Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

FEERYBCEMEERE S -5t R R
XM HEF R

Pressure dependence of refractive index of Ge near the absorption edge
Shi Wen-Jun YiYing-Yan LiMin
5| {8 & Citation: Acta Physica Sinica, 65, 167801 (2016) DOI: 10.7498/aps.65.167801

7 £ )13 View online:  http://dx.doi.org/10.7498/aps.65.167801
214 7% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/116

AT RERH B BB S &
Articles you may be interested in

TR R IR I O S FE IR S R et S A4
Design and optimization of integrated micro optical gyroscope based on a planar ring resonator
YH 24,2015, 64(10): 107802  http://dx.doi.org/10.7498/aps.64.107802

Ot TAE HliE ZA KNI IE B R WO G TBOR 2 PR A W AR R g XA S ) B8 AU AN S B T 5
Theoretical and experimental investigations on wavefront distortion and thermal-stress induced birefrin-
gence in a laser diode pumped helium gas-cooled multislab Nd:glass laser amplifier

YyH = 4.2015, 64(8): 087801  http://dx.doi.org/10.7498/aps.64.087801

HET G LR B s 't A5 U . 5 PR 7
Optical model raciprocity of disk resonator excitated by tapered fiber
YH 2 4.2014, 63(22): 227802  http://dx.doi.org/10.7498/aps.63.227802

BT 2R 55 B 1 IC I)  T 4 Je8 Da (0 I VR 2% (1 AT 5
Ultrathin metallic subtractive color filters based on surface plasmon primitives
PP 2242014, 63(20): 207801 http://dx.doi.org/10.7498/aps.63.207801

JE S 285 e VB AT S 20 IO S S X AR PR
Properties of reflecting region of periodic-structured thin film with refractive index dispersion
YrE=4.2014, 63(1): 017801  http://dx.doi.org/10.7498/aps.63.017801


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.167801
http://dx.doi.org/10.7498/aps.65.167801
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I16
http://wulixb.iphy.ac.cn/CN/abstract/abstract64224.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64224.shtml
http://dx.doi.org/10.7498/aps.64.107802
http://wulixb.iphy.ac.cn/CN/abstract/abstract63882.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63882.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63882.shtml
http://dx.doi.org/10.7498/aps.64.087801
http://wulixb.iphy.ac.cn/CN/abstract/abstract61863.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61863.shtml
http://dx.doi.org/10.7498/aps.63.227802
http://wulixb.iphy.ac.cn/CN/abstract/abstract61189.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61189.shtml
http://dx.doi.org/10.7498/aps.63.207801
http://wulixb.iphy.ac.cn/CN/abstract/abstract57320.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57320.shtml
http://dx.doi.org/10.7498/aps.63.017801

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 16 (2016) 167801

EEWBCAMHER E D - ST R AR

E R

ZUE R

(R T R R, iU 430070)

(2016 4£ 5 A 5 HUH; 2016 4E 6 A 1 HW BB XA )

FI = SR8 72 IRCL IR (1550 nm) B 15 7 -3 56 5 R AR SEIQ AT EE EIFRATFUIE 4. A SCEIL I
BN IR H 3T AR O £ i T ) o 45 o PR B TR F) B 2 R 545 B B AR RS R AR T 77 -3 S 3 R
AL SR 5 B R, BRSO B IS R LR, RIS R B e R AR 2 ARG, I HL R ) -3 4
RABMBUHE, NI, X2 T 2 WA B Roloir 51k, il 51 AR ey s i 7 s, 45
BB AE R NSOZ BT ) S s BB FELA T 7 -3 23 30 R B2 IR B RV L. AN SO 45 UK A B 2 - i 1 Je

15 CWBOLE BTN I

KB P SAK, 8, PTIR, IR

PACS: 78.20.—¢, 78.20.Bh, 78.20.Ci, 78.30.Am

1 5 =

PR Fr 5 28 06 B A 5 FobA ) 1) 5 2 R PR AT
B4Rt TIEREENE L. R 2 hEaR
PEREOE RS I E S AR SRS T R
TRV S B TR R 6% R G b 2 R B E R AE
S8, A WA (0.8 eV BE 1550 nm) FT Az T
e LF s C YR B (15301565 nm), T filE4 3 5 =
WKEBT CH BRSO KAt 7t. AmA
P EE R 2K 2 51 S AR A RHT S e i o
BRI S5, B AT, X ' 5 1 o b B ) AR 1k
(E 7 — e =31 SR 4 il R A8 4k (e &
) IR D, STk [4) 25t T A R OE R BN
FEANEE, SCrR I T 300 KR ISR 0—7.7
GPa i [H PV T 3325, AT LUK ILEE (14T 5T % B e
TREEEIG I RGN, B D038 gk, A4 1T A7 PR
TIWETZ, Rl MERX, b FReEd
FEl/NTF EEH PR (0.8 eV) 1 IX 5K,

D5 AR T R A 1R 2 i) 772, AL
BT F AN B T v, G AR O O VR E s ok, I

DOTI: 10.7498/aps.65.167801

AR L SR, W OO AR B SRS
BASE HAENASYT T 2, T2 0 SLERHR AT IR A
FIPLATHE. SR AT LR R &2 SR R 3T
SR (H R LI R 2 @ R P i R Ao
R =TT, Bilhn d2n/dT?, I A GE E 15 29T b
SREPRETAE O~ 7). TR R 4 M v SRR i R g
KA 32 HHE T P5 A AR S 3 G 26, (HR
MEEE R THRRER X, Db FReENTE
PR (0.8 eV) T 14,

ALK FH — ol B A 68 v B 174 187 B o' £ BRI
AR GA I (15301560 nm) (& S A5 )
Prod =, SR L7 2R 28 R B AL N A T FEE 4 7 s
ZF ity ThT L, 7098 MBI 35 JC I R A A I S 14T IR
KALFR X B ER AT ST (XRD) i B 25 50T DL #E
TR T T 5 o B P A . 30 o 0 R R O ) e S
2 0] DATH RS BEE LR AN [F K AU 8] R 7 R B4
SR, IR, BRI I IR O
%, BT S R BE K AR 2 IEA O, LRS- 97
SR RBONIEAHE, SR AR 48 SCHR [4], 5676 E B X
(/NT0.8 V) AT 5 Z Bl ik K B ARG, TR - 47
WRRBEIE. N THBREIMRENR, FEE

* ERBRRFAIES (HES: 61177076) Atk s AR 55 2% (S WUT20161A009) %% B,

1 I E1E#E. E-mail: Junewen_ sean@163.com

© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

167801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.167801
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 16 (2016) 167801

il e Ul i Bl Gk S A NS a N R T =g Bt
(critical points model, CPs) KR 1)t B
R, FE15 B A 77 9 2 42 ], B Ay
45 R R I IR 7 -4 S 2R R B AE R B oy
IEAE, 7EHABTE Ry . AR SR R 6 4 b 1 4%
B T R B A RN RSB AR MR S
#OMTHT 2R T (RE. B Eiin ) 2
VAL IR ' 2 1 o RO 5. A ST ) 45 SR AR T
JEL B P AT S35 23R E RSO B P 25 X6 s B ) T
15 C BB RIS G BT 2 T 48w
C I BB IR GO0 R G Rt A4

2 sEEFul| & R

S

%
SEEG R AE TR A R HLLE G A i T b R
VI, ZAX AR A T A 0 R R AT AT A ok
2R3k [E 5 AERIE B 4o IR b, #HER A 25 1/min 1)
R, R WL R E ) S R SR TP
TRBRHIRME 2.2 x 1073 Pa (5 225 5
W AP RTINS A R T —AMEE
450 °C FHRBE, F DATE SEFBE AR B R4S i 45 i B 1Y)

2.1

BERE. RS, R R B e AU S R,
7£600 °C K26 FiB -k 20 h, ¥t — D mE IR
ghemIE. B 519 B R 2N 405 nm. [FRF, &
B 2N E SR, SR A (] AR B I SR A, R
FH A% o KT AN B 3R R ok 7 2 e T
T XRD (Bruker D8 Adwance) #1, H] Cu Ko 4 4
(A = 1.5418 A) #A7 XRD WK, F LA Hrss i 45
B

D2 o 70 8 MBS 4T ST 2 52 1) P 512 56 7 i S B
Bl 1 (a) frs. S56 K FH AT 1 DFB O 4% (San-
tur TL-2020-C-102 A) 1 7% 26 58 i th G, K
W Y6 A& 15291561 nm, ¥ [6] %4 0.4 nm.
J YR I B S B DG A S O AR, L
TR R ARVERM B2, 2 3 3 B i@, K 8%
BRI SRR E . SR E
TR ZR A = A PR T N A v = A =
TE R RS, £ 77 W 00 % W 3k == P P 5, T
J3 5 6 & 0—20 MPa, P75 F )91 MPa. 6
B BRBCR AR A, BiEE -1
RIBZ I HERUBOR#S (Thorlabs PDA200C) SZHL
A /D 3B TAE 5 RIR LT L.

. T
DFBRFHOE
O o
00
/ S ~
et / S
/ ~
s -
LA 2 | eF B |
gega] ° l NI i T l
o 9 Pc | e t] «ngml
| |
|
LU@ | Pl
|

K1

(a) W 6 LR 1R A5 BT A 26 0 S0 B R, (b) BRI O £E T 5

Fig. 1. (a) Sketch of the experimental equipment. The Ge film coated on a fiber tip is placed in an adjustable high-

pressure equipment. Reflected light is measured by photodiode, amplified and converted to digital signal through a

photodiode amplifier and finally collected by a computer; (b) structure of a Ge thin film coated fiber tip.
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Fig. 2. The XRD spectra of the Ge thin film grew

through E-beam evaporation with thermal treatment

(upper), and without thermal treatment (lower).
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Abstract

Pressure-dependent refractive index of semiconductor germanium (Ge) near the absorption edge has not been well
studied theoretically and experimentally to date. In this paper, we present a pressure-dependent refractive index of Ge
film near its absorption threshold (about 1550 nm), deduced from the reflectivity of high crystalline Ge film coated on
a fiber end. The thin Ge layer is deposited on one end of an optical fiber by using an E-beam evaporation machine
equipped with a substrate heater of a quartz halogen lamp. In order to obtain high crystalline film, the quartz halogen
lamp heater provides a constant substrate temperature of 450 °C during film deposition. After the film forming, the
sample is transferred into a muffle furnace with a nitrogen atmosphere and annealed at 600 °C for 20 h to guarantee the
formation of higher crystalline film. The process of light propagating through the optical fiber and reflecting from the
Ge thin-film involves multi-beam interference. An abnormal dispersion is observed in the refractive index spectra of the
polycrystalline Ge near the absorption edge. A comparison shows that the refractive index spectrum of the amorphous
Ge is normal dispersion. Unlike previously reported results that the pressure-dependent refractive index had a negative
value, in our experiment it is observed to be a positive value near the absorption edge. To better understand this
phenomenon, we use a critical point model including the pressure effect to successfully fit the experimental data. We
obtain an abnormal dispersion range of 1505-1585 nm and a range of negative value of pressure-dependent refractive
index of 1500-1580 nm from the critical point model. In this paper, we adopt the method of high crystalline Ge film
coated on a fiber end. This method has the advantages of small volume, high precision and strong stability, which can be
used to measure the optical properties of many thin film materials under the different conditions (temperature, electric
field or magnetic field, etc.). In this work, we obtain the refractive index of the Ge film and its pressure dependence
near the C-band of the optical fiber communication, and these results are conducive to optimized design of the Ge-based

optical systems near the C-band of the optical fiber communication.
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