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HUTR AR KA CdoyMny,  Te:In/V B G550 25 L 22 P RE A0 52 10

EWE, & &, %k B, TEE, AT, & E
(K R RIBL S TRESERE, 7922 710061)

. WEE(Cd_Mn,Te, CMT)&MEREIES I = IRZESTRNA R BT, A4 K1 CMT 5 A A7 7E KB AR RS
fE 3OO PR R 25 H CMT BRI ZENT v SR AT o R T I ER I ROCR BAK . A TAE R Te AW E Bridgman VL4 K In/v 3t
B CdgoMny Te HLELMA, AARZETTSEREN 1.524 eV, DAMEILHIE 67.3%. NiEm CMT FRIMZERCE, #& T Au. Al
Ag F In 4 PO 4 AR MSM 2 CMT 4RIZS,  FHME 7 ASE AR 1=V Rtk 255380 Au F In FORRER I H S AR fe 2 1k
A« BRUR 225073 TN 1.043 F10.969, HLFHZE 45119 4.783%10™° Q-em 1 4.119x10" Q-cm, EARIFHF 45179 5.958 nA 1 6.758 nA.
Syt E Au I In LR CMT 45 B 24 PR RS, 7E 430 K DA IR BGHEAT BB K Seah, Z55REW]: Au HIBZEE 390 K
HEETIRAK L h BRIEHIREER 231 nA, o KT (5.48 MeV)§EHT T CMT #RINZFBEE 5 HEEM 26.7%5 T+ 2 17.4%; In HUARTE
350 K 5 FiB 2k 1 h J5 RN IRIE/NE 6.18 nA, BEE D FERM 27.4%IRTHE 21.8%.

RUEIR): THEREE; Hiems A0 HETEE; BRI
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PH % 23 2.85%10" Q-cm. CMT 453 284 B AN L
PeF R R,  IEEC TR AR () E AR A 2 Y

PR A M 26 R R R e AR SR 1) R 2R PR RE,
R IR R TS I A, X s g
(I 250 e s A 28 1) 2 3 R AN R AU - W 780,
KRR fd 2 i FEL B CMIT #0025 1 BR AR H e 2 ki 28
B, ONRRGEEfTe 35 4, X T80 T I E 2 R
ANPL, B RS2 PR & S FE S CMT L SR &
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RIBHRR A S, Aus In AT Ti AR A BHAR At 5 A ER I 2%
BAHIEEMIEMEEES YR, H Au MEEESHIE
&= T In A Ti; 4J8 Cr. Ni Al Pt {5 A B AR At 2
PRI 25 20 H B 22 1 H 22 1 B« Witkowska-Baran
2SI 9 R HAE BB CMIT 3 5 A 32 T 25 78 4
—JZEBRNRRIEZE ZnTe:Sb, HEEE )2
Au BB AT LS R 2 1Y) R AR A, e ) 4 1) 36 T
MR R, H T H BB AT AR S 2
HETT R o B R A PRI S FA I R R T R
FERE A IE ) 4 R Fa A A B B AR GE k. Shi 20T
Ti/Au R H) CZT RIZ AT IR K, 450K
373 K 1Bk 4 min /5 s FLIR/ N AR 1/2, Schottky
HL2m N T 0.168 eV

HATST CMT R0 & B paf s b . AR TAE
KH Te ¥ H Bridgman E4K In/V LB 41
CdooMng  Te Hgnfa, M I oR HOF1 5 Ho M A ik X
Au. Ag. Al F In &JE 1AM B2 MSM A
CMT #RllEs, WAL AAERE N o KT (5.48 MeV)
R RRIG N, REREBCRRAER CMT RS
WA R IR F PR AR K T 23 BRI 2 1 R

1.1 @&

K H Te V57T B Bridgman 7241 In f1 V H:i5 4%
(BARIE 77109 2x10"7 atom/em® A1 3x10"7 atom/cn’)
(1) CdooMny 1 Te FaaMA . B SN R U RN BNTE
B BHPHEAT 2 SRS il A UG R E SR X
Tt B Bridgman A=K iR 2 0 R EE X R I _E &5
e AKIIREFE L2408 FKIREH 1045 C;
IR FERAEE AN 10 K/em; $HIR NBEHEEER 0.15 mm/h.
1.2 REXIE

Bl 1 AR CdooMng, Te:In/V e LKA A3
PR EDIE R . AR REEK L) 95 mm, B
1230 mm. RHENIALTIFIVIALE CdyoMng, Te:In/V
A BE 1S3 HRR AR E R 2 mm (1) [
P #H 10 mm>x10 mmx2 mm [ 5 R Ak f
M MgO 1 H,O (L: 1)V T A0, FEIR s
H,O, (1: )BT, BELE 100 5 S48 F gk
SRR . B TE S MG BN 2% R
JER 1 min DUERR RTINS )Z, BEANFEFR
PR, Ha A BN LB TR LB iE T
3min, A NoMT#H.

1.3 @IARLEEHFA M MR
A3 5% CdooMng  Te:In/V GiEE S HF1E R

B ARSE ] D/M-2500 B X SR RTEHGEAT S AR 2
FIMR; KA Fourier LI AMEIESURT UV-3150
T H A I (0 48 b= AT I3 2T AR R SR i A )
et RE
14 FEEEBHBRHFIZREERA

EHL CdooMng  Te:In/V EREEHHEBHT 4 /™ B S AR
AVEA CMT FRIUEARL, 4 AR bIE] R
fmldl, UL 1b H Middle g lH . KH KYKY-SBC-21
RIS FEBENLA BIAE 4 AN BARETIEAT Au. Ag.
AR In 42J&8 MR EOUTAR .4 R e )@ SR F 1A% 0.5 mm,
K 80 mm ) 4N Himslizi ks, WEHETSEN
1x107 Pa, ZEKFH 50~80 A. HLRUIRT ik
TSI 20 AR IR D 38 AR ) T S Mt e 75 22
A R BT FELE, R ) % 5 B SR ARk
AL, IR AR R e A, e
B 30% M ANEBER T EA 2 min, RERA

(a) Diagram of growing CdgoMnyTe:In/V ingots (¢30 mm>95 mm)

Tip Middle Tail
(b) Schematic diagram of crystal cutting in different parts

BT A=K CdooMng, Te:In/V SREE BRI RO YIE7~ = B
Fig. 1 Diagram of CdyoMny;Te:In/V ingots grown and schematic
diagram of crystal cutting in different parts

B2 4 MBI T CdooMng, TeIn/V AR, WA F]
FWIN Aus Ag. Al In

Fig.2 4 electrodes are deposited on the surface of CdyoMng Te:
In/V crystal, From left to right, they are Au, Ag, Al, and
In
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SN & HHRARIR IR KON CdyoMng  Te:In/V 24 S 100 2% e 22 1 RS ) 20 . 1599 -

PR ] H A 2 s PR #% FH o SR OTF-1200X Y
BRI Au Al In HEAR CMT BRIE8 4T AR
TR T 3B K SR o B KGR 2330 3501 370+ 390,
410, 430 K, JHEHE*A 10 K/min, FFEIRKIEE
AR 1 ho
1.5 EBEFMEEFIEEIENK

K H Agilent 4155¢ - SARSE I BT ACIHAAAS
[F HLA CMT RIS B 2k Re s SRR AL TR
46 FL T RE AR SO0 2 4 A 1) RE VI 1 2% A
FIHR CMT RS MReE P, ARl s
(HT B BCRAR AL 5 Nl ZR 7 MA-01A, IBYBCRER A
ORTEC 673 %4, 75 &R N ORTEC 556 Rl kR 4.

2 #ER54%

2.1 BRI MRESHT

NTXHEKR CdyoMng, Te:In/V B8 AR HELT iR
BIE, AT T RS ER I, 4R
K 3.
2.1.1 X FHERMAME  CdooMng, Te:In/V ik
(1) X B2k RATHRE A 3a Ain. 20 78 20°~80°
JEEIN, CdooMnyg, Te:In/V F &R 7 A F EATHIE N
(111). (220). (311). (440). (331). (422)F1(511),
K JCPDS 65-8867 Xf Lt & W) &, X B
CdooMny 1 Te:In/V NINEET FARSER), HAA1D)AT
SFPUGE B i 5t v 3R I AR AR BRI A K g TR <1117 )
212 BAH-WWSELAMERE CdooMng, TeIn/V
A A r] Wi 2L A 1S Wil 3b Brs. HE 3b
AI L, CdooMng Te:In/V FRATER K 500~780 nm 2 [A]
NBEIBACIX, R NS RE R TA TR, iy
MR R 3, B AE; K 780~820 nm
Z A R BIRHON K, FOMREUE KX KR
T 820 nm MIYEF ANGFES FRIN H BT 60% 1 & iz i
R, WONFIIRISIX . AR B B SR I E
e, WA B S AR T 2 s A SR,

a-hv=B(hv-E,)"” (1)
K hv ANFOEFRER: o N CMT @RIk R
¥ B NHHG E, N CMT SR 50, 4t
HAFH CdooMng  Te: In/V B igfhSk . HhAI R ERER Y
FEEY IR 1,529, 1.527 eV il 1.525 eV,
213 AANELERSHT CdooMng, Te:In/V gk
AN AL L hh i ot B 3c. v LLAE H
CdooMnyg Te:In/V A 7E 800~4 000 cm " P 478 il A
B RICEORWE SN, A B R R A4
L 2N 67.3% o S i iA T ILLAME I #0H 66.8%,

A N e R TR 7 NP == TR % N b ST AN B S W S
63.2%, IX A& K AR A Te % TE B Bridgman 1:42 K
mn VA I 2% o v) R B SR AR T S 2. A AR I 2L MRS 3=
TR T RO S AR S BIF R ), ez
AT CMT di R ) Te J& 28 RHAN AL B S5 ERR 2 F BUE
M HIEAL, B BARIRAEAR R, LAME IS A N 2
FEAR
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(a) XRD patterns of Cdg9Mny Te:In/V crystals
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(b) UV-Vis—NIR patterns of CdygoMny ;Te:In/V crystals
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(c) IR transmission spectra of CdyoMny Te:In/V crystals

B3 CdyoMng Te:In/V fbEd. HAZHBH XRD i, 240
LIRS RAR) 5wy AR S i3 u b s
Fig. 3 XRD patterns, UV-Vis—NIR spectra and IR transmission
spectra of CdyoMny Te:In/V ingot tip, middle and tail

AP BHKIAHEAT CMT B AAK, SR
Bl V B In 457 CMT @RLLSME I R B EE A
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64% A1, In F1 V 4B 2% Cdy oMy Te SR
P BT AME I 5 1 5 DR 1T g A2 U5 24 78 0k
TG Cd AL, Wb T AL IR
22 AREIEBEREFME RS RE L R 54

CMT H g R R S IR A SR 23 AR, B8]
F R E G E E IR CMT S 7R 1 1 B AR TR,
RS B BN
22.1 HRBRHEERGE RSB BERER  RiES
J& 52 SR RS 19 Schottky-Mott #7244 J&
5 n B SRS, &R W, TSk
(IR E Wy, DUE e SR ST — A & n 2 s L
2, &R S S o A

CdooMng  Te:In/V - AR T g ZonT it T =gk
R A

W=y+E,/2 )
b WRIHBREG ¢ AHTIERIE, T CdTe
[ LTS =4 3P0 AR 2.2 4 E, TR 1.52 eV,
Al A(Q2)K H W=5.05 ¢V,

EHCARRE SR AR 6 > CdyoMng Te:In/V
BSLRRE S Hall MR, 45 R0%K 1, RPEdEE
NITH CdypoMny ; Te:In/V B AR S 1 S 2R Y
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0 L
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Ao B, EEETES 4 SRR 1) Hall iB R %
BWET 73100 em >V hsT, GE KT Sk AR .
%6 FH S BE 8 4 4 Cdo.oMing  Te: In/V B4 AR VE Ry 1
DU HARAE 4 FMICTh ek 4 @8 Fi il 23 018 A
Ag. Al #1 In, XfMDJRECHN 4.70. 4.42, 420 eV
397 eV,

#1 TEIEML CdyoMny, Te:In/V B R RE Hall K45 R
Table 1 Hall test results of CdyoMn,;Te:In/V single crystals
at different locations

Sample positions Hall mobility/(x 10°ecm v s Conduction
type

Tip 6.22 n

Middle 1 7.54 n

Middle 2 7.92 n

Middle 3 7.13 n

Middle 4 7.48 n

Tail 433 n

222 WIS PEARTEE AR

SRR I TR X ST A [l 43 i 2 ) G SRR R
fiE, SRR NFAAERIN ) AL, 2R ERAFHR 20 X 5
LRATS IR 2o 5 R AR . B 4 O 4 Dl

3000 -
2500 - I |
Z 2000 -
8 1500}
=
1000 -
500 | / \
0 1 r—
21.70 21.75 21.80 21.85 21.90
26/(°)
(b) Middle 2 Sample
3000 -
2500 - Il |
Z 2000 +
8 1500}
=
1000 -
500 | / \
0 Il L Il e
21.70 21.75 21.80 21.85 21.90
26/(°)

(d) Middle 4 Sample

Kl 4 CdooMnyg Te:In/V Hr30 S A (111 A3 THT A4 X G AT S [ 425 st 2%
Fig. 4 X-ray rocking curves of (111) crystal plane of middle position Cdy9Mn, Te:In/V crystals
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IRENH 55

ARG IRR KR Cdg oMy Te:In/V B4 ShA% I 28 B, 2 B ) 52 mi « 1601 -

A AFE R (LT A TRTR) X ZRAT ST Rl 26 . HaIA] 4
AIOL, 2RI RN R VE LT, W RBE. — R,
W FRY O FR PR 5 e AR (R 25 AL 38 S VEAR G, I TR,
VLEHTERTSE N, SRR R RS R LL 381 2T
% 2 NARFEFBAL CdooMng, Te:In/V AR X SH2R5T
SR . 4 A S R R e 06 T R0 v BE A SR T
KRR AR AR, X 2 B R SR AR 2 O o AR
PRI e F 4 A AR R DI 3 A

223 4 MERETFIIEHBRAFMBEG S T K
F AFM W22 7 2 v 4 el RSN, F3
AR S umxS pm, =4EESREE R ILE 5. WA
Fl| Au. Ag. Al AT In HLBR I (1) T 35 HDRE B 3.62.
7.51. 14.47 nm 1 5.32 nm. H& 5a. & 5b fIE 5d
AL, Au. Ag Al In AR R A/ BRI/
TR, HIE Sc 0L, Al LR ER TH S8 E R 5

(a) Au electrode

. .

-Fl "

(c) Al electrode

5 Au. Ag. Al flIn BRI AFM =4EE5E
Fig. 5 AFM three-dimensional morphology of Au, Ag, Al, and In electrodes

224 AFESEEBEHEBEERS T B 62 Au,
Al Ag Fl In FEAR I HL-HLR(I-V) T 261 mT LR
HH R A% i R A0 2 B L O DR A R R AR, T
4 Pt CMT AT 1 3 BR A2 il

A LGRS XS 1=V B0 & RVE A B A
bRt ss, RAXNGIEL IS,

| =aVv® 3)
X a AHEG b WAL, @HIANDET 1

%, HA 2 EHERYROREEL 1.43~3.02 nm), 5201
FORTH R . (AR ARG, 4 Fof rAR S T AF RS 22
B4 20 nm LA, HUARER T P8 M R 47

#z 2 TRIEAL CdooMng Te:In/V B ZEQDEEE X &t
KAOTH B

Table 2 X-ray diffraction data of (111) crystal plane of

CdyoMngTe:In/V single crystals at different

locations
Samples FWHM/" Peak height/s™ Peak position/(°)
Tip 26.24 2501 21.58
Middle 1 23.38 2774 21.81
Middle 2 23.12 2765 21.81
Middle 3 24.56 2785 21.82
Middle 4 23.01 2821 21.80
Tail 29.54 2 065 21.06
FWHM is full width at half peak.
A—. ri3nm
G R W
AT I A A T, i T |~ —1Z2 nm

(d) In electrode

ONERAR R R AR R A, EREEE T 1 DU IR A ek
Ufo 4 FlERATRRAE R4 b W3R 3.

HI AR 2 FH ) CMT Sk,  F BE % 5 2k
7 10° Q-cm HAET &, WFAIGH, CZT Sk g
B A% R (~2 1 V)RR FEL I I 97 32 B (HR 58 4 )
H A HL B s (P SR FIRE T, ARARR(4)
A CMT S (4 e BH 2%

p=US/Id 4)
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A p A, U JFHIE: | J9H:
PR d Jud R

S Nk

Current/nA

-100 —50 0 50 100
Voltage/V

Bl 6 AIF L CMT #RI2 1-V 2k
Fig. 6 1=V curves of Different electrode CMT detector

=3 AEHER CMT RN HFMEESH
Table 3  Different electrode CMT detector electrical
performance parameters

. . Resistivity (p)/  Leakage current at
Electrode  Ohmic coefficient (b)

(Q-cm) 100 V/nA
Al 1.369 7.922x10° 11.043
Ag 1352 8.028x10° 8.176
In 0.969 4.119x10' 6.758
Au 1.023 4.783%10" 5.958

THEAS R 4 FhEfl A Y CMT & 4k B BH 2
£ 3 Fn. MR 3 ATAL Wl R EEEIET 1 1
Au HR, W2 In B, Al FI Ag FEAR KRG 2250
N3 A, KW ALAT Ag s AR IAR-RE A 1 i e 22
4 Rl e AR AL ) R B R I AR ERAE 10°~10"0 $ B 4%,
BRI IR A EBLE 15 nA LA, 254 1] 4 4RI 25 1
R o BIF F02% B U R AR U S PR 2 5 | A 1)
TR N, PEREE. Ag. In. Au HIRE
RIFFIITE 10 nA DA, Au HBRIR SRR N
5.958 nA. 4 F&EM KT In BB RAKHIThREL
Hig LN EE S n B2 SRR R
K32z, wJLIGINE TR #2010 LK. (HEAR
S I B BURARIY In B IE R LI H B AR I RR
WA, 248 In 5 CMT MK 25 R
BKFH. CMT BIEZIK REGT AT CdTe #4iE
ik 2% 5x10° K, Au Al In (RHIZRK R 5005108
14.2x10°° K" #132x10°° K. & )85 S84 kA
BRI 28022 7 S BURMS RIS, HMES4E
JB 52 S AR R A e A B, AR 2 R A
A, [FIBS AT RETE FRIH Ab 5| 25 2 (AT ARG, AR
HL A R SR AL 122,

225 AEGRUBEN S EANA 4
AL Ag In A Au HUBR I 8 358 IR
S14 R 90.1 mm FORALL, S L BRIORHE bl
A%, HEEE 7 PR

K7 AFEFEAR CMT PN sk i, W BIAIRCN
Al. Ag. Infl Au
Different electrodes CMT plane detector package
diagram, from left to right, they are Al, Ag, In, and
Au

Fig. 7

RIS TAERS , y 528 o K F N3] CMT &
A, ORI P O, IR E AR N
T2 7 i e FE AR WS el e T B ROR # S BT
KA A2 I8IE S BT OCR R N ReG 4 . ASLib R
FIRITBCRE  2* Am 5.48 MeV 1] o K1, ZEMR TS
T Hp g St n ) e B R SRE /D DRI T RS
FELENE, FERERE N PERZE . RN 0w E
JEIER, D)2 30 7 i RS AN R B SR e, B
R E A HRP, et T, BetE TAE s fril
WREE R, =R, W7 4 Mtkr CcMT
TRIMZEAE 100 V HLE N RenEm . Bl 8 il
REiG L ZR, FEXT AT RER PR . BRE
I3 HEER(ER) E X PRI 25 USCEE 1) R vl o 7 it 2 4
REVEE YU e 5 TG hE (4 ARG AR AR I LU AR, B RAE
TERIMERR AR e B R HREE T, SRR ES
MR, HIE 8 ATHL, AlL Ag. In Al
Au HUFR BRI E5 BE B 0 HE 32 730 31.4% 29.8%
27.4%F1 26.7%. Au Fl In HLAR FI RS & 0 PR T
B2 FhEM, X5 BT -V R R
RROREZ il PE RE R AT, IR FELRDBRAEG,  HARONS B UK
ETEA, BEE D PRRLT.

2.3 IRASTHAREL M BE R BRI BE RE T N B2 A9 S

YLD 2 R EE S CMT @k
()= A N g FNER PG, A A A TR P RS . 1B
KA AR HE R AT R R CMT b A () 2 1 J 1~ 22 T
MIH 8 G ST R Al B 8 RO BRI AT
F AR F R TR K T2 R A IE W S R e R B 3
T T-HE MERE R F 52—, $EL Au A1 In HE
B CMT 4RI 25 (R AR DR T oK 35 258 ) EAT (R LR K
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1200 1200
1000 F Al-CMT-Al 1000} Ag-CMT-Ag
$AM@5.48 MeV HAM@S5.48 MeV
300 | AL100 V 800 - At 100 V
> ER=31.4% > ER=29.8%
2 600 Z 600
|5} Q
k| E
400 400
200 | 200
0 L L L f | o 0 L I I I I
0 400 800 1200 1 600 2 000 0 400 800 1200 1 600 2 000
Channeal/Numbers Channeal/Numbers
(a) Al electrode CMT detector (b) Ag electrode CMT detector
1 200 1200
1000 | In-CMT-In 1000k Au-CMT-Au
HAM@S5.48 MeV #Am@5.48 MeV
800 | At 100 V 800+ At 100 V
2 ER=27.4% > ER=26.7%
a B
g5 600 z 600t
= 2
400 F = 400}
01 o M
Ul . s . s Of . . . .
0 400 800 1200 1600 2000 0 400 800 1200 1600 2000

Channeal/Numbers

(¢) In electrode CMT detector

ER is energy resolution.

Channeal/Numbers

(d) Au electrode CMT detector

KI8  AN[A] FE AR CMT R0 &5 E 1 i 17 i 2

Fig. 8 Energy spectrum response curve of different CMT detector

SEEG, X Au HUBCKR A 5 AR BEEATIR 2K : 350 370,
390, 410 K A1430 K; XF In HLARR A 4 AR E
fTIBK: 350, 370. 390 K 1410 K. Hi 2438 A
PRI A5 e v R R AR IR K 2 A R =G
AT

23.1 Bk Au AU In HLBK HEAAPEBE BRI 4 BT
Bl 9 R 2 Fl AR AEAS R B AR K1 1=V i A1
PRI . WK 9a ATLAE H, Au HARAEAR
[FHRE FIRB K 1=V BHZR ) o Y o6 T J5 A i v
LRI, XK BIR K 5 AR R R AT A RR R ik
PERE. HIE] 9b AT UL, In FEARFEAS R TR K 1-V
i 2t A HE DG T S R LA R P X R, (H R K
Ja M2 5 AR K i 2 A R s, RAIBK)E In B
W LA RE AR AN K . ] 9¢ AT 9d AT, 7E 100 V
() B L R A Al In HE R (49 EE 908 O KL 17
BWRRER, 2 Pk AR 2 K

Au B CMT R 78 Bl 18 KR TR 28 390 KB
LTI PR 2 2.31 nA. SR, 2438 KR 4k 8T
SN, R EIR BTG K. Liang 25O g7 HusiE ko

XF Au-CZT HRINZS H PR BRI S2 I 48 H, 400 K
DA iR iR kS8 CZT il Cd FHEE M 7= A 5
FRIBREE, IXAE—EFERE LBAL T CZT 88 i v 2
PERE. ARSI H Au-CMT Rl 576 5T 410 K (3R
TR B K IR FRIR B RGO, T RESR R A BE A T
[Tt Cd T8 0 32 5 B0k I 1 7= A A L I
HK . In AR CMT $RMIZSAE 350 K R K I FLIL
JR/NE 6.18 nAL IXZR B 2 FhEARTEIE M 1 E T8
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Table 4 Comparison of the photoelectric performance and energy spectrum response of the Cd;_ Mn,Te crystals of different

d opin glzs, 30-36]
Materials IR transmittance/% Bulk resistivity/(Q2-cm) Hall Ijl;)bilityi] Energy resolution Reference
(ecm ~V s) (5.48 MeV)
CdyoMng, Te:In (1x10'7 cm™) 60.0 (5-6)x10° 7.85x10? 18%-28% [30-32]
CdooMng Te:V (1x10'7 cm™) 63.0 4.123x10" 5.11x10° [33-34]
CdyoMng, Te:V (5x10"7 cm™) 64.0 (3.781-6.185)x10" (3.08-6.22)x10° 27.5% [23,35]
Cdo.osMngsTe:In/V (1107 em™/1x10' cm™) 2x10° [36]
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4 it AN 5.958 nA Fl16.758 nA. Au Fl In IR CMT

K H Te ¥ H Bridgman £ N 4K In/V 3t
B CdooMny  Te B, AN[F 4@ R TE A R
FE B K 2R A RIS M RE A R

1) XRD 7 #1& B, CdooMng Te:In/V H 44K
INEE ARG R AT W 2L A0 63k 43 A B
CdooMny  Te:In/V &R ZEH T N 1.52 eV, Wil
PR LI ANE L RN 67.3%, W]k
PEREIR S, B,

2) Al. Ag. In Fl Au AT RN E CMT B
KRGz, Forb M 2R RE B RN Au AT In FELRR, I
KR R 05 50 1.043 A 0.969, HELFH 43 51N
4.783x10" Q-cm A1 4.119x10" Q-cm, FARIFHLIR 2>

RIS Be &7 H2 50 3R 26.7%F1 27.4% .

3) Au Al In FLRK SR IR KR A 390 K 1 350 K.
B KA Au LRI B IR 5.958 nA J8/NE 2.310 nA,
RER TR 26. 7% T2 17.4%; 1B KJ5 In HAK
TR IR 6.758 nA Ji/NE 6.180 nA, fit ) HER I
27 4%+ A 21.8%.

IR AL Ag. In Al Au 4 Fh 4@ B ARIE KR
J& HLAEVE RE AR I AR PE RE (ORI AL I, Au R BOE A
1E Cdg.oMng s Te:In/V B2 {48 S HR000 28 1 B AR A K6

SECHk:
[1] MYCIELSKI A, WARDAK A, KOCHANOWSKA D, et al
CdTe-based crystals with Mg, Se, or Mn as materials for X and gamma



1606 CREFR Eh22 4D

J Chin Ceram Soc, 2024, 52(5): 1597-1607

2024 4

(2]

B3]

(4]

(3]

(6]

(7

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

[19]

ray detectors: Selected physical properties[J]. Prog Cryst Growth
Charact Mater, 2021, 67(4): 100543.

LAI J M, ZHANG J J, WANG L J, et al. Comparison of cadmium
manganese telluride crystals grown by traveling heater method and
vertical Bridgman method[J]. Cryst Res Technol, 2015, 50(11):
817-822.

DU Y Y, JIE W Q, ZHENG X, et al. Growth interface of In-doped
CdMnTe from Te solution with vertical Bridgman method under
ACRT technique[J]. Trans Nonferrous Met Soc China, 2012, 22:
5143-s147.

ZHANG J J, WANG L J, MIN J H, et al. Characterization of CdMnTe
crystal grown with vertical Bridgman method under Te-rich
conditions[J]. Phys Status Solidi C, 2014, 11(7/8): 1174-1177.

NAN R H, LI T, XU G, et al. Distribution of microscopic defects in
Al-doped CdZnTe crystal[J]. J Mater Sci, 2018, 53(6): 4387—4394.
FIEDERLE M, FAULER A, KONRATH J, et al. Comparison of
undoped and doped high resistivity CdTe and (Cd, Zn)Te detector
Crystals[J]. IEEE Trans Nucl Sci, 2004, 51(4): 1864—-1868.

T, 30, ZRIE. BB A% CdooMng, Te @ik E K5 RAEH G
FamFFC[T]. # SmA RS TR, 2022, 51(5): 1873-1878.

YOU Siwei, Al Tao, LUAN Lijun. Rare Met Mater Eng, 2022, 51(5):
1873-1878.

LIANG X Y, MIN J H, YANG L Q, et al. Fabrication and
characterization of Au/Zn composite electrode on p-CdZnTe (111) B
plane[J]. Phys Status Solidi C, 2016, 13(7/9): 486-489.

ZHANG J J, JIE W Q, HAO Y X, et al. Investigation on gold and
aluminum contacts for CdysMng,Te crystals[J]. Semicond Sci Technol,
2008, 23(7): 075010.

ZHA G Q, JIE W Q, TAN T T, et al. The interface reaction and
Schottky barrier between metals and CdZnTe[J]. J Phys Chem C, 2007,
111(34): 12834-12838.

ZHANG J J, JIE W Q, LUAN L J, et al. Evaluation of Mn uniformity

in CdMnTe crystal grown[J]. J Electron Mater, 2008, 37(8):

1158-1162.
JUNG I, GROZA M, PERKINS J, et al. Direct comparison of the
performance of CZT  detectors contacted with  various

metals[C]//Optics and Photonics 2005. Proc SPIE 5922, Hard X-Ray
and Gamma-Ray Detector Physics VII, San Diego, California, USA.
2005, 5922: 592202.

WITKOWSKA-BARAN M, KOCHANOWSKA D, MYCIELSKI A,
et al. (Cd, Mn)Te crystal plates for radiation detectors[J]. J Electron
Mater, 2015, 44(9): 3174-3179.

SHI H Z, WANG S L, ZHANG J J, et al. Investigation on the rapid
annealing of Ti-Au composite electrode on n-type (111) CdZnTe
crystals[J]. Crystals, 2020, 10(3): 156.

BECLA P, KAISER D, GILES N C, et al. Electrical and optical
properties of P- and As-doped Cd,MnyTe[J]. J Appl Phys, 1987,
62(4): 1352-1362.

LUAN L J, GAO L, LV H H, et al. Analyses of crystal growth, optical,
electrical, properties of an excellent
detector-grade CdyoMny ;Te:V crystal[J]. Sci Rep, 2020, 10(1): 2749.
DU Y Y, JIEW Q, XU Y D, et al. Defects in CdMnTe crystals for
nuclear detector applications[J]. J Semicond, 2013, 34(4): 043003.
BELL S J, BAKER M A, DUARTE D D, et al. Comparison of the
surfaces and interfaces formed for sputter and electroless deposited
gold contacts on CdZnTe[J]. Appl Surf Sci, 2018, 427: 1257-1270.
WILLIAMS R H. Semicond Surf Interfaces[J]. Vacuum, 1983, 21(3):

thermal and mechanical

[20]

[21]

[22

[23]

[24]

[25

[26]

[27]

(28]

[29]

[30]

311

[32]

[33]

[34]

[33]

978-1007.

BRUN D, DAUDIN B, LIGEON E. Low resistance ohmic contact on
n-CdTe[J]. Appl Phys Lett, 1994, 65(4): 475-477.

BOLOTNIKOV A E, BOGGS S E, HUBERT CHEN C M, et al.
Properties of Pt Schottky type contacts on high-resistivity CdZnTe
detectors[J]. Nucl Instrum Meth Phys Res Sect A Accel Spectrometers
Detect Assoc Equip, 2002, 482(1/2): 395-407.

P L, SKAKZE, FIE, &%, Ti/Au E & HAAE CdZnTe (111) B i
L R A M S M R T (0] N DR AR 2 A, 2021, 50(6):
1089-1095.

TAO Siqi, ZHANG Jijun, WANG Shulei, et al. J Synth Cryst, 2021,
50(6): 1089-1095.

LUAN L J, LV H H, GAO L, et al. Preparation and properties of
hemispherical CdMnTe nuclear radiation detectors[J]. Nucl Instrum
Meth Phys Res Sect B Beam Interact Mater At, 2020, 471: 42-47.
LUAN L J, HE Y, ZHENG D, et al. Defects, electronic properties, and
o particle energy spectrum response of the CdooMng;Te:V single
crystal[J]. ] Mater Sci Mater Electron, 2020, 31(6): 4479-4487.

MG, BTHE, AR, % ZnTe @ik ISl IR KR 545 &
FREATTII). RERRER AR, 2022, 50(12): 3276-3283.

SUN Han, JIA Zixuan, LI Wenjun, et al. J Chin Ceram Soc, 2022,
50(12): 3276-3283.

LIANG X Y, MIN J H, WANG C J, et al. Optimized process of
thermal treatment of Au/CdZnTe contacts[J]. Rare Met Mater Eng,
2009, 38(12): 2085-2088.

PARK S H, HA J H, LEE J H, et al. Effect of thermal annealing on the
Metal-semiconductor contact of a CZT Schottky detector[J]. J Korean
Phy Soc, 2009, 55(6): 2378-2382.

WANG S L, CAO X Z, XIE C, et al. Effect of low-temperature rapid
annealing on structural and electrical properties of electroless platinum
contacts on CdZnTe detectors[J]. Mater Sci Semicond Process, 2022,
150: 106930.

TARI S, AQARIDEN F, CHANG Y, et al. Structural and electronic
properties of gold contacts[J]. J Electron Mater, 2014, 43(8):
2978-2983.

YU P F, SHAO T Q, MA Z F, et al. Influence of hydrogen treatment
on electrical properties of detector-grade CdMnTe:In crystals[J]. IEEE
Trans Nucl Sci, 2021, 68(4): 458-462.

A, Z4EF, FRBE, 5. Te ¥ 77) Bridgman 72 CdMnTe &A% 48
SRS B & AIRAELT]. N LE K2R, 2021, 50(10): 1892-1899.
DU Yuanyuan, JIANG Weichun, CHEN Xiao, et al. J Synth Cryst,
2021, 50(10): 1892—1899.

ROCH. IREER R B ML A K CdMnTe f R RERZ AT [ D].
kg B, 2016.

WU Wenqi. Influence of temperature field on the properties of

CdMnTe crystal grown by traveling heater method[D]. Shanghai:
Shanghai University, 2016.

At R AR PERERT A RO B AR [D]. P K
TR, 2019.

ZHENG Dan. Studies on crystal growth, properties of cadmium
manganese telluride and the fabrication of magneto optical isolator[D].
Xi’an: Changan University, 2019.

LUAN L J, ZHANG J W, WANG T, et al. Vanadium doped
CdyoMny ; Te crystal and its optical and electronic properties[J]. J Cryst
Growth, 2017, 459: 124-128.

LUAN L J, HE Y, ZHENG D, et al. Defects, electronic properties, and

o particle energy spectrum response of the CdooMng;Te:V single



F52EH s W ZEANAE & HARAGIRIR KX CdgoMng  Te:In/V 5 SR 25 Hi 22 PE AR IR RE I « 1607 -

crystal[J]. ] Mater Sci Mater Electron, 2020, 31(6): 4479—4487. of doping and annealing on resistivity, mobility-lifetime product, and
[36] WARDAK A, KOCHANOWSKA D M, KOCHANSKI M, et al. Effect detector response of (Cd, Mn)Te[J]. J Alloys Compd, 2023, 936: 168280.

Effect of Low-Temperature Annealing of Electrodes on Electrical Performance of
CdyoMng 1 Te:In/V Single Crystals Detectors
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(School of Materials Science and Engineering, Chang’an University, Xi’an 710061, China)

Extended Abstract

Introduction Cadmium manganese telluride (Cd;_Mn,Te, CMT) is an ideal material for room-temperature radiation detectors,
which can be widely used in the fields of medical tests, radiation detection, and astrophysics. The higher partial pressure of Cd during
the growth of CMT single crystals by the Bridgman method leads to severe volatilization of Cd, which in turn produces a high density
of intrinsic point defects, such as Cd vacancies. This reduces the resistivity of the crystal and alters the conductive type of the crystal,
making it difficult for the crystal to meet the requirements for device preparation. In this paper, CMT crystals were grown by a
vertical Bridgman method with Te solution. The compositions were co-doped with In/V at 10" atom/cm® to compensate for the Cd
vacancies and increase the crystal resistivity.
In addition, the electrical properties of Au, Ag, Al and In electrodes in contact with CMT semiconductors were also investigated.

Methods Te (9N), Cd (9N), In (9N), Mn (5N), and V (5N) were used as raw materials in a pellet form (Sichuan Ehalf High Purity
Materials Co., China). CdyoMngTe single crystals co-doped with In and V (doping concentrations of 2x 10" atom/cm® and
3x10'7 atom/cm’, respectively) were grown by a vertical Bridgman method with Te solution. The grown ingots were 95 mm in length
and 30 mm in diameter, and a diamond wire cutting machine was used to cut wafers with a thickness of 2 mm at the head, middle and
tail of CdyoMngTe:In/V ingots, and further cut single crystals of 10 mmx10 mmx2 mm. The head, middle and tail single crystals of
CdyoMng ; Te:In/V ingots were tested for the crystal structure by a model D/M-2500 X-ray diffractometer, respectively. The optical
properties of crystals were determined by Fourier transform infrared spectroscopy and UV-visible-near-infrared spectroscopy.

Four single-crystal samples in the middle of CdyyMngTe:In/V ingot were selected as CMT detector materials. Au, Ag, Al and In
metal electrodes were deposited on the surface of the crystals by a model KYKY-SBC-21 vacuum evaporation machine. The four
metals were deposited by using 4N-grade high-purity evaporation wires with a diameter of 0.5 mm and a length of 80 mm. In order to
ensure a low background noise in the detector, a low leakage current of the crystal was required and the electrodes were passivated
with hydrogen peroxide after preparation. Au and In electrode CMT detectors were annealed in a model OTF-1200X tubular
annealing furnace at different temperatures (i.e., 350, 370, 390, 410 K and 430 K) for 1 h, respectively. The electrical performance of
CMT detectors with different electrodes was tested by a model agilent model 4155¢ semiconductor parameter analyzer.

Results and discussion Cd,oMngTe:In/V single crystal is a crystal structure of sphalerite, in which the diffraction peak (111) has
the maximum intensity, indicating that the preferred crystal growth direction is the direction (111). The average IR transmittance of
the single crystal in the middle of the ingot is 67.3%, which is the maximum value reported in the literature. The high IR
transmittance of In and V co-doped Cd,¢MnyTe crystals is attributed to the fact that the double dopant adequately compensates for
the acceptor defect Cd vacancies and reduces the vacancy defect concentration.

The average roughness of Ag, Ag, Al and In electrodes deposited on the surface of CMT crystals are all below 20 nm. Based on
the results of electrical performance tests, the ohmic coefficient of Au electrode is close to 1, and the ohmic contact performance of Al
and Ag electrodes is poorer. The adaptability of different materials to the annealing temperature is different, the leakage current of Au
electrode decreases as the annealing temperature increases to 390 K. The leakage current of In electrode decreases only slightly after
annealing at 350 K, and the leakage current of In electrode is greater than that of the unannealed one after annealing at >370 K,
indicating that there is a limitation of annealing on the improvement of the electrical properties of the In electrode.

Conclusions The forbidden band width of CdyoMng ;Te:In/V single crystal was 1.52 eV, and the IR transmittance of the middle
crystal was 67.3%, indicating that the middle crystal had superior optical properties. Al, Ag, In and Au electrode materials all formed
ohmic contacts with the CMT, with the optimum electrical performance of Au and In electrodes. The optimum annealing temperatures
for Au and In electrodes were 390 K and 350 K. Au and In electrodes were annealed at 390 K and 350 K, respectively. Au could be
the most suitable electrode material for Cdy9MngTe:In/V single-crystal radiation detectors.

Keywords cadmium manganese telluride; single crystal; bridgman method; radiation detectors



