8—% 300kHz TR
B SwERn s, EREEERESRNOH N SH
7o 7V A (FRIE OV—1V, IKffEiE 25 7/ )
OIEFERE] (t) 2. > F Lo —RE)JE
(3.3 A7) ICPE-> TR &=, Zh
W2k, BEROX A 7 LR E

H{ENF=89 ns

RO TER (nA)

T T T T T
-150 -100 -50 0 50 100 150

Jo—JBEFEOEEREM (ns)
X3 K7 ERO RS



-50 F //0“‘] 025
s |

-56 | i, 4

-58 | "“-\,_ / 0.9V 015
o L \ J

-62 | \'\ W LoV <010
64 b »Jﬂ 1.9y

-8 wwn-{uu-wmwwj bl

-1.5 -1.0 -05 0o 05 10 1.5

(vu) W F Akt

B T (H)

EILRFA (us)

2wl =

£ - PR i

Q -55 0 ™™

%E o J.‘-”J' e i:ﬁs_ﬁf;ﬂ: <0

e SEIERER >0

B g5} = I Il

00 05 1.0 15

EILEFRS (ns)

X 4 Si(111)-(7x7)F=mE ECTHIE L7ZE KK
7 M bR IVEROIRIE R R E

R T D224 IIIn—% LA
(tF DI, b FIVERPTEAND, X 3
2. ABETE LN L 7B O IR IR
WA 2T, N T ERITEER I L
THY AR E 70D, HEEN S, AEE
TiE, BRRIEAS 89 F/ B R FEH &
FH-ERBNCHRE D Z RN E o Tz,
N T EMROEFEEIX., BT LoX—DiRE)
B, BX OV ZABEORMEAZFEL T
X, SoicELL nd LHRFTE B,

(3) ALEE T, JRFTHEM DRk & M E AT REA
BMEEL 72, 7 A2 FREBHICIT G & fe =

Si(M)-(IxDEEEFEH L7z, (2) &EFRERIC,

T F U= REEF TIREI S22 06,
ty &N F LN REEICE VRS L,
ZORE, N RVERRERIFZ, BT L
— R E WS 7 R (AD) BRIE L, Af I
RE-FEMOFBEBXNEKGFE L TERS L
b, Lo T, BEN 2 RPTEM 2 M T
UL, EIUFEA (£,=0) 1IZ%F L CHEXFRAR
HifR & LS b M CTE B, X412,
EEBRTEONT AL B EZ 7T, BN
t,<0 OFEI CTREI R E~ED %, t=0 I T
IXR AN RIS D (ZOR, Ko 7 ERN
WD), SHIT t,>0 AT, IR
MHIESND, XTI, Af(ty) #RAFE I
® LU CIHMFRRERTH D Z LB HERTE
5. ZOfERIT, RIEENFR BRI
HEXNOERZREL L TWDZ L ERT,

(4) 3) THEOLINTZIEXFRR Af (t,) BfRIL,
B EANR, B~ A 7oz kA TV 5D,
AFERIT, BEXNIEFHOR R (DF Y
A DFRFNFEM) B~ 7 ThrZ &
EEWT L, LrLRRL, ZoOHFEmi.
Si(111) OEFHEEEZETHERETE 5,
ZOFERIZIX, WIERIREA A, BB
< BEBHTEASNT- b DO ThH L ATHEMEN B
5, JFHELE, AEEEL, BB L ONER O X
FIZEASN - BEMEHFERIOERE L
THHT 5, 2F 0, et LITEBRE
DOWT DO ERON, FEFFMM DR H

-205‘“‘“"»..,‘% Mﬂw‘w‘tu:a
%

N - 1™
PON

a1k f 2.0v--t
i e

i
-15 -1.0 0.5 0.0 05 1.0 15

B3 21 He)
(wu) Bl

B HEAE RS (us)

Tl g s

8 =

& e BIERSRY <0

o e .

i s AL > 0

LT

00 05 10 15

& EERFF R (us)

¥ 5 Cu(lll)sm ECHE LBk 7
k& b RIVER O A R R L.

FEXRIFR72 AF () BIFR & LTSNS,
PLEDEBEERFET D72, LV EBEMED
WA EFE [Cu(11D) ] 2 %512 (3) & [AAE
DORIE#EITH-7T=, Cul1)FmiL, TOBES
BB COAF L AR B Y T e T=—])
VUM A L, SR Lo L TR L O3
TeRME AWM LTz, TORE, Cu(111) £il
ICBWT G, FERTFRZ Af () iR Sz
(K 558), ZOfERIT, D Rt ~E
AN SN B DRSS E TSI, TN
BRAOOERE LTHREHEINTZZ L E2RT,
PREF ECEMAHE SN EINE LT, B
HEHOMINEZ END, LI -> T,
AREFCOEMOEMZ R T 5121, HEto
EE L 2 S ET 0N ENH D, KERT
1. BEEHEEAL (A A ARy B ) DS
P2 BN ST, R okrE4R
BT=Dy, BLEEREC, RS20 T
B, 5%IE, ERERERLELTELYD
5 LT, BTEEE LG OB OERL
EPELTWD,

(5) F L L B RWYZETIX, STM/AFM % %
el L7z TR-SPM O L O o #h{EFR B
DOFEEIT - 7=, BIER 72 R FTE R 2 k4
HEBEBLRNOEREZ AT L L THRHTAZ &
W L=, —F . Cu(l1l) Z W= =8
O, FERKNOERIX. RE» S BEHIEA
SNTBWRICHKTIZERHLMNE 25
=, A%, RBEFREICEAS N BFERD
PR ORE AT T, O 7)) ok
MEZ A4 257UV ABIEOF A, @R
Wk o F L= A, OBEHEE(LIED
Bt (A A ARy H Y T iE LBl
EOOHH) . #TEL TS,

5. EARFEEHRE
(WFZERFEE . WFGE o8 B ORI SE 5|
=)

CGdERSam ) (B4 4F) & TEA
(1) E. Inami, M. Shimasaki, H. Yorimitsu, and T.



K. Yamada, Room temperature stable film
formation of m-conjugated organic molecules on
3d magnetic substrate, Scientific Reports, vol.8
(2018) pp.353:1-12, Open Access.

(2) E. Inami, Y. Sugimoto, T. Shinozaki, O. Gurlu,
and A. Yurtsever, Investigation of atomic species
in Pt-induced nanowires on Ge(001) surface by
combined atomic force and scanning tunneling
microscopy, Physical Review B, vol.96 (2017)
pp.155415:1-7.

(3) K. Panda, E. Inami, Y. Sugimoto, K. J.
Sankaran, and I-N. Lin, Straight Imaging and
Mechanism behind Grain Boundary Electron
Emission in Pt-doped Ultrananocrystalline
Diamond Films, Carbon, vol.111 (2017) pp.8-17.
(4) E. Inami and Y. Sugimoto, Combined atomic
force microscopy and voltage pulse technique to
accurately measure the electrostatic force,
Japanese Journal of Applied Physics, vol.55
(2016) pp.08NB05:1-8.

(rgER]) (B 28 1)

(O BRRFER 11+ 5 BIEFEFS 10 £4)
(1) BAFCE, AyuNPH, EREK, fERS—
fift R, P. Kruger, [LHEF1, STM/UPS IZ X%
A 2 IRoTHE G - FE-FIRRBARAT, 5 16 [A]
SPring-8 = — Y — 1 RI{KBAM T/ 4 BL B FAF
JiR, % 13 [l HARE R LRI E R
PSR, 2 RIBARER ST v —7
BRI RS ARV VAR YT A, BETK
%%,2018 4£ 3 A 26-27 H.

(2 “#HWRF, AR —, m|En,
STM/IAFM H—73F@l%% : dry 725 wet 7'
TR, B 65 IS SR R
2, FBREE K, 2018 45 3 A 17-20 H.

() WA B, FE—, LHEER, KSR
FIT L D B — AR T L AR A &
PR FYE, 5% 65 [N BR P R BT 2
s, FRGE K, 2018 45 3 H 17-20 H.
(4) RGO, RS —, R, P. Kruger,
IR, STM 843 6/IUPS 12 X 5 A1)+
2 RITT /) WEE DB HEIEART, 55 65 [BIGH
W RN S, PR E RS, 2018
3 H 1720 H.

(5) HIHSF, Pz, fAA—, KEEEI,
RE T UL DE T AT U EEHER
1%, 25 65 MG A B F BT AN, N
Y — L Y, 2018 4F 3 A 17-20 H.

(6) S. Ando, E. Inami, and T. K. Yamada,
STM/AFM  study of single organic/life
molecules: dry to wet, The Second Symposium
of Chiral Molecular Science and Technology in
Chiba University, Chiba, Japan, January 11-12",
2018.

(7) E._Inami, Fabrication and control of atom
switch by atom manipulation, 2017 Global
Research Efforts on Energy and Nanomaterials,
Taipei, Taiwan, December 21-24" 2017
[Invited].

(8) E. Inami, M. Shimasaki, H. Yorimitsu, and T.

K. Yamada, Stable film formation of
n-conjugated organic molecules on 3d-magnetic
substrate at room temperature 25th International
Colloguium on Scanning Probe Microscopy,
Shizuoka, Japan, December 7-9™, 2017.

(9) E. Inami, M. Shimasaki, H. Yorimitsu, and T.
K. Yamada, Room temperature stable film
formation of m-conjugated organic molecules on
3d-magnetic substrate, The 5th Ito International
Research  Conference, RIKEN Centennial
Anniversary, ISSP International workshop &
Surface and Interface Spectroscopy 2017, Tokyo,
Japan, November 20-23", 2017.

(10) T. Yamaguchi, N. K. M. Nazrig, E. Inami,
and T. K. Yamada, STM study of confinement
patterns in Mn nanoclusters on bcc-Fe(110), The
8th International Symposium on Surface
Science, Tsukuba, Japan, October 22-26", 2017.
(11) E. Inami, M. Shimasaki, H. Yorimitsu, and T.
K. Yamada, Stable film formation of
n-conjugated molecular film on 3d-magnetic
substrate at room temperature, The 8th
International Symposium on Surface Science,
Tsukuba, Japan, October 22-26", 2017.

(12) ZEbia+, MR —, B, A
BN, BN AT L=l LB ERA~D T T
T xS URCWAE, 2017 FEZE R R
PR 2 AR T ALK, 2017 4 8 A
17-19 H.

(13) WA EZ, A —, [WEEMm, KK
)1+ STM (2 L 2 A8 5 1 A-Hedill i, 2017 48
22 - R 0H B o7 A () G 2 M T N2 K
2017 -8 H 17-19 H.

(14) MBRA—, EIREREA, fOGIm, 11 EF,
FE T ER 5 TR ERK : 3d i Fe(001) L.od
n LRSI, 2017 FEEZE - R E A FE AR
RS, BRIETTSZ R, 2017 42 8 A 17-19 H.
(15) TrPNREE, RINZEHR, FERAE—,
B, NXa 7294~ RGBT D4 mEE
L) OEREED F v U 7 & Rt 2 R E
TRURI, 5 64 RUSHWELF2 Rk
2, /Nv 7 ¢ Ak, 2017 45 3 H 14-17 H.
(16) ARWNZIR, TN, BEEBER, ERR
—, fEHEH, ZnO F ) WK A ke
WCHWEAa 7 204 N KEGEmOERlE
FJOVFRFMEREA (IV), 26 64 [Bli B Pk
TR, NV 7 0 Ak, 2017 4E 3 A
14-17 H.

(17) fERE—, BIRURE, T —7, IR
A, HER, EER T o — 7RI LD
DNA Hioy T-SHOBRBFEE DR, 5 64 (5]
SIS BLE R RIFFEMERES, N7 4 3k
Ik, 2017 4£ 3 A 14-17 H.

(18) fig A —, LIHEFn, Fe(001) Lo~ % 1
DT =r AR IERE, 5 64 S EL
FRRFPNEE S, X7 0 ik, 2017
3 A 14-17 H.

(19) fii WO —, EHAKNS, L,
B2, RETE=, BAREW, 7/ 77 A8 —%
FIR LT=IBAA v FRAF ORI, 5o




g REBFO R BAN & B -5
7 [RIEZE - RE R FAER- B IRE A
JurstE o> RFESERT, 2016 4F 12 H 2 H.
(20) fiid o —, TEHARKES, L,
B2, ZREE=, BAREAW, 7/ 77 A8 —%
R LTI A A v FFHFORIRK, 2016 FH
22 - REFFA FHES, 4 HEERRESHS,
2016 4211 H 29 H-12 H 1 H.

(21) #& M, RINZESR, TNRRF, &3
o, MEBR, A% —, "ur7 A4 bK
P AT D~ T n G EIE OIS &
AN, 2016 4F B 77 G AL S KA
PSS, KRB A vk, 2016 45 9 H 13-16
H.

(22) PrAREF, KNS, @B m, Mast
K, fERA—, #EHTEM, ~a 7201 MK
B 51T D & R IR b FE D AFSLE DS %
¥ U T EE RIS RAE TR, 2016 4 5 77
[ B 2 KT A S, R A v,
2016 4£ 9 J] 13-16 H.

(23) ARWZETR, VNP, @B 3Em, MABE
K, fGRA—, #EM, Zn0 F / k%
EREREICAW- e 7 2 A4 N KBE
D VERLYS L OVRRMEREm(1I1), 2016 4 25 77
[ B KT S, R A v,
2016 4£ 9 J] 13-16 H.

(24) fE RS —, HEHZKES, LB,
HZ, REE=, EAEMH, E&7 v —7H
MR E TR A A v FORMSE & HilfH, B
AWBLSE 2 2016 FEKF RS, @K, 2016
9 H 13-16 H.

(25) H. Ogata and E. Inami, Crystallinity and
defect structures of methyl ammonium lead
halide perovskite films constituting perovskite
solar cells, The 8th Asian Conference on Organic
Electronics, Kyoto, Japan, December 5-7", 2016.
(26) H. Ogata, E. Yokokura, and E. Inami, Effects
of Scaffold Layer on the Crystallinity of Methyl
Ammonium Lead Halide Perovskite Films and
Carrier Transport Properties in Perovskite Solar
Cells, The 2016 MRS Fall Meeting & Exhibit,
Boston, USA, November 27"-December 2",
2016.

(27) H. Ogata and E. Inami, Study on the
Molecular Motions and Defect Structures in
Methyl Ammonium Lead Halide Films
Constituting Perovskite Solar Cells Studied by
Solid-State NMR Spectroscopy, 2016 MRS Fall
Meeting & Exhibit, Boston, USA, November
27™- December 2nd, 2016.

(28) E. Inami, I. Hamada, K. Ueda, M. Abe, S.
Morita, and Y. Sugimoto, 6th Spin-Polarized
Scanning Tunneling Microscopy International
Conference, Chiba, Japan, August 28-31", 2016.

(D)

ZE G211

(1) %6 36 [mlZ&m B =ik i = sl el B
FHPRPREEM (B AFRmEFR), 2017 4F 05
A 20 H.

(2) APSMR Contribution Award (Asia Pacific
Society for Materials Research), 2017 4= 12 H 24
H.

figEn - KeEn Gt

(1) A, (LEEF, 307 1 ES)
HRTH BEZE) EAHS I -
AEYOEEENLR - B bERE,
academist Journal, 2018 H 3 A 9 H.

TVLAY Y =2« XAF 78 GFoth)
(1) IR TH ML E R A
T BH ~REA DT —TH T A R [E E
~, TEXRF7TLAY J—2X, 201841 H 10
H.

@ T4 AT VL= TE JE S 1/1000 (2
ML FEKRKLEOZL—F, HARE SR,
2018 4£ 1 A 11 H, 33 .

(3) AKEAYFIEDIE & 1000 43D 112, HRpE
SR, 2018 4 1 A 12 H, 6 (.

(4) BRFE R HE I TRE 7o Ay T THEKR
DIFT R, BT 2R, 201841 H 15 H, 17
.

(5) TR 1000 4y D 1 DFE S DA RS T %
Wi DR U—TEB, ~f4Fb=a—2X,
2018 4E 1 H 15 H.

(6) TEKD, MREFEOFHKY T IHIERKE
4231, OPTRONICS ONLINE, 201841 H 16 H.
(7) 0. 0000003 2 U ! HZRIZ72 5 A5
DAy I % F28, 45 HFrH, 2018 4 2 H
08 H.

(8) M-SR | D4y IKBA%E 300 Ky 1
U GRERELASCHmE =k TEEKR, EA
M2 e, THEHH, 201842 A 12 H, 1 (A
(9) TIEK R EED A FIE Bt
fEZ2E b, HTFIEZERR, 2018422 H 23 H,
11 .

A==
http://www.sceng.kochi-tech.ac.jp/e_inami/index.
html

6. WFITHEAR

(1) WrgE A
fa 5. 22— (INAMI EIICHI)
FIERT - KFEPE LEWF9ERL - FrTiEAT
Fges &5« 40420418



