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loop_
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2.1 BTHIRIREB

Device Studio HJi217 ¥ 5y Windows 64 £7 5248, W-R3CKF OpenGL 3.3, FF22d gk
LT -

%
Device Studio A FF7E BN FIE4T, EANELE BRI E 2723817,

2.2 FHRE
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4.1 FEEEEE (Menu)

Device Studio 3¢ A~ B S 4 < 4.2 FTw o

File Edit View Build Simulator Window Help

B 4.2: SEHF
4.1.1 File
Hili File , FrHEIAN B 4.3 Frs.
+] New Project Ctrl+N
— Open Project Ctrl+0O
| Save Project Ctrl+5
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Export
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4.3: File
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e Save Project : TRAF4HTIH .

 New : HIJVAIHRE F BLFRFE A iR Blir 14544
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e Options : FHHETUFH, F P IR S 75 ZE B R AL A M, W E Device Studio
BB AR A .

o Exit : M Device Studio.
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4.4: Edit

* Undo : 5.
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4.1.3 View

iy View , Ftmtn 4.5 Bz,

Toolbars »
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4.5: View
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4.1.4 Build
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Molecule
Molecule2D

Decomposition

Device

Convert to Device
Bending of Device
Interface Builder

Fill Junction With Atoms
CAD To Atomic

Crystal

Redefine Crystal
Surface/Slab
Symmetry

StandardizeCell

Gr_Nanoribbon

Gr_ Nanotube

Grain Boundary

Manotube

Manowire

Disordered Graphene-like
Disordered Zinc-blende-like

lcosahedron
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WulfCluster

Bond Options

Convert Files

4.6: Build

o Molecule : 5% 3D 431458,
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 Molecule2D : ¥&% 2D 7> 1454
e Decomposition : 75357 F &M

o Device : @MLK, 2828 8H L-R structure. L-C-R structure. B-T structure
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* Convert to Device : 14> T BUR AR S5 14 (1 25 Al B @228 1R 454
* Bending of Device : 1 W5uii; I 251 45 M) 34T 25 il B4 o
o Interface Builder : #3253 i 454544
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* Gr_Nanotube : TEHEAKE LM

* Grain Boundary : 7E77 IFERE b4 5 454

e Nanotube : 1E &S5 EAL FIEEAIKE

o Nanowire : 1t pniRZEEHER EFEEEAKEL

» Disordered Graphene-like : 53320 8850 P 454 o

s Disordered Zinc-blende-like : &I NEEN TCIT 4544 o
o Icosahedron : & IE AL .

* Cubooctahedron : & L7 )\ AL .

o WulffCluster : 775l &5k L #4% WulffCluster £544 .
* Bond Options : X HE .

e Convert Files : %5/ XAFH) B,
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4.1.5 Simulator

Hlr Simulator , FHEUN ] 4.7 Frome FH P ATARE i 2 350 N AR B AT Xt N R A
NS TR R B WAL B R AR

,;' Manodcal »
# MNanoskim r
RESCU »
= BDF »
@ MOMAP »
STEMS »
+  TOPS 4
DS-PAW 4
PODS »
Virtual-XRay

Erillouin Zone Path

WVASP »
LAMMPS L
OVITO

QE »
Gaussian

NWChem

K] 4.7: Simulator

e Nanodcal : 55— 1 JF B & Hig v A Nanodcal..

* Nanoskim : WA & T4 THE A Nanoskim .

* RESCU : %L KA R KS-DFT i+ 5 {1 RESCU.
 BDF : &AL #iH 54 BDF.

« MOMAP : 53T RIGSHE I A5 MOMAP.

o STEMS : MR A ZUEA I STEMS.

* TOPS : RBILRY) B H BT A TOPS.
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DS-PAW = 55— J BE-FHBTH SR A DS-PAW .

PODS : A WHFERRLT 3 71 F AU AT PODS.

Virtual-XRay : SRATE B SR EL Virtual-XRay .

Brillouin Zone Path : .7 df PS5 44 F) A BRI X

VASP : LT EHTHERIR T )12 — 00 13 12 R B VASP.

LAMMPS : KIFLJR 5701 I AT LAMMPS.

OVITO :  J5-5 FRL 5 R U040 R B2 rTARAL AT 7 B B A OVITO .

QF : K AT 7 15 55— 1 SR BRI 58 QUANTUM ESPRESSO.
Gaussian : &1 W52 THE AT Gaussian.

NWChem : &= AR NWChem .

4.1.6 Window

i Window , FLIHIN 14 4.8 Fias .

Title Horizontally
Title Vertically

Cascade

oh o M H

Arrange lcons

Close All

MNext Ctrl+Tab
Previous Ctrl+Shift+ Backtab

~ 1 Au-Alkanethiol-Au.hzw

4.8: Window

Title Horizontally : Y445 3044 3D Viewer % H7K-F-HE51
Title Vertically : 44544 SCAF ) 3D Viewer & H R HHES
Cascade : F4258) AR 3D Viewer & H Z&HES .

Arrange Icons : 14255 CAE) 3D Viewer & 1 5/Mb o
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* Close All : RIFZERISCAER) 3D Viewer & 1o
o Next : IEH TN —AgE#ISCHF) 3D Viewer & H o

e Previous : & L —/NEEMSCAER) 3D Viewer & o

4.1.7 Help
H.i5 Help , FETHIAN 5] 4.9 FT7R

Getting Started With Device Studio

Device Studio Tutorials

Feed Back Report
Hzwtech Homepage

About Device Studio

Article Reference Template
4.9: Help

* Getting Started With Device Studio : %+¥% Device Studio PN [ 14587 -

e Device Studio Tutorials : ¥+ Device Studio f# FH#(FE

o Feed Back Report : TIPS 2 03 75 B BWSCER i, P AT s I 12 7 TR 7 i
SN raieicel P @

e Hzwiech Homepage : TE¥S 2 Wkt (Bl BRMHA R AR FE 0T,

e About Device Studio : 31 About Device Studio & 1, 1 f# Device Studio fRA =S . %K
1T/ATE] . License [4# FH BAFE 2%,

o Article Reference Template : 5% H Device Studio S & 5| FIAEAR, J5 {8 H P £ IE
#1151 F Device Studio
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4.2 THf= (Toolbars)

Device Studio [ T EAUT 4] 4.10 Fizn. ¥ Toolbars b [T A B kR M ARG T, M1
Fraatr's —H RS RILE 38 Mr'T . B RARET K TE BAs Bl 5 5 2 5% M B b

AR

BER | EB-® A RS-0 R S % Tl ARHLS E-E-RiE BT G s
=#):0 © 0O O 0x (8 ) 8 1G] 1) 12 130 14) (6] 17)18) 15) 20) 21) 22 23] a4) 25) 26 7] 2a| 29) 30) 31 320 3] 34) 3536 37 38)
5 4.10: T HF%

e | Bir | EfreXBFR | Dhegiik

1 Open Project FT7F Device Studio I H (4

[T
2 [ 1 | Save Project TRAF T H AZit
3 ﬁ New g sy, s N AR eI A g SR
| 841251

4 D Import Local AT SIS N AR

5 Q| tndo i

6 F_D Redo Al

7 VS | 3D Viewer Se- | HFE, ottt AMERRIR, T B S
lection Mode HE % Ji 1

8 = 3D Viewer Ro- | ie#%, Mk e, vli@ {5 Bbrk R 1
tation Mode ZERII 3D AL AT e

9 @‘;‘3 3D Viewer | BUKE GG/, st N o=, ml R s b
Zoom Mode HR R R T 45 R 1) 3D AR R AT ORI 4 /)

10 Q%& 3D Viewer | ‘%, fidrdt NP, wlidd Hesh Sbsks 57
Translation ZERII 3D ML TR
Mode

11 ﬁ 3D Viewer zy | fHE BN 3D MK (z-y [, s FRraldk
View BFEMA R A EE ZE/-E 3D ALK

S Ny
4.2. TE#= (Toolbars) 45
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F41-FER

e | BEfr | BfREEXBFR | ThEEER
—1
12 L1 | 3D Viewer Fitto | f ¥ 451 1) 3D A0 FMRIE f Fef2 sh B & & B
View
13 Display Style AT E R T AR B AR 2
s
14 *% | Structure SR HE N T SRR A e, R A T T 4 T
Refinement JRF-4548) 3D W, DL R TR B R
Module FoEN, FRSCRRERE/ 2 AR E RS, P E
BN B FRAERESE, 0L E N AR
15 '=II]=' Add Atom IR, ik N\ Device Studio L& I HZ, %
BTG, {E5 ) 3D HLEE R 105 B AT A
%
[
16 %o | Add New Atom | 763 T IS A 5 T h 04 B A 0B T % AR
B2 T A n s
17 I:H;l') Hydrogen passi- | &R T ALG . HET, RXFSiflCoos
vation B
18 KQ( Delete Atom bl 12 v ) S
®
19 “® | Replace Atom | Bk T
20 -:'f‘-'ﬁ:' Edit Atom With | W& 2 NMEFZ AR E L 3 N1 2 B H 9 A
Selected bR TP 2 N K LB R m] s g R
]
21 O | Move Atom Bl iR T % BIRR Rk v T A A
H
W
22 |:||:| Rotate Atom R R BT ER 2 AU R
5 A o A R
1
23 ‘d:h‘ Mirror Atom Bk h ) s G, ZRWnFHIED R T4
A S
o0 | FE | uechcen | BEAHABRARIOIR T, (S
A
25 B-~C | alternate axes R EEME mAS R AL B, C
S NG
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F41-FER

e | BEir | BiRENER | ThegEk
-
26 ¥-Z | alternate coordi- | #eH#LLEMI) X, Y. Z
nate
el
27 =0 | Wrap FR 4 ) SR 14K 5 4 0 1 T o B e e T S B
W, R Mz AT E$E Wrap Along a/bl/c
=1
28 = | Center A4 5 P T A T T R P B BT A A TE b
Boa E R 55, s N hi ATk $E Center Along
a/bl/c
29 9] Fit Cell EEIUNIGS SN ety 2 S S = Tl N AT Bk e s
Cell Along a/b/c
30 arce | Minimize Struc- | #1437 7135 1H 5 3 F a5 AT S5 Mt S
ture i PR IE A IER 13, Z BRI B s B 45
Kl 945 S5 R ) 7 0] 380 A
31 c;tg Convert to | K5 AT SN DT
Molecule
32 ﬁ Convert to Crys- | 1 41 45 1 e 45 R fl i
tal
33 ﬁﬁ Convert to De- | 287 45 i ¥y 2
vice
le—|
34 @0 | Distance W 2 AN 2 (8] PR
A
35 < | Angle T 3 ANE T2 18] 19 £
36 § g Dihedral angle | Jll& 4 N5 522 [8] (1) — TH0 £
37 @B | Vector between | JlIE 2 AN JE T2 [ [a) &
two atoms
38 dp Recalculate BRI
LinkerBond

4.2. THf= (Toolbars)
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#iE

Device Studio ) T H2A4= & HEH 2, #H P EEH Device Studio A, AJAF-4H a5 T A A=
(Toolbars) & EFRHIDIRE. 3 7B HIfE, Device Studio % T B A o () &% | F5
AT T OIRE IS, HEIbEN R, ATHEE, FFIE Bug, TS EbR T EAER KT
7T BOE A . TEFR R BN, TSRS S Mk B A R T SO ETBA

4.3 IRE &KXk (Project Explorer)

LIBERXEM K 4.11 fios, WiZH 4584 Devicestudio, ZUIH T &H 3 M4s
WIS, 53RN Au-Alkanethiol-Au.hzw« NaCl.hzw . azulene.hzw. X T4
MO, 40 Au-Alkanethiol-Au.hzw, HE 3.3-1 ZLEMNEIEL 2 vl 0% X 8 ] & 21
X LGSR TSR NSO, W EE TR scf . input, F P ATEEEHZREIA
XA — it — Open with FTHEE, Bl & %5 N\ S — 4 — Open Containing
Folder R EZOCAFAE NP AAAE AL E o TG S0, 5 @A U ST BRI SC
f, MIATTER 4 RZ, HAREBMITHE A, H A RE R ERE w4,
BRVENIEZEE M M — £ — Rename, SRJGEFian 2 RITT

Froject (-

a I3 DeviceStudio
@ Au-Alkanethiol-Au.hzw
4 | Au-Alkanethiol-Au
4 | LefiElectrode
nil schinput
4 | RightElectrode
I sclinput
4 || Device
@ schinput
[ NaCl.hzw
[E azulene.hzw

B 4.11: T H & 2 IX 35k
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A B EEXEH s IFCEMIE , S ABCE S ST AT 225 File (AU
.

#it

Device Studio E2X%f 7 B & 32 X 3% (Project Explorer) HEATARAL, EWCH A7 H SR,
YR H UM SO A SR A, ABAF . R B SERRTT
WAAENHAT SRR, & BB E, WAEESCCH4, HHEEN, EINERAR
VRNV AT T B HT B 2

4.4 453 3D B3RXIE (3D Viewer)

254 3D B oRXE AN & 4.12 Fion, MR ZIXIRE /R E58) Au-Alkanethiol-Au.hzw
() 3D AL, DUE S AR T A B X s b O X G5 A SR AT . AR, AT
R BN AR B 25 8 1) 3D MREIBCR B e /s T Jeik b T HA2 1) 3D Viewer Translation
Mode HRAE EIFR B AR AR P8, 8 163 BRARR S5 K 1 3D ML EIFE % X #8 . AT G ik
1 T E A2 1 3D Viewer Rotation Mode Mot B sl (kSR A 8, B H62) BUBRIF 450
() 3D AR EIAEZ X I e o

F P AT AR SE P AL 7R B e A gt AT 1 . M. oSS — RNEAE, BAE RS 3D ALY
AJFEAZ X AR SE R on o X245 M ERE P al iR e T 242 (Toolbars) HH 2 HRAE EFRIT)
DIReF IR AT .
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IR Au-Alkanethiol-Au.hzw

4.12: Au-Alkanethiol-Au [#] 3D &R

4.5 ZiaEttXid (Properties Explorer)

i 3D R XIRE REE M Au-Alkanethiol-Au.hzw, N ES#EMXIEE R R
guE B K 4.13 fizn; ik Au-Alkanethiol-Au.hzw G5 —ANET7, N £
MM X R R G E R 5B E 414 Fros, P Al Rops X A& ek i J7 -7

AR B B 5T

Froperties

Symmetry System
Properties

4.13: ZRIM R G5 B

Properties

Atom

Properties

Value

ElementSymbol  Au

X

¥

z

8.46683530

6.42683470

7.14000350

K 4.14: difNETER

50
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4.6 iTE(ESEIEEERXIS (Job Manager)

B & 4,15 7R I EAESEREERXE S A 5 M, HIg#Aw iR 4E54a
THEA A TSRS SE R, Status 73504 Queueds Running. Completed. 11558
B, iR R B b A, 2 T 2 A IR ] el N B AT T E ]
&,

Job Manazer
sftp los in successfully shell los in su::essfu'_'_?l ?g ? ? @ogg
Description Script Status Actions Process

Si_Copy/DS-PAW-ES Cif/Users/LuFeifei/Documents/DeviceStudioProjects/Untitled 14/5i_Copy/DS-PAW-ES/schin Completed a + B
S Copy/DS-PAW-ES  CifUsers/LuFeifei/Documents/DeviceStudioProjects/Untitled14/5] Copy/DS-PAW-ES/band.in Completed + B
Si C:/Users/LuFeifei/Documents/DeviceStudioPraojects/Untitled 14/Si/Rescu-Crystal/scf.input Completed + =
Si C:/Users/LuFeifei/Documents/DeviceStudioProjects/Untitled 14/5i/Rescu-Crystal/BandStructure.input Completed + B
Si/DS-PAW-ES C:/Users/LuFeifeifDocuments/DeviceStudioProjects/Untitled14/5i/DS-PAW-ES/scfin Queued (5 1B E

K] 4.15: 1AL 55 W a8 1 X 3k

* Description : Z5KZFR
Script = AFSHN AT ALE .
Commit Status = 1£55 CAAR I HERE
Status : £S5 AR .
Actions : I HRAE
o Process : BAEAES A HECH, @it H E O] HIWHATE 5 2 B k558
it HAE 4 w1 KR (Job Manager) & BSRIIREIN T 24 FIR :
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s | Bir | BireX® | DhegR
FR
1 @ / F N % B Xshell 1Y exe 3L H 5%
"
2 W% | Open Win- | /il WinSCP 82 4 AT S RS 22, 1 & 8.31
SCP
. Open W PUTTY PB4 AT IR S5 58, 1 4 8.30
PuTTY
4 @ Reset IP Rl k25 MachineOptions FL1fI,  7E 1% 5t 0 H IR FEA
B E RS2, INA HE UERRS 4. ERRS A
VEAE R 22 Nanodcal =3R4 5% TR
==
5 ) | Reload  to HHTER RS
server
~ ‘
6 4 | refresh TET, ek DB ST 45 W s i B X IR 2
7 Download T, AR R N A & 8.29 s
8 Cancel B, s S EAT S
9 | L | Inspect simu- | ik M AT SEi 25 154 5 19 A6 SR
lation data in
real time

4.7 ARy (Personal Center)

miih K 4.16 Hbss © N3k Device Studio EI’J/\/\“F’ 3 (Personal Center ) , NMAA L
IYN TR . AR AR A TR =, o & 406, Bl 417, 1K 4.18 Pis.

LA AL R & 4.16 s, Eﬁﬁﬁ*‘ﬂﬁ%ﬁ SmBESX. TH
BEOM =g AE, X E TSRS DR AT PR U B AR

a) s 416 % @, NJEEN Device Studio FJN A H Oy
b) A K416 @, MEEN BzMe=#Xu H 4.19 i,
o) s [ 4.16 @ PRI EREE MRS A K 4.20 Fios;
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d) A B 416 % @ BEAEE W, WA s BERBEEEW K 4.21
FioRs

e) mii 416 ®, NIREFE NN 8BS R
f)y A K416 % @ Bdh A FK, RIAfiRH &%, B3] Device Studio #J4h & % 5t

man & 3.1 s,
- O X

= A
00

1 78****6530
\ HIgER >

"IRELE — BEHRN  BRCR

QO YEmBESX HEHEX v

L TREH 92,584.34 tZat
HEERHER

& =FETTRER 1022.28 G

b 5

S RETR BRI

K 4.16: BUEME

2. DMNACH SN 14 4.17 Pos, EZF T EE 2 SEIEAAM REIEAR K
PEREOL, X B o B s 5 ThREEAT HEAH R A T 5
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a) My K417 F @ CEPEH 8344, 10 Device Studio), 7] 2% Device Studio
s FH 0 5

b) A 417 @, NN M MRS & 4.22 Fios.

#iE

i B 407 @ BV SEAE), BOA SRR B RO f 8 20, TeAR IR,
WL ARZ AL 2 s b IC i R BB R 2, AR B0 ] & 2 Sl i i o s 6
FOLHEIBN . A R E WA BRI R, RIE 1 2 s el B

178**%6530
_ RIEREE >

BFHLE — EHENR BRER

SElb

EmMEER, ERAGNHSEE,

j'- Nanodcal 2023-06-14 E|HH
&5 BDF 2023-06-13 EIHA
BFD 2023-06-12 F|EA
FEIHR

K= Device Studio o 2023-12-14 F|#A

(@) Symucal 2023-09-18 EIHA

R > o

B 4.17: A2 AL
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Device Studio SEFBEE

3. MAHODRE B FAe R K 4.18 Fion, fEZAMP R EE R BREN, SiE E
4.18 W @ IEEVER, WA 2 s BRIEFRW K 4.23 Fios.

178%*++6530
, HIBES >

RFRHIE RN BRER

DEKTOP-0K504HP SORVH
DEKTOP-0K504HP 1539480
DEKTOP-0K504HP 5953 Al
DEKTOP-0K504HP 1/\Bd &l
DEKTOP-0K504HP 23/N\B3 i)

DEKTOP-0K504H23.. 2023-06-28 16:39

DEKTOP-0K504HP 2023-06-28 15:39

s> @

Kl 4.18: EFil 3
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QzezE]

EMH, ABZHT

B ENRER

BIRIE

WBZHAERTEN (FAQ) ez RN E

BE &5

C\\) Bz WA 20225095028

®mEs GamE #RIA |
RERBTHE EIID

4l

FRERTEFEIITARESI AT REE, RISHIET, NEL SRS

I8, HE, DESHONITOAE FEIRIL-~

e @1

K 4.19: 2 st X

9 LEESHK

L TIEEhH

& =fEEFrIA=E

FIE=BE

HTEE

Fe

iAo —

K 4.20: ZEDN N0 R BERSSE

7\ CPU@240GHz-33GHz,
:7'\‘ 26 i, 128G AIEE

BEEEEG =0
= =a 1.0
AKX 6@ HRAK
Intel Xeon CPU@3.0GHz, S 2
2\ 0@, 128emE / e
E| S
BEEHSREAL BEESRRR
EEEER: 506 EEEER: 3506765006

AR 2023-04-18 18:0402, SHE1SH

2 1.0 __ 2 1.0
PRBE = FTER =
Intel Xeon % \ Intel Xeon GPU
\ CPU@23GHz~38GHz. 96 £ 7\ @236Hz-256hz, 488D,
| #b. sscmE TESAE T\ 192~384GREF
El 2
) BEEHSRESL SEERHRKER =]
WEBEER: 350.67G/5006 BEEER: NT

421: W2 s BEFRET

56
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- SR AR
ISR 25
weE s B license license& 21 23
Device Studie 20228 2023-12-14 L]+ ]
B~ Nanodcal 20228 2023-08-30 Ao
| RS 20238 2024-04-13 A/ o
b Phase Lab 20234 2023-02-09 L]
B eor 2023 2024-02-22 mo
RESCU KS-DFT TSR 2022 2023-08-30 o
o Neneskim 20224 2023-08-30 o
B o 20220 202508
@) symucal 20228 EL 2023-08-30
@ MOMAP 20224 2023-08-30 A/ o
G Toes 20228 2025-08-
& oumo 20228 2023-08-30
E NanoDesigner 2023 2023-05-01 A o
e, Meaiab 2023-05-01 L)

B R B

LELE DeviceStudio 2023-04-18 17:13:26
8 EE DeviceStudio 2023-04-18

= Na R 18 17:04:29

DevicStudio

2023-04-18 16:54:39

16:53:03

2023-04-18 16:34:59

2023-04-18 16:34:47

LELE DeviceStudio 2023.04-18 16:20°14
8 EE DeviceStudio 2023-04-18 16:27:20
i i DeviceStudio 20230417 18:01-11

108

K 4.23: M2 M BRIER

4.7. ™Ay (Personal Center)
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CHAPTER 5

LIRS

Device Studio 32 £F MASHL B AE 26 508 2 NS5, BU7E SN g M 28 a3 i &b,
YA SR> T AR LCR/LR/FCB/FB/BCT/BT 25 i [ #8445 44 . Device Studio
AIARAE P AR IS ECAS Rk, HZhES RS, FEEATICACHS 2R as i, vl E 3
VLHCHE i 2 JZ B ae At B i ARk 254« BE#S2E F) Nanoribbon. Nanotube. 1%, M. FHAL
B IR E R RS

5.1 3ZHFAISC 1B

Device Studio X FFI CHREE .hzw. .xyz+ .cif. .dsxml. .pdb. .mol. .xsd.
scf.input. .py- POSCAR. CONTCAR %, HH' . hzw 4 Device Studio F5A A% .
Device Studio FIARIEFH P FFEFH .hzw. .xyz NG SCAE, DB g5 ) SO
3D AL ZE R EL png B R HENR 0Tk g, ARRAIH A E A E R, JF
T . cif A& S

59
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5.2 SANEH

PN TR LRI H BT @B, EAAEDH WAL - AN S8 H
[F#AE Ny : X7 Device Studio IR 7 AF s IF A shif, HEE A ma & 5.1 Fis,
MREF g s HF @ — NI H (Create a new Project ) BT FF— A~ C &AL K T
H (Open an existing Project ) WI1%5H, b2 J5 sidh S ) OK $&41RI ] . ik #0))
A, H P ATRE TR EG 2 H w4, WAL H %N Device Studios

IR Welcome to Device Studio *

Use the controls below to create a new project or open an existing project.

(®) Create a new Project

(O Open an existing Project

CifUsers/LuFeifei/Documents/DeviceStudioProjects/Device Studio.hpf Browse

Getting Started Guide Example Visualizations Ok Exit

B 5.1 3 B e I S A B TR I H A R 5

5.2.1 RHERESAEE

Device Studio [ 7 A HEHE e, ZE0H e L7 500 2 i ST TA R, 5 B 2 AN B
TR R EEE, B P HRELEIRE, v EM MK FIRST , RN E T
= KR¥¥E % QuickMol. QuickCrystal #1 ACED, #1kl4& Hi#gid 1000 7. /7 ot 4
AR F G, W3 ZnO-MgO-Si #8F451, HIRASMIEm & 5.2 6435
5378 File — Import — Import Local, 2 J57H EE A0 K 5.3 P, R miEs
FEA AR 4R 2 ZnO-MgO-Si FITfEI S, i+ ZnO-MgO-Si 45430, i
5.3 RFT FFIZHLRI AT § N ZnO-MgO-Si 4544, F N\ ZnO-MgO-Si 45 1) J& (1) P Fk 1 in
5.4 F, H 2n0-Mgo-Si . hzw G5t SCHFAE Project Explorer (I H & EE) XI5k, 4G
FJ 1 3D MLE B RTE 3D Viewer (3D E7R) X,

#iE

A AR I B R S NG R, FE S S IIAL B, W ZnO-MgO-Si £54, B RAR AL
ik Iz g5 M S, #5303 Device Studio 1) Project Explorer (I H & #) Xk A] 5 A
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Device Studio {EFEE

ZEER, FEIRN AR 3D FLIE S R7E 3D Viewer (3D &) X,

IR Device Studio

File it View Build Simulator Window Help

Jew Project Ctrl+M l 3 .
B n Project Ctrl+0 F}R@@s% ﬁ'ﬂl@
! Project Ctrl+S EI

B 3

[ imeort] 2[5 import Local
Export e

#] Import Online

Options
Exit Alt+F4
P 5.2: 5 A B0 2R 5 N S R A BT
52. SNGH
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=

« - 4 <« DeviceStudio2022B » example » ZnO-MgO-Si v

|0 v SRR == - [ 7]

13

#

@ images

source
o Bl centerjhzw

@ OneDrive - Personal E leftlead.hzw
b rightlead.hzw

Pa Mo PO P

O el
I EDFue-]
B R
= BR |
¥ =
b =5
W =E
e Windows (C)

= DATA1 (D2)

. v
P

v| All files (*.hzw *xyz ".cif "xsa ~

— | mHo | | w

SEN): | ZnO-MgO-Sihaw |

K] 5.3: 1 ZnO-MgO-Si 4544 S LT

IR Device Studio - [ZnO-MgO-Si.hzw] 5] - [m]
File Edit View Build Simulator Window Help
=
= B -1#
Project 8 x

B Device Studio
(= Au-Alkanethiol-Auhzw

() ZnO-MgO-Sithzw

=

~ [ NaClhzw
Nacl
(5 NaCli111).hzw
e GaSe.hzw
() graphene_superCell.hzw
(&) graphene_superCell StandardizeC...
(& 2DMolecule.hzw
) 3DMolecule.hzw
& azulenehzw
(D Device_Si.hzw
{#) Device 10 0Gr Nanotube Rede ...
() Device Device_Sc111-14 7CNT-Sc...

Fropert

Job Mansger

Properties Value

Description Script Status Actions Process

Kl 5.4: F N\ ZnO-MgO-Si 45#4 J5 1) Device Studio *TH
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5.2.2 EREIREESAGH

Device Studio 37 £ 7E £k 05 )% Materials Project, #1 [€ 5.5 ZLEE85 fion: fitdh File
— Import — Import Online W3 Hi )\ Materials Project 204 22 5 N g5 8 (I S, (B 1% A H
M P a@Ed AR A2 mp 75 177 ORI R 1451

IR Device Studio

File it View Build Simulator Window Help
. New Project Ctrl+N
=1 \Open Project Ctrl+O
= ve Project Ctrl+S

Exp
Options

Exit Ali+F4

P 5.5: 5 AR 2R Bdle o 3 N S A R AR S i

15 5.6 Pos, A TR R RN, A SiJtR, Al Search 1A BUA i AL
Enter 5, WHIRZ HEH Si R R TFE5H, a0 Sid40 &858, £ N HLVEA I 1b 2=,
30 R FE L) A TR 5 4, e vh 22 J5 AT AE ST A T A A0 EE IX 38U R % 45 0 AL
Ao DAFERFRE B AR AR EAE B WIAER A A EAE X IR A B2 45
P 3D Won. X T4 3D Bon, nEE RS bR R 3D o g R BORE A /)N
A AR BRI XSG, Tl HES) AR R 3D IR R g5 T ey, e RN
SR 45 fa i R ) Add FAAW PR T N, S S ORAEE AR 1)
T H & B X3k (Project Explorer), [AJRfAJ{E 3D &R XA F 214 JR 4544 1) 3D #LIE,
JH I 26 5088 i Materials Project ‘5 A\ Sid0 4514 J5 ¥) Device Studio F+H 41 4] 5.7 A7
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IR Import from Materials Project

full_formula

spacegroup

P&/mmm
5i2 Fd-3m
Sig Im-3m
£i106 P4 2{nmc
Si100 P1
Si23 I-43m
SiE P& 3/mmc hd

# generated using pymatsen
date 31

_cell length a  10. 22145998
_cell_length b 10. 22145008
_cell length ¢ 10. 38879300

_cell_sngle_slpha
_cell_sngle bets
_cell_sngle gamma
_symmetry_Int_Tables_number
_chemical formula_structural

_chemical formula sum 3140
_cell velume 939 98644363
_cell formula units_Z 40

loop
_symmetry_equiv_pos_site_id

_S¥ymmetry_space_group_name_H-N

S0, 00000000
S0. 00000000
119 99999987

81

‘F

] 5.6: Materials Project 7 % 8 % H 3 AN G5 1 I #/E L i
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E2 Device Studio - [Si40.hzw] = - B x
File Edit View Build Simulstor Window Help

BB B-® QP A-DER | +LR

B Au-Alkanethiol-Aubzw

) ZnO-MgO-Sihzw

D Cuhzw

feh NaClhzw

& NaCli111).hzw

(@) GaSe.hzw

() graphene_superCell.hzw

() graphene_superCell StandardizeC...
& 2DMolecule.hzw

(i 3DMolecule.

e Sihaw
= 10 0Gr Nanotube Rede 1...
ice_Sc111-14 7CNT-Sc...

evi
B Sidohaw |

K 5.7: 5\ Sid0 4544 J5 1] Device Studio FF1H]

WAL mp 575 R RIF R AL BRI S EE TR BRI RS BRI —2L
FE At & 5.8 o 18 5.9 B
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IR Import from Materials Project

I!-EGEE I — | I Search I
full_formula spacegroup -
Mo254 P& _3/mmc
Mo18536 Pmmn
Mo152
Mol152 R3m
Mo152 R-3m
ModS8 P-3m1 I
Mo152
# generated using prymatgen
date Mo32
_symmetIy_space group_name H-N ‘F

_cell length_a 3. 19940474
_cell_length b 3. 19940474
_cell length ¢ 6. 49352200
_cell_sngle_slpha  90. 00000000
_cell_angle beta S0 (0000000
_cell_angle gamma  120. (1538
_symmetry_Int_Tables number 1
_chemical formula_ structural  MoS2
_chemical formula sum Mol 32
_cell veolume B7. BE3ATTZ268
_cell formula units_Z 1
loop
_symmetry_equiv_pos_site_id

] 5.8: Materials Project 145 2\3% 2 3 5 N\ 450 (£ AE St i
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IR Import from Materials Project >

I:p—L%E I L || Search I

full formula spacegroup w‘r

# generated using pymatsen A
date 31
_S¥ymmetry_space_group_name_H-N "F

length_a 3. BBE9T4E5
length b 3. BEEOT465
length ¢ 3. BEEO 7465
angle_alpha  §0. 00000000
angle heta 60 (OO00000

cell_
cell
cell
cell_;
cell_;
cell_angle_gamma &0, (00D
symmetry_Int_Tables_number 1

chemical formula structural 3531
chemical formula sum 312

cell_volume  40. BERZ9285

cell formula units I 2

loop

_symmetry_equiv_pos_site_id W

] 5.9: Materials Project mp J7 5 1% 2 3 5 N\ 45 ¥4 £ AR 5 1

5.3 2D oFiElE

Device Studio 2022A KUHTY 2D 4> FRERIGE, 1E 2D o F@Bm S+, HTAEME
Tl AR Z A T, O E. esiR. 28, M4, &l
gt ik WHEDLJOCARYAR T HSE, M P sz D se b7 (8 2 &4 2D -
[ 53 TS5 Mg 5 720, ISR 2D 40 745 H 5% 3D 73 14514 .

Device Studio FE A X 2D 7r T &5 M B AT g DhRE, FH 7 a0 o T a5 Mg T g . 1Bk
N . SN 2.4 VAT T SN 2.4 VA=A C I 52 VA = e 2 7SN 1 =~ AN = W 1 L2 E i AN 2 W T
fE.

PLFE G 3 ANMHIEZR IR 2D 43T S50 Hfs L AL 6 % BE [ 3D 4 F-25 8 ], HEED
2510, B5.11. Es512. B 513, K 5.14 Fiso
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IR Device Studic

File Edit View

Build

H=1=10

\Mﬂlecule
I Malecule2D I

Simulator Window Help

Froject

IR Device Studio
e Au-Alkaneth
E ZnO-MgO-<
e Cuhzw

> (@ NaClhzw
= MaCl(111).h:
B GaSe.hzw

Decomposition
Device

%8  Convert to Device
Bending of Device
Interface Builder

Fill Junction With Atoms
CAD To Atomic

K 5.10: #H 2D 43T @A S A

€ | - O [E R

K2 untitled.hzw - Device Studio X
AN

Fle Edit View o ZDJJ ¥E*§ﬁﬁ

mE e ALDI9a N BOEE o -+ - Xot4AE § §% 00,

Proparties 8 x
™ Line widths

3 Bond [2.00 B
IS herow  [LEO B
& Jrron tip [10.00 B

Frame  [LEO =]

JOOOOO0OR | NN NL WA

Atom defanlts

Bond defanlts

Font & Color

o || rsibiliey

‘«

applyData Lone pairs & radisals

K 5.11: 2D 43 G St i
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% untitled.hzw* - Device Studio - u] e
File Edit View

Ed  O9C A [’ 9

CHll= o Xoi% A

| Froperties & x
Line idths

Bond 2,00

hrow [180

Arrow tip [10.00

coficcNicolicn

Frame  [L50

Atom defaults
Bond defaults

Font & Coler

%@60000D>|§§\\\\w\\%z\n;

¥isibility

v
9 2 Grid

~

B 5.12: 355 2D 70 AR IFECON 3D 1A R A

K2 Device Studio - [Moleculehaw] =
File Edit View Build Simulator Window Help

= A -#
Project & X
B Device Studio

{1 Au-Alkanethiol-Auhzw

(& ZnO-MgO-Si.hzw

& Cuhzw

) NaClhzw

(& NaCl(111).hzw

[ GaSe.hzw

(@ graphene superCell.hzw

(=) graphene_superCell StandardizeC...

() 2DMolecule.hzw

(& 3DMolecule.hzw

) azulenehzw

{E Device_Si.hzw

() Device_10_0Gr_Nanotube Rede 1....

{Hh Device_Device_Sc111-14 7CNT-Sc...

(= Sid0hzw

Fropertiss 8 X

Properties

Job Manager e
log in local = Pl =
log in loeal = &[5 2

Description Script Status Actions Process

K 5.13: 2D 4> T 45553 3D 4 145 #4 J5 1) Device Studio F[H
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= (A - »
FFFFF ct a8 X
(= Au-Alkanethial-Auhzw
) ZnO-MgO-Sihzw
& Cuhzw
) NaCl.hzw
& NaCl(111).hzw
& GaSehzw
(@ graphene superCell.hzw
() graphene_superCell Standardi...
) 2DMolecule.hzw
& 30Molecule.hzw
(i azulenehzw
{Hh Device_Si.hzw
() Device_10_0Gr_Nanotube_Red...
&) Device Device Sc111-14 7CNT...
(= Si40hzw
0
(@ Dihydrothiazolehzw
(D Glyphosate.hzw
{Hh Device_738049.hzw
() Crystal_1058400.hzw

Description Script Commit Status Status Actions Process

K 5.14: Ltk )a i 3D 7 145 f A

#ix
K 5.14 bR 5N @ B Minimize Structure NIBA L 53 F 113 1H FX 0 F G5k 3EAT 5 /AL,
BRIAKN MMFF94, mlaiid it N R ek Be6& 1 J13mdtAr sttt

5.4 3D pFiElR

Device Studio 2022A [fCH 3D 4> FREEDIRE, - vl iz D ge 77 (8 Py i 48 & 3D
4y F45K, Device Studio SCHEXF 3D 7 T 45T iR, FEVTEH 4 1458 1) SR A4
G2 [ B ) LRSS, v 0 F S5 AT IR . i I AR R B . T A R
a. PR, efs. B, BB . M. oS — RVIEA/E. Device Studio 7
3D Jr T a5 R E S an B 505 . 506, B507 . E508 . E5.19 AR

IR Device Studio

File Edit ".-‘iew S'qlulat::ur Window Help
= | Molecule |
[ Molecule2D

Froject

Decomposition

5.15: 3 H 3D 4 - @A S T A
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W
File Edit

R E &~ w-

Froperties

Atom Tab Bond Tab

Name X Y

= RBE & w-

| Broperties

K 5.16: 3D 4> T @A A

|t @ E2 ElementModelViewer
EBond Counts

Atom Tab Eomu H
Name Li Ee

Ta iz

Rh Sr T Zr
Cs Ba La HE
Fr Ra Ac RE

Ce Fr

Th Pa

Select Raden Fragment

(o}

Atom

Mo | Tc | Ru | Eh | Pd
¥ Re | 0s | Ir | Pt
Sz | Bn | Hs | Mt | Ds

Fn Sm Eu Gd Th

5.17: ¥

Ag
Au
Rg
Dy
cf

cd In/| Sn Sh Te

Hg || T Fd || Bi | Fo

He Er Tm Th Lu

He
Ne

Ar

Xe

En

2 3D 7 1 AR RAE

ApplyData

ApplyData

5.4. 3D P FiEE
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IR Molecule - o X
File  Edit

BRAE e x4+ X v @R §
Properties & X

Aton Counts 5
Bond Counts B

Aten Tab  Bond Tab

s oot 1 D HHKIEEEAE, BRI,
H -0.821369  0.693879 -4.61776
H 0.414161 0.693879 -3.38224
H -0.821269 -0.541651 -3.38224
H 0414161 -0.541651  -4.61776

BHE3IDS AR A RS
FBEEERE

ApplyDatatiztll, MEEITIDS T4
|

ApplyData

K 5.18: $5% 3D 4 &R E—

IR Device Studio - [3DMolecule.hzw] = - o x

File Edit View Build Simulator Window Help

B B-®
Prosect 8 x
) Au-Alkanethiol-Auhzw
{H ZnO-MgO-Si.hzw
() Cuhzw
(& NaClhzw
& NaCli111).hzw
B GaSe.hzw
& graphene_superCell.hzw
() graphene_superCell Standardi...
fah 20Molecule.h

() azulene.hzw

() Device_Si.haw

{H) Device_10_ 0Gr_Nanotube Red...
{E Device_Device_Sc111-14 7CNT...
D Sid0hzw

() Molecule.hzw

() Dihydrothiazolehzw

(& Glyphosate.hzw

() Device_738049.hzw

() Crystal_1058400.hzw

Fxoperties B X | job Manager & x

sftp los in = LI ffkedft==lE=d
Properties Value - -
= Description Script Commit Status Status Actions Process

5.19: PRALFE A (1 3D 7 145K
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5.5 mipElE

T AR, P S 7R A M P S KR P R R R A, P, B
BB, BRARAE, WA, SR, 7EHIERD FETRE, L TRS
KSR, SRR AT R

PLEE  NaCl sk 45 ¥ 51, £F Device Studio &I F1H o st Build — Crystal , #H
B RAREE M SN K] 5.20 AR

E% Crystal X

pl, p2, p3 are in fractional coordinates.

Element pl p2 p3

K 5.20: #8578 SR LM A

F AENTE NaCl g iR )22 S B, 720 18] 5.20 s 5 H #8 2 NaCl ik gii, im]
MR 521 aLORER S MF kR R, — BRI S B P NS R, ST Preview
PR AE ST A O DR S T R S50, PR B TR AR @A 5 IR, 2
BT, 25 .5 Build W52 47 NaCl ShRZE N, 256 SO CRAFAE S ) 30 H
EH X (Project Explorer), [FiAJ7E 3D WoR XA F 2NZEM T 3D LK k2, #
FETU R A B4 S R 25 A AN LB, JURTAE 1] 5.20 B ST o SR i . R 4h iy
EFER, P AR 7R Bk A A ) Preview style, BiEH Primitive cell B, Conventional
cell ; EFRBEREMMEIR T, BIZE2IE Show equivalent atoms.
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NaCl BRFZ5HA0 p1. p2. p3 EWNTRAR:

Element

p1

p2

p3

Na

0

Na

0.5

0.5

Na

0.5

0.5

Na

0

0.5

0.5

Cl

0.5

Cl

0

0.5

Cl

0

0.5

Cl

0.5

0.5

0.5

[ Crystal =
Lattice
Space group origin-1 -
Braveis lattice  Triclinfpe
a | 5.624 | a | 80.00° | b/ |
b 5.624 | g | %0.00° | ca |
c | 5624 5 | 5000 |
Sl ) e ey e e (e
Element pl p2 p3 ~
Na 0 0 0
Na 0.5 0.5 0
Ma 0.5 0 0.5
Na 0 0.5 0.5
cl 0.5 0 0
cl 0 0.5 0 - |87
£ >

Preview stvle /
O Primitive ce'_'_{

® Conventional cell

Show equivalent atoms

1

Symmetry cperations

K 5.21: LA IAIRE(E S ELIFE 2 NaCl F R34 5
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F= Crystal *

pl, p2, pd are in fractiena*caardinates.

Element pl p2 p3
MNa 0 0 0
Cl 0.5 0.5 0.5

& 5.22: MRAE A (A HEAS 2 A8 NaCl di iR 345 5 i

A RNE PP SR S RS L, TS T fEPREE (3 2 454, Device Studio SCHF 261 Fif
A (B 230 R (Al REAT 31 Fhy & 78 AU, 41 NaCl SRR HHEN 225
FM-3M, HUEZEE, £ & 5.20 Bros i Ft 58 NaCl dnfl, e %id & 5.22 40
IR B A kR 1A s IS 0 N AS B AT R, HRBE S B A i E e —
B XEAMTEAUE] . XFE 1E 5.21 5 18] 5.02 WEA, R0 S A B AT DS fA A 45
S A SR o

521 5 & 522 5455 NaCl f RSNy, dei BonS i B IR TS A, Rlz)ik
Show equivalent atoms, #iAAGE, HEAEF W & 5.23 Frox, s A Build 1251
MHE E4F NaCl dh kgt , FLah i SO ORAFAE B A T A It [R] iy FL 45 44 1) 3D AR
BRI RTE 3D BoR [X Ik, LT NaCl Sk 45/ S i i & 5.24 Fis.
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F= Crystal *
Lattice
Space group -
Bravais lattice
""" bia
B 28 8| 50.00° cia
€ 2
pl, p2, p3 are in fractional ‘coordinates.
Element pl p2 p3
Na 0 0 0 -
Cl 0.5 0.5 0.5 =

(@) Conventi

I:‘ Show equivalent atoms

K 5.23: ANRIRENALE R T2 NaCl fi A4S

I2 Device Studio - [NaClhzw] = - o x
File Edit View Build Simulstor Window Help

5| ERdE D
Froject a8 x
(= Au-Alkanethial-Auhzw

) ZnO-MgO-Sihzw

& Cuhzw

& NaCl(111).hzw

() GaSe.hzw

(@ graphene superCell.hzw

—

() graphene_superCell_Standardi...
) 2DMolecule.hzw

(& 3DMoleculehzw

() azulenehzw

& Device_Si.hzw

() Device_10_0Gr_Nanotube_Red...
(@ Device Device Sc111-14 7CNT..
& Sid0hzw

() Molecule.haw

(& Dihydrothiazolehzw

(D Glyphosate.hzw

{Hh Device_738049.hzw

() Crystal_1058400.hzw

Propertiss & X || job Manager & x
LY [

Description Script Commit Status Status Actions Process

Properties

5.24: #5834 NaCl A 45 ¥ 1¥) Device Studio F-1H]
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5.6 RIPLEHETIEAA

e ARG VI TV F 2R A AEAFLE SR ARG M (P et _BadbAT o DATE ab ka2 4% BT ep
Fa 1) NaCl gt A4 g5 4 1 2l B AT DI /A7) #5 2 Thickness 24 9.73 1) NaCl (11 1)
e REER B, FEUN 1K) 5.24 FroR FHT R S5 Build — Surface/Slab , 5% H¥ NaCl g Ak 45
AT U /) A R ¥ 5.25 Fros .

K% surface/Slab x

Source File

Miller

Choose an

indices

atem te define the mest cuter layer

Element

pl
0.0000
0.0000
0.5000
0.5000
0.5000
0.5000
0.0000

0.0000

p2
0.0000
0.5000
0.0000
0.5000
0.5000
0.0000
0.5000

0.0000

p3
0.0000
0.5000
0.5000
0.0000
0.5000
0.0000
0.0000

0.5000

~

0.00A [2

5.25: ¥ NaCl s AR 25 /347 Yl /A0 F i) S

MR 75 % MR 5] 5.26 AL (AR IR 53 S i Sk AR M s, £E 15 5.25 B S i ik & Miller
¥ (111D, HAE TR FRMFIEE Na (0.5000 0.5000 0.0000) J&-F A YITH KL E T,
/5) 1%k Slab , f55 Thickness J5 1 + 5 5 IX, #% Thickness 3 &~ 9.73 £, [FIW o] /EF A
N DX 38 P S 24T VTR V) 5K, 2 )G s Build W48 2 45 Thickness *4 9.73 321 NaCl
(111) SARSEH), HE5H) U3 /E Device Studio FI H & B IX 1, 3D WK EIR1E
Device Studio [¥] 3D B/ [X 1K, &4 Thickness 4 9.73 Z[ NaCl (11 1) RSG5
Device Studio FH U1 ¥ 5.27 Frs.
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K= Surface/Slab X
Source File
rln P{eln Bl ]
Trrrse mm e i dxbAre| ks Crt T e
Element p1 p2 p3 ~
Ma 0.0000 0.0000 0.0000
Ma 0.0000 0.5000 0.5000
Ma 0.5000 0.0000 0.5000
[na 0.5000 0.5000 0.0000 |
Cl 0.5000 0.5000 0.5000
Cl 0.5000 0.0000 0.0000
al 0.0000 0.5000 0.0000
al 0.0000 0.0000 0.5000 v
SBurface Primitive Cell Vectors
u oliig
u TORA| v 7.95 A El
Vacuua | 0.00A 5]
Slab
Thickness a73h| | - r
acum | [oo0a]] - || -
Buld ance

K 5.26: #£7 Thickness A 9.73 [ NaCl (11 1) ShkSh ¥y i #E A

E% Device Studio - [NaCI(111)hzw] = - o x

File Edit View Build Simulator Window Help

BB H-® WP Qg RN-DEK F 48R Haian BH-E-H-E- S8 HdHed
Project a8 x

D Au-Alkanethiol-Auhzw

{H ZnO-MgO-Si.hzw

& Cuhzw

(@ NaClhzw

) GaSe.hzw T

(& graphene superCell.hzw

(D graphene_superCell Standardi...

{&h 2DMolecule.hzw

(& 3DMolecule.hzw

& azulenehzw

() Device_Si.hzw

() Device_10_ 0Gr_Nanotube Red...

& Device_Device_Sc111-14 7CNT...

(i Sid0hzw

() Molecule.hzw

() Dihydrothiazole.hzw

() Glyphosatehzw

() Device_738049.hzw

() Crystal_1058400.hzw

Broperties @ X || Job Manager

LA o

Description Script Commit Status Status Actions Process

Properties Value

K 5.27: $74F Thickness A 9.73 #2f) NaCl (11 1) Sk Device Studio FLIH
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5.7 RIPEIENRIETEX

7t Device Studio 1 'F A Cu JEMEEH 5 a0 5] 5.28 Frox, s F 0 8 Build —
Redefine Crystal, 7 H¥4 Cu J5 45 R Gk B € UGN 8] 5.29 Fros, $&18 & 5.30 Hi
ENEES IS S5, WETSEE, S Preview TN T 75 S H A7 M TE S L f5
MEEM, 2 Ja sty Build 380K Cu SR MY 9B, RIS Z5H S cu_Rede . hzw
%X fE Device Studio FJ301 H B H X 3, Z5#41 3D #LETE Device Studio [1) 3D 7R X 840
K 5.31 oo

IR Device Studio - [Cuhzw]

File Edit View Buld Simustor Window Help
BB B-® WP Qg R-DEKFER Hain B-E-6-E-| &0

B Au-Alkanethiol-Aubzw

{E ZnO-MgO-Si.hzw

[ Cuhzw

e NaClhzw

& NaCli111).hzw

[ GaSe.hzw

(& graphene_superCellhzw

{E graphene superCell Standardi...
& 20Molecule.hzw

() 3DMolecule.hzw

() Dihydrothiazolehzw
(@ Glyphosate.hzw

() Device_738049.hzw

) Crystal_1058400.hzw

Commit Status Status Actions

5.28: S\ Cu JE45#) (Cu.hzw ) J5H Device Studio 51
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IR Redefine Crystal

Redefine crystal by expressing the new cell vectors u, v, and
w 8s a linear combinstion of the current cell vectors s, b,
and c.

a b c
u [z =] [0 ] [o g
v [o H [t H o 2l
= [o = [0 [ 3
Face-centered Body-centered

Freview Build Cancel

5.29: #f Cu JF S 2514 & i 2 ST

80
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IR Redefine Crystal X
Redefine sl by expressing the new ce -, and
% a5 & linear combinaticn of the current . b
and c.
a b c

a [ iR IR :
v [ H [ H: 2
= [t H [t [ :

Facercentered Body-centered

5.30: ¥ Cu JRHRESFAT o8 S AR AR AE F im

IR Device Studio - [Cu_Rede.hzw] = - o x

File Edit View Build Simulator Window Help

B (A - #)
Project a8 x
() ZnO-MgO-Sihzw
& Cuhzw
(& NaClhzw
& NaCl(111).hzw
(H GaSehzw
() graphene superCell.hzw
(@ graphene superCell Standardi..
(& 2DMolecule.hzw
() 3DMolecule.hzw
() azulenehzw
) Device Sihzw
{E Device_10_0Gr_Nanotube Red..
(&) Device Device_Sc111-14 7CNT...
& Sia0.hzw
(= Molecule.hzw
(@ Dihydrothiazolehzw
() Glyphosate.hzw
() Device_738049.hzw

& X || job Manager ax

11 log in suceeszfully L P sl =

Description Script Commit Status Status Actions Process

K 5.31: Cu )50 (Cu_Rede.hzw ) ZifJ7E Device Studio H ] 3D FLIE
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iz H Device Studio 1425 K4 ) & i BB 8 DD RE T LK S ia g ki, HafE 5% Cu IR
My R ERAE—E, DK Cu By 4x454 MBI, iy Kl 5.31 H1) Build
— Redefine Crystal, 7 11 Co BS54 i M 51 e XAt , HAgfE A man & 5.32 o, 4%
14 5.32 R ZL AR o K kAR A s — 2 PR, Z A Sl Build #ZHLURE Cu
LA dx4x4 (WA, [RIRT S5 3/ cCu_Rede_Rede . hzw H:#/E Device Studio 1)
T H XK, 451 3D MLIETE Device Studio [¥] 3D &ox X k40 [ 5.33 FioR.

IR Redefine Crystal X

X
XX
XX

7/

A
Xl
X

/

!
X
<
X

003

7/

N\
2!

Cancel

K 5.32: % Cu BTN 4%4%4 (8 ER1F S
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E2 Device Studio - [Cu_Rede Rede.hzy = [= Y

File Edit View Build Simulator Window Help

BHA| B-® RdAe A-DEX 5B Hans #H-E-B-E- 38 HdH e
Froject a8 X

(& Cuhzw

) NaClhzw

(& NaCl(111).hzw

[ GaSe.hzw

& graphene _superCell.hzw

(=) graphene_superCell Standardi...
{E 2DMolecule.hzw
(& 3DMolecule.hzw

(& Dihydrothiazolehzw
() Glyphosatehzw

) Device_738049.hzw

(D Crystal_1058400.hzw

K] 5.33: Cu BBl (Cu_Rede_Rede.hzw ) ZEfI7E Device Studio T[] 3D #L K]

5.8 ZRIHHEIR

DA - Je B2 - (Au-Alkanethiol-Aw) 7> F#sfF &5 K961, LATR 70 N LA D IRZ
ARSI R

5.8.1 S\ Au SRib&EHS

M Device Studio K IBEH SN Au @RiEEH, BIFA Au G, SATEX EAM
VEAHEIR, F P S% A dE B 5 N4, SN Au iR i) o A 15 5.34 f
7N
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I2 Device Studio - [Auhzw] = - o x
File Edit View Build Simulstor Window Help

= (A - »
FFFFF ct a8 X
(= NaClhzw
B NaCl(111).hzw
(H GaSehzw
() graphene superCell.hzw
(@ graphene superCell Standardi..
(& 2DMolecule.hzw
() 3DMolecule.hzw
(& azulenehzw
) Device Sihzw
{E Device_10_0Gr_Nanotube Red..
{ED Device_Device_Sc111-14 7CNT...
& Sia0.hzw
(= Molecule.hzw
(@ Dihydrothiazolehzw
(& Glyphosate.haw
() Device_738049.hzw
& Crystal 1058400.hzw
(D Cu_Rede.hzw
() Cu_Rede Rede.hzy-

Properties Value

K 5.34: SN Au SR g JE 1 S H

5.8.2 1§ Au [REE%5HED Au R

s 18 5.34 F 1 Build — Redefine Crystal , 1! Redefine Crystal F-1HI 40 £ 5.35 fiz. A
ot K 5.35 H1[1) Face-centered — Preview W FHTHIZZAC AW ¥ 5.36 Fra~, F A AIAE 4] 5.36
AT A X 3k Y0 W 2 8 i ) 258, 2 S5 e Build W) Au JR 0 0 Au fh g i, H451
AFARAFAE R AE B0 H & X 35 (Project Explorer), [AH A {E 3D B s X I A A 2I1% 45
1) 3D ML Rosan 14 5.37 fos. [E15.37 1) au.hzw X R Au J5fl, Au_Rede.hzw
XTI Au g, P RTAR MR v 5 FE Bk h S S0, A TR IR R Rename X S5 #6 SO L HT
4
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IR Redefine Crystal

Redefine crystal by expressing the new cell vectors u, v, and
w 8s a linear combinstion of the current cell vectors s, b,

and c.
a b c
u e =] [0 ] [o 2]
v [o H [t H o 2l
= [o g [0 H el
Face-centered Body-centered

Freview Build Cancel

K 5.35: % Au J5i Y Redefine Crystal [ 53 [
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IR Redefine Crystal

¢ expressing the new
ation of the current

- b =
a [ iR IR 2]
v [ H [ H: g
= [t H [ H

Body-centered

Cancel

5.36: K Au JE SRRy Au RO ERAT S

B3 Device Studio - [Au_Rede.hzw] =

File Edit View Build Simulator Window Help

B (A - #)
Project a8 x
() NaCli111).hzw
e GaSe.hzw
() graphene_superCell.hzw
{# graphene superCell Standardi..
(& 2DMoleculehzw
) 3DMolecule.hzw
& azulenehzw
() Device_Sihaw
{#) Device 10 0Gr Nanotube Red..
() Device_Device_Sc111-14 7CNT...
[ Si40.hzw
(& Molecule.hzw
() Dihydrothiazolehzw
(@ Glyphosate.hzw
() Device_738049.hzw
(&) Crystal 1058400.hzw

| g5 11 88

() Cu_Rede.hzw
) Cu_Rede Rede.hzw
& Auhzw -
////
v
Fropertiss @ X || Job Manager & x

L aCNE o (SIS

shell log i

=ftp log in =

Properties . .
Description Script Commit Status Status Actions Process

5.37: % Au R AN Au &S I S
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5.8.3 1§ Au mRAEIEINA Au Bl

¥ Au S IREG I 2224 BN (FATRR: Au M), i 18 5.37 W1 Build — Redefine
Crystal 7.} Redefine Crystal Ft[H, %0 [ 5.38 P St 4L HEE S B S5, &
i Preview TR # 0 J5 WFEMZE M), T Build W) Au f 0308 Au RS, HEE
SCAFRAEAE A I I H & E#E X 38, (Project Explorer), [A]H ] 7E 3D B x Xk & FH 21245
) 3D ML B~ tn 8 5.39 Fras. B15.39 1) Au_Rede_Rede.hzw XM Au #8iE, H
PR TR B M S E i

k= Redefine Crystal X

Redefine crystal by expressing the new cell vectors u, v, and
= 8 linear combinati T cell vectors

ANZAN VAN AN ZAN VAN AN VAN g
CIXIXIXIXIXIXIX D
E%%%%ﬁﬁ%ﬂ

XXX

NININ/IN/TN/TN/TN/TN

Cancel

K 5.38: K Au dr R0y Au A RO HR AT S 1E
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I2 Device Studio - [Au_Rede Rede.hzy = - o x
File Edit View Build Simulstor Window Help
BHA| B-® RdAe A-DEX 5B Hans #H-E-B-E- 38 HdH e

Froject 8 X

() graphene superCell.hzw

() graphene_superCell_Standardi...
) 2DMolecule.hzw

f&h 30Molecule.hzw

(& azulenehzw

(@ Device Sihzw

() Device_10_0Gr_Nanotube_Red...
{H) Device_ Device_Sc111-14 7CNT...
& Sid0.hzw

() Molecule.hzw

(@) Dihydrothiazolehzw

(=) Glyphosate.hzw

{H) Device_738049.hzw

& Crystal 1058400.hzw

) Cu_Rede.hzw

& Cu_Rede Rede.hzw

) Auhzw

K 5.39: K Au @R R0y Au RS (1 St

5.8.4 Hilf: Au BIEIPS REFIIEE

MIFR Au B ZRIEF, HFEEWERBRTPEPXITT. @M E 7okt m,
HEUOK Au B EH]—4r, % Au_Rede_Rede.hzw &M - A — Copy, 5 H
CopyFile a0 [ 5.40 fw, P AIARIE T EEFran 44, W Au_SuperCell, BYE
KRB N4, 25 s CopyFile FHH 1) OK %41, W Au_SuperCell.hzw £5#3C
PEAERBEAE T H B BRI, Xz sty st Hghiy 3D MBI Eori B 541 (@) Firs

k= CopyFile ? >

Kew file name:

I.—'LLL_ELL]:-EI:E-_-_l

%] 5.40: CopyFile %

(1) £ 3D /R X3, zy SO, FHBARHELE (5] 5.41 (a) FLEMERS S, i Toolbars
1 Delete Atom PREEEIFR LS T Delete BEMIBRIE I JEF, MEREW K 542 (b
FiR o
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(2) siifi Toolbars F1¥) 3D Viewer zy View PREEEIFRA M FRiiz4l, 1% xy View NI i
zy VIR xy T 14 543 (e) Froax, HIBARHELE & 543 (o) HABHERy, sid
Toolbars -] Delete Atom $R-HEFIFREL S5 T 54 Delete S BRIEF R+ MIBRIE, S
Toolbars 1] 3D Viewer zy View tR4EEIFrUI#[B] zy THI40 & 5.44 (D Fios. E5E, WA
HEXL [ 544 (d) FPRVZLERERS ;s HOR, $EE Col 88, RN AR 4 544 (dD
R SR EHNERR 3 B Ja, ALl Toolbars [ Delete Atom T4 EIFREL & 5 5% Delete
MHBR IR 5, MIBRJE W 5] 545 (e) B

(3) 1£ 1 5.45 (e) WITEILT, A Toolbars 11 Center 14 I Fr I m] K 4544 F Fir A R
TAENBARLE S BT R 55, B seEwn B 546 (O Fn. 58 Bk —Le%)
BEAE, BER SR SO Au_SuperCell.hzw B Au_SuperCell A0, 51 3D % a0
K546 () Fim.

&
POk IR T o R, R ATARYE X AW S ke

5.8. ERIHEIR 89



Device Studio (B

I2 Au SuperCellhzw I3 Au SuperCellhzw

K 541: (a) Kl 5.42: (b)

I% Au_SuperCell.hzw = |[B|[=

K 5.43: (¢) K 5.44: (d)

[= Au SuperCellhaw [ Au_SuperCellhzw

K 5.45: (e) Kl 5.46: (f)

5.8.5 B X 1 Y HBFAAES

1% Au_SuperCell FBRRY X F1 Y 35 IR EAEST . K Au_SuperCell 1 & il — 1 H H
fir 449 Au_SuperCell_1, X ii &5 #3CF Au_SuperCell_1.hzw {2 1E 3D Z/R X5
WoR. miir Toolbars | /] Convert to Crystal R4 FlFr3# Hi Convert to Crystal Ftifi, %8 [X]
5.47 P S AL REL R 70 W B 28 — AT — Build , W44 Au_SuperCell_1 i
MO X A1 Y 37 1k BN E AW & 5.48 (a) B, miii Toolbars | [ Center tR47E Kb
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W A] R 25 ¥ A B SR - E AR AE f A oo A 5%, RS e K 5.49 (b) Bt
INe 5E IR —LLHIEAE, Z5H M Au_SuperCell_1.hzw H Au_SuperCell_1 #8 i,
H b 3D ML 15 5.49 (b)) Fios.

=g

B ERIHEA S, 2N TEZBEER AU, FRRE e — RPEEEE RIR)E
TERR, FAPARE@EE T E R e £ G EH . Ead. —MERMEBOREE, b
Toolbars 11 Undo 4 EIbREEY, Bz Col+Z 5 .

I% Convert to Crystal x

Lattice
Br UserDefined -
a a bia

b £ c/a 0. 90828883

G

Pr1

(&) Y& z(A)
als o o
co0 0o 16.3132
H

5.47: Convert to Crystal F*[f]

#F

1E ¥ 5.47 P S Build %415, %5 Au_SuperCell_1.hzw Z5#H) 3D MLEAE
JRTE 3D R X EIEALE, P R8I 55 Toolbars & 3D Viewer zy View tREE Kb
BUZPREESE Corl+R B EZE5 M) 3D ME B EE i B, HE 51451 3D MEwn 4] 5.49
(b) Fin. APHEZIRZIZESTIBEEM 3D MEARE 3D ERXEBHEEMNE, 157
Bid ERFREE.
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I= Au_SuperCell_1.hzw I Au_SuperCell_1.hzw

K 5.48: (a) K 5.49: (b)

5.8.6 BEIEMRGELEAEEREE

BRI EFHRECIE, EMTERIEEYR, HFRERERIST. 10K 5.50 s, &
HETA R — st Mirror Atom TREGEEFR — 5L H Mirror 51 — W E 2% — ‘4% Copy
— KT Apply, Wgs#n 5 5.52 (a) Fion. 18 & 5.52 (a) WAL L, it Convert to
Crystal P4EEIF55 H Convert to Crystal FHHI 40 & 5.51 Frox, & B2 AAEE 5 5)  E
SHUa, AEF A T B S S R BUS B4, R Build, R Center PRAEEIFRRE
H B AL G E BUS S T A TR AR AR d Ak ST R o 5, S e tn K] 5.53
(b) PR

] B - o0 x

HB B-® S

Project 8 x

I3 Au SuperCell 1.hzw
(E graphene_superCell Standardi...

& 2DMolecule.hzw
{1 3DMolecule.haw

() Dihydrothiazolehzw
(@ Glyphosate.hzw

() Device_738049.hzw
) Crystal_1058400.hzw
& Cu_Rede.hzw

() Cu_Rede Rede.hzw
e Auhzw

() Au_Rede.hzw

(@ Au Rede Rede.hzw
{0 Au_SuperCell.hzw
) Au_SuperCell_1.hzw

Properties Value

Description Seript Commit Status Status Actions Process

ElementSymbal Au
X
Y

z

5.50: %} Au_SuperCell_1 #5858 (5 A B #/E F 1i
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I= Convert to Crystal

Lattice
Bravais lattice |UserDefined <
a @ 90" bfa 1
b I cfa |2.22222222
c
Primiti t
x(A) (&) z(A)
a8 o 0
b O 18 0
c0 0

I Au_SuperCell_1.hzw

K 5.52: (a)

I Au_SuperCell_1.hzw

K 5.53: (b)

5.8.7 EBEMmiROZELEN

SNERED FL&EM, HIFEMEHIZ Au_SuperCell_1 BEHFEFNE, ZFHE

MmO 2R 451 .

(1) AL (Alkanethiol) ZrFZ5¥tn & 5.54 iR

5.8. ERMHEIR
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I% Alkanethiol.hzw

K 5.54: kEfREE (Alkanethiol) 43T 45#)

(2) Xt Au_SuperCell_1.hzw 3T I Au_SuperCell_1 # M55 K, RFRE % T 1 b 18 Corl+C
S FEEE (AlkanethioD) 73T 45it; BAbrsidh K553 (b) FmEAMAME, HigthiE
B Crrl+ vV et lE (Alkanethiol) 7)1~ &5 KKk I 1] Au_SuperCell_1 # a5 #rhan 5] 5.55
() Fze AT RTG Femi s (Alkanethiol) 4> T-45 M%) %] Au_SuperCell_1 A
SR ERALE, R 3D Viewer zy View HRGEEIFS A M) N frd%4l, &4 ZX zx View ,
M H zy EPIHA zx W B 5.56 (b)) P, EFEhilE (Alkanethiol) 77451, Mt
REEEIFR Center , MK HehilE (Alkanethiol) 445253 Au_SuperCell_1 iy 2k 4
I JEHALE N ] 5.57 (¢ Fian, i 3D Viewer zy View tREERFR, MIYVIHA zy 10
5.58 (d) Fimmoe
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I Au_SuperCell_1.hzw I Au SuperCell 1.hzw

L4

3 2 8
TV K [ X

K 5.55: (a) Kl 5.56: (b)

I= Au_SuperCell 1haw I Au_SuperCell 1.hzw

DZOZOZOZOZAN XXX | DZOZOZOZOZAN
LX) ROZOZOZOU LX)

K 5.57: (¢) K 5.58: (d)

I Device_Au_SuperCell_1.hzw I= Device Au_SuperCell 1 Bufferhzw

IZOZOZIAN VAZOZOTO S
OO NXPKX

K 5.59: (e) K 5.60: (f)

(3) Hiii Convert to Device 4EEFr, #H Convert to Device S U & 5.61 Fras, 435
AR L EAMEE 7y, ST Preview 75 SV A O TIUVE 48 R 0 P B ] 2R AR g R, AR
Build W3 @05 1) 9w 1 28 F 458 Device_Au_SuperCell_1.hzw 14 5.59 (e) A
7No
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IR Convert to D X
his dislog iz for s my trode 4 F b
rode(=) Th he extendsd £ b 4
rods.
(4] y(&) (A
Left electrode | o] o] [ -4.0783
Right electrods | o] [ o] 4.0783
[ 2ot d 0
[ top d
[ Exen d
[] Back electrode
£ - de dev E “Twom 4
e

] 5.61: Convert to Device F&f]

5.8.8 fAERHFEERIMERER

APAIRBETEEEACE ST RIERFNAn O HEMEmENE, KEblEX. L
WERNE T 1A (Z 7)), 5 #3458 Device_Au_SuperCell_1.hzw SEUT BRI
ZeihE 0, as iy KON IE 7 R 7 20, T a4 1 - s T Menu ¢
FAFAH Simulator — Nanodcal — Add Buffer, 7 1 Add Buffer S U1 141 5.62 Fiiow, sidh
W Left J5 1 + 54%4H 2 Ik, ATAE AU 0008 28 s 7 ml 28R 22 s in 1 2202
RtE Build WIS T 200 2 W9 i L #8144 4584 Device_Au_SuperCell_1_Buffer.
hzw W1 5 5.60 (£) FiR.

96 Chapter 5. 13188



Device Studio {EF#E

I= Add Buffer X
Press the +/= buttons in one of the rows to inorease/
decrease the size of the central region at the
interface of the respective electrode.
The £ the in e Be gom Temgh fm
Anzstron.
Left 4. 07830001 = D
Right 0. 00000000
s
/
Build
K] 5.62: Add Buffer S
[
<
-p=

EiR g SRR IS INGE R R R A SR, P R AR TS R R S 75 A SR AR PR B A
MMz, REBHIMILE .

5.9 SHaty

X 82U 254, TR o 28 F 45 M) Device_Au_SuperCell_1_Buffer.hzw, 4
S GRS, BT RS U - R 3R File — Export 3 H 3 H 41T 45
MISCAE S, F P AR e 7 B BN, Szt 4, BRI w4, I
EPEAFAEAS
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‘HHgREE R (ERE

St PSS RERAE, P AT S T AL (Toolbars) &R BRI ThRERA,
WRAE 5 B SR AT RSB, SRR )E S A AL I 2 T 4E 3D R XA

6.1 £519RY 3D BEREMIRME

Device Studio M ZY. XY+ XZ. YZ. YX 1 ZX T M EL55#) 1% 3D P&, WifE 3D &
TR NaCl (111) @ikt (NaCcl (111) .hzw ), S BAs S TAR K
3D Viewer zy View tREEEIPREG S EE R Z2Y 11, 8 S5 Z R EE b a0 b4 vl ik
B XY, XZ. YZ. YX B0 ZX TR MEE NaCl (11 1) SR 3D #LE, NaCl (1
1 1) fRGEHZE 3D SR IX A ZY. XY, XZ. YZ. YX F1 ZX [ i) 3D #2351 R 14
6.1 K62, K63, K64, K65F 6.6 Fw,
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I= NacCl(111).hzw

K 6.1: NaCl (111) ZY Ifij 3D ¥ &

= NaCl(111).hzw

K 6.2: NaCl (11 1) XY [ 3D # &

[o ][5 )

I% NacCl(111).hzw

K 6.3: NaCl (111) XZ [ 3D MK

Lo ][ &[]

E= NaCl(111).hzw

K 6.4: NaCl (111) YZTf 3D #K

[ o] = [

F= Nacl(111).hzw

K 6.5: NaCl (111) YX i 3D fL K

Lo &[]

% NaCl(111).hzw

K 6.6: NaCl (111) ZX T 3D #iL

FES K 3D o Xk, P AT IR 3 bR Th B A5 A 1K 3D AL EIEOR e /N AT Sk
th T BA=H ) 3D Viewer Translation Mode tR-4E B bR BUZAT SRbR H 88, @i 4630 R AR RS 45
FH) 3D MEFEZ X #2 s AT deik b T REA=H ) 3D Viewer Rotation Mode R4 B F5 5%
AR WA AT, I3 AR S5 R 3D M EILE I X e i
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6.2 LSHIRISTUSFE

PLam A MoS o AR ULEHZ5 I — RIME AR, R (Mos2.hzw ), AR
6 5h1% A BB AE ) Project Explorer (I H & H) [XIREI AT S NS4, S5 zy T 3D
M 6.12 (a) Fis.

6.2.1 RINEF

WIATE A MoS » s in—A Cr Ji1, BAREAEm & 6.7 e tilisr frs, s Toolbars
1) Add Atom PREEEIAR, WS H TR A IR, fEn &R A R ik Cr, S OK, £ 141 6.7
PR S bn 58 @ A7 B AL s AR 2 8, B A dr BT E 8K Recalculate LinkerBond
PAEE R, W58 KAE MoS , s Iin—A Cr i FI#4E, 5ERa 8 3D AR & 6.13 (b)
iz

e 5] - o x

- &3 o B8 uoiz
o

e At e
Iy Hah BE-E

il
‘
=
;

& Device d 1% periodi
"~ & PeriodicTable
B Device p I= MoS2.hzw

Description Seript Commit Status Status Actions

K 6.7: Usin s A 5L
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6.2.2 HIFRIEF

iR & 6.13 (b) FrRMgstgrh 230/ S IR+, BAREAE K 6.8 et s Frr,
P AEMER S J T, i Toolbars ] Delete Atom TR bR B B 14825 H Delete
g, MIPTMIBR S i+, 25 R BT 8K Recalculate LinkerBond th4E bR, MIFR S
JETJE ) 3D AN 14 6.14 (o) Fom.

I Device Studio = - o x
Fle Edit View Build Simulstor Window Help [
ER B-Rar Read a-OFK +F4H0C%W 4" LARAAS B-B-6- E- Sommlogy
Froject 8 x - )
(5 Device_Si.hzw " /
= MoS2hzw

) Device_10_0Gr_Nanotube Red...
& Device_Device Sc111-14_7CNT...
& 5id0.hzw

(& Molecule.hzw

() Dihydrothiazole.hzw

() Glyphosate-hzw

) Device_738049.hzw

(5 Crystal_1058400.hzw

) Cu_Rede.hzw

) Cu Rede Redehzw

& Auhzw

(5 Au_Rede.hzw

& Au Rede Redehzw

= Au_SuperCell.hzw

 Au SuperCell_1.hzw

(& Alkanethiol hzw

& Au_SuperCell_1_Copy.hzw

= Device_Au_SuperCell_1.hzw

& Device_Au_SuperCell_1_Buffer.h...
() MoSzhaw

B x
Job Managex e
Properties Value
£ hel o= =]
ElementSymbol 'S
Descrip Serip Commit Status s Act Process
X 159515955
b 0.92096393
z 2.15486646

K 6.8: il i v ¥4 F 1

6.2.3 HiFEF

Wi 4 6.14 (o) FrRMgsth i Cr JRF & W IR+, BAREEW 5 6.9 haf
AT, EHPAAESE Cr J T, A Toolbars )& # 5T Replace Atom tREEE bR,
s TR AR, oo RAHERFES W, b oK, AT E K Recalculate
LinkerBond WREEFEIFR, MSERKGW K 6.14 (o) BB/ Cr T &R W 5T
PR, SERUE SR 3D MW K 6.15 (D) Fix.
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8 X

BB B-# 4 RS Q¢ f-0

e
B+ 5 5] 4.

=)

AR S S E-E

- 3 E E

ect
fE Device Sihzw

(& Device_10_0Gr_Nanotube Red...
& Device_Device Sc111-14 7CNT...
(B Si40.haw

(& Molecule.hzw

(& Dihydrothiazole.hzw

{E Glyphosate hzw

(& Device_738049.hzw

(& Crystal 1058400.hzw

(& Cu Rede.hzw

fEh Cu Rede_ Redehzw

(B Auhzw

(& Au Redehzw

1D Au_Rede Redehzw

() Au_SuperCellhzw

(& Au_SuperCell 1.hzw

(En Alkanethiol.hzw

(& Au_ SuperCell 1_Copy.hzw

(& Device_Au_SuperCell_1.haw

(B Device_Au_SuperCell_1_Bufferh...
(e MoS2.hzw

[= F= &S] | | r= periodicTable
12 3

8%

Job Mans
Properties Value
ElementSymbol | Cr
Descripti
X 079757905
¥ 184840858
z 724943972

6.2.4 {ZPNRFLIR

K 6.9: B T #HRAE S

X
5 o
= Yolfrem —
Atom No. = u o =
T4
Nl\& Al P s o Ar
= D o || -
N (w0 | 1| = o o] o] = =
K
HE Ta v Re 0s 1 Fi B Po Ra
x| o | @2 s o) -
‘
Ce Pr N Fu &d = He Ex‘ Ta Yo
Th U Np Pu Cn [ Es Fm Nd No
\ o
A

Wk K 6.15 () W RTF AP E B (0.79757905, 1.84840857, 7.24943971) 1&
BN (1.0, 1.5, 12,00, BAREEAEM K 6.10 L3 Fion, Seibrikd w JET,
7t Properties Explorer (Zif4)J@ 1t X 48) & & 2k W R T 18FRE By (0.5951619,
1.47565329, 7.18570423), s d&EMEES 1.0, 1.5 1 12.0, WEKEF W
JE TR, B s Bt B8 K Recalculate LinkerBond TR4EEbR, 1B5UR 72445 G
Sk 3D ALK E 6.16 () Fram.

6.2. EARISPURIE
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% Device Studio = - o x
Flle Edit View Build Simulator Window Help (-]

RPAQP A-ODER +4LRX% LS ARLS EH-BE-B- E- 388 5 m

o= ]

() Molecule.hzw

() Dihydrothiazole.hzw

(& Glyphosate:hzw

(& Device_738049.hzw

(& Crystal_1058400.hzw

) Cu_Rede.hzw

) Cu Rede Rede-hzw

& Auhzw

& Au_Rede.hzw

) Au_Rede Redehzw

& Au_SuperCell.hzw

(& Au_SuperCell_1.hzw

(& Alkanethiol hzw

= Au_SuperCell_1_Copy.hzw
& Device_Au_SuperCell_1.hzw

(& Device_Au_SuperCell_1_Buffer.h...
(5 MoS2.haw

Job Manager o o
Properties Value

Elementsymbol W (E)

Description Seript Commit Status Status Actions Process
X 1.00000000 //
\ 150000000
z 12.00000000

K 6.10: &0 AL bR A E S

6.2.5 fEaliEPRIEF

T K616 (o) Frsigity, BahLiuifm Ry, BikglEan & 6.1 Lt o
Ny S RARHEIR AL AN R T, A Move Atom TREE bR, 58 H Move Atom FHHI, 7E
AW PIHERAER, SdEE ZWIETTH (+2) 830, Bz, sfEt ARk
Recalculate LinkerBond TREEEIbR, #3hE45#M 3D #LEW K 6.17 (£ s
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% Device Studio = - o x

File Edit View Build Simulator Window Help
e A-TIEY SR AT AEA S BB E - 88 we[f]
:e e
== E=m |

() Molecule.hzw

() Dihydrothiazole.hzw

(& Glyphosate:hzw

(& Device_738049.hzw

(& Crystal_1058400.hzw

) Cu_Rede.hzw

) Cu Rede Rede-hzw

& Auhzw

& Au_Rede.hzw

) Au_Rede Redehzw

& Au_SuperCell.hzw

(& Au_SuperCell_1.hzw

(& Alkanethiol hzw

= Au_SuperCell_1_Copy.hzw
& Device_Au_SuperCell_1.hzw

(& Device_Au_SuperCell_1_Buffer.h...
(5 MoS2.haw

Properties Value = X N N
Description Script Commit Status Status Actions

ElementSymbol

X

Y

z

K 6.11: B ahidk 1 J5 55 AF 5

#iE
X H T B SR R E 17—y, P ATARYE 5 2 Al B i T 242 (Toolbars)
T ERGE BRSO T RE TR, FEHEAT AR L 10 45 R4
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I% MoS2.hzw

I MoS2.hzw

K 6.12: (a) K 6.13: (b)

I= MoS2.hzw IR MoS2.hzw

K 6.14: (c) K 6.15: (d)

I% MoS2.hzw IR MoS2.hzw

K 6.16: (e) K 6.17: ()
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6.3 SHERERME

LA Si8 fi iS5 K B R G540 (15 B & — R AIRAF . LS (si8.hzw ), B
PRSI SCA BEA ) Project Explorer (T H & BEIX 38D RIS NS5, S5HI1) zy T
3D M 14 6.18 Fr .

I: siB.hzw

K 6.18: Si8 ShiAkLE#

AEEM

XA BB R EILEh 2 AR T, AR dk 2 AR TR T, R
Sl T EAZ (Toolbars) _EXTRTHREMIPRTE KRR, 1%4E Corl 8, FRIBENEH ST
7o AT Corl B8, WITGVAIE I BAR B e () 7 2 h 27, IR Jeikadt AT 45 Y

(EPSSIE=

6.3.1 £ 2 MNEFZIERIIES

X0 P 6.18 Fros i gt #4), 4% 55t Toolbars [ Distance th£ERIbr, RS I
Crrl 8, FEIT RAR Ak gt rg 2 AR 7T sk b i 2 AR -7 2 8 i BE B an
6.19 (a) Fig, GAELEENES Y, W EFrA T —Clear Annotation BIT],
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6.3.2 ME 2 MEF 2R

X0 K 6.18 BB iR ghife), o Ay Toolbars F.F Vector between two atoms TR4EEbxR,
SR b Corl B, Bl AR e R S5 R g 2 AN R AT Sk A R 2 NMERF 2
B A 14 6.20 (b)) Fis.

6.3.3 ME 3 MNEFZERIEKE

SFF4n B 6.18 Azs I SR S5 K, e i Toolbars 1 Angle tREERIVE, ffFwa b Crl
B, A AR kR SRR 3 AN TR R R ) 3 N R 2 A I A
6.21 (o) P

6.3.4 M= 4 MNEFZEN"HA

S 18 6.18 Fias i iR 44y, 56 st Toolbars _F[X) Dihedral angle R4 EFR, 213 5t

b Corl B, BT R AR B35 R S5 R I 4 AN R U AT R Y 4 N T2 TR
WA E 622 () Fin.
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K 6.19: (a) K 6.20: (b)

K 6.21: (¢) K 6.22: (d)
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JRFEEMIRBISTRIR

Device Studio #T1 J& T 45 Fy k51245 (Structure Refinement Module, f&#%: SRM ), iZ%
B AT 2 1 )R+ 4544 3D Bon PIE AP A ROR, UL FMEF IR BRI 74
¥, SCRFERAR B Z AR, 5 A2 AR R R, w2 ARPE I nTiE R
TR FE— R Z2MEFEE R R0, FARMEE; BA Device Studio ¥4
B, FPAEE GG, PRSI TR, HNHT AR aiEE
T E ) 51 4544

AR AR AL Si16032 @IAEEH (5116032 hzw ) AFIKTEAH IR R T 45 MRS &
BB DI RE -

[RF LB ISARIREEINREI T

o IR TSRS IR R IIRE, AT 1R TR 3D R BE NPT A ROR
- T ER RN AR, BoRRCR B

o Bl FMEFIVRERIE TS5, TR AR
— SCRFH PG FR R T AR R R, B A B2 A
- DA, SCRFRTY 2 AR RSO AE L .

o B SCRREEHE 3D A0 Kl g T RE
- XFBER TEMT R TR 2R TESEE TR, PR
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 JF1 Device Studio ¥ AR AR I fE ;

- HHIE 2 & Device Studio HIAAHAN,  SCRFHI P AR B 21 51454
s

- BRI TR R EE, UEHEn. e, St E RBInES 4.
o HHESCRF G P R R AR DI RE s

- EH PR ERRZIE. R, R REESESE, AT BRI
W .

o HIESCIFE] Axes. Cell Fl OABC fESRM- 2544 5 77 X 35 7~ B BB D g

o HIIEST R E A 3D R (SRM-254 2R X3) B IhRE;
- SCFFRCESRM-#540 2w R RPUL, BEE RSO NHARICR .

o WG SN RS H ThRE .
- YEFESAHER dsxml v .hzw. .xyz . .cif . .pdb. .mol ZE¥I I
- XHFFH hzw. .xyz . .cif G

- B ETFEMPF 3D ML .png . Jpg . .bmp . .pdf . .tif . .eps
B &% R HRAF

#&iE
* .dsxml 3N Device Studio i T Z5 M FF IEREH L @ A% 2, 5 A8 G 4R 5 IR 454 3

PRI RS Ymts, @A R FEEMMSIERSR W 15 7.1 % miid5 File — Save
As fFEN . dsxml #&3.

o HEFEMIEBIIEREM SCR) 3D LB, .mol &5H430H 58 2D #1 3D, #
PP /5 B N G SO B R T A M e i, O ) AN 3D ) .mol 45
F LA
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7.1 [RFEEBERIRERRENE

JEFEERFE BRI (Structure Refinement Module, fai#%: SRM ) HIEEAE A & 7.1 Fr

- [m] X
= L) SHOFTXE
5 Ei“l:_'_:“ E%H:.'Settmg??-ﬁ Aoms  Model  Renderng  Selection
Styla & Labsl col  mA) bl A

9 GHRTXIL Q@ @ -
.. o@s @ -

s1 @ 148
siz O 146 o
sa @ 146 >
Sid O 146 >
Sig O 146
Si6 O 146 o
st @ 146 >
Si8 O 145 >
Si9 O 146
Si10 O 146 o
st @ 146 >
sz (@) 148 -

S B N 4 N S A Y S

]

7.1 JR TSRS I AR R R S

7.1.1 SRM-3EEat=
JR TS5 R RSB (Structure Refinement Module, fAj#R: SRM ) SZHF£AU0 K 7.2 s,

L= Structure Refinement Module-[Si16032]

File Edit

7.2: JE T GRS B AR LA
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7.1.1.1 SRM-ZZEE$=-File

iR TS5 MR B AR (Structure Refinement Module, faif#R: SRM ) SEEAE | File , 3
T & 7.3 Fiose

#| Import

I~ Save
I Save As

|4 Export Data
s Export Image

¢ Setting

Exit

7.3: SRM-3%HiA%-File

e Import : miti)5, FAH S NGRS (Ldsxml v .hzw . .xyz . .cif « .pdb .

.mol ) FHEU & 7.27 Frax, R Al RYE 2 RN A

* Save : BRINEIK, NRVFEATERAR, B XA TR, BalEE,

VAR, s, DRAFF PR R T S8, midi)a, A Save As )58
AP SO (. dsxml ) FRTH 15 7.4

o Save As : miitifa, HHRGESEK SCAE (.dsxml ) Ftif, H P Al iRYE 7 EA 0

A4, JFIRERAAGEALE, W 1K 7.4 s

Export Data : fiii)a, #HESHEMW M Chzw . .xyz .« .cif ) Ftm, HF
AR S SO RS R, ATARSE T BRI A 4L, RGN E, W K 7.5
FI7R o

Export Image : siii)a, #HSHE R XM C.png . .jpg . .bmp . .pdf . .tif
v .eps) Ftifl, HPWIRIERES S %, FEFEAEAE, W& 7.6 B
TN

o Setting : Riii)&, #H| Setting F1H, % T N Device Studio AR, W% B

e AR BIEADCEESAL.

© Exit: gidija, KRARTEMFE BRI .
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K= Save As dsxml File

T > EBEE » 3 > DeviceStudioProjects » DeviceStudio20228-20221129

HiE FETitE
& images 2 =i

source Ag203

@ source Si16032
@ OneDrive - Pers:
M WPSRIE

O s
DR
=R
= BH
=
¥ T
=
W =&

2. Windows (C)
- DATAT (D)

=& RS A

SR EER
2022/12/15 9:47
20221215 9:49

Fuh

x

v O ~ TE DeviceStudio20228-20..

:Z{dra(m;|si1ﬁogzdsxm\ |

BFEEEET): Device Studio X Document (*.dsxml)

~ Pt

7.4 QRAFEEH SO (L dsxml ) S

P [Erpori 02t |

& v | - EERE > M|

EEEaig FEi=
&, images ()
source I

@ source

@ OneDrive - Pers:

DS-PAWEE DS
M WPSRIE =

v O pEesE
DR
B
Sy
oo
¥ T8
»EF

> =@
g Windows (C)
- DATAT (DY)

=& RS A

v 0 £ ESE e

FriE(N): [Si16032.hzw |

REFEEIT): | HZW File (*hzw)

~ Pt

K75 SHEM S Cohzw .xyz ~ .cif ) FH
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K% [Export Image

« TR

R - FEit=

ssssss =
I "
0 SSSSSS
@ OneDrive - Pers: =
BE

DS-PAWEE DS3TE
M WPSRIE e =

~ O e
ElRGE

=

= BH

|& o=

¥ T

=

> =@

2. Windows (C)

- DATAT (D)

=& RS A

S N): [5i16032.png |

2.png

3.png

FEFEET): | PNG File(*.png)

~ Pt

K 7.6: FHE XM (.png . .jpg . .bmp

7.1.1.2 SRM-ZZER{=-Edit

B R T4 KRE 1B (Structure Refinement Module, i FR

.pdf .

.tif . .eps) S

: SRM ) RHFE I Edit, F
i & 7.7 Fios.
“ Home ZY View *
& 7.7: SRM-3¢ B2 -Edit
o Home ZY View : fiii)5, WEIRTEMAES M BRI WIGIRE, s FHm]
MR A B R S5/ 1) 3D AL

pad

Home ZY View £ BEMXTHURES . T BOKEEE /NG R F450), H P al R4 7 2 — 4

WE HATIRIRES .
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7.1.2 SRM-TE#&

T a5 MRS 1L (Structure Refinement Module, fAi#R: SRM ) SEERUN & 7.8 B

PERABS Y &L O
000000 0

K 7.8 JR T a RS B AR R A

SRM- T B 42 25 BFRIIRE W1 T 3RAE BT «

7.1, [RFEEBEEERERRENA
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e | Biix | BlireXX 3 | ek
FR
1 D Import midiE, AR, AP IR ERESA
JR T 451
[T
2 [ 1l | save midiE, R PR TS e 5 124
3 -I% Save As miE, AR (Ldsxml ) FHH, PRATES
M A
(D ‘
4 " | Export Data | miiifE, #HSFHEWM Chzw. .xyz . .cif)
(TIPS DT vtz A= e i o< ) 2 sy
5 == Export Im- | midi)E, #FHE M C(png .jpg . .bmp . .
age pdf . .tif . .eps) Ftill, P AIARYE 75 24 45 S
s, FHIRBEAEENL E
Es
6 @ | Setting M, #H Setting 10, % FEH N L E Device Studio
Wik, " ERR T TR BEAERESE
7 ﬁ Home ZY | fiii)5, WE TS50 50 Bos KW EIRES, 55
View N h AR M F LA B S50 1 3D ALK
8 li' Show Axes S RAL B
9 Ii' Hide Axes 37 A1 s
10 Show Cell MER AR EES AR, BoRE Cell
=
11 4o—1 | Hide Cell Y ZER R SRR BRI, BEGERHE Cell
e
12 @G | Show OABC | 44508 ah iR s asfF I, W/ H OABC
=
13 _.d | Hide OABC | 44500 iR B a1, B OABC
%iF

SRM- T B-42 Wl 7 NEIbR S5 SRM- 5 42 3R, VEANDIRER] S SRM- %42 . Show Cell
. Hide Cell  Show OABC . Hide OABC TEEIN 245 N )45 ¥4 Ry AR Bl g8 0 I O m] Wt i
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7.1.3 SRM-EHIRREXIN
JRTEE IR ERER (Structure Refinement Module, f#iFK: SRM ) £5#4 275 X s 4] 7.9
B, X Rean T

o SRR ETRIRY 3D AL s

o SCREATIBITRE) BARAREEKE I T 45K H) 3D BLEHOR B /)

© SCREFEAE BARESE, HRl AR IR TS ) 3D MLEIEAT e

o SCREFH PEAE AR, 2 bR T4 3D ALEEAT T 82

o SCREFPON ST SR HEAT A AR AE 5 SR o

B 7.9: J5 5SS RS A HL AR 7R X35
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7.1.4 SRM-Z2#iAP X1k

JRFEE R R BRI (Structure Refinement Module, #FK: SRM ) SHIX 3 an 4 7.10 fr
7N, 1ZIX34 A Atoms. Model. Rendering 1 Selection PUANE4y, N HPF RNV H .

Atoms Madel Rendering Selection

Style & Label Col (&)  Lbl

OU @ 106
oSi @ 146 >

B 7.10: JE- G5 MR B AR 2 50 1 [X 4k

#iE
JE T SRS B AR S B T XL AUE D2 R NG OL T A AT EGE R, S0y
BHIRES, TVEHATERAR, Xz X Dh REM IR YIE O 28 Bk v A F (015 D0 R BT
.

7.1.4.1 SRM-Z2#iFP Xidg-Atoms Xiaf
JRT-2E MR B (Structure Refinement Module, faiFR: SRM ) Z#1H 5 X 15, [F] Atoms
XAk & 7.11 B, iZAEERIhREUn T -

o SCRPREJE T S5 P 1 BT 4% o s 4 i bR 2 A U T, BRI IO R
e i 4

o« SCRABECUR TG0 A — Jo s B e A 12

o SCRAMBEUR T M O — T B AN A2

o SCRFE R BESEUR TS5 R — SR T TR T

o SCFFER B EUR T AR TR SR T

o SCRF R SRR T 458 1 7] — Je SR P AT I B bR A8 5
o SCFF R BUEREUR T A TR R T AR RS
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Atoms Model Rendering Selection

Style & Label Col r{A) Lbl *

35

146 €

=l
(0]

1.46

146 @

1.46 €

146 @

146 &

146 €

CNCHCONONONONC - O)

1.46 €

711 JR T SE RSB R 2 H0JE 5 X 35k-Atoms [X 35,

i JR T 2E MR 1B H (Structure Refinement Module, f&#7: SRM ) S0 7 X 1 1) Atoms
X35, B K 7.01 b5 Dhae T Ul B R -

o 700 RS @ a2 R T BB S B AR SR T
— ALk A N, R DR T T I o BRI o o i A4 s
- SR, AR A I o SR MR AR AU T
o B 711 PhrT @: fESRM-254 2o K BoR BB 1 A — ST R AT S 1
- ik, WAESRM-2E4) 277 3% BRI A o Ji1
- ANejifs, WIFESRM-25 4 57 X335 BRI 1) o Ji1
« K701 RS @ BEETE TR P
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- A B 7.01 RS @ - #H Select Color SN ] 7.12 Fivs — kSt ag,
JA'5 RGB 1 — fith OK #%4H, BIRME o JuR At (Hl: BT f o JR FEie ).,

#iE

) AYSEIRLN S N P = e A S R e S TSN P E U E A TRL N i)
KA, F AR % 5 R B AR A .

I select Color

Basic colors

bt
EEEEEEEC |
EEEEEEE
1T I T TE=
-
T TTT =
EEEEECCC
Pick Scrsen Color |

Custom colors

] o [
[ [
| 2dd to Custom Colors | HTML: [2££0000 |

[ o | | Cancel |

K] 7.12: Select Color Ftf]

« K701 RS @ BRE TR TR R

- Ry 711 Fhr 5 @ - BECEEEIE, Rk omm¥1e (Bl rf o
JET A2

#iE
2R HUME Y Double S8, HAREA B/ RUR 2 A0 RCUH -

o B 701 RS ®: {ESRM-#54) 277 K35 EoR BB S5 A4 T [F — Je R T A SR 10
PRZE
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— YHR S PN PR BT, USRM-25 4 277 K3, BROd BT o JR T HIPRZS
— YEREE LA IR, MISRM-254) 27 K33 BTl o JRFHIfRE.
B 7.11 H¥55 ©: FESRM-254) 277 K35 B BB 4h i b 3t — i1
- ‘B)if, WIHESRM-#54) 27 K3 R sil i
- AN, WAESRM-254 37 K35 Bail s11 SR+
B 711 Hibs's @ ABSEEH IE— 5 B

- A E7.11 RS @ - #H Select Color A K 7.12 s — &£ 5t ek,
5 RGB 1 — My OK 141, Binfi5eg si1 JR FHifh.

K711 Fibss @ ABSEE I — 5 AR

- M B 711 RS © - BECEREUE, BBk si1 JE TR

K 7.1 HbRS @: fESRM-£54) 27 33, s Bk Bagsk 45 i b 5 — R AR %5
— YIREEAZAN RS, MISRM-25 4 2 7 K 3% B i1 R IkRSE,

— CYIREE AN IR, MISRM-25 4 2 7 K 3% 8w sil T HIFRes.

B 7.1 bR S ©: BARIE AR A B ] BT TR R T AR

- HE TR B RATEER, A A E AN E, W Rsizi T
BHbRZE . R CELE 711 hhns © fLELL, WER si2 57 5e B
P25
« E7.00 Hds5 D ATBGE Atoms XK E,  REE Rbs A 07 B s
Frh A e B B 42 5

- BT T A ot R Bit: £ — Color — Device Studio template 1 5% Device
Studio template 2;

- BRI ATE LR 1% 4t — Radius — Device Studio template 1 B Device
Studio template 2.

#iE

Device Studio template 1 1 Device Studio template 2 >4 Device Studio FIFJUEFEMR, AR
R R RE, BEPt. . SLRULE FEOSESH, mER, R ER
) — 2R B S BN B 5
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7.1.4.2 SRM-Z#iFABXisd-Model Xl
JR T ZE MRS B (Structure Refinement Module, fi#K: SRM ) ZHiH75 X A Model
XE5an K 7.13 Fos, ZBEHIIREW T

o WFFEFEIR TEEMA B, BRI B AR

o ZMHABIAES, SRR 2 HARE

o SCFHEH] Axes. Cell Al OABC #ESRM-45 44 7= [X 3% 35 7 B sk D) e 5

o WP ESRM-254 2 R TR, WELE R E AR

Atoms Model Rendering Selection

Structure models

OFfE] 52l and stick
em Paolyhedral 3 e
Transparency: ﬁ

5 T T

Background

Colours !o Im
Style: | Linear\ertical I @
Picture: o0SE

B 7.13: JR 7 G5 MRS B R B S 40 57 X 45k-Model [X 42k

K} JR T AE R RSB R (Structure Refinement Module, f&FK: SRM ) Z#if77 [X 1811 Model
X3, B 7.13 bR s Daei T vl B T

« 703 %55 @ midr @, WG R T A5 1 SR SO BR AR 20
« K703 hnS @ midy @, WSR-S 2O 2 T AR 5

o K703 Hbns @ ZEAREIAR, sl @ X, I 2 A i aE B R,
FEORGERIZE I 5

o E7.13 Fbrs @: SR, BARES) @ XIEEEHL, RS R E5 2 1 iR
I R L 5
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- WbRZE R Rl @ O, AR A S, 2 AR RE I RN, R

#EW
- Wbt Rl @ XUAE ], FEAEA s, 2 AR R E YRR, R
ANEY

« B 703 Pirs ©: ZHEAEEN, S © X, AE 2 i g aE B R,
HORBANIZE W] 5

#it

K713 Frs @ @, ® (B ZEAEZEHET), (C4EF @ (Polyhedral) ik H
RAEES, BUR-FE5 i Bt 208 2 AR U, J7alEus i SNPVE RS,
EAH . BB 2 AU g =ik —

o K713 kRS ®: FESRM-254 2 7 X 35, 7w BY e ek A b il 5
— Bk, MIAESRM-4EH#) B K33, f7m 5 145 3 1 AL b
- RNajik, NWAESRM-454) 3 X 3% Byl i 17457 B A8 bR .

o & 713 RS @: MG N EREESERT, TESRM-25 4 2 7= X 3% I8 75 B e e 2
Cell;

— A)ik, WIAESRM-#54) 2 7 3% WoR R T 45K Cell;
- ANak, DNIAESRM-254) 7 X 3%, Baisk R T 45 /I Cell.

o K 7.13 kT ®: SN RARELERAERT, FESRM-25 44 27 X 35 327~ B Fa ek H:
OABC;

- Bik, WIFESRM-#549 277 K3 WoR R 258 OABC;

- ANa)ik, WAESRM-254) .77 K34 Fgi 5545 ) 1) OABC.

#iE
K713 Fbss @ M ®, (LHFARERNERBEIER, T & R4S
AT, %2 DIIRERINEICIRES, TR .

o K 7.13 Hkr 5 @: BIMSRM-4E4) 2 7 X 3% 15 St
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- A K 7.13 HisE @ — 3 Select Color Tl U & 7.12 Fizn — &£ Fith 8%
JH'5 RGB 18 — /il OK #%41l, BB ISRM-454) 2 7= X3k B ith.

o [E7.13 FhRT @ WESRM-254) T K T Sl AR mOr
- Ak, WBER SO HT A ROR
- ANayig, JUHGH T ST RETAR R

o 713 HkrE @ Y 8 7.13 F1455 © (HJ: Use Gradent) ANAEIRESHS, ridi T
PLAHIE P SR BT AR

%
7.13 Hr 5 @, [ © (BJ: Use Gradent) ANAJIEARSSKHS, FHrl B &K
BIRES, TiFEEH .

7.1.4.3 SRM-2#iTXi-Rendering X1z

JEF 2B MRS AL (Structure Refinement Module, fijFK: SRM ) S 77 [X 31 Rendering
X an & 7.14 fios, X385 3 #5530 Atom . Bonds A Lighting , 7371 3 KF
X R AN T e A AT R R, b RN 1 U S Multiplier (RiE RED .
Diffuse (8 < Z%0) F1 Shininess (F&FEE) 3 NS HMTT; Lighting 5573 %) %N 7 1
SER AT IR . 2R TR R -

o SN BT SR R IR S R BRI AT ' U Y

o SCRPXPEEA T A R REAT IR
- XFFRE LA B R T AT, &E 4R,
— SCRFRTOER R 7 BRI E
- CFFETOEHRISEE ;

- ZFFAAT Ambient GAEEG) %,
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Atoms Maodel Rendering Selection

Atom

Multiplier d 0
Diffuse d i'l =

Shininess 5 ) 2 = 11

Bond
Multiglier B [ E
Difuse  JIE
Stininess [} 02 [
Lighting

g0l o0
4
Spotlight 2 I O

[ ] Spotlight 3

[ ] Spotlight 4

et @ffl

7.14: JRFEE MRS B2 B0 i X 15-Rendering [X 35,

Wof 5 T2 KRS B (Structure Refinement Module, fa#%: SRM ) Z#0H 7 [X 3 [1) Ren-
dering X35, Bl [€ 7.14 " & hr'5 ThEEEAT A 40 R

« Atom HS7r: Y JR T A5H PR T ROE I

- H7.14 55 O, @. @1 @, @, 0: Bz ©. @, @ (B BEhiki
HE @, ©. M E EEHE, W Multiplier ()% R%0. Diffuse (18 /%
B 20 A Shininess EFERE) 3 NS HORAT S/ R FHIEHE,  FF 7] SEr)
TESRM-45# 2 7= X 3 & B 2008 .
o Bond #B4): TR TS5 TR B H G IR

- ZHCHRSHOR T T NS Atom Hi4r — B, X BN
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« Lighting #73: A 78N E 45468, Spotlight 1 # Spotlight 4 43 HIAEE 4 W
I, 4 RGN BN R B 2 r), 1EH 2R, S 2 W, mERHE 4 Rk
HEIR 3 5 454 L

- K 7.14 Fhr5 @: EHDER (dn: Spotlight 1) &GRSR E 7 L, FArsemt
FESRM-# 41 2 7 [X 33 7 B 1T RCR 5

« /B3, WPBIH (. Spotlight 1) FESFH 1 |,
« ANVEGE, MG (. Spotlight 1) ARG 51 I

- [ 7.14 h¥r5 ®: TR (. Spotlight 1) AIFEEE, JAJ SLi7ESRM- 2 44
B KR B ROR

« AR LB S @ KR, $ AR S, DGR BRI, Ok ;
s AR ST © ISR, i Hash, WDEHEEGm, ok,
- B 714 Fip5 ©: AFDCHRIBSHE R T ERALE, JFATSEI AESRM- 2540 £ 7%

DX 35 & B TTROR
« Jir K714 s s ©, FTOERIRS AR T EALE RIIREM 14 7.15 B
Zi

- K714 dbrs @ M ®, RArEs) @ (2 E BEhiRsieiE © (B wEHE, U
B Ambient (A8 SHCH TR TR BOCIE,  IF AT SEI ESRM- 2544 2
T R B B RCR .

Lighting
spotight 1 ] © E

Spotlight 2 ] % :

[] Spotlight 3

B, BEERORE, 8

A EARE TS RS
R FA/E.

| T
7.15: AR MR SR A7 B K3 0E S
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#iE
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TastbEgErtn 15 8.6 Fn, £ & 8.6 FtiH st Build — Bending of Device, . H#5
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E= Device Studio - [Au-Alkanethiol-Auhzw] (=] & [tz

[= Fle Edit View Build Simulator Window Help

0-#& Moa$ A-3888 | &
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4 % DeviceStudio
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a [\ Au-Alkanethiol-Au
|\ LeftElectrode
RightElectrode

I RBEII R eR s %

Device
[ azulene.hzw
& ZnO-MgO-Si.hzw
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& NaCl(111).hzw
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RYE T EBLUR TRIBE. R 042 JRBUR R A WSO SR TR 5 R i, sy 364K
FEELTF 46 B8 LAMMPS B2 8h#10 3CA evolution . dump s

8.4. LAMMPS izfliuifI R = 157



Device Studio (B
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Device Studio A 1R 1] i A 25 74 75 (AL HEAS B FR (S B0 DhRe. Blandedn & 8.11 i
7~ 1) Device Studio HEITE S A, X T GaSe sifhgh ¥, sith A 1 Build — Symmetry
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K= Device Studio - [GadSed.hzw]

=

IR Ele Edit View Build Simulator Window Help
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Froject 8 X
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& Cu.hzw
[ Cu_Rede.hzw
[E] Cu_Rede Rede.hzw
= Au.hzw
[E Au_Redehzw
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[H] Au_SuperCell.hzw
[ Au_SuperCell_Lhzw
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=

Properties
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Spestylys e Tob Mansger 1oz in locsl successfally [@&=2)
Properties — 5 —
Description Script Status Actions
Mas2 Ci/Users/feifeilu/Documents/DeviceStudioProjects/DeviceStudio/MaS2/Crystalfsckinput Finished [&]
Mos2 Ci/Users/feifeilu/Documents/DeviceStudioProjects/DeviceStudio/MaS2/Crystal/Bandstructure.n... | Finished [&]
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Device Studio EH 777> T4 DhRe, BIG e ARG — Mo 7458 . Blande
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Mos2 ‘C:/Users/feifei\u/‘Documents/D i dicProjects/Devi dic/MaoS2/Crystalfscfinp Finished |§|

MoS2 Ci/Users/feifeilu/Documents/Devi dicProjects/Devi dic/MoS2/Crystal/BandStructure.n...  Finished |§|
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K] 8.17: C5H17AIN208P2_mole2 Kl 8.18: C5H17AIN208P2_mole3
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8.7 VASP ESHBAZERI RS

Device Studio L VASP 74y Ffif 2 FE AT WAL 0 BT DI RE. LA Si16032 &4 45 14 11 22 77
FH, 1y %% FE v A4 0 B N5, £E Device Studio I EIJE S, A5 Simulator — VASP —
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Isozurface (3D)

- JEEER = =
a-e

Plot type
Charge density

Value

Color

Tsosurface value Min)= -0. 164568 Tsosurface walue (Max)= 8. 0786

- | 0.650740 R
L

Tewwalus Bt [2] [0 esarasss
Eendering style [Filled |
Trasparency < U [
A Latt

Display styl Lattice

Rang LES Max Hone

A Sl Dashed 1

B o Line

c 2o Line width 1.0

Edit d

K] 8.22: Si16032 HLf %8 & CHGCAR [ 3D 1] #4435 ¥ St

1E FE 8.22 Fios ISt h, s Edit data Y4154 1 Editdata 41, &5 S0 Import data
24, 41\ 032 F1 Sil6 1) CHGCAR (A4, Operation £= AL Ny 44 £ - 5 Kl
8.23 fi7n, miili Editdata SHIHIHH Y Ok #%%H, NI Si16032 243 M ff %5 FE 1) 3D mIARAL 73 #r
G P 8.24 Fw.
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I: Editdata

B e |

Isosurface data description

3D dataz
Operation
$i16032/CHGCAR
‘ ~ Jesit6032/032/CHGCAR
‘ * |essize032/si16/cHGCAR

‘Delete Data|
‘Delete Data|

‘Import data|

0k || Cancal
8.23: Editdata [
K2 CHGCAR [E=Ae =
& e
Isosurface (30)
Plot type Value Color
Charge density ~ | 0.140787 e

st

Tsosurface value (Min)= -0. 159068 Tsosurface walue (Max)= 0. 485643

Tewwalus Bl I [2] 0. 14greves
Rendering style [Filled -
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Aton | Lattice

Display style Lattice
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B o 1 Line
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Edit dats
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(pe crocar [E=SEER =)
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Awerage direction
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Colormap editor
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B0 Show Model
@ Plane display
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M-z aaaf

CHGCAR
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-0.0151

z

K] 8.26: Si16032 7= 4y Hafuf % FE 1) 1D A ALAL /B ST

X Si16032 743 M fnf 2 FE 1) 2D I ARAL /AT S, FH P ml @i ™5 Value Control FHR
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Average direction
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Colornap editor

doos Show Colerbar [[] inverted
Show Medsl
@ Plane display
) Stereoscopic display
- {0028 Rendering style  |Filled -

Value Control
Coler dsta min -0, 0555

. Coler dsta max 00998

Range Min Mex
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vhixs s E]
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005

Back To 3D

K 8.27: 3 BAJG 1Y Si16032 243 H faf %5 £ 1) 2D w44k 4347 S 1

8.8 {(EFZEiE5EE

Device Studio )+ #4541 4% & 32 X 3%, (Job Manager) % 1 PuTTY » WinSCP # B 4
828 i, XFFHHILBERSWwSE. B WA, wd, KFESIRE B3R, B
WP EREE . X TAF 55 W% 5 8 BE X 45 Job Manager 71{A] it & 7% IRk 45 2% 0] 2 % Nanodcal
EERS S THE.
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Description Script Commit Status Status Actions

8.28: Device Studio )i+ 4= 5l 4= 2 32 X 3% (Job Manager)

AL 5E R, s Job Manager W Action T F #4245 R E0H B 45 R i an
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AR Bz R, AP ArEE S K 8.28 1 Open PuTTY . Open WinSCP 1]
Kl ¥R iZEFz Device Studio ELZEHE AR S5 2% 7340 4] 8.30 F1 4] 8.31 Fiwo

ER QSfip Explorer = |8 X
Py L D Nm e5d134baT e, v | dpply |

Name : ‘\\ Size Type Permission

| 387 KB it ~rw-rw-r- |
584 KB i -FW-FW- -
512 B i -FW=FW-r--
10.8 KB 3 -FW-W-r--
83.9 KB i -FW-FW- -
10.7 KB pris -FW=FW-r--
320B TiE - PW- P -
45 B i -FW-FW- -
925 B i -3 -FW-rW-r--
169 KB i - FW- P -
234 B i -FW-FW- -
198 B i -FW=F-r--
147 KB i - PW- P -
0B i - FW- PV -
0B i -FW- W=
283 B i - FW- P -

errlog 0B UltraEdit Document (l.. -rw-------
std.log 3.03 KB UltraEdit Document (... -rw-------
375 B PBES i -PW-FW- -
2 136 KB UltraEdit Document (.. -rw-rw-r--
Downloading...

K 8.29: Device Studio H)it 845 4 15 42 5 32 R 335, (Job Manager) N#EITH 45 R 1 F

DeviceStudio@adminnodei~ | =NNCE X

Studioladminnc

8.30: PuTTY &R 5528 A1
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P

B DeviceStudio - DeviceStudio@ - WinSCP
Local Mark Files Commands Session Options Remote Help
M 52 E3 Synchronize Bl @ [ S 48¢ 5 Queue - Transfer Settings Default - i@
& DeviceStudio® X ||$' New Sessimn|
| My documents ~ (= ~ [T] ~ | DeviceSt » [ ~ @ Y & [, Find Files | %
Ef New -
Ch\Usersy \Documents), /home/DeviceStudiof
Name Size Type Changed || Name B Size Changed Rights Owner =
4. Parent directory ~ 2020/9/25 9:48:10 0 2020/8/5 10:55:05 rwxrxe-x  root
= 2019/8/27 16:32:25 2020/10/12 15:54:10 rwxrwxr-x  Device...
= 2019/5/7 10:37:57 £ DeviceStudio 2020/10/14 15:18:29 rwxrwxr-x  Device..  |©
= 2019/3/26 14:49:54 2020/9/16 9:57:35 rwxrwxr-x  Device...
DeviceStudioProjects = 2020/10/14 15:5%:41 L4 2020/10/12 17:27:57 raxrwxr-x  Deviee.. | |
igE 2019/8/2 17:24:41 2020/8/6 14:28:07 WX -XF-X Device...
Hzwtech et =S 2019/9/19 13:48:04 2020/10/11 18:32:06 rwxrwxr-%  Device...
ITiE 2020/10/14 16:04:05 MOMAP-test 2020/8/21 7:46:24 PWXFWXE-X Device...
i 2019/9/17 12:40:42 . nanodcal_test 2020/8/6 16:05:56 PWXFWXE-X Device...
- i 2017/6/7 15:53:27 2020/8/17 15:27:24 PWXFWXE-X Device...
i 2018/2/27 15:17:03 2020/10/11 17:05:06 PWXFWXE-X Device...
0 = 2020/6/16 17:04:43 - g 2020/8/7 14:26:11 PWXIWXE-X Device... -
0B of 7.69 KB in 0 of 23 1 hidden 0B of 21.5 MB in 0 of 23 18 hidden
& sFe3 0:01:52

K 8.31: WinSCP &4 IR 55 28 5T
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9.1 {E24 Device Studio FRES=2ENE

{824 Device Studio TR AP B REFEHMNE =EE, H{EX Device Studio #1454 3D
2R (3D Viewer) s, HABKTTHA 2 F, DL Si16032 SRARLE4 95 K3t
ITHAU T .
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Fiis Fs R Si16032 ik gt r St H 4B BB 0O g8 & EE R .
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77 1B =gt A BELE Device Studio ¥ 5t [ i CL 2 /R S5 M 500 T #24F -
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IR Device Studio
File | Edit View Build Simulator Window Help

1 .
\ew Project Ctrl+N ;:} 3 R i@j ¢
= Open Project Ctrl+0O \ :
I ve Project Ctrl+5

BN ..
Ellmrt b

Exp
Exit Alt+F4

9.2: ¥4 Device Studio = WG SREEH daEAaBUCN a8 EDE—

K& Device Studio = =] - o x

File Edit View Build Simulastor Window Help

BERR-R A RSP A TER] + K% A A AN BB

Froject & x

KR Options X
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EEEEEC
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K] 9.3: ¥ Device Studio E A E/REMN SREEH GEEESCH PG EEDERE
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= Device Studio - [5116032.hzw] B o - o x

File Edit View Build Simulstor Window Help - & %

BRA H-®ar REQHM-TEX| F4LR%X% L REARLS B-B-6-F- 88 H<dH oo

& X

2 DeviceStudio2022B-20221129
B Se0%Hw |
& Ag203.hzw 0 ﬁﬁf&ﬂﬂi‘%ﬁiﬁ
() Device_nSi-HfO2-Alhzw
& Vitamin E.hzw

2]

o

Lx, .
& | Tob Man a x
ftp log in error shell log in error e =]
Description Seript Commit Status. Status Actions Process
9.4: ¥ Device Studio -7 Bon g5t 1) BREEH SEAEBIOY R HRIEDPE=

A= ERA N &K Device Studio TR EH EREFEHNE =EGE, BlEK
Device Studio T 44 3D 2= X3 (3D Viewer) T 5ciifh, HXE-F M558 55
BUEARIEHN, HEBESUR TR BTG RG] SH 14 508 T 2 Magis s i 5
e TN .

9.2 Device Studio 5|Hi5%B8

f§i ] Device Studio #17 M RIEFRIER (BRHER). SMERFEHETE. HEES
FIASITFNEIE. BRI, 15 7E &+ 5] A Device Studio, 5] HEIHR
R

Device Studio[ 1] program provides a number of functions for performing visualization, modeling

and simulation. And XXX simulation using XXX software integrated in Device Studio program.

Reference:
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[1] Hongzhiwei Technology, Device Studio, Version 2023 A, China, 2023. Available
online:https://cloud.hzwtech.com/web/product-service?id=6 (accessed on XXX, XXX).
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AR, FEATERSM R EEL . P E e, R HATE N —
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Nanodcal 18 2 DJRETHE RN SR, B P AT AR v 55 75 ZLIR 48 2 1t
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support@hzwtech.com % i .
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10.1.1 Nanodcal it&iEis

10.1.1.1 Nanodcal Bigit&iii2

Nanodcal B &1+ 5. 7E Device Studio " IR AEUN & 10.1 7.

K] 10.1: Nanodcal Hi& i B IRE
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10.1.1.2 Nanodcal BEEITERIE

Nanodcal ASEZS1HHAE Device Studio FHIVRFEM X 10.2 s

Kl 10.2: Nanodcal A{EZASTHE AR
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10.1.2 Nanodcal gl;iEIRE

X if; Device Studio BFrtR#E 2, &I )53 Device Studio, &G BT 11 H
W (8 B 3 A 6 B 45 4 S AT T B A9 B % @), ARIE SRR s G B A — AN I H
(Create a new Project ) B FTH— N CAEAFEWMINE (Open an existing Project ) 354, ik
W fa R SRR OK #EHRI ] o ik AN — AN E , AP TR HE 75 2245 1% 00
Hw4, WAIHM% N Nanodcal, BCRHBMAEIAINE 4.

10.1.3 Nanodcal 22 S NE

ST AR BSR4 Ky, P AT 45 7E Device Studio A< M BUHE e Bl R BURE R R A R TS
1PE. £ATTE, WEIGMWERES N, HAE, REFRAEXEMEFN, TEER
oA EPRERNRE G, ] B EITHE . W0 Benzene 77T, %45 MI1E Device Studio A<t
FEHAELE, WU PTFEAH B Fh R B 25 BB 5 NRIAT, 5\ Benzene 7314544 5 (1 &
St 15 10.3 ffizn. 7E Device Studio H' 5\ Benzene 7325 P /E 1X B AR SH Ui B,
F PRI 2R 5 A 25 4 TN

E% Device Studio - [Benzene.hzw] N @ - o x
Fle Edit View Buld Simuator Window Help

O- 8 b9 Q4 &-3888 - H o ‘ det gk == MR = Rl T

B x

I% Nanodcal

K 10.3: 5\ Benzene 73 145 ¥4 )5 10 B T2 S 1
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10.1.4 Nanodcal ¥\ 3{4E94E Rk

10.1.4.1 Nanodcal & ESITERSN

fE4n 10.3 Fon FE P i Simulator — Nanodcal — SCF Calculation, . H 38 4
10.4 Frzx, FP AlARYE pirvh S 2584 St H 5075 2253 73k Basic settings « Iteration control.
Basis set~ Spin type XN EH AR E S, )5 St Generate files B 7] A B B G 1T

BN SCAE

A B Benzene 43 HG THER A SO, ARIETHE R 2R B 22 7 Al Basic settings
Iteration control Basis set~ Spin type B Z3 3 7m0  10.4 L 15110.5 « & 10.6 A1 & 10.7 B
N, WEIIFSHUG ST Generate files BIT] 4 % Benzene H A T4 N AF scf . inputo

I SCF Calculation for Crystal

Besic settings Iterstion contrel Basis set Spin type

k-point Sempling

Electron temperaturs |3|}D | E
Energy cut—off |Hl} | Hartree =
Exchange correlation |G6A_FBEBE -

Cenerate files

P 10.4: Basic settings 2 %1% & FL1H
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I 5CF Calculation for Crystal

Basic settings I Iteration control I Basis szet

Telerance

Spin type

DensityMatrix |le—l}4

HamiltonianMatrix | 1e—04

D TotalEnergy

Maximm steps |EDD : |
Mix methed Pulay -
Mix rate ||}. 1 |
Mixing varisble |HamiltonianMatrix -
Starting mode HemiltonianMatrix -
Deonetor Object -

Generate files

%] 10.5: Tteration control ¥ & LA
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I 5CF Calculation for Crystal .

Besic settinss Iterstion contrel Basis set Spin type

Bpin type KoSpin -
Arrangement |ByElement -
Element Spin peolarization

Generate files

K] 10.6: Basis set %% B St 10
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E% 5CF Calculation for Crystal *

Basic settinss Iteration control Spin type

Arrengement |ByElement -
] Loa=w

Atom Basis

C PBE-DZP -

H PEE-DZP -

Generate files

P 10.7: Spin type %% & 7

10.1.4.2 Nanodcal A ESITERA N4

Ean & 10.3 pras S ik Simulator — Nanodcal — Analysis, 5 Analysis Ft[fl, 155¢
[ H X7 EigenStates, F1E 24040 ¥ 10.8 Fis, WEITFZEUE i Generate files B 1]
A Y Benzene ATEZASTHE A XM EigenStates. inputo.
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= Analysis *
Electrode Type |Crystal

analysis Caleulation Selected(1)
DensityOfStates EisenSlatesI — ey | EigenStates

EffectivePotential PSS
TotalEnergy - - —
BandStructure =l [l = | = |:I ) | o |0 = |

Charge

- NurberofBands 2 SRE =]
PhononBandStructure
ElectronDensity
Potential
TransChannel

-
FullBandStructure |
EffectiveMass Y |
ComplexBandStructure
T

PhononFullBandStructure
PhononDensityOfStates
PhononTransChannel
Modulus

K 10.8: Benzene 73 7 AMESTHESHO B S H

10.1.5 Nanodcal &EERSEE

AN 2 G R EE R, TH R AT TR Nanodeal HIRST 4% GNERREA
Nanodcal ] RZR A XBEF MRS a4, WIATZEM K] 10.9 Fros i sy 8 B4, s
MachineOptions 5, 7E MachineOptions S H & SR A X, fiili Select Wi HIT 3
A Nanodcal ] A A XEFE RS [FBE, HEERSEH Nanodeal FIAHFLN, £
K] 10.9 # 7 ) MachineOptions F1H] 1%+ MyComputer, it Select RI 7] .

A P AR I0E %A Nanodeal RS 4%, 7E40 4] 10.10 B i sl 3% B4,
5 H MachineOptions Ftfi, fEiZ S sty New %4, 58 H MachineSet Ft1fi, fEi%"
[+ E S Computer Name. Hostlp. Port. Username. Password 25— R4IME 5, mii OK
F25H | #£ MachineOptions 7 [HI - ¥s 1 1 2%¢H Nanodcal %5 %% «
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O-8
Project
IR Nanodcal
v [ Benzene.hzw
~ | Benzene
v 1! Nanodcal-Crystal
w schinput
w EigenStates.input

Properties

e

Machine
& MyComputer(127.0.0.1)

Ermz]0
EPE

Properties Value
Job Manager 0 °=x
| sftp log in successfully shell & [ 2 Fed|l=]
Description 3. Commit Status Status Actions
O gillpi=ie s srmy )
» o Je
K 10.9: ERR S5 AR AT A1
[ Yy @ - = «x
0D-8a kdad M-3888 &+ & H-
Project 8 X [ +]
2 Nanodcal
v [ Benzene.hzw Machine
~ || Benzene #% MyComputer(127.0.0.1)
~ Nanodecal-Crystal O p=ax
B chinput = fmpR -

i EigenStates.input

Properties

Properties

E% MachineSet
Setting

=
caleupfommand

1© |

Job—command

Computer Name |

Connection ‘

HostIn |

: |
P @ \
— \

Usernazme |
I

&

Pazsword |

8 X
B EE
A

Remots Setting

S
@ FBS

Script directory

Commit Status Status

FAPREB S R LRSI
J4E#2PBSESLURM

sccount name

Queue name [ |
e INE] os 5]

Meximm wall-clock time |

10.10: ZRINIFEFEFT IR 50 55 a4 A S im
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10.1.6 Nanodcal it&

10.1.6.1 Nanodcal Bi§it&

EMEBRTEZAREETENTOHR AN XM (scf.input) Al 4
(C_PBE-DZP.nad fl H_PBE-DZP.nad) &15754%, FRME TR EFH scf. input
Y HEE TSR E SR G, EAAH, Mk E A P T i sk
HOFAER, E T AR HE .. BRSSP RN R

(1) EHESEA Nanodeal RS 5% .

() KA BB HEFERBAS: (scf.input) MIEH A (C_PBE-DZP.nad il
H_PBE-DZP.nad) & H 4. k™ scf. input — £ — Open with B 7] 21 %] Benzene
oy BIE TR A S T s

%$%What quantities should be calculated

calculation.name = scf

%$Basic setting

calculation.occupationFunction.temperature = 300
calculation.realspacegrids.E_cutoff = 80 Hartree
calculation.xcFunctional.Type = GGA_PBE96
calculation.k_spacegrids.number = [ 1 1 1 ]°'
system.centralCellVectors = [[16.36 0 0]"' [0 15.642 O]" [0 O 1171"]
system.spinType = NoSpin

%$Iteration control

calculation.SCF.monitoredVariableName = {'rhoMatrix', 'hMatrix',
—'totalEnergy', "bandEnergy', 'gridCharge', 'orbitalCharge'}
calculation.SCF.convergenceCriteria = {1le-04,1e-04,1[1,[1,[1,1[1}
calculation.SCF.maximumSteps = 200

calculation.SCF.mixMethod = Pulay

calculation.SCF.mixRate = 0.1

calculation.SCF.mixingMode = H

calculation.SCF.startingMode = H
%calculation.SCF.donatorObject = NanodcalObject.mat

%Basic set

system.neutralAtomDataDirectory = '../'

system.atomBlock = 12

AtomType OrbitalType X Y Z

C PBE-DZP 5.00900000 5.57200000 5.00000000

(FT D)
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(FE L)
C PBE-DZP 5.77900000 4.23800000 5.00000000
C PBE-DZP 7.31900000 4.23800000 5.00000000
C PBE-DZP 8.08900000 5.57200000 5.00000000
C PBE-DZP 7.31900000 6.90500000 5.00000000
C PBE-DZP 5.77900000 6.90500000 5.00000000
H PBE-DZP 3.86900000 5.57200000 5.00000000
H PBE-DZP 5.20900000 3.25100000 5.00000000
H PBE-DZP 7.88900000 3.25100000 5.00000000
H PBE-DZP 9.22900000 5.57100000 5.00000000
H PBE-DZP 7.88900000 7.89200000 5.00000000
H PBE-DZP 5.21000000 7.89300000 5.00000000
end
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n Run oo
Basic
tateway location: A ( -
Run parallel on: 1 =
Nodes
Numker of nodes i =

Number of tasks per node

4k

job script

#! /bin/bash (]
F3BATCH —o _out. %1. log

ESBATCH - _err.%3. log

£#3BATCH —-J nancdesl

F5BATCH -p normal

HESBATCH -K 1

FSBATCH —cpus—per—task—4

ESEATCH —-ntasks-per-node=7

HSBATCH —exclusive

funlimit memory
ulimit —s unlimited
ulimit -1 unlimited

£ load path
source /dats/hzwtech/profile/nancdcal barc

E£INFUTFILE-scf
export OUT=-$SLURM_CPUS_PER_TASK
export FPN=3SLURM_TASES_FER_NODE

L
Import dave -
Run Cancel

K 10.11: Run Ftf]

(3) 7£ Device Studio f] Project Explorer X1#i%H scf.input — A i — Run, 74 Run
FRman & 1011 Fros. MRIETHE R E R E ZHUG i Save 1 IRAFHH N IRAIA, 2 )5
st B 10,11 o S ) Run 32810 W] 5 Benzene 7> 1A Bia 1H5. HI AT AE Job
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Manager X3 - W82 HVATHEORES, M BEWRIFEARS A THR . BT B 5e s,
Status 73 75 Queued. Running. Finished; 7ETHEISREH, FH P ol i¥E 7 £ s Al#7d%
B, @IS Commit Status « Status 7] B E B HE THE RTHEEEERHEARES: THE SRS
Device Studio [1] Job Manager X3k |4 10.12 Ao, s Action TR T &3 E T
#, Benzene 43 ¥ H A THE 45 R AN 14 10.13 Fran, fEZ AR 3] EH A THE R 45 5310
NanodcalObject.mat, miii FEIZHWAT NE, TS5 7T7ERLER Project Explorer
X 35 2 211245 RS

Job Mansger =

x
2 oo o ceemoreli shell log in successfully O ||| ®] |82 =

Description Script Commit Status Status Actions
Benzene ‘DeviceStudioProjects/Nanodcal/Benzene/Nanodcal-Crystal/scfinput Finished &

K] 10.12: Benzene 73 H & vH & 58 i #) Device Studio 1] Job Manager [X 1

I% Qsfip Explorer - O hed
Operation
Py AR R [988/Benzene/Nanodeal-crystal/ v |  ply
Name / Size Type Permission
temporarydata igE drwxrwxr-x
| NanodcalObject.mat I 33.4 MB MAT 3744 -rW-rwW-r--
CalculatedResults.mat 293 B MAT 3% -rW-rw-r--
B scfinput 1.41 KB INPUT =24% -PW-rw-r--
TotalEnergy.mat 180 B MAT 3z -PW-rw-r--
B logax 5.2 KB TXT 32 -rW-rw-r--
_out.35018.log 0B praz 3| -rW-rW-r--
outlog 8.06 KB AT -rW-rw-r--
_err.35018.log OB AT -rW-rW-r--
scf.slurm 506 B SLURM Zrif -rW-rw-r--
Yes 0%

10.13: %K Benzene 73 F HA1HH 45 R A

190 Chapter 10. =i HEHFR AL



Device Studio {EF#E

10.1.6.2 Nanodcal A{EZiTE

AAEATHE A AR TE SR, M@ st B R T, BRI TR A D fiod
B TR, WA ZR BRI, B B T A RAAIEZSTH SR TT . Benzene
DT RIAES TR B BT

(1) EESEA Nanodeal RS 2% .

(2) %" EigenStates.input — fiii — Open with Bl 0] 57 %] Benzene 73 AL
VB 5 NSO R BT

system.object = NanodcalObject.mat
calculation.name = eigenStates
calculation.eigenStates.kSpacePoints = [0 0 0]'
calculation.eigenStates.numberOfBands = [2,2]

calculation.eigenStates.realSpace = true

calculation.eigenStates.plot = true
%$calculation.control.xml = true
calculation.control.dsf = 1

(3) {E Device Studio ] Project Explorer [X i+ EigenStates.input — 437 — Run,
i Run a0 & 10,11 Pros. MRIETHR T Z R E SHUS mih Save F 8 DRATHH B )
A, i A A Run 3 AT f Benzene 73 TN ANMEZRSTHA, THRSERBUE T E8AMERS
B g5 R EigenStates.dsf,

10.1.7 Nanodcal AESRIIRE D

KT ARSI AT BT E 3 FhiEIL, 298 3 48 (3D). 24k (2D) A1 14k (1D), 3
T AL Hr AT B e, Hodr 2D AT RAL AT S R T T B R A ST AR B R 2 R g
FH Pl AR w5 BT

10.1.7.1 F4ESAY 3D aIiR{EST TR

£ Device Studio ] Project Explorer X I8k HATEA THH 45 R A EigenStates.dsf
— Fiili — Show View, #HANEZH 3D rIALAL M Frifi a0 & 1014, w8 & 10.14 A] AL,
FH P AT AR A 75 S50 B AE AT ARAL 20 B 45 SR o 15 Bos iz Ak RIS S B DA R i a5 1)
BRI AT R TS R Lattice FE LK 7 Lattice HER 7 2 (737454415 A Lattice
M, ST R oA FHZ DI RE ) AT O3 Isovalue fH R I AERS 3D A ALAL 7 4T
TR Al R 10,14 A0 B s 0 20 CORE S 350 29 Sk 358 456 AN [R] S ThT >R W 88 AR AiE
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A 3D WAL a5 IR P I IR BN bR TR K 3D AIARAL 3 B A5 A BOR B N T
A bR A, D) AR 3D AL BT a5 R AT e . ATARYE 7R B R A R
Colormap. fE4 & 10.14 Bz~ )54 H # BandValues #4), F Al FHRLOIEREE R L
Sy I AE A FTRRAL 70 #hr 45

I= EigenStates - O x

(i [
XY 3D Viewer xy View
XZ 3D Viewer xz View

o Drew
YZ 3D Viewer yz View O O

YX 3D Viewer yx View

Colormap o gpSpectrum v | [ inverted

Lattice

K4 10.14: Benzene 77 T AAEZSH 3D B4R AL 43 M1 S 1]

er i 14 1014 Fros FHE  Export tREEEIbR, 3T U rTHLL > as RV S,
FURARAE 75 2L £ B IR B R A RATEA 2, FEA TR E I i 4

X FA&i#id Device Studio THEAMER, HEAARESTHHEL R EigenStates.
dsf WA, mifean & 10.3 P Ft i ik & Simulator — Nanodcal — Analysis Plot, 7 H
PARESGE R AR EE A, fEF P IER RIS S R U EigenStates . dsf,
sty A7 T AEAH RO AT 5 AR S 1) 3D WIARAL 2 A AT
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10.1.7.2 AEZSAY 2D AJ#{E Dt

K] 10.14 A5 #) Draw Model £ F #1 =4~i%20i 3D, 2D 1 1D 43 HARERE T H S5 H 1) 3D,
2D A1 1D BT #0443 HT « 5 48 % Benzene 7 F AME A 115545 B 34T 2D AT AL 4T, B
$2i% 0 Draw Model £ 1) 2D #2240 Bl A P) 4 s ARIEZS 2D )Rl A4k 43 dr i an 4 10.15
s

H 15 10.15 AT %, 2D (A4 53 AT 0 AP R L, — i@ PR (Plane display), —
Pl AR R (Stereoscopic display), I ZIieH (K441 N Plane display, Bl 4] 10.15 754
average along x [{] Benzene 7 T ANERS 2D ~F[H W/ W AT HAL /- r 5 SR o FH P AT AR 75 22
8t e $E Average direction £ R ) 3 4N %%H H1 1] average along x average along y BY average
along z RIGFIE x fh. y BhEk z Jh-F AR E B I M RS AR SV BT ;s AT AR 5 22
e 1 B IR Colorbar, %EF A IE R Colormap, 1&EAL bR I EUEYEFE, & Sbs AN AL
PRl ) AR L AR KN DL R A 2 5 IR 5

[ 1
B-zaan

Eigen States Draw Modsl
O 0w

BandValues -5.332868818e-00 -2

Colormsp —— et v | [ inverted

10.15: Benzene 73 T AAEAH] 2D Al #iAL M i R E7R)

ARV SIAR R, BRI 5] 10.15 B[ Stereoscopic display #Z#IE 7], )5
HIEE S an ] 10.16 Fras, K 10.16 784 average along x [ Benzene 73T ANMIEZS 2D 57
I BRI AT AT g R . T B 10,16 BT AT EHR, F P AT R B AR B
BORR B S /) AT 385 46 5 B AR MG AR AT S A BN 7 o) B e s Pl i ad 423 B
brhe, HEsh bRR R AT .
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g0 2 |oo®zf g g
R s 2 E
i F k|3 i &

10.16: Benzene 731 ARAEZS ) 2D AJAAL /M ST (SLAKR T 78D

10.1.7.3 FESAY 1D aIREST TR

i [ 10.17 BizR () Draw Model £ F (¥ 1D 4240 BRI AT Y145 8 1D f) a] BRAK 341 5 1
10.17 Fiiz, & 10.17 J8R average in xy plane [f] Benzene ;T AIEZS 1D AT 40AL 737
5K H P ATRYE 7 ER B E A P TR SRS 7 A AR, B RER T 4 2%
FHAN ABPRATEVE TS s T BAT W E AR ARAR I ARTE, R S DObR i, AL R FH AN
FRVERI AR FNFAR RN, DR R4S PRI ATARE 77 25 8 S HAERS 1D 7]
AL B 45 R B R

194 Chapter 10. =i HEHFR AL



Device Studio {EF#E

B-zaan

Eigen States Draw Modsl

0.0125

0.01r

0.0075

value(eV)

[ |
0.005 | ] s 2
[o 8|
[ |

0.0025 -

10.17: Benzene 77 T AMEZS ) 1D v A4k 241 S

10.2 LAMMPS 34351

LAMMPS B Large-scale Atomic/Molecular Massively Parallel Simulator , Ki{1&]R F 5>
FHATIEREE, FTEHT D FNFEHRK — S FAERE T —BokiE, 713)
5B R B AUE, LAMMPS RS AR A 3 7o LAMMPS H125 [ Sandia [F 58 525
EIF K, LA GPL license &AW, BUFFHIEACHS H AT DAGe 2 s Ud A, X SR {8 & T
PURYE H C i 7 2 B AT B S . LAMMPS FEFPERLE SR (8. 54740
FMBL CEWr T BEYD HALEN AR RETT WA Z N . LAMMPS 12
FHNEZFRFIEF Oigf, TSR BEaW. EWn+. BESME (4
JE& BRRE. FAYDD O RRLEEAR R AN . 1A 7 BRI AT DU 4R &R, ] LA
B =4tk &, AT DU 28808 HE 28R 70 TR R, RIS 2 R
B, BA RIFHIIHTY M. SRR e THRN TR S50 R

DFENT1FREHL (Molecular Dynamics , MD ) 2T 5K I & &1 —Fh 4 F AL V%,
Oy ZNH TS T MEREES TR, Y3, AR SR AR, &
PR R H EAEH o MD AL IRAIE FEAS BE FH AR AT 77 15 R AR R 1) 526 1A 28 B ~F- A4 42 Joia
M, FORIE RS SEIS M, 807 AV, e WBs . PPRbRE A
THENURFEAE R G 6 3 AT .
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Device Studio fSEH#2

LAMMPS X EM: ¥ I https:/lammps.sandia.gov

M2 R (R B0y PR S 1E Device Studio 2021B 77T & 1 & H T 13 112
THE A LAMMPS BIiH5AEE . £ H Device Studio, F /7 v 78 H: KA L 1f A 5 (P
E BT AT E T 450, JERT7E 3D Eon X & H H M 3D K. #BaEirss
MG, HPE{E LAMMPS TFREBE, RIETTEFE, EfE A AmHiEESNE
BT ERRERMN M, 25 EEEE LAMMPS [ 253t B Bk sl i F2 AR 55 2531740 5% 11
S, ARV R AT ST I AT S5 T RDIRES, TR SE RS AT LAMMPS HF 845 R
AT AT 2 AT o

H # F 7l i@ g Device Studio 2E B LAMMPS LR iH8 8 A SCHERIAE R 45, &%
NEMR GAEKARS. AR, FEARSD). MEMR BHAB. EEBEHEXE
. AEER), WEMR (BKREE, SYHRE) . BA BAER; 4546 OVITO #ffF
FI% LAMMPS 5245 JRAEAT G5 M R e B0 204

L MEREHEIE X 7 —E /B E N2 IR Z K 8 a0 2 3T 48 18 61 5k 1 40 ik
LAMMPS 7 Device Studio ' [*J M. .

10.2.1 LAMMPS it+&552

LAMMPS 4T 77211 B A4E Device Studio F1HITRFEL 4] 10.18 FiR.

I H

RAG

# RLAMMPS 8.5 A\ 3

MALAMMPS#ATHE, REIHHEER

R

10.18: LAMMPS i1 52
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10.2.2 LAMMPS glI2IhE

Mifi Device Studio EIARPREETT B S, WR4EF I RIE B — e E
(Create a new Project ) BFTH— N CAEAFAEMTNE (Open an existing Project ) {354, ik
W JE R AR ) OK $EHRI AT . FORFRANE — AN E I, P AR YE 7 E 2%
Hin%, WAINHMG %N LAMMPS , BUR A BAERIATIE 4 .

10.2.3 LAMMPS S\ £44

1E Device Studio H] A1 /5 File — Import — Import Local, W) H 5\ LAMMPS
SEM SO ST, ARPE AP R IR B Al_Rede . hzw Z5M XA E, EH AL_Rede.
hzw S5H5C1F, S AT F 34N F N A1_Rede . hzw 45145 1) Device Studio Fif 41 5]
10.19 7R,

F% Device Studio - [Al Rede.hzw]

E= file Edit View Build Simulator Window Help
B-# k@ Q< -850

R LAMMPS

@ Al Redehzw |

(I A L N NN NN N NENNENNN.
LN N N N NN NN NN N NN
( E A NN NN NNNENNENHNLHN.
L N N N N NN N RN N NNEN.
(A N N NN NN NNENHNENIHNHN.
LN LN N NN NN NN NN NN
(X N N NN NN NNNENRHNHNNHNHN
(I E N NN NN NNNENENNENNERNTHHN
LR N NN N N NN NENENNENGHSNHNHNHN;
LA N NN NN NN N NN NENNNNN,;
LR N N N NN NN NN NN NN NN N
K AN NN NN NNENENNENNERNGHHN
LR N N N NN NN NN N NENNENNN,;
LR N NN NN NN NN NN NNNNN;

LU L B N
L N N NN NN
LB B L

LA N R R NN R R NNENENSEHRHN]

:
i
i
i
:

+...’....C........C.
0000000000000 0

K 10.19: §£ A\ A1 _Rede.hzw 4545 Device Studio ETE AL
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10.2.4 LAMMPS § \ {494 RE

LN 1 10.19 B Ak b Simulator — LAMMPS — Calculation, ) LAMMPS [
Z ¥ 5 E S E LAMMPS Calculation 21 5] 10.20 fi7x. LAMMPS f2 30 B 7 1 - 24y
A Task ~ Force field  Setting 71 Run simulation V45, B P AARYETFRE T 2L, ARKIRT
VUM T S EOR B, 2 )5 K Generate files B ] A2 B BTSN SCAE

I3 LAMMPS Calculation ? X

Task Force field Setting Run simulation

Task Calculation

Structure Optimization
Thermodynamic Properties
Transport Properties
Mechanical Properties
Quench

Anneal

Generste files Cancel

10.20: LAMMPS {2404 & FL 1l LAMMPS Calculation

PUE R 3T & B 508 X 375 18] LA— € BY'18 E Bz 25 3 22 R0 89 72 2R A& #0U ) g N\ SC A 9
e 10.20 Ai7xit) LAMMPS 4% & i, R4 &7 200k Task « Force
field « Setting A1 Run simulation , Bt B ZH05r 7140 141 10.21 | 141 10.22 (b). K 10.23 (c) #
1024 (D) Fion, )5 Bt S B Generate files B v] A Bl N SCAE A1_Rede. in.

Al _Rede.data .
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IE LAMMPS Calculation ? X
Force field Setting Run simulation

Tazk Calculation

Mechanical Froperties
Structure Optimization Mechanical Properties . s
E - | Y g5 lus

Thermadynamic Properties cHns = medum

Transport Properties Direction of strainm |z -

Mechanical Properties . p— .

2train rate G001 lips
Quench
Anneal D Shear modulus
<_
Generate files Cancel
. et ML
4 10.21: Task Z#ix & 5
Ay
Task i BB

o 5MJhTE (Structure Optimization)

o W12 VERT (Thermodynamic Properties) , A4 7220 AT 55 45 AU K R 5L
(Thermal expansion). AT #% (Volumetric heat capacity). %5 E#% (Isobaric heat
capacity ) .

o ¥zt (Transport Properties), HHiathii{E5 0570 (MSD) %
HAHKEK £ (VACF). #43% (Thermal conductivity).

o 15T (Mechanical Properties), FeHh 775 B AL HE A KA (Young” s modulus)+
BiY)#iE (Shear modulus) .

o KB (Quench).

o IBKIEHL (Anneal).
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IE LAMMPS Calculation ? X
Task Setting Run simulation
Stvles of forcefield EAM hd
Select forcefield file |O:/Users Desktop/Al-1959. eam :
Cutoff distance 13. 44 | i
Generate files Cancel

] 10.22: Force field ¥ & A

Force field 1}t RH

£ Force field #5, BHTH P A%k EAM A1 MEAM PiFl 1372580, F P 54250 @ 474k
KI5, HEAE Select forcefield file #5335 5 B i 135304
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IE LAMMPS Calculation

Temperature contrel method |Nose-Hoover

Task Force field Run simulation

Ensemble NPT

~ | From |300 | E

* | From |D | atm to |U'|

| atm

Temperature damping |D. 1
Fressure control methed Nose-Hoover
Fressure damping |1. 0

Advanced fix setting

P’ 10.23: Setting Z ¥ B FL1H

10.2. LAMMPS 5251
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IR LAMMPS Calculation ? X
Task Force field Setting
Timestep |3. 001 | b=
Total simulation time |3. 02| | ns
Frame cutput every |'.333 | steps
Generate files Cancel

K] 10.24: Run simulation =% B 510

AR HEBERIE X MAB—E/RIEE KT &R AT &80 5 S
Al _Rede.in. Al Rede.data I Device Studio ST % 10.25 fi7R.
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K% Device Studio - [Al_Redehzv] _ o x
[ File Edit View Build Simulstor Window Help

O-8 L4 Qe M-3EEEF.A4H S hBogyy B-B-H- (@I Qe ®a S @
Project & X
I: LammPs

~ (@ Al Rede.hzw
~ |10 AlRede

L R N NN NN N ]
SeeHEBeEREES
L B N

(R N NN NN N N

PO ORNOOIOINPIOLIOIOIBNIOIOEOIONDS

(A X N NN NN NNNNERSRNHSNHNZSNH;RH:NHN]

(X N NN N N NN NEBNMNMNZMNHNHNHNHNN ]

(A N NN N NN NNENNENZMSHNHNHNHNRHN ]

(A N NN N NN NNENNEMNZMSHNHNNHNEHN ]

rrrrrrr ies & X ([ EE N R R NN NN NNEENNENNNRNHN]

L N N N N NN N N NNNZSHNHNRZHNRHJR}N

LA N N N N NN N NN NNZMNHNNNHEHJN ]

LA N NN N N N NN N NN N NN NNEN]
0908000000080 00

K] 10.25: Ak e BRIE X 375 B LA—E Y18 E R 2 1R R R a0 iz AR G A\ A
') Device Studio F*1H]

10.2.5 LAMMPS it&

e SMERBEE X HAEU—EMNEENTRERN MR TR 0], FIEEEH
LAMMPS ()43 F I sl iRk 55 &%, BARE RO AR IX AR ], H 7 " 22 Nanodcal
IR G5 TN XBUAEAH M EIHROAR, BT 3EE LAMMPS B A H X
&, FEMOHE T, P ATRYE 7 E AT A S IR B E P SRR E R S A,
HAEE, WAERE AP B E R AR, )5 T LAMMPS 1H5. andT
JF Al1_Rede.in X fF, £ Device Studio ] Project Explorer X%+ A1_Rede.in — £
7 — Open with (PP & E £ A1_Rede. in XA ] 10.26 s . W HAthdm A SCF, H
PR E R EIE RN AR, KEAMUTEH U .
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I% Device Studio Open With - O ped
rﬂ1

[ 1

log Al Rede. log ~
wariahle runtime equal 0. 02

variable timestep equal 0. 001

variable Tdamp equal 0.1

variable Pdamp equal 1.0

variabls run equal “v_runtime/v_timestep/0. 001"

variable every egqual 1000

wvariahle t1 equal 300
wariahle t2 egqual 300
wariahle pl egual 0O
variable p2 equal 0
variable rc equal 13.44

# Setup

units metal

atom style atomic

read_data Al Rede. data

Eroup gal type 1

timestep § {timestep}

velocity gll create §{tl1} BT2B7

# Force field
pair style eam/alloy
pair coeff # % 31-1999. eam Al

# minimize
minimize 1.0e—4 1.0e—6 100 1000

# 1st equilibratien run

fix 1 all npt temp §{ti} §{t1} §{Tdamp} isoc 3{pil §{pi} ${Pdamp}
thermo 1000

run 100000

unfix 1

# Calculste Young s modulus

wariahle tmp equal “1x”

variable L0 equal §{tmp}

print “Initiel Length, LO: ${LO}"

reset_timestep 0
fix 2 ell npt temp ${t1} 3${t1} 3{Tdamp} ¥ ${p1] $({p1} 3{Pdamp} =z $({p1} 5{pl} 3 (Pdamp]
fix 3 gll deform 1 x erate 0.01 units box remap x

dump 1 all custom §{every} Al Rede—tension-3{t1}E dump id type xs ¥s zs

# for units metal, pressure is in [bars] = 100 [kPa] = 1/10000 [6Pal, px are in &Fa

wariahle strain equel "({lx - v_LD},"'v_LD”

variable pl equal “v_strain”

variable px equal "-pxx/10000

fix 4 gll print 100 "${pl} 5{px]}” file Youns-Stress. dat screen no

thermo §{every}

thermo style custom step temp press wel density enthalpy etotel pe ke evdwl ecoul elong lx ly l=z
Tun § {run}

clear

K 10.26: A1_Rede.in Xt

fE4n E 10.25 Fron FHii A, 78 Device Studio f#) ] Project Explorer [X 3% A1_Rede.in
— Aiili — Run , #H Run S, £ Run FEH A Run BN AT f LAMMPS 1152, i
JTRITE Job Manager [X 419152 LAMMPS {31 504R4s, 4 LAMMPS i5{T45 40 T-HEBA
WL T RIS SE R, Status 53504 Queueds Running. Finished. 115 5ERE, %
" Al_Rede.in — £iii — Open Containing Folder 7] 7 %] LAMMPS 115 58 1) 25 5S¢
ff Young-Stress.dat fl Al_Rede-tension-300K.dump , JFF4& 3L A Hh B K
AL B
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10.2.6 LAMMPS i+&EERAIRE S

7 Device Studio I A #, & 3 A1_Rede-tension-300K.dump — i —
Show View , M3 H LAMMPS 5 45 8 8 A s pr S an 151 10.27 Froso

& OVITO Basic (Open Visualization Too = O *

B ChD v~ kczo(::a

F o e
#1_Rede—tension—300K dunp [LAMMES Dump] w i
Add modi fication £V
Viseal slemenze =
S [ |
Simulation cell
Particles ~
Datz source ~
Al_Rede-tension-300K.dump [LAMMPS Dump
Simulation cell 0
Particle types E
< >

[ W =

Data source

Current £ile: Al Rede—tension-300K. dunp
Thrrestens ents/LAMPS/K]_Rede/LAMPS-Cal
BHils cognes

Search pattern: |A17Rede—tension—$1‘{. dump |
auto—generate Found 1| matching file

Trajectory
Current frame: | Timestep 9000 v
Showing frame 10 of 21
Particles  Global Attributes “ | Flayback ratio: 1 /1 Change. ..
s/ | 4 <4 p | »l |Q W ® | status

n —a o 4000 particles at timestep G000
o 120 |& >

K] 10.27: LAMMPS 18 25 S0 nl 404k 43 dr S 1

%F

2021 4F 1 A 7 HS 2 Rk (Rilg) B AR A F5 OVITO GmbH 1E A& EIKFE,
OVITO F&—/NEFESHE FT AL A BT 8 . OVITO A AR o) B3 FH 7 e 2R 8 2 o)
B (B BRWARA RS E AT,
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10.3 QUANTUM ESPRESSO 524l

QUANTUM ESPRESSO & — 3K Dy e AR 9 R I 25 — 1 B B H IR 244, ESPRESSO =&
opEn-Source Package I 7 RI4i S, T %2 RIS, I ALIES, TTHTAKR
FE TN TR . QUANTUM ESPRESSO % 0PI DFT AL PWscf CGF I 3
Hi6Y), PWsef R Hadg) A8 - B AR S A O 35 BB AE 25 [ 2 oR BRI 3 B2
PR L BV B P AT H PSS MU SRR . BT, PWsef CPII HE) HREts
4 R 7E Device Studio .

QUANTUM ESPRESSO BHEM: 1 I http://www.quantum-espresso.org/

H Hi H P Al S Device Studio i#4T QUANTUM ESPRESSO LR M 115 254575
BiA. e AFE. DFT+U. #Z A5, EHLBE. BEEES.

PL Si BIAEHBER. R ASEEITE NEIRFEL IR QUANTUM ESPRESSO 7
Device Studio 5™ HH -

10.3.1 QUANTUM ESPRESSO it&ikis

QUANTUM ESPRESSO 7E Device Studio & it B2 £ 10.28 Fizs.
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Device Studio {EFEE

ol Feaiil=|

B B Quantum ESPRESS0T

4 pliGuantum ESPRES

#iTAuantum ESPRESSOHTE

BoritBER

K| 10.28: QUANTUM ESPRESSO il # i f&

10.3.2 QUANTUM ESPRESSO gIiZInH

it Device Studio EFrP4E 3, & F I )5 3 Device Studio, QBT Ui H F1H
W (B B # e A A 5 R AT I B 69 B R m), ARAE S s B A — A e
(Create a new Project ) BT — A CEAFAEMNIH (Open an existing Project ) 45, ik
W2 JE s A ) OK 3R] . IR B — A I E , P nlARYE 75 E 45 1%
Hr4, AT H A4 N QUANTUM ESPRESSO, HCRMBMERINTIHE 4 .
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10.3.3 QUANTUM ESPRESSO 8\ 4&443

7E Device Studio ' A Si faAARSE 4 5 B EITE S a0 5] 10.29 . 1£ Device Studio 5 A
Si FEARZE M I B AR E X AR UL, P TS IEF A4 TN

2 Device Studio - [Sihzw] =
[T Fle Edit View Build Simulator Window Help

O-#& R]d Q¢ M-3888 &+ 8 H & d by B-E-T- BB 2 ab %
Project 8 x

4 i _QUANTUM ESPRESSO

10.29: A\ Si fhAE %514 f5 H] Device Studio B Al

10.3.4 QUANTUM ESPRESSO &85

FEN (5] 10.29 fros ST o ik Simulator — QUANTUM ESPRESSO — QUANTUM ESPRESSO,
s SN 15 10.30 Fros, P ATARSE Bt SR B S5 44 Rt L 7R B A I s AN R
TG PR E S, )5 R Generate files BT A pxt N 5 A % N A o

WAL Si s RS HG . Bealr AR EHE RS, Wit ERERESE, 7
W% Basic settings < Bandstructure~ DensityOfStates, & ZH5r 90 K 10.31 « & 10.32
. 1033 Bion, WEITFSEUG S Generate files BN E R Si SRR R BeTr A4S
EETFE N SCAE scf.iny band.in. nscf.in. dos.in.
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T QuantumEspresso P el I QuantumEspresso [

Basic setting | Iteration control | Basis set | Spin type Basic setting | Tteration control | Basiz set | Spin type | Bandstructore | DensitylfStates
Task [5elf-consistent caleulation -] Task [Bandstrncture and DensityDFStates eslenlation -]
Cutoff for 1.F 50 = Cutoff for #.F 50 =
Cutoff for Charge 300 = Cuteff for Charge 300 < (B =
Decupations [smearin = -] QOccupations [smearin - 3|
Snearin, c [ganssian -] Smearing e [gsussian -]
Snearin, £ Hidtn 0.1 By v Smearim 2 Midth 01 By v
Exchage corralation [pbe | Exchage corrslation [ghe |
Fpoint senpling E-point sampling
ot 2 L 3L a5 w25 35

¥ 10.30: QUANTUM ESPRESSO 4t ifi 4] 10.31: Basic settings 2415 & S 1

I3 QuantumEspresso [ 2 QuantumEspresso P =
| Basic setting | Iteration contrel | Basis set | Spin type | Bandstructwe | DensityfStates Basic sstting | Tteration control | Basiz set [ Spin type | Bandstrmctars | DensitpfStates
Symmetry kopoints |UX 5 X% K G LUK LE Epeint sanpling

Funber of lepoints 20 al i w2 |1 = 1

Frergy -10, 15

Delts E 0.0
flccupations  |tetrshedra -]
Smearing z zaussian

Smearing 2 Hidth [0.1 By

i 10.32: Bandstructure Z301% B FL1H 10.33: DensityOfStates 2 ¥ % & F 1

10.3.5 QUANTUM ESPRESSO i\ {4894 Bk

AR ST BRI HE . BeT AAE I E RN scf.iny band.in. nscf.
in. dos.in HJ Device Studio FtHI U1 K 10.34 Fizn. HH, scf.in AHBIFERAX
;5 band.in ARG IFHBA M HTESEEIIE IR ELH# TN EEHRIAE,
KlUt nscf.in Ml dos.in &% EIFE T M AXHE, THEIT R nscf.in J5

dos.in .
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E2 Device Studio - [Sihzw] [=]E [t
[% Ble Edit View Buid Simulator Window Help
= . 3@ 00 A, X, ras L r=n .
[3- & Q 4 M-3808 4 H d h 3 25 & B b E ab %
Froject & X
4 R QUANTUM ESPRESSO
& Sihzw
a [l si
4 )\ QE-Crystal
W schin
W nscfin

W band.in
W dos.in

Froperties & X

Tob Manager Log in Locsl suseessfully FEE)

Symmetry System
Description Script Status Actions

Properties Value

K 10.34: ZE K Si g RS B G BERT . AR A1) Device Studio BT Ft 1

fEan B 10.34 Fios S, %9 scf.in — i — Open with Bl R] &8 3] Si Sk 1y
HE TR A SR B o 0 T HARS A SO, F P Ar R v A 7R 2EF R 4T &
A, XREAEEL U

&CONTROL
calculation="'scf',
outdir='results',
prefix="'SsSi"'",
pseudo_dir="'../",

verbosity="high',

&SYSTEM
ibrav=0,
nat=2,
ntyp=1,
ecutwfc=50,
ecutrho=300,
input_dft="pbe',

occupations='smearing',
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(% L 170)

smearing='gaussian',

degauss=0.1,

&ELECTRONS
diagonalization="david',
conv_thr=1.D-6,
mixing_mode='plain',
mixing_beta=0.7D0,

electron_maxstep=200

ATOMIC_SPECIES

Si 28.0855 Si.pbe-n-kjpaw_psl.1.0.0.UPF
CELL_PARAMETERS {angstrom}

0 2.71535 2.71535

2.71535 0 2.71535

2.71535 2.71535 O
ATOMIC_POSITIONS {angstrom}
Si 0.678837 0.678837 0.678837
Si 2.03651 2.03651 2.03651
K_POINTS {automatic}

5 5 5 0 0 0

10.3.6 QUANTUM ESPRESSO it&

7ELn 1 10.34 Fros AL #, {E Device Studio [1) Project Explorer X i scf.in — £
7 — Run, ) Run FHEA0 1] 10.35 PR, sy S H) Run FELN AT HEAT Si ARk SS
HHEIBEE . DUHSEHE, 20D band. iny nscf.in. dos.in XA EE LR
BRHEAT Si I Re M E L THA

TEVHE L FEH, F 7 ATLE Job Manager XIS F VA Beis A FETF TR, 4
THEAL S A T HE A S T AR5 5E B 5 Status 43 71124 Queued Running., Finished, 11
B 5€ )5 Device Studio BT FA 4 4] 10.36 Arzs. HA', scf.out. bs.out Ml nscf.
out AN Si anfRG M HE . e AAE AR THE R HE X dos.out Ml Ssi.dos 4
A S A EEVHE R H B ST A SO
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K= Run

Ba=ir

Fateway location:

Fun parallel om:

[

1

M3 omputer [ 1 - |

E of 4 cores

Bun I | Cancel

10.35: Run #-1f
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I% Device Studio - [Sihzw] ==
% Gle Edit View Build Simulator Wi

= [ F,
O-#&
Project

4+ F% QUANTUM ESPRESSO
& Sihzw
4 ) si

QE-Crystal
W schin

yyyyyyyyy

Description Script Status Actions
Si C:/Users/feifeilu/Documents/DeviceStudioProjects/QUANTUM ESPRESSO/Si/QE-Crystal/scfin Finished \EI
Si C:/Users/feifeilu/Documents/DeviceStudioProjects/QUANTUM ESPRESSO/Si/QE-Crystal/band.in Finished ‘El
si C:/Users/feifeilu/Documents/DeviceStudioProjects/QUANTUM ESPRESSO/Si/QE-Crystal/nscfin Finished (&)
si C:/Users/feifeilu/Documents/DeviceStudioProjects/QUANTUM ESPRESSO/SI/QE-Crystal/dos.in Finished \El

K1 10.36: Si dRiRSE R BYE . BE T A B 115 58 AT Device Studio BIFE S

10.3.7 QUANTUM ESPRESSO iS4 2890k ot

YT Si HIRE T IS E E T H L H bs . out Ml Si.dos, Device Studio P K H 347 B/~
P H#ATA IS0, RIS EE R T 734 0 bs . out, FEQN 5] 10.36 Frs AL THI
Project Explorer X% ™ bs . out — £ — Show View, NIFEH Si i EEHT A] AR 4L 5 #7 7
4N & 10.37 Bros, FH P R8RS RS oA T AR AL 7 A 45 SRR B /o kb [
10.37 s S Export SREEEINR, 3t S H AT Ar a5 RGBT, P AT iR
i IR PR I IRAE BRI R 2, FF T IRAE I B i 4 o

1t Device Studio Y Project Explorer X%+ Si.dos — £ i — Show View, N5 H Si ]
A& BTG B SR an 14 10.38 s
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= [ Bl [ |
ValueControl
Amin [u] =
Ymax 220 %
Tmin -5 2
Tmaz g 5
hpply
[ expeort size |BOO || (400
WordContral
TitleLabel Arial v |12 -
BandStructur e Eold
xhwislabel Arial * |1Z b
[ Be1a
yhrisLabel Arial - |12 -
[ Beld
h
P 10.37: Si fiRRETT (bs.out ) RTHLALS BT A1
CE [ |
2 aafn
DensityOfStates ValueControl
T T T Emin -16.3912 %
Emax 8. 6088 %
2r Tnin o z
Tmax 2. 286 %
[ Apply
15 [7] export size | BOO || 400
HordContral
L TitleLabel Arial - |12 -
TensitylfStates Fold
xhxisLabel Arial - |12 -
[] Bo1d
05 yhrisLabel Arial - |1z -
[] Bold
0 | 1 1 L
-15 -10 -5 0 5
h

K] 10.38: Si fnfAA % (Si.dos ) WRIHAL S H L1
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10.4 RESCU =

RESCU 52— & AU /N BT S AL RERTE 70 K A& R 1) KS-DFT tH5 8 ff. RESCU &
Real Space Electronic Structure CalcUlator (52745 [A 25T ERET) W45, B0
P, WIHGEK . FFAT R ) KS-DFT BIG1HE 7%,

RESCU 1] LA F - 281 EHLE YR, MWEEICARHRN, SmeEyl. 216 . 64 . 256 .
FIHE RHEBEAE . S5 A GPU I, RitEES—T. 1. L. BEERKEKR
F LT 25 R M L. RESCU J& i Yt KA & KS-DFT W] B FH v, IEEH N T4 8.
PR, k. WA, DNAL 14, 245, 348, R, 7. wirE. e, 24,
i A SE AN A R GE 1 KS-DFT 114,

XHELPL @A NI BBSE. 88 SEBEITE NEI IR RESCU 3 AH7E Device Studio H1
IR o AL B AR H , WAL RITE 5T, B0HR 1 aT AL 2 B BN e . SEFR_E, RESCU
BIThEEARN T Lk, ¥1ERS M8 RESCU M AHIZ S 2 EHXT M YK B s 5 & F IR AR
Device Studio 7] LU Bl RESCU 1R 2 Dy Re v R AN SO, P ATaR I vF 5L 7 2k 54
Ji o

10.4.1 RESCU it Skt

RESCU 7E Device Studio H TR AZ AN K 10.39 Fran.
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Device Studio {EFBIE

i E=An=

1B BRESCITE

HATRESCUTE

Bt EER

K] 10.39: RESCU 1} & i f

10.4.2 RESCU ¢IEInE

M ifi Device Studio EIARERAETT X, 5% 5 3 Device Studio, 75 @& BT 11 H 7 1
W (B B 4G B A A 5 R AT T B &9 B S m), AR SR s G B A — AN I H
(Create a new Project ) ST H—MNCEAEAEMINE (Open an existing Project ) &4, ik
Hh 2 JE s S B OK F BRI BRI — NI H , B AR R B4 1% 0
Henr4, WARTHM4 N RESCU, BCRABRMGERNTIA 4.
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10.4.3 RESCU 8 \&443

1F Device Studio # 5 A\ i A& Ni J5 8 S a0 ] 10.40 o 7E Device Studio H 5 A\ fE 44 Ni ]
BAREAEIX BAMEOEAN U, AP S5 A28 THE.

I: Device Studio - [Nihzw] EE—
IR fle Edit View Build Simulator Window

= (L

B-#8

4 % RESCU

K] 10.40: 5 N\ 1K Ni Ji5 i) Device Studio I 1H

10.4.4 RESCU i\ ST{RYSERK

10.4.4.1 RESCU ARk BiaiTEMA Y

FE4N K] 10.40 Bros S ik Simulator — RESCU — SCF Calculation, 3 ST U1 4] 10.41
B, HP RTARE B vk S 1 S5 40 S 1 H 0575 0 ik ' Basic settings - Iteration control Basis
set~ Spin type XV NEH G ESE, )5 R Generate files BI T A H G THEHIA
At

WA R Ni BV TR RSO, RIETH AR ERE S, 2 0lik Basic settings -
Iteration control Basis set~ Spin type W B ZH 0 man E 1041 o B 1042 o & 10.43
10.44 fiizn, WEIFSHG Rl Generate files B AT AE St Nio H W THE N ST
scf.input KJEFAFR A Atom. xyz.
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S

IR SCF Calculation for Crystal

S

=
= SCF Calculation for Crystal

Bazic settings I Iteration control I Baziz set I Spin type |
Smearing sigma 0.01 el -
Resolution 0.3 Bohr
Method [Lcan |
Exchange correlation lLDA_PW V]
7] ¥or Weumarm T -
[ Enpty Band 16
kpoint Sampling
nl 9 : 22 9 = x3 9 =

Calculation contrel

[ ru

[Generate files ] [ Cancel ]

| EBazic settings I Tteration control I EFazis set I Spin type |

Tolerance

Charge density 1le-05

Total energy 1e-05

Maximum steps 200 =
Mix methed [putey -]
Mizing varisble [Density -
Max history 20 =
Maxit 15 =

[ Generate files | [ rCancel |

10.41: Basic settings Z (15 & S 1H

K& 10.42: Tteration control Z#i% & 7 1H

7 S 7 5
IR SCF Calculation for Crystal PG = 5CF Calculation for Crystal P
| Bazic zettings I Iteration control I Bazis set I Spin type | | Basic settings I Tteration control I Basis set I Spin type I
Arrangement IByElement v] Spin type [CollinearSpin v]
[ Lot Arranzemant [ByElement v]
Atom Basis
Element Magmom
Ni DZp -
| Magmom
1 Ni 2
[Generate files ] [ Cancel ] [Generate files ] [ Cancel ]
\ A L 4

&l 10.43: Basis set Z%i% B A H

] 10.44: Spin type Z %% B 1
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10.4.4.2 RESCU “EpEEHITEISA NG

R 10,40 FioR FE1E (BI: Device Studio B S &k Simulator — RESCU —
Analysis, #H Analysis FL1H, 7E5HH F X5 BandStructure, 5.t path ¥4 54 H Brillouin
Zone Path (% B 71, BB SR AN W-L-G-X-W-K , i Apply Wi € 10.45 fr
Ne e IMA IS HOE W 4] 10.46 Fin, WEIFZHUS Rl Generate files BV T A2 Bt
& Ni e 155 A\ X BandSt ructure. inputo

~
KR Erillouin Zone Path e e
Flease set a path of high-symmetry k-points in Brillounin
zone for band structure.
Point
1 W0.50.25075
2 L050505
3G000
4 X05005
5 W050.25075
5| K 0.375 0.375 0.75
G x ¢ &
L

& 10.45: Brillouin Zone Path Z %1% & 10
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r ~
I: Analysis @
Electrode Type Crystal
Analysis Caleulation Selected(1)
BandStructure
DensityOfStates BandStructure I —
Ly _.______,_...--l-l-""*P 1 Symmetry lopoints (W L G X W E
BandStructure -
MulikenPopulation Humber of kpoints 250 total
Potential
[C] Enpty Band 16
D Wawvefunction calculate
[l Partialfeights calculate

|

I Generate files ][ Cancel

10.46: f1A Ni e it S EOK E AT

10.4.4.3 RESCU 4£RBSBEITEMA L

FE4N 151 10.40 Pz 5t (RI: Device Studio BB FHD H1ik 1 Simulator — RESCU — Analy-
sis, 3 H Analysis 5[ , 7£ FL ] F Xk DensityOfStates, 313 & S 8000 14 10.47 Fiw, BB 4T
ZHUG B Generate files BV A]2E B S AR Ni &% 1HE 4 N CAF DensityOfStates.

inputo
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- ~
I: Analysis l&]

Electrode Type Crystal

Analysis Caleulation Selected(1)

DensityﬂfTStates

DensityOfStates | — === DensitnyStatesl Tepefah sopildng

BandStructure
MulikenPopulation alf] 15 - xzf| 15 - aif] 15 -
Potential

Energy range -5,5 el

Humber of energy points 401

Epoint sampling [Gauss hd
Smearing sigma 0.1 Y
-
D Empty Band 16
& |:| Frojected
[7] LocalDog

IGenerate files I [ Cancel

10.47: f K Ni % B E S0 E i

10.4.5 RESCU it&i
10.4.5.1 RESCU Bigit

M B THE AT, H P ARYE T A ZITIF scf . input IR EF K I S40s
ERANEH, AAGH, Walks ERAE SO P T g s A K, SR T BIE
5. i scf. input — £t — Open with RVR 2 2 i 8 Ni iR THESA SR
B -

info.calculationType = 'self-consistent'

info.savepath = './results/Ni_scf'

$symmetry.spacesymmetry = 0

domain.latvec = [[0 1.762 1.762]; [1.762 0 1.762]1; [1.762 1.
=762 0]]

%eigensolver.emptyBand = 16
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(% L 750)
eigensolver.maxit = 15
eigensolver.algo = 'cfsi'
LCAO.status =1

smearing.sigma = 0.01
units.energy = 'eV'
kpoint.gridn = 19,9,09]
domain.lowres = 0.3
%$domain.highres = 0.3
functional.libxc =1
functional.list = {'XC_LDA_X','"XC_LDA_C_PW'}
option.maxSCFiteration = 200
mixing.type = 'density'
mixing.method = 'pulay'
mixing.tol = [1le-05,1e-05]
mixing.maxhistory = 20

spin.type = 'collinear'
atom.magmom = 'Atom.xyz'
element (1) .species = 'Ni'

element (1) .path '../Ni_DZP .mat'

atom.xyz = '"Atom.xyz'
units.length = 'Angstrom'
gpu.status =0

7E Device Studio 1] Project Explorer X3+ scf.input — fidi —» Run, 34 Run 7
a0 & 10.48 Run 5 Frzs, s S0 A ) Run FEH AT 3E4T d R Ni T BVE 3. 17E
BT R, P RIAE Job Manager [X 380022 4k Ni VG THE T BORES, M 8A4T
ZAbTHEBN . TR AR SE RS, Status 7351109 Queueds Running. Finished. 115
5€ % J5 1] & 1) Device Studio ] Project Explorer X 38& #| H & 34 resculog.out. i%
" resculog.out — At — Open Containing Folder W 3| resculog.out XAFEA
Hiy L AR AE AL, L results SO NS S A Ni B 6 T 5 58 U 145 RS

Ni_scf.h5. Ni_scf.mat fl Density.txt o
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#iE

Xt RESCU 15, i H HAE Device Studio ) Project Explorer X AT if—Mig A XA —
41l — Open Containing Folder ¥ 7] 2 1% 50 N SCAFEA M AL i A hr B, i E 5T
B, FITESH SO F — H 3% T2 results ST, results U A7 g T 545 5 .

rn Run ﬁ"‘

Ba=ic
Fateway location: Mz omput er [ ; Tl
Bun parallel on: 1 > of 4 cores

I Fun I | Cancel

K 10.48: Run AL

10.4.5.2 RESCU g&tites

Rt A TR A BT RS R, SR M BRI, BEEETE A . AR C 2l
B &, WAFERMEBITE, HERH BB HES R e w i &R, &
Bandstructure.input — £ i — Open with By A] & 2| fg A& Ni G 11 55 A A
N R
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info.calculationType = 'band-structure'
info.savepath = './results/Ni_bs'
rho.in = './results/Ni_scf'
LCAO.status =1

domain.bravaislLattice= 'FCC'

kpoint.gridn = 250
kpoint.sympoints = {'w','L','G",'X",'wWw', 'K"}
$kpoint.sympoints = {[0.5 0.25 0.75],[0.5 0.5 0.571,[0 O 0O1,[0.5.

-0 0.5],[0.5 0.25 0.75]1,[0.375 0.375 0.751}

%eigensolver.emptyBand = 16

{E Device Studio 1] Project Explorer [X 3%+ Bandstructure.input — £ — Run,
S HY Run S 5] 10.48 Run @ ffros, s 50 T Run 32810 AT 3EAT §48 Ni
RE T THR S8 S W AT AE results SCAFJ PG 21 iR Ni Gy oF 5 58 BUS 145 R

Ni_bs.h5. Ni_bs.mat fl BandStructure.txt o

10.4.5.3 RESCU ZZEit+E

DEEUREFEHHBRITREER, SFEAMEBETE, S EEIE. AR A
o EEE, WAFEEMEE TS, BERAHBRTTES RS EE SN, E&h
DensityOfStates.input — £ ii — Open with B 7] 255 B iR Ni 25% fEiHH
AR B

info.calculationType = 'dos'

info.savepath

rho.in

'./results/Ni_dos'
'./results/Ni_scf'

LCAO.status =1
smearing.sigma = 0.1
units.enerqgy = 'eV'
kpoint.gridn = [ 15,15,15 ]
kpoint.sampling = 'gauss'
dos.range = [-5, 5]
dos.resolution = 0.025
(BT )
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(% L 170)

%eigensolver.emptyBand = 16

£ Device Studio [#] Project Explorer [X3# ik DensityOfStates.input — fiifi -
Run, i Run S, fid5 A ) Run A0 RT HEAT @ik Ni ISR RS
S5 W AT AE results SO JE & B AR Ni 245 % B2 05 58 i I 45 RS0 Ni_dos . h5.

Ni_dos.mat fl DensityOfStates.txt o

10.4.6 RESCU itB5&RaInilt 2 ih

% resculog.out — A i — Open Containing Folder W43 resculog.out XAHTE
A A A B, R — H R TR E S RO R results, 1% U R T SH B
RN BV ReT A% BT B 45 SR S

fE4n 1 10.40 Bron 5t (B: Device Studio BJEFRIHD) ik Simulator — RESCU —
Analysis Plot, 58 1SN THE S5 RSO ETE a0 14 10.49 B, Atk b ge sl
TR R Bandstructure . txt , iy 47 HHEL R AT 9 0 B8 7 110 T 4040 20 B 7 T
a0 15 10.50 P P nl AR e =5 24 75 AR bl A BOE YO Bl 38 I i 51 o 1 Spin Type
H R f 24 i ¢ X W7 Spin Up X Spin Down, BX, Spin Up Al Spin Down #f {7~ . F AT
T VR B BRI AL 2 B A SRR B AR N s PTARAE 75 2 G AR AL bR AR vE AR R
IRFEFRI R /ANZEAL . e an 5] 10.50 s S Export PREEEIFR, #H 3 H T4
SN EE SR BT AL, F P AT AR kR A AR R AR AR AEAS X, TR B ORAE )
Kl R4
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F ™
IR Import File M
QQ I .« Documents » DeviceStudioProjects » RESCU » Ni » Rescu-Crystal » results I - | 3 | | FEFE results yel |

HHiE v R =~ 0 @
e - =R =t =3 Fuh
|| Downloads | _ BandStructurext | 2020/4/8 14:26  UltraEdit Docum... 107 KB|
= RecentPlaces || Density.ixt 2020/4/8 14:31 UltraEdit Docum... 125 KB
% 10,1.20.160 || DensityQfStates.txt 2020/4/8 14:31 UltraEdit Docum... 25 KB
% 10.1.10.132 8] Ni_bs.h3 2020/4/8 14:26 M5 37# 69 KB
8] Ni_dos. 2020/4/8 14:3 5 37 9
Bl Desktop 8] Ni_dos 5 020/4/8 14:31  H5 37l 69 KB
|®| Ni_scfh 2020/4/8 14:10 HS 344 69 KB
A= e
@ Documents
il Git
&) Music
[ Pictures
B Videos
.
& System (C:) ||
ca Software (D)
= Work (E2)
&4 CD B (F)
e 3
SHEN): — [ Al files ¢t mhs) -
[0 o | = |

K 10.49: RESCU 5 A 115545 S Sy & T A1

226 Chapter 10. FZi+EE{HRIRILH



Device Studio {EF#E

'ﬂ BandStructure =R &1
2 aaQf
BandStructure ValusControl
— fmin 1
— Spinlp fimas 249
al e Spinlown fmin -
Tma g
[ Apply ]
Spin Type [Bath |
ol tine <storsoi [N
tine cotorrwiars [ :
[ export size BO0 | 400
ot
Wor domtrel
TitleLabel Arial -
BandStructure Bold
wharisLabel Arial - |14 -
2r [ Bala
whorisLabel  Arial - |12 -
[ Be1d
4t
L L
w L G w
o . PN > \*
10.50: RESCU fg s i A] #AL 7 #r 51

E4n & 10.40 pros A (Bl: Device Studio FJE A ) ik ™ Simulator — RESCU —
Analysis Plot, 58-S THEZ5 RSO R EDE A a0 15 10.49 Fros, A bk b ge s
TEER M DensityOfStates.txt , fidy 47 FFL4] BRI AT 58 25 %8 B2 1 ml #iAk 7
Pratman 15 10.51 Fios.
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.
[ DensityOfStates = | B |
2 aa#
Density of states ValueControl
Inin -5
— Spinllp Fmax B
Spinllawn St 0
2¢
Tmax 2. BTOZEAE
[ Apply l
Spin Type [Batn -]
1 5 7] export size 600 [ 400
= 5+
[}
=
7]
4]
o]
=
2]
5 Hordlomtr ol
E 1+ TitleLabsl Arial -
g Density of states Bold
= zhuisLabel Arial - |14 -
Energy (V) [ Bo14
05L- phuisLabel Arial - |14 -
muamber of states/eV [ Bo1d
0 1 1 1 1 1
-5 -25 0 25 5
Energy(eV) < [ m o b

K 10.51: RESCU 2% & i) a] Ak 20 #r FL 1

10.5 Nanoskim ZCfl

Nanoskim BJ) Nanostructure Slater-Koster Integrals Manifesting package , & — %t T
Slater-Koster 5% H 45 %5 37 () & T fnia A A, WTUANIR 72 JORM @ 9Kk 8. 1£
E-P 24T, I A SRR 4 MR % (Non-equilibrium Green” s function, ff
PRNEGF) 1, 15 290K a5 44 1) 7~ 2 FERIE H 38, NI AT A 7e 20 =8 i 1 ) 2 AR
CHNVEIRBE 2 N . B T2 IRAARD), DL EARE T4 CAnimm iR, 2 &) 5.

Nanoskim 3B M: 1 I https:/cloud.hzwtech.com/web/product-service 2id=4

DL IR RO RE N K 2k SR A B LS ARV B R BB R M A B A AR Nanoskim BU/4-7E Device
Studio H ¥R A
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Device Studio SEFBEE

10.5.1 Nanoskim iE%iS

Nanoskim 7E Device Studio # i+ & A2 a0 & 10.52 Fras.

10.52: Nanoskim 15 i F&

10.5.2 Nanoskim gIZIGHE

Mt Device Studio ElFrP4E 7, B I8 3 Device Studio, 7O BT Ui H F 1
W (s B H A G A A 5 R AT I B 89 B S m), WRAE SIS s G A — AN I e
(Create a new Project ) BT — AN CEAFAENTE (Open an existing Project ) [4&4H, 1%
ez Ja R A ) OK AR AT . kR aE — AN, P TR R E A% 0
Hw4, WAIHM% A Nanoskim, BCRHABAEGIAINE 4.
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10.5.3 Nanoskim S AZ&H

1F Device Studio TS AN AihE 25 H-454) (Device Si.hzw) JGHIEEF @A & 10.53
£ Device Studio H 5 N AL 2514 2544 1 B AR BRI EAOEAN R, PR nf SR 5 45
)TN

] fj () - a]

D-8 Qg M-8588 d S B-E-O- - SBHH ReBaS
a8 X

EEEEE ot

K 10.53: S AARESSF 458 (Device _Si.hzw ) JGHI Device Studio KK 5

10.5.4 Nanoskim S\ SRS ERE

10.5.4.1 Nanoskim 4Rk /S

e 15 10.53 Fras S AR ik o Simulator — Nanoskim — Preparation, 38 H FHHIA0 ] 10.54
Pz, P AR vt S B A vt 7R B0 i Hamiltonian Bandstructure X 2 4™
AW E S, 25 A Generate files B A] A e £ SCA:

UNAE R A RE B 25 M UHE S SO, 9 ik A Hamiltonian Bandstructure W8 2505 40
K 10.54 . 10.55 flion, W B IS UG it Generate files BV T] A2 pl Al Ak 28 10 25 1 1

% structure.input « Hamiltonian.input . BandStructure.inputo
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K% Preparation x I% Preparation *

Kamiltonian | Bamdstructure E— Al
® s O oF1+18 Number of k-points [e0o

Atom

-Device St ¥ Search

Generate files Cancel

] 10.54: Hamiltonian Z%1% & & 10.55: Bandstructure ¥ & AL

10.5.4.2 Nanoskim 4R ESIN 4

7EW € 10.53 B A1 CHP : Device Studio BEITE S Hik A Simulator — Nanoskim — SCf
Calculation, 51 SCf Calculation Ft[H, {55 A5 7iE& T Basis settings < Contour integral «
Boundary conditions W B ZH 7 man K 1056 « K 10.57 « ¥ 10.58 Fion, WBETSHE
Riili Generate files RV 2E s AHRE RS HF 4500 B A A A S SCF . inputs

#ix

A A BB W N SO K ) Device Studio HIERIAZ AL, SEBrit- B2 H i
it Nanoskim HRIR{ERIEAAFM 1 RS SETEAE L, NRETERESHKES
o AAEVEA T fF Nanoskim ,  f o0 B 28 (8 B (A AR B AR FR,  BURC IR IS 280 I A5
support@hzwtech.com %]
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Device Studio {EF#FE

Basis settings Contour integral

Doping options

Boundary conditions

Fositive(negative) sign p-type (n—twype)

Left-lead band shift [-1. 2036 H e
Right-lead band shift |—1.20‘35 = | eV
Cross section Circular -
Center X 25 = ¥ 25 =
Radius |16. 88289095 7] snsstroms
Oxide thickness |E = | Angstroms

Gate region
Z_min |5 1203875
Dielectric constant

S —

[] Parallel

10.56

Z_max |10. 240773 Angstroms

Generate files Cancel

: Basis settings Z (1 & 5+

232
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E: sCF Calculation =
Basis settinss Boundary conditions
contour intesration points |Ed- = |
Real-circle contour intesraticn points |E4- = |

Gancet

10.57: Contour integral Z4{ 1% & 71
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I3 scF calculation x
Basis settinss Contour integral I Boundary conditions I
Type Value

Buffer regions Neumsnn - |0 -
gate x min Dirichlet ||V -
fate x_max Dirichlet | |Ve -
Gate v_min Dirichlet | |Ve -
Gate v_max Dirichlet | |Ve -

Caneet

P 10.58: Boundary conditions 2% & F1H

10.5.4.3 Nanoskim 4Rk, BFEFHEEMANGE

e 5 10.53 Fras i (BP: Device Studio KR FHTHD Wik Simulator — Nanoskim —
Analysis, 5} Post Analysis F+[fl, 7651 X Transmission, ¥ IVeurve, FF3E
ZH0 151 10.59 B, WEIFZ UG midi Generate files BT A= A RES A S5/ IR R
FIEFER A TVcurve. input Ml Transmission. inputo

#F
E Post Analysis S 2 M XU il; Transmission, 53 KA TZFE R BEHRSE, R TIEFIIR,
Device Studio &\ H a1 B IHFAHKSE . EXG IVeurve 2 B — € B4 Wi Transmission »
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I Post Analysis =
Transmisson Transmisson L IVeurve
IVeurve Weurve . L
Voltsge (Drain/Gate) ranse
VDmin |—'_ S | VDmax |'_ S | Interval v
VEmin |—'_ > | Vemax |'_ > | Interval v
Drain Right -
Transmission window
wa[s E  mmf B meemfoe By
Kumber of energy points per parallel job |'_CICI'_ e |

K 10.59: 2ERESHTF A L. H B i fa A\ SO 2 B B A

10.5.5 Nanoskim i1&
10.5.5.1 Hamiltonian i1&

“E B Nanoskim 75 &M 1 X S5 1) Device Studio FtTH 1 ] 10.60 fizs. LAAERER1F
25 M) ¥ Hamiltonian T+ ], 7E40 4] 10.60 Bz~ Ft 1+, Device Studio 1) Project Explorer
X%+ Hamiltonian. input — A i — Run, 7 H Run S0 5] 10.48 (Run &) B
AN, R AT A ) Run $28H 0 AT EAT i 4R 45 K49 11 Hamiltonian TH5, 7ETH SRR,
F ' "] £ Device Studio ] Job Manager X I & & TH VR . HitEARS AT HEAH  1HE
W T B5E R, Status 431 A Queued Running. Finished. TH55€ /5 » 7 Device Studio
1] Project Explorer X 3" Hamiltonian.input — 47 — Open Containing Folder 1|
HH Hamiltonian.input XAFFEARM I AN E, It H & B AiESs 1F 451
(") Hamiltonian TF5 145 8 CHF Hresult .mat, 1% CHAE IVSource SCAHFJ P o
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E2 Device Studio - [Device_Si.hzw] O @ - o x
Fle Edit View Buld Simulator Window Help

0-8

Froject

uuuuu

Description Seript Commit Status Status Actions

K] 10.60: A J% Nanoskim 11525 A\ SCAFJ5 1Y Device Studio 5 [H]

10.5.5.2 BandStructure &

BandStructure T 5 7 1] | Hamiltonian 1155 1945 5, ¥ 7 564 Hamiltonian 7%, F{i Band-
Structure TF5H . AFEF| 20T Hamiltonian 115, I B #21# H Hamiltonian 115 25 LA
BandStructure 715 B 7] . 7£ Device Studio /] Project Explorer [X #i% "+ Bandstructure.
input — Aii —» Run, #H Run FHE 0 & 10.48 Run @ Bz, A A HH R Run
P AT AT AR A AR S R RE T TH L. THESERUS,  7E Device Studio ] Project Ex-
plorer X% " Bandstructure.input — 4 ii — Open Containing Folder W) 3% %
Bandstructure.input SCAEAE A H L i R A7 AL B, HL AT B AR 28 S5 7 1
eI R4S R BSresult .mat Ml BSresult.txt , X 2 NAFHRLE TVSource
PRSI

%ix

Nanoskim T &R NE 4%, 7N Hamiltonian. input — Bandstructure. input
— IVcurve.input, IVcurve.input XAFEITEM)E, &7E5 IVSource LA IR —
Ht N — R 5] VD=##_VG=## X1FJ. W VD=0.1_VG=0 SLfF3% F¥—RFIHAN
AR BT, XTSI N S A SO IS AT I AR UL, P e
Nanoskim RIR{ERYLEAFM, BUKIXHEAERIHEAE support@hzwtech.com &
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Device Studio {EF#E

BandStructure.input
BSresult.mat
BSresult.bed
Hamiltonian.input
Hresult.mat
SCF.input
Si_Miquet.ski
Structure.input

Transmission.input

@@ @[ @600 @

Transmission_linput

2020/4/17 16:09
2020/4/17 16:32
2020/4/17 16:32
2020/4/17 16:09
2020/4/17 16:32
2020/4/17 16:35
2019/12/17 11:22
2020/4/17 16:09
2020/4/17 16:09
2020/4/17 16:35

INPUT 324
MAT 3244
TXT 32is
INPUT 2%
MAT 3244
INPUT 3744
SKI 3zf4
INPUT 324
INPUT 3244
INPUT 3744

13
18

]

F
-

09

37
- I8

=

[E5]

L I ST ¥ ) D (S

KB
KB

? KB

KE
KB
KB
KB
KB
KB
KB

10.5.6 Nanoskim i+EEERETRE I

E ] 10.60 Fras A (BP: Device Studio KEIJE 51D [ Project Explorer [X 33 %
BSresult.txt — fiii — Show View, W3 H Nanoskim &7 1 A M4 43 41 1 o P&
10.61 Fros. F P AlARSE 75 22 T ALAR B UE VG e wTam o VR 3 BRP P B T Ak 43
P& RTBORERAA /s PTARYE 75 B B AL PR AR AR, 8RR /NI SRAY . ik
a1 & 10.60 fros S Export PRAEEIFR, S AT A 85 R B DR A, T
HRYE T Z W E T B RN, BB R R R A I ORAEAE 2, R 48 TR A7 B I i

%o
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[E=RIEN=)
ValueControl
¥ni [
nax 3.141593
Inin 5
Tnax 5
Apply
[ export size 600 ) |00
3
& Hor dContr ol
2
g TitleLabel Arial -
w ey Te——
xhxisLabel Arial -
k [1fa) [T Bald
yhrisLabel Arial v [14 -
Energy (e¥) ] Bo1a
k (1/a)

K 10.61: Nanoskim A&7 B 7] A4k 43 BT St

JNAT{E Device Studio T Ft i ik o Simulator — Nanoskim — Analysis Plot, 31 5 A\ fE
W ah R EITE SR, RSB BSresult . txt XA FFEA, s 47 FFIALED
AL H Nanoskim 887 AT ARAL 73 A S 1

10.6 STEMS 3Ll

STEMS (Simulation Tools for the Evolution of Micro-Strucure) #&— k3 T~ #1375 & 4 AH
P77 (Phase-Field /Phase-Field-Crystal Methods) {44 IO 2H 23 45 #4) 388 A1 AR 400 5
1o Frp A 780 il TR 9T 2 Bl e B AR R i H 2 h v A i AR, an s s AR
K, HLRAEKEMGR . S5 F TR 70 06 0 [ o 2w s [ 1 3 AH DG gk R
FEAL, AT CATRFNE % 77 V25 s 5 [ 5 B 7 TR PR AS A2

R 55 A A 32 7 00 B W SE R D SR Bl R 37 7 VR S SRR — L R U S A e [
VBT T A% Bl I R 1) 28 S A e 20 5 RER AT TR R ot ] i R A RO AL AR A R A o
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Device Studio SEFBEE

PRI TR IR SRAR 2200 7 i AN B 18 I R B R B 3 T RE ORI 7 . A4 B AR
AT ot 1] TR P A K RUBE R A A R 2

STEMS % T8 A2 AN S A AH 3 75325 v A0SR PAY PR 1 5728 42 Bk 2 S [ BA BT O 2
HATME— 255 1S AN AR A 2 071, RENE T Tt ] I A2 o St A A A AR S B A s AT Ll
S5 0 B A A AR R R B 2 IR, (TR & 2 M & e rii
FH MR, A AW ST R A AR

STEMS Al B RE T : REZEPHREERKIAR HEBEKIAR . EEERE. R
EREEE] . EEEIERRE . AEEIE ST

10.6.1 STEMS it&ixis

STEMS 7E Device Studio H i & A2 K 10.62 Ars.

FHi5

B ESTEMSH E 5%

4 RLSTEMSHI A 314
HEFTSTEMSITE

ETEER

K 10.62: STEMS 117 e
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10.6.2 STEMS gIJiEIhE

M iti Device Studio BFrP4E 77, B I3 3l Device Studio, £ G BFT 0 H 51
W (8 B 3 A 6 B 45 4 S AT T B A9 B % @), ARIE SRR s G B A — AN I H
(Create a new Project ) ST H—MNCOAAEAENINE (Open an existing Project ) %4, ik
W fa R SRR OK #EHRI ] o ik AN — AN E , AP TR HE 75 2245 1% 00
Hm4, WAIIH M AN STEMS, BCRHBAERIAINE 4 .

10.6.3 STEMS S\ 34

£ Device Studio [ 5 stk File — Import — Import Local , W5 H S N\ STEMS 44
R & 10.63 s, RYEFHEHEREE] pF-PFC. hzw XMFWIALE, &9 pP-PFC.
hzw X, A 3T F NS PE-PFC. hzw XX /5 H Device Studio F[H 21 4 10.64
fi7~ . 1E Device Studio H1 5 N 5 #4) (1 HAh 5 13X EAMBEGN AR, F P Al S5 454
TN

"n Import File % M
\:J\;) I o DeviceStudio x64 » example bI - |&’.H 1555 example p|
R s =- 1 @

X 5 = ' #m )
. Downloads . Au-Alkanethiol-Au it
| RecentPlaces J azulgne T
1 10.1.20.160 . crogsed-nanotubes i
1M 10.1.10.132 J Fe-NlgO-Fe i
M Deskiop . napfthalene 6: s
Ni-Qraphene 2 /14 16: b=
i ZanngO-Si 2020/4/14 16:08 ST
- = £ B PF-PFC.hzw 2018/1/30 14:06 HZW 3% 58 KB
3 Documents
] Git
;J'- Music
=] Pictures
B videos
1S SHEH,
£, system (C) N
== Software (D:)
—a Work (Ez)
o COTREE () J
N |
K{ﬁ[N):@ —_— - ’AII files (“hzw *axyz *.cif *.xsc 'l
_‘_‘_-—i—‘—‘————._.________
NECHIETS

& 10.63: STEMS $ A\ AR AL
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I% Device Studio - [PF-PFChzw] [E=EE )

I[E Gl= Edit View Build Smulator Window Help
0- & LEXEE
Froject 8 x

4 3 STEMS
| PF-PFChzw

OSSR O R e N

rrrrrrrrrr

11111111111111111111

10.64: § A\ PF-PFC.hzw X4 )5 1] Device Studio Ft1f]

10.6.4 PFC it&EiSN\HRISERK

FE4N 14 10.64 B B ik & Simulator — STEMS — PFC, 3§ PRC 2285 B 5 i €]
10.65 Firzn, FH P A AR 155 75 B2 40 3% A ST A Init « Fune Run 73 5% B 24000
10.65 « &1 10.66 F1 |51 10.67 Pix, ZJ5 s S I Generate files BV PT 4 |, PFC 115
MINSCAF Init.param .« Func.param Ml Run.Param, A% PRC tFE A A G )
Device Studio B S w1 4] 10.68 Fros.
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400 |

300

200

0 100 200 300 400 S00
denszity

I: PFC P =
Init Func Run
Model: sandwich structure ']
x_grid_=ize 512 v_grid _=ize 512
Laft Center Eight

=lice center 128 256 G4

slice thiclmess 300 320 300

slice phase [u.niform v] [periodic '] [u.ni form -

zlice awerage density 0.14 014 014

slice concentration 0 0 0

chape modulation wawelength 512

shape modulation amplitude u]

100 200 300 400 s00
configure

Generate files

K] 10.65: Init ZE0K &
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(g3 pic ECE™=)
Init Fune Run
functional U1: 0
functional ¥1: a
functineal ¥W1: 1
functineal W2: 1
functinesl CO: u]
functional QI2; 1
functional QFZ: u]
functinesl ATFHA: 0
functional Lambda: 0. 04
functional Ch: 50
functienal CE: -19
funetineal CC: 50
functinesl BX1: 0.7
functinoal BXZ: a

L

10.66: Func Z#(1% & L 1H

10.6. STEMS 3LCfl 243



Device Studio (B

[: PFC

Init Func

total_time_steps:

rumber_of_ time_steps_between meszages:
initial_temperature_parameter:
final_temperature:

initial_strain:

final strain:

noise_samplitude:

time_step:

denzity_relawation_time:

concentration relaxation_time:

rumber_of_time_steps_between_output_frames:

10000

1000

1000

0.16

Generate files

& 10.67: Run %% B FiH

I3 Device Studio - [PF-PFChaw]

[=]E [

Fa Fle Edit View Build Simulator Window Help

O-8 k % &-3888 .4 H
Project
4 [ STEMS
I PF-PFC.hzw
4 [\ PF-PFC
a PFC-calculate

W Run.param
i Init.param

i Func.param

Properties
Symmetry System

Properties Value

Job Henager

Description

s EE s PR %

log in local suceessfully ‘§| ‘E'

Script Status Actions

Kl 10.68: A J% PFC 5 5 A\ SCHEJ5 H Device Studio 5[]
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10.6.5 PFC i1&i

TEfi PEC TFE 2T, 7718836 STEMS MIRSS &5, BARIER PR AR, H
JUR] 2% Nanodeal &3R5 % N . EARIFRA STEMS k554, 724 PEC 122
B, AP ATRIE R EST AU R AR X IS B E RG-S, wASH, Mn]
B E AR AT e B E O AR R, S AT PRC &L W4T JF Init.param
A, 1E K 10.68 BB A A, &Y Init.param — A — Open with Bl 0] &5 3
Init.param MR P, ST HAREA S, H A ARIE & 2B E 51T HEE,
X A

initial_model = 3
x_grid_size = 512
y_grid_size = 512
slice_center_left = 128
slice_thickness_left = 300
slice_phase_left =1
slice_average_density_left = 0.14
slice_concentration_left =0
slice_center_center = 256
slice_thickness_center = 320
slice_phase_center =0
slice_average_density_center = 0.14
slice_concentration_center =0
shape_modulation_wavelength = 512
shape_modulation_amplitude = 0
slice_center_right = 384
slice_thickness_right = 300
slice_phase_right =1
slice_average_density_right = 0.14
slice_concentration_right =0

#&iE
FEsEbrit Hd R, R s STEMS SRR 1S S8V Ean s 3L, iR 4t
HRBEAERESH. AT iR STEMS , 1 RIZEMEEIMEFE support@hzwtech.com
fagtim

240 & 10.68 Frzs B AL 1H 1 Project Explorer X3 H1, £ Run.param — A — Run,
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5 Run ST 14 10.69 Fros, R4 THE T Z K EZSHUE il Save 1 TRAFEHH N I
A, ZJgrdiin 1 10.69 B S B Run 3500 AT % STEMS () PFC 5. Al fE
Job Manager X1 H W %% PFC i+ HIRES, 4 PRC 1HEAL S A THEBAF . THE AR
T, Status 3 54 Queued. Running. Finished; {ETHE G, it Al#1E (B refresh
), 8k Commit Status « Status V] 57 2 PFC THE M THE S EEATHEARE: MR T
J%J5 Device Studio ] Job Manager X341 [%] 10.70 Fr7n, miili Action TH) T #4415 H
T# PRC tFHE LRI & 10.71 fios, fEiZAA R 2] PRC iHE 45 - (PFC
BERXHHEERN .dat BIXH, W d_mpi.0.dat ), i Download WIW] T %K,
NG TR AE ) Project Explorer [X I8 & & 1% 45 R .

246 Chapter 10. =i HEHFR AL



Device Studio {EF#E

rl". Run Li_:-?-r

Bazic

Gatewsy location: HECZ (116, 236. 169.98) v |
Eun parallel on: 1 =

Hodes

Humber of nodes 1 &
Hamber of cores per node 1 =

pbs =script

#/binS=h

#FES -H FFC

#FES —o pfe. out

#FEZ -e pfe. err

#PES -1 nodes=l:ppn=l

#FES -1 walltime=24:0:0
WCFU="we -1 < FPES_HODEFILE
WOREDIR=FPES_O_WOREDIR

cd ${WORXDIR}

mpirun —n 1 pfe

| Import | I Save 'l

Bun Cancel
| |

K 10.69: STEMS [t Run Ft

TJob Manager sftp log in suceess fully Tlor fm GREEcES fully
Description Script Commit Status Status Actions
PF-PFC 'STEMS /PF-PFC/PFC-calculate/Run.param 100% Frodlizd (]

K 10.70: PFC 115 5¢ 55 1] Device Studio [ Job Manager [X 1,
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Filename Status it
d_mpi.0.dat (I |f';"- Download
d_mpi.10.dat U Download
d_mpi.l.dat 00 (%) Download|
d_mpi.2.dat 0% .m -
d_mpi.3.dat 0% :I:I:Z-Elowm
d_mpi.d.dat 0% :I:I Downloadin
d_mpi.5.dat 0% :I:I_Z-chwm
d_mpi.6.dat 0% :m
d_mpi.7.dat 0% 'm
d_mpi.8.dat 0% :m
d_mpi.999.dat 0% 1I) Downloadin
d_mpi.9.dat 0% II_I_Z-Dowm
Func.param 0% |"';"- Downlcuad|
Init.param 0% m|
mf.10.dat 0% |wm| =

K 10.71: T %k PEC 5 45 5 10 S

PFC 18 45 5 T 45 %5 19 Device Studio i & 10.72 Fizs.

E= Device Studio - [PF-PFChzw]

[E=EE

Project
2 [ STEMS

& PF-PFC.hzw|

4 |l PF-PFC
4 [Jl PFC-calculate
W Run.param
| Init.param
W Func.param

R ] proi e
¥ d_mpi.10.dat
W d_mpi.Lldat
W d_mpi2.dat
i d_mpi3.dat
W d_mpi.d.dat
W d_mpi.5.dat
W d_mpi.6.dat
W d_mpi.7.dat
W d_mpi.8.dat
W d_mpi.999.dat
W d_mpi.9.dat

IR fle Edit View Build Simulator Window Help

O- A

Properties
Symmetry System

Properties

Value Tob Henager sfip log in suecessfully log in suceessfully \§”E”€|
Description Script Commit Status Status Actions
PF-PFC C:/Users/feifeilu/Documents/DeviceStudioProjects/STEMS/PF-PFC/PFC-calculate/Run.param Finished |€\

SR e ®ap %

K 10.72: PRC 11545 5 K #5815 ) Device Studio F[H
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10.6.6 PFC itEERAInIEtr

e K 10.72 s S A B Project Explorer X33 PN, % HEE — PFC i+ & R4 B
£, 1 d_mpi.0.dat — 4 ii — Open Containing Folder W|$%F] PFC 11545 B O -7 AR
b HL I R PR S B 1] 10.73 Pirs . AEGR 18] 10.72 Bz i Device Studio BJE i 7,
miili View — generate GIF, 3 generategif SN 5] 10.74 fii7x, {EZFHH S5 File —
import, B SN PRC THE&5 R U G, BSR4 R F NG, 1E generategif
FriH ST File — export, 584K PFC tHE S R R S H R, HP
AR R EE RS HNME, HAETI g Rardk, BCRABIAGL, daih
PFC.gif , PFC IHEZIRKIAAAL T (RN pFC.gif UM 1 & 10.75 B

f =)
QQ | T y STEMS » PF-PFC » PFC-calculate 4| ==rrc.. o]
%A wEE =BV TRM @)
HiR v EHF - HE v FTED TR EET R =~ 0 @
. = . A xm b
Downloads . d_mpi.0.dat 2020/6/29 20:02 UltraEdit Docum... 6,603 KB‘
%] RecentPlaces " d_mpildat ) UltraEdit Docum... 6,599 KB
i 1 | d_mpi.2.dat 202 UltraEdit Docum... 6,547 KB
. | d_mpi.3.dat 202 UltraEdit Docum... 6,547 KB
- ;)Bsktﬂp [ d_mpid.dat UltraEdit Docum... 6,547 KB
£ | d_mpisdat UltraEdit Docum... 6,547 KB
| d_mpi.6.dat UltraEdit Docum... 6,547 KB
U{E | d_mpi7.dat UltraEdit Docum... 6,547 KB
£ Documents [ d_mpi.8.dat UltraEdit Docum... 6,547 KB
il Git [ d_mpig.dat UltraEdit Docum... 6,547 KB
o) Music | d_mpi.10.dat UltraEdit Docum... 6,547 KB
=] Pictures | d_mpi.999.dat UltraEdit Docum... 6,547 KB
B Videos B Func.param PARAM 37{% 1KB
|H] Initparam PARAM IZ{% 1KB
. e, | pfcpbs PBS 3iF 1KB
& system () B Run.param PARAM IZ{% 1KB
—a Software (D7) 2
d_mpi.0.dat 1SEIEIER: 2020/6/29 20:02
UltraEdit Document (.dat) Folw 6.44 MB
#EEEER: 2020/6/29 20:02
EiRE1m
\:

P 10.73: PFC T35 R SCAFAE AR 3 i i o (170 o7 L
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f IR generategif EIEI&J-‘
Eilel‘:
export ColorMap | M wm zpJet A

10.74: generategif i [H]
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K 10.75: PFC i+ &4 Riyml#i4b o4 (Bl prC.gif XA

10.7 MOMAP =S5

MOMAP (Molecular Materials Property Prediction Package ) +&— BT 50 Fli% T4 Hl
Iy TR OGN fr v e DL A€ BT RO G RERAE  R AE. BT 2N TH
LSIRSTAZRY, v 5 AN S /5 I GRE/2 v L SN S 1 1 SR i v Y AN S 51 N E R YL S AN S 511 o S
YIMEER R B HCIERM R A G SRS

10.7. MOMAP =51 251
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Device Studio {EF#FE

SEHIFOCH AR, YU EAIRZ R e E R BEREDL. R
MR E S W R FBReD . BAARA RN, BE 2R, REEE. ST,
R ERRFIESE S, A PUC A THAA 2] 1T 2 N AR A fg o T S A
HURIEAR 2R IR0 A LI 18] R MENED ) BRI AP AN 22 A0, DR e+ e R B A8 1Y) 9%
K3 RN B AL B R AR SR O S R RS R ) B R R TR —

UL azulene FYMRUSTATE . TRIEHIE L K 4R EHR R AT E A EAN 1A MOMAP A7
Device Studio H* M H .

10.7.1 MOMAP R{4Ihfessia

MOMAP AT DBt an 141 10.76 s, BEWSARYE HAR E AL AT T AT 2 701 L35
BORSER, MHBT—IRSE SR A AF2 . Duschinsky %% 35 [,
NEET RETHREAMHES . MOMAP FT &5 14> 724 . BURSE B R EASE: 7 FERES
PASCHOR S P TR B e, IRBNBEINLL S A fL TS 2 18] Y BRIT AR A . 28 74
MErE. BERPUERE . BBRE, XE B rEA 3 AT s,
Gaussian. Turbomole. NWChem. Dalton. BDF 11 & 153,

BT TR AL, 1 BRI MOMAP 14 #% ML 1 514 Tl
S SO B RIDER. RO, R SR LR TR,
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It AR 4 € R 21> T 50 BOLIE TR BUER R

e e
( RIREHTTE )
- s tEtEE
( EBFHTE )
— BHBFR
Pt )
( RBEETTE )
BPOLE. EaER
( RBRMTTE )
BFRIRATER
R, s = SoCR
Duschinsky$Ea1EME EA)) e
. (RBRESE)
TEHE, B
% |2 iy
( BRET5E ) ZEREEHCRE
FR SRR
( Marcus?ik ) ]
- — BT
ER AR
(EREsE) & —

K 10.76: MOMAP 3 AF T g 45 74 K]

10.7.2 BDF it&5284%

BDF 58 3 S AR & AT 55 )5 (opt+freq A1 TDDFT+opt+req), WA IE AR & A
H)%n S0 azulene—s0.out « azulene-sl.out Ml azulene-si.out. tmp. LA
M hess M Aff azulene-s0.hess fl azulene-s1.hess. FHHFTIEL RIS T HFATSE,
WS SCF azulene—nacme. outo
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10.7.3 MOMAP it+£iZ54%

10.7.3.1 EVC i1=

HF#R20#475 (electron-vibration coupling, EVC) 115, Zit BT &M EHH K5 F
PRENANZE . JIHEEGERE, [FIBFENARBR DA L ELAABPR R T, THE T ERE K A VIR S [A]
IR A RS . BB . B LA ) Duschinsky B30 4E M. XU 3L S, KIS 45
Simulator. MOMAP #1 Photophycisc #t X MOMAP Z ¥ & :

I Device Studio

| Fle Edit View Build Simulator Window Help

I | y
= D T :;.
Froject
ER Untitled 25
v & Azulene.hzw ®
Azulene
v [Eh Azulene s0.hzw .
v Azulene_s0 J
(M BDF-C10HB
Momap-Pho
fE Azulene_nac.hzw

Froperties
Symmetry System

Properties

Nanodcal
Nanoskim
RESCU

BDF
MOMAP
STEMS
TOPS
DS-PAW
PODS
Virtual-XRay

Brillouin Zone Path

VASP
LAMMPS
oVITO
QE
Gaussian

NWChem

3

R M-OEIR 6 R

Photophysics

Transport

3
3
3
3
3
3
Analysis Plot
3
3

Job Managzer
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= MOMAP-photophysics

EVCAZELR

— A = o ol <

ER T E AR

Electron—Vibration Coupling FPhotophysical Settings

M Engine EDF

Initial State:

SITEREEE .

Final State:

ESREXFER
HEERB I E R
[C) Hon—sadiabatic Coupling B éﬁENACYﬁF
= NACHI i 3214 B %

HAC File:

[[J Contribution of Internsl Coordinate

2 FIE I R AL PR BT

Generate files Camcel

%% azulene—s0.out flazulene-si.out ¥R )5E, s Generate files 2E i MOMAP
AN momap . inp, & momap.inp I mdifiEE, i open with A A& momap.

inp:

Momap-Photophysics ”
[t] momap.inp

Eun

Open with

Froperties

Cpen Containing Folder

|_|r1-|

10.7. MOMAP =265
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': Device Studic Open With — [m] 4
(=

do eve = 1 #1 I Bdushinit®. 0RmXH
&eve

ffreq(l) = "azulene—s0. out” ##asRHAEH
ffreq(2) = "azulene-sl. out” suerzesesse
proj reorg = . t. EE R AR B TR

/

File editing.

RN LG azulene-s0.out Ml azulene-s1.out 2 HEEH|E] EVC 15
e, 12T Bl momap . inp FEATBE AT, 2T open Containing Folder 7 EVC
TR R, 2RI C A AFAEFL SO A 5 B S0, momap . s1lurm 4 momap )
RAZHA . ¥ azulene-s0.hess Ml azulene-sl.hess XHEHI 2 CHI ), Bl
A] g run $RASTFEAL S

v (& Azulene sO Copy.hzw
A Azulene_s0 Copy
A Momap-Photophysics

||E momap.inp :

Run

Open with

Open Containing Folder

1]

[ azulene-s0.out

[ azulene-sl.out

] memap.inp

[l momap.slurm
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THE SE A RS54 Status 27~ Completed, a5 45 M1 #d%4 7] T 7 Sk
Azulene_s0_Copy/Meo...  Ci/Users/22073/Documents/DeviceStudioProjects/Untitled/Azulene_s0_Copy/Momap-Photophysics/moma... Completed
Mame Size Type
| proj reorg.dat 13.4 KB DAT 324

azulene-s0.hess 57.9 KB HESS X%
azulene-sl.out 327 KB OUT 32i5
evc.out 60 KB OuUT =i&
evc.cart.dat 91.8 KB DAT =i
evc.cart.abs 62.8 KB ABS g
eve.dxxxyz 1.83 KB XYZ 30l
eve.dint.abs 628 KB ABS %

&* err.4983545.log 661 B LOG =04
azulene-sl.out 133 KB OuT =%
eve.dxvoyz 1.58 KB XYL 3%
azulene-s1.hess 57.9 KB HESS Z0if
evcvib10xyz 97.5 KB b Ay

&* out4983545.log 1.14 KB LOG 74
evcviblxyz 97.5 KB XYL 3%

[W evc.dx.x.com 278 KB MS-DOS REERRE
eve.dint.dat 918 KB DAT i
momap.slurm 364 B SLURM Zz{¢

&* out4983814.log 1.22 KB LOG 74
momap.inp 91 B INP =245

@&* err4933814.log 661 B LOG 3044
evcvib2 xyz 97.5 KB p Ay
nodefile 280 B i
evcvib20xyz 97.5 KB XYI 304

i CAFRIA] N 8. Hrt eve. cart . dat NAIH E AR RIFEA R ARE . 5
BT HEEELLK Duschinsky #FAFHFEIEE R 1 eve.dint . dat NN AR THREAR
AR RN HERE, EAAISTHA Duschinsky ¥ 8 P 145

b Momap-Photophysics

momap.inp

azulene-s0.out

azulene-sl.out

evc.cart.dat

evc.dint.abs

JPEEEE

e rart ahe

perties

ke Tarm b

Open with

Open Containing Folder

]
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Open with ] evc.cart.dat X, &FH S EHREMIHE:

Total recrganization enersy (em—17: 2687, TT2606 272, 808935

35 eve.dint .dat XA RIEUE BT EE

Total reorganization energy fem—17: 2601. 043659 B2A1. 267014

[lb#: eve.cart.dat AKX eve.dint.dat XCHFRIEERE, HEABMHEA KR (<
1000cm™) , fff evc.cart.dat XHHATFEEMHE, HEEGHERK (—KIE
#l evc.cart.dat KT evc.dint.dat ), fiiffl evc.dint.dat XfF#ET G S5 .
XHEAEH eve.cart .dat #H47 F—2 S1-580 o hm i R 5.

BEAt, IR LARYE EVC T 45 RS HCE 2 1 Ja A2

evc.dx.x.com M evc.dx.x.xyz N PMHEFESTTE2ME, HH eve.dx.x.com
A] ] GaussView ¥ 7, 7E View-Display Format-Molecule Fi%£# Tube 255, BRI :

evc.cart.abs N Duschinsky %5 3C#F, W] FKiHE Duschinsky [ —4E K. 7 LALE
Device Studio H', %+ Simulator-momap-analysis, ] JF evc.cart.abs X, ExRWF:
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Tuschinsky matrix

yIEgaayg pTatg oT3aaEng

10.7.3.2 SNHERRFCRINERRITE

PN RBEAT S1-S0 K% A R GRS R A TH L. E e W BT A BVRUR RE AN
W K ERIE A A% (Electronic Transition Dipole Absorption, EDMA) UL & % ¥ BRI A8 AR e

(Electronic ransition Dipole Emission, EDME).

%E# azulene-s0.out, £ open with containing folder, #JJF azulene-s0.out

o MICAFIT IR 1) T A 4 Bt “Electronic total energy” , M JGHI NEEREE, By =
—385.878076 Hartree

FhEdEdLdTdEddEddEdddd bt

*** Thermal Contributions to Energies ***
EE e e e e e

Molecular mass : 128.025302 AMU
Electronic total energy : -385.878076 Hartree
Scaling factor of Freq. : 1.000000

Tolerance of scaling 0.000000 cm#-1
Rotational symmetry number: 1

The C1 point group is used to calculate rotational entropy.

% azulene-si.out.tmp, £ open with containing folder, #JFF azulene-so0.
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out .tmp. R “Statistics for [dvdson_rpa_block]:

—385.803048 a.u., BN S1 A8 SfE,

7, BEH No.l ZSMRER, Ea

Statistics for [dvdson_rpa_block]:
No. of blocks = 1
Size of blocks = 500000

No. of eigens = 6

No. of

HxProd = 71 Averaged = 11.833

Eigenvalues (a.u.) =

0.0593087100
0.1756509998

0.1241078247
0.2122820362

0.1718168961
0.2131404344

No. 1 w= 1.6139eV -385.803048 a.u. f= 0.0026
CV(0): A( 33)-> A( 36) ci: 0.1359 Per: 1.8% IPA:
CV(0): A( 34)-> A( 35) c_i:-0.9848 Per: 97.0% IPA:

No. 2 w= 3.3771eV -385.738249 a.u. f= 0.0013
CV(0): A( 33)-> A( 35) c i:-0.6839 Per:46.8% IPA:
CV(0): A( 34)-> A( 36) c_i:-0.7092 Per:50.3% IPA:

No. 3 w= 4.6754eV -385.600540 a.u. f= 0.0089
CV(0): A( 32)-> A( 35) ci:-0.5416 Per: 29.3% IPA:
CV(0): A( 33)-> A( 36) c_i: 0.8167 Per: 66.7% IPA:
CV(0): A( 34)-> A( 38) ci:-0.1417 Per: 2.0% IPA:

No. 4 w= 47797eV -385.686706a.u. f= 0.8694
CV(0): A( 32)-> A( 36) ci: 0.1706 Per: 2.9% IPA:
CV(0): A( 33)-> A( 35) ci: 0.6795 Per:46.2% IPA:
CV(0): A( 33)-> A( 38) ci:-0.1022 Per: 1.0% IPA:
CV(0): A( 34)-> A( 36) c i:-0.6312 Per: 39.8% IPA:

No. 5 w= 57765eV -385.650075a.u. f= 0.2403
CV(0): A( 31)-> A( 36) ci: 0.1796 Per: 3.2% IPA:
CV(0): A( 32)-> A( 35) c i: -0.7747 Per: 60.0% IPA:
CV(0): A( 33)-> A( 36) c i:-0.4523 Per: 20.5% IPA:
CV(0): A( 34)-> A( 38) ci: 0.1741 Per: 3.0% IPA:
CV(0): A( 34)-> A( 40) c i: -0.2683 Per: 7.2% IPA:

No. 6 w= 57998eV -385.649217 a.u. f= 0.0000
CV(0): A( 29)-> A( 35) c_i: 0.9970 Per: 99.4% IPA:

RRNLEINHKBE Eod

D<Pab=>= 0.0000 Ova= 0.4879
5.455 eV Oai: 0.7153
2.581 eV Oai: 0.4813

D<Pab>= 0.0000 Ova= 0.8095
4.083 eV Cai: 0.8194
3.953 eV Qai: 0.8077

D<Pab>= 0.0000 Ova= 0.7196
5.769 eV Oai: 0.7331

5.455 eV Oai: 0.7153

7.164 eV Oai: 0.7495

D<Pab>=0.0000 Ova= 0.7948
7.141 eV Oai: 0.8644
4.083 eV Qai: 0.8194
8.666 eV Oai: 0.8001
3.953 eV Qai: 0.8077

D<Pab>=0.0000 Ova= 0.7166
8.009 eV Oai: 0.7625
5.769 eV Oai: 0.7331
5.455 eV Oai: 0.7153
7.164 eV Qai: 0.7495
8.034 eV Qai: 0.6275

D<Pab>= 0.0000 Ova= 0.4332
7.062 eV Oai: 0.4331

Eog = B — Ey = 0.07503 a.u.

M azulene-s1.out.tmp IR FEKE — tddft BN, FB “Ground
to excited state Transition electric dipole moments (Au)” T[] State 1 [t KT FEARHLAE, 7T LA
3% momap 75 224 EDMA.

** Ground to excited state Transition electric dipole moments (Au) ***

State X Y z Osc.
1 -0.3595 -0.0587 0.0000 0.0079
2 -0.0269 0.1642 0.0000 0.0025
3 -0.6668 -0.1088 -0.0000 0.0526
4 -0.4612 2.8257  -0.0000 1.0363
5 -0.0001 -0.0001 0.0201 0.0001
6 -1.2511 -0.2040 0.0000 0.2383

0.0079
0.0025
0.0526
1.0363
0.0001
0.2383
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EDMA = /22 + 42 + 22 = \/(—0.3595)2 + (—0.0587)2 + (0.0000)2 a.u. = 0.3643 a.u.

EDMA = 0.3643 a.u. x 2.5417 Debye/a.u. = 0.9259 Debye

TESCHERE A BB R —A wddfe THE AR module tddft - #R¥E tddft BLER ¥ “Ground to
excited state Transition electric dipole moments (Au) ” " f¥] State 1 FERIE AR, 153
momap s 2 124 EDME.

*##* Ground to excited state Transition electric dipole moments (Au) ***
State X Y Z Osc.
1 0.2523 0.0412 0.0000 0.00286 0.0026
2 -0.0204 0.1251 -0.0001 0.0013 0.0013
3 -0.2752 -0.0446 0.0000 0.0089 0.0089
4  -0.4389 2.6892 0.0001 0.8694 0.8694
5 1.2862 0.2098 -0.0000 0.2403 0.2403
5] 0.0048 0.0008 0.0005 0.0000 0.0000

EDME = \/z% + 2 + 2% = 1/(0.2523)2 + (0.0412)2 + (0.0000)2 a.u. = 0.2556 a.u.

EDME = 0.2556 a.u. x 2.5417 Debye/a.u. = 0.6497 Debye

ER% E,q« EDMA 1 EDME 1558 il BRI IF 465 Y6t i S SO R i A (1 5 SR
P HER 2 EVC TS T3 eve. . dat SCAFEJ M . ATEVC —#F, XUl B35 45H, MRk
fii5 Simulator. MOMAP F1 Photophycisc i A MOMAP 4% &, % azulene-s0.
out fl azulene-s1.out ¥42J5, i Photophysical Settings i N Wi 1T 5 S0k E
FHIE, EPETOCHRAERIUH , ALK BRI R AT A, PR E
(LE-SAE

10.7. MOMAP =265 261



Device Studio {EF#FE

i Electron—Vibration Coupling Photophysical Settings

Task T e iR Caleulation Photophysical Basic Settings g@iﬂjﬁiﬁﬁé
|R“ldiﬂt‘>“'E Rate | Radiative Rate Adiabatic Excitation Energy 0.075030 v au
Intersystem Cros.swng Rate%qEﬂ $ﬂ§g]$$ Tenperature 300,00 . PEU;F
Internal Conversion Rate —_ =
Pt R Integral Time 1000. 00 : & FHARK
Integral Step 1.00 s s S
Maxinun Output Wavelength  0.30 t s EESESERE LR
Frequency Scale 0.40 T EEREREF
Rt H S M A T O brounine
- Type lorentzian -
p Domain time -
. FIHI 0.50 s s v
T EmE
Radistive Rute  VEFPIRSRTITHETIE 4 <6
Transition Dipole Absorption 0.925600 s Debye WU PRIT{BAREE
Transition Dipole Enission  0.255600 2 Debye & SIERIT{EAREE
S EERTIH HEEENR

Generate files Cancel

1EFE momap . inp H A A, s open with If 55 #| momap . inp

IR Device Studic Open With — m] x|
p

=

]

do_eve = 1

&evce

ffreq(l) = “azulene—s0. out”

ffreq(2) “azulene—sl. out”
proj _reorg = . t.

/

do_spec_tvef ft =1

do_spec_tvef _spec = 1

&spec_tvef

DUSHIN = . t.

EDMA = 0.9259 debye

EDME = 0. 2556 debye

| Ead = 0.07503 au

—+

Temp = 300 K
| tmax = 1000 fs
L dt =1 fs
| Emax = 0.3 au

| FreqScale = 0.4

| DSFile = “evc. cart. dat”

| logFile = "spec. tvef. log”

| FtFile = “spec. tvef. ft. dat”
FoFile = “spec. tvef. fo. dat”

| FoSFile = “spec. tvef. spec. dat”

|/

1 momap . inp H A dAHE, S run IR THEAT S, AT OGS M 08 G hE i
R, ME NG EEG LR U5 -
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spec.tvcf.fo.dat #1E R B B
spec.tvcf.ft.dat #R B o
spec.tvcf.log #log X fF
spec.tvcf.spec.dat # % S

B SE G AR B R BN, ¥ spec.tvef. ft.dat Hi origin 1, EFH
—HIAEE ZF R

0. 141 abs FC Re

j=

121

=

. 101

<

. 08+

54

. 061

abs FC Re

o

. 041

o

. 02 1

<

.00+

-0.02

0 500 1000
ftime (fs)

-1000 -200

B R 0 FoRI O TE TSl AR — FIAER DU A 1R A -

0.012

emi_FC Re
0.0101

0. 008 1

0. 006 1

. 004

emi FC Re
=

0. 002 1

0. 000
-0. 002 W f

-0. 004

-1000 -500 500 1000

0
ftime (fs)
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B [B)E T 0 Rom ARG TS

AR R BN SIS, MR T SO spec.tvcf.spec.dat, ¥ spec.tvcf.spec.
dat #i A origin H, IEFFEH =FIFE AAIERE, [EIRBOLHE.

—— bBFC abs
1. 01

0 5000 10000 15000 20000 25000 30000
3WaveNumber (cm—1)

WFEH = FIMEENFIEEL, RS-

—— 6FC_emi

0 5000 10000 15000 20000 25000 30000
3WaveNumber (cm—1)

RO kr AJ{E spec.tvef.log MR . 41 F BN, radiative rate 2 —N4%
fEFNEE — N EUE R RS R, A& au fl s, FE=AFERRFm. 11HE
15 3Z 501 W) 9 3 B 2K kr N 7.68731507x10% s~ &
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Spectra overlap integral = I [ Enerzy -1 )

I"-1 = 3.515307V0E2 Hartree = 7. F1B20860EH)S em—1 = 9, BEEE4308E-01 =V
radiative rate oy 1. BRO472EQE-12 T.BETIIE0TEHL [=, 13003, 44 n=
Ozcillator strength = 0. 0000000000

10.7.3.3 POSEHRIEER

WA AR EVC k3070 it B ZARA RS & THR A R 58— 208 EVC k370
Mt BAEL IR A TF R4 R 4N azulene—nacme . out, 4 azulene-s0.
out Ml azulene-sl.out, PAM azulene-s0.hess fl azulene-sl.hess FEWN
P R EOCH TR, UM AR B . UGS NAC 45 R Y42 )5, 42 A momap
PN

IR MOMAP-photophysics X

Electron—Vibration Coupling  Photophysical Settings

GM Engine BIF -
Initial State: ifazulene—s0. out
Final State: i/azulene—sl. out

Homsediahatc]Complane

HAC Fila: s/arul ene—nacme. out

Contribution of Internal Coordinate

1%E# momap . inp F AT A, M open with 1] &5 % momap . inp:

I= Device Studic Open With = [m] *
Lol
o

do eve = 1

&evce

ffreq(l) = “azulene-s0. out”
ffreq(2) = "azulene-sl. out”
fnacme = “azulene—nacme. out”
proj reorg = . t.

/

File editing.

—r e et et
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SETIR Y CERSE RN eve M EAM L, Z2H—1 eve.cart .nac X, Z XK eve.
cart.dat X T F RPN B R 115 . %% Internal Conversion Rate i
H W 25, SEET:

IR MOMAP-photophysics >

Electron—Vibration Coupling Fhotophysical Settings

Task Calculation Fhotophysical Bazic Settings
Radiative Rate Internal Conversion Rate Adisbatic Excitation Enerzy 0.075030 4 au
Intersystem Crossing Rate z
- Temperature 300. 00 =
|Interna| Conversion Rate
Integral Time 1000. 00 = f=
Integral Step 1.00 = f=
Maxinum Output Wavelenzth 0,30 s an
Frequeney Seale 0.40 5
] Broadening
Type lorentzian
Temain time
FHHN 0.50 s

-

& momap . inp A, s open with I] 5% 2 momap . inp:

B e R R L S e L R

| K8 Device Studio Open With — a X
|
| B

[ ]

do_ic_tvef ft =1

do_ic_tvef spec = 1
&ic_tvef

DUSHIN = . t.

Ead = 0.07503 au
Temp = 300 K

tmax = 1000 fs

dt = 1 fs

Emax = 0.3 au

FreqScale = 1

DSFile = "evc.cart. dat”
CoulFile = "eve. cart. nac”
logFile = "ic. tvef. log”
FtFile = "ic. tvef. ft. dat”
I FoFile = "ic. tvef. fo. dat”

!
&

Hrfic.tvef. ft.dat NRBLRECCHE, 1HRES NG B i OB R EUe Tk,
ic.tvcf.ft.dat 8 origin ', EFEH—FIRIE —FI1EK:
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X105

—— IC_ft_Re(au)

e
—
1

IC_ft Re(au)

(=)
<
L
!
1
L

-0. 11

—(L 2 T T T T
-1000 -500 -0 500 1000
#time (fs)

/

BER T 0 R KRB BN S . H ic.tvef. fo.dat NIERECCME, NEERR
WERERER, ¥ ic.tvef.fo.dat A origin 1, EFHE =FIFE-LHER

13 —— log(kic)

0 2500 5000 7500 10000 12500 15000
WaveNumber (cm ')

BEAk, ic.tvef.fo.dat CIFHER—FIRMEENSIRIRAF Ead T ARG SR

#1Energy (Hartree) 2Energy (eV) Wavellumber (cm—1)  4WaveLength(nm) Sradi-spectrum Bkicls" {-1]) Tlog(kic) 8time (ns)
7. b0036029E-02 2. 0409527 5E+00 1. 64613880E+04 6. 07482186E+02 1. 13968200E-08 4. 71160189E+08 8. 67316859E+00 2. 12242041

X B S1-S0 HAESR &3 % N 2.70536301E+8.
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10.8 VASP =Ll

VASP  (Vienna Ab-inito Simulation Package) & 41 4% °K %~ Hafner /N T K BT HL T
ST EE T 1 T AR AR . e H T RS R T A R A A
AT IR A2 — . VASP A PSR, M55 7 (8] A B4R A s A A
SPIEESS (NCPP). HHKEH (USPP) B FEH 7 (PAW) J5idiiil . VASP #AFAE
9 H AT A E R BB R R AR A, RTRAE R 2 M A R, e R A AL
Vi CERE. iR, BRI R. 9UKRMEN o B, RIE R R g R5%E

VASP AMYAEUS T AT 225 iR R KT ET25 ATRE R, 1 ELIE BERE AR 11 o ik
ARSI, IR EERINTA R S AR BT . VASP BfEDhRESR K, MhEEREE, HA
FEH R TSR, W] DM BN B A SE B R B i R AT T B, 5 E A
AL — VB T SR CRAR m i vy PR 22—

VASP B EM: 1 I, https://cms.mpi.univie.ac.at/vasp/vasp/vasp.html

W2 MR (R B4 PR W 7E Device Studio 2020B 1T & 1 3& F T 55— JH FH
BT VASP [R5 {8 Device Studio, FH F 7] 78 Fe & E S v J7 {5 B
M F N E TR, FEaTESE M 3D BoR XA LA/ 3D M. 42
UF 2548 G 7 AT AE VASP THERSH, AR T ARR 2, RS R St s B S5 K
WEREMMNG, 2J5IEEE VASP I FEAR &5 23k T 1T 5, Bt S i
Al SERTIEMMES BT EART, RS T 3 VASP B0t B4 Rt TR 547

H 57 7 al i@ s Device Studio 42 VASP PL R iHE AR R: Big. BEm. &%
E. AIMD, NEB. Z5#5th7%; 35 VASP [ 8B, EeEH .. DZE., HEASTE.
HEAEIZE CHGCAR., B EE LOCPOT i 2 45 B m WAL 43 #7

L GaSe SRALEHIMNEE ot IR T B N FIRIELIHEIA VASP £ Device Studio 1IN ] -

i

#iE
Device Studio {2 VASP BT FHEE, VASP 8 B S GRS FH P B AT H 5t .
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Device Studio SEFBEE

10.8.1 VASP it&i%i2

VASP 7 Device Studio H )i E a0 B 10.77 Fizs.

K 10.77: VASP &2

10.8.2 VASP SIEInH

X Device Studio BIARER#E TN, & %I /5 3 Device Studio, E4 & BFT 1 H 5
W (B B # 4 G A A 5 R AT I B 69 B S m), WRAE SR s E R A — A e
(Create a new Project ) SFTH— A CEAAERTH (Open an existing Project ) 4%, ik
W JE s A ) OK IR A] . IR B — A I E , 7 al AR 75 EE 45 1% i
Hins, WATHMW4 A vase, BERARAERALE 4.

10.8.3 VASP &\ &

1E Device Studio K] KIS+ K55 File — Import — Import Local, W3 H 5 N\ VASP %
SR S 15 10.78 s, R¥EF iR KR Gase . hzw Gt AN &, ik
GaSe.hzw &t 3, M ATFFEHINFA Gase . hzw 454 )5 ) Device Studio F[HI 40
] 10.79 Fr7n. £E Device Studio H 3 A 2514 1) HoAth 77 363X ANV MEA B, H P ar2
HEF 254 TTAE
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KR Import File Pq
) i) I « teviceStudio_x64 » material » 3Dmaterials » Layer_materials
| HEEE
e i EFF ZMHER =i |
Downloads 8| As.hzw 1 KB
=l RecentPlaces 8| Bismuth.hzw 1 KB
e [E] §Nhzw 1 KB
L |B| §dsb.hzw 2 KB
8| &aS.hzw 1 KB
. = ?
S D E B Mo52.hzw 1 KB
4 t:
ocuments B MoSe2hzw 1 KB
il Git 8] MoTe2hzw 1 KB
@' Music 8| phosphorus.hzw 1 KB
=/ Pictures =] jb.hzw 1 KB
4 videos 8] Ws2.hzw 1 KB
8| WSe2.haw 1 KB
1M HEE, 8| WTe2.haw 1 KB
.‘;, System (C:)
ca Software (D)
ca Work (E:)
A% rn IEThEE (Fa i .
STHEN): —_— v | Al files (haw axyz %cif *xsc v |
\b I FIFHO) I | e |

K 10.78: P ANEERI SRR S IH

IR Device Studio - [GaSe.hzw] = E -
IR File Edit View Build Simulator Window Help

= M -

0-8 Q 4 @ -
Froject 8 x

« I3 vasp

& GaSe.hzw

38 a0
&Y @o

hEhsh E-E-H- 8T S

P % ab %

Fropertiss ax
Symmetry System

Properties Value

Tob Nanager sftp Log in successfully shell log in successfully )] [ =

Description Seript Commit Status Status Actions

K1 10.79: § A GaSe.hzw 4515 ] Device Studio F+[f]
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10.8.4 VASP S N SZ{HRYERE

VASP 157 ZLH 2| VASP 15 S04, Wre 28 i N SCHF 2 BT, 1] %6 1E Device Studio HH
B E VASP [ER AR 42 . 7E Device Studio 1 A #5.t File — Options, M|
#H Options FHIE U1 4] 10.80 Alfz~, 7E Options F[H @ Ak st Browse #41, M5 H Open
Directory Ft1fl, F /7 vl R 35 S F6 7~k 21 VASP FIJEHA LIS AN, S VASP JEHA L
)5, W Options F I 1) @ Ab 2 s VASP J& 3 SCAF 18 F %%

IE Options &J

Location Graphics I Cal cu—command I General

Hanodeal: Select the location of the software installation directory.

Erowse

¥ASF:5elect pseudoptential directories.

I J"seudopotentialsl Browse

Select WASE run Vertion

Erowze

RESCU:Select pseundoptential directories.

Browse

. ok || cancel

10.80: Device Studio ] Options *[fi

PLAE B GaSe ga A SE RV ZEH0 St TR T B A U1, 740 141 10.79 7 Device Studio
F S, & Simulator — VASP — Relaxation, 4, VASPRelaxation Ft[f. R 1
HE B ik VASPRelaxation Fit[H ' Relaxation Basic setting. Advanced ¥ '8 587
AR 4 10.81 < & 10.82 A 5] 10.83 flw, BB ZHUS, W70 sl Ft1i o 1) INCAR-.
KPOINTS. POSCAR. POTCAR Til ¥ E 1) GaSe & 4 45 1 1) 45 ¥4 ot 4 v B2 I i N SCAF
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INCAR. KPOINTS. POSCAR. POTCAR 43 %ltn & 10.84 10.85 . & 10.86 1 K

10.87 Fizs, 2 )5 s S P B Generate files B 0] A 1 GaSe 45 #4) 5t % v 55 1 Fn N\ SC AR
INCAR. KPOINTS. POSCAR. POTCAR.

= VASPRelaxation @Iil
Relaxation | Basic setting | Advanced
Toniz Loep Helaxatien Convergence
@ Default
Fumber of steps BO i
() Energy tolerance |15-4 o7
Algorithn e s ] i R
@ Force tolerance |0.05 Vi
Constraints Degrees of fresdem
Relax atom positions
[] Constraints Set constraints [] Allow cell shape to change
[[] Allow cell volume o change
IHCAR KPOINTS POSCAR POTCAR

K 10.81: Relaxation 2% ¥ & Ji i

= VASPRelaxation &Ié]

[ Relaxation | Basic settinz | Advanced |

Smearing Spin iype

Smearing type [0 Gaussian) -] Spin-polarized

[] Spin-orbit coupling
Smeering width 0.05 o

Quantization axis |0 0 1
E-point sanpling hecnracy

Pracision [Nernal -
[Ganma-centered -]

Reset energy cut—off
al 17 Sz oar PR B Cut-off 300 v
Funetional [7] On-=ite Coulomb interaction
Pseudopotenial dirsctories htisls E Algorithn [Simplified, rotationally invariant (udarev, 2)
Exchange-correlation |LIA x| | verbesity 0

Element-specific settings

Element Pseudopotential version
Ga [ Regular =2
Se [REguIar -
THCAR KPOIHTS FOSCAR FOTCAR

10.82: Basic setting Z4 1% & 5t
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-
= VASPRelaxation

[ Relaxation | Basic setting | Advancsd |

[] Electrenic loop [] Convergence

Energy tolerance |1E-04 el
Wlgorithn Hormal (Davidson)
Maxinum steps |60
General setup

[T Van der Waals TFT-D2 | [] Projection Reciprocal space

[T Symmetry 0 (Symmetry off) = | [C] Humber of bands

Some usefull function

THCAR FFOTHTS FOSCAR FOTCAR

Senerats files
{

K 10.83: Advanced %% B A
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= VASP Preview

= VASP Preview

# Basic setup
ISTART = 0
ICHARG = 2
ISPIN = 2

# Basziz Set:

# hccuracy controls:
FREC = Hormal
EWCUT = 300

# Electronic loop controls:
KLGO = Wormal

EDIFF = 1E-04

HELM = 60

ISNEAR = 0

SIGMA = 0.05

# Structure control:

ISIF = 2
IERION = 2
st = 60

# Dutput control:
TIHARIT — TRIW

m

KPOINTS file
1]

Gamma—centered
1T 17 4
ooo

10.84: INCAR Fiii %

10.85: KPOINTS Tii &

IR VASF Preview

IR VASP Preview

FOSCAR

1.0

3. 74200000 0. 00000000 0. 00000000
—1.87T100000 3. 24066706 0. 00000000
0. 00000000 0. 00000000 15. 91900000
Ga Se

44

Zalective dymamics

Cartesian

0.00000000 2. 16044471 2. 81766300 T T T
1.87100000 1. 08022235 10.7TTI6300 T T T
0.00000000 2. 16044471 5. 14183700 T T T
1.87100000 1. 080ZEE35 13 10133T00 T T T
0.00000000 2. 16044471 9.55140000 T T T
1.87100000 1. 08022235 1.59190000 T T T
0.00000000 2. 16044471 14, 32710000 T T T
1.87100000 1. 08022235 6. 36760000 T T T

PAW Ga 030ct2001

3. 00000000000000000
parameters from FPSCTR are:
=Ga: sZpl

A)

VEHFIN
LEXCH
EATOM

TITEL
LULTEA
TUHECR
EPACOR
FOMASE
ECOEE
ERHIGE

EHMAX
ICORE
1COR
LEAK
EAUG
DEXC
EMAX
EAUG
RDEF

arm

ChA

59. TB20 eV,

4.3924 Ry

FPAY Ga 0300t2001

F
1
2.170

B3.T23;

Z.600

2. B50;

134, 800;
3

T

T

320. 284
-.082
3.971
1.300
2. B84

-2 147

use ultrasoft PP 7
unsereen: O-lin 1-nonlin 2-no
partial core radius

IVAL = 3.000 mass and valenz
outmost cutoff radius
RHIGE = 1.402 wigner—seitz radius [an

EWMIN = 101.100 eV
local potential
correct aug charges
paw PP

core radius for proj-oper
factor for angmentation sphere

radins for radial grids
neam - " soc P

Kl 10.86: POSCAR T

10.87: POTCAR Fii

A Y, GaSe g RS54 1 S5 5th Bt B S N SO INCAR. KPOINTS POSCAR. POTCAR

] Device Studio I AN 4] 10.88 AT/ .

274
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E% Device Studic - [GaSe.hzw] [

I= Fle Edit View Build Simulator Window Help
BEH O-8
Project

4 [ vasp
3 GaSehzw
4 |\ Gase
a1l vAsP-5O
4 )\ VASP-RELAX
i INCAR
W KPOINTS

w POSCAR
w POTCAR

sftp log in smecessfully shell log in suecessfully ‘EHE‘ @ ‘E‘

escription Seript Commit Status Status Actions

K 10.88: A% GaSe & 25 #4) ) 45 14 5t 2 0H 55 10 %6\ SCAE I Device Studio BT T

10.8.5 VASP it&

TEM GaSe RIAEIIFI SIS ITE 211, TIEHREA VASP k%48, B
X EAMEA U, P A 2% Nanodcal 3R %% TN . EHITEEA VASP AR
%A%, EMOTHEZE, HP RIS R EZIT M A I AR TS B E RS S
M, AAGH, NN EEEEEAAE S b g s E A Y, R AT VASP iR (X H
VASP 1545 GaSe RIFEHIMNEITRITE) . WITIT INCAR ST, 40 14 10.88 BT
NS, & INCAR — A5l — Open with B W] &% 2] INCAR UGN T fras. Xf T
HARIA A, A AIRIE R EZEFEL ST A, XEAAMEH T .

# Basic setup:
ISTART = 0
ICHARG = 2
ISPIN = 2

# Basis Set:

# Accuracy controls:

PREC = Normal

(FT )
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(% L 170)

ENCUT = 300

# Electronic loop controls:
ALGO = Normal

EDIFF = 1E-04

NELM = 60

ISMEAR = O

SIGMA = 0.05

# Structure control:

ISIF = 2
IBRION = 2
NSW = 60

# Output control:

LCHARG = .TRUE.
LWAVE = .FALSE.
LELF = .FALSE.
LVTOT = .FALSE.
LVHAR = .FALSE.
#iE

FESCPRit SRR, P REE VASP S 1S S B TEANE L, AR P 15

EG R E SR

2 14 10.88 BRI SLTH 1, % VASP-RELAX — 477t — Run, %4 Run Ftfi, £ Run
FrIf T mish Save 1R IRAFFH N I IIAS, P i Run S ) Run 1251 W] i VASP 1t
. FPAI{E Job Manager [X I8 -F Wi %% VASP iH50IRZS, 24 VASP iH5AE 5540 FHERA
RS2, Status 537N Queued. Running. Finished. 1H&5€ )5, it Job
Manager X3 Action 1 F #3250 H T2 VASP M5 45 R, EixA i sih
Download WT] N %, 45 Al /£ AF 1) Project Explorer X (& & 1% 45 B F, wngh
R CHGCAR, F#iJ5 Al 7E Device Studio [ Project Explorer X .F 2% 3 4F.
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10.8.6 VASP itB&RaInJilt o

{E Device Studio EIE FL1Hi i) Project Explorer X3k Py, &4 B cCHGCAR — £ —
Show View, W3 H VASP 11545 5 i fif 25 FE i m] AL 20 A S i

10.9 TOPS =cfl

Topological Polymeric Self-Consistent Field Theory & — 3 T H A P35 EL (Self-
Consistent Field Theory) HJHx B ZRY) B AR AT NI E SEIEAE, @Ak TOPS o ik
BOLRYAE N — PRkt m o+, BRI 20 AP, & B R0 AR (10-100 nm)
FITEMBE 2 ARG K 21 i T3 A 78 78 L 52 BT T2 RVE R 78 . H BTk B
eas SLYNEE RN EI | SDNIE R A A RS R ki 4 T | S = e S e s =i IR oy A
T e T EOR AR B PR

8 B XRFFDEHITIRMA LA LA R BILRY) B G EA N B E LT K
TIXF B TOPS, HEA VLN IhREFIHr 55

L FE#THSE LR R IR AN R R P I B AR ZE A 0 E B RE,  SEBLRS E AR 254 (1 73
T A AR E A AL

2. EHTIRBOLRMIE AR R LR RMIERA R, i R BRI S8 et
Jiiride th A ) S BT

3. A AEH FE B — o e Ei i

4. 54 AR IR AR RAIIA S, & m SR i

5. G Pud M E AR B (FFT) A1 Anderson Mixing, #F—5 i 17U SGE L .
6. AIPUHOIE > TR, AL LA AT R A R

7. X ¥F Windows Ml Linux V&, #8822 mEH (L) B0 A R A F 1) Device
Studio, PRI LE A H AN AR 55 28058 S AT 55 FF AT T

8. XrAAL T, RN T, HrFh kL S A g A P= # A TEAE RN
TOPS EBEUTNA:
1. ¥J3ZF8E: TOPS A] LI @ SHF Fk S5 A0 B HEe, AfEE H HEER LR
R IR ) P A SR AR R
2. THTEHREEHIE: TOPS i1 E n] LIS BT A KL 45/ B Hee. FEHeeff. @il
X S ] DL AT 5 M AR e 1 TLAR AL
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Device Studio fSEH#2

3. DHTERERELH PRI D TOPS T Al LISRAGAE MR B 1 B 70 A, Wi mT BLiE
— BRI BRI B 4R L.

4. TOPS KHBEH AN, ATLUEITRELARYBHERERIHEHNIRER, A8
HE N B FEHREES.

CL AB FRHEREZ L BT E BCC S 401K HE4IHEIA TOPS 7E Device Studio H1 N H

10.9.1 TOPS it&i%i2

TOPS 7E Device Studio H ) THEIRFEU K 10.89 AR

BT H
AR (9 T45H)
% B TOPSiHH 24
4 i TOPSHI A ST A

BEATTOPS 118

TOPS {1845 R r] M4k 74

10.89: TOPS it Hiifs

10.9.2 TOPS tl;EInH

Mt Device Studio ElFrP4E 7, B I8 3 Device Studio, 7O BT Ui H F 1
W (s B H A G A A 5 R AT I B 89 B S m), WRAE SIS s G A — AN I e
(Create a new Project ) BT — AN CEAFAENTE (Open an existing Project ) [4&4H, 1%
ez Ja R A ) OK AR AT . kR aE — AN, P TR R E A% 0
H4, WAIHMHA ToPS, SCRHABAERIATHE % .
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10.9.3 TOPS Ei& (9FE1I)

DIF i AB PRERER XL B2 A1, 7E Device Studio (I EIEF T, & Simulator — TOPS
— TOPS, #H TOPS F1mun 4 10.90 fis.

= ToPS ? %

Topology Solver Initializer Tteration

Specy Segmenthsymmtry
Specy Humber |1 = | Component Hame A
¥olume Fraction |1.D | Segment Aswmmetry |1
Elock

Specy Block Left id Rightid  Branch Style Length  scretizatic
0 v A 0 1 1 LEFT Bl = |0.3 0.01

0.300 +

Interaction

Component Name Interaction

Kl 10.90: TOPS Fi1ii

7E B 10.90 FoR St R, WESH 15 10.91 A ENEET iR, £ Preview W]
UL 1) AB FREREL LB 7> 145K
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IE ToPsS ? *
\‘S.olver Initializer Tteration

Speoy Segmenthsymmtry

Specy Humber |1 = | Component Wame A E

¥olume Fraction |1.U | Segment Asymmetry |1 1

Elock

Specy Block Leftid Rightid Branch Style Length scretizati

0 ~|A 0 1 1 LEFT Bl = |0.15 0.01
0 ~|B 1 2 1 LEFT Bl = |0.85 0.01
1.000 +

|

Freview

IE DeviceStudio

Interaction

AB \
]
A B

Molecule: 0O N

[Cansel

10.91: TOPS #% AB F#zER LB A m

10.9.4 TOPS N\ S{HRYSERK

PAZE R AB R EREZ H B HITHE BCC Gt i) AU %1, #E4n ] 10.90 s TOPS 7t
[ 53 AiEH Topology Solver. Initializer Iteration '8 20570 K 10.92 « ¥ 10.93
- & 10.94 A1 1095 B, WEFZEUE, st TOPS FHiH 1 Generate BV AT 4 B AB
R L BRI E BCC % A S input «
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oo

| Solver Initializer Tteration

Speow Segmenthsymmtry

Specy Humber |1 = | Component Name & E

¥olume Fraction |1.D | Segment Azymmetry |1 1

Elock

Specy Block Leftid Rightid Branch Style Length scretizatii

0 v |A 0 1 1 LEFT Bl | 0.15 0.01

0 > IB 1 2 1 LEFT_Bl * | 0.85 0.01

1.000
Preview
Interaction
Component Name Interaction
AB 40
Generate Cancel

Kl 10.92: Topology Z %1% B 5t
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I ToPsS ? X

Topology Initializer Tteration

Spacelroup Trielinie Fl -
FFTThread E z]
GridSize. Hx [64 =]
Gridize. By [64 3]
GridSize. Bz [64 5]
Method sz -

coe

K 10.93: Solver Z¥ ¥ & FL1hi
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= ToPs

UnitCell. Lx

InitializerType
Model Initializer Element

Topology Solver Tteration

Model

g

Flement Unary Sphere ~ | |BiC -
Component  Intensity X Y z Radius ~
A ¥ 0.2 0.5 0.5 0.5 0.3

A ¥ 0.2 1 1 1 0.3

A ¥ 0.2 0 1 1 0.3

A ¥ 10.2 1 0 1 0.5

A ¥ 10.2 1 1 0 0.5

A v 0.2 0 0 1 0.5

A rl0.2 0 1 0 0.5 >

=

K 10.94: Initializer Z ik & S
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283



Device Studio {EF#FE

= ToPs ? %
Topology Solver Initializer
StopCriteria 2
Step [20000 g
Incomp |1e—6 |
FieldErvor |1e—6 |
SimpleMizing
CellStres=Switch A0 4
Fieldhcceptance |D.DS = |
ImcompCorrectionfheceptance |U.DU = |
CellStrezzheceptance |D.DZDDDD = |
CellStressThreshold
St [20 =
e [0. 050000 H
FieldError [0. 0zon0n g
AndersorMixing
AndersorMizingSwi teh AIITO 4
MaxUsingHistory |20 = |
Fielddcceptance |D.05 > |
CellStreszheceptance |U. 10 = |
AndersorMixingThreshold
Step [50 H
Inconp [0, 050000 S
FieldError [0. 0zon0o H
w
=

K] 10.95: Iteration ¥ B FL1H

Y AB PR X BT E BCC 585 A\ X input 1Y Device Studio FHI U1 4] 10.96
Fi7R o
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K= Device Studio — [m] X
Fle Edit View Build Simulator Window Help

By 00
©2$1 god

g S o ooy EEEER
ption tus Actions

K 10.96: ‘L% AB FIHRER B3 E BCC S549%0 A\ ST 1 Device Studio EJE AL 1H

10.9.5 TOPS it&

TEA AB PEHRER T B4 B BCC S5 7, &3S TOPS A FU N B iR %5 2%, B
WREE X AN U, 7 AT 25 Nanodceal 4530k % %5 TN . X B UEAR
MR BRI, R AR RN S, AR wT, P AT RR R T BT N S
BEXMTHISHEEREGAE, HAGHE, Wn kP B8 SO g 8 8k 5 357 4R %
5 34T TOPS TH5 . 04T input XM, 7E 8.9-5 Fn A+, & input —» 4
i — Open with IR & F F| input XA N R,

Topology.Specy =
0 1.0
//SpecyID VolFrac

Topology.Block =
O A O 1 1 LEFT_BRANCH 0.15 0.01
0O B 1 2 1 LEFT_BRANCH 0.85 0.01

Topology.Interaction =

A B 40

BRI
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(% L 750)
Topology.SegmentAsymmtry =
A 1
B 1
Solver.SpaceGroup = Triclinic_P1
Solver.Method = 0S2
Solver .FFTThread = 2
Solver.GridSize.Nx = 64
Solver.GridSize.Ny = 64
Solver.GridSize.Nz = 64
Initializer.UnitCell.Lx = 4.5
Initializer.UnitCell.Ly = 4.5
Initializer.UnitCell.Lz = 4.5
Initializer.InitializerType = Model
Initializer.ModelInitializer.Element =
Sphere A 0.2 0.5 0.5 0.5 0.5
Sphere A 0.2 1 1 1 0.5
Sphere A 0.2 0 1 1 0.5
Sphere A 0.2 1 0 1 0.5
Sphere A 0.2 1 1 0 0.5
Sphere A 0.2 0 0 1 0.5
Sphere A 0.2 0 1 0 0.5
Sphere A 0.2 1 0 0 0.5
Sphere A 0.2 0 0 0 0.5
Iteration.StopCriteria.Step = 20000
Iteration.StopCriteria.Incomp = le-6
Iteration.StopCriteria.FieldError = le-6
Iteration.SimpleMixing.FieldAcceptance = 0.05
Iteration.SimpleMixing.ImcompCorrectionAcceptance = 0
Iteration.SimpleMixing.CellStressSwitch = AUTO
Iteration.SimpleMixing.CellStressAcceptance = 0.02
Iteration.SimpleMixing.CellStressThreshold.Step = 20
Iteration.SimpleMixing.CellStressThreshold.Incomp = 0.05
Iteration.SimpleMixing.CellStressThreshold.FieldError = 0.02
(AN
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(% L 170)

Iteration.AndersonMixing.
Iteration.AndersonMixing.
Iteration.AndersonMixing.
Iteration.AndersonMixing.
Iteration.AndersonMixing.
Iteration.AndersonMixing.

Iteration.AndersonMixing.

MaxUsingHistory = 20

FieldAcceptance = 0.05
AndersonMixingSwitch = AUTO
CellStressAcceptance = 0.1
AndersonMixingThreshold.Step = 50
AndersonMixingThreshold.Incomp = 0.05
AndersonMixingThreshold.FieldError = 0.02

£ K 10.96 Fron AL A, 7E Device Studio [#) Project Explorer [X 1% input — £
— Run, #i Run 5L, 7E Run i 7 Run 780 AT 5 TOPS 5. H /7 AI{E Job
Manager [X 3%/ Wi %€ TOPS iH5HUIRZA, 24 TOPS iH5HAES AL T-HEBN A . 159 At 558
J%F,  Status 4374 Queued. Running. Finished. 1H&5EME, %EH input —» A —
Open Containing Folder W] % £ TOPS TH 5 5¢ I 45 RS (B ) phout . txt Alid
I (BEEXXH) printout.txt , FEFREILAEAH LK PO E .

10.9.6 TOPS itE&EEIIiE DR

£ Device Studio )& A,

& Simulator — TOPS — Analysis Plot, 34 5 X\ TOPS

SERSCHFRI B A, A2 S Tk R TOPS R4S R phout . txt , it 4777 4%4
BV RT3 TOPS THRLEE RV R AAL 70 B St an 1] 10.97 Fra

10.9. TOPS Cfjl
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Draw Model
@® 2 (o1 O
Atom

O Hone

() Line

Line width  [1.0 5

@ 311 and stick
Ball radins |10 S

Stick radius  [1.0 =]

Isovalue < 1 »| [0, ao812022 [2

T BriEeEaler |

K] 10.97: TOPS TH5.25 R al Ak 23 S

10.10 DS-PAW 5245l

DS-PAW & Device Studio ~F- G "N i) — K5 — £ B BT B v S8R A58 A 1T AR ik
PRECZH, RSS2 B BN T TR T A& (. DS-PAW THRESR K, BEWEN T A
yst, BlnElE. ESR. GGk, R, Wik ARRATE. PRLSE; BEMERE TN AL R
HIFF oA s BERGREAT IR T LTS IEAL; ReNe T 2 RN H TR R 2 4. DS-PAW
VERERGE, £ Intel {05 v N B P 6ol e id 1 73 S B i A ER ik, A0 55 % I g
FATRCR.

0 & 10.98 fif7x, DS-PAW 2021B A OS2Il | 5495078 . BB F&EM. HFEME.
HE, SEAS. 205ZE. SBERREMEE. XFMER. HEMERES. EFIHE. &
KEHE., F—MRBYFIAFEEI 28 MIHEIIEE, B2 MR Frag .,

LA Si SRR I T R eEH T E VISR E4HHE A DS-PAW 7E Device Studio H N FH .
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Device Studio {EFEE

K 10.98: DS-PAW &4 Ihfig

10.10.1 DS-PAW it&&imis

DS-PAW 1% Device Studio H' TR AL AT 4] 10.99 Frow.
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Device Studio fSEH#2

& EDS-PAW I E S

A R DS-PAW i A\ A

iH{TDS-PAW &

DS-PAW 15525 R 1 el #0467 #r

K 10.99: DS-PAW it it f

10.10.2 DS-PAW gl#EIRH

it Device Studio EIARERAETT I, E %I 5 3l Device Studio, 7E 61 & BT T 1 H F
W (B B # e A A 5 R AT I B 69 B m), ARAE SR s R A — A e
(Create a new Project ) BT —AN>CEAFAEMITNEH (Open an existing Project ) [M¥4H, 1%
W2 JE s A ) OK IR A] . IR B — AN I E , 7 AT AR 75 E 4 1%
Hfn4, WADUHM% N DS-PAW, BERHBRAFEINTIE 4.

10.10.3 DS-PAW S\ ZH4

1t Device Studio [ AL 5 File — Import — Import Local, W3 H 5 N\ DS-PAW %5
MSCAFR S, RS PR R A i hzw S5HSCHFIALE, &Y Si.hzw 50504,
My AT NN s hzw 258 )5 1 Device Studio S U1 4] 10.100 A7~ . 1E Device
Studio HF NG HAR T VEX EABIEAULE], PS5 24 TN
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ER Device Studio - [Sihzn] — [m} 3
IR Fle Edit View Build Simulater Window Help

ananananan
IR DS-PAW

Properties

K] 10.100: $ A si.hzw 45145 1) Device Studio K| JEZ 7t

10.10.4 DS-PAW S8\ ST{HBYERE

FEW P 10.100 Fros S s i o Simulator — DS-PAW — Electronic Structure, #H DS-PAW
112 $05 E S Electronic structure W %] 10.101 ffi7n. Electronic structure F-[f] = 22434
Task  Solver setting  Physical setting 1 Advanced VU/MEEL, P RIHRIE THAE 7R 2, KK
MM TSR B, 25 midi Generate files B R] A2 BT M THE B4 A SCAF
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E= Electronic structure

Task Sovler setting FPhysical setting Advanced

Froperty Calculation Selected

SCF
DensityOfStates
BandStructure
Potential

ELF
PartialCharge

Generate files Cancel

K4 10.101: DS-PAW [ Z%15% B JL1H Electronic structure

LA K Si s iR B R iz B BT T B M A SO D9, #E40 1 10.101 Bz i Electronic
structure ST, ARIETHE T E 5 HIET Task « Solver setting « Physical setting 1 Advanced
, WESHG WA K 10,102« & 10.103 « [#] 10.104 F1 [ 10.105 FiR, ZJE s it
[ 4 ) Generate files B P] A= sl NS scf.in fl structures
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E= Electronic structure ? =
Solver setting Fhysical setting Advanced

Froperty Calculation Selected scr

SCF SCF .

DensityOfStates [ Potential type all e

BandStructure | .".\ [ wave functions

Potential Charge densitr

ELF D Electron Localization Functiom (ELF}

PartialCharge [ optical

[] pensity0fstates

F falss -
=
Smmetry k-points UXEEXWEGLUWLE Fath

E-points per segment |ED

[] 7otsl band

Frojected false A

input. in structure. as

Generate files Cancel

K] 10.102: Task 0% & A
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E= Electronic structure ? =
Task Fhysical setting Advanced
E-point sampling Accuracy
Cut-off factor 1.0
Gamma-centered -
[] Rezet energy cut-off
In'_|5 HEE EEEE :|I Cut-off (300 v
Smearing Symmetry
Smearing type |GAussian hd
Symmetry True =
Smesring width [0. 05 | ev
[] Electrenic loop [] convergence
Algo BD e Energy tolerance le—4 B
ng type Brovden - 60 s
Mizing beta 0.4 Minimum steps 2 -
input. in structure. as
Generate files Cancel

P4 10.103: Solver setting Z 4 1% & F+ 1
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[ +4 cture ? =

Task Solver setting Advanced
Spin [] van der Wasls
. DFT-D2 (6rimme) -
Spin type Kone 7
Hybrid functional
Set spin
Hybrid type HSEQE -
Functicnal [] on-site Coulomb interaction
Pseudopotenial type |PAW internal -
1 |Rotationally invariant (Liechtenstein) -
Exchange-correlation |FBE hd
Element-szpecific zettings
Element Pseudopotential version
Si Regular hd
input. in structure. as
Generate files Cancel

P 10.104: Physical setting Z#(5 & S 11
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E= Electronic structure ? =
Task Solver setting Fhysical
[] Backsround charsze [ mim tien
Some useful function
Add Delete
input. in structure. as
Generate files Cancel

K] 10.105: Advanced Z %1% & A1

HE K Si ARG M Z R EE R ITTE N S scf . in Ml st ructure i) Device Studio

i & 10.106 Frws.
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% Device Studio - [Sihzw]
I% Fle Edit View Build Simulator Window Help
= 2, F X, | rog _ r=n —=
0- A 9o A&-388|F8H by B-2-0- KB 2RSS @
Froject 3 X
I DS-PAW
v & Sihzw
v B si

hd DS-PAW-ES

rrrrrrr ies -3

K 10.106: 41 Si BRI LA Z 1052 iR BE T 1 B 4 A\ SCH 1) Device Studio F[H

10.10.5 DS-PAW if&

TEM Si R ASEM AT REET THE AT, FFiEHESA DS-PAW 14 1 H fix 55 ik 25 75,
AAREEE X EAMBVEA B, W] 2% Nanodceal ZE3ER % % TN . XHEUAE
AN _E SO, T2 E DS-PAW ARG, MO 2w, P R YR
AT MANSEHEE IS HRE R G AR, HAGH, WInTEs At
G 4 BB AL K, Bm FEEAT DS-PAW 5L, WIHTIF scf . in 3CfF, £ Device Studio
] Project Explorer [X3#HiEH scf.in — 4 — Open with BIT] B E 2| scf . in XA
10.107 Frzm o T HARR A, P ATRYE 5 2 B2 T EE, X EAME
s
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I% Device Studio Open With - O ped
F%

[ ]

ftask = sef

sys. structure = structure. as
sys. functional = PEE
S¥sS. 5pln = none

2¥sS. SVAMeLry = true
sys. hybrid = true

svs. hybridType = HSEQOG
cal. ksamping = G

cal. kpeints = [5, 5, 5]
cal. cutoffFacter = 1.0
cal. smearing = 1
cal.slgma = 0.05

1o. charge = true

l1c. band = true

band. kpeintsLabel = [U, %, G, LW K, G, LU, ¥, L, K]

band. kpointsCoord =

[0, 62500000, 0. 25000000, 0. 62500000, 0, 50000000, 0. 00000000, 0. 50000000, 4, 00000000, 4, 000000
00, 0, 00000000, 0, 50000000, 0, Q0000000 0, 50000000, 0, 50000000, 0, 25000000, 0, FHO00000, 0, 3T50
0000, 0. 37500000, 0. ¥E000000, 0, 000000, 4, 0000000, 4, 0000000, 0, 50000000, 0. 50000000, 0. 50
000000, 0. 62500000, 0, 25000000, 0, 2500000, 0, 50000000, 0, 25000000, 0. ¥5000000, 0. 50000000, O
50000000, 0. 50000000, 0. 37500000, 0. ST500000, 0. 7E000000]

band. kpeintsBumber = [20, 20, 20, 20, 20, 20, 20, 20, 20, 20, 20]

band. project = false

% 10.107: scf.in XA}

7E & 10.106 FronFti s, 7E Device Studio ] Project Explorer X 3%+ scf.in — £

— Run, 3 Run 71, 7£ Run FH1HH 7 Run 12810 AT DS-PAW 5. A Al7E
Job Manager XI5 H W% DS-PAW [iHEIRE, 4 DS-PAW THEAES AT HEBA R 1HE
W AN TE S SE T, Status 43 57) 9 Queued. Running. Finished. H5.5¢ )5, RI7E Device
Studio 1] Project Explorer X I8+ & 2| 45 3 band. json 1 HE M DS-PaAW. 1og.
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10.10.6 DS-PAW i+EHEZERITT R

£ Device Studio ] Project Explorer X3 H & H band. json — £ i — Show View, N5
th DS-PAW T+ Z R T AL 70 A St an ] 10.108 o

I Device Studio

Fle Edit View Build Simulater Window Help

= S 2N G @ .52 £ £ | £ 8% g Xy T
O-Bla ka0 B | FAHSSL L7120 %40 8
Froject 8 x B2 Gandsiuct

Zaan

i

2 Ds-paw
~ & Sihzw
v s
~ ()l DS-PAW-ES
L]
i

ul - al
[ DS-PAW‘\DQ\-@

Band Structure

J

Open Containing Folder

Delete

Energy (eV)
o

u X G X W K G L U w L K

10.108: DS-PAW 11545 5L i) r] 44k 43 #r S 1H]

AEE

DS-PAW HITHFREEE RAMALL . json 8L . h5 ¥ 37, H AT Device Studio 37 DS-PAW
/NTF 68MB 1] . 5son &AL BRI AL 43T . X F KT 68MB 1] . json X
FECH P E R DS-PAW 4 Bh T B AL dspawpy 14T 503 7347

10.11 BDF 3Cfl

BDF (Beijing Density Functional) s&— M2 5E% . B %2 H EHIRNE EFKE
HERGE. WEEE LE - BETHKEEZRER. sERTES FHRRESE
REEMSTEHEMNIEREZERER (FIIR SR e R BUE A 0K B R ZE A REAET 11 55
SHEE D

b
~He

Gk
il

4

BDF EFR AP FMMLLHN: https://bdf-manual.readthedocs.io/zh_ CN/latest/index.html
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BDF B9t & EIBAE 2
o EfrEF 9 TR X385 %& ZRA.
o Bz & EZIBN . BRSZHEIBA .

SEEEYeHE B - MRSURMES HESIEEHRESERT

® o7
EE SRR BiCRASESHEEZESE

BT LBiRnhE (03] BESHMETIENESITR

(05 (10

BB e [05) {FEIETR RIS

TSNS EZE G @ TEtHrEAF BT RGE

K 10.109: BDF #fh47  &

BDF #4456

1. EkE EAERE T

2. AT R BRI R

3. BN BRI,

4. FERIE R AL

5. EZR AR B B P B T

6. NEEMEAR BEAL A LR T 5
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Project & X
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K 10.111: A CH2S.hzw &5#) 51 Device Studio B F1HI

10.11.5 BDF &\ SX{ERYERE

ZEU0 & 10,111 By~ AL 1i F ik v Simulator — BDF — BDF, # 4 BDF [{12: %14 & 5 [ BDF
Job Setup 4l 4] 10.112 Frss

PUAE R E 754 F CH2S 5K sf-X2C/TDDFT-SOC B B iEsiE 8 &+ E % A\ SN
i, 740 & 10.111 Bz~ ) BDF Job Setup S+, R4 1155 75 270 il ik Basic Settings -
SCF Settings « TDDFT Settings 11 Preview Script , WB S0 50 4 10.112 « & 10.113 4 &
10.114 F1 E 10.115 Fras, 2 Ja ki S ) Generate files BV AT A4 U AU bd £ . inpo

10.11. BDF 245 303



Device Studio fSEH#2

I= BDF Job Setup ? %
Basic Settings SCF Settinss TDDFT Settings Preview Script
Job Title: |cxzs |
Input Filename: |CJ1’.25 |
Calculation Type: IT‘DDFT—EGC vI [] Localize molecular orbital
Hamiltonian: sf-X2C -
Methed: Echn—Sham ¥ | |Restricted - Use i10I-SCF Use FLMO—SCF
Functional: IPBEI} - I Use Dispersicn Correcticn
Basis: All Electron hd I cc-pVDZ-DE| VI
Charse: |D = |
Multiplicity: |1 z |
Solvent Model: Kone
Foint Croup D Ignore Syvmmetry |[C(2+) -

Use Default Values| | Freference Generate files Cancel

10.112: Basic Settings Z (¥ & 5t

I= BDF Job Setup ? x
Basic Settinss 8CF Settings TDDFT Settings Preview Script
8CF Control Others
Initial Guess: Atom - Frint Molecular Orbital: Frontier Orbitals -
Meximum Iterations: 100 = | I:‘ Bave Atomic Orbitals
Convergence Threshheold: Default hd Qutput SCF Orbitals
I:‘ Qutput 8CF Orbitels in Pyscf formet
DFT Integral @érid Default - 3 B
Qutput 8CF Orbitmls in Mclden format
Level Shift: [0.00 g
Damping: ||}. o0 = |
Fermi Smesring Tempersture: ||} E = |

Use MFEC+00SK Accelerstion

I:‘ Disable DIIS Acceleration

Use Default Values| | Preference Generate files Cancel

& 10.113: SCF Settings 2 ¥ & A1
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I= BDF Job Setup ? x
Basic Settings SCF Settings TDDFT Settings Freview Script
TDDFT Spin—0Orkit Coupling
Method: TDDET - [] Including éround State
W/| Print 8pin-orbit Matris
Multiplicity: Singlet & Triplet - Fint Spinmorbit Matrix
Frint Transition Dipole Between Scalar States
Kumber of Excited States: |E :| } L o }
Print Transition Dipole Between Spinor States
Target State: |'_ = |
Convergence Thresheld: Default -
[] set Excitaticn Enersy Windew
[J vse ivI methed
Use MPEC+C0SX Acceleration
I:‘ Perform NTO Anslyze
[ caleulate Dipole Moments of Target State
Freference Generate files Cancel
. . b ML
I 10.114: TDDFT Settings 2 %% & F i
F= BDF Job Setup ? *
Basic Settings SCF Settings TDDFT Settings Freview 3cript
Scompass ~
Title
CHZ3
Gecmetry
c 0. 00000000 0. 00000000 -1. 03883859
& 0. 00000000 0. 00000000 0. 59328400
H 0. 00000000 0. 93261200 -1. 62675800
H 0. 00000000 -0. 33261200 -1. 62675900
End Gecmetry
Basis
cc—pVDI-DE
Skeleton
Eroup
c(2v)
Send
$xzuanyuan
Heff
21
Hsoc
2
Direct
Send
$scf
RES
Charge W
Freference Generate files Cancel

P 10.115: Preview Script 4% & Ft [
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inp [ Device Studio -4 ¥ 10.116 AR

= Device Studio - [m] X

File Edit View Build Simulator Window Help

BED-Barlkoad -
Froject 8 x
if% BDF i
~ [E CH25.hzw

~ [} cHazs

~ ()| BDF-CH2S

[ bdfinp

R3Y OO
@81 00

TRAHOL LRSS E-E-H BEIE S PRa S @

Properties Value

F x
S EEEER

Description Script Status Actions
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{41 Device Studio FH]

10.11.6 BDF &

i AP F CH2S 5ol sf-X2C/TDDFT-SOC BB HEHER & E 20, TiEts
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N2 EFUF3A BDF BIIRSS A%, (EMOUHE 2 AT, P ol AR 75 24T 4\ SO A
EXHTFHSHEEE RGO, HAGHE, WnEREBEE P miE e E R E R, &
J5 #4347 BDF it 5 (iX B BDF i1 5458 &5 F CH2S FERX sf-X2C/TDDFT-SOC R H
TEENIERBATTED . WHTIF bdf. inp X4, 7E Device Studio [¥] Project Explorer [X 5% Ff
bdf . inp — fiti — Open with RIF[ & E 2| bdf . inp XU TR,

Scompass
Title
CH2S
Geometry
C 0.00000000 0.00000000 -1.03983899

BRI
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AN

S 0.00000000 0.00000000 0.59328400
H 0.00000000 0.93261200 -1.62675900
H 0.00000000 -0.93261200 -1.62675900

End Geometry
Basis
cc-pVDZ-DK
Skeleton
Group
C(2v)
Send

Sxuanyuan
Heff

21
Hsoc

2
Direct

Send

Sscf
RKS
Charge
0
SpinMulti
1
DF'T
PBEO
D3
MPEC+COSX
Molden
Send

Stddft
Imethod
1
Ist
0
Idiag
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Iroot
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Istore

1
Send

$tddft

Imethod
1
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Idiag

Iroot
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Istore

2
Send

Stddft
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2
Nfiles
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Project Explorer [X 12 % £,
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H Hil Device Studio 193 A% T BDF tHHEA5 R AT AL Thse, T B47 00, B
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