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Abstract: The growth behavior and electronic properties of germanium (Ge) on the Cd (0001) surface have

been studied by ultra-high vacuum low-temperature scanning tunneling microscopy and density functional

theory. It was found that Ge atoms deposited on the surface of Cd (0001) at room temperature readily form

nanoscale clusters. The Ge atoms formed a two-dimensional film with a single atomic layer thickness as the

temperature of the Cd substrate was lowered to about 100 K. The high-resolution STM map showed that

the monatomic layer of Ge has a 1 X1 pseudocrystalline structure. Scanning tunneling spectroscopy (STS)

measurements revealed that the monoatomic layers of Ge exhibit metallic behavior. The results of the DFT

calculation showed that Ge atoms preferentially occupy the hexagonal close empty position of the Cd

(0001) substrate, there was an electrostatic interaction between Ge and Cd (0001) substrate, and Ge at-
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oms were combined by a covalent bond.
Key words: Germanium;Cd (0001) surface; Pseudocrystal structure; Epitaxial Growth; Density Functional
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1 EH5ERITHE
1.1 XEHH

A B SE Y S5 2 A H AR Unisoku 23 w) AR 77 1 8y B0 25 AR 334 % 18 0 3B (L T-STMD R 48 F 58 iU .
REMARIKRESE RN 2. 7X10 ° Pa, 8286 F F1H) Cd(0001) FEJE 4B KAE Si(111) —7 X7 FJEE N 15~20
J5 7 512 (monolayer, ML) % Cd B, SR 73519 Si(111) —7 X7 KM, S8 SiCTD#Fah FHE 2 800
K A7 AR5 PN A4 7 BB R S TR 1 500 K, DABR 2= R A0 A AR B s T A AL B 30 b iy
B2 INIE 400 K, fff Cd JEFUCRRE] Si(111) —7 X7 i, i A5 28 F R 1) CA0001) R, Fifl 5 8 2l
999. 999 9% HYEE A ZE 1 280 K, i Z PIARF] Cd(0001) FE 1T, [ I 4 JEe A4 5 B A% 15 7 3 U s AR IR . A e
AR LB STM FEFE T WSS, WA IR B IR R TE IR AL (~ 78 KD IR JE.
1.2 HERitE

DFT i8R HT R EE LT (GGA) ) Perdew-Becke-Ernerhof (PBE) 32 PR, 1158 55 HU 7 #F JiE i
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32 Cd JETAHM A 3 X 3 Mk . A ROBEL S BR CAC000 D FHIE . 8 E f R 2 K Cd 515 HI/NE T2
] R D6 B A EAE T 857 2 nm JEREZS 2. 76 Cd000D) FHFE 9 4 Ge JFF. W H)Z Ge [ 3X3 #
Jit, LA CAC000 1) F M _EAY Ge 7 AN HESE M. 7E 350 b, S 1 I 09 BT BE L 570 eV, W E
H 3X3X1 [ k-meshes PIA% £/ A 18125 8] b (9 B3 s 8. 445 4519 Hellmann-Feynman J {46 8]/ T
0.3 eV/nm MERERMET 107 eV /E MU ShrifE.

2 HR5®

P 1a 2145 061 32 CdC000 D) IR A STM . AT LA Y Cd #BE Y & B 96 K Z97F 200 nm
KAy, BREF A B B (0. 30£0. 01) nm (B 1b), #2EF Cd HLak #0001 J75 ] f4 1H A] 1 (0. 281 nm) ™. [&]
le g Cd W R F 43 HE A, Cd B4 BioS f 2 HE D7 AT RS, L RAs # 80h a0 = (0.30£0.02) nm, 5§
B B (000 1) THT A R A% 35 %00, 298 nn) AR H B2 . H B #REAT 7S M xR M. 5 R 3 2 G 0 R A = 4
(R PR AR A 22 [R] A 22 5 o S 30 T A 0 4 R AT LU 2 RS Cd 000 D) #iEfE. & 1d JRIR T Ge JEEF7E
Cd(0001) 2 i _E PUA~ o] g W B . e AT BT CT) L B2 (B L 10 327 5 CF) RS £ % HE (FD .
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300 nm>300 nm, 2.5V, 20 pA SR A TR R B T 2 A R 90,30 nm

c. RCAHEME T #STME, HMIIZE] d. 2CA(0001) B R TR ], A 3% £ Bk A4
FREANHEHEIEN, 5 nmx5 nm, 0.3V, 23 pA RFCAFET, TR FETophi, BIEEBridgefi,

Ff{#Fec-hollowfiz, HAL#E Hep-hollowf:
A1 CdooD4t/ke STM BL R-FHEAH

B, AP RD Ge R FOEEE 0 = 0.2 ML YU B T ERA CA000D) ST . STM 4 & AT
JE BT B Ge B BEAE SR 42 A4k R M 7% BB WA R 72 R0 48 5 (] 22). St ir R, 78
WIRGIH BRI Ge BB FHEAERN 9.7 nm. (B2, ERK G BTN Ge HAE K RSF BN CEARTE
5nam/idy). B 2b EUTE B 2a (1 i 64 B BT VR Y BE S E B, R HER B Ge JB 2 B9 = 2 R (0. 28 £
0.01) nm, WAKT Cd #HER & B JE.

N HIFE B Ge JRF 2, RATBERR Ge 7 RE MBI, SORIEA TR 100 K 245 (IR
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Ge JiUT 9 HES J7 3045 Cd(0001) I —HF . #BEA 7 0 R i M 5 . T 2002 . 38 1l M 5 5K
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SR RO A A R M S 1 SR A A T 3L 2 AR R BC BN R I A AT L Ao I 2R R SR Y
S5 9 o 4 A 1) R 27 9045 e R AR ) o LT T ) S DU AS ) T A R 2 R Ok IS R, U 2> 7
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B2 Cd00) k@ Lt Ge RFEEH STM B

N TS Ge B T2 M TR, 75 AL 10 nm M 4 Ge 1B 1 R4 T STS i, 511 & s 1
85 1) 300 25 A0 v TR A D 3> . ARG A 7 0 M B T 2 10 0 v R B R A 2R i B PR AR k. AR R SEAE Ge B
BT K STS i, 1930 & Z MR MEE R, b T T HIRTE Ge 5 R AL 8 M 3%, #4453 29 % STS
R E 3 . REEL A RS AGAE FREMN, A EEK BEEL WP RAEREN. TLUE
FIPIARLRE S LB, EIORRBR V=0 IEAR 0, XRAEHRTITH Ge T EZHHE T 5%
J# (density of states, DOS)TE S K BEHAL & — M AER M A R, Ky STM HIg 5 UR 3R A1 Wk 38 185 R 4 19 1
G HL S OE LR  DOS. BRG] LTI 52 50 1 45 1 Ge BAE T 2 M B & R AT 8.
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B3 =% Ge B BRI oyiah i

R TIRAMSRE FRTIREE R, M DFT B iHR T Ge JEF 78 Cd(0001) FR M LY 4 B A [F 47 & 14 1%
ffig. Cd-Ge JRFJZBEE . Ge-Ge B, B4 Ge JFF W68 (E 00 WHHE 7 2 0 5B LA R Y GE i
Ge J&F15 CA0001) Ml 2 A4 F B B RE 28 (E o)« T A B Ge JR TR BRER (Ec) . A HCd0001) i fiE
it (E cacooony ) » T BT T 2 AT 157

E .o = (Etom — Ece — E caconony ) /1
Hrrn RFE Ge I F 945 BRIt B4 R R Ge I+ 7875 M % HE 7 (Hep-hollow) Y W B fig & /)
(—0.58 eV)(F 1, XULH Ge J& TR EW M E CAd000 ) 1 169 H A1, By eI 1A 2 i fig i e A%, 318
HER K Cd-Ge JE T EZ B AIFEEFE 0. 240~0. 250 nm Z 6], HF7ERKIEER H 29 R T )2 8] 5 2
0.242 nm, 55K MRS Ge B THRZMEE 0. 28 nm) A —EM 2. FISTTE ) Ge-Cd 3 &M A4
)2 A1 LA e BE T STM Sk 14 /&5 B2 R A LAl e BE A DTk, [R) B o 40 3 7 A ol Pl 2 % B 19 DT K.
. STM & 09 55 BE 5 JUAR g BT AS ™A% — 3, BRI 85 Bk O “ ML AE &1 2 Capparent height)”. FRATTHE N &
DG PR T B30 ST 0 00 =2 ] ) a5 2 i B AT DA UE PR T A o AR A 1 R 2 e B R R e, B T R
TR RN SR 31 T BB B I A T AT SRR i 9 A 5 B A TR B TR AE H A Ge T H) S K B TH53(E
270 0,311 nm, MM Ge WA A HEL 0. 30 nm, PIFIRZER 3. 6%, HIBTHE LR 53RN E
B LAY A, BEWIAS B 58 i R TH 5 25 R mT 5.
F1 EiRIHHE Ge 7 Cd(0001) LHIRHIEE, Cd-Ge R FEIEE . Ge-Ge [R FEIK

DA W K B/ eV Cd-Ge J&F 2 M B /nm Ge-Ge ## 1 /nm
Top —0.53 0. 240 0. 282
Bridge —0. 56 0. 249 0.311
Fecce-hollow —0.55 0.243 0.311
Hcp-hollow —0.58 0. 242 0.311

K da j2 i AL G ) Ge JEUT BRI A5 BERL IS, Horh Ge JU7 S P8 ALK R T H A2, FUETTFR Y Ge
J - B 5 SOOI Y 1< T A IR S A5 R 58 4 — B0 TESE A HARAL IS . I TEEE T A AR A B 2% Celec
tron density difference, EDD) Fl e, F JR) 38 1L pE X (electron localization function, ELF). & 4b A4 £ 1Y H, faf
WEZE, FhiEaXSAERD FRE, ZaXEARLEZD T, AaXKEARTE LD 7. B
ik B2 CAEFRENE FRE, KPR H FRERE Ge 5 CAdIETFJEZZMH, Cd [ Ge JRFRTEAT
0.031 e, ¥R o far i AR b, RAG 5 SR AU IE 19 J7 ¥ 7T 0 T 0 8 7 2 [ A b Al 2 B o 1 Jmy Bl 2
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X AV B30 v ) T A 4 AR A L AASER . T LAAR AR FZ O 15 L (R R SR 4 CELF) | D43 v
TR A ) DT 1 4% L 43 A v ) Ak 2 B . O T I Cd-Ge, Ge-Ge T X 2Z [H] /2 5 AU, XF Ge 5
Cd000 1) 4L B AR RT3 T i F 3 R B HL F Jm) 38 oA 43R 15 X B Edgecombe 1 Becke 51 AMY, RIRTE
JE— {7 HL T B A AR B S A A R e T AR, BN T RIE R . ELF £3iX0h .

1
FLF=——"—
1+ 7(r)?
/ﬁ\:':'j 7(7’)%7:
K
Y = R )

Ao K AR ATEAH R X B BER B B, o) 2 r AL F% ), K, B¥WSHFAAHE N WK (. ELF
MG & 0— 1, ELF {8 1 B SRR 76 5 — i BE i 8 A R B BE L ¥, 3% 197 A7 AE sl Ui, B
ZHT R ELF $UE N 0.5 B 5+ ELF {628 0 B R 22 Bk, X T Ge 5 Cd(0001)
AR RS R dc B, WA LRI Cd-Ge JR T Z 1889 ELF {5254 0. 35, HL T2 ] %4 i
X R Cd-Ge 573 A B, P Ge J5 725 CA0001) [fi 2 [A] 77 76 ¥ B W BHVE T 5 T Ge-Ge JR 74 22
1Y) ELF 24 0. 65, £ Ge-Ge JEFX ZHIE AL M 25 5. BT LA Ge J5 7 HCHE & B W B 7E Cd 000D |,
I Ge J5+ Z AR SE S0 588 iU A AR E B /S F B HESS . oAb, AFRIETTHR T Ge JRF R B 8%
J& (density of states, DOS)BEfE & 1Y 431 (Bl 4D . AMEFH, 7ERKER(E=0LFIEZFM DOS, £ Ge
JRFEEA SR, X 5 ER STS 458 —2, 1k, DOS ik FATEMA B TR, 75350 T
—0.9 eV HI40.9 eV 4, " HAEFH UL K 3b h STS Mk BB B4 (£0.8 eV).
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ABUEZ10.65, Cd-GeR 1% f] U ELF{E 77 i -%¢
1 A B £90.35
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3 Zie

AT R 53 F ARAME AT STM BEFR T Ge Ji 778 CA000 DR IS b py i AR 4. 2 A 3, 2 Kl
JE BRI s Ge J5U 7EIE J80 4 8 158 A ) I s 2 92 040 oK P AR AT 572 il 9 2 194 o B >34 oS IR R T AR
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FPETT. BRI Ge JEF (0 56 WAL B A7 A 3 HE H AL, AR 308 H £ 25 32 22 R 7 R SR 800 B . Cd-Ge 2
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