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Fig. 1

Scanning electron microscopy images of three types of resistance array structures'”. (a) Silicon bridge resistance; (b) thin film

resistance; (¢) suspended thin film resistance
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Fig. 2 Circuit schematic diagram of basic unit of resistance

array
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Fig. 5 Infrared images generated by photothermal image conversion array. (a) Input digital image; (b) 3-5 pm infrared image;

(¢) 8-12 pm infrared image
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Fig. 7 Suspended thin film prepared on silicon substrates™”

Fig. 8 Silicon based suspension thin film
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25 2% Sk 10 bit AT Sk 40 Hz, JK B 25 9% K 8 bit I i
Wi A 160 Hz, i & i B Gk 2] 785 K, K& X L B
250: 1%,

[ P9 56 F DMD 9 F 58 A0 X [ A0 48 i, 30 4F Ok E
BUAS TR 2R . DS R Tolk K24 b [ B2 B
KE AR %L S5 % FaF 58 i 050 Tl K2 K
F TR 2 AR R 9 DMD 8 21 40 3 5 45 40 2%
F A TIA A AR 7B XGA % DMD 5, B85
B 1024 X 768 AR TR Ty 13,68 pm. o B B2
B 1 Vi R 4 BT 5% A B2 T e kR ik v oA i O =X
HAE ] 14 21 50 b 5o 385% 2 G0 nT LA SE BB = 12 bit 19 K
BE AR WU R R 120 Hz' ', KB P TR 2= 4R E 1
XL B DMD 1 4137 56 B0 28 2% F P~ DMD 43 531 5
B 3. 7~4. 8 pm MK 8~12 pm X B , Hovp o
W AR T EE B s B 250 1, KB EAR X L B ik
14:1, PR BE =600 K, K IR E = 400 K, %

BH HL G 18 2% A 52 T 3T T — A 3 T DMD 4 o 4T
S B G RBE R G, R 3 BEE R 1024 pixel X 768
pixel i DMD it 5, i B A5 4805 [ o — 10~ 4300 °C,
AR B 2 R 0.1 °C, 8 bit JK B 45 2% i) n] 52 31
100 Hz sh &3 5642 1, IF nr 5t A e 267

3) EBAR EA

[ 783 F DMD 9 21 40 50 A i e B ) £ ZAF R
PR A0 45 38 B B9 OPTRA /A #] L Optical Sciences 23 A .
EEERPE L% HNET DMD WLy &=t
ke I B R B AL R I IR Tolk R rh R
22 e K A R B LA S ) BRI 5T T PG AL Tl R 2
KFEB T RS a8 TR h ER AR LR Y
BB 5T BT RV 2 205 iF 52 i 55 o

4) BAT I H KRR A

DMD 8 AR A4 8 T 404N s 5 BRI &
L EEM TIA A X T DMD s 5 LT i A 1)
N S E IR E I o ol e 1 ) G el = o =
DMD its i i 2 /], B 9 5¢F DMD £050M% % R 46
B DMD S A 35 B4R 0E 11 [ BT 9 DMD 21 4h
B ARG EEEPEP LA, KT 8~12 pm P B
OIS S =W o 3PS S K ST NG I 2725 iy 5024 I B3 2 N
A S5 0 G 7 i DT A R R ARG 1 43 33 IR 1% ot R Ik
ZIAM G R X L BRI, 55 A, DMID 19 K B 5 [
J2 38 Ao ik e R ) S2 B0, B 3R DMD 9 4340 3
R AL 250 5 B I 2R 5T ™ 4% 8] 25, 9F 5 DMD /9 5 s
T[] 5 0 000 B 5 9 L ) ] b, B2 A DG i, 5 ) OR: 4
BN SE B ERK B, S BOR M 2 R REMNFE T &
B BN BT XT B B S AR P42
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1) # ARz

fiE LR A (LCoS) 25 [a] 5% I8 il % £h 35 B IR 7 AL
8w T 1970 AR R E &z W TR B
IRFEAR Y AL B A A AR AL
s S B R 28 FUROR B AR, LCoS % ]
Ot Tt P AR R s i R S S A s 1 A AR
I FH 0 v R A ) O 2 R e R SO R e i B8 AR
P, LCoS H A BR i H T 41 78 37 5 A= i I R A
TAELLAME B LCoS Y EIGRT L 32 5 A1 A P A5 it i 458
12, HLH T 65 R SRR T DA S i T B A — e BRI

XFENGT

LI

SRR
(ov)

RAi87T OVEE

KA
R EE B

SVEE &

243 % F 15 H1/2023 £ 8 A /HFZEH
2) AW EZIN®ZRZ

B 11 2 LCoS Y 45 A4 Al T /F b #L R & B
LCoS iy F B L5/ 2 F = BIya 45 4, JL 0K 3l g % il
YEAE R AR b B — /N Ao s CMOS ks
P 6 S A7 L 25 A e HL 0 B R B T . 0K B R B T
P 2 AE AR O Y R R R 38 O VR T T Y
& J8 )2 N AE B A LCoS AL IT X B 1Y W dd )2 I, 4l
FE A A L3 LA ERAR W o RS . S TR BT A T HE
1 P 28 A 41 6 4 A SO RO AN [R) R B 14 2K A
B ST i B #1288 00 1R D' 30 2o 4G O 4+ S ) 3 5
FANTR], 3B H I G2 B o 5 St 2 R o, DA T S B ]
BA5 B B .

OVEE & SVEE &

B 11 LCoS fl%h kT AR JE F R 2 1E

Fig. 11 Schematic diagram of structure and working principle of LCoS™

3) EBAA AL

F B K AL R 36 BRI K HLA B] L Dynetics 24
Al BNS 23 ] Fl ik 2 Bk KA

4) HRFERBATARARAKRS

2140 LCoS M HE JUJE 20 E e (UG , e B
BB R e . 2005 4F , 6 % BL Ik R wF il 7 % T
256 X 256 [ 51 L.CoS =5 [a] 't ] il #5 19 21 51 3 Se % 52
A AR TT R BE Ry 24 pm, WA 200 Hz, 8 6l 7% 2 ok 41
(MTF) & 21 Ip/mm'™ . 2006 4F , Dynetics 2% & #l
BNS /A& # T 3T 512X 512 B 41 LCoS =5[] )t 1
il 5 B 21 0 7 5 AR iR B AR T BE S 37,5 um B T
K ¥k 87. 6% , 78 il Ik Br ik ) T 200 Hz Wi fit , 38 15
T 525 K i Y . 2010 4, 3 [ Kent
Optronics 2\ w) B il B £ T 512X 512 B 51 LCoS = [H]
6V 2% L0807 S A ke B SR T B Z0 ML
e R IR = 1500 °C, A 200 Hz™ .

LCoS 75 [a] 't 1 i 2% i w1 15 18] 55 9 & J2 1 T8
BE MR A IR S L AT . — MR UL, LCoS 1Y T
YRR B, Y i 28 B gl A A, T R o 2 S (A
VHE R B A A F B (VILST) 75 4R 19 v 3 452/ 25 5 A

Me, PR, 22T LCoS M40 4h 37 5 A s 3 o B i &
T AR = ST S WA A RE . LCoS Y b T i) fa] (2
1 ms) b T REREE (10~100 ms) B, Fom )57 5 8] bl % 1
i J2 JE 3 ) B AR T /0 bl L Sk T AR A e e 1 g ) R
JEE AR R PR R R A 2 o I LCoS AR X 7 K I i
BE AT 5 A mi B IR . 59 A0 BT R B R
ARG A 5 4 A D DR B A T AR PR SR 1 i — 2P
R, N SET LCoS 55 [l 6 1 i #% 1 FH T 4140
%iﬁkmﬁ%fﬁh/'\ VT JLAF 7€ E PR 56 T LCoS H
T LT A0 gt B ) R A A R

5 HAhzh Y5 AR

5.1 #ZI5MLED B3

1) #AR R

214N LED BF 5138 5 % 28 SR 04 R R DG F 76
T AR T R A B 0 BRAE SE B RO . kL Ak
LED #8742 45 4 (8] 2L B BO6 28 (ICL) i F 2B Ot
FE(QCL) L 11 29  §hA% LED(SLEDs) Fl3E 745 1k 4 1)
LED. ICL i 24 & F PR A, B 7 1 S WA AT B &
B S A B RE L, AR S 8 i BE S AT ) BR T R
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) Tl b A B RE S, 38 5 45 ] ICL w9 i 3 45 5
A7 HR P AR R O 7 A 22 O (B BR A Z0 A1
RIS 2 B B R RS 22 ) B — 2R 90 A ] R
T AR . QCL AR T Z 4 TRF a1, e 32 2l
-V~ S A, 2081l Sl it 22 5 B A S Y
1 — Z& B N BREE = A o 11 B SLEDs 2 i — &
BN [a) e S P Rk 16 5 0 T2 L0 1 o et A% 45 4,
Hr— bR B S TR AR ARG f Al T A A X
B BIR A 7 b A% TN B ] XU, 24 25 SLEDs Ji i it
A, L 0 25 OB A A SRR A AN [ B Y
FTHAL EORT R A kM A A 2l i ) BR O 7 A 41 A
G, G A H T B R BB 25 e . B AL A At
LED i TAE 5B 5 558 LED 2800, #B 72 56 T oL 7~ =S
IR ) R O 55 B RO, 8 R R T 86 AL 48 (InSb) 50 86
P HR B (InGaSh) 2 T 44 B A4 R i B, 38 i 0 p B
A B (Y B B AR 8 pn &5, 24 10] pon &5t 0 1E 15]
LRI L RS TR pon S5 AR HORR 45 S OF OB

AlISb N
.

N
GalnSb GaSb

hv

e __I electrc& %

type-II band **
alignment

("2

3

InAs/Al(In)Sb
multilayers

AlSb T

BBk e, 5 HA LA LED #3441 e, ICL 1
SLESs BURCR B &, R BT 7 A= 20 A s A
12 4% JH InAss/GalnSb/AlSb #4 £} il 5 #9 ICL 7 1F [f]
P =T B A ] 01 9 g A5 18], n 7Y InAs/Al(In) ShiE A
JZ B R AT — X 3 A A R, SR — DX Y A A,
A p AU fh 2 2 8] 0 A R X B 2 AR A R /A
JE AL A%, B A 3 — AN A X BRI InAs/GalnSb/
InAs“W” i FBF . fEIEmWIE T, B FAEA X
A% Ee GES , % BEG AL T AH4E GalnSb JZ B H7 B X
M T E. BB (% 1 7 Bk BH IR 3% BE 2F 1 GalnSb Al
ALISh 2, A 1 o 70 ] 1 76 AH 2R 0 40 7 12 T B st
F S NESE, XD SRR E ST B Timmas
[ AR A, A0 T ECIRZS A9 o 7 0] D3 3 i 25 ek vl
B9 AISh # 22 Fl GaSb JZ U AT — /N A X Fi , FF
R — A (B BR AT RO T & G A . TR
[ PG 0 T DR B2 ) 3 1 R AT A RO T & 5T
Rl FC AT 5 & 5 XA P B 2 N — DA R IX

AISb N
A

N
GalnSb)| GaSh

hv

~ ) P -, . . " “1
active region ln_]eCIIOI'l region

Bl 12 TCLAEIE i FE T () 195 0 J) 30 i R
Fig. 12 Two period energy band of ICL under forward bias'""’

2) BARM EIN&Z

BEALAR (GaSh) J& — i ELE A B SR A RL, R
B 54 58 B R 0. 70 eV, AT Tl 48 2~5 pm P BT 210
SNLED. FfiZg GaSb LED i R () & Ji& , 3£ F LED 19 3h
AL AN EG A AR 1 BIF ) A8 = A | o R R Y B A
WA TARKIEE ., e 4 ICL 50 (1 i AF A 98 325
2 e AE GaSb HE A b A 4> F R AMME (MBE) £ R A=
o JE PR 5 R i 1 DR 25 R, TR R A S T
Rz AR 20 LED &, FIL 55 85 7 (b 22 S DT
LB A AW R L )2 #0347 Ti/
Au g JE H AR TR, fe e K 4 i A AL 3 1) R £ e
1 2 FE CMOS £ i 3R sl i % 1o 18] 13(a) S £0 40
LED 45 ¥ 7% 2 &, 18 13 (h) #1 13 (¢) 43 %1 Ky 21 4k
LED B4 5 F1 84~ LED 78 S 60085 T i B 5,

3) T EH R E

214 LED (1 4% AR 55 78 1 FnT DL B R 19

BE ] RO R OGE . Bl B S RS 4 3 K
LED B3 in T T 20 Fs il i i A8 45 1+ 0 &2 2% I
K B BRASE B 21 4 LED 9 il £ J& LED B 81 () — 4~ HE
Mo AN LA LED B T A IR B B, 75 B4 I A
Y —wM L e ST TAEML AN LED HA 3%
P EL B 4 R X KT AR R A B LED #8 4F 1
T HOR R M S R TR AN B i 300 pWHT L 2008
AR 26 [ Bl A Y S5 E R F MEMS+CMOS T 4 i
B 64 < 64 B4 5 ML 9 SLEDs B4 51 , & 5 3% K K
3.8 pm, Wi A 1 kHz, w20 4035 B ICL [ 4 76 % iR
FNR AL T 43 51 A S2 BT BE M 605 K AT 1050 K77
2014 4, 2 [ 47 s 48 R 2% 1 fap 42 K 2 1 AFF 53 141 A 1B
4% T InAs/GaSh SLEDs #& 5 £ 4, H T AE IR 1
TTKUT,EEERKAN 46 pm, 5 HFER
512 pixel X 512 pixel, {8 & [ #E 2hy 48 pm, f K Wi dii
100 Hz, 3~5 pm 3% B P9 I & 15 20 % 1 1350 K (14 3 &
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13 £LANLED S (a) 204N LED FE5 R 2 & 5 (b) 2140 LED FEFI 5B 308 I8 H 5 (o) BAAS 2040 LED W s IR

Fig. 13

Infrared LED array'”. (a) Schematic diagram of infrared LED array; (b) microscope photo of infrared LED array;

(¢) microscope photo of single infrared LED

W (R4 3 R 2.2 W/em® /s o 2 ) B fup A K 24
#l T X SLEDs & 48 (TCSA) ) M%)t SLEDs £ 4t
(NSLED) , TCSA B A 5 Jii tfy SLEDs F§ 51 A [7] 1Y
512 pixel X 512 pixel i 73 HF R F1 48 pum R K M1 B, &
MR EAALE WA LED, A BT T 48 500 K 4 5
3.2~4.2 pm HI 4.2~5.2 pm, W& 4 9 K 4 5 A
3.81 pm Fl 4. 72 pm, fie i A FLE B 43 512 1800 K Al
1470 K™, NSLED & 4t 1) 4> # % & 1024 pixel X
1024 pixel, & KA #E N 24 ym. XD R G b &40
SFLED #CR F T WA d R R 3R Bl . 2016 4%, FE i 4E
Ky BF 58 A BA WF T 4 BE 2 S 1000 pixel X
1000 pixel B £L40 LED B3, 2018 4F X ik — 2l & 1
433 R 2000 pixel X 2000 pixel B 2L 4h SLEDs 3 5 #%

Y (HDILED)' ™™,

4) EBBR A

2140 LED B 51 () BiF 5% 32 2 46 op 75 [ A0 7, f
F6 2 MG EF R LR A ELYE B KK
R K 2 A H AR PR 9 AL N B fup AR K 2R R
FERiAE K oF . BN EF L4 LED BBFsT £ EE P 1
3~5 pm 12 FAREOE g, X404 LED B30 (4 #F 58
B PR LT A B, WK B P AE 0. 75~1.00 pm
T .

5 BaTeI & ARARS

e faf 48 R 2 FVRRRLAR K F ( F 5 ] BA 1 JLAF Sk —
BAERFFELT A LED WL 3 305 R g, ot o8 il
BANFE 1R

#1 AT SLED R LLAMEZAL

Table 1 Infrared projector based on SLED series
SLED TCSA NSLED HDILED TRL5  HDILED TRL6
Resolution /pixel 512X 512 512X 512 10241024 20482048 20482048
Spectrum region Single band, mid-infrared Dual bands, Single band, Single band, Single band,

mid-infrared

mid-infrared mid-infrared mid-infrared

Pixel space /pm 48 48 24 24 24
Frame rate /Hz 100 1000 500 125 500
Year 2014 2016 2016 2018

R AE R 27 1 I 5 AT B 2150 LED 3 5 82 44
AR B K B B e 3 A 7 7K P 5 BT 1000 X 1000 K1
B 2040 LED FE517 . iz BN B #iIF i ) i 26 i 1)
21 4h LED [ %1 /& HDILED % 4t , 24 2000 pixel X
2000 pixel (94> B2 24 pum 1945 25 8] 15 A1 50. 8 mm X
50. 8 mm AP RS, HATZLAM LED FE S /Y B i 1F 7E
A R HE R MG T ROSE A A S T

B

SLEDs il % i 1 2 T #8545 4>
AL LA R e BT R 1
LS B G B0 TR G TR 05 LED R
FH T 725 0 B 25 B4 B A R
ISR 7 1 AT 9 BC2L 5 LED 9 ) 6 1A B ¢
FLAE B HE R P, 36T 205 LED B 81 9 2051 5

1511002-10



oA AR B B O B (ER e B I
G52z, HBA ™ E TR, TR 220 A
F0 I VA R O R E IR AR 7T K A AT BT
TR o IR AR A, A R 22 T AR ZE A
5.2 tHIEMREET

AH 7S B4 R S — Tl L AT R R M AR A b R A2 21 AR
WO Can e A LA ) il e B A 2 D WA T A AR
A AT AR 2 22 18] ] 52 B 305 2wk — B PR R R A
RERAE . B FAFE MRS B F AR AT
K255 TR AH A8 B4 R R ok 52 B A5 B A7 it A G i
{5 BEALY (GeSbTe ShTe Ml GeTe 45 ) 2 H Wi %
FH A RR A8 A4 ), LS [ A9 R BR 2 AT LA o 3 R AT 9
T EARGWARS R D)6, Bt E T
A Bl AL A2 G i o B T A ) A ) 1) Bk 38 7 321 g
SR A TR S S TR R ORE R 2 5 7 A R BR 2S 8 r
R SFAS R, Iy A AR T AR AS 2 (R e AR AR e
AT K g0 R0 EE &8 A g, R I H R AR G 3 1 4 2L
AR KA MERE 7. 20224F , £ %R T AR S
T AR5 S0 B T — 0 TR R A RS B i 1 Ak
Yy e #5524, 8 2o ik B 4 o B R Ak 4 A B A RLE B 4T
A2 [8] ' Tl 255 DA AT S0 A5 25 R R A 2 25 R
5.3 AEAEHEEEERRE

W H e AR BE (E B8 X LT AN B B BT, 242
SRR 7 I R TR BE I 4 2 S AR 5 T S % AT DL
J (B LA ) 68 & K Tl B R 1 2 1A 30
T T A W A AR IR IR R BOR A AR
b, 8BRS X AR 21 A K T AR AN B, W R B0
AR AT LSRR 21 A1 i 3 3R B (2L A0 A 58 3 ) A2 4k
PRL L AT S BB S T SR g R o AR L K R O E RN
L T A O e R, B R G X 2 R AT AN
LTAN P SRR e 0 3 1 LB JRBE AE SC B AT Ah g S B
Lo 5o 2% 2 SR Y BT ) Malyutenko 55V HF 58 T
T BORE Y 2 AR e bE L T SE LR i 1 kHz (1Y
WA, T R T A AR AR, S SR R F O 10006, KT
TAE X3 100 em®, BEHLLT A0 i B Ry 3~12 pm. [
PN TG 22 1P G A A 78 RN L Y L E TR AR AT BT
XPZE AR AT TIREDR .
5.4 EFATEBRER

T (QD)JE —Fh gk SR AR, T H A —
G R0 A O A R R 2R R R AR SR A 32 e TE . BHET QD
FEHLT DT JEAR AW B Y SR SRR LA T N
A TR RO, QD F B 5 R SR e By ] 9
W REAT BA & O ERE . QD A R UL G AT 2T 2145k 11
KT A IUAT T NS B F (AR 20 A bl A ik 4
Wk BAMRKE KRS0 o R T R4 I 21 A0 Fi i
AN B OEBUR L BE, TR A B AR
(<C0.4eV) I QD™ . 76T A 2870 B 2f Sk, B
1k 45 (B PbS . PbSe fil PhTe #1 #}) .HgTe fil Ag2Se
QD M kg )z w58, Hin AT BF5E A 5L ST ik

F43%E F 15H8/2023 £ 8 A/ RFFWR
W B LLAM Kot . 2018 4F , 38 4436 7 38 T2 2% B 1) fF
78 N B HUVEE QD il 5 75 PMMA B4 9 I % 2
S AT WO B 2T A B S R . QD FE LT A4
WEAMRKYEEAEBAES R QDAEHA T
B A BV RE MERAR, EE AP S A k. QDI
F A LA G ATS A7 A 53 3 B A ] 80, 3 75 2
— A Rt .
5.5 REBEBEHE

WL R (PH) J& — Fh 3L F i o0 Z IF LA 4% Cr.,
Pr.Yb . Nd % & & 1k 4 A1 58 B Ak 90 A 3 1R 1 B KL .
PH 7€ o i 56 5 A TSk i & T AR S 5k
Jo e A5 1B IS REE 2 O L A BRI R IR K G
HU— 26 PH B RHE Sy B BUR G R T 2051 BT AR
PR (CRT) L BLL AN S . 1987 4, 56 [ Bl 242
AR AN EL Y 2F P ) T 2040 CRT, fifi A H 7 5 AR 23t
A H B A RE AL R B b, o R B B O AR
WK U T AR B S TR A B CRT 1775
5 S0, 24 4 A ) G B 4 WK 0K 21 21 AME
5 R ZE A RE SR 4 o T I T AN SR LD A
2000 4F , [ N B B ) 3BT 5% BT 4R T R T A Ab
CRT W37 S B HLE% L TAE W Bl 8~12 pm, 75 8] 43
PR LT AR (<60 pm) P, SR FH 0T AT T 4% B s
[i4] D i (1% 7 2k i e 18] 4% DS JE ) R SR AT 21 4k
CRT i A7 76 ™ B 14 4% W 0] 81 i 354K (AN 3 50 Hz) |
LR S R ARG L T AR R e ) L v WA A AR
KAEG wi I JLAE A KRB M B A CRT © & fif A
if .

AR SR OB EUR G PH A RS 2] T WF 58 B 6
L R B PH G 5 o] DL A 2 R N i £ T, 3 i
AR PH 3 A B 43 148 44 500 2 0 w] 52 8 MG 43 b
(~750 nm) F| #1321 A (~4 pm) B9 6 5 &
2021 4, 35 [E B LR 28 A R I 0B T2 Be 14 F 58
ANGR T —F 3T PH B T e de e 40 43 50
B A YLD AN B g B W T 2SO TR B &
SRt AR VT BE B AT 3R A A B 21 40 K S R 40 A S
B RT Ll B2 AT 38 S R E A 2R A G IR R G o . PHON F%
ATE LT AU B AR R Y & e 2 o) A 7, {H i R A
o W B A s X AR M R AR T EE R
5.6 FXFRIUE

O fb AR N T 21 A i o 40 8k Y T B R A
il s 55— Bh R R 7™ Az 21 A0 3% 223 5 55 R = F ok i Bl
PO SR /A N R o ol

HF MRCE (PCF) J& 2 486 F AR % s & i
R A, H AT FE N B 2 fd H PCE #fF il 1 A 20 41
BERREE S o M ST S Y 2 O ik b 7 i 2L R
2R Mk A S BT A A RN A L O T B 5 F
BRESE . JGEF TR K I B i E 2R AR B T L Y
WG FH O £ 77 A 1 i 22 % 2 AT AR B 0 2 ) AH 1k o
R T ARAT LAk B 0 R Sk g G 2R B R R
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6 LI FERUTR
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Z 1% B A G SRR R SRy 92 = Y 2L A0 LS
Sp s BAR K BRI TR AN S T B . AR
TG W21 A1 b S 400 B A 2o e e R S0 0 Bk 56
RGP, A E A & . AN SBIR 2 A HF
510 LB FE 51 T TN A i DMD FLRE R 42 K 2% 1 LED
FE3 E 28 0 1 20 A AR i 5o L W U A R S
oo B YT I 3 T R B O A R A e B
DMD 5 g8 1 9 2140 5 e B4 B R 2 28 0 T 20 4k
UGS S5 O R g

A SC RS Y A B BOR B 2140 g B AR T D
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Table 2 Main featured technical parameters of different infrared scene generation technologies

Temperature Dynamic ~ Frame  Resolution / Spectrum o Non- Fill
Technology . Scintillation . Reference
range /K range /bit rate /Hz range /pm uniform  factor /%
Resistance array 285-700 16 200 10241024 3-5, 8-12 — <1% 80 [9-11]
Photothermal image _
. 220-580 8 200 2200X 2200 3-5, 8-12 — <1% 80 [37-38]
conversion array
DMD 300-800 8 230-690 12801024 3-5 Yes <0.02% 97 [42-43]
Max. 1800 3.2-4.2,
Infrared LED array — 1000 512X 512 — — 32o0rd42 [72-73]
or 1470 4. 2-5.2
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Multi-Spectral Complex Infrared Scene Projection Technology
Li Zhuo, Gao Yanze, Zhang Jinying"~
School of Optics and Photonics, Beijing Institute of Technology, Beijing 100081, China
Abstract
Objective  With the widespread application of infrared imaging guidance technology in various offensive and defensive

precision guided weapons, infrared imaging guidance hardware-in-the-loop simulation technology has undergone rapid
development. Missile flight tests in the laboratory can significantly reduce the outfield testing cost. This reflects the
importance of developing hardware-in-the-loop simulation test systems for infrared imaging guidance. Infrared imaging
scene projection technology is one of the key technologies in infrared imaging guidance of hardware-in-the-loop simulation
technologies. Infrared scene projection systems are mainly employed to replicate various types of optical targets,
backgrounds, and optical environment interference in different infrared bands. Nowadays, optical detection systems are
complex, multi-spectral, and high-resolution with high frame rate, high dynamic range, and even scene-sensitive systems
containing distance information. The main sensors include missile seeker, forward looking infrared system (FLIR), target
tracking device, and automatic target recognition device. Although infrared scene projection technology has made
significant progress in recent years, the current infrared scene projection technology still cannot meet the performance
requirements of testing these complex optical detection systems. It is necessary to study complex infrared scene projection

systems for different optical detection applications.

Methods

of hardware-in-the-loop simulation system technology, and its technical characteristics limit the overall performance of the

Multi-spectral complex infrared scene projection technology is the key technology to infrared imaging guidance

entire simulation system. The technical approaches to multi-spectral complex infrared scene projection mainly include
resistor array, photothermal image conversion array, digital micro-mirror device (DMD), liquid crystal spatial light
modulator, infrared LED array, phase change material array, tunable emissivity semiconductor screen, quantum dot down-
conversion chip, photoluminescent phosphor material, and photonic crystal. We review the development history of multi-
spectral complex infrared scene projection technology, introduce the implementation principles of typical technologies,
discuss the relative advantages and disadvantages of each technology, and summarize the research of major research

institutions at home and abroad. Finally, the performance parameters of these technologies are compared.

Results and Discussion According to the mechanism of infrared scene projection, the current infrared scene projection
systems are divided into two categories of radiation type and modulation type. Radiation type includes resistor array and
photothermal image conversion array. Modulation type includes DMD and liquid crystal spatial light modulator. Other
infrared scene projection technologies are also introduced, such as infrared LED array, phase change material array,
tunable emissivity semiconductor screen, quantum dot down-conversion chip, photoluminescent phosphor material, and
photonic crystal. Resistor array and photothermal image conversion array can provide both mid-infrared and long-infrared

scenes. DMD and infrared LLED arrays can only generate mid-infrared scenes, but they achieve a frame rate beyond

1511002-16



B LA %43 % 5 15 81/2023 &£ 8 B/ ¥ ¥R

200 Hz.

Conclusions Some of the infrared scene projection devices discussed in this paper have been employed in hardware-in-the-
loop simulation test systems, and some are under development. Resistor arrays of the SBIR company, DMD of TI
company, and the infrared LED array from the University of Delaware have been applied in hardware-in-the-loop
simulation test systems. The technologies developed domestically based on resistor arrays, photothermal image
conversion arrays, DMD, and other devices have also been adopted in hardware-in-the-loop simulation test systems for
testing infrared systems. The various technologies discussed in this paper have shown their characteristics, which can
provide most of the functions in current optical guidance hardware-in-the-loop simulation experiments. This study can

serve as a reference during selecting solutions for specific applications to detect infrared systems.

Key words imaging system; infrared; multi-spectral band; complex infrared scene projection; hardware-in-the-loop

simulation test
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