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Recent hotspots and innovative trends of infrared photon detectors
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Abstract: Infrared photon detection technology usually works in the passive sensing mode and contains the advantag-
es of long acting-distance, good anti-interference, excellent penetration of smoke and haze, and all-day operation,
which has been widely used in space remote sensing, military equipment, astronomical detection and other aspects. So
far, the second-generation and the third-generation infrared photon detectors have been deployed widely. The high-end
third-generation infrared photon detectors have been gradually promoted to practical application. The fourth generation
and more forward-looking research including new concept, new technology, and new device has been proposed. This
paper focuses on the research status of infrared technology at home and abroad, emphatically introducing the hotspots
and development trends of infrared photon detectors. Firstly, the concept of SWaP” is introduced due to tactical ubiquity
and strategic high performance. Secondly, the high-end third-generation infrared photon detectors with ultra-high spa-
tial resolution, ultra-high energy resolution, ultra-high time resolution and ultra-high spectral resolution are reviewed.
Technical characteristics and implementation methods of ultimate-performance infrared detectors are analyzed. Then,
the fourth-generation infrared photon detector based on the artificial micro-structure is discussed. The realization ap-
proaches and technical challenges of multi-dimensional information fusion such as polarization, spectrum and phase are
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mainly introduced. Lastly, highly innovative trends of future detectors are discussed according to upgradation from on-

chip digitization to on-chip intelligence.

Key words: infrared photon detector, SWaP?, multi-dimensional information fusion, on-chip intelligence, curved/

flexible photodetector
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Fig. 1 Structure diagram of infrared photon detector
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Fig. 2 Development history and future trend of infrared photon detector
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Fig. 3 The third generation/high-end third generation infrared photon detector SWaP® concept
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MW LW

O) e O e .
. e B
B
[ P2 %
<
P1
ZEHE

ERRE I

P 7 RSB [ 1] £ X6 68 1 T 45 205 1 /s 78 B
Fig. 7 The schematic diagram of dual-color focal plane de-

tector with two poles in the same direction

S Y A (R] R (B E] OGS S B R AR A B
KRS I 290 . B B 20 A0 FL I 25 AN 1T R
[ B G 2 2191 ZR G0 = 1 25 1] BE A L B T) Ol
PEREoR M R IR e R SE LA R
GE LA 0 S0 B R A BT o 38 R AR
Xof ELAA B R R oK 5 0 7 55, B SO H 1~2
AT THT A 1R A B
2.1 BEZTESHPHER

23 [B) 3 R B b B8 T 40 X 43 1) 25 6] N
Fe/NITHY ROT BRI, & 3RAE R 53 98 H bRl 7y
EZESE . S P DR AR &

Mot
SemiE: O\ Lo IR
i A
R
pRgs T
HBHE
B < g

B DA
SEaHE | ==l
EEEE A

K8 RSB T " PERE R AN L OCHR I 55 i 29 1

Fig. 8 The correlation and constraint of the core parameters

"four high" performance

T 0T BE (R 21 AR MG, 78 TR 38 I TR A 45 D0 45 450,
PRI G ) E AR AE Ty o H8 R A S T B 8 AL
CE RRILAS ) A /MG T 0 B (g 2 ) 2 e v &5
(] 73 BT AMGE 5 16 B 5 7 1] o
2.1.1 BAHIBLIMLBIFNIE

(1) M RHAS 1  JEE R

ZT AR D i A 51 1T 5] 10 AR DA i 7L 1) 32
32, B RRE] T miE AR K. 2k EETE
FCHA 21 50 45 S 1 [ 57 SRR A — 22 e &AL, 2 kx
2 k4 kx4 k FEFC AR (4 SR AN H .
2L M 25 B I 5 ke 20 B, L 32 310 [ A0 9 47
AR, (H T Aok A JR Gl b S T 2 kx2 k



L AR 26 TAMH PO B A A )

4 kexd ke ZTAMGEI 8 B 40 A A R g FH o

& [H Teledyne 23 F) (4 7 HH 7™ f HARG A RLAK 15
1| 4096x4096 , H.if i+ = 4 L AL DR 5] T K
SCERINZ5 i 3 FER TR oK . 52 L3HARRIS 24 R AL
LT MG AR B AR 09 77 i LFISE LA 15 51 4096
4096, [ Raytheon /A F] Jhy T9 AL 18 B ZT AMA I %
PEAEAY = RS 35 51 4 096X4 096, 32 [ Lynred
N T RT 5 ATTO 1280 FHRA% 24 1 280%1 024,
R BRI K Je 2 TR IMAT: 55 $2 445 A0 21 71446 000 25
}4 M2 048%2 048,

H AT, 9 [E 1 Raytheon 23 F] 1E7E F FH 8 B <} #if
BRI 15 pum A5 5T O FE ) 8 kx8 k K
M LT AN 2% , 130 5 2 R 12 9T s R ARk il
15 pm AR TG FE R 14 kx14 k8K HLKE 20 /M5
2

TR IR R SCHRIN A5 T A N FH R T AR
BTG IS A AR S I ZR LA R (RS T A B
SE Al R oK, SEBR R T AR A T i — 2R
T AT BE P42 00 5 VR AR AR T AR R AR I 21410
PRI 25 437

(2) R TS 1 AR Bk %

R A A 5 T TR A 1) 25 12 1) i 4 32 22 i A
R IR, A 4G 2 )2 MR IR BT R RS A i il
FEMERE K (HgCdTe SMEA: KA LK FR I 25 R )
RN SR E TR e R

ST AN 2538 A BRI 505 7 (RHJES/S 1 e 1
R R G5F ) 2 L EEARAE IR TR (53
We %, JB TR ZIZEE MR R . MR 816 =
T T R A R B (T AR QR AR
X)) TAE. BT 42 RMR SIR ER45 00 Fr A
H FEL I T AR Bk R BSOS TRD TR AR R A R v 2
LA IR 7, S EOS F AR LB,
Wi 00 5 P B S T S

% H CdZnTe . GaAs %} JiE #1 #} HgCdTe 4 %E 4=
o, BRI ER 0 R 5 Si 132 Y Ha 5 B A6 FA 2 T ]
Ao JEC IR T 2% o R FH A DC T 1Y) Si AR R de) IS
WL % . Sy Ah i 7E S Y TS |
N e R ik 28 B0 4 J2 RN S J2 00 v Al s
FL B T AR, LA e e IS I A ik R 5007

CdZnTe Fof i A w5 1 it 15 RUF /0 1 ) 884, )
FEBR I T HeCdTe 4£ - 1 B 51 L A% . CdZnTe
HeCdTe [7] 4 NEED 2544, 45 AR 4 1) ks DC B, 2
HeCdTe SMEA K Y R AFAS AR, (RS2, H FiTRE H

CdZnTe RF 5T FRABR , B R RSF#) CdZnTe # i
il A AR g, 0 AR T RS AR O R ™
PR,

GaAs. Ge. Si 5 #8 5 J5 FAE & 1809 %) IS A1
HE AR R T BE B L 2B K Y HgCdTe B HHE 5
FEAE = 5 B B L, ™ R PR T AR AR A B
o HiHR I GaSh #fJRES & CdTe ZEnhZ02 RAFHY
PR AR, A A% R L (6. 19%) AR L
SEE AL, Gasb AR AE K Y HgCdTe MR 45 %5
235 F CdZnTe # JiE 4 K HgCdTe #4 B} 19 17 45 %5
JER2 O 4R HgCdTe MBI AR IS4 T8 1Y
Jila)

HeCdTe b1k} 38 iy 5 525 5, {H Hg-Te HEHE
REHCSS , Hg A H T 08 IR S0 H BLEH 535 W 17
AT S B B 2 PSR 75, InSh A1 BB
RN R, A BT Y R RIS, 7E SWIR Al
MWIR K A% £EF- [ B 51 -5 HgCdTe BS54+
AL, AT D) TnSh WY 8 kx8 k £ AP HL A
M5
2.1.2 SEEZRITHLIMRNZR

(1) /%55 BEARTT Y & e IR

1= % AR T LD MR g8 T b AR N 4
PR R o #1256 42 S0 0 % 71 2012 4F
HE ) 1 % BE AR TG LD MR 4 1 A e B o £LAME
g AR o PO EETE FLBA S 100 wm BLF, & i H)
A48 %) 30 wm 22 47, £ H H Lynred . ATTOLLO
Teledyne 55/ A HE H K AR TC LR 10 wm /977
a2 A BGRARTT D B S pum~8 pum (1 #EE
A LT N A5 B B KA I, BRA
i (A AG TC U EE AT E B AE 10 wm 245 o

(2) 75 55 BEAR T B AR PR AR

il ¥ B L1 A1 't v R0 45 5 5 2 7R AL FUAH A N
DAPR IR TAE RS, JF i B Hl e L. 8ot
RT3/ N AT LA 0 i/ e e i R, AT AR B
i B b 4 5 2285 R, AR PR R 8 RS B i v
EOR, JEM AR R G A I #E . B, 205k
DG H R 18 5T RS 1R 0/ 32 3] 25 8] B IR
T2 Y L B RN 85 I L 3 4 T PR 3R ) BRI

(a) T [a] & 4

ZLAMGH R 85 1) 8 F AL L RS
AT S B 627 R RO AR B0 EAR T A Y R
o | P A R R R 45 ) A A i R A
(Modulation Transfer Function, MTF )<= Ji% A F Y



. LT 5N 5 B K k2 4%

F®1 EESEE20RERHNEZEEGTHNRSESK

Table 1 The US Navy proposed a system requirement for high—density pixels in 2012
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Fig. 13 Three detection levels of infrared photon detector: imaging perception, two-color recognition and spectral image recogni-
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Fig. 14 Core architecture and technical connotation of the fourth generation infrared photon detector
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