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il Ge ¥ E GeO f#HT. Liu 45 19 57 % 91 H i
PR KR 7 TGRSR PR, 5 AR
KA H A AR KO 2 R R A S T 2 45

ASCHFFE TAE 1 nm TifERIBHAJZAMET,
1 Sn(8%) Frm Ay GeSn 5 Ni (B, X T
TR AR JCORN PR BGR K S5 AR X A2 B NiGeSn 18
JESRY SR . BSR4 R R, 7RI AR Ak 300 °C AN
PO HGR K 350 C 450, AT LB a2 -
NiGeSn Wi, Ti FE M MMAEFE M AR, Sn £2
A 7E NiGeSn/GeSn B AL

2 % Bk

SCH SR 8 in (1 in=2.54 cm) BY n % Si(100)
mm AR s SRR RE, A s A 2 A 2 U
10 nm ) Ge ZZ0p)=, M4 50 nm 19 Sn & &>
8% MY GeSn Jz=, MPEIZEFN GeSn/Ge/Si. ¥ GeSn/
Ge/Si H i 3 2588 /K FIf SR (HF :H,0 =
1:10) W UEE, HASARR T, SR )5 R L
& R IRAE GeSn/Ge/Si #JE A=K 1 nm Ti,
10 nm Ni, ZJF B HUIAL 2 cm x 2 cm (/s
T AR 3 ) TBCHE GG IR P R R BGR K
HEATIR K, 1B KGRLEE S 150, 200, 250, 300, 350 F
400 °C, B KGN Ny, 1B AKEHEH 60 s. 1B A5,
R ER PR IA T (HCL:H,0 = 1:10) ZIfl R 52 i 1Y
Ni, ZIPHE N 60 s.

i By 19 45 £ 07 Ye v B I 3K X (four-point
probe, FPP) ., Ji¥ J1 5% (atomic force micros-
copy, AFM) , S HLF BIBE (cross-section trans-
mission electron microscopy, XTEM), e = 0 i
X B (energy dispersive x-ray spectrometer,
EDX) 4%, XA [ BE 46 7 BOAE S otE AT 7t
FAE.
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Fig. 1. Sheet resistance of Ni/Ti/GeSn samples annealed at

various temperatures.

3.2 AFM F1{E

R TG IR KR PR TR, 23 i Wi
1R ORI AR O PR EAT T AFM ik, I
REERANE 2 pros. Hr, B 2(a)—(c) 2052
PR k150, 250 1 350 °C AF 5 A AFM 2 K] .
T A5 R R, BE A IR R 0 T, 2 TR R
(root mean square, RMS) {EL7EAWIIE N, 24iR k
TRER 350 °C B, FEAERTEA “B R S5HIE L, &
AT EBr B, RMS {0 3.18 nm. & 2(d)—(f)
Ay HRHGERGER k150, 250 F1 350 °C AESLHY AFM
DK ], S 6 45 SR o, il R IR B AR T
RMS {4 48 K@ ¥ 7EiR KR EE 350 C I, A
FMAEE, RMS [EA9%/MF 1 nm.

3.3 TEM #1 EDX FR4E

R T ARFEAS AR k7 200 8545 8 AL W 10 52
Wil A % S5 IO J B o TG 26 18 0 A R B, X g IR ok
300 °C AP HGR k350 °C &4 RE & e
T XTEM, EDX 1 EDX Mehf £ A4F, 40 3 iR,
 3(a)—(c) 7525 i iR sk 300 °C B 5 1)
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Fig. 2. AFM images of annealed Ni/Ti/GeSn samples: (a)—(c) MWA at 150, 250 and 350 °C; (d)-(f) RTA at 150, 250 and 350 C.

XTEM, EDX } EDX W&l MIE 3(a) FTLIEH,
TERR k300 °C B A B T #E 22 F- 45 1) NiGeSn
HE H NiGeSn/GeSn 1 51 # %, KT 3(b)
FIE 3(c) ATLIR H, EiE_JU: Ti 43 AR ERE A R
M. 7ER KTF RIS, Ni it Ti A Z5 GeSn
IR VAT IOV, BE BN A UEAT Ni BT AW Al
it Ti i A2 5 GeSn #HEHEAT R, e Ti 4347
TEFEA YR, Sn F 2531 7E NiGeSn/GeSn 1) 5
[fi. NiGeSn MifEirf Ni, Ge H1 Sn J5 1 4 b 3eA
FasE, HUEREZ N 32 nm. K] 3(d)—(f) 20 e
PGB k 350 °C BHFES ) XTEM, EDX L) & EDX
B, MIE 3(d) T LLE H, FEBGE AR k350 °C
M, WA LIS BE LT 1 NiGeSn #HE.
1 3(e) FEL 3(f) AT, NS Ti [R5 A0 ZEAE S
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4 ¥ @
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200 °C 1B KBS LT b6 A AR 1S URE SO A iR 45 5 4k
Yy; 1F 400 °C 1B kLI _E, NiGeSn i % 2 A B3k
N, 3 NiGeSn HALAYAZESE 12, M2 P8 Quintero
2RISR, AR NiGeSn REUS AP #E: 56
— L JE Nig(GeSn), HIf# 2, Bl Nigy(GeSn); —
3NiGeSn + 2Ni; 2~ id B2 Ni 5 GeSn 4%
A9V, Bl 2Ni 4 2GeSn— 2NiGeSn, 74 NiGeSn
Fd R Sn/Ge 1 HL A AR R 1E E 11

A TilAZEO T, 1R K Ni P #0s
it Titfi A2 S GeSn MR A E RN, B, TifE
A ROt AR BIBH R Z AE R, BT Ti A
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Fig. 3. (a)—(c) XTEM, EDX, and EDX mapping images of MWA at 300 °C; (d)-(f) XTEM, EDX, and EDX mapping images of

RTA at 350 C.

1542 B NiGeSn v S P8 . Ok, Ti i
A JZ A BNJE G A1E T, B SO AT, Ni AW
] GeSn #f Ji§ ¥ #, Niy(GeSn), % #F 5 1k N
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5% GeSn #IE S b, ANBEIE B TiGe 5% TiGeSn 1L
Yy, Tl Ti fe&X 48 3] NiGeSn MR i, 1B
B Ti“mEIEE".
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1% F 1 Al NiGeSn 3R 18 . Sn IR BT RE SR
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fig. SR, FATE L LR A, T Ti AR
TE, Sn EESMATE NiGeSn/GeSn [ AT, F 1A ff
iT Sn B9 & EARXTR WE 3(b) FE 3(e) Frs.
FATHEM, ATREH AT =N EEF .
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1 GeSn [ b B i) %5 5 A2 B CoSn, 5% PtSn,
(NiSn, ANEEA= L), F2M Sn 7 F-H9HH, M 2EZE
T Sn R FRIERMEARE. B TR T/ ERFES
Ti 4\ A, 5500 50 i3 72 1 7E NiGeSn/GeSn
FURALAER T TiSn, fb &9, &2 1 IS Sn &7
YEH, B Sn 820 FE NiGeSn/GeSn AL THIAL.
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A AT L2 . 76 Al RO R KB, T
T AR R A B H BT 43 B ., PR )
A BT FE AR 5 B, PARE T SR O o
PR ELA Y FIRE R B OIS e L R P, I8 2
A I PRFE SRR A s U R B R, DT AT
DAREARIATISE. 5340, i TR S S i)
5120, N JFFREAS P 1938 2 1 nm (9 Ti ffi A
25 GeSn #47 ) i, A finpt Ni 5 GeSn 9 )z L
.

A SCHESE T 0 R R PR R KA
1 nm Ti fE4H A JZ I HE Sn(8%) & &1 GeSn 5
Ni (% B AR SN . 5 PRGBSO G, TR Kk 2k
A A S H4 1Y NiGeSn B BT 75 1918 KR
FERAG . A LAY NiGeSn i IR J5E. 38 i i — 25y
BB KRR RGBT RER TR S0 A1, 45
FU NS Tiflh AR5 GeSn #47 by, Ti 78

B R BT R R AE TR Ao AR
NiGeSn LAY, Sn J7F EZ /i 7E NiGeSn/
GeSn [H) FH1fT. ARWFFEE5 XTI T GeSn MR HE
TR &, A —E NS L.
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Abstract

As the complementary metal-oxide semiconductor (CMOS) compatible with group IV materials,
germanium tin (GeSn) alloys have potential applications in photonics and microelectronics. With the increase of
tin (Sn) content, GeSn alloys can change from indirect bandgap semiconductor to direct bandgap
semiconductor. On the other hand, GeSn alloys have a higher hole mobility than Ge and can be used as channel
materials in metal-oxide-semiconductor-field-effect transistors (MOSFETs). Therefore, the properties of GeSn
alloys are studied extensively. In this work, the solid-phase reaction between Ni and GeSn is investigated under
microwave annealing (MWA) and rapid thermal annealing (RTA) conditions. We use the four-point probe
method to measure the sheet resistance, the atomic force microscopy (AFM) to examine the surface morphology
of the sample, the cross-section transmission electron microscopy (XTEM) to analyze the microstructures of the
metal stanogermanides, and energy dispersive X-ray spectrometer (EDX) to observe the elements’ distribution
of different samples. It is shown that the flat Nickel stanogermanide (NiGeSn) films are obtained at 300 °C for
MWA and at 350 °C for RTA. By analyzing the distributions of sample elements, we find that Sn atoms
continue to diffuse into the NiGeSn layer and are segregate mainly at the interface between NiGeSn and GeSn.
However, the Ti atoms move from interlayer to the surface after being annealed. We propose that this method

is a promising way of developing GeSn devices in the future.

Keywords: microwave annealing, rapid thermal annealing, germanium tin alloy, Ti interlayer
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