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Fig. 1. AFM images with a scanned area of 10 um x 10 pm: (a) Bare i-Ge; (b) MoOj; (2 nm)/i-Ge; (¢) Al,O3(2 nm)/i-Ge;
(d) schematic illustration of the ITO/dielectric-layer/Ge photodetector.
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B2 BEIRTERFIOEEIE (1310 nm) JESTT Y -V ik 5 By i 2 b

(a) ITO/ALO3/n-Ge; (b) ITO/MoO3/n-Ge; (c) ITO/

n-Ge; (d) ITO/ALO3/i-Ge; (e) ITO/MoO3/i-Ge; (f) ITO/i-Ge; (g) ITO/Al,043/Ge-epi; (h) ITO/MoO3/Ge-epi; (i) ITO/Ge-epi
Fig. 2. Photocurrent and darkcurrent of the detectors measured under illumination by a 1310 nm laser at different powers:
(a) ITO/ALO3/n-Ge; (b) ITO/MoO3/n-Ge; (¢) ITO/n-Ge; (d) ITO/ALO3/i-Ge; (e) ITO/Mo0O3/i-Ge; (f) ITO/i-Ge; (g) ITO/ALO4/

Ge-epi; (h) ITO/MoO;/Ge-epi; (i) ITO/Ge-epi.
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Fig. 3. Responsivities of the photodetectors measured at -1, -2, -3 an

T AR S B AL BRZE  (a) ITO/ALO5/n-Ge; (b) ITO/MoO,/
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various powers: (a) ITO/AlO3/n-Ge; (b)ITO/MoO;3/n-Ge; (¢) ITO/n-Ge; (d) ITO/AL03/i-Ge; (e) ITO/MoO3/i-Ge; (f) ITO/i-Ge;

(g) ITO/AL,03/Ge-epi; (h) ITO/MoO3/Ge-epi; (i) ITO/Ge-epi.
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Table 1. A comparison of the performance of our works with those from other groups.
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KT EATHZH ITO/Ge JEHE IR ZF. M, b fli
F 1550 nm EOEEATIMA T ALO; i 2 (25 Fif
57 A E AR, TTO/ALO,/i-Ge 5 #5175
4 VAmHE, MR A 0.46 A/W; ITO/AL,O4/n-
Ge TRMZREEIHREE A 0.26 A/W; 171 ITO/Al,04/
Ge-epi ZRIMZHTE 1550 nm K AL 6 i 137 D) He 45
5.

Bl 520 1TO /AL, /i-Ge B F5 5D G HR
W25 5 SCHR R IE 1) Ge S HLR I 25 M REIEAT T %
L, angk 1 Fos.

J T R ALO; il MoO, 7 )2 X # &2 5

1

FERITEBIVER, XTRTA I g 2R T AR IR AR 2 R D
B, DASR A S0 i3 4 m B 18] 4 45 i LB i)
ITO/ALO;/i-Ge £ W #% 7£ 293 —373 K([a] f% 4
20 K) FHYJCIGIRAR IR -V R i 28 J BTG 9 Fb
O FL I g AR Al AR R -V RR PR I Y In(J/T2) 5
1/(KT) WG R B AHXT L ) 1 f 34 22 g B A AR
U -V AR A rh S R, MR R e S A A 1801

L) _ oy _ 4%
In <T2) =1In(AA") VT (1)

I FORRIEAE, A FoRBNE ERk (ITO)
AT, A™FRon A RHEA AR 8 (143 A/ (em? K?)),
Py, TR H R 4R, g T, T O I
TR EE . DAL Tk 8 v i BB g 2521 18 A 20K 37
YT 2 h, JfFE AR S
MG (B 5). NF& 2 W] LA B 22 i [ B 2R 30 fe
UFHY 3 PR IE 2 R AT RL T A 0 fuh 4 4a v 2
R, S R AR 22 & R 0.56 eV
(ITO/AL,04/i-Ge), 1fii ITO/Al,O5/n-Gef) H %1%
fil A A = R 0.55 eV. XTAME Ge #BHTT T, A
I 2R R i 22 8 BE R AN R, A H R
—J7 T TR EAME R R Si/Ge T A7 7R
WRNIAS R, TE5IA ALO, if)ZI5, BARTTA
A0 e AT B LU O — N g (18 2(g) 5 AL 2(1)),
(EAR Lo Bl FH A B8 AR AR 10 [R) 2R 544 ' L 26000
AR UL FEL AT SRR HOR, #E5 T HA L m R
F 2 RRILEHIMA Y B 2 i
Table 2.  Effective Schottky barrier heights of dif-

ferent structures.
ghFgAl i-Ge n-Ge Ge-epi
ITO 0.34eV  024eV  029eV
2 nm AlLOz + ITO 0.55eV 056 eV 030 eV
2 nm MoOj3 + ITO 0.39eV  022eV  0.25eV
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25 (d) Ge-epi HA#81F In(J/T2) 5 1/(kT) & 45

Fig. 4. (a) Temperature dependent I-V characteristics of ITO/Al,03/i-Ge detector; (b) In(J/T?) versus 1/(kT) for i-Ge detectors;
(c) In(J/ T?) versus 1/(kT) for n-Ge detectors; (d) In(J/T?) versus 1/(kT) for Ge-epi detectors.

Ak, 5 — 5 N TAMEA: K Ge BYJRJEHGH,
2 500 nm, X ASFCANREFE S M, Wi 107 AR
AN EEXTRL BRI, O T D R AN E R A R
DG HLAI A5 e 1 8, P LR SRS IS A 22 JE 1)
J7 15 80l 4 2k /K T kE (silicon-on-insulator,
SOT) R AR FERS IS 5 | ATE IR IS 1 5 Ml iy
25 AR B AR ME BT, AT S TR A 5

0.60
-u- i-Ge
0.55 —— n-Ge
0.50 | —a- Ge-epi
0.45 |
%
> 0.40 — _
a =~
& 0.35
0.30
0.25 -7
I
L L
0.20
2 nm MoOs3 ITO 2 nm Al,O3

5 ARH R AR S AR T OC R A
Fig. 5. Diagram of effective Schottky barrier heights with

device types.
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JEJEST ITO/Ge 2 il 342 15 BE B BE M AN K.

T G b B AN ) 435 R O e I I
TADEHAEE, 6 JB/R T 1TO/ALOs/Ge, ITO/
MoO3/Ge F1 ITO/Ge fig 7l FI 27 ¥ i iz 78 = A
FERMRIE T, WERGI A, WEERT R E
A gEZs [ A2, (H T ITO LT3 K48
o, e s AT LUIA iz 2 TTO i, AT
FER T BRI 6L 17, TiAE ITO Ml Ge Z AN
AT ALOHEIZIG, HT ALO, HLFEFAEIR /I,
2978 1.0 eVPA TAFBRAR K, 358 10.7 e VP, fiifh
A2 TR 2R JLARI8 N, Bl R il 7 5L 1 LA e A
JErEkbERE L, AR IE £, e ITO/
A1,O3/Ge ' oL 8 5 Hh 45 21 /& 9 g 17 B . %
ITO/MoO;/Ge KIEHFRM 5, A MoO4 4 it
J2, FLEzfh 3 22 g BE AR ARAR N, ZEERZETE B AT LA
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F6 SRR PRI AR 1 B i 54 R LA B 3 T i 12 R IR
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(a) ITO/i-Ge; (b) ITO/AlLO3/i-Ge; (c) ITO/MoO3/n-Ge

Fig. 6. Energy band and carrier transport diagram of detectors under light illumination: (a) ITO/i-Ge; (b) ITO/Al,03/i-Ge;

(¢) ITO/MoO3/n-Ge.
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(a) 1310 nm JE; (b) 1550 nm I K

Fig. 7. Two dimensional image obtained from the ITO/Al,03/i-Ge detector: (a) 1310 nm laser; (b) 1550 nm laser.
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Abstract

Germanium (Ge) photodetectorhas been considered as one of the promising optoelectronic devices for
optoelectronic integration. So far, most of reported Ge photodetectors with bulk Ge show high dark currents
and low responsivities. In this paper, ultra-thin dielectric interlayer-modulated indium tin oxid (ITO)/Ge
Schottky photodetectors with high responsivities and low dark currents are investigated, in which the ultra-thin
dielectric interlayers are deposited through atomic layer deposition. The characteristics of ITO/Al,O5 (or
MoO3)/Ge Schottky photodiodes fabricated on bulk Ge wafers with various doping concentrations and Ge
epilayer on silicon substrates are comparatively studied. It is found that the 2-nm-thick Al,O; intercalation
between ITO transparent electrode and Ge can effectively enhance the Schottky barrier heights of the
photodetectors and trap holes at interface states, rendering their dark currents low and responsivities high. The
effective Schottky barrier heights increase from 0.34 eV (ITO/i-Ge) to 0.55 eV (ITO/Al,05/i-Ge), and from
0.24 eV (ITO/n-Ge) to 0.56 eV (ITO/Al,03/n-Ge). While MoOj; intercalation between ITO and Ge has no
significant effect on the characteristics of all of the photodetectors due to its large electron affinity. The best
performance is realized on the ITO/Al,05/i-Ge photodetector with a low dark current of 5.91 mA/cm 2 at -4 V,
sharply dropping by two orders of magnitude, compared with that of the ITO/i-Ge photodetector without the
Al,04 interlayer, and the responsivity is significantly improved to 4.11 A/W at 1310 nm. The ITO/Al,05/epi-
Ge photodetector fabricated on 500 nm Ge epilayer on a silicon substrate also shows the improved performance
with a dark current density of 226.70 mA /cm? at -3 V and a responsivity of 0.38 A/W at 1310 nm, compared
with ITO/epi-Ge photodetector. Finally, experiment studies of single-point infrared images at 1310 nm and
1550 nm are carried out with the ITO/Al,O5/i-Ge photodetector on a two-dimensional XY displacement
platform, which contains 25 pixels and a total detection size of 1750 um x 1750 pm. The clear and
distinguishable images of the infrared spot position are obtained. Consequently, these results suggest that the
dielectric interlayer- modulated Schottky photodetectors are competitive in low power consumption and high

responsivity, and have great potential applications in the civil field of short wave infrared imaging.

Keywords: photodetector, contact barrier, responsivity, dielectric intercalation
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