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Schematic diagram of the annealing process for CdMgTe crystals
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E, is the band gap; a is the absorption coefficient; hv is the incident photon energy. Cd/973 K annealing is CdMgTe crystal annealed at 973 K for 120 h in Cd atmosphere.
Cd/973 K+Te annealing is CdMgTe crystal first annealed at 973 K for 120 h in Cd atmosphere, and then annealed at 773 K for 120 h in Te atmosphere.
K2 CdMgTe diAiR Kl L ZLAM G R AL
Fig. 2 Near infrared (NIR) spectra characterization of CdMgTe crystals before and after annealing
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AT Te J2% 0.32 eV MIZETT 0, HrAE Rk
CdTe 2577 90 fE N 1.5 eV, i Cd SRR K245 5
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i, Te FFAIZECDBOH R, FEEE 58 R 13
e MH, BT Mg BEEERAZIRKEIH,
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B KRG CdMgTe f 42 T Y BE 1 I ik 45
R 1 Fion. 78 EDS WK, Mg [#SLBrik g nT
H x[Mgl/[X(Mg)+X(Cd)](x NEE /R4 E) KR HHLLT
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St AN AR 5 S A G
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Table 1 Contents of Cd, Mg and Te elements in CdMgTe

crystal before and after multi-step annealing

Annealing X/%
. X(Mg):(x(Mg)+x(Cd))
time/h Mg Cd
As-grown 2.39 45.13 52.48 5.01
Cd/873 K+Te  2.68 47.80 49.52 531
Cd/923 K+Te  2.83 48.27 48.90 5.54
Cd/973 K+Te  2.85 48.01 49.14 5.60

X is mole fraction.
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& DA A oA L. B 3 A2 P IRA

HIBKHT G SRR XPS J6i. C 1s IS A REA
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TR BV b JE ) R T BR mE T, ARSI TE
A AEAL,  [E IS A U IR R v IR KR
AN 1t BT - Te 3ds, WETT LA BN 2 4 Te
oy, HWIEZ [AMEEEEZETE 0.5 eV, HIH
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SRR ST Te KPR o BEE 1A 53 K1 43 A0 i Ak
ARKIFEMHAT, BATEMK Te o440, I 4b 7]
WL, Te J&AARTE SAR A3 2B 4347 HHA AR
[ R~ o Cd UGB KR Te & 44 AH I 2B R0R W 4 o
bR KRE IR R, M ERIEE . AKE
dr A e Z4 M T 5 N 3.96x10% em (8] 4c), T4
it Cd A4 873K M1 923 K 3B K i » Je 4 AH 126 43 731)
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Fig. 3 XPS spectra of CdMgTe crystals before and after annealing
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Fig. 4 Te inclusions in CdMgTe crystals

K4 CdMgTe gk 1) 4240



ES3EE 1

sKFEH S5 SR 2 P BRAL AR K7 T 00 B AR PR P e < 107 -

B E 1) Te Je A, nJUCHILR] T 584 H B AL
R 4. K 4g~FEl 4) £IEIR K G 1A
(1) Te FZATBME IS, R T KR Te %
TG I Te TR IR o JZA0 1 L bR ]
DL HGT R LT R, Wl s pis. T AT
3 F I AR TE AR K S UG AT T IRALIR K, MUE K
A im R A ML RNE LRI B Te Je A4l o 4B KR L
m T Te BG5S 725 K I, Te M SHL NE Te
Wi. BT CdMgTe SRR ZE, RN
—EMIEERE . 5 Te WU M ERM, CdMgTe
SVRRIENE Te Wi . Cd. Mg JET#E 5 Te Wi
Hha RAEY HUR G BIAREM AT . WAL B
K&, & Te e MR A SRk TR, &
KBEFARREIERE . £ Cd SRR KT, T
KIEAE Te M5 Cd JRT RN CdTe. 34
/NS Te FeZMH BT 5/MORTHIBK /7, M ATE ik
WRARGER, (Ha] LUEE Y #uk N SR Cd 7T
BT 2 Te SHURKIG, FAAMH IR/ FE
FEARTCH AR o 1K A Te SAFMHI T Te MK
HEARAIR KR FEA 2 L= AR AT (1 Bk B) /7
T+tATp o o °

m w( dMgTe
: : L4 1Y @
Dissolve

J1S / .
e-rich droplets @ I
Cd .
k. T e
T+AT RS o CdMgTe crystal

rystallization -
2 S
o
T+AT’)§\\ .‘ A® (& i
' e o 3
I - [ S T cdMgTe crystal,” Te inclusions
N . -
-, a®)\,
S o g W.

m A

T cdMgTe crystal .
Thermomigration Theory

5 CdMgTe ffRH Te JA AT
Fig. 5 Thermomigration of Te inclusions in CdMgTe crystal

2.4 HEBAXT CdMgTe 11514 BEHIEZ M
AR L S 1 AR B — e CdTe 221" T
ettt kl, fEdDE SR PR A R 2 B
i, HERAERERER. N T EEE RIERL
PRI TAERE, 4wy kel B ) T v Mk B A S 0 4%
il dEE EE . Kl 6a~I& 6c VIR KA G CdMgTe
AR R RE R . B AN G N, IR R
1K LA R A REAR, i IR ST 8. AR KA
ARRTE 50 g AN 3 1 BLREL, TR KA
A R FEAH [F) Ay N BRSO . XU T 2R IRA
AR KIFERD T ARSI, g T SRR, A
Mdem 7M. /£ 50 g sMm#m ~, AKE

CdMgTe [ 4k IRBEFE(HV) H 51.16, G KA
TRk B e iR B T 59.45. B IR KR FE 4 =
S AYE RSB N, B K TRIA R T 16%. 5 CdTe
CR A4 IREE R 49.6 ) A0 BEAE AR LE, Mg B
AR T E SRR, (H55T Zn. Mn f1 S,
S 1 X 1) T FH DY T A O A S AR R i

R AR,

V3
HV~———2 . d>5-d™" 2)
dS(\/ZZ +V32)3/2
A Vo ML RE: V3 A TFRE: d MEEK. HEX

QR LLVE H, B SRR U LI R L
E WK 58 MgTe (2.830 A). ZnTe (2.643 A).

MnTe (2.557A). CdTe (2.809 A)F1 CdSe (2.631 A)**%,
Pk, ZEKA cdMgTe TEZHAR. ZHBHAAR
KJG, Te JeAHHE BERMR NI, HET2Wk. X
113 CdMgTe Hfité S5 113 24K, TEREBE 2 3

(a) As-grown

2

50¢g 100 g 200 g 300 g
(b) Cd/973 K+Te annealing

100
—0O— As-grown
Cd/873 K+Te annealing
—{— Cd/923 K+Te annealing
30+ —V— Cd/973 K+Te annealing
<
a
Q9
>
T
60 | I\
D\fxg
\ 2 Q _
——f——%
4t .

(c¢) Load (P)—Vicker hardness (HV) diagram

Bl 6 IEKATE CdMgTe &b BT B
Fig. 6 Microhardness of CdMgTe crystal before and after
annealing

2.5 {HAIRAXT CdMgTe S@iARERF N

Kl 7 IR KHTJE CdMgTe fifAR 4L 4hi% it ik An
Raman Y:if. 1BKHT, CdMgTe §hiRILLANE TR
IR, JGHEE 30%~35%, HAFEMER. Cd
AR KE, AHMNELFHMLILRER, N—5%
TR L. FRE N R I 20% 5 4. T4 Te
SRR KR, IRE S EEAR B A& F R
MEFE T ZLANEL RN 60% (Cd/873 K+Te).



+ 108 - (RERR Sh22 30

J Chin Ceram Soc, 2025, 53(1): 102-113

2025 4F

63% (Cd/923 K+Te)Fil 58% (Cd/973 K-+Te). M4 ]
DR G A RS AT A ARE . Sen 5P Ahid it
FHU TN RA:

1— R)Z —ad
i ©)
A TNAAMERZ; R NRSR; d N EE;
o NI RS Hrb, o FEZ SRS B BT
FWCRISEM o AR )RR 2 ANYE 5 UL B AT AE ey 25
BRI SECRRRU . AN, BB TR R

Ng’v

AR A
_ NV g 4
{4n2nm*goc3} “

A N VBB TR g NERAL RS v Rk
SEIER n NI MO T AU R 0 N
IHHEG A NAAMEIERK . S P AR
I, N#E, o iR K.

AR, BT IRERARIE H. Te Rt
MR I, SR 3 Sz, S

90

80

70 + Cd/873 K+Te annealing
% 60 —w———————"ﬂ"*l“"“"’“‘““"
é 50 Cd/873 K annealing
E
@ 40 +
§ 30

K As-grown

20+

10 +

0 1 1 L -

4000 3000 2000 1000

Wavenumber/cm™

(a) Infrared transmission spectra of Cd/873 K+Te annealing

90

80 |

0r Cd/973 K+Te annealing
S60f [ —
qé Cd/973 K annealing
§50F
b=
g40}
E
=30

20 + As-grown

10}

0 L I A
4000 3000 2000 1000
Wavenumber/cm™

(c) Infrared transmission spectra of Cd/973 K+Te annealing

Intensity

AMIEILHRA, K 7a~E 7c PP E L % . Cd
SR K, IR TIREG NI H Te JeZMHHH
o AR, BB IR TR S SHhL, SRk
F R ML Ak, ] Ta~E e RN FEIZR
%o 4 Te AHGURKE, aAMNESFE2BEFET
FHAIE, 12 A B IR TR IR PR, Wil 7a~
Te HEPFELZ S . Cd/873 K+Te iB K& 1) i i
BRI 2 v AR R 60% 1SR, 1 Cd/923 K+Te
IR KOG S AR R B T R AR AR 65%. [HAE
Cd/973 K+Te 26, ALAMNE I F A F XIS,
KIMET 60%. X2 HT 973K ) Cd SR KA,
T HOEN SR Cd MR FHE 2, HFHE NEE
K, EMETRM -V MR T LA . Bk, 78
FHIFE K Te SAUR K, ANRefE 973 K+Te Kk
PR T I PE D3> (BRI I £1& 873 K+Te Al
923 K+Te HIantAI 40, BT #mFRIER,
H 973 K+Te HIdniRLLAME L KT 873 K+Te
923 K+Te [ &H1A .

90

80 |

70 F Cd/923 K+Te annealing

60 |

Cd/923 K annealing
50

40

Transmittance/%

30

207 As-grown

10 |

0 1 L L
4000 3000 2000 1000

Wavenumber/cm™

(b) Infrared transmission spectra of Cd/923 K+Te annealing

10 000
> \‘1 ['e)
8000 | | As-grown
“‘ . TO(CdTe) o
\M * 2-1 300 K
6000 |- | 3\
|
| I
4000 |- /|
|
||
2000y ‘ “““\:J*m(wm SLO(CAT
~) \ . 2LO(CdTe)
0 ] : . L L 1 L

50 100 150 200 250 300 350 400 450 500
Raman shift/cm™!

(d) Raman scattering spectra of Cd/923 K+Te annealing

K7 CdMgTe dh 438 KRG A S 14 5T 2
Fig. 7 Crystal quality of CdMgTe crystal before and after annealing
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Extended Abstract

Introduction Cadmium magnesium telluride (CdMgTe) crystal is an ideal material for room-temperature radiation detection.
However, there are still many defects in as-grown crystals, which degrade the detector performance. At present, a single annealing
method is unable to achieve the effect of both eliminating defects and maintaining or increasing resistivity. The multi-step combined
annealing method can improve the crystal quality and the detector performance. There are a few studies on the annealing of CdMgTe
crystals. In this work, a multi-step combined annealing method was used, i.e., the CdMgTe crystals grown under Te-rich condition
were annealed in Cd atmosphere and Te atmosphere. The effect of annealing temperature on the defects, mechanics, photoelectric
properties and detector performance of CdMgTe crystals was investigated.

Methods High purity (7N) cadmium (Cd) and tellurium (Te) were selected as raw materials. The selected slices for annealing were
derived from In-doped Cdj¢sMgjosTe ingot grown by a modified vertical Bridgman method under Te rich condition, with the size of
5 mmx5 mmx2 mm. The annealing in Cd atmosphere was mainly divided into two steps, i.e., high and low temperature annealing. In
the high temperature annealing step, the temperatures of the slices were 873, 923 K and 973 K, respectively. The corresponding
temperatures of Cd source were 901, 946 K and 986 K, respectively. The annealing time was 120 h. After high temperature annealing,
the temperature of the slices and Cd source reduced to 623 K, and the annealing time was also 120 h. After annealing in Cd
atmosphere, it continued annealing in Te atmosphere. The annealing temperature of both slices and Te source was selected to 773 K,
and the annealing time was also 120 h.

The CdMgTe crystals before and after annealing were characterized by infrared transmission microscopy, scanning electron
microscopy, ultraviolet-visible-near infrared (NIR) spectroscopy, infrared transmittance spectroscopy, Raman spectroscopy, X-ray
photoelectron spectroscopy (XPS), Vickers indentation analysis and current-voltage (I-V) measurement. Au/CdMgTe/Au planar
detectors were fabricated by an evaporation method, and the energy spectrum was collected in ORTEC test system. The radiation
source was *'Am o particle source with a non-collimated energy of 5.48 MeV.

Results and discussion The band gap of the as-grown crystal is 1.510 eV, and the maximum band gap is increased by 0.021 eV
after annealing. After annealing in Cd atmosphere, Te inclusions in the crystals are greatly reduced. At the annealing temperature of
973 K, Te inclusions can be completely eliminated. The IR transmittance and resistivity are reduced. The density of Te inclusions has
little change after annealing in Te atmosphere. However, the IR transmittance and resistivity improve and are better than those of the
as-grown crystals. The optimum IR transmittance and resistivity are 63% and 2.41x10'" Q-cm, respectively. After multi-step
combined annealing, there is no extra oxidation on the crystal surface, and the microhardness is increased by 16%. The Raman spectra
show that the crystal quality is improved.

Au/CdMgTe/Au planar room temperature radiation detectors are fabricated with the crystals obtained under the optimum
annealing conditions. The time-of-flight (TOF) measurements show a significant increase in electron mobility, up to 526.86 cm*/(V-s).
The optimum energy resolution and electron mobility lifetime product of the detector are 15.6% and 1.89x107* cm*/V, respectively,
using **' Am « particles with an energy of 5.48 MeV as a radiation source.

Conclusions CdMgTe crystals were annealed by a multi-step combined method. After annealing, there was no additional oxidation
on the crystal surface, and Te inclusions decreased significantly. The band gap, microhardness, IR transmittance and resistivity of the
crystals were all improved, indicating the improvement of crystal quality. The optimum annealing conditions were in Cd atmosphere
at high (i.e., 923 K) and low (623 K) temperatures for 120 h, and then in Te atmosphere at a low (i.e., 623 K) temperature for 120 h.
The optimum performance of CdMgTe detector was electron mobility (i) of 526.86 cm?/(V-s), the energy resolution of 15.6%, and
the mobility lifetime product (u,)e of 1.89x10~ cm?/V.

Keywords cadmium magnesium telluride crystal; multi-step combined annealing; crystal quality; resistivity; room temperature
radiation detector



