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Abstract

Germanium Tin alloys, being comprised of Group-IV elements, have recently
received much attention due to the fact that their directband-transition behavior is
predicted when Sn content is greater than 6.3%. Moreover, the bandgap of GeSn
alloys can also be readily adjusted from 0 to 0.66 eV by controlling the value of x
from O to 1. This gives rise to the potential to extend the infrared application of
Si-based materials. Meanwhile, GeSn materials can be applied to high-speed TFT for
their higher carrier mobility than Si or Ge. Polycystalline GeSn alloys on insulating or
flexible substrates deposited by magnetron sputtering have potential applications in
low cost solar cells, or high performance flexible thin film transistors (TFTs), etc.
However, toward the target, several challenges have to be faced. Firstly, the low solid
solubility of Sn in Ge (<1.1%) hamper the formation of high-Sn alloys. Due to
comparatively lower surface energy of Sn with respect to Ge, Sn tends to segregation
to surface. Secondly, the high lattice mismatch (14.7%) between Ge and Sn enhances
the difficulty of fabricating high quality GeSn alloys. In addition, the processing
temperature should be lower than the soft temperature of plastic substrate.

Aiming at aforementioned issues, this thesis focuses on the study of
low-temperature formation of GeSn nanocrystallite thin films (NCTFs) by Sn induced
Ge crystallization on insulating substrate. The main works and results are as follows:

1. We proposed a method to form GeSn NCTFs with high Sn composition by
sputtering Ge on self-assembled Sn nanodots at low temperature. During the
sputtering process, Ge atoms diffuse into Sn nanodots and then nanocrystalline GeSn
freezes out as temperature is above 150 °C. GeSn NCTFs with high Sn composition of
27.3% are achieved, which decreases with increasing of annealing temperature. The
Hall mobility of 14.0 cm®/(V"s) is achieved with the process temperature of 275 °C
(suitable for flexible electronics).

2. Thick GeSn NCTFs were prepared by depositing Sn/Ge layers in cycles. The



grain size of GeSn thin flim increases with the number of cycles. The grain size of
GeSn NCTFs with Sn content of 12.2% formed after stacking 6 periods of Sn/Ge
layers reaches about 150 nm. The hole mobility of the GeSn NCTFs up to 24.9
cm?/(V-s) is achieved with the process temperature of less than 450 °C. It is found that
the increase of thickness ratio between Sn and Ge layers can lower the crystallization
temperature and enlarge grain size of GeSn nanocrystals.

3. GeSn MSM photodetectors were fabricated on insulating substrate by standard
photolithography. 330 nm thick GeSn NCTFs with 15% Sn content and about 1 um
surface grain size was obtained by staking 20 periods of Sn/Ge layers. After annealing
at 300 °C for 30 min, the Sn content of GeSn NCTFs decreses to 6.7% with improved
crystal quality. The dark current density of GeSn MSM photodetector is as low as
0.28 mA/cm® at -1 V bias. A redshift of wavelength cutoff to ~2000 nm in the

response spectrum was observed with respect to Ge photodector.

Keywords: GeSn nanocrystallite; insulating substrate; low-temperature crystallization.
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1.1 ARE=

BT T AR R R, KA DR — B B K e R B E e A i /N 24 R
1713 SE A RE AR P IR 4 e o (LR BE B S8 RO I NGB, 3 )5 202 i ok
e i, SUVTFEI GRS AEM R, Q8 mIT BRIV EMEL, S04
22, RPN &8 SRR 1], TN 7 o) DU SRR R AR AR L, TV
TEICE SR LIRS . TV 5 SRR Ge, th T 702 SR R 2/ GERE R
B e AR B IO BT (LAl LT3t 3 140 meV, AT BLid I 5] N R AR
Ge HASNEEATMED, JLERLE Ge Yo 7284457 BV R K E[2-6]. 2T
S — PR SB35 1 J7 %, Sau A1 Cohen 25384 115545 1 GeSn &4 H At
Ge B M7 OL A7) H GeSn &4 AT LA IV TG 3 /D HU1) B H 1 B
Bl HEHEEREN, X4 Sn A0 ET 6%~11%, ALK GeSn H T REAFI L
REAMIZEME, SERUIAIEE M) B R 1 AR [8-12]. hAMBEAE Sn 45 17214k,
GeSn & 4 IRl BRAE AT 21 /MR BB T8 Y Bl PR 2R T, I AE T 2 MK AR Uy T
WA AR iG55

1.1.1  GeSn M a4

GeSn A& &M IV EIGE Ge Ml Sn TERMMLEY) . Ge NENIAL HES
BRI, S /N 0.565 nmo Sn, 2 —FPRIE SRR, a-Sn K8, A
AERIALER, &—FESa, B K/N 0.649 nm. =T 13.2 °C RIS N A
VU5 S5 R &SR AR B-Sn CEE3) [13]. o-Sn fEH IR FAN G 34T, A EA
SRS, T2 AL T IR AN G JE B IR1[14], PRI 247 B BT M 5 & GeSn
B SRR RN R e BLE) 1981 4F, Farrow Z5[ 15177 & i T K Fl 43 F R M E(MBE)



BE i

RGE 25 °C % o-Sn 7735 . IRIEEIRIGE 734 7 HAeH 4584[16]. o-Sn T
[a N, A B, B B AU BRE-0.41 eV, [AIHESTRETH N 0 eV,
M Ge HA% N 0.8 eV, [A4EM7 N 0.66 eV, Ge. Sn HHESENE 1-1. SCHR[17]
15 i GeSny AR AT LU A 3

EgGesn = Egge (1-X) + Egsn X — b x (1-x) (1.1)
. Hd b AT RS BIEIREIISREY, x A 6%~11%[, GeSn
AR N E AR IR[8-12], 1Kl 1-1 rzs. SR Jenkins A1 Dows f&H1, 4 Vegard
FEH, Sn A0 TR EIAF 20% A4 W] LA AR N E ST BR[18]. X4 K Sn A7 [k %=
FW GeSn &M AT b Bk, LBiIEsL, HEHND AN 2.8
eV[19][20], tb SiGe &4 HI2 M R &= 7 — DE[21]. B RH AN BT
T E EL Sn 4143 N 6.3%. HEEE x M 0 B 1 S, GeSn A&y BR1EIT LMK
BRI B Rl S m R, St 7 8 3 B T DS e 2 2T A U B

% 1-1: Ge F1 Sn =AYy B R

H#(Ge) #(a-Sn)

i 2 (nm) 0.5646 0.6489
LA R E(10°%K) 6 9
B BT R (e V) 0.664 0.09
HAZAR(eV) 0.805 -0.41
HL TR 2R (cm?/(Vs)) 3600 120000
ZIGEB R (em’/(V's)) 1800 10000

+E rE

v Sn r
—_—
— s
K k
HH HH
LH LH

Ge Ge,.,Sn,
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B 1-1 GeSn B &

{HZ, IRAF @4 U 1 GeSn & & HIREZ NME, H%% Sn 5 Ge Z [0
E R SRR, EAZIARIRRCREIA R T 14.7%. Hhh GeSn HIZERZAH LA Si
NAE, Sn 55 Si Z A K]S A&RECISE] T 19.8%. GeSn 7E Si _ELAZEAL Ge 7E Si
b GRS RS 4.2%) 1 S-K BEAK, B —E )RR, RI-ADHE, M
JEE AR AR AE22]. BEFEN LB A AR SiGe S22 (23] KM AB il VA [24]
SETE Si BAMEME) T SRR Ge. W MBS TS, RA Ge ZZih 2 IR
JEA K GeSn AMEE. HIK, Ge 55 Sn Z IAIFIE B AER AR, W& 12 frs, Sn
7E Ge i KIGMEEN 1.1%, BTIEHQ231.1 O, BMERES] 1%L T . 75F
BAE, GeSn A& UABFRIRASHFIE, GeSn (xsn< 1.1%)5(# SnGe (Xge < 0.6%).
PRI, 25K P A K 5 SR 13 81 Sn 4408 H 0-Sn 7E Ge H VA £ GeSn
4. BN, BT Sn MR EHAEL Ge B/, EANEA KI5 5 KA R i
. Kasper %545 | — /MR TR AL[25]:

Ns=AS x N (1.2)

Ns ARMEETH, NN Sn FIEWIE, AS AWM. FFRANER AT DL
Sn RATIE L, $ e A K ] DR R AT 18] R/, TS B AR Sn (13
TR E . B, 2l AR KA i v] DL 6 GeSn &4 Sn IR TH (BT
[26].
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1.1.2  9ME GeSn MR IER

FL7E 1939 4F, Stohr Al Klemn #5T T Ge-Sn &4, #iE I Ge £ Sn
H1LL K Sn TE Ge HFIIEREE[27]. 45, o - Sn # ORI A KR 3R 77
[28], JFHAHEETEBEN 1.44 x 10° cm®/(V-5)[29]. 1982 4E, WF5L A H K
$et T GeSn A R RERCA EHA BARLIE BB A = 80 1L % % [30]. (A2,
T a-Sn & T 13.2 °C BIAH2E 5 B - Sn, Sn 7E Ge R EIAE LLA, Gey Sn 2
(] K 1 o AR TC 25 10 8, GeSn A4 B U — MEAR A BE . JLT R, Farrow
SR 73T ARAME I TTIRAE 25 °C 2644 N 1E InSb A1 CdTe 44 Ji&_E I % T a-Sn
WRR[15]. ML MRE RN, JEPEAS T AT A5 31E Sn 13 1) GeSn B4, £ H
AL E KR TARKAKIT R, Bl 7RI EMBE)[31-38], [EAHAME
(39-41), WESFI[42][43], BKIPEOGITAR[44], L 2FSARBUTAR(CVD)[45-48 125 # 4k
Kl % = T LK) GeSn AMEM L. HSR H AT GeSn EZAMETE Si FAf)E b, HIZ
£ 1980 FEARFN 1990 AEARN IR 5T AT, Sy 7 30k S it b R FC 9 [, 79 2F5 € 11
SN, W FEN B AE &A% 5 GeSn B (41 i - AME Sn 43K F 0.5 ) GeSn
&4, W GaAs[31] (aGaas = 5.653 A)InP[34] (amp= 5.869 A).ZnSe[49] (aznse =5.667
A). Ge[32, 36, 50, 51](age=5.658 A)&5. N Tl . £ JEf GeSn #4
Bl BFR N A AR IR B VU R A -25 °C[31131] 475 °C[52) 2 [AER M 1 T iz w7t . £
B AN 1-3 FzR[79]. 76 1983 4, T UV(193 nm/248 nm)HOLHE S 7E InP
Al ZnSe & R FHIREHEDTR A 0.1-1 um JEH GeosSnos 45 i, EIXIGE] T Sn
o 22%IP 1 fm GeSn[49]. Shah Z£7E Ge (100)F1 GaAs (100)4 i _F % F k5
4% T Hh GeSn, Sn 419 B ik B 8%[42]. THE R ORI, WIRXEF TK
Fl MBE 2 S il % 5 i = (10 5 S A1 22 GeSn. Pukite Z5[35]#E2 T KA MBE %
i 2% Sn ZHMET 30%I1) GeSn A& HIZH(T <170 °C, d <200 nm), fill#% T £
i GeSn #MEJZ, FEBEH B-Sn MIWAT, Sn A 7ERMRE N SAAKIE), BT EE
21 5P 3 (FTIR) SR I W L B 0.4 eV[51]. 422R7E Si b F 54 E B &
GeooSnoy I, JERERET 2 nm, RPEEARAAES, XA E2 M TREDRR, RIIH
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