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Infrared transmission of Cd,_. Mn, Te crystal

ZHANG Ji-Jun, WANG Lin-Jun, MIN Jia-Hua, SHI Ling-Yun, HUANG Jian,
QIN Kai-Feng, SHI Zhu-Bin, TANG Ke, LIANG Xiao-Yan, XIA Yi-Ben
(School of Materials Science and Engineering, Shanghai University, Shanghai 200072 ,China)

Abstract; The absorption edge and IR transmission of the as-grown and annealed Cd, _,Mn, Te wafer were investigated. The
Cd, _ Mn,Te crystal was grown by the vertical Bridgman method, from which several (111) face monocrystalline wafers
with area of 30 mm x40 mm were sliced. The wafer was annealed under Cd atmosphere. The cut-off wavelength of the ab-
sorption edge obtained from the NIR transmission spectra indicates that the Mn composition within the as-grown wafer is in
the range of 0. 1887 <x<0.2039, and the Mn variation is about 0. 0152 and 0. 0013 in the axial and radial directions of
the wafer, respectively. The absorption coefficient of Cd, _,Mn, Te (x =0.2) deduced from the absorption edge of the NIR
transmission spectrum ranges from 2.5 to 55 cm™'. The FT-IR spectra in the wavenumber range 4000 ~500 cm ™' show that
the IR transmittance of the as-grown wafer is in the range of 45% ~55% . Annealing does not change the positions of ab-
sorption edge, which shows that the annealing treatment has no effect on the Mn composition of the wafer. IR transmittance
of the annealed wafer increases to above 61% in the wavenumber range of 4000 ~500 cm ™", which is close to the theoreti-
cal value of 65% .
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1.1 BEERKMBEHFEAXA

Cd,_,Mn,Te f{AiE I H Bridgman 4K, &
ek R 4 Cd(7N) \Te(7N) \Mn(5N) JE#1 %L,
AL R LR B2 T (107 Pa) S N EN
30mm FYHE A5 B B ) A0 3 4 3R b 0 Y R RLTE
1120°C SR ES & B Cd,_ Mn,Te 25, R )5
EBATORRIA PR X A A K P T R AR,
SR B S E BB BE D lmm/h, 3R BE AR BE O
13 K/em, WA 1 fF. B 1(a) BEAZ 30 mm [
Cd, _ Mn,Tegh%E, GniEl 1(b) Jy SbEE H il 22 i - 1)
Fr G a8 AT A 30 mm x40 mm x2 mm FJ(111)
H Cd,_ ,Mn,Te R

X AR ZSHY Cd, _ Mn, Te & 7 #£17 Cd TR
KRGS Cd,  Mn, Te & R EE N 973 K, Cd
SHAZEIRIER 0.23 atm, R AKHFE]SH 120 h.
1.2 £I5Mkig £

R B A i3 UV-3150 B2 4h-1] -3E 4040
TE AN B 5 B 7E 700 ~ 800 nm AT AN 15 B Y 1Y
BT ; RFSEE Nicolet Nexus 2 F] ) 8 B - 45
BT HMEREAL, M 5 H-7E 4000 ~500 em ™' LT AR
BEBE FE Y 3 3. XF & 1(b) Brn AR AR
R 5 W & R 2E 4T 3R T AL B, S5 R BE 43 0
2.5 pm 1.0 um F10.05 pm K MgO MHUEILE,
Fi 2% 1) Br-MeOH WAL 24 4 ~ 5 min, 515

:

i

.

. |

(a) (b

B 1 Bridgman 34K H Cd,_ Mn,Te (a) fh4E (b) BEH
Fig.1 (a) The Cd,_, Mn, Te ingot grown by the Bridgman
method (b)the Cd, _,Mn, Te wafer with dimension of 30 x 40 x

2mm’ sliced from the ingot

FNJERE R 1 mm AR . TR B 300 K.
(111) 17 Cd, _ Mn_ Te &4 745035 % A Naka-
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: 100 ml : 150 ml) ik 30 s B3 RIE7E
Olympus BX60 4 #H 2 55 T W £%. Te Je 440K H
Olympus BX51 £L40 % 5t B ASge . 437 58 %% BE e
ZAEERITERE R REE NN A E
3 mm x 3 mm 35 Bl ]YBEALEL 5 AL B E , 3K AL
B9 BERERTE Te Je 40 %% BE R F-3ME. SCR AR
JZ Te JeZH0%% BEE AR AR AR Te JeZuAH % .
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LLHNER M TE27% T,,, ~47% T, LL5MER I
NEHEK A ELHERLE (T, 700 ~ 800 nm K
TLEI MR B T 3R ) |, 15 5 W05 A5 i MR e 52 R Lk
KA, FRHE Cd,_,Mn, Te & &M ERIEEK A,
Mn &8 v ARH AR

x =3.152 - 0.00412),, (1)
B3R AR S A Mo &, IR 1 R, A
2 WL, & H Mo o Tl 1) A B R 4 A, 7E B
F Sk B (FEER IR A K X)) WA 1 4L Mn B9¥RBE «
=0. 1887, fh i BH#B (i f 5 A K X) iR A 3 4
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Fig.2 The near infrared transmission spectra of different re-
gions on the as-grown Cd, _,Mn, Te wafer (700 ~800 nm)
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B A E KT R TT L « = 0. 2. 9 PFM &
B ¥ S A SO X — I Eh 22 {H AC:

AC = %, = % (2)
F(2) P, 20 T 20,5, 23 5511 D9 Min 55 8 B KRB R B/
fH. B, @ LA E i 1S A5 2 & i 1) B I
EME AC 2424 0. 0152, 12 ) ]I B 2210 AC 292
0.0013. f Jr il oI 3 5 A AR A A2 Mn /943
BEAHSC , LI AR Mo Y BEREUNT 1. AR
Ta] B3R Sl ) S B T b A A AR ) v SR T TR AR
T AR ) BT B AR /) , 2R B B A T TR AR FEAS (R 7
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Table 1 The cut-off wavelength, IR transmittance, dislo-
cation density and Te inclusion density on differ-
ent portion of the as-grown Cd, _,Mn_Te wafer
HRK A Cdy _,Mn, Te 4 F

L9 S W Mn/ T/ Dy/ Dy/
nm % (%) (em™2) (em~2)

1 719.25 0.1887  48.8 1.7 x10° 2.1x103

2 716.45  0.2002 55.3 5.2 x10% 1.7 x10°

3 715.57 0.2039 45.9  2.1x10°  4.5x10°

4 716.4  0.2004 51.7  9.3x10*  3.1x10°

5 716.72 0.1991  52.4  7.9x10*  3.1x10°

T A AR B TR 2 4, T
Bl A BRSPS LB 3 3R, Dy LR BE , Dy N Te 3k
FIFLELL AN BT, B 7T A3 3] Cd,_, Mn, Te
AR ATE S AT R R B o LA 2 7 i 7

K2 A, i Cd,_ Mn, Te o Mn &8 x~0. 2. {RiX
i R ARG T H NPT, 5 RGBT & R
LW, 2T, TR EL o K :
R H,d NBFEE, R IR (R=0.23)"
T hiEiat . BIEX(3) BRRIKRE « 5SASE
LIAMERER MR, A 3 Pran. I 3 7] 0L, Mn
& x=0.2 1) Cd, ,Mn,Te fh{A7E TN IR EL
o BETEREIN 2.5 ~55 em ™', H 5 A BHE LA RE
B RMA Utbach 72",

a = aoexp[BO(E—EO)/kT] , (4)
it(“') ':P » &o ~\Po \Eo j@jﬂﬁﬁ, Ej\ﬁﬂ‘j'ﬁﬁlé%ﬁ{ﬁg
ALTCR k2 Boltzmann ¥ 4k, & 3 H L NG
SR WEBE o =4.578,8, =1.432,E, = 1. 695
eV. °] WAE ASTET A RE B /N T 257 T8 B B dh A i)
WA E LT RER BT HER.

2.2 {HEMTIHRLIMESHIE
5B R R E Cd_ M, Te & F1EN
Hg, ,Cd, TeHPEA} AT B — N HE 8 EE AR Ry
I, 5T T A KA Cd,_, Mn, Te & 57E 4000 ~500 cm ™'
(2.5 ~20 pm) W HLLHME B LI AP B o 3. HoAT
AhE TGS LI 4, & S E 5L AN E i
—3 MELER LK L, FEFEF]H T X R AL E R
R BE S T ARAS W L5 % BE D RN Te JeZAH % BE Dy .
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Fig.3 Room temperature absorption coefficient of Cd, _,Mn, Te
(x=0.2) crystal vs. phonon energy
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Fig.4 The Mid-infrared transmission spectra of different regions
on the as-grown Cd, _,Mn_Te wafer (4000 ~500 cm™")
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BRI EIS LN E T R 65% . 7] I, U &
BOER M f AR L0 A0 E T R FZ A, 78 4000 ~
500 em ™ FHWHE P, Cd, | Mn, Te AKX LTSN
MR BRI b A TR MR B E R T IR X
FHIRMSCHLER 5351 F & A B R IR S A0 B P R T
WA B i i, L5 A SO BRRE VI K. BEE
T B AN, ARSI I0E] , AT B S R )
/N B S GRS, S B A R T R A
AN, B BB 2 1A 25 A IO B f 5 )
fERIT, AR Cd,, Mn, Te & 4 76 A5G B3
4000 ~500 om ™" ) LA B A A 2o %6 R i A A
HKFHIEEZL. Cd,  Mn, Te & 14 5 7778 19 45 Fl e
ZR AR R R 2 G 1A ) AR AR B T, AT 3 B0 AR A
rsh R IR , R AR L A0 3 i R AR 540, R 4
A1 Cd,_ Mn,Te GIRRXER 2], KM R A
PRI T AR, B R O 0 R e ot A PR 41
i FREEAR. DI, I R A AE P am £ S h AR
B 4000 ~ 500 em ™ [ LLA1 B i F 4 L8 T LA
(IRTIENINEET )
2.3 BARXERELSMETS MERER RN

i Cd,_ Mn,Te GLRRYLIONES R WA K
A&(111) [ Cd,_,Mn, Te & Jr #:4T Cd 4GB K. B
KJa b A AR L LN G B UE PR A,

T

HLL AN IR LS Te Je 24402 BE ANk 2 TR,
B KHT G bR P [l — AL B A ) 4T S Mg i i
HLLANE S E A 5B 6 FiR.

2 BNJE Cd,_ Mn,Te &5 A E&BALHELD5MED K
EEERK, PAMELR, BT EM Te REMEE
E
Table 2 The cut-off wavelength, IR transmittance, dislo-
cation density and Te inclusion density on differ-
ent portions of the annealed Cd, _.Mn, Te wafer
Bk JE Cdy _,Mn, Te 4 F

Wil Ao/ Mn/ T/ Dy/ Dy/
nm % (%) (em~2) (em~?2)
1 719.26  0.1887 62.7  7.5x10% 1.1x10°
2 716.48  0.2001  63.5  2.7x10* 9.4 x10%
3 715.55 0.2039 61.4  8.2x10* 2.3 x10°
4 716.4  0.2004 61.9 3.2 x10% 1.7 x10°
5 716.7  0.1992  63.1 2.9 x10* 1.5 x10°

ik 2 FIED'S %0 5 4 IR KRR AR IR B K
A BN, F BB RS Mn A 3A WA L.
SR L 5 TE 4000 ~ 500 em ™ PR 3 O£
B MR R, 4048 i 2 iR KT B 45% ~
559% YR B 61% 1 I, e B A8 B 4040 i
65.0% , I 2 FE 6 Pim. Cd A TR AJ5
Cd, _, M, et} ot (485 Te 6 1B BE A T
1~ 25, IR, Cd “BUR K A FAME e B
W, SRR ML, MG ) B T XM TR . A
B, B KR PRI M3 3R B .

3 &t

R FA 88 5-1] I - 1 AP 1 A A B AR e 4T
AT SE T K AFR K J5 Cd,_ Mn, Te(111)
T RMGR AL AN E R PR RE, S SRR, R

70

—EkE
60 1 ---- B KAT

50

40 -

30F

Transmittance/%

700 720 740 760 780 800
A/nm

B5 iBKEI)E Cd,_ Mn,Te 5 S8BT L5031 i
Fig.5 Typical near-infrared transmission spectra of Cd,_, Mn, Te

wafers in as-grown and annealed states
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Cd, _,Mn, Te wafers in as-grown and annealed states

Typical mid-infrared transmission spectra of

1 700 ~ 800 nm [ £LAMGTE B, MR WACi Y AR
KR BAKE &R (30 mm x40 mm ) ) Mn & &
JEEEN 0. 1887 <x<0.2039, &4 B &l m) ik 3
Z{HZ R 0.0152, 42 ) B 43 P 3 22 fH 2 2 0. 0013,
x=0.2 i) Cd, _ Mn,Te jhiA&m it )RR EL o 2
HIFEEI N 2.5 ~55 em ™', 5 A BB KR AF
4 Urbach J7#8; 7E 3 %% 4000 ~ 500 cm ™' (2.5 ~20
pm) LTI A ST BB B, A KA SR L0 4h iE ot %
TE45% ~ 55% 85 Bl N, HLA Bl 5 55 1 A2 Ak T el 22
i 1A 2 R Y BB £L APt B IR R B A IR AR
B B E L Cd KGR XJE,Cd, _ Mn,Te & Fr
ARSI B AR 284, & F Mo R
BARZ IR AHZ . B X5, & 1E 4000 ~ 500
em P BTE I ML AN E T RIBF F] 61% L E L3
FEHIBAE 65% .
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