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Effect of high temperature heat treatment on Zn components
in CdZnTe substrates

FAN Ye-xia,LIU Jiang-gao,ZhANG Li-chao,ZHOU Zhen-qi, LI Zhen-xing, SHE Wei-lin
(The 11th Institute of CETC,Beijing 100015, China)

Abstract: As the quality of CdZnTe substrate for high performance HgCdTe infrared detectors continues to improve,

the development of high quality CdZnTe substrate materials is imperative. The substrate high temperature heat treat-

ment process with vacuum high temperature heat treatment temperature field and source control is used to systemati-

cally study the influence of the main heat treatment parameters on the Zn component in CdZnTe substrates. An empiri-

cal formula for controlling the Zn component in heat treatment is given to preliminarily obtain the compositional control

of the Zn component in the CdZnTe substrate and the method of high-component uniformity distribution, which im-

proves the quality of the CdZnTe substrate.
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Fig. 1 Schematic diagram of annealing and device
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Tab. 1 Heat treatment experimental parameters
SH AL 1-1 2-1 3-1 4-1 5-1
Sy (ST /% 1.6 1.6 1.6 2.0 2.4
JRIRLEE/°C 765 765 765 765 765
TSR/ C 850 850 800 850 850
ISR SR AL BRI T SF IR e M/ () 15 90 15 15 15
fE I A E]/ b 72 72 72 72 72
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T, UL Zead AL B (R RERR A Zn 4150 Al
WL, FAMRRIPUEFLAAIE R, S A Y Zn 415
(A AR K FNAE /N AR TR A Zn AR, W73 2 A ) K
T4 R SNE IR ) 5 R o IS B, PAGAL B0 e
bR Zn A0 H R AR Z S

PRGELIE Lt R IR 2 A e ATRIE AN TR B Zn
A EEOR, BUE AN [ AL R A, 2R 75 PR Zn
oo SIHTIRIAT, Zn AL IME IR/ INE HE K5 i
Fr BRI A Zn 289K/ RGE Y, DR IHER BG 23R K
SR Zn SR TT % HEAT AL BRSESG, mT LR Y
W R Zn (6. 5ORIB IR T 1Y Zn 41505
A 22 OB, Rl I Zn 0 R AR TR R7AZ 1 4 -2
an A, AR B B AR IR, A ULz Ak B 5 X i
PRERRTIR T Zn 03 o0 AT A AR O W 1Y X
ST L AP DIVA TN VNl SO PN LT
ARIMERER R . TR FERRAS IR, Zn 21231939 5101
A SRS B A SC Y, 2 dh i 2 B A0 47 B 1 i
JE TP AR ST 0 R BB AR N R B AL
W AR



WMot 5 40 4 No.5 2024 WS SRR AT IR T Zn 453 0952 743
SOKAE | M | SFISME [hvEdm 2 BHH b3 R | FME | P e BHEVIH T R
0.051260.04744| 0.0488 | 0.0008 0.047~0.05 25mmx30mm | [0.03866 | 0.03511|0.03638| 0.00070 0.038~0.035 25mmx30mm
y=23 [ 0.0491 [0.04981(0.04931 |0.04928(0.04931 [0.05013 [0.04954 =23 |0.03655[0.03653|0.03658 [0.03709] 0.03622|0.03674 0.03758| 0.03728
»=19.5 |0.04879]0.04923| 0.0487 |0.04894|0.04917 |0.04976|0.04971|0.05075| | »=19.5 | 0.03632]0.03617|0.03604| 0.0357|0.03728|0.03723| 0.03727| 0.03642
y=16 [0.04979[0.04862(0.04787 [0.04896(0.04863(0.04852(0.04902(0.04926| | »=16 |0.03634|0.03592|0.03553 [0.03511|0.03568|0.03571 | 0.03651|0.03679
»=12.5 |0.04891|0.04792|0.04749 | 0.0475 |0.04791|0.04834|0.04894|0.04899| | y=12.5 | 0.03579|0.035710.03563 |0.03584] 0.03557|0.03619| 0.03555 | 0.03609
y=9 0.04765|0.04837|0.04744 |0.04779|0.04758|0.04894]0.04821{0.04917 | [ »=9 | 0.0363]0.03597|0.03605| 0.0363(0.03572| 0.0359 | 0.035450.03595
»=5.5 [0.04829(0.04891 0.04776 [0.04779/0.04816|0.04836|0.04862|0.04986( | »=5.5 0.03688| 0.03688 | 0.0362(0.03635[0.03567 | 0.03605| 0.0359
y=2 |0.04871|0.04844|0.04842 |0.04839| 0.04881|0.04894|0.04921|0.04944| | »=2 0.03698| 0.03731 |0.03704 0.03674(0.03642 | 0.03708| 0.03635
X=2.4| x=6 | x=9.6 |x=13.2| x=16.8| x=20.4| x=24 | x=27.6 X=2.4 x=6 x=9.6 | x=13.2| x=16.8 | x=20.4| x=24 | x=27.6
(a)1-1 (b)1-2
A | S/ME | SFME Rk el kg O | ME | TPIME PRt SHH TR
0.04876|0.04293]0.04537]0.00165 0.043~0.048 25mmx30mm | [0.03921 | 0.020110.03037[0.00464 0.0254~0.0383 25mmx30mm
=23 [0.04758]0.04711[0.04791] 0.04671] 0.04534] 0.044430.04411[0.04353| [ y=23 [0.03056[0.02816]0.02495/0.02598[ 0.02548).03105] 0.03354 [0.03532
»=19.5 |0.04749|0.04731 0.04702| 0.04505| 0.04399]0.04443]0.04366| | y=19.5 | 0.03125 | 0.02948| 0.02781(0.02397 0.02818 0.02695 0.03371
=16 [0.04669(0.04684 0.04582| 0.04451| 0.04377/0.04343(0.04293| | =16 |0.029320.03023|0.02779/0.02712(0.02692[0.03062
y=12.5 |0.04679]0.04692|0.04678| 0.04571| 0.04433| 0.04399]0.04346|0.04356| | y=12.5 | 0.02901 | 0.03005| 0.02742/0.02854 0.02427)0.03168
»=9 [0.04758(0.04711 |0.04663| 0.04543| 0.0443 | 0.0434[0.04332[0.04333| [ y=9 |0.02543|0.02861|0.02462/0.02637|0.0280400.03373
y=5.5 [0.04726(0.04697|0.04584| 0.04497 0.0443 | 0.04362/0.04383|0.04296 y=5.5 10.02875|0.03051|0.02665/0.02011
y=2 | 0.0477 |0.04707|0.04579| 0.04501| 0.04463| 0.04383| 0.0438 |0.04401 y=2 10.02266(0.02517 0.027 | 0.0275
X=2.4| x=6 | x=9.6 | x=13.2 | x=16.8 | x=20.4 | x=24 | x=27.6 X=2.4| x=6 | x=9.6 | x=13.2]
(©2-1 (d)2-2
BKME | BME | FOE bRz SER b3 BXE | ByME | FE (AR SETH ks
0.0422 | 0.03885 | 0.04043 | 0.00084 |  0.039~0.042 20mmx25mm | | 0.05871 | 0.04716 | 0.05355 | 0.00353 |  0.048~0.058 20mmx25mm
y=17.5 | 0.03891 | 0.04132 | 0.04087 | 0.04094 | 0.03975 | 0.03975 | 0.04043 | | y=17.5 |0.05373 | 0.0546 | 0.05326 | 0.05057 | 0.04926 [ 0.04724 | 0.04716
y=14.5 | 0.03949 | 0.03993 | 0.04056 | 0.03896 | 0.03885 | 0.03976 | 0.04128 | | y=14.5 | 0.05366 | 0.05568 | 0.05709 | 0.05489 | 0.05096 [ 0.04889 | 0.04718
y=11.5 | 0.04045 | 0.03972 | 0.04029 | 0.03915 | 0.04089 | 0.03993 | 0.04084 | | y=11.5 [0.05791 | 0.05646 | 0.05719 | 0.05493 | 0.05323 [ 0.05373 | 0.05078
»=8.5 | 0.04022 | 0.04103 | 0.04027 | 0.03987 [ 0.03966 | 0.04001 | 0.04126 | | y=8.5 |[0.05703 0.05675 | 0.05458 | 0.05661 | 0.05086 | 0.04958
»=5.5 | 0.04024 | 0.04004 | 0.04068 | 0.04097 | 0.04026 | 0.04097 | 0.04066 | | y=5.5 |[0.05767 0.05473 | 0.05355 | 0.05197 | 0.04984 | 0.04897
y=2.5 | 0.04055 0.04178 | 0.04158 0.03972 | | y=2.5 [0.05704 0.05592 | 0.05437 | 0.04937 | 0.04845
x=2 x=5.5 x=9 x=12.5 x=16 | x=19.5 x=23 x=2 x=5.5 x=9 x=12.5 x=16 | x=19.5 x=23
(©)3-1 (H3-2
BOKAE | Bs/ME | SPISE [ritEdm A SHEYH b KM | BME | S (PR 2 ZHEH AR
0.0519910.0496 |0.05077)0.00047 0.050~0.052 25mmx30mm | | 0.05631]0.04588 [0.049210.00290 0.0563~0.0461 25mmx30mm
y=23 |0.05118] 0.05073| 0.051 [0.05038| 0.05062| 0.05018| 0.05104| 0.05126 y=23 |0.050480.050480.05044|0.05015|0.05066/0.05014| 0.05011 |0.05032
»=19.5 | 0.05178| 0.05092] 0.0496 | 0.05065] 0.05125| 0.05058] 0.05092] 0.05099] | ¥=19.5 | 0.05068 | 0.0506 |0.05102 0.05292(0.05451
=16 0.05092| 0.05038| 0.05031| 0.0506 | 0.05055| 0.05086{ 0.05131| [ »=16 |0.05041 |0.05359 .05005| 0.0463[0.04622 0.04632 | 0.04773
y=12.5 )| 0.05094] 0.05029] 0.05033] 0.05058] 0.05062] 0.05008] 0.05062] [ 1=12.5 [0.05496]0.05253 [0.04745 [0.04653] 0.0481(0.04754 0.04820.04823
»=9_10.05115/ 0.05054] 0.0506 | 0.05038| 0.05078| 0.05063[ 0.05083| 0.0506 =9 |0.04826| 0.0459 |0.04698]0.04733| 0.04739/0.04623 0.04724 | 0.04798
y=5.5 [0.05134| 0.05152]| 0.0511 | 0.05036| 0.05096] 0.05026| 0.04996 0.05007] | »=5.5 |0.04588(0.04784 (0.04796 |0.04646| 0.04769(0.04762| 0.04818 | 0.04656
y=2 0.05107] 0.05139] 0.05044] 0.05083( 0.05071| 0.05029] 0.05121 y=2 ]0.04893(0.04732 |0.04806/0.04757| 0.04616(0.04816| 0.04616 | 0.04706
X=2.4 | x=6 | x=9.6 |x=13.2 | x=16.8 | x=20.4 | x=24 [x=27.6 X=2.4 | x=6 | x=9.6 |x=13.2|x=16.8 |x=20.4| x=24 | x=27.6
(2)4-1 (h)4-2
BRKME | B/ME | FME kiR SHH Rk BKME | BME | P prkin BHEEH i R
0.06494(0.05849| 0.0618 |0.00133 0.060~0.064 25mmx30mm | [0.04649 |0.03753 |0.04138(0.00250|  0.0456~0.0377 25mmx30mm
=23 [0.05931] 0.0605 [0.06106[0.06109] 0.0629 [0.06132{0.06202[0.05945| | y=23 |0.03819[0.03892 [0.03981 [0.04088] 0.04171}0.04278] 0.04396 [0.04509
y=19.5 [0.06022[0.06194[0.06083] 0.0616 | 0.0621 [0.06175[0.06229]0.06175| [ y=19.5 [0.03814 [0.03894]0.03969 [0.04071] 0.04163}0.04251] 0.04388 [0.04502
1=16 [0.05973]0.061120.06226[0.06249]0.06303[0.06276{0.06201[0.06271| | y=16 |0.03813[0.03907(0.03959]0.04096] 0.04155)0.04259| 0.0439 [0.04465
»=12.5 |0.05849|0.05928|0.06119 | 0.06331 | 0.06271|0.06348 0.06377| | y=12.5 [ 0.03796|0.03842]0.03962 [0.04047| 0.04168| 0.0428 | 0.04485|0.04536
»=9 | 0.0614 |0.06112|0.05984| 0.063 |0.06334|0.06364|0.06306]0.06355 | »=9 |0.03753 [0.03836(0.04077(0.04073| 0.0414 0.04271| 0.04419
y=5.5 [0.06207(0.05997| 0.06 [0.06244| 0.0631 |0.06188| 0.0626 [0.06347| | »=5.5 [0.03773]0.038630.03939 [0.04091|0.04174 0.04276| 0.04426[0.04536
»=2|0.06175]0.06177|0.06152 |0.06053|0.06204|0.06104|0.06242|0.06172 y=2 [0.037650.03862 [0.03931 [0.04051| 0.0419410.04294] 0.04481 [0.04534
X=2.4| x=6 | x=9.6 | x=13.2| x=16.8| x=20.4| x=24 | x=27.6 X=24| x=6 | x=9.6 | x=13.2| x=16.8 | x=20.4| x=24 |x=27.6
(©)s5-1 (3)5-2
K2 PACIE R AR T Zn 4153 K oA
Fig. 2 Zn fraction and distribution in CdTe substrate after heat treatment
£2 ARG Zn 4o R oA AHE R
Tab. 2 Comparison of Zn components and distribution before and after heat treatment
. In 45y Ty In 5%

MOl sk /M T PRI (R 2% R N e/MA T44(E PR 2
1-1 0.05126 0. 04744 0. 0488 0. 00080 32 0. 05871 0.04716 0. 05355 0. 00353
12 0. 03866 0. 03511 0. 03638 0. 00070 4-1 0.05199 0. 04960 0. 05077 0. 00047
2-1 0. 04876 0. 04293 0. 04537 0. 00165 42 0. 05631 0. 04588 0. 04921 0. 00290
22 0. 03921 0. 02011 0. 03037 0. 00464 5-1 0. 06494 0. 05849 0. 06180 0.00133
3-1 0. 04220 0. 03885 0. 04043 0. 00084 52 0. 04649 0.03753 0.04138 0. 00250
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(MBS0 SRS, et Zn / Cd = 3.2
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RN 3 s,

%3 BRKEFFEZn § Cd EF ot
B PEER P Zn A B AR

Tab.3 Zn Composition and distribution in CdZnTe under

different Zn/Cd atomic ratios in annealing sources

A PR (JEF L) Zn: Cd/100
In H 5y 3.2 1.6 0.8 0.4
o] 0. 09675 0. 08950 0. 05540 0. 03820
/M 0. 09146 0.08515 0. 05070 0. 03259
SEHI(E 0. 09406 0. 08697 0. 05290 0. 03643
FREMZE | 0.00119 0.00108 0.00128 0.00116

Vo SRR ARSI Cd BRSO Zn B4
r2E 3 n] L, BlE VR R Zn 2050 W AR WTIE/)N , i
R Zn 20 4y W7 S W /N, B 0. 09675 [ &

0. 03820, HAr i sf Zn 5 Cd JEF 1 0. 8:100 B, &
R Zn BRI S f 4 SR A1 4E R B e S I 2
g3, BRG] DA 5 G JE 7 B 90 00 1 7 1 A it e )
AR PRYGRATBC L o A A B2 e 2 R B Zn YR
il A5 OB RE R A R P Y Zn 214 € 0 A A O P
PRSI o ARAEE IR Zn 21 53 1 L A5 R
A5 AT ARAS O R A Zn 44y R AERE S . S LI
B, TEIe IR s el 2022 i Y Zn ZL0 (R
INASTR] B R Zn A1 53 (R B AR 22 1R 2R — A
AR, B S R 1 Zn 4143 2 S BE XY 5100 A 1, 1L
SERGEE R, TCIR IR H A OT R AT e A, NS
SCMR R Zn 003X 50 00 A
3.1.3  REVMAZE & KB E X FFSE T In o6
v

PRIFFIHAD SO0 A5 AN AR, SR AN ] 1 i e #Ak
PR BE , AF 5 B X A 4 o o Zn 243 B AT )
SO s RN 4 PR,

k4 FRERPAEFZRFEBENHEEET In Ao K04
Tab. 4 Zn composition and distribution in CdZnTe at different chip temperatures during heat treatment
s AR/ C
R Zn 243

750 800 830 850 900 930
e RAH 0. 04270 0. 04298 0. 04905 0. 05540 0. 06459 0. 06494
H/ME 0. 03987 0. 04272 0. 04606 0. 05070 0. 05896 0. 05849
SEIE 0. 04139 0.04133 0. 04722 0. 05290 0. 06102 0. 06180
Wi lm 22 0. 00088 0. 00105 0. 00082 0.00128 0.00108 0.00133

26 4 FT UL, Bl il e AT A R IR T,
H Zn 20 E I ETE A, (H 2538 5 K F 900 °C A/
T 800 CHY, fhiA Y Zn 415325 AS B &, Hodp 24
800 ~830 C I}, 4 FHF Y Zn 2H 43 A] FH T4 . P e ik
FORAMEERSNE T 29, 17 850 CH, fi i H Y Zn
203 ] A I R D A A 7 S RS ) 1 5
L, R R A TR A e, R RT LASE B R Zn 4
SYRTE , B EAT = B Ao A 34 50

25 L RTIR IR KRG Zn 040 o5 ORI R
Rk B AR 7 11, 3K T 2 1 2 T Ak 1) Zn AR D
ZRVRIERGIN, JCE Zn PEA SR 1 3h F1 3800, Zn 1E R
PERR AN R T AY HOB A 5, L R T Zn 4153
R TR BB A G Zn 2 STAT DA T 5 S50 e
f B R Zn LA
3.2 #£Ritk

R TS FAA B R R A A R Zn 415 1R
Wi, BETE T RS B T 2 EERM S Uy
AW FFH) TR AR R SR R
B AR IR B Ao IS 2 T 5 46 I T A 7 R 3 1Y)

T I SRR I I A N T3 B A B Ao IS R T S5 4G
FITAb o7 R A (R N ) S T B e A AR S 1R] e i
RAF4E IS G R B S0 25 8L, ATl 34
A3 Tl PR AT G HH AR 2H 5343 A 34 S PR e e ] Y
XATRE R SR PR A ARG . X B T
T EFRAS I Zn 203 1Y s IR B 96 A AT
FLAS ER AR RS Zn 4153 a0
T,T,P,t ()
dL(1 + H)
Hop, €, 00 R B S R R AT IIC Y Zn 415) , 2
TR UE S, HAE 5 A IS P 1 Zn 4153 B LA 53 o A
Toke; K, otef JE s TP PR 201 80, M2 068, 5
e A R | R A A 2 R U A P S R
SEARDG , B SEIR I 5 T, e IR I A6 AL IR EE , T
N i A R R, B C 5 K Py, AT
TEALE 1) Zn 43 Fe % S80S e il Al R 1 e B2
Jgirh Zn 205300 5 PSR OE B 5 A e i A A 2 L I
], BN R by d SR ISR AEROR AR, (1 T REPESR
FHRE AR B, PR U TG A S5 8Bk BLAR ), SR

CZn o K(‘
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SR mm s L o g il PR B R e AL B I ] A R
B, B mm H O BR B SRR MR EE (H<D/2,
D il B e TR JRERE ) BAALN

SCHRFE T I A 2 ) Bl PR B AT SR 4 y LS
AL B R rp Zn 23R A DL | R4 ] L s TR B
AR E INAAL & DL S Zn o3 TR, U1 R B
TR AT Zn 2073 25 B PSR A B E SR S IS Y
Hor y BESR

B2 B AA PR Zn 14351 PR
AT AT AP, t

coxsﬁxzzosﬂy (2)

Hrr, S, iR A BRS BBE SR AT IS Y Zn 21 43
B o)t HAEBU N R IS P Y Zn 2H 53 34 ) P
U s K el IS m A B 2 PR 8, W A B0l 5
e R A BT | U AL B R v TR A FE S R
SEAHOC, e SEIIN R 5 AT, Sy Ji B e Ao B A A28 1) Tk
BERRRE , BN C/mm 8 K/mm; AT, S 4 Ji& BT 16 0o
BRI DN 1]l BB B, B0 9 C/mm B K/mm; AP,
AR FITAEAL B/ Zn 43y F A8 Ak s ¢ Ay ey i Ak PR E
LI TR], B b d a9 A5 Rk AR, FAAL
mm;; 6, S JEE T -5 e i A 7 L UL 1 A2 18] 2
RIS, BANE 050, AT IR 1T -5 4 I T b £t
EIR PO 1 SRR Y I A, BN
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