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Data-driven sensitivity analysis in surface structure determination
using total-reflection high-energy positron diffraction (TRHEPD)
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A data-analysis method was proposed for total-reflection high-energy positron diffraction

(TRHEPD), an innovative two-dimensional material structure analysis method using positrons. The method
consists of structure optimization and data-driven sensitivity analysis (eigenvalue analysis of the variance-
covariance matrix). The method was successfully applied to a novel two-dimensional semiconductor material
Si;05N3/6H-SiC(0001)-(V3 xV3) R30° surface system. The sensitivity analysis showed the surface selectivity
of the TREHPD measurement by data-driven science. The present analysis method is versatile and can be

applied to many experiments besides TRHEPD.

Keywords: data analysis method for measurement experiments, two-dimensional material, total-reflection
high-energy positron diffraction experiment, variance-covariance matrix
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% Eiih & T 2REMARDERBINIAD Y % F>, #HEEME
&, WIS BMEAE~7 RV (FE) TR swdE (O5asy
B L7z b, BAEMEONFARIZS T RIS B 3 RPATEE
T DAY (M4 DEMICE T 3ER - Fff) ORELZE
T, X4 TRIEMO T EOREES (z) £7213 ) I
HAAT TR VDY, ZD X RIFIC Tz ST E 2 JTAEAHE
B35 5, v, TEBLETRX) DEEEAZ LD
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#3000 R (=% 125 H) 202 5H8IC % 5,
156 NI BT BT 1073 A7 M T,
739 659 338 320 043 -0.02 0.04 0.19
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8.18 1.07 023 0.53 0.02 0.08

. 759 204 141 040 013 |
= 902 063 -005 017 | D
893 —1.06 0.05
10.66  0.01
9.87
Elot, S EFFENHTHY, X7 T EZAKRD

DHERL TV D, B2, ...25) HOMBI D S
3, g = (SulSil)1Sil DRESTES RS I LNTE,
g1 = 1.87, g2 = 1.94, g5 = 1.04, g4 = 1.43, g5 = 0.54,
gs = 045, g7 = 0.19, g3 = 0.08 L o7z, ZDERD®
5, B BE (= 1,2,...,5) KBTI EE
(gi>05) THHILEBbh5,

JRFTHEIR T D ST5INED3 D Jifr e K 5 720, it
STRUATAN S DA R

Sl)k = /lkvk (8)

ZfROz, 2 2TfA S IRPEIEEMEIT] (0<2 <A, <
o< Ag) THY, FHAERY FVIZEBLELE (ol =1) %
WreTboLeTs, MEMHELT, 4 =073x107 A%
b= 453x 103 A%, A5 = 6.18x 1073 A%, A = 820 x
103 A%, 45=9.62x 103 A% 15 =992x 102 A%, A, =
13x103A% 2= 187x 1073 A% 237, EH~Z b L
vk =1,2,...,8) 1%, EEHX (Hoshi!®) (2#8# L 7=, k &
HOBAME 4 1&, o HADHASHEZERL WS, Hli
X, BANEEME AL ST AR Pl i, (K40
v, HIAID X 95 12) TR E 7 20 S5 %2 4 L
TW3, WORZ5E, vy HANDBUNELLIZH L TR
EE (o) HFRNOBUNELL %% 72 % L R-factor E53
RKELSELTZ) ZLicks,

FHEAER D S, vy = (0.73,-0.67,-0.03,-0.12, 0.09, 0.04,
-0.03,-001) TH o7, vy DFE 1, & 2 KT DK
/N2 2 071 ICEL, R IB I N ED R
LN T, g FHICEENZ X7 bV
v, ~ (1/V2)(1,-1,0,0,0,0,0,0) LFEQTE 2, [alksH
ZRBENICHERT 27012, ¥ 5() 12 -2 FHTOD
R-factor fHOEfE 71 v F %2R L7, K 5(@) TXRZ b
v ~ (1/V2)(1,-1,0,0,0,0,0,0) i&, iRl 45 iz h
S50 (X 5) hoRA) Ehs, K50 56, JHTE
X ZX7 Mo HANUNENSE S (21 = 2 +6
= -ese AR &, BIKME RX) P AEIC ER
TR ERLIE., Zldv HFADBENRE N L%
BT 5, X7 MLy AANOERIF1IEEE2HE
DIERIEEEE () —2) 2222 L s 0wD
C, TRHEPD JI%E & JERIEERE (21 — z0) ISR ICIRIE DS
= Lis#wo1F 5N %, TRHEPD RRITEHRTH 5 7-

=)
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(@) 0.040
< " 0.035
§ j 0.030
; o 0.025
':_% - 0.020
N o 0.015
N 0.010

0.005

(b) 0.040
=7 ‘. ‘ 0.035
ST @ O 0.030
% ;: :z : 0.025
. § 0.020
*?’ N- g: : 0.015
N ot .‘ . 0.010

— — 0.005
3 2 2 3
2z, -zF (unit: h = 0.054)
5 (a) zi—zz F @ T®D R-factor B D &

E70vY ~ (z = z,i = 3,456,7,8) .
YU w ki & IC Rfactor E % B % T
R~ U Tz, (624,022,623,024,025,025,027,028) =
(1,-1,0,0,0,0,0,0) A O E%Z, KFDKH]
TRUT. (b) zi—zz FFEITD R-factor EDEHE
70v bk (zj=27,i=2,3,4,5,6,7). Hoshi'® &
DXz Bx

O, EHEMCRIKRETS L3R Y THSE. T,
H1EEE 2 BoEMERICS > L bMIIKET L2 L
I, TRHEPD D EHERENKME N TWE EWVZ S,
RO XD AR, Ty BEREE L TES
Nl eIt s, HBRE LT, K50b) IS 225 T
TOD R-factor fHDOFEE 70y F 2R L1z, ZORD S,
21 W DERL & zg WA DOEFRITIZMHBIAIE E A LR
LN L, zg W TADZENTHRT U TUZEEE DR (25
BT 1 DN X L C R-factor fEA81% & A E2L L 7 \)
Ebh s, EAEME»SES NSO RIE, B
WL (Hoshil®) IcF & o7,

JKEEfENTIC X % 1 DD ffGw I, 2@ TRHEPD 7 — %
IZRMEE 6 JHE TCOEET —% (21,22, 23, 24, 25, 26) DIFIC
FHELTWBZETH2, ZofmzEr»rdL70IC,
(21,22, 23> 24, 25, 26) DA Z LI E LTz 6 ZHEEEHL 21T\,
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8 B AL L ZIT XA o n vy X v F A
s (FiSC (Hoshi'®) oIX 5), Il TRHEPD @
RMEREZ, 77— BEREPSR LI LIk 5,
BB, 7 — & BB RT O — I D w»w T a X
Y bT B, B EATA S BT H Y, T
BOZEEL Y MIOWTERTE S, AjlHFHTIE, £
R FERED A TH - 7223, FEFV A b SEE L (R
B23H 254 EE) , AN (ETERCBIT 3
BIREIRE) &b, ZBICRD 5 5.

5. FEHERE

BatET % Tl o 72 U 2 ROuW ER ST £k Th %
TRHEPD 22\ C, iR LT & 7 — & BRah Al
JEfENT D 6 72 5 T — Y T R 2 R L. @TiE, A
7 — 2 BHTY 7 b 2DMAT Tir-> 72, $REFHEZ2HH
2 RICHERYIE SisOsN3/6H-SiC(0001)-(V3 xV3) R30°
HRICEA L, z 5m (WEERANCEEZRGR) O 1H
fEpsPE L7z, X 512, TRHEPD OEEIEENE LI &
Z, 7= BEEE (Bt Ty o E A EET) 25
AT 72,

JRE L L TlE, AHIZER T2 2DMAT ICHEE I L7k
fEpr S GEFLE v T A aikic & 2 EEEA4 2t
5, WHILRA e £) 2RI L 727 — 5 fbToszs
Jond, BIZEAMETHALLEZZY v FEHEIZT—
FRIGE n = dim(X) DR EL 22 EHEAENZ & I2F
kY, ZA—nN—arvta—FxEHuiE LTHLEHAN
TR %5, 20 k9 B, WY T AL
TIEIC X 2 EEEAA AfEEEZHIRETH S,

L9 1 ODEYEE L TIE, 7F— ¥ MER (RRALN
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