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Very long wave HgCdTe infrared focal plane detector
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Abstract: Very long wave 640x512 FPAs with 25 um pixel pitch and cutoff wavelength of 13. 23 um, 14. 79 pm respec-
tively at 77 K were prepared by the arsenic ion implanted p-on-n planar junction technology. The basic performance and
dark current of the FPAs are characterized and analyzed. The results show that the quantum efficiency of the VLWIR
640x512 FPAs with 4, (77 K) =13.23 um is 55%, the average NETD is 21. 5 mk, with an operability of 99. 81%; The
quantum efficiency of the VLWIR 640x512 FPAs with 4, (77 K) =14. 79 um is 45%, the average NETD is 34. 6 mK,
with an operability of 99. 28%. The R 4 figures of merit at liquid nitrogen temperature are 19. 8 Q-cm” and 1. 56 Q-cm’
respectively, which reaches the predicted value of the "rule07" heuristic law, and the device noise is mainly limited by
current shot noise. The results show that the performances of FPAs are at the state of the art.
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1.2 S[MEFNEK

TETH B 7K p—on—n 2 14 il £ 1o A2 Hoks i A% a7
JE AR B TS 6 R AT £ 77 K
J7 % JH Keysight B1500A HE47 1=V R,

W 58 U IS 25 5 R0 3 R0 AR 1 4 i 640
S12 M0 v B A i kL B, ¥ B F#ECh 2, W
RS BN 2y 77 K5 % 7 [ A 5 V70 18 iR
F 2L A G TE AN 88 A AT O35 o i 3K B S S



820 AN NS 0 N ok 41 %

BIXE 20 “CHI 35 “C T I SR AA AT R4 ) =
2 Bk DR A %o A T T 14 0 S AR R RE R AT T
5 L E O M (OFOV ) £ N X U T #4411
M L AR A T s R A T T I AT

2 #HR5iTiE

2.1 p-on-nz_HEFI-VHHE

Pl 2 FNIAL 3 43591 Sk HE A R I B 7K p—on—n 2R 14 TE
L 1=V IR SR 7 1Y) g 74 Ak - BEL A i v P 79 7228
X R, HpiE 77 K T IEHE K28 10 pm
1) Tt 5% 5K n—on—p 2% 11 1=V F R-V th 28 4 g % 1L .
i T p—on—n Fll n—on—p g 4 P [R] |, 5 HE i Bl O
FER)ZEA S RA I . teAh, G 2 7, n—on—p a4
Ty B4 =50 mV F]-250 mV , AR KT 14 S
2%, 1 p—on—n #5550 mV F] 250 mV , {73 BHAT A
KAV ARE KI5 R E . KRR T
Bl 47 i n—on—p a2 F L 0 AR PR S R 4
1%, ZERE /N B R R AT RE 28 0 — 8 I S5 AR A 1S 2ok
TR 17T A 75 1 A28 BEL e Bl B O 11 B R ) A8 46 p—
on—n £ {4 1> R 23 0 AR B TR K HAS 5 e 5h
Hnr 3 AR AR R B R, 8O B 5 ke e A ilf 4
HLES . KT 250 mV i, gl od BT O s 11 PR
T AR AT D)2 g T 2 P I T

2.0x10°
1.0x10°
.__————‘i’//
< | ) e
§ 0.0 ( —
=
8 / /
-1.0x10° / PP o -
4 §
20510° Lo L )
0.1 0.0 01 02 03 0.4 05 06

Voltage/V
K2 R p-on-n &R 1V FEE
Fig. 2 [-V characteristics of HgCdTe p-on-n device

2.2 EEFEEBFRHIEm A

] 4 5 SR A TR] Cd 21 53T 5 55 b Ak il & 11 L
£ 640%x512(25 wm) p—on—n FR M 5 H.0 XI844 T
FE 77 K AR EE T 09 05— fb A X 't 15 g 7 i £ .
Cd 253 x4 0. 205 [ & 14 F Cd 4153 % 24 0. 198 (1) 4
P AR E B A0 R 13,23 um A 14. 79 pm,
2.3 ETHIHERMERE

ST T Cd 4143 4 0. 205 B H: K I 640x512(25

10 ' - .
q 10° F /,
3 : I~ :
£ N
]
',E 10° 1= '“j el A 1 : \
CE: N =
g : - v - " 2 . \ |
> g
A 10'E —& |
F e e
e . L i L .
0.1 0.0 0.1 02 03 04 05 0.6

Voltage/V

I3 T K p-on-n g Y R-VHEE
Fig. 3 R-V characteristics of HgCdTe p-on-n device

100%
80% /_/

60%

40%

etk g
o]
i ]

Normalized spectral response

|
6 8 10 12 14 16

Wavelength /

(a)

100%

/ﬁ Pt

40%

Normalized spectral response

L |
6 8 10 12 14 16

Wavelength / pm

(b)

K4 77 K THEHRKR p-on-n g — A0 GIEMI N « (a) Cd 253
x4 0.205, (b)Cd 4153 x4 0.198

Fig. 4 The normalized spectral response of HgCdTe p-on-n
device at 77 K: (a) x.,=0.205, and (b) x,=0.198

) FEI 25, B4 B[] 2 60 ws, 2 F I8 ) 2B
ARAS . TS Sy e o7 5 ¢ R IR ) o, 3R S 3450 1
8. 15% , g bt ALK 55% . 6 K a4 NETD
HFE,FYME N 21,5 mK, 208 EFR A 5 H e H
SE BRI BV H £509 ~F- Yo me 1 R 5K T 2 £ 1 1 g



5 ST 55 AU R R RLTIME T T 58 o1

G ICE LN E I A SR TR N
99. 81%, Wt T Hf s PERE o

BES 77 K x.,=0. 205 H K I 25 PH 1 26 0% 15 P
Fig. 5 Responsivity pixel map for a VLWIR FPA with x.=
0.205at 77K

14000

NETDE F
T .
12000 |

e ea] ISR SO SO

s

Mumber Pixel

6000

4000

2000

0 5 W 15 20 25 3 3/ 40 45
NETD (mk)

6 77K Fx.=0.205 A P24+ NETD E A
Fig. 6 NETD histogram for a VLWIR FPA with x_=0. 205 at
77K

Cd 4143 x 7 0. 198 ) HK I 640512 (25 pum)
PRI 5 35 22 B A B 50 B 0] O 40 s #5428 iy 248
JRBE TN EL 7 s, w28 AE B 5P 12, 64%, 4
it FR0E R 45%. K] 8 My &% F NETD L7 K, °F
BIE R 34. 6 mK. B EAR A O H JCH @ AR, %
PRI AR TTHN 99. 28%

h T R AR R RE LR EEPERAS T
YRR 3 B[R] PR A AN AR ZEFR DN 25 18 AT I 79 Gpol s
RAEMEFEAE . 255 BRI ES 1 BE T A s U, %
A (D) T3 A5 2 B4l () 2 0 7

v, = Jv — vk, , (1)
o, ATIERE BT B0 I v, i T
5% RN R 9 W PRI v, SRy B0 ) R A TR R
fE.

AR A 22 BT R D0 25 I P, - 0 2 R0 AR O3

E17 77K F x,=0. 198 By S A4 iy 220K JiE 5]
Fig. 7 Responsivity pixel map for a VLWIR FPA with x.=
0.198 at 77 K

NETDELFT B
10000 - .

3000 |
go00 |
LT R S

5000 |-

Murnber Pizel

RO S S
T e
rr I N

1000

. ;
10 20 0 40 50 &0 70
NETD (k)

E18 77K Fx.=0. 198 HAL i #5F NETD H )7 &l
Fig. 8 NETD histogram for a VLWIR FPA with x=0. 198 at
77K

(BT B g8 B i . e BR R (2) BioRE i 7 % 5K
THE RIS A M 75 A
Ve = o 21y Af - % , (2)

v e AR R BE g M TR TN
B, A IR 58, T, S BRI ], € S AR
A

9 AN 104351k Cd 443 x 24 0. 205 A4 F1
Cd 2153 x K 0. 198 (Y 25 P20 i 14 e 75 00 {1 T 2
WA X E o 3 AN 27 25 0 7 It
BT R EZ L4y 51k 1. 032 F1 1. 045, 3R B
i S AZ AR R T A HIORE MR 7S PR B AT
i ErERE
2.4 ETHRUEHBER

TEOFOV 2548 F % 77 K TAEIRE T A [F 445
(A AR T T R RN . Ry T NI R
25 BISRAE T 2L PRERAS AU A HE] (10 ps) Y
EL PR, 38 2 PR S T 2 T8 25 10 s



822 g hh 5 2 oKk U e 41 %

<10 x10
—— @i 5
2.5 —— MEN 7
Al 6
> &
kil
%15 4 K
it 3
2
0.5
1
\

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
BFE (mV)

B9 77 KT x=0. 205 AL Dl #4010 7 5 H S IOk
L]

Fig. 9 Measured noise and current shot noise distributions
for a VLWIR FPA with x.,=0. 205 at 77 K

4 3
x10 *x10
3t — — #Eipa 18
—— WEV 17
25 6
27 15
5 5
%
&1.5 ’ s
13
1t
2
0.5 11
\

00.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
B (mV)

BEI10 77 KT x.,=0. 198 i ELAS I e -0 7= 57 v 38 1Ok
W 75 A1

Fig. 10 Measured noise and current shot noise distributions
for a VLWIR FPA with x,=0. 198 at 77 K

AT B R P EAS B A py s B g o T 1 A
& 12 24 CA 443 x=0. 205 F14 7 14 1 R 70 2K 3 P61 RN A
N BT B #8524 A 230 A DX ) B F 7K T
FEAE— R B 22 5, 3K 1] BB 55 WA AL 2 0 D 2 R i/
TR R SRS A G . ARG LIRS (E S 2. 6 nA,
MR IR RA R 19. 8 Q-em’s
hal NE
q]dmk
i, RO A EARBEYT A A AR by, NI IR 2GS
TR TR TARIEE , J,,, R #8 F 2%

& 13 FI& 14 K Cd 2H 43 x=0. 198 B 25124 15 i o
B U FIAH R 1 T 5 L 2842 B L 38 0 A () A7
TS, HE S 5 A 22 M BT — 43480,
PRI TR IE K 26. 6 nA RIS (3) T 55 £

R,A =

I L3793 417 x 107

EI11 77 K T x,=0. 205 A ik #5218 i 3 K B2 14
Fig. 11 2-dimentionnal map of dark current for a VLWIR
FPA with x.=0. 205 at 77 K

i HL UL

6000
5000
4000
f 3000

2000

1000

0 g s
5 6 7 8

0 1 2 3 4
s HLIEA %10

E12 77 K F x.=0. 205 FLA P g -5 e i By &
Fig. 12 Dark current histogram for a VLWIR FPA with x.=
0.205at77 K

FFR(,A%] 1.56 Q-cm’s

I Eh 3 53 A1

0

FEI13 77 K F xe=0. 198 EA P A R85 o Ji K 1 1
Fig. 13  2-dimentionnal map of dark current for a VLWIR
FPA with x.,=0. 198 at 77 K

K MR ARATF A [ 2 53 28 1 R A (5 AR5
HUREI BT (44 I8 RN e 8 P AE R R RAEL
PP B . el 15 iz, B Al A B I 2
7 RAE N “Rule07” 22 56 2 ik =X 1 TRINAE AH 24 , %
WIS AF IR B8 R P BB K- o



5 2R 26 HAYERR SR LLAME T TR 28 ¢23

I HLE

9000
8000
7000
6000

*f 5000

Ji

4000

3000

2000

1000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
I HLHALA x107

B 14 77 K x=0. 198 H w14 1% i i L &
Fig. 14 Dark current histogram for a VLWIR FPA with x.=
0.198 at 77 K

p/n Raytheon [Gilmore2005]
p/n Rockwell [Chuh 2004]

p/n BAE @80K [Stobie2004]
Selex [Jones06]

n/p vHg doping DEFIR

n/p extrinsic doping DEFIR

pin DEFIR

p-on-n Kunming Institute of Physics
n/p diff. Ltd. model

- - - -Rule07 [Tennant2008]

1.E+04 =

1.E+03

SeCEPOOS

1.E+02 19
& FATAY

1.E+01 A

RoA (Q.cm?)

1.E+00 A

==\ !
F-0Hogsn
= e A
1E-01 . L T

1.E-02 . ; -
9 10 1 12;w(pm1)3 14 15 16
P15 WRACTRLEE T & B S8 HLAL B A 108 D R 4 e
R, A fEFEAUIE P KA

Fig. 15 The relationship between R A value and cutoff wave-
length of LW and VLW devices developed by various research

institutions at liquid nitrogen temperature

2.5 ETFHEFIHBERET

Xt B 2 AE R P AL BL Y Cd 473 x=0. 205 1)
FERE 640x512(25 ) PRI 1 A1 B 55k )
F1 70 AR o Zid AR A PERGE TR TR
e, e PFRUS B 16 R AR B T BTG
WA AT AL, S G ) AR ASOR,

3 4ig

AR Cd 4153 53504 0. 205 F10. 198 1 Tt
BhR LPE A RL, 8 5 i 5 77 A p—on—n - T &5 H A
il £ TAZIC RO E A 25 m AY A 7 640x512 451
o TEVR VIR BE X 3 A e O 1% AR M B DL I
5 F KRR T T AN M . a5 SRR, Cd 4%
x 0. 205 By H K R I 28 e R B K O 13,23
wm, W B R AR Y 2] 1 8. 15%, ek 730K 55%,

il
K16 77 K F x,,=0. 205 Bl 2 11538 7%
Fig. 16 Imaging demonstration of a VLWIR FPA with x.=
0. 205 at 77 K operating temperature

NETD “F#{H 21. 5 mK, B 5015 70 %~ 99. 81%; Cd
2 53 xR 0. 198 11 L P BRI 25 I #K 1k PE K R
14.79 pm, Wi 7 R AR 51V 12. 64% , #8142 FR0R
45%, NETD F {4 34.6 mK, f % 1% o€ % K
99.28%. 77 K TAEIREE T, #% 1k I K 4 13. 23 pm
114,79 pm AU EER P AR RA 739128 19. 8 Q- em’
F1.56 Q-cm?, 53] T “Rule07” 456 % 15 2 A% T
(B, 5 4 MR 7 B A7 Ok R s BRI, B T AT
(S BE

References

[1]HR Vydyanath, V Nathan. Materials and process issues in
the fabrication of high performance VLWIR HgCdTe infra-
red detectors [J]. Opto—Electronics Review, 2001, 9(1):
1-5.

[2] O Gravrand, E De Borniol, S Bisotto, et al. From LWIR to
VLWIR FPAs made with HgCdTe at Defir [C] //Proc. of
SPIE, 2006, 6361: 636118-1-636118-10.

[3] O Gravrand, L Mollard, C Largeron, et al. Study of LWIR
and VLWIR Focal Plane Array Developments Comparison
Between p—on—n and Different n—on—p Technologies on
LPE HgCdTe [J]. Journal of Electronic Materials, 2009,
38(8): 1733-1740.

[4] M A Kinch, F Agqariden, D Chandra, et al. Minority carri-
er lifetime in p—HgCdTe [J]. Journal of Electronic Materi-
als, 2005, 34(6): 880-884.

[5]cC Leroy, P Chorier, G Destefanis. LWIR and VLWIR MCT
technologies and detectors development at Sofradir for
space applications [C]//Proc. of SPIE, 2012, 8353:
835320-1- 835320-11.

[6]] Ziegler, D Eich, S Hanna, et al. Recent Results of 2—di-
mensional LW- and VLW- HgCdTe IR FPAs at AIM (clun
Proc. of SPIE, 2010, 7660: 766038-1- 766038-10.

[7] R Wollrab, A Bauer, H Bitterlich, et al. Planar n—on—p
HgCdTe FPAs for LWIR and VLWIR Applications [J].
Journal of Electronic Materials, 2011, 40( 8): 1618-1623.

[8] K U Gassmann, D Eich, W Fick, et al. Low dark current
MCT-based focal plane detector arrays for the LWIR and
VLWIR developed at AIM [C] //Proc. of SPIE, 2015,



824 g hh 5 2 oKk U e 41 %

9639: 96390P-1- 96390P-9.

[9] M Haiml, D Eich, W Fick, et al. Low dark current LWIR
HgCdTe focal plane arrays at AIM [C] //Proc. of SPIE,
2016, 9881: 988116-1-988116-12.

[10] N Baier, L Mollarda, O Gravrand, et al. Very long wave-
length infrared detection with p—on—n LPE HgCdTe [C] //
Proc. of SPIE, 2012, 8353: 83532N-1- 83532N-12.

[11] N Baier, C Cervera, O Gravrand, et al. Latest Develop-
ments in Long—Wavelength and Very—Long Wavelength

Infrared Detection with p—on—n HgCdTe [J]. Journal of

Electronic Materials, 2015, 44(6): 3144 - 3150.

[12] W E Tennant, D Lee, M Zandian, et al. MBE HgCdTe
Technology: A Very General Solution to IR Detection, De-
scribed by “Rule 07”7, a Very Convenient Heuristic (7.
Journal of Electronic Materials, 2008, 37 (3) : 1406—
1410.

[13] H Lutz, R Breiter, D Eich, et al. Small pixel pitch MCT

IR-modules [ C] //Proc. of SPIE, 2016, 9819: 98191Y—-
1-98191Y-18.

[14] H Lutz, R Breiter, D Eich, et al. Towards ultra—small pix-
el pitch cooled MW and LW IR-modules [C] //Proc. of
SPIE, 2018, 10624: 106240B-1- 106240B-16.

[15] H Lutz, R Breiter, D Eich, et al. Improved high perfor-
mance MCT MWIR and LWIR modules [C ] //Proc. of
SPIE, 2019, 11002: 1100216-1- 1100216-13.

[16] A T Dsouza, L C Dawson, C Staller, et al. Large VLWIR
Hg, Cd Te Photovoltaic Detectors [J]. Journal of Electron-
ic Materials, 2000, 29(6): 630 - 635.

[17]7] Bangs, A Gerrish, A Stevens, et al. Advancements in
HgCdTe VLWIR materials [C]//SPIE, 2005, 5783:
223-230.

[18] T Parodos, E A Fitzgerald, A Caster, et al. Effect of Dis-
locations on VLWIR HgCdTe Photodiodes [1]. Journal of
Electronic Materials, 2007, 36(5): 1068-1076.



