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HERT, 0 35 A TR e A T3 A B R 90500 4o 5 2R34T T et AT
B R R BIR A PRSI LN R F Rk, A AR T R, 5 A TG s A e 4o st
KF RZAME, AFRAARERET 35%, KERY T 15%, 3 FR2 5T 10%., AT & EHEH
4 % (gradient refractive index, GRIN) #% & 3 3569 2L b 74 L B @ UK K LM 5 R %, R 3E I AR P/
KRR BEARF RAT B REIT IR EFNX, 5 A TR ey UL B AR5 R %t
LI, P ARG R EREBT 40%, KER Y T 30%, B FR G T 15%; £H AR PRI LsP RS 2%
P, LA RE M S E Z4L An 49 GRIN AL R 38 R I h 2409 & Z R IERE 1, 5 A T 4n st A
WL F RGANER, R F RAERTRET 20%, KERDY T 20%, Eid FR G T 18%, &it4
KA, AR R R I IE A I, R IUA LR R AN, AT —RSPRGE AT R ARET £ H
FEOMARERE ST AR, R EABRENEHRXLINLT RAN TRHRKEE,

EHIR: B E, MEIHE (GRIN); MOkHR; MAK; 2ok, 4itb$i%
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0 3l

il

LA PR A TE 25 T 1 B 75 2 AT B A A T
BRI R, B R LLAME . SR BRER | R A
FAERMR P 2RO SCH . Tl ESES
PEREJC LB AR 5 UARA TR, LM RS R
e NEAL | ARISAS R B — UL R R G2 1
RETTAL A ZR AR S . S — UL 241t
PRGN I, 18 V)T B SRR R Al i E A L0 A
FHBE SIELAMIG 2 R GRS 5 O 2 A ek
FERE Z B A

Bt AR BB 15 15 58 A 20 A0 S AR A LA L, G S
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ks BEA:2023-02-28; 81T HHA:2023-04-08
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PEBAF, i85 AR, I ARk © 4 E —Fh L B Y
LLAME B AR, BTz R T ZE A R R
4 RELLAMIE 2 R g, B An£L Al v | R TR 4
R, B W S50 (R 3R B BA 1) o,
FEIEI T UM dn/dt 2B — R, (UUEH
LB F 35 R 2LAMG 2 R g B TH 2 B Bk )2 A
AT, TR R B AL v | RS BORRR  F B X
P KA O LA AR AT B — 25 19 58 43 JF R RONE
55 (A B, ST A B R B S R T B RE B (SD).
B (Ge) MHORHAE LA, AT 5 AR, B2 R e
HORAN B3R Siy Ge PR AR}, 8115 04 (9 67 & 3%
I Z R

FL7E 2008 4F, 2 [F DARPA % & Bl 5wt 15 3l

PEET M PRHEHE, 2o, 501, [, FRNFLIMD L RGBT SRR DT BT I AIBTE o
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T M-GRIN 4] (H A5 7E 2EAT ), RUIT A AR BAS |
A E Ak B R 2 AR B B N ] T A A A R G
AL RR A A2, dbah, H AR E] & T R
e T S R R B R, (HR R B B, H R R ]
B,

SCREE XS B — LA R G P RE . /LK
AR 1 e B R oK, 3 B R 0 Ak T B AR B
FEY8 00 2R PO o3 AT X — I, B i R B AT
B, i — 2 RIEHAE AN RE TR ERKIE
RE 75 R T8I 22 B 3 = 1 i R vk, O A A
Y15 % (gradient refractive index, GRIN) #i & 3% ¥, LA
Fo o7 R AR HAE Z2 /58 P B iR 2= MOEAE T, W R TR
EH— R m ot R a Bk, Lk
LB 2R BEE ) Hh BT LS BZL AN Sk B 2 B AL
T, KRR AR LA Sk i 1 A, BA ) R R Rl

Y3

il 5 o
1 FEMRIZIBA R

EIH BT FH AL G2 S b R, AR AT X 32 22
G0 AR RN AR S, R R O TR
B RIVEAR Sroe R Dot Skl M S N 1) S EAR 2
MR IR . 5 B LTS R 0035 B I B R
SR 1 s

&1 F RN B SRR
Tab.1 Refractive index and transmission range of

general IR material

Material Transmission range/um Refractive index @10 pm & 20 °C

Si 1.2-10 3.4330

Ge 2.0-20 4.0030
ZnSe 0.5-15 2.4044
ZnS 0.4-12 2.1978
BaF, 0.8-10 1.4740
1G2 1-14 2.4982
1G3 1.2-14 2.7847
1G4 1-14 2.6099
1G5 1-14 2.6046
1G6 1-14 2.7793

eSS LI E R G b, BB RIS R
5, G RGO, (R 22 ROE R by, ) S8
INEMEI LA R G, X LI SiMRHRT Ge AR
NELHNE G P ERCE AR B E AR
Tt 72 B 5 T LA e A 26 A E R Sk R v Ak T Y
7 Fof R AR T 3 A, 2 T S B A T T AU 2T A1 b
Bz —

1.1 SMHEMRKE

H AT A 81 R DR (IG &R 51) T2 J2 11 As-Se,
Ge-As-Se 1, Ge-Sb-Se %5 il 3 4 7 3% 385 20 i, ‘B A1 7E
P 10 pm AL BT RN T 2.4~28 Z [0, FE 1
LA, B AR RS SR B9 5 SiL A Ge A I
B, AT S 3BT, AF T AR ZE AL, (T H ]2
PR o AT IR T R T S R A B R B, 2 TR R
A I AN BA B AL R HIT R (Te), 4K
BT ST RIAF] 3.18(@10 pm) 7 B 5 T 5 R &
eug, Ho SE A | Rl B LD A R g it 1
L HIARERE

TR LU RS S0 41 B (NBL) S B biF &
4RI A 3 R RS B4 R o A S R B AR 3% 55 NBL-
TQIR-1, H:ZH 4>} Ge-Se-Te, NBL-TQIR-1 3 5% (1) %
PGS SR B G IE] 1 R, 128 R BEEETE 1.5-18 pm
HIAR TGS N, I H AT SEEK 142 (@< 100 mm)
MBI, BARBADRERESBOE L3 2.

70%
60% r

wn
S
X

40% |
30% r

Transmittance

%}
N
=

10%

0 2 4 6 8 10 12 14 16 18 20 22
Wavelength/pum
Pl 1 =442 NBL-TQIR-1 B RBIHB I Ll (R 2.5 mm), #il&l
4 ®50~100 mm NBL-TQIR-1 B 2 BI85 AL i IR
Fig.1 Transmission spectra of high-index chalcogenide glass NBL-
TQIR-1 (sample thickness of 2.5 mm). The photo of NBL-TQIR-

1 chalcogenide glass sample with the diameter of @50-100 mm
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Tab.2 Physical properties of high-index chalcogenide

glass
Physical properties
Density/g-cm® 5.31
Glass transition temperature/°C 178
Young’s modulus/GPa 25.53
Elastic modulus/GPa 9.80
Poisson’s ratio 0.30
Refractive index @ 20 °C
Wavelength/um n

2 3.26488

2.5 3.23436

3.7 3.20648

42 3.20124

4.8 3.19681

8 3.18531

10 3.18088

12 3.17620

1.2 GRIN BR & IHIH

X/ 28 5 B T A THT £ AN 5 1 L At — X R
18 2 G2 0 Pk REFE AR AS 1327 B TR0 45 1) 72 B0, i 2
Z BT 5 220 Be A 62 R R G AR 25 R . R
K E BT AL B AR i pe T XU £ I BEUGO 2 E R 5
F18 €81, 2152 T [P R, {13 288 70 2 2 0 Ok 1) ik PRT g
T A5 3 PR BR ) T AR 2% 0 ZE S SRR P i R
228 RGN IR T A BT G R a M R 5

A R/ Z2 05 B i S LT MR R G T B
ARG, Eﬂ%ﬂ?iﬁ%ﬁ‘ﬁ%&%%ﬂﬁé%ﬁmﬁrﬁ,%
TFIA LR E G 1 R G PERB IR, (55R TF
ZRM R A A %’ﬁﬂ%%&fb,ﬂﬁ/ﬁlﬁlﬂq‘%lﬁﬁz/
RO B AR TR S R G WA 1 755K .

NBL [ BATTF % 11 Te %& R 51408 BB 22 3% 38, 4n
% 3 PR, H TR RSB 5 B AR L0 B 35 4% AL T

JE (T,) 3% —Ti$, IF 5000 K FE 6 2 P G i S 8T it
Crystal design (6 singlets)
(a)
Si
; Ge Si  Ge 20 mm
Vs - ST
NFOV — - (e H [ 9’6 {
\ /rNhg
] ’ FPA
) rd Zoom lens
N =y
WFOV — {;.*_1"%_1-% s
FPA
)

— O, TR /2 U B LT A R R
ZRIETROREBENZE . 2 E 2 Te S R YL,
TERZ F AR, T T, DR — IR (3
AR E T, D) b, %t e TG R J5 2E1 7
i, 15 & )72 GRIN @%ﬁ%‘:iﬁffﬁo

Z 3 F A T Zat NBL I BABE & . B AT &
[ 6 FioBr Y Te BLfi R LIS, ARG 2: RGN TR
K, R AT PR 2 Rl R B AT A, S8
PEA A R 3T 5t R 254 An f9 GRIN B R 3L RS, D3k
15 R 8% L6 DL/ 58 I B AR 3R 5 v B A0 (8 25 B IE e
711 GRIN i Z 35 9555

R 3 Te-ERFLIEG RIBYERFFIE
Tab.3 Physical properties of Te-based serial new

chalcogenide glasses

Material J-range/pum Refractive index @ 20 °C T,/°C
NBL-Te-2 1.5-14 2.4065 110
NBL-Te-7 1.5-14 2.4594 117
NBL-Te-12 1.5-14 2.5692 121
NBL-Te-17 1.5-14 2.5887 120
NBL-Te-22 1.5-14 2.6789 123
NBL-Te-27 1.5-14 2.8157 123

2 ETHERMAWEHLIEFEREIRIT

2.1 BEHEAGHENGNFRS

T VA NBL JF & 187 8L e 37 5 R 2R B 0
BE A V8 TE AL AR, B0 g5 H T i e B 640%512
(F#4, @15 pm) ZLAMEM S, 18R —VERedabr T, 20 %
TFRE T 36 FAL 50 A AR RE v B U7 2141 2 R
45 5 3 F NBL-TQIR-1 i 3 8% 55 1) b gl XU 3 21 4b
e RGN T R, PIROGAE T R R E RN 2
JEw, PEREXT HE A5 A3k 4 Fos .

Si+NBL-glass design (4 singlets)

(b)

S . TQIR-1 Si TQIR-1 20 mm

/I Zoom lens

WFOV _ 4 %}:%Eﬂ
\\ FPA

il
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— F1: Diff limit — F1: (RIH) 0 mm — F1: Diff limit — F1: (RIH) 0 mm
F2: T(RIH) 3.075 mm -~ £2: R(RIH) 3.075 mm F2: T(RIH) 3.075 mm - F2: R(RIH) 3.075 mm
— F3: T(RIH) 4348 mm -~ F3: R(RIH) 4.348 mm — F3: T(RTH) 4.348 mm -~ F3: R(RIH) 4.348 mm
— F4: T(RIH) 5.220 mm - - F4: R(RIH) 5.220 mm — F4: T(RIH) 5.220 mm - - F4: R(RIH) 5.220 mm
— F5: T(RIH) 6.150 mm - - F5: R(RIH) 6.150 mm — F5: T(RIH) 6.150 mm - - F5: R(RIH) 6.150 mm
F6: T(RIH)—6.150 mm - - F6: R(RIH) —6.150 mm F6: T(RIH)—6.150 mm - - F6: R(RIH) —6.150 mm
Diffraction MTF 180 Diffraction MTF 60
(©) 1.0 (d) 1.0
0.9 0.9
0.8 0.8
g 0.7 g 0.7
Z 0.6 £ 0.6
= 0.5 = 05
204 g 04
=03 =03
0.2 0.2 :
0.1 0.1 Crystal design
0246 810121416182022242628303234 0246 810121416182022242628303234
Spatial frequency/cycles'mm™! Spatial frequency/cycles-mm™
— F1: Diff.limit — F1: (RIH) 0 mm — F1: Diff.limit — F1: (RIH) 0 mm
F2: T(RIH) 3.075 mm - £2: R(RIH) 3.075 mm F2: T(RIH) 3.075 mm -~ #2: R(RIH) 3.075 mm
— F3: T(RIH) 4.348 mm -~ F3: R(RIH) 4.348 mm — F3: T(RIH) 4.348 mm -~ F3: R(RIH) 4.348 mm
— F4: T(RIH) 5.220 mm - - F4: R(RIH) 5.220 mm — F4: T(RIH) 5.220 mm - - F4: R(RIH) 5.220 mm
— F5: T(RIH) 6.150 mm -- F5: R(RIH) 6.150 mm — F5: T(RIH) 6.150 mm -~ F5: R(RIH) 6.150 mm
F6: T(RIH) ~6.150 mm - - F6: R(RIH) —6.150 mm F6: T(RIH) —6.150 mm - - F6: R(RIH) —6.150 mm
Diffraction MTF 1 Diffraction MTF
© 1.0 iffraction 80 ® 10 iffraction 60
0.9 0.9
0.8 0.8
g 0.7 g 0.7
b= 0.6 £ 0.6
= 0.5 = 0.5
B 04 T 04
=03 =03
0.2 0.2
0.1 NBL—galss 0.1 NBL-galss
0 L L L L L L 0 1 : L L L L L L 1 L

Spatial frequency/cycles'mm!

0246 810121416182022242628303234

0246 810121416182022242628303234
Spatial frequency/cycles-mm!

F 2 (a) tE4IARMR P U LTSN RGBT %€, #5860 mm, F#3; (b) 3§ NBL-TQIR-1 S5 sh i U2 R T &,
FEHE 60 mm, F#3; (c) 48 mAM EDLY REZEMY MTF; (d) 48 MM EDLY R TE0% MTF; () NBL-TQIR-1 Y6 % REEN Y
MTF; (f) NBL-TQIR-1 Y22 R 45 56 3% MTF

Fig.2 (a) Design scheme of dual-field MWIR optical system of traditional crystal materials, focal length of 60 mm, F#3; (b) Design scheme of

lightweight medium wave dual-field optical system based on NBL-TQIR-1, focal length of 60 mm, F#3; MTF of traditional crystal

materials optical system is calculated for (c) narrow field and (d) wide field; MTF of optical NBL-TQIR-1 system is calculated for (e) narrow field

and (f) wide field

4 RN F R EREIEIRT EE

Tab.4 Comparison of performance indexes for
medium wave dual-field optical systems
Characteristics Crystal design NBL glass design
Spectrum/pm 3.7-4.8
FPA 640x512@15 pm
F# 4
Focal/mm 180/60
Length/mm 150 130
Lens count 6 4
Aspheres 3 2
Mass-optical/g 70 45
Materials Si, Ge Si, NBL-TQIR-1
MTF 20%@NFOV/ 10%@ NFOV/
(nominal) 20%@WFOV 20%@ WFOV

BT aE B0, FEAH R PR RE R bR T, PRI~
RGBT BAEFEA R (@33 Ip/mm) &b, Pi~H0
T 06515 33 R B MTF S0 RS . T
B R T AT S R AR BB NBL-TQIR-1 B 37 5 K AH 1A
FT 3.18(@10 pum P KAL), Xt R G RIME 22 KB
FIOCHAEN, RARGICRMT 2 F & SiER S
2 /v NBL-TQIR-1 il R B E 4 54015 T HERe T
K GG SRR 2 RGBT 4 R . S5ILR
iF, i T % NBL-TQIR-1 i £ B B B0 T 815 Ge,
A3 RO R G5 AL G2 S TR MR 2 R 5485 R U
AT 2 R AEBRT A 1A, G RGN R R R T
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35%, KW T 15%, Bt 485 T 10%, A 30K

T HIELAMEE RGN A AR BT

22 RIGEHNRE HEBMIKRIIRERS
T VAL NBL JF & 198 2 GRIN fi £ 125 52 75 3L

P B LLAMG A R Gt rh s (4 25 M ERE TS, 43 0T X

AP ) ¥4 2 v /A e o A 7 e e M THDUL € R 2%

BT T e RSkt

(a) Crystal design (4 singlets)
|~ SW/MW
FPA
o / / 10 mm
ZnSe  1G6  BaF, 1G4

— F1: Diff.limit

— F2: T(RIH) 2.460 mm
— F3: T(RIH) 3.480 mm
— F4: T(RIH) 4.182 mm
— F5: T(RIH) 4.920 mm

— F1: (RIH) 0 mm
-~ F2: R(RIH) 2.460 mm
-~ F3: R(RIH) 3.480 mm
-~ FA: R(RIH) 4.182 mm
-~ F5: R(RIH) 4.920 mm

F6: T(RIH) ~4.920 mm - - F6: R(RIH) ~4.920 mm

b 4E I F A%
EEGHEERA R AR T 640%512(F#4, @12 pm)
CLAMEIIES, 76 [ —PERe a5 T, 43 50T R T 5 T 1%
Gebh R TR LU R 5 5 5 T NBL-GRIN fii
YT b L AL AN RGNy R, PR 7
LRI Z5 R E 3 s, MRS L g SR 3k 5 Br
N X T UL, MR T H BaF, 1R

2.2.1

(b) NBL-GRIN design (2 singlets)
N SW/MW
N FPA
_ I =

N
NBL-17

/[~

NBL-27 NBL-12

10 mm

— Actual sag — Steps enlarged 60x
Sag Z of DOE at surface 7 Substrate on +Z side

d 32
2.8
2.4

Crystal design

0o 2 4 6 8 10 12 14 16 18
Radial coordinate »/mm, measured from axis

Diffraction MTF SW-MW
© 19 ™n:
0.8 L L
g 0.7 F
£ 0.6 F
= 0.5} b
B 04L
=03
8% Crystal design
0 1 n n n n n n n L L
0 4 8 12 16 20 24 28 32 36 40
Spatial frequency/cycles-mm™
Diffraction MTF SW-MW
(e) 1.0
0.9 - HHH T4~ 20 O
0.8 L S Tl i A L Y
= 0.7 .."‘. "'-...n.na
2 0.6
= 0.5 g
204
=03
0.2
o1 NBL-GRIN
0 1 1
0 4 8 12 16 20 24 28 32 36 40

Spatial frequency/cycles-mm™'

— F1: Diff.limit

— F2: T(RIH) 2.460 mm

— F3: T(RIH) 3.480 mm

— FA4: T(RIH) 4.182 mm

— F5: T(RIH) 4.920 mm
F6: T(RIH) —4.920 mm

— F1: (RIH) 0 mm

-- F2: R(RIH) 2.460 mm
-- F3: R(RIH) 3.480 mm
-- F4: R(RIH) 4.182 mm
-- F5: R(RIH) 4.920 mm
F6: R(RIH) —4.920 mm

3 (a) fEGE B /2 B AR e IR D24 R GRS, B0 50 mm, F#1, NRTEIG 4 F BB AALBRIK A ZnSe. 1G6. BaF,. 1G4; (b) 3T
NBL-GRIN i 22 3 38 v /45 35 v AL A T (064 R G0 i3, 45 FE 9 50 mm, F#1, WRTEIE 2 A B8R4 MR GRIN-NBL-27/NBL-12.,
NBL-17; (c) {4 Gubt o} b 450 62 ZR B A% 358 iR MTF; (d) 1575 4 55— 17209 11 2% =5 145 (e) NBL-GRIN Hi/48 624 RGU %38 AL MTF

Fig.3 (a) Design of traditional material medium/short wave uncooled confocal optical system, focal length of 50 mm, F#1, from front to rear, ZnSe, 1G6,

BaF,, and 1G4; (b) Design of medium/short wave cooled confocal surface optical system based on NBL-GRIN chalcogenide glass, 50 mm, F#1

lens, from front to rear, the two lenses are GRIN-NBL-27/NBL-12 and NBL-17, respectively; (c) MTF of traditional material medium/short wave

optical system; (d) Sag Z diagram of the first diffractive surface of lens 4; (¢) MTF of medium/short wave optical system
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RS R, HEBMP/ARIIIEFRFEIRES
FREMEREXTLL

Tab.5 Comparison of common light path confocal

surface SWIR-MWIR dual-band optical
systems
Characteristics Crystal design NBL-GRIN design
Spectrum/pm 1.5-5
FPA 640x512@12 pm
F# 1
Focal/mm 50
Length/mm 75 50
Lens count 4 2
Aspheres 3 2
DOE 1 0
Mass-optical/g 245 150
Materials ZnSe, 1G6, BaF,  GRIN-NBL-27/12, NBL-17
MTF (nominal) 40% 50%

PO HAR EE T ZnS SEH AT BRI B LR, DR B oA 5
SR L 2ERLIERE ST
R HINBL JF % 14 Te H3 B 61 2 B, 7R 6%

Crystal design (4 singlets)

(a)

7] Filter =~ MW/LW

BaF,
ZnSe Ge a2 10 mm

— F1: (RIH) 0 mm

F2: R(RIH) 4.100 mm
-- F3: R(RIH) 5.780 mm
-- F4: R(RIH) 6.970 mm

— F'1: Diff.limit
F2: T(RIH) 4.100 mm
— F3: T(RIH) 5.780 mm
— F4: T(RIH) 6.970 mm
— F5: T(RIH) 8.200 mm -- F5: R(RIH) 8.200 mm
F6: T(RIH) —8.200 mm - - F6: R(RIH) —8.200 mm
Diffraction MTF MW

Crystal design

Spatial frequency/cycles-mm™’

R L AN RGP L T A BB
wit, BT &2 GRIN i & BT I R 226 An ik 3
T 0.25, 743 K4 T GRIN B 2 15 B3 78 XU BG4 &
S it (22 A8 IEAE A, #7555 F NBL-GRIN i 5 35 55
148 R ULIE BOG# R G AUR T 2 FoB BB 7 B8 35 ke
SERL T W, IR TG M R OLE RS D T
2 Fr, RISHEEBR TR 1A, I RBR TATS IR . 7EAH )
MYEBEFE R ZER T, B B F R G I T 40%,
RGERKEW DT 30%, ELRER T 15%, fi#E ¥
1% 3% oK B0 MTF(@%F fIF 4% % 42 Ip/mm) H 5 & 32 5
10%, A RS T ek | LA TR Bt R a0
BB

222 FIKELIAF A%

Bt ok ol ¥ 0 e AR gt e £ T AT AR I R 640%512
(F#4, @20 pm) ZLAMEIES, 76 [ —HEReie b5 T, 7
TRETEGM R PRGOS RS SR T
NBL-GRIN # £ 3% 5 i /A B 2T AM 8O 2: R 50
BT, BRI RGBT 45 R K 4 froR, HRgxt
FLb AN 6 FiR .

(b) NBL-GRIN design (2 singlets)
| MW/LW
Filter FPA
= Hb——=x
2 E Olbeote]
==
’Q NBL-22
NBL-GRIN

10 mm
— F1: (RIH) 0 mm
F2: R(RIH) 4.100 mm
-- F3: R(RIH) 5.780 mm
-- F4: R(RIH) 6.970 mm
-- F5: R(RIH) 8.200 mm
F6: R(RIH) —8.200 mm

— F1: Diff.limit
F2: T(RIH) 4.100 mm
— F3: T(RIH) 5.780 mm
— F4: T(RIH) 6.970 mm
— F5: T(RIH) 8.200 mm
F6: T(RIH) —8.200 mm

Diffraction MTF LM

Crystal design

0 2 4 6 8 10 12 14 16 18 20 22 24
Spatial frequency/cycles'mm™'
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F1: (RIH) 0 mm

F2: R(RIH) 4.100 mm
-- F3: R(RIH) 5.780 mm
-~ F4: R(RIH) 6.970 mm
-- F5: R(RIH) 8.200 mm

F6: R(RIH) —8.200 mm

— F1: Diff.limit
F2: T(RIH) 4.100 mm
— F3: T(RIH) 5.780 mm
— F4: T(RIH) 6.970 mm
— F5: T(RIH) 8.200 mm
F6: T(RIH) —8.200 mm

Diffraction MTF MW

© 19

Modulation

0 2 4 6 8 1012 14 16 18 20 22 24
Spatial frequency/cycles-mm™!

F1: (RIH) 0 mm

F2: R(RIH) 4.100 mm
-- F3: R(RIH) 5.780 mm
-~ F4: R(RIH) 6.970 mm
-- F5: R(RIH) 8.200 mm

F6: R(RIH) —8.200 mm

— F1: Diff.limit
F2: T(RIH) 4.100 mm
— F3: T(RIH) 5.780 mm
— F4: T(RIH) 6.970 mm
— F5: T(RIH) 8.200 mm
F6: T(RIH) —8.200 mm

Diffraction MTF LM

Modulation

cCoooooo
o—bwhuoaw

NBL-GRIN

0 2 4 6 8 1012 14 16 18 20 22 24
Spatial frequency/cycles'mm™!

[ 4 (a) (GG MR AR IV L 2 T Y25 B G5, 45350 60 mm, F#3, WRTEIG 4 B B85 194K h ZnSe. Ge, BaF,. and Ge; (b) 2T
NBL-GRIN {4357 VR 22 3% 3 v AR P v LR DG R S8R, FRHE - 60 mm, F#3, NRTENE 2 A B4R ¥k 9 NBL-GRIN, NBL-
22; (c) fEGEHRE i 21 A0 62 4L 36 B B MTF; (d) 15 G b BHK I £ AN 2414 3 B 5L MTF; (e) NBL-GRIN H 3% 21 41MJH i1 4 38 26 5 MTF;

(f) NBL-GRIN K214 il (% 3% % MTF

Fig.4 (a) Design of traditional material medium/long wave cooled confocal optical system, focal length of 60 mm, F#3, four lenses from front to rear,

ZnSe, Ge, BaF,, and Ge; (b) Design of medium/long wave cooled confocal optical system based on NBL-GRIN chalcogenide glasses, focal length

of 60 mm, F#3, the two lenses from front to rear are NBL-GRIN and NBL-22, respectively; MTF of traditional material is calculated for (c)

MWIR and (d) LWIR wavebands; MTF based on NBL-GRIN is calculated for (¢€) MWIR and (f) LWIR

®o LABMUEEEMAP/RKKLMNKERAFRG ERE
XfLE

Tab.6 Comparison of common light path confocal

surface MWIR/LWIR dual-band optical
systems
Characteristics Crystal design NBL-GRIN design
Spectrum/pm 3.7-48 & 7.7-9.5
FPA 640512 @ 20 pm
F# 3
Focal/mm 60
Length 70 55
Lens count 4 2
Aspheres 3 2
Mass-optical/g 110 87
Materials ZnSe, Ge, BaF,  GRIN-NBL-27/12, NBL-22
M Gomina) G0N Tvhalwiv,

Z ARGV, T NBL JF & B9 Te 28 BUAR £
YIS H) 45 19 GRIN B R &G, HATJ R 22l An 155
T 03, FEMN P B K MRS LR KIET
GRIN & 53 1y (A 22 K OEAE . 1T 45 R & B, NBL-
GRIN it Z B AR WOt RGEACRH 2 i st

PAR T YRR SR G b BHE T B 62 R G RE A 24 1
WiT4E R, B2 NBL-GRIN Yo ARG fE R G MK B
BRI GE R G T 20%, R IR T 25%, i
ARIETT 18%. M T GRIN B 5 35 58 WU B 2F
RGEMEBWA T 2 7, ARERERE 24, M58 R
G5 10 0 T B B T B AR AT KR B o

3 4 i

B BB 2R B (14 B X PR D AR R A £
W7, I —REH DI R R G TN+
ARSI 2 Bt A

BEXT YT A FHELAME R RN A B, U A i R B
T 555 3 LE AR BDRLT S AR A B BB, F R
FRIGIEA 5] RO HUS BT KRR 3, TF R
T PR R ISR, BT T O R AR R
35 NBL-TQIR-1 A& L 8L | P LU AP R R Gy 2
Bkt RS HOGA R G R A B i R A
T LM E RGN A, B S 2 GRIN i &
P, FELLAN A R G RS T A B B Y
weit, BAAREIT G2 An () GRINGL R B 7E 58
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Infrared imaging optical systems

based on novel chalcogenide glasses (invited)

Chen Jinjin'?, Zhou Gangjie'*, Tan Yan'?, Dai Shixun'?, Lin Changgui'*"

(1. Laboratory of Infrared Materials and Devices, The Research Institute of Advanced Technologies,

Ningbo University, Ningbo 315211, China;

2. Engineering Research Center for Advanced Infrared Photoelectric Materials and Devices of Zhejiang Province, Ningbo 315211, China)

Abstract:

Objective Infrared thermal imaging technology has irreplaceable application value in the current national defense

and military field. It is the key component of infrared warning, search and tracking, precision guidance and other

modern all-weather war applications. In order to meet the compatibility requirements of various high-performance

photoelectric weapon platforms, the lightweight, miniaturization and low-cost of infrared optical systems have

become important indicators for the comprehensive performance evaluation of new-generation infrared imaging

systems. To realize the fabrication of a new generation of thin and light infrared optical system, it is urgent to

develop a new type of manufacturable infrared optical materials, striving to provide more material choices and

more freedom of design for the design of infrared optical system. For this purpose, the new generation of infrared

imaging optical system based on novel chalcogenide glasses is designed here.

Methods Three new typical optical systems based on novel chalcogenide glass materials are developed in this
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paper. We have exploited novel chalcogenide glass materials by taking full advantage of the special characteristics
of modifiable glass components and tunable dispersion parameters. Using the high refractive index chalcogenide
glass NBL-TQIR-1, whose refractive index is 3.18, the small-sized germanium-free design of the mid-wave
infrared (MWIR) imaging optical system can be effectively realized (Fig.2). To match the uncooled mid/short-
wave infrared (MW/SWIR) confocal plane infrared detector, the lightweight common path optical system is
designed utilizing the novel stacked gradient refractive index (GRIN) sulfide glass lens with different refractive
index difference An=0.25 (Fig.3). To match the cooled medium/long-wave infrared (MW/LWIR) confocal plane
infrared detector, the compact common path optical system is designed utilizing the novel GRIN sulfide glass lens
with different refractive index difference An=0.3 (Fig.4). Under the requirements of the same system index, the
performance of infrared optical systems based on traditional infrared materials and novel chalcogenide glass is
compared respectively (Tab.4-Tab.6).

Results and Discussions Based on the novel high refractive index chalcogenide glass NBL-TQIR-1 lens, the
small-sized non-germanium MWIR double-fields optical imaging system is designed. The results of CODEV
simulated analysis show that the performance of this NBL-TQIR-1 optical system is better than that of the
traditional infrared materials. At the same time, the new optical system has two fewer lenses and one less aspheric
surface than the traditional crystal optical system, the weight of the optical system is reduced by 35%, the length
of the optical system is reduced by 15%, and the transmittance is increased by 10%. Based on the novel An=0.25
GRIN sulfide glass lens, the lightweight common path MW/SWIR confocal optical system is designed. The
results of CODEV simulated analysis show that the novel dual-band NBL-GRIN MW/SWIR optical system is
designed using only two new sulfide lenses, two fewer lenses and one fewer aspheric surface than the traditional
materials optical system, and the removal of diffraction surfaces. Under the same performance requirements, the
weight of the new optical system is reduced by 40%, the length of the system is reduced by 30%, and the
transmittal rate is increased by 15%. The optical transfer function MTF (@ characteristic frequency 42 Ip/mm) of
the former is 10% higher than that of the latter. Based on the novel An=0.3 GRIN sulfide glass lens, the compact
common path MW/LWIR confocal optical system is designed. The results of CODEV simulated analysis show
that the novel dual-band optical system is designed by using only two lenses, the performance of the NBL-GRIN
MW/LWIR optical system is comparable to that of the conventional optical system. However, the total length of
the system is reduced by 20%, the weight is reduced by 25%, and the transmittance is increased by 18%. As the
NBL-GRIN chalcogenide glass dual-band optical system has two fewer lenses and two fewer aspheres, the
fabrication and assembly costs of the new system have been greatly reduced.

Conclusions In this study, the novel chalcogenide glasses with high refractive index and gradient refractive index
are exploited. High refractive index chalcogenide glass NBL-TQIR-1 can replace germanium lens in MWIR
optical system so as to realize the small-sized and low cost design. The GRIN chalcogenide glass with different
refractive index difference An has excellent chromatic aberration correction ability in the dual-band imaging
system, providing rich dispersion options for the miniaturization design of a new generation of confocal dual-band
infrared imaging systems. The appearance of novel chalcogenide glass is a beneficial supplement to the existing
infrared materials, and provides more material choices and more freedom of design for the new generation of

transmissive infrared imaging system.

Key words: high refractive index;  gradient refractive index (GRIN);  chalcogenide glass;  dual-band;

common path; infrared optical system
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