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Development of ultra precision optical system based on the

freeform optical devices and modules
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A, 289 WEo| mW zZEe] AF = FFL AL A

o

2 RH3E (Jin and Kwak,

S7h H7hE AntAl AEAE (waterie) ARPEAS Fshel WAl SFHS AN,
S JhshEA sk £ BFoE 223 AFL A AL Ly, et

- 7}FEEo 1ES <7tslE el 9 Ultrasonic vibration platforme] 7ds. ®Heo| 7& 4
S HY3) ste 2de A% g An) tool path7t LS A9, dAES H43) = =4
< %F W& tool path7t 455 & o]F+= A2 9354, (Han et al, 2017)

- Ultrasonic vibration assisted chemical mechanical polishing (UACMP) < 7§&3ta 7}&Eo)
B3 AEs UtstdA #:H FH9 A5t glo]l M AHARIEAAS)S /MRS g
B2dS 7= st AP XS &<l 3 Ly, et al, 2017)

- FHLAE Avp Fo] F2sle]  Megasonic assisted chemical mechanical polishing
(MACMP, 1.7 MHz Z&5)E& MEste] A8AAEES 71€ CMPRT 15-25% #AAA7]1 THZE
T e 0.509nmol A 0.387Tnm=E ZFAaAZ. (Ke, et al., 2017)

- 2% WA Anl 375 FAA )= FElel 2D ultrasonically actuated polishing process 7H
ek o] 2R AFES Fal AL FEES &< Song, et al., 2016)

- aElY FAo 2SuEAE HE5ty, A7 =6Si0OE trololE = A d(wheel)
| 2ol Aage A7 (F 35%, tangential force) £ ZERa #HE 3-10% FaA
Z1. (Bhaduri, et al. 2017)

- el FA 2SR E A} plasma electrolytic oxidationg AFg3ted A AFE S normal
W3ko 2 60%, tangentialF o =2 70% THAAFHI, TH ZEE 46% FAaAF. ESbn 1WA
AelE FoEH FWH FEVt Aaste] JhEAdol dE. AN 259 MEAe a#Ut
plasma electrolysis oxidation &5 FgAIA AAAQd 347 ¥ 3=, L et al. 2017)

2

M

o Fojx Bz dvl 7F ¥ & AH /g

- O FH Y stelBgE AR @ FAFo] JgEHY AFHI JAARE R Fe &9
FH4E& FHAI7 A A7

- Ant Ao 544 FHY FHo] 0 Fas] wiEel AMEABRAAE)S LHsHA &
= Zlo] dA AAY

- A 50, dolAE ArAr FAC ALt A ETtulol =9t 2 dAF A8 E 7HESt
He A7 AA ExET s

- oA & ol Am HH FE WHIAA AAES E2USEHN FWH ZXEE P
= A7 39 ¥ 9. (X, H Zhang et al., 2017)

- #lojA & dto]lBBE JhEolA T A AHEEE BE EEO|ANL #HolARzAntetE )
H AET BREAY, ASFRHoE AFHI U

- EZHQ] A=, AYF 7hatol= FWol| HolAE ZAbsted W E838H WHIlE f=
gk &, o]lojX = CMP &A9 ASAAEES &4 A A77F Ex" vk 5. (C. Wang et
al., 2018)

- AFAE AU AP E Jhlol=e FFSHS dEE A+ X Yang et al, 2017) 1E]
1 laser shock peening A 3o AEE 7lntolrol AEE Z7MAZ1 A (S. Pratik et al.,
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2017) & Lol o7 A 7hupol=e] =4 stel] el vgeft A7 7F REHIL 5.
- AR ol Bz dAvles Ex% N A (HA7)7F A AR 2ol A
£ FAl AHgstk] o=l 7]

o U EF HAEA 9 FY SHAAA

- A 29 e zﬂ}_z‘s}—‘;— JF A, MEMS, LCD, Build-up PCB 52| 4+ Hofo|A A n]&
1FH, 1% JhEo] 7hed AEE NEe 4 VES sk s

- Y 2AdA A &2, &4 T EFY 984 EAHS S5 A% Vedd B UYx=SA
e, Ux3A =AY 7|s9 1% AFst A2H Jido] FREHT S

#H KLA-TencoAt WH=A W HARLZORY AF AR FAdsiiorn, < 193 nm 3742
FAdS AR EH AAF ARE AR Wesgko, AH] 74 o] tie 3009 dell FAEEo =
Yol 98 thr]dolAder Aak gkelo] Z83ta Qle. (ex. Teron 640e reticle defect
inspection system)

>

3 2-2-7. KLA-TencoAl, Teron 640 ZAAPH]

o A o]H dAnt Jl& MY
o 7d-% 5% IBF(on Beam Figuring) AH]E 2006 @ 7B st o™, FWHM 4 mm, 1
o] o]&e &3] 27 20 mm Al A RMS 0.1 nm PV 0.6 nm dnf A5S B
A3, A7 90 mm Ao tEiA= 0.2 nm B ZH3A =
28 7HEe] A9 AL vyt 7hed vk, A4S E7E w9 =2 gHo] S I8y
o mm
o

m3/h ¢ £E &2 7}&o] 7} BF AX 7 442 MicroSystems GmbH) 0. & &
o] Ha . (100 mA, 2 kV o]&5 429 9% 30 mm3/h 7}& 7Hs)

NTGAFe 7§%ksk IBF-100, 200, 300, 450, 500, 700, 1000, 1500 2@ =Z 7}& ISl weh, o<
SHAl EHld = o] Aol &7,
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= 2-2-8. NTGA}, IBF 1500 ion beam figuring XH]

o t7|t E8t=u} SiC Qvl 7l& AT A+ TF

- I Zg&RutE o] &3 SiC Ante] 4% RAP (Reactive Atom Plasma, RAPTM, RAPT
industries, v]=)gt= o]FLoE2 EHA Jon, F IEHES A AF vFH SiC AL A4kl
AE5a . RAPS A% AL 718 & WAste 895 &sta, Ay AFFEHYEHE
3 E35t7] 98l SiCE AgEe=nE o] &3ty oA

- A7 3AFY A RAP ¥ E A Q3] 200 mmey ALE 0.33 nm rms & 3FQo] A ZF
g T Ae TYE AFT U

- Y& SiC 7hgs A NMEL 7I€E2 & F2&2uE o] &3 7les /st A+

Rl

129 S .
gl Wg oEe SICE B Fehzvkg o3t AstE AA 1BHE FUAA dAvtsie
%9

- SiColl ¢t Eetznts AFste Avlsls A7 8 A dist 2 Ust AAlE <
Kazuya Yamaura w57} F2 F338ta QL.

- 16do= dEo FHy)< B8 H A3 SURTECH| &d3dte] 4713 o] g=nt 3%
7o) ddg. old 173d 2€¥€d= YEA 7155+ SURTECH2017 (Tokyo Bigsite)ol] 32 &}<]
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A3 AT 3 e B At

Ald =244 FA =-d/4E 5 B8 7

O d7HE 1-1 3| =988 =AY B3A 24/ 2 AsHre 153}
2 FIA= ArEY BEEFLE 7 AT AL BSHAE Y A= 1E
500 km<] Sun-synchronous orbite] 7]<Eel™, &%l %(GSD, Ground Sampling Distance)
+ 10 m, #F32 40 km ot} & 1o AR @74 B 11 9 £ AR el AHA) S

B

O

713kt
E L A3 FRE Fo) A 8 7A B
Mission
Altitude ~ 500 km
Orbit Sun—synchronous
Camera
GSD 10 m
FOV 40 km
Entrance Pupil Diameter 160 mm
Total Track Length ~ 170 mm
Channel VIS, NIR (400 ~ 900 nm)
Detector
Pitch size 8 um
Number of pixel 4,000

« 2AY BIYA xH/AE AFS AT AP FEA
2 A A A st AFBA FEE 769 238 BetA e 2H/4E 1=3E 99
dAA~ FA = /Mo BAAN=E £ Two-mirror system<?l Ritchey-Chrétien
telescope® A3+ . Entrance Pupil Diameter®] =~”]= 160 mmeo]™, Total Track
Length= 170 mm= wj-$- compactdt FstAIZ ZH/A ] do|=r} & EAS 7A L
o], =AY FEA e =H/AFAE 138 AT H7g Aotk
29 12 g2 3334 Optical Layout . & Total Track Length”7} 170.56 mm& 2
3] compactd FIAZ XHAHEA Ads| gD Ao=w AddHy. 1¥ 2 AFF
FRE FA MIFE HodFa glod, sigd A&719) Nyquist frequency 62.5 ©hgh
MTF&= 0.6 ©]/9] #& UetdS & + Ut

2~

g
3
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Layout

D 160mm - GSD 10m at 500km

2020-01-29
Total Axial Length:

170.56014 mm

siLte=eld B8 &stA ZHEaA . zmx

Configuration 1 of 1

a9 3-1-1. A3 A5 £9/4d %38 Uesds de s 38 Optical
Layout
¥ 2. ¥ Hx 33A Lens Data
Surf Radius Thickness Glass Diameter Conic Comment
OBJ Infinity Infinity 0 0
1 Infinity 130 167.4306 0
STO -353.094 -112.685 MIRROR 150 -1.27316 M1
3 -220.576 104.1091 MIRROR 70 -9.76899 M2
4 148.8543 8 N-PK51 46 0 CL1
5 -221.518 7 46 0
6 -62.5314 7 FK51 42 0 CL3
7 -44.3773 7 42 0
8 -36.355 6 N-SK4 38 0 CL4
9 -214.667 14.13647 38 0
IMA Infinity 23.13801 0
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TS Diff. Limit TS 1.6370 (deq)
TS 0.0000 (deq) TS -1.1459 (de

"“ TS 1.1459 (deq) “ TS -1.6370 (

I

Modulus of the OTF

0.0 \ L \ \ \ L L L L
0 6.25 12.5 18.75 25 31.25 37.5 43.75 50 56.25 62.5

Spatial Frequency in cycles per mm

Polychromatic Diffraction MTF

D 160mm - GSD 10m at 500km
2020-01-29
Data for 0.4120 to 0.8650 um.
Surface: Image
SHSLt=2d EHAME 2SA JHEEA . zmx

Configuration 1 of 1

a¥ 3-1-2. AREd FFE 29/A4E 138 Ue9ds duds FSA MTF

E FA= 3o RAPARE £83$ Two-mirror system?l Ritchey-Chrétien telescope
3 =2 748 A= 7teea M= 7A4 2

i H4E HgL2 2l wAd o2 4% Ritchey

-Chrétien telescoped FQatth wetsd B AFoAeE B A iy B3HAI7 2481
7] W2l 2 WA o' o] FoiX] B} FSAE AHESY Sid HAF S ASstaA

A58 B A = F7(Primary mirror, M)} F-7d(secondary mirror, M2)o] =5 245
(Hyperbola)©o. 2 A% & x-=# €] Y Ritchey- Chrétien) 474 S AF-&3F4 T

B7A F2EY S a8t FA A 7 Aol AYE 130 mm, 77 WA A
ZH7A] A S 70 mmz AAEA oM, o]d upgl F7 o] ZFn|(Focal ratio)+= f/1.57=
A A= A

a9 38 AA AZE gy~ 38HA Optical Layouto 2 Total Track Length”} 200
mm=E A8 FHEF FEAIL vt s Holal 9o HFo] 7hed AR dAw
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200 mm

=1

v
- >€ >

130 mm T mm

% 3-1-3. A% g2 F8A Optical Layout

3 3—-1-1. 58 &84 Lens Data
kil FERE(mm) A (mm) ok A (mm)  BTFEASF
= ; oo
1(EE70) -315.0 -130.00 A& 100 -1.01
2 -63.8 199.31 A& 20 -1.83
& 00 - - 6 0

. 24W B34A =U/AE BAEA
B 294 A ARFAS SRV A FAE AT FAL F4L NFon ¥
_]

7ol thal A E4jo] o] FojAmH, ofefo} Ze AR FHS FIIH

1. 2+ e M= Y7+ E % (Sensitivity table)S 2+ ghet.
2. A=A sk AA W AE S HegS VR FAge s A8
3. FAE ®»AE H 42K Compensator) S A ko).,

4. A= T E vy o 2 RSS(Root-Sum-Square) HH I} #H-7LE =2 34 (Monte-Carlo
analysis)-& S=335te] FstA o] @70 RMS 24k 0151 & W53 g2 =53
=2

A2 Z2p 240+ FE Y4 (Radius of curvature), Bl 7-A A 5=(Conic constant), RMS &
FoA7E o, AE FaF 84oE FF Z Fof diste X, Y = #HA(Decenter), =3
Hojd(Defocus), X, Y & AAKTIZF At} BaAe] AE Q4= 19 4o I o

_27_



A2 g FgE FA B4 JAoA A F HE FAZ QS A= LAE BAFs] 9
) AE8 FsHA A= BAAH Compensaton) S A&EH o F=4 AXZDE AT} =
St AEe] AY FFoA P BRG] dsiARt FAF B4 o] eyt

Y-axis

L-axis

X-axis

a9 3-1-4. P79 R

H g 2 RMS ¥} Q) T A} RMS 3z} 3}
T HEWA —0.3 mm 0.021 +0.3 mm 0.023
T4 5T —-0.3 mm 0.020 +0.3 mm 0.018
T3] wlAA -0.01 0.029 +0.01 0.027
e WA A -0.01 0.005 +0.01 0.007
7o X&F HA —0.02 mm 0.029 +0.02 mm 0.029
749 Y& HA —0.02 mm 0.029 +0.02 mm 0.029
F7Ae] XF AAL —-0.05° 0.034 +0.05° 0.034
T Y& AAL —-0.05° 0.034 +0.05° 0.034
T4 =4 "vlojd —0.05 mm 0.009 +0.05 mm 0.006
F7¢ RMS 4ot 1/30A 0.026 1/30N 0.026
B¢ RMS dA4ext 1/20\ 0.026 1/20\ 0.026

% 5% 2 w4 BAolA e B34 NS ekl E2, AR 19931004



2= 191.95, H T 207.337kA1 2] 93] W3} dee FAskA. webs Hh 8 mm o

Hoolse Tl FAE Al EHE eAE BAD 5 o, HEr] AA 7=

=
=g AAT 1 ol "oz AV IPEH.

L AEWY FFF AA
AAA 199.31

Hagk 191.95
Ak 207.33
Bk 199.43
EZFHz} 2.9

% 49 NP BARE 0o A Jluse Pl 45 RSS W 2u-
14 Abgstel STk RSS W 2 RE Tk BAH AT 22

D3 o] A FH, dUE &=z T_ASME dUe] Agkgh, T t
P32 84 2 AME A3 s udnh o] 2RSS Mo g AE Az g A
A9 RMS #H 2 2= 0.088 4 2 272791 0151 & B3

du = ’Z(Tf)z < Tasm (D
=1

TH-7IE 2 |42 F 10000 W s, 2+ 7|t o2 desd A% 3 oY
HAE 7|Fo 2 2 (29 7F$-AQk EE(Gaussian distribution)s we} F2F9] 2

g 33
A
1 —x? e 9
p(x) mexp(ﬁ),—ZJ_x_—ZJ @)
2H-7122 A& 53 dS2 RMS 35 & 69 YeERSTE 100001 2] Al &
ol A, Ht S HLeAt 0.094 2 7F Ustow, xFHAF 0.075 A 7F vskok a8l
AEFoIA A 8% AUt 01361 2 872720 0151 & WSS AT & QU
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RMS ¥}H e 3}

EH-I7IEE 84 23 EX

0.136

98% =

0.112

90% =

0.086

50% =

0.064

10% =

0.053

2% =

0.094

&

ﬂwmo

0.075

B
N
22

Al, £0.05 degree®] 74 AF, £0.05 mme] =% Hl

i

2 +0.02 mme #H

o

=
=2

te X, Y

S|

7doll o

oy

&
w

+0.02 mm

B
M
o)

ﬁo
-

+0.02 mm

B
M
o)

ﬁo
-

+0.05 degrees

+0.05 degrees

+0.05 mm

30

KR

N

o
ﬁo
-

4

=

Ao FA 22

gstaen, =

AgEe] &

=
=

R ASI(Aspheric Stitching Interferometer) %H]

-
(<]

_g]

9.15

11.43 nm(0.018 1), 7

77

[e)
s

i\in

il

nm(0.015 )= AA =10 1/30 1 2+ 1/20 A

_30_



19 3—-1-6. ASI ZH| 2 =A3F

SA#

-63.80

g

A

-63.840.3

K-

A

315.0+£0.3

&
w

nm

315.3

-1.02 -1.83+0.01 -1.83

-1.01£0.01

H] A A

waves

0.015

1/20

0.018

1/30
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e 4 AXE o] &3 HIAA L FAFex =H
AH P2 FEAE FHANA AET ASIE AR S8 9 S92 54 e 4 =
Z(Null lens)E ©]&3F SAHES F7IE IPth @ A=E o] &3 8L %
HoZ A% FHAZE BAY FIAZ AE3te] o 3
Y AFolE 74 Al(Phase shifting interferometer)E E& vl7H o] JA QxS =Ast= W
Holth. £ Ao 4L 27t {1572 &7 W&o AF T Ao

-
)
1o
r]I.
>
A3}
flo
-
W)
i)
b
[ﬁ
rlot
ok

¢

of he 2xrt Atjdoes A& Offner typed Agate] 4y,

09 7S HAE @ A2E ASH T4 e 2 W FAEolth F g d A
22 Tl glom, d A=E YAHE TURE F 0 THN FAT N FATE
MBANAFE 9T S35 Dok AR 2 JHo| Folshl F& e Puoln, e
zo pHow TAH] glom, AL F A= T BKTL A8t E 9 2AW
Az AR 2D DAY A= Agfoln], 1 89k 17 92 AE Y A= %, F
"ol 4% YFoE HelFw )

T | g I \HI-:_':”:.. e Ill
=il ]

1wy B =24mm
Iihpan 1

,/
aY 3-1-7. 9 A= AEF T FHeA 54 Wy AR

R8s

E3-1-7. 9 A= A% 21 2 AL 9 A= S A

g A= g #A=2
H T @
87 SR 273 3%
27 16 15.96 20 19.97 mm
T EWH(UH) oo - oo -
FENHEH) -12+0.02 -11.991 -28+0.02 -27.996 mm
Rl 7£0.02 7.00 740.02 7.00 mm
4l <0.05 <0.05 <0.05 <0.05 mm
RMS &2 2H(UH) 1/50 0.003 1/50 0.005 waves
RMS &7 xH(5lH) 1/50 0.012 1/50 0.013 waves
A4 BK7 BK7 BK7 BK7
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Analysls Results

s

Analysis Results
Ra
Rms
20 PL PV
2PLPV

100
-150

-194

i

?f‘-’% T
§

!
E

TTLET
it

(k)
29 3-1-9. FAA 9 A= W) / HWb)
404}
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AZE g A=2E 29 100 AAE AF D 2o Y S ARt HHo] o]
FolZt) A5 FAL 26 mm, Zo]= 40.1 mmolH, 2~ olA1, 39+ wAH1, 29 FA
+ 3 mm, 2=#H°]X29 FA= 6 mmolth. 1Y 11L& 4 A= 9 AF FF FlEE 27
o] M1} Adol M2 A=e T HalA AAsiPon, g A=zt 1AHTY Alold Fau
2H o)A THUAR 3| A& F&5te] TP OE TN A=Rof| YD ~EYE F
L3ttt 2ol 2E d AMR2 kel fA|ete] d A=1H} d A=2 Alo]o] AYE =
Hdatm, A0e =4S Y8 o] E Alo| A (Height gauge)S At&3te] ~#o] 429 TS
Z43t9 0.

5ol
A LA

O00QO

ol 2 Sejo]dz AdelAM3 AR

20 mm

a7 3-1-10. AFE 4 A= AF BEE

u

25 o] M2 Eh'
31
¥
m L
ﬂr R\ W Azx? S
Y 28 o)A ]
W @=]

S Qo] B A 9F 491421 F/3.5¢] TS(Transmission Sphere)@ FH 32 A A 5}
355.6 mm FHoll 2H-& Be|A ot - A 70.8 mm FHoll AMA d A=9] gHo| 9
A= FEL 3 5 FHA @ WX FHA 3228 mm Holl FHLS T AEE A

Z] ] 11.43 nm, & A= 11.60 nmo]H, PV(Peak to
Valley)= Z+2} ASI #H] 86.14 nm, @ A= 105.60 nm=Z H]=38F gt Holal th
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Ao g7
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F9E F7h

3 1% 9 2B

CTE(Coefficient of Thermal Expansion) 5 7]AZ E4o] <
B = glo] Y Az FHE A9 auE XY
43 159} 2BE 9] | FHAA MEs Fall, 1 5
A A=A A SiC A3 H 544,
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AtF |ty AAZ 7 ddHr|de] &Pt
A A& AHEE SICE ol gk CVD I8 o] =3+ SiC
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olN
9#
2
£

3 color collsmated sources: Red, Green and Blue for RGB measuremeants
.ﬂ:ﬂ\) I_I E!-LT_T-._"E E = Red: 630nm |AL1/2=25%mm]|

igh
Light Souroms s (Green: 525nm [AL1/2=35nm]

= Bloe: 465nm [AR1 2=25nm]
=  For réflechon meassurements: 0°, 20°, 40° and 60°

Angle of Incidence : LS I -
& [Optional] For transmission measurements: 0°, 207, 40" and 60

Dynamic Range 107

BSDF Accuracy < 5% (For Lambertian sample)

BSDF Repaatability < 2% {For Lambertian sample)

Color Accuracy Duv =< 0.1

Angular Apsrtura 75" to #75" - Hem#pherical measurement
Effective Measured Area @1 mm

Angular Resolution 1

Cutput Data 30 BSOF, 30 Angular Resobved Scatter (ARS)

Exportation File Fermat Exportation to optical simulation software (list available upon request)
s Mini-Dff V2 measurement device
= Standard reference materials (white and black)
*  Measurement and post processing software + factory callbration
Package » 58 cable
* Storage bos
= Liser manual
# [Dptional]: BTOF module + Standard BTDF Reference + RI11 Cable
& Storage box: 355°130*441 mm
Dimensions = Mini-Dif V2 device: 100" 100" 300 rvm
* |[Dptional] BTOF Module: 100* 100* 100 mm
*  Minl-Diff v2 device: 2 kg
= [Optional] BTDF Modube: 0,5 kg

Walght

213 3-1-13. BRDF 27434 (Mini—Diff v2) 8 A%
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CVD-SiC

% 3-1-14. CVD Z¥Y A(FH) I F(5-)9 SiC AlA djgt BRDF 54 MY

SiC: Estimated TIS : 0.186 CVD SiC: Estimated TIS : 0.227
a9 3—-1-15. CVD ZH® A $(5)9 SiC Al tig BRDF 54 23} (0 deg)
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SiC: Estimated TIS : 0.199 CVD SiC: Estimated TIS : 0.25

% 3-1-16. CVD ZY A () F(5)e] SiC AlH gk BRDF 574 23 (20 deg)

I B
E
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]
|'I i
1 1
1 k
izl 1 I|
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1 1
! |
e .b::"_"'.._ i
Ay v 3
|
u
e
-
»
|

[
W B 1w B8 M w8  4m b W M a8 e im m @ m l I ik I 4 M m B & 4 % W m 4 @ ® A om \!' l
SiC: Estimated TIS : 0.208 CVD SiC: Estimated TIS : 0.272

a% 3-1-17. CVD Z¥Y A(FH) I (5)¢ SiC AlAd gk BRDF 574 23 (40 deg)
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SiC: Estimated TIS : 0.118 CVD SiC: Estimated TIS : 0.052

% 3-1-18. CVD =¥ A(F)F F(5)9 SiC AlA digk BRDF =4 23 (60 deg)
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£ 3-9-1. 44 3ol g wAAe] 97 Wol 24 A
= 359 F7t

(kegf) 0 0.5 1 1.5 2 2.5 3
1 0 13 28 41 53.5 70 36
2 0 13 28 42 54 70 36
3 0 13 28 42 54 70 86
4 0 13.5 26.5 415 56 70 84.5
5 0 13 26.5 41 56 68.5 84.5

6 0 13 26.5 41 55.5 68 84.5
7 0 13.5 97 41 56 69 85
8 0 13 26.5 41 55.5 68.5 84
S ETRe 0.000 13125  27.125  41.313  55.063  69.250  85.063
R 0.000 0.231 0.744 0.458 1.050 0.845 0.821

e EEEEISY

(kgf) 3 2.5 2 1.5 1 0.5 0

1 86 74 60 46 30.5 16 0

2 86 74 60 45.5 31 16 0

3 36 74 60 45.5 31 16 0

4 84.5 72.5 58.5 44 30 15.5 0

5 84.5 79.5 58 43.5 29.5 15.5 0

6 84.5 72.5 58.5 43.5 29.5 15.5 0

7 85 73 59 44.5 30.5 16 1

8 84 79 58 43.5 29.5 15 0
Agk 85.063  73.063  59.000 44500 30188  15.688  0.125
Rk 0.821 0.821 0.886 1.035 0.651 0.372 0.354

unit : xm
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FA BN BEIE NG =LA 2 AEHII o] FRAT B
2 Felsti AT FAATALIA} BAHo F49 5ot

[201104_TMS_M1_After Coating.mdx()]
Prm:LAF_M1[U] Pr=1.900 (um)  11:56:04 Thu 05 Nov 2020
Measured aX;2020/11/04 16:35:24,01:02:59 [245] Y-Data; Not Use
Align. Decent. Lock:X = 0.0000(um) LockY = 0.0000(um) Free:Z= -0.4273(um)
Align. Tilt Free:a= 1.0115(min) Free:b = -0.9909(min) Free:c = -48.2226(min)

Desian Rxlmm] = Di{rRy = 0 (mm)

Daenign dala

A0, gy REEI= 4]

- . " ]
I y ' t y t A3ED dack

el
maale
e R

=i ()
LLCLH]

- 105, Ok

UAIF/Panasonia

Status R.M.S = 0.4655 (um) P-V =1.9408 (um)

a9 3-2-4. 22 E/2Y F AWML Y oAk 54 A3

% 3-2-5. 22 ZHEA/=
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a9 3-2-7. AxH/E B2
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[Zar] 1-4apd = A7 =38 Ug = 23

OBERLA
O Ar34 BFF 718 231 B9 44
- B BRI AR B AR FREF AT A5AES A AAFE B A
AE 8. ol 74 200mm vl E
MY Pz g AAE SEIGE
- AFBE hate] FaA
dzasod, JUAY=
I wF FIAA e

774 100mm o]/l 77 200mm ¥H]Z-v]5A FEA AA

= AAE 1% 685km 7|+ 4mZ AFEHEQ 10m olslE W
= 12002 1518 83 FFANF.
o 774 200mm AFFE FEF 76 $FF 24Y J3A AA
- Telescope type : Three

Mirror Anastigmat (TMA)

- Pupil size : 200 mm

Effective focal length (EFL) : 1200 mm

Ground Sampling Distance (GSD) @LEO (685 km) : 4 m @Nadir

FstA AA Layout 2 A%

A=A AN FFd wE AFH olFo WE FSHAS HHex RMS RMS
Wavefront Errongts RHolFs IHZ2 4d A4 A& &84 AL 343
(lefractlon 11m1t) .

S H3A W

B

ad 2-1. 4&A A layout(®h) @ RMS Wavefront Error($)
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- 24 %M A% 242 A% 3D BAY AN FAFE RIS AL Y
- Be At Aol 2aHE J1E WAGE OB M BHL Fihel 157 & HA
of Sgste BE B FY BH A2US AT

- S 53 29 9 58

[ Bt g 2Ry |

¥
[ TS TEL |

¥
| HAE 8§ @6 |

| a2e 3o on we 3w 2y |
¥

|  umesonczs |
¥

[ A4 |

*

Ao

- 5<
_E, . _1_0 o]

d

O SiC v Fx= AA
 333}4 3D modeling 5~3Y
o 77 200 mm H|=-H]74A SiC ¥]8] =% 3D modeling 4+3)

- Aes) g " . 7 200 mm ¥ Z-¥)7H SiC uld] Aeks) gEe Haok s U= Aol
heritageE Wl o=, Mt i FAFAE FHAEMD AHEE 443 e o] &3k
A3

- Al 24 S A% e BT "] AEE AAE A

O 2-3. 77 200 mm H]|E-H]{H SiC o]g] f£& 3D 2Hgy
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- AFBEAE FUABMD B3 e g aaEa] 9.

Pros Cons
Simple (triangle only), :
GOC1 M1 i }_i Ihtegr v) Lower bending mode,
lightweight i v ufacru;in it center supports for fabrication {large power
A ill be introduced
pattern lower shrinkage rate depending bt m _uc.e )
on $iC manufacturingprocess Large patches— large quilting effect during
e by Complex [combination of triangle and hexa
Current M1 e o_:t il & t I‘crrdfab High manufacturing cost,
lightweight I.ersps Iuittin Eﬁe:::urin fabr Nead rocker arms to form 3-point support d
Pt in g ointEv:erlter rnoungt ’ =
progress) R Higher shrinkage rate depending on 5iC mar
uring process

O =34 38A 371 A" F5& A% 7| 244
o FATE MY HIHBAANG) ST =2

55 Ald 274 (from MIL-C-48497A)

S AY 8 A

g Al 8 7FA

- A B AE AY B ANE °lia} 75 Wt

- T8 BBAY ST S wEse = Al 1=} 2 A

- AEAE WUHE A 6H°‘EH*WE1 U d3a=7171 A5 Ad4d A et 1

- G, A2, AMEHo}] 5 FFF FA BAANY AEE B IW F8 73
of ATEHYY A=

- AA H FEY

@ 233 =
O AF34 FEEF 719 =39 33 A
- B AANA T T AREY BEE b3 HedEe AT AAF F A

o
N
w
S
3
3
=

AE F3g. olo 7 300mm FZF-v]7FE FeA L FF =

AAE 3R oW, 774 300mm F=-¥]7-H Aluminuim 7l & 2 77 300mm H| =
-H] 7 SIC mE T2 AAE 4EsI S

- AFEo thete] FEA 77 100mm o]+l 77 300m
300mm FZ-vl7H BSHA AAE SRIFASH, F

22y




2.6me} 1.3m= AFEFEQ Sm o]stE W3 w3 FshA sdexs 1200 2 184 =

83 FZA7.

* 77 300mm A-F3F FRF 79 ¢35 2L FA LA

- Telescope type : Three Mirror Anastigmat (TMA)

- Pupil size : 300 mm

- Effective focal length (EFL) : 1800 mm

- Ground Sampling Distance (GSD) @LEO (685 km) : 2.6 m @Nadir

- Wavefront Error < 1/20 A

- 34sA AA Layout % 2 A=

- AAE BSAE BE Aok WelA HEHo] dHE £10 ym o]FstAE 3-IA W
o A FstA FHAF 1/20 A ol e] 5% A5 B

a2 2-4. 173 300mm TMA IsHA AA layout(®F) X RMS Wavefront Error($)

77 300mm A3 FEEF N $F5 23D A AA 3
Telescope type : Ritchey-Chretien

Pupil size : 300 mm

Effective focal length (EFL) : 3600 mm

Ground Sampling Distance (GSD) @LEO (685 km) : 1.3 m @Nadir
Wavefront Error < 1/20 A

BstA AA Layout @ A%

HAEHO A XY F=Fo mE 4FH ol WE FIAY FHeA RMS RMS
Wavefront Errongts BHoFE I8 Z2 A9 F8A= Ze Aok WA dEHe] &
2 +10 pum o]EstAx JAHTA WelA FsHA FHA 120 A o] e 78 Hes
Hel
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= —— 3 I
_|:
1]

a2 2-5. 373 300mm Ritchey-Chrétien 438t layout(x}) @ RMS Wavefront Error($-)

O SiC w8 7= A4
77 300 mm ®|S-H]7¥ SiC vlg 2 74 300 mm 3F-H|79d Al6061 w3 = 3D
modeling =33

2% 2-6. 174 300mm H]&-u]W SiC o2& X 7
300mm F%-H] 7% Al6061 U]2(9) BE A7

- %3t " 0 77 300 mm HIS-H T SIC W] B st e HeEd sjdaS Ao
heritages Wl& o2, At fFBSAA FRAPIMDA AHg8 424d sjde o] &3t
AAZ

AAFZE AR 2EH2AE HAaske7] 98te] 3FAAZ HAE BHA FE FZ

« TYEF) 9T A% 45 £4
- TEED o3 WAL MY BAsta MY BmE As 4TS &4

- dF2 - FY WYOR 16

o
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H 2-13. Reaction forces
B 2-1. Selec | _ _ _ —
H H 2-2.| £ 2-3. Sum | ® 2-4. Sum #® 2-5. Sum | ® 2-6. Resul
on nits X Y Z tant
set
B 2-7. Entir _ _ —
_ B 2-10. 765  ® 2-11. -14  ® 2-12. 0.01
e _ B 2-9. -0.01
Mod B 2-8. 9022 E-0 6E- 902
(i ¢ 8 07 22
- TRAESF RE 24
- SIC WAL Al ME LAAES REE BAY
B 2-14. Mode List
Frequency Number Rad/sec Hertz Seconds
1 5.24E+05 83427 1.20E-05
2 5.24E+05 83459 1.20E-05
3 6.94E+05 1.10E+05 9.05E-06
4 1.14E+06 1.81E+05 5.53E-06
5 1.21E+06 1.92E+05 5.21E-06
I 2-15. Mass Participation (Normalized)
Mode . . . . . .
Frequency(Hertz) X direction Y direction Z direction
Number
1 83427 0.001767 0.001042 7.49E-06
2 83459 0.001047 0.001738 1.50E-06
3 1.10E+05 4.73E-08 3.20E-07 0.56842
4 1.81E+05 3.93E-07 2.61E-08 0.11711
5 1.92E+05 5.25E-06 0.00205 1.55E-06
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Q A=

O AR #7F 718 23Y B3 44

o 774 600mm AFHG FEF 76 $FF =AY J3A AA

- Telescope type : Three Mirror Anastigmat (TMA)

- M1 Mechanical Diameter : 600 mm

- Effective focal length (EFL) : 6,000 mm

- Ground Sampling Distance (GSD) @LEO (685 km) : 0.78 m @Nadir
- Wavefront Error < 1/20 A

- 334 Layout 2 A%

RMS Wavefront Error in Waves

oo - -0.002 0 0.002 0
Focus in Millimeters

RMS Wavefront Error vs Focus

600mm TMA F/# 10.7 600mm TMA F/# 10.7
2018-11-07

2018-11-07
Fields:1 2 3 4 5 6 7 8

3D Layout

600mm_TMA_£10_v03-20180515 m a w Reference: Centroid 600nn_TMA 10 v03-20180515-EPD560. 7
£

Corfiguration Wavelength: Polychromatic Configuration 1 o

a2 2-7. 73 600mm TMA 338 Layout(®) ¥ RMS Wavefront Error(-<%-)

O =39 334 &4 R JF7=2E HFs

o 773 200mm WS-8 337 straylight B4 2 F72E A4 J3FH3
- ASAPGtrylight BAE) mal W4 2 33 59 =4 =&

- Straylight(FH3) &4 23

a7 2-8. Straylight(F=g) &4 21}

- 3&38HA straylight £ 93 FF2E A HZH g
- Calibration Wheel s} H| = 37}
- F8HA 9 FoAq Ml g ntE YAlst= 3 Ag




“rK --
= 20} MEDT 27 B(9) 88

13 2-9. Calibration Wheel 3t W=

- 9 R} F3HA Fte] EEE s ML AA F71
- Scan mirror 2ol WEALE| o] Pupil®t 7] MLI Aol 2 M3ol YALE = #33 Ao

[e]

| 78 AEHS A HE (%)

% 2-11. M1-M3 Baffle A
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O 239 334 24/38 € HA5H7ME A8 434 +5
« 3% 2AY FA =H/AEL I A A(nterferometer) 735
- 73lE A FeAE
Vibration insensitive dynamic Twyman-Green interferometer
Laser Source : Stabilized HeNe @ 632.8 nm
Pupil Focus Range : £12.5 mm
Pupil Magnification : Fixed, 4X digital zoom
Camera : 1K X 1K pixels, 10-bit standard
Acquisition Rate > 10 frames/sec display; 4 interferograms/frame
> 25 framse/sec max data acquisition with post processing
Minimum Exposure : 30 usec
Sample Reflectivity : 1~100%
RMS Repeatability < 0.001 wave
RMS Precision < 0.002 wave

a8 2-12. d=sigelvled e W ARG FAls HEA

@ 4=
O 53 2392 J5A4 HFH 44 L A4 AFHA8 ME73 g1 A&

N9e B oA AFAHTL AV FE F AREE Zlo] okd, HAe) A%

i
Neold % FEUAS MY + YL AUSHE A Ay GIE 3

o2
4

|
, o Fo & do 2 2
-
%
b
K3
rr
X
&)
N
i
o

&
)
Orp
W
b
do
oX
=
=
K-

[-'0
2
1oy
=
o

- 7

2

ot

KBSIsh 3412 w719l sjokatrl o] ke, & Ao
A4 AL AL
3, R Ash sFFRANA R A ATgRE Swor

W A JA4E BEL

e
fo v
(b
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- FAFAAL b ade o) AR AEE R Agst, A1 o g

o] AQK =AY NGBS ABE AP0 e F AQH 182994 FR

R AR DS 20108 SURE A TSI 2019-202D)

- PR A 12UF Sl A Fal, B A AL AR BRE 7}

FAANE ATARE AAZ AFT F Y& /19T AGoRH, ATHR HA 4

A3t % slEoldol s B /138 AY B8 oldel FuT & YA FUL.

- AYABAY B SolE, AFTUo] AAF AW AFRSAv ALE AN F

A0l ol PP R 26 AAABAGOE HYstel, 21d H4E BEE F 490

44 FEEZ 20719 AFBS 2LFAY ALS AT A ATANBAY AT 32 F

- g de RAggAs AP EY 5 FEIE T FFRoF 24 bl
ol 9, B A ATAAL ALl 5 A 10mmTF TAYE 24Y HFB
9% AT e FoA AAT BReld S

to o

N o ciapieemas, 0 Ueeaes
WFREY ROFW 3E0E faun TR R | nm
o Ny
-

BUSAN &

23 2-13. BAREGA] sigH=Sd i AP A BE(ED 2 s EE Y A 2ER(R)

O 244 334 =4/48 2 A5%7F A2 s3] F3A 746

- 2 FAlol A Y sk= SIC HhARG o] SApd ol A#tE = S, =H/AE B 5B IT
7Med & JEE FHEVE A5 P L A CAA(Computer Aided Algorithm) ~7]wvF 3
A AE dagF M-S Hsl, EFrEeE AAE FAE AREste BSA HeH It
Y As 3.

- AA Ao e SIC 71 AR AFEFE AAR AT AAAEETAAY 2B &)
FEA A (KIOST-KARI -Airbus &5 71, KIOST= Airbusiit e} &&= SiC v &1 5-H 338}
A AD Ase VIEoer 53 A4 HeA HerlE A/10)

 ARBY BEF 71N $FF 23 BIA 458

- Telescope : Linear Astigmatism Free Three Mirror System (LAF-TMS)
- Entrance pupil Diameter : 150 mm

- Effective focal length (EFL) : 500 mm
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(%)

O 2-14. LAF-TMS 357 Layout(&}) ¥ LAF-TMS gstA]| AR FAK

AHERE A Aol A FEE 93 Reference TE=E F7F A

- HgAE
skl o, Ol %ﬂo}oa 3D ZYEE A&
- e 5
| N
l -
”
eference 12 =2 53t YA AH]
Bt A9
- HAAE o) L3 FsA A8 A=y} Ay}

B2 PV(Peak to Valley) 11.1 waves, RMS 2.38 waves #< HY
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