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Review and prospect of HgCdTe detectors (Invited)

Cai Yi
(Shenzhen Polaris Innovation Research Institute, Shenzhen 518000, China)

Abstract: In the late 1950s, the invention of mercury cadmium telluride (HgCdTe) alloy semiconductor material
built the foundation of thermal imaging technology and its engineering applications. In 1975, the United States
put forward the concept of common thermal imaging modulars ——Modular Common Thermal Night Sights
based on the first-generation infrared detector. Since then, HgCdTe materials and detectors have been widely
applied in the military field. In this paper, the advantages of HgCdTe detector were analyzed from the
perspectives of the basic physical properties of HgCdTe material. It was convinced that HgCdTe detector was still
the best infrared detector. Furthermore, diversified HgCdTe detector technologies had been developed, which
including but was not limited to large area array, planar junction and heterojunction, dual band, very long
wavelength, 150 K operating temperature, avalanche detector, etc. With the emerging of the new structure, new
mode, new mechanism, new method and new technology, HgCdTe materials and detectors would be promoted to
a new height and was the mainstream candidate of the fourth-generation infrared focal plane detector.
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FECF UL AN K Jie i A v, 1958 AR5 [ A
55 # (Lawson) 5 HA1EH KW 8L G W) 5
fk——Hg,_,Cd,Te =ICH & ¥ K", 45 R 1A
SRIE e T E LT MR ZADRE, A R 51 58 O A

(1) LA KA R P 4T 4 4 7 55

X T RILLAMRIN 2, R 2, 52k Rk
BT G BE E, RN

1.24
A (um)

MR A (1), BEHM KRR LLAE 0
P A 12 pm, YOI S um, FEPELAN 2.5 um, T
AR G2 0.10, 0.25, 0.50 eV B AR G

E,(eV)~ (1)

PR BB 58 5 LA R 48 2 21N IR 2 2 LT A
B A R T5 1) 22—

Hg, Cd,Te & =J0 & SRR, S Az 4 4y
x REAT B P A5ty v P,

E,=-0.302+1.93x—0.81x°+0.832x’+5.35x 10™*(1 - 2x)T
)

AP E WY B AL eVs TU 46 0 i B2, B A K.
Hg,_,Cd, TeAkiy 50 B A o I . rhisl . 4L AL
KL AN B . 3= 1 R T 414y x S8 96 .
1R WA Ao AR BRI TR BE 0y 5500 R B B0 K
% . Hg,Cd,Te#f &} # 7 41 4» 4 0.194. 0.205,
0.225. 0.31. 0.44. 0.62, 535l XF 1 (4 % 1E 9 4 S #E K
P 16.9 pm, K% 13.6 pm, KJF 10.1 pm, H1I% 4.6 um,
FY% 2.6 um A1 1.7 pmP(1 A=0.1 nm),

(2) BT BRANAR I R

HgCdTe J& B #4H Bt 2 bR, 75 58 Z 1]

% 1 Hg,_,Cd,Te MR EERAS SWESER"

Tab.1 Important alloy compositions and physical parameters for Hg;_,Cd, Te

Hg,_Cd,Te

Property HgTe CdTe
x 0 0.194 0.205 0.225 0.31 0.44 0.62 1.0
alA 6.461 6.464 6.464 6.464 6.465 6.468 6.472 6.481
77K 77K 77K 77K 140 K 200 K 250 K 300 K
EjeV ~0.261 0.073 0.091 0.123 0.272 0.474 0.749 1.490
A/um — 16.9 13.6 10.1 4.6 2.6 1.7 0.8
nfem™ _ 1910  58x10°  63x10%  37x10%  7.1x10" 31100 41x10°
m g — 0.006 0.007 0.010 0.021 0.035 0.053 0.102
2 — 150 -118 84 -33 15 -7 “12
&40 20.0 18.2 18.1 17.9 17.1 15.9 14.2 10.6
£4%0 14.4 12.8 12.7 12.5 11.9 10.8 9.3 6.2
n, 3.79 3.58 3.57 3.54 3.44 3.29 3.06 2.50
ufem* Vg — 4.5x10° 3.0 x 10° 1.0 x 10° — — — —
fy/em* V57! — 450 450 450 — —
b=t /1 — 1000 667 222 — — -
- — 16.5 13.9 10.4 113 1.2 10.6 2
Tallts — 0.45 0.85 1.8 39.6 453 475 % 10°
Typicatlls - 0.4 0.8 1 7 - - -
E eV 19
AeV 0.93
Myy/Mg 0.40-0.53
AeV 0.35-0.55
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Fig.1 Comparison of the D* of various available detectors when operated at the indicated temperature and in the region of 1-10 000 um waveband™!

() AHB AR/, TBER

HgCdTe #EHY B B B A 85 & m/my /N H S
WHRASE, 21, 4145 x 47 0.194, 0.203, 0.225, 0.31,
0.44, 0.62 5}, HgCdTe [ mJmy 53 5] K 0.006(77 K).
0.007(77 K). 0.010(77 K), #H 1 (9 H 1 T iE 8 R Hh
4.5x10°cm?/(V-s). 3.0x10°cm?/(V-s) F11.0x10°cm*/(V-s),
PRI UG Xof A B T B0 5 1 o 7 3k B B

(4) JeADBER TR m K

= 0 5 HgCdTe A1 6 A A B aint 77 i iy
BHLH AL A, DB T 7 o K R R 9
B TE L2 1), i HgCdTe 10 %5 76 R AR E (77 K)
BT 35 3 HLe A SRS RE . AR A R AR
AL KA TV B 1o U v 45 55 R BE v B A
TRLEE, MR BE AR T X 1A I K

(5) A 345 KRS CdTe/Cd,_ Zn, Te Bt i

PE ARG R EAR . = & T CdTe/Cd,_ Zn, Te 5L
FHIE, R 512K 4% 1 Cd,_Zn, Te Sh A i 0o 41 45,
REE 1 A% S RV Y He, ,Cd, Te R A1 RL A1 SiE AL
K, BRFEAR R B A58 s 73 ANE KT T GaAs B
AR, JE A= K CdTe 2 102 52 8L 5 Hg,_Cd,Te 1Y
mi ks DC I, L BE T 2 i T it Hg,_,Cd, Te WA FHIME
AR

(6) HgCdTe #BHA= K He AR SRAT 52 e 1k it 25

55— HgCdTe R & £ A R F A4 B AR K $7
A, 5 AR HgCdTe 4RI # £ AR B ARSMEE (Liquid
Phase Epitaxy, LPE) #i JE#4 Bl A KB A, 55 =R A
PO Hey - Cd, Te FR0 5 £ A R 4 J8 A HLA A AL
2% JE Bl (Metal Organic Chemical Vapor Deposition,
MOCVD) F153FHAME (Molecular Beam Epitaxy, MBE)
WEBEAPRAR . IR 2 R4} LPE HIMOCVD,
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MBE 4 K HgCdTe @ik =4 % al & i, MOCVD
H1 MBE 4: K i HgCdTe #h iR R SER, H43 3950k &,
Re e A K B P 4B 2% LY AR pn 45 R EAT A
b, e K HgCdTe WM R & e i AE K A8, RERE
RT3 AR HgCdTe £ V- 1 £ I 45 51 Bt A il 4 11

B FIEASS T2, e 1 311 AJE il HgCdTe A
ML TERM ST 5] ARE HU, BB i p-on-n 45
P DB 5 BT 45 55, R ikl 8 ORUBE L /MBS . XL /3L
% Bt HgCdTe ££°F 11 51 B 05 v B9 58 1 M OREFILES 1 Ik
fih (2, 1 torr=133.322 Pa).

& 2 &#&#. LPE #1 MOCVD. MBE 77i% 41 HgCdTe ByXf LS
Tab.2 Comparison of the various methods used to grow HgCdTe, including bulk, LPE, MOCVD, and MBE"'

Bulk

Travelling heater method

Liquid phase epitaxy Vapour phase epitaxy

SSR

HCT melt Te melt Hg melt Te melt MOCVD MBE
Temperature/°C 950 950 500 350-550 400-550 275-400 160-200
Pressure/torr 150 000 150 000 760-8 000 760-11 400 760-8 000 300-760 107-10*
Growth rate/um-h™' 250 250 80 30-60 5-60 2-10 1-5
Dimensions/cm 0.8-1.2dia  0.8-1.2 dia 2.5 dia 5 5 7.5 dia 7.5 dia
I/em 6 5 4 4
tlem 15 15 5 0.0002-0.0030  0.000 5-0.012  0.000 5-0.001  0.000 5-0.001
Dislocations/cm™ <10° <10° <10° <10°-10’ 5x10%-5x10" <5 x 10*5 x10°
Purity/cm <5x 10" <5x 10" <5x10" <5x 10" <5 x 10" <1x 10" <l x 10"
n-type doping/cm™ N/A N/A N/A 1x10"-1x 10" 1x10%-1x10" 5x10"-1x10% 5x10"1x 10"
p-type doping/cm™ N/A N/A N/A 1x10%-1x 10" 1x10%-1x10" 3x10"1x107 5x10"1x10"
X-ray rocking curve/(") 20-60 <20 <20 50-90 20-30
Compositional uniformity (Ax) ~ <0.002 <0.004 <0.005 <0.002 <0.002 £0.01-0.000 5 +0.01-0.000 6

(7) HgCdTe # BH i #4002 ik R %05 Si b k9 1R
et

HgCdTe HEM#5 BRI Rl f In AR5 PRSI 36
FLEEAE Si B H L BN B I, 4 TR A AR
TR 2% . HgCdTe #4869 #E Ik R ECH 5.0x107/K,
Si AR Ry 2.8x107/K P, PE AR E2 I, BlReRE R R
T [ (91401 4 096x4 096)HgCdTe #R M #% 51 [ s F B i%
FE Si i L O R b (] 2), IR 7R IR i R
IV VA 406 17 7 A0 28 87 P e

20 it 28 60 4F 1% A &= 70 4F A% W7, B AR Zh
HgCdTe K L1 AR FIERM ZF AL/ o 1975 4F, Fe [ 2
WL A — R 2 A BRI RS Y FA AR 4
(MCTNS), M It HgCdTe A4 6} Fl45 I £ K HLAR R FH T
ZEHAR E 4, 2017 4, Antoni Rogalski $2 Hi 1755 U
FRETAMEF- TR I 25 A, OF 25 T — R E
IRELAMAN 25 2 J B 42 181 5 i, an e 3 Rt

TN F8 2 TR SR B /N T AR 2 —— 5

—ARZLAMAM B, £L50 22 58 M s IR 48 S i 565
—ARHRBARAL

M5 — ARG /N T RO 25 & DA A T T 2
L5 I R R B /A T P A5 TR PR 5 —— 28 AR
ZLAMRIMER T, 55— RSSO J 38 — AR LAk LR
ASC, PEREHRE 1, AR K B A

S AT AR DN B R R R A K T B
XA L B A S T i —— 5 — AR LT AR I 2%
B, 55 T ARHVR AR TR AR —ARLT AN S AY, SE B
T LT AN LR (5 5 T AT PR B AR %) LA/
X B e T T 2L R (X 20k T P AE A 2051
e BERIN ST 4 iy 4 25) .

B 5 2T AN 2552 R 0 & T, ZE BRI B (451
TR R WA ik, DNRSHEIT ).
MRV 5 il & (B nde A T.# . MBE il MOCVD
2y, TARIEEE (140 150 K, %R TAES), 55 45
(R ERCFAEE) B (IR R B
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Si readout chip

2 BAT IS ARALSE S R 1 IR A3 HeCdTe ZLAMETIIRIIRS . (a) SHALEIE G%; (b) FFLLLIED
Fig.2 Hybrid HgCdTe IRFPA detector with independently optimized signal detection and readout. (a) Indium column flip chip interconnection;

(b) Loophole interconnection!”
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Fig.3 Development roadmap and memorabilia for the first generation to the fourth generation of infrared detectors!
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7 UE A

HgCdTe FFEMF TR 55 B R R 8, S BOR AL
b HgCdTe A RHA A | T AL KFRE, A
I1—FEAES: 1 FHRBARE . RV itk 2 H ik
1k, HgCdTe /5 /2P RE S B ZLAMAT 25 B4 KL o

1 HgCdTe HNFFAERF [

HgCdTe #2551 (177 0] & e dE ((AARBRF) K
1M MEOT ., PSS S 5 A W Z B K TR
B AR 150 K & TAERE . T asiies . i b
AR AR A5
1.1 XEkE

HgCdTe A1 B HL A7 5 it 240 23 ALK 5 FL Ui
TR R AR R G T 7 X R R A E i
HgCdTe 21 ZMEF- TR M 45 o 5140 H T Euclid Specs.
WFIRST. AVIRIS-NG, ECOSTRESS I NEOCam %
Wi R I H (19 HAWAIL-2 RG(H2 RG) £ - T £ 2% 28
7 (B 4 FE 5)1, 1850 % F HgCdTe p-on-n Z5 44, $i
2 0482 048, {200 18 um, 8K F 10 MHz(HR
BE). 480 kHz(18 15 5X), & Wi 74 Hz, i ) i H
1. 4 5 32(AT b)), o 75 80 25 B CdZnTe #of Ji$ JF 88
T3 7 REE, Ao i DA i 2T A1 Jre 2] IO (0.6~
5 um), JG I 0 R CdZnTe %S (9 2 048x2 048
HgCdTe £5 - R 2% 90 (B €4 M1 £0); 45 ml 2 AEAT K
R, 2Bk CdZnTe #FICS, THBR T WRCTH Gk ™
HE RN, 21 T 2 0482 048 HgCdTe £ V- 8
5 AR AR G 75 5 T IR RE 01, iR Sk T2 Ay 44k
eI A CdZnTe # AL IEAL 51 A By 75 A5 HL-
FA W £ 4 (Fabry-Perot fringes) T i ; ZLAMNR I I KA
1.75 pm, 2.5 pm, 5.3 pm AJ 3, HEFRCETE 0.8~1.7 um
U KT 80%(F 6)), 7E 0.4 um AT HE A 3] 70%.

FRAR B Al 5 2 048%2 048 HeCdTe £ - i
G, i A R i 1 38 R M —30, S s
B, A FHZ A 2 048%2 048 £5 -1 41 B4 PR 45 3k
FETLRES, 5 W] 16 > H2 RG 2 048x2 048 HgCdTe
FE T R 25 51 4 D 8 k<8 k HgCdTe £ 1 B4 51,
e 7 B .

& 4 H2 RG 2 048x2 048 HgCdTe £ 51| FER I 75
Fig.4 H2 RG 2 048x2 048 HgCdTe FPA detector™®

P 5 it KB BT LLAMEHLR T Y 2 0482 048 HgCdTe 57~ i [
5
Fig.5 2 048x2 048 HgCdTe FPA used in the Space Telescope Near

Infrared Cameral®

Quantum efficiency of 1.7 um HgCdTe at 145 K
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Fig.6 Quantum efficiency of the H2 RG 2 048x2 048 HgCdTe FPA

with 0.8-1.7 um cutoff which CdZnTe substrate was removed !
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7 JH 16 1 H2 RG 2 048x2 048 HgCdTe £ F-HIFI DY Buclid £ F-RIZEIF (a) MHATRERMIKES R (b))
Fig.7 Euclid focal plane assembly with 16 H2 RG FPA (2048x2048) (a) and the measured quantum efficiencies (b)""
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V- TG [ 24 0T R R SRR 4], 5 i HT 4 4> 4 096
4 096 HgCdTe £ F- 1 51 B PF 5L 14> 8 192x8 192
HgCdTe £V 451

A "‘ .

[§] 8 H4 RG 4 096x4 096 HgCdTe £5 - [fi 41| K £H {19

Fig.8 H4 RG 4 096x4 096 HgCdTe FPA assembly™®
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Fig.9 (a) Cross-section of Raytheon’s single-mesa dual-band pixel architecture applied to HgCdTe on Si grown by MBE; (b) Scanning electron

micrograph of dual-band pixels !
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