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Abstract

Abstract

The Accurate Infrared Magnetic Field Measurements of the Sun (AIMS) which
was first proposed and independently developed by Chinese solar physicists is the
first mid-infrared solar observation equipment. The imaging observation system in
8~10um wavebands is one of the important scientific terminals of AIMS. It is used to
systematically study the response of solar activities in mid-infrared region, explore
potential scientific opportunities and develop new fields from a new perspective.

However, opportunities also mean more challenges. The scientific observation
target requires that the imaging quality of the terminal system must reach the
diffraction limit. In order to suppress the environmental background noise and
improve the SNR, the system needs to work in the vacuum and refrigeration
environment of 100K. For reducing the volume of the vacuum chamber as much as
possible, the refractive optical system is used in the terminal. But in the low
temperature environment, the change of curvature radius and refractive index of
optical elements, as well as the deformation of the structure will seriously affect the
image quality of the system. These changes are more complex and no mature
experience to follow. Therefore, it is necessary to test the terminal system accurately
under working condition, and guide the system’s assembling according to the test
results.

In order to meet the requirements of 8~10um imaging system for high-precision
alignment and detection, two detection schemes based on visible band and infrared
band are designed. And the two detection schemes can be switched by a set of
mechanical structure. In the visible band scheme, we use ZEMAX to simulate the
aberrations and interference fringes of the 8~10um terminal system firstly. Then it is
compared with the measured results of Zygo interferometer. Finally, combined with
the ZEMAX simulation results to determine the system misalignment information, so

as to guide the adjustment of the system. In this paper, the simulation analysis of
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visible light detection method is completed, and the experimental verification system
is built. The test results are consistent with the simulation results thus the feasibility of
using visible band for detection is verified.

At the same time, this paper also explores the detection method in mid-infrared
region. For this purpose, we build a mid-infrared interference detection and
adjustment system in 8~10um wavelengths based on continuous tunable laser source
and a Twyman-Green interferometer. By taking advantage of its adjustable reference
arm, the Twyman- Green interferometer can make up for the lack of coherence of the
light source. So that the 8~10pm broadband interferometry can be realized.

In this paper, two types of laser beam expanding system, refractive type and
reflection type, are designed according to the parameters of the terminal system. Both
methods can take into account the wavefront quality of infrared band and visible band
at the same time, so as to solve the difficulty caused by invisible to the naked eye. The
design results show that the wavefront accuracy of the interferometer can reach RMS
0.05A@0.633um when the interferometer is adjusted by visible laser. In 8~10pum band,
the wavefront of interferometer in RMS value can be better than 0.001A. It can meet
the requirements of the diffraction limit of the tested system.

Based on the above designs, the self calibration of the interferometer system is
completed. And the preliminary simulation of installation and testing process for
terminal system in 8~10um band is completed. The interference fringes of the system
under test with different misalignment conditions are simulated. According to the
simulation results, the misalignment of the system can be directly reflected in the
interferogram. Therefore, according to the change of fringes, it can guide the
assembling and adjustment of the system under working condition.

In order to meet the needs of high-precision alignment and detection of the
8~10um terminal imaging system of AIMS in vacuum and low temperature
environment, two detection schemes based on visible light band and infrared band are
designed. The work of this paper is a kind of exploration for the alignment and
detection of cryogenic optical system. The Twyman-Green interferometer based on

mid-infrared tunable laser was put forward and developed for the first time in China.
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Abstract

It not only provides a valuable testing scheme for the 8~10um terminal imaging
system of AIMS, but also provides a new idea and method for the assembling and
alignment of broadband infrared optical system, as well as the measurement of
infrared material optical performance parameters.

Key Words: Mid-infrared, Interferometer, Assembling and alignment, Optical
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=

VWO NOWV A WNE

-0.00000099

-0.03005581 : 1
-0.00003826 : (p) * COS (A)
0.00042381 : (p) * SIN (A)
-0.02579047 (2p~2 - 1)

-0.00177783 : (pr2) * COS (2A)
©.00034897 : (pr2) * SIN (2A)
-0.00001507 : (3p~2 - 2) p * COS (A)
©.00021348 : (3p~2 - 2) p * SIN (A)
©.00316269 : (6p™4 - 6p”2 + 1)

(p~3) * COS (3A)

B 2.4 TGS FRIN RGP JE v AR AR

ARG EEGENEE, REEH - HokE. B 24 REEBIRE TR
GEHIPEJE 50 R A T AR IR ZE I, T RMPEE 5w R K AE— w24
FETU R SURANPE JE 78 R EUHIHR 3 TR RGUR IR IR, B & 2.4 FHEEAE

A HIEEJE 8 RECRAT N 4 € VAN ] WOE T ARSI R PPO Fiade . X

JIieP 3

==



AIMS 2t i 8um-10pm BUAR A 2 500 A F R ik 7

HOREATE 9 22 587 15 2% T BIAL 10 e 0

23 AIRETFSRNER
2.3.1  AIRSEFHARN 7 RSt

FER] WOLBBAE ] ZYGO T ACGHEAT R« 8~10pm 283 Z2 4t AP I
S BUG R G, RILRI 7 A PR 20T A %o B8 —Fikr il 7 =0 R ahr it

HET I BEIR [AI 7 3, Wl 2.5 Pross o Ae i s 202 BRI ZYGO T
(R3~F T e AR SERT S A, JF AR HEBR T BN Bk MR TP 17 3, Wi 2.6
FT7R

PriEER IR
ZYGO T4

g
W v

Bl 2.5 FIH ZYGO ¥ AXHC & BRI AR A A I 7 50t s = 18
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%2 & AR R

X}t 09AZ

Jﬁ@wﬁm%a

Bl 2.6 FIA] ZYGO T AT MBS I 7 500 B i ]

KL BRI 7 2, 5 —Fh DRI NS 5 &, i AE L e AT, 7]
LAFE S FIH ZYGO T #5AHRI 38 o AHBILAE 1 vl 302 BT b B ) 4 EL 2 F/4.2,
BHE BRI RS 0 0 14208 23.8mm, AR M4E; S F7%, 8~10pm
A R 4G8 0 M 14204 25mm /edq, A ZYGO X148 100mm,  RERE i
ARG 3K o T HLAS — A7 A G R v 9] N — PP RO B, X OGER AT i
¥r, BB R REZEE —RESEE, ME M7 RML, B oM RER
ARSI 1M HRH ZYGO T ZOOM IhREFT LABUR i &8 X 1, 7E
—EFRLE RORAN HERE AR L, AL S BOR R B RO BT SR, B
28 Y5 SR IR et 7 R EE ARG S 25 SR A 0

232 AIRXFIOSRMNERAE
AT A EHE O R R g2, FATE SN 8~10um R RAE AT A %E
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AIMS 2t i 8um-10pm BUAR A 2 500 A F R ik 7

S0, DU T IR A5 R G b BUBOC IO RL B, I BUR TR 4
RN BE S5 M BT G BE SR, T FiE SR R 5 R BN I BT B
BOU AT EA EREN R, . DHLEERSHARE Y, |TEA
B, A R T A AR SR HEE LR B B 25, BT AR B BUR o i SR L2

TERAT A ZE 0TI, BT E AR M A fh 340, D2 m REDs
B B R ARG e B RO AERL (R X Y BATD L B
S ROBEFEATRIA S BT 58 3« B L0 ASHITF 70 Hh B A5 % RE A S B S P Hh R LG
CENPBRA RINEHSEU A Z 0T, BIJTIHE XL Y Z T HEFE, 3 X .
Y AL . 78 Zemax LI AT BEAE A VEAN RS, R R UL S A ons
8~10pm FRAR A3 RGFEAT A 2204, AR WK 2.7 s,

BIMRES

eSS e T 3

TEDY 12 13 -0.05000000 0.00993047 0.00759731
TEDY 12 13 ©0.05000000 0.00993047 ©.00759731
TEDX 12 13 -0.05000000 0.00993047 ©.00759731
TEDX 12 13 0.05000000 0.00993047 0.00759731
TEDY 14 15 -0.05000000 0.00980754 0.00747437
TEDY 14 15 ©0.05000000 0.00980754 ©0.00747437
TEDX 14 15 -0.05000000 0.00980754 ©.00747437
TEDX 14 15 ©.05000000 0.00980754 ©0.00747437
TIRX 14 -0.02000000 0.00788564 0.00555247
TIRX 14 ©0.02000000 0.00788564 ©.00555247
TIRY 14 -0.02000000 0.00788564 ©0.00555247
TIRY 14 ©0.02000000 0.00788564 ©.00555247
TIRY 13 -0.02000000 0.00734046 ©0.00500730
TIRY 13 0.02000000 0.00734046 0.00500730
TIRX 13 -0.02000000 0.00734046 ©0.00500730
TIRX 13 0.02000000 0.00734046 ©.00500730
TETY 14 15 -0.08300000 0.00706772 ©0.00473455
TETY 14 15 0.08300000 0.00706772 0.00473455
TETX 14 15 -0.08300000 0.00706772 ©0.00473455
TETX 14 15 ©0.08300000 0.00706772 ©0.00473455

FERSSTERTENE EFRITRIMERER(L

BN RMS FER) : 0.00233317
Tt - 0.02084664
FhT RMS JRiRED : 0.02317981

B 2.7 8~10um S5 i RGN ZE 50T 45 R

HApRMETS N 120 13 WEAARERR ZIRBE s A L3, K75 HN
14, 15 TIARERIE Ld. AZE/ES TEDX. TEDY FnHE ol X, Y 4
B %, TETX. TETY FRoR B2 ot X Y it egiRz= . KK 2.7 117>
Prat R R 2.1,

K21 NENHEREH
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%2 & AR R

R NEE BB A
TEDY (L3) +0.05mm 0.00759731
TEDX (L3) +0.05mm 0.00759731A
TEDY (L4) +0.05mm 0.00747437A
TEDX (L4) +0.05mm 0.00747437A
TETY (L4) +5' 0.00473455M
TETX (L4) +5' 0.00473455
TETY (L3) +5' 0.00190712A
TETX (L3) +5’ 0.00190712A

HIAZE T AR AT W, L3y L4 4 — o g s 20 i 2 1 i 22w i 15 2
SO ERCABUR, B ORR B 2 R I R G b I BUR T . I AESS R BT,
X IR UG B A BB 45 K R FH e 8 iR AT 2 R I S5 A0 50T

FIT LA R SR BATCA Z R G B 4 5], R0 FLAE e R 78 v AR E AN ) 2R =
I, AR AR S W 2.80 2.9, 2.10 B,

U=0.02° U=0.04° U=0.06°

B 2.8 T X BRI ORI 26 AL

13



AIMS 2t i 8um-10pm BUAR A 2 500 A F R ik 7

V=-0.02° V=-0.04° V=-0.06°

B 2.9 WYY RBURI ORLIDLTB 2R AL

W

X=0.02mm X=0.03mm X=-0.02mm X=-0.03mm

Y=0.02mm Y=0.03mm Y=-0.02mm Y=-0.04mm

B 2.10 W XL Y Sl O B AT 2R AL

Forb P 2.8 AN 2.9 43 B R RS BT AIE X AT Y Bl PR AR 2 SU
HAER, WEMRESBIE0.020, £0.04°H1+0.06°; T 2.10 A KB4l
W X R Y OB P AR AR S O s L, 1 B AR 3 i) HX0.02mm  F1+0.03
mm. HFEASCEAT I, 4 IR A 22 BRI N R A R, TET
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%2 & AR R

BB R] LA % R e e ok RLMAR S T WG BT LR 2 V) T30 2 2034k
RE S BCHERA 1 By Hh AR 00 28 98 7T BEAFAE 10 2R IR R /IR [a], R A 5 R A 4
FEPRE SRR T U B e RS

IR TSN TR, ORGSR, SCPR 8~10pum £ i
RGN 2 26 802 A FAE R o, FATa] AR TS i3 Je 7l R8s
PIRARAAXT L, JER M RO 5928 — 20 FIWr R G0 2 T B S L AR R
K, FEIBMELE, 2o R IEAUR L SE AR TR o

2.4 KIGIIE

1T 8~10pum 23 2 ¢ (1)) S S5 W T i A 58 i, V38 IERIFH AT o't ZYGO
TR I T2 AT AT, FRATTR F SE 30 = A AL AMNE BT R T S I0IE . 1%
%554 Edmund A &858 39539 ) ZnSe P& HE, HAHMERES BN 2.2,
2.3 FIE 2.11 Fost,

2.2 ZnSe FMiB B

Surf Radius Thickness Glass Semi-diameter
OBJ Infinity Infinity 10.000
STO Infinity 4.600 ZnSe 22.860

2 -140.270 99.084 22.860
IMA Infinity 6.186E-3

F 2.3 ZnSe P A S

e ZH
H# (mm) 50.80 +0.00/-0.10
O EE (mm) 4.60 +0.10
A% EFL (mm) 100@10.6pm
wE Uncoated
HIE II-VI Infrared ZnSe

Power (P-V) @ 632.8nm

A

15



AIMS S8t 8um-10um G L 5 G062 H AR I 7 L0

Power (P-V) @ 10.6um AM10
Irregularity (P-V) @ 10.6um A20
R &= 40-20
RIARERE (3%) <50 RMS
BT AKIEE (nm) 600 - 16000
T(%)
90
80

70
( Uncoated \

oS8558

012345678 91011121314151617 A
(pm)

B 2.11 ZnSe “Frhid i K ph 2k i

e B BT MM SHURN Zemax F1o BB NG DLAS TR NS )
THOL, DGR 2.12 FoR, BRTREM T AScnEl 2,13, Kl 2.14 B, Hp
B 2.14 RAE X FIRE T 5 AMFSURNR 11E LT TS 21005 K. e ik
B PV AN 15.310@0.633um, RMS {6 4.540@0.633um, H K&l 2.14 7] WAL
FOURE R, BEBRKRINGE.

-

B 2.12 20N ZnSe “F B 8 e ik &
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e

5 2 5 AR TT R

O 2 FaE
e zale /O0/=A 0 HE =3¢ 0 5t 59 @
R 256 x 256 > B 1 v
fsté 0 owm 1 v
R 1 =E: wE M
iR % v EEa Ee v
exTwd [ Etasy: [
AR V]
FrizME > s O Sy: 0 Sedl 1
BRI
~
E
iy
=
&
-
>
-1.0 0 1.0
X-ehl (HExSERfD)
AR
9533 —Zemax
2021/5/22 Zemax OpricStudio 16.5 SP5
- 6330 _ynfE0. 0000 (FF
BT - 15,3084 B, RMS - 4.5443%.

0
b
1 =
HEEERE: 3.418BE+01 ¥

Tzmax_39530 (SEMLEEAE) . 20K
ST

N\ 28 FFZ3

B 2.13 2 HENG ZnSe 3% 55 i) ) I R

W2 Fis

~eE 2 ae /O0/=A 2 HE = 3x2- @ 52 5v- @

o 256 x 256
=M &
HEMETF: _0-5
B TREE
HEE: &%

1/1

sEERETR [
{EF SRR
FHEHE > Sx 0

v EnmE o

v

R i 1 v
i 1 v
X-{lig: 5
Y-AES: o
2 &%

{27 |

R E TR [
R
sy. 0 sr |1

EREN 1.2 BT 1

0.6330 pm at 0.0000 (=).

5 - 6182 TRE, Rol/RE - 0.5000.
RS 3.06166401 Wk

Xi#L - 5.00, YEREL - 0.00,

Zemax
Zemax OpticStudio 16.5 SPS

Tznax_39530 (PEREBEE) I

\ 28 [z

B 2.14 4N ZnSe T ™i& Bal AR T4 4 4L
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AIMS L8 8um-10um AR 20 5 G065 B I 7 L0 T

S, R ZYGO T S HE E G R, M ZnSe “F- 1737 45 ) ~F- T — 0]
NGF, 5 CAAREBRTH S B e AR B T3, A b BR T S 5 4% 1R 38 i an
Kl 2.15 Fiom e SEMDGEEan i 2.16 Fiias.

B 2.16 ZYGO T-#AXKM ZnSe “F- 'Y 32 5 1) S %

Z I A3 M — 0\ S5 2% g 2R RS 81 1 S 1Bl (R Y6 2 i 1
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5 2 5 AR TT R

WG WEEBLR, M N AR — A58 DURIA 2 TAT AR IEAS
A S BT L, IR, P E R T AR BOR K power, PR I B I
FAHEF SO F LI, DU NN R A5, A R &l 2.17 B

No

PR B S U, 3T E WA 2.18 frs, o AR E X 35 A A ZnSe
BEATI TR . W REUBIR SEALE IR 50, SO 1l
PV 184 15.040@0.633um, RMS {H N 3.380@0.633um, AELLE RAYIE, M
MAESE T A ZYGO AR A 5835 RG I AT AT I
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AIMS 2t i 8um-10pm BUAR A 2 500 A F R ik 7

B 2.18 4142 A5 ZnSe T B 45 I ) S2 bR 4 4L

BT RN ZR S 4 T 18 AR AS I T R ABSEAU RN S 38 10F o {HL ER] Sy 4 HE e
B AR I A BRI BRZE , AR R BT Sk SR 2%, A Z Al
FIWT . AN NSHOER I DR R LLR/NER 2, BATERFIE ST E T RN
10mm fIFLEIEE, JEREAnPE 2.19 Fion . AR 7E AT % ik BB 4 0 ik i a1
2.20 fli7~, eI PV AEN 0.310@ 0.633um, RMS {H 4 0.0860@0.633um.

Bl 2.19 /NN ZnSe P g Ol
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5 2 5 AR TT R

O 3 5EiE
~gE 2 ae /07 =A L EH=83x4-0 w6 a9 @
RH: |256x 256 v o 1 v
st [o < owmm 1 .
i 1 =m: 8 v
(R |% v BRE RS v
sws [ BEmR: [
(EFAHIERZR:
FHEME > v O Sy: 0 | sn 1
1.0 Al
0.000
.70.031
= -0.062
= -0.094
ﬂj+ -0.125
E -0.156
= 0 -0.187
B -0.219
% -0.250
= -0.281
-0.312
i
-1.0
-1.0 1.0

0
X-YehE (R

HEIE
30933 ~Zemax
2021/5/22 Zemax OpticStudio 16.5 SPS
06330 4meE0.0000 (B
BEEE'S 0.3101 B, R4S < 0.0856H.
HIMERE: 1.12266401 28K R A

N\ o#8 [xF
B 220 /RS ZnSe T BB T

£ Zemax FAEILLI o] RE RN T90 2640 Wil 2.21 FroR .

W2 FzE
~eE zhae /0 =—A L HE =304 © - am- @

s 256 x 256 v omke 1 v
& o ol 1 5
BHET: 05 | x 0
Sk b v Y- 0
W1 8% w2 &%

il 1/1
s [ s EETR [
(R LHEEAR: R
FI@uE > sx 0 | sy O sk |1
W EEEE e E2ENETS

X = 0.8105, Y = 0.9579, Value = N/A
1.0

g

]

>

-1.0
o 1.0
X- ek
RIS FINTHE 1

39533 Zemax
2021/5/22 Zemax OpticStudio 16.5 SPS
0.6330 m at 0.0000 ().
£5 201679 A, Rak/mie - 05000,
HIEEE: 1 1430E.01 2k Tz R 2w
X#ESE = 0.00, YHE - 0.00,

\ %8 [ X&

B 2.21 /NEOAENEF ZnSe 3B AT WG BRI T 4 X



AIMS 2t i 8um-10pm BUAR A 2 500 A F R ik 7

FIH ZYGO T-#AX Szl 45 B an i 2.22 Fizm. w4 IMAFLRGH )G, 52
Brgh ARG, A — S S 1) PV {E N 0.4100@ 0.633um, RMS 1B 0.063)
@0.633um, X HLA5 B 45 H K 0.3120@ 0.633um-~ 0.086A@ 0.633pum, SZill 5 %4
GEREEARYE

K222 ZYGO TN D4R NG szl 2 5

P13k — 2B AE Zemax AR T AR I0IE B 77 A2 1mm 1 B AR I 0 T 45 4L,
WK 2.23 Fs.

1.0

Y-ehE
{ =]

OCO0OO0OO0OO0OOCOOO0CO K
O HNWLREUON WO
SO OO OO OO OO o

-1.0
-1.0 0 1.0

X-JEE

Bl 2.23 BAE Imm RIS

T RS AL & PR 5 b BRI SO 8, AH I B Imm, HARZE PR AR,
WEL L) ZYGO TS gs 3R, il 2.24 fizs.
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%2 & AR R

B 2.24 B4 Imm BT30Sz 45 5

HEDN R LUK, T XN, BT AERMEEE 2, B bJeikl
FHHERI) PV {ELAT RMS {6, (H AT 2 SO H A IRE S AE 12 — 30
£ 8~10um ¥ R G T 2R SO Rl L, SRauidiceE b, T XKEECR, fit
BEARAG MBI 0 FE R, AT LA, DLAl DG BORIE I ZL /M 52 R G 7 %

gzt 7 ZYGO IS, i LR AESE 2 5RilE.

2.5 RENE

AT EANG A HOCBBGEAT RN 5 5 T 24 1 Rl WG i)
JEEAT ZYGO T4, #1XF 8~10um RUR RGE MRS /il AR AR AN 755K, it
TR B RIS RAS I T 5, JFAE Zemax B P T 8~10pm BUAR R 403
58 SR A 1E AT WG Bon] B M BLI T8 26 8L sk ] WOeAa g S B Al AT 1
Xt s B — ZnSe EHTHEAT 1A, FFEH ZYGO TG HREAT 1 5L brill
Wk, LR B SERRA I 1 TP 2 S AN A5 REA — 2, ke REE _RIRIE
TR AN g SR AT
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AIMS 2t i 8um-10pm BUAR A 2 500 A F R ik 7
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%3 E LANEBUS T %

EIE IINEEBRKRNFGE

3.1 38

FET] W60 BERI T ZY GO T35 CGHEAT Ko I P A0 345 E T o I 182 4% LU et e
%, HABES TR TRSIVEAI oo R, fethidiss 20 & 45 RAEdE . |
ARGy AL A 0 5 WA B, B RARLLIMDEE RS, 1 Hg4%H T
VE: BT B TR, A JEASE LD AN B eIl BIATH AR BR (4 i R 4
FER WG AT FIVER S BB, WA ERMFKSULRE R, ARG E, 4l
IS5 BT 26 SRR FAEL B AT R — e M .

T3 G R RELE RO 2 RGEFT T AR (LA BOAT T I0AG I, D) AS(E B % A8 0
AR WG RS, 1 H Al DU AT e A3 256 8 56 80, X 8~10pm 2831 R 40K
BB RS S TN SO AT . BE %18 2108 1 -1 2% SU L i)l AR
KAWL, 1RIRE M, I SERE AR /K B 1.

[l B E 56 204 P AR 7T A0 82 A B2 60 AEARK TG, S EI% T
ZLAN T B f& Munnerlyn A1 Latta T 1968 £E# ] 28 2 B 27 A48 & %k
R 2R I AT R U1,

1980 5 — GOCHL L — AL ML AME AR b A m . 2 5 56 AN 3 H
I FEN REXS LA AR TT T REST, FFEEIR 7 AR B R LA ™ it o B
M T HARKIE, FIELIMEE (A =10.6pm, A=3.39um %) , = PERML
ARSI A 7 6] S2 FH AL . 1990 4 Akira Furuya {3 ] 512x512 [ Pt-Si £ZL4MEEF
HREFIVERLLANF ARG, TAEMK Y 3.39um, FFIE T8RRI 2
RSN, 21 A BLE, LD EOR IR TR R S T 2 64K, ] anx
CLAMA BT S 2 020 ol - T R T VR TR IR B 21 2RI R AE £ AN
B ARZRME 1 71 522,

AR T HMH R IEAZ, HADEM . R LR 1998 R T 1L
$250mm (AERFL AL, HTAEREKA=10.6um, FEA 7 AH R R
T, 25, XBUITTHF/N ORI 2R 2 — MR B ZLAM A2, il v e
F 2009 FEEIHHIH] T — G HAENG30mm (132 A KL AT,

25



AIMS 2t i 8um-10pm BUAR A 2 500 A F R ik 7

E AT N AT R L4025 D = AR R AE 3.39um AT 10.6pum S5 AH 14
P IBOE B B T X T AIMS BBz 8% 8~10pum 283 RGEK UL, HR B T 2um
[y o, A 20N TR AR TE T 58 A TE BOZ R G ISR I 75 5K, B ERATT 7%
PR R — s T2 R G R 5 12

FE W] WG £ 4k BRI FH B8 0% BORLAR TR I EEAT T80 = C A S,
Lawrence J. Steimle %5 AR % S 5 G YR AC £ B 130 I B 5 BE IR, mT AR
i 200~1100nm 177 58, FIHZE BB T, SEIL T MBI G T et
1R I 20T, EAE AL AME B, B B SR s A B AR A
WHESEROGIR, HAR SR 50 BEAROG, T AR B . TEh LA X L
JCRAR SR E CARIRES, ZBOMME BEL T RGERRENRITTIL, H
DA I &8 T L-F- ok s 2 .

UL RIET B T YR AR R ALK (204 AT T IO 88 RE A 7E 8~10pm [¥19%
B S, HABGRIAR S R, w] DL R R RAE T Rl i 20 IR
27281, {HL B8 5 B AT P IO L A AR TR S, BRI ERATTR A T AR R 2R 2 AR
FWAL P 2B KL SEIE RT3, AORAME T IEAS 2 1B ,
AT S0

3.2 LIAMFISRN G R BT

8~10pum Y RGN EAT 25mm HEE A I BIE RS, SFRFELA FAS,
Ak, Bk TR S AR B LT G AT B R AR Y T R S0k
FE o B 3.1 Frs .
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%3 E LANEBUS T %

B30 AT s E K

H: 12T RSO 2— RS 3L 4—EBESA; S—H WA 6
— AP B Qs T EME s 8—a BB 9— R B4 L3, L4;
10— 11—HAME ;12— IR BI4L L1, L2: 13—hsie Fifi 48D
14— REH: 156l 16— /MRINES: 17—HJH 2 M

LLANEIR A 8~10um Al RIELLANEOL S, WO ERAE S RIEGRE T L
JGBR L JGBR ARV T7 %, WA =R SUREERHEE A R/
P . 73 A R AAALEE (ZnSe) MBL, ARIERFI R GEL R it 76,
M ERIEZ 2 5N R BARSE . SO CHRAIE NS5, GobriE~F 1 Spt
BrQRE SFEFOCRMEANR, B DA BT, Z2SREHEA 5
AGUEEHMIE R BRI, JHEHERL SRR RN E SRS, KA AR
gt, 221 8~10um MR KRG HE DGR, bRl A5 QIR . S5
ARG B 2 RO JEIE A R WO ATOL, B R4, RIS BT
L

BRI AR gt b B IR (0 75 oK, BATweTr 17— NS, fExt
8~10um BRGNS C A AT 2 dike R, JF L UIBN U 5e T30 &
grrb A T N A = SRR AT DL AN S AR HERR T 25 B DI B, el
R SEEIL AT LG AN L A1 BRI 5 5 A D) 4 o
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AIMS L8 8um-10um AR 20 5 G065 B I 7 L0 T

BEUF R, SR T BRI M AR NS Ay 3, R s NS 5 A LR
HAt. EATTEY, WEICRKNERMNT 10mm BIR], MAIE/S 7S a8
PRGN BG4, KORFRAR 1N XE AT RS AR

3.3 HLISMNAIEIE SRR RES H

ZLAMGIEK A 8~10pum FIFIEZLAMBOGAR, ARSI K 3.2 f15k 3.1
FiRe AT OZBOEARTE 8~10pum e BELE AT, HEOEI R AIIA S| 50mW, #E
35 2 Ao 75 5K

Center Wavelength Availability ~3-13 pm

450 T T
400
=350 2N
% 200 £\
] 250 / \
S0 T (N
el / W~/ N
/ LV =
8 9 10
B 3.2 HLLAh TR O A (R ) R R AR AL i 2R )
R 31 FASTHEBOLEAE RS
Parameter Value
Minimum Spot Size < 2.5 mm

Pointing Stability

<2 mrad per 100cm-1 of tuning

Height Above Base 4" (10.16 cm) without pedestals
Profile Elliptical Gaussian, non-astigmatic
Beam Waist Approximately 30 to 50 cm from laser
Divergence < 5 mrad (full angle, 1/€? intensity)
Center Wavelength(um) 9-10.5
Min.Tuning Range (um) 8-11.5
Min.Tuning Range (cm™) >300

Linewidth

0.1cm'/0.08 Inm@9um (FWHM)
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%3 E LANEBUS T %

3.4 HEFMSH

JEIF B APELE, I A TR E A . A HAHET R DL A -
FEIRAIARTE, A ReTE Rk I 2 8030,

FETWIES, T — 5 P T 2 SURIE MR 2SO0 LU EE K

SRR,

K = ¥im .3

T Iyt

A Iy AL, 70 009 P BRI A S0 3 BE AR R AE AR /IMEL . BRI, 1, =
Off, K=1, XHWEHRKE, MWNFIERIEW, HEEMT. 2y = LN,
K =0, 2%80c =B AN, BIAEHT .

SN SR SO FLEE R AR, EERFRGIRRT . PIA TG B IR M LA 22k 98
o RRGHICHERM T EUNRSTIEHFLGH, XXt L EE R AT DLZ2 S s AR 4k
AGEL R R AR, BIDES SR LLSCOLSEIRIE, AN b
JEZ o RIS 28 5 e 2% SO ELEE M BRI AR 2 DGR I B i ik

TS SERRAE T IE R AR, TR B, MR E e
TG R AN X L 23 RENA SR SURI R UL, BRI D9 ANTE B A B9 — MR DY
HAERMAS B — AT WKL, HSAREIRFHR LU, MBI AR, 541
SROUE T A5 RAL KR BO ELE R B

REWE AT I I KO REZEAL 8-

AL = A2/AX . (32D

H A EOO IR IR 1 LB, AASTEERER TR .
ELEICE AT, NG5

Io = [, i) dA . (33)
WAL
Iy = Jy i(k) dk . 3
FETPACT, B ROEIRBEAL AR
2i(k)[1 + cos (KAL)] . (3.5

AFEAE N, #L (3.5 AR (3.4) 7]15:
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I(AL) = 2 [ i(k) [1 + cos (kAL)]dk

=21y +2 [ i(k) [cos (kAL)]dk . (3.6

7 PR DL EEAT T 18
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(1D HBOEWE A = s Aata, )

_ (k)
i(k) = lye & . (37
dl = 2i(k)[1+ cos (k- AL)]dk .. (3.8)
Ak =k — ko, 15:
A\ 2
dl = 21pe~ &) [1 + cos (Ak - AL + koAL)]d(AK) .G

PR (3.11) #AN (3.6) A5

Ak
a

1AL = 21y [ e~ () [1 4 cos 8k AL) - cos (koAL) — sin (Ak - AL) - sin (koALY]d(AK)

2

=2I, [fj;o e (%)2 d(Ak) + f::o e (%) -cos (Ak - AL) - cos (kyAL) d(Ak)]

2 2
= 21, [ e @) aar + 117 e () L (eFkedL y g=t8kALY . cos (JoAL) d(Ak)]

.. (3.10)
Horp
2 2
f:r: e ) d(Ak) = afj;o e (%) d(%) = a\m .. (3.1
2 a 2 - 2
fro e (&) 0k gapy = q 17 e () - (5 ()
a 2 —_.a
=a e (7). 17 (CFE a ()
aAL\?
=a-e_(7) W .. (3.12)
i SLIECP
A2
I(AL) = 21y am + I [a\/ﬁ- e () . 2] cos (kg - AL) .. (3.13)
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_(u-_AL)z
=2ly-am|1+e 2/ -cos (kg AL) .. (3.14)

R, K2l (3.16) AR (3.1 715

huoh - (42

=i .. (3.15
(2) FHHOCHA AN WG, 4 iCk) =2, ]
(o] k0+ATkI
2 f i(k) [cos (kAL)]dk = 2 f -2 cos (kAL) dk
0 kO_ATk Ak
Hz (3.6) A1
I(AL) = 21o + 2lgsinc () cos (ko - AL) .. (3.16)
¥l (3.16) AR (3.1) A1
Iv=Im _ . (AKAL
K= IA):TIm_ smc(T) . (31D

B3 3.1 )0, AR O A 10 R 2R 28 B 40 AN = 0.081nm, TEH O
Ka=oum 4, 4 K=0.5 i, "Ji-EHEAL 214 192mm, BIZ% 8 508 2 1) i)
RN 192mm B, 280 WA R 0.5, ZGFE E T LR EH IR A S
SEIL o PR T £E A RIS O GUE P Aa 7 2R 2 FTAT
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REREATALEE . H BTZLAMARI &R 3250 N PIE: ST BRI AR 25 o 72 A4S
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S
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ZLANHOE AR R B I 2mm 224G FIEOC IR S R TR LG Ab . BAREE M S H R
fetnE 3.3 £ 3.5 s

iR
0 MH SR
1 HRAEE ~
2 K@ L fERIERkE
3 @B e ~
4 @ TREE v

i HEEE BEE  #H BE SO EME NEEEE ERRS TCEx1E6 M| ARIR

v 39469 KR TR 0.000 0.000 0.000 0.000
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B 3.3 AREkinRAEIEGL
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¥
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#®32 AREIRAEBE S
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Ei=R0n S8
B (mm) 12.70 +0.00/-0.10
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Hl R (I

R
RIMMHREE (3

FEIL W KIEE (nm)
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6.35
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II-VI Infrared ZnSe

0.5

M10
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600 - 18000
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R 0 1.0
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BT BRSNS Z, Wit T AR EESA, Fm ek R EE
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BN S, P LA T AONR i P BB R AR 2 KN e,
FETWACHRERY U E o, SO TR UG I E . fEAE BEDGEE 2ot
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I
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I
I
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I
I
I
I
I
I
I
|
I
I
I
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HE 3.6 AT 0L, 7E0] W% 0.633um P BZE i R nl 18 2] 80% LA I, B 2 H
TR, WHEBHANEL N 3.5, MR RSGHILE, mib&it/ErSEunE 3.3
s

£33 HEHBEHARIISH

Surf Radius Thickness Glass Semi-diameter
OBJ Infinity 32.192 0
STO 44.288 2 ZnS 5.045

2 40.042 1.6 5.057

3 -159.594 2 ZnS 5.262

4 -31.548 0 5.416

S(Paraxial) 99.893 5.416

IMA 2.802E-3

MM Zemax BAFX G A BEAT 1 RATAHEELE 0, Qi 3.7 o BAR4S
RN 3.4 fow, AT WAEAF TARBACT e E B I vl i 2 Tl kS
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R34 MEEBRAEAN R B B

Bk FEFR PAT PV {H AT RMS i
Sum 31.892mm 0.011A 0.0035%
9um 32.192mm 0.0087A 0.0028%
10um 32.546mm 0.0067A 0.00221

AT TR oG A 4 T 2R 2 FE 40709 0.081nm, BRI TE S H W THAN T E5 &
22 A 8~10pm fe Il Belts FEHCTE, T Z B BOR, It A
AR B ZEBEE, MR B XA R AT AL, AN RIBR S B AR 5 22 4k
TEGR RS BT R s LG LA ARER I R A B AL B R AT #MaE .t
R 3.4 WHL iZAMEEBALEA RIBA T B R R BT, 84 n] DU 2 T
R =5 3K

3.6.1.3 EHNBEERS
K F b A BR T SR A2 15 5 A UE BLE 2 i 415 S N 4T AN B0 88 Ok HY B 4l R
HATY R E, HE SR IIE 3.8 Fis.

B 3.8 B AAERGEHE
XA R GUAT BRI AL, AR BRTH 58 A58 B AN HE BB 4H 2 8] 1 [R] B 1 9 A2
B, KGRI e AR AT I, RBIE R E SN REVE, 1[5
BRI & RGN A ZENR 3.5 Fhos.

x35 BEPRAGRGEHSH

Surf Radius Thickness Glass Semi-diameter
OBJ Infinity Infinity 0

1 Infinity 5.000 1.000
STO 8.909 4.000 ZnSe 6.350
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3 Infinity 4.613 6.350

4 Infinity 32.209 5.931E-003

5 44.288 2.000 ZnS 6.000

6 40.042 1.600 6.000

7 -159.594 2.000 ZnS 6.000

8 -31.548 10.000 6.000
IMA 5.556

HE RGBT E A 3.9 Frs, AT PV {EN 0.0017A@9um, RMS -
0.00042@9um.
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TSI B v o R Y v LT
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SRR UL RS B e B R R G0 AT DL 5E AT B 2 (R B
AR T7 G SR F P B i A0 T S 5 PR 2L 5 SR S BB R R HE L
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RN

3.6 Bl 35497 Hikk S5
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it Metal
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B ) 60
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1M o & 80-50
FHIS PTG (nm) 700-10000nm

F 3.7 Ehhih 37295 Mk S5

Ei=0D 5
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2R EFL (mm) 12.70
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BEAERE (mm)
wE
()=
P
HEJR
Y i (mm)
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SSFIRT, RMS
RMHBERE ()
M
B PEAKTEE (nm)

6.35
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Ravg >96% @ 2000 - 10,000nm
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90
M4
<50RMS @0.633um

80-50

700-10000nm

KPS BRI A XS HUR N Zemax, T Zemax P H 5 K45 R 41T EIFT

7No

B 3.1 e s Aok ik

39



AIMS 2t i 8um-10pm BUAR A 2 500 A F R ik 7

KEE (HERTEARD

Y-

X-3tE (AR

Al

3.79E-010
3.13E-010
2.46E-010
1.80E-010
1.14E-010
4.77E-011
-1.85E-011
-8.47E-011
-1.51E-010
-2.17E-010
-2.83E-010

S

SRRITENEL

202

1/5/1
U 6330 pm; EEU 0000
= 0.0000

tﬁlﬁg 5.2549E+00 X

%g}ms=uﬁwmﬁ

Zemax
Zemax OpticStudio 16.5 SPS

20210405 FFEALHE . ZMX
1n9ESRIL

B 3.2 S sUB R 4 A o 1A

=-0.633
W :0.0000 (E)
/ =
o \
= |
[wr] | !
\I 4
\ /
\m -
" E: -0.0000, 0.0000 rad
H: FE
T
2021/5/1 Zemax Uﬂ‘hCSZtEtlmﬂanO 16.5 SP3
SR mro . EERTE TR

a.

Wiz 2

RM: S L]
GEi = 0_000
BEEE -

0.4

i LRBEEE - 0147 wr

3 o

20210408] S . ZMX
19%1 =

B 313 B HIAE K

H EEF R, RGTEE RS EHT PV EILT N 0, FrLUsE I H AN B Al
A& IS 2RO AR BT, JF R ARG E O,

N TFHUGE

BEXT 8~10um KR R 50, FATHR = RBH LR B it v 5 E B4
FIBEAL, ARG PREFI AR AR Bt — D3R . = REBALRHE DGR
N F/3.5 BIBKTEE, SRS LLHILES . EANIIARR RGERITEILT,

AR AR (A NMEMEE) BRI ARFTIAN T,
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