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ABSTRACT

Far-ultraviolet IMaging Spectrograph (FIMS) is the main payload of the first Korean
scientific satellite, KAISTSAT-4, which will be launched in 2002. The optical system
of FIMS consists of parabolic cylinder mirror, slit, ellipsoidal reflection grating, and
MCP to get spatial information as well as spectral information. Allowed ranges
of manufacturing and positioning error are derived for each optical components to
achieve the astronomical goals. In the procedure, graphical simplification is dedicated
to understand sensitivity table and to derive range and precision of manipulation for
each optical component. The result shows that precision of 15 um for linear and of

2’ for angular manipulation fulfills optical requirements.
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68 RYU et al

1. M B

Far ultraviolet IMaging Spectrograph (FIMS): 20021 def]l %A} M Ql 78 A 159 = &
AAzA AAA JGoA BEFET N7 4F d7] 5L £ 488 o (34
2000). °l& 13 A FgAQ A7} o] FoiA ul oy (FF4 9] 1998), o] F HEFHA F& EX
o B3t & o] AAH A7} o]Fo] Hr} 43 Y 9 (2000)= FIMSS} 2 &% EHet & 5 3l
= 23 Uie 39 12 SefAvtoA HEFH = CIVY O VI gt ojHe] A& L Edg
28 AsdHo 2 F7E = AT 2AE =& vk Aok

FIMS® F3Al+= 7182 0 2 = Espectrografo Ultravioleta extremo para la observacion de la
Radiacion Difusa (EURD) (Bowyer et al. 1995, Bowyer, Edelstein & Lampton 1997)2] B}l & A
A <8 ¢ RE90°2 2 P8 Fo] F+ XE UF WAL (parabolic cylinder mirror)&
Z71 o2 JFEE 2A G4 ANZod, £33 ARG 8 A4 ARE 58 5 AEE o
A A GG A #2 2L U O, BY Foju} W) o 2 ¥ diffuse emission sourceS &2 &
& A= 3
B e2RodAMe AEHAHA EF 242 A3 Fo13 FHA 459 87 24E UFA7171 9
3+ 7)1 A-% 8t A (opto-mechanical) 22 HEHHE 73R, vl Aol AT =3 Lo
£ g2 23 U AU E F2319 AA 7)A AF) E8F £ A= E FAT} 53, o) A
oA B3t AlAele] AlZA x4l o]l &Flo], BAG toleranced] FAE ©&dsle Y E AT
arth o2 3 AARZ QPSR (sensitivity table)E old| 3l & AFAE AFoH, FIMS o]
89 F3 AL AE §80] 715 Ao 7ddn.

o

2. e A % SFE 2t 459 B
28 AXNE A7 HAAEe 4D FEHRA = R E FH3] ol 3, 27 A
AW 2 BRE 2437 A3 AAck = R 7HA @4 A oF ¥t}. Ginsberg (1981)$} Olson
(1977)2 28 A A3} A Z-L 93 tolerance Y S, 8 289} 7)1 A F ATE 2T ALY, v
% (mounting)¥} B A7} (compensator) & 18} 3t F8 t)AQ, F8AH A¥z e 7)1 A-3H di X
T, AR5 ES 793 tolerance B A, 7] A]-328 2 @ Aol AL (error budget), 2 X ol 4ol wE A
289 A% BA, 283 ulx 5o 2 tolerance A2 A3E tix}ele] ThAl MG A7l A S o
2 3R At v oy BE ol ® dAE F &3] webrte 2e] FH ol A WA,
AAZE A3 €A E AATEA Fgo] o] F A A = Aol Ao}t T2y, Fol X A7
Z73 oA #g A EEE @487 YA Ao Yd e dAE FolE AL AXol 3,
3 gAY exFdos AY He FLE AT FA F AU A DAY A A oF =
ALE o, 3N £XAF FYPUOR Fus A0 ofet oA A7 5 b ® T w2 i
B 2oz gsior st FIMSY 395 ol2s 2] dAES AXAM JZHA 714 239 3
459 &4 So] A Aot B =oAL ol @ ¢AE e wetrtdA 2 5L o) F
o]z BTA A 2409 WY T2 AAE 47 5t Tt
Gl A AF 3 uke} o] FIMSS 44 dA 5 718 4ol H& 2 35 Ui 58
R o2 RE FEAY & Ao Aol R sirh FIMSS 333 5o
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FIMS TOLERANCE ANALYSIS 69

1 20E QT S4E AU FIMS 23 45 A 27,

Performance characteristics  Criteria Comments
Spectral Resolution <1.8A at 1035A *For O VI line detection

<3.0A at all short wavelength band
Spatial Resolution < 10" at all wavelength and all 8 To get same spatial resolution as ¢
Bore Sight Error in %9 < £1° Half of FOV overlap in ¢
Bore Sight Error in ¢ < 2.5 Half of FOV overlap in ¢
Wavelength Shift < 30A ~ 1/10 shift in a band

e A3 £](2000)
b9 field angle along slit direction
°¢ off-axis angle along scan direction

vett gick 7H8 $ 41 Az AL 0 VI(10354) 49 B2 7540l o8 Fo)s = 1.849 5}
7 Ellsoln, ot Aol VmAH ZH e Lys Aol O1 Mol 28 Ago] 5ot (A
F4 9 2000). YA 2A F F7F B35 (spatial resolution)o] AAZ F 3} Alekg Fuj £3)
¢ Ggoze] Al ¥ @ A} (bore sight error)= F WE712] FOV (Field Of View) 7} A 85| ojok
T EAlG) 22 e BEE F Utke AR A, w4 2F o] EIIHT 2 AT}

% 19= FIMSS] #& 98 & vetds AT Z vEY ok #3349 (1998) ) 28 &
A uie} ol FIMS+= F 7H2] 34 dld (long wavelength band: 900—115OA, short wavelength
band: 1335-1750A)& 7FX o), 13} ol 5 33 o) £7 whgpo e U3 A g+
£ 7HAth 97 ek 9ol tisiA = 8°9 FOVE 5’2 SIAEE 7tAv &89 vin] 93ko
259 94 44 o) G gy AR 4°x5' 2 & FAY Lye 59 AuL 243
A Hzz 4R FOVE 4°x5'o] Atk 94 39 AA7F & 712 A5 += MCP (Micro Channel
Plate)oll JAete R-& WA =+ Ion Rejection Magnet &2 4ol g7l met YAFS 2
A3 F+ shutter 28 At DL 2302 E393+o] gratingoll A WALS} S Ao BAEo] 23 HE
g Aot 3 Fdel= MCP7t Z&E o] glon, Ax 432 WEso] fj4dee #2 A8 E
23 Fot

FIMS®) 2387 /2 A3l F8A A A% H 29 33 A2 7)¢ FFL A3 nesty
adef +3E Adew, 84 1HFHT Qe Aol B 29 FelFHo] Uty o oME £
o] A& F dou, A7jof 2MH ALGANA Z W= S Hdojth FEY O3 WIlg = ARA
e (long wavelength band)®] €312 A4 (ruling constant)E T W2 3=, o] 24 59 o}
£ order® 2AE = Wi ZHAE S AA & orderoll A AtEtE o] B0l We] R} 2 4 Q=
Z o) Qt} o)== H T holographic ruling®) W& AHE319} 4000 lines/mm ©)Are) WAt £ 18
ZAE 7Hall D 43S Ao v g Aolnt. G4 FRe £F FRE A 47 98 grating?)
substrate = = ellipse of rotation (Namioka 1959)& Al 8+ 9HH 3} toroid (Chrisp 1983) 8 A} 8}
£ W ol AHEH o =T, ray-trace A3 o] @29 FIMS] ¥ 71A 2¢ 459 o7t 9o
™, tolerancet= toroidal surfaced 7} 81 o] o] H ) w3 th o (short wavelength band)2] ®
AEY EAZE NG T YA FE0, duid oz FeA A5 Wiyt A2 B,C (Keski-
Kuha et al. 1998)5 A}2 % o A o]t}

oo
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70 RYU et al

£ 2. FIMS Z3H89] Apck

Instrument Parameters

Short Wavelength Band

Long Wavelength Band

Band Pass

Field of View
Mirror Figure
Mirror Focal Length
Slit Height

Slit Width

Grating Figure
Ellipse Axis A
Ellipse Axis C
Toroide Radius p
Ruling Constant G
Diffraction Order
Slit to Grating
Grating to Detector
Input Angle o
Central Output Angle 8o
Detector Size
Detector Pixels
Mirror Coating
Grating Coating
Photocathode
Fixed Filter
Effective Grasp

900-1150 A

@ 4°x5'

Off-axis Parabolic Cylinder
12.5 cm (F/2.2)
2.75 cm / g5 for bright target
150 pm

Ellipse of Rotation
180.0 mm

242.6 mm

326.97 mm

2250 lines/mm
Second Inside
177.4 mm

170.0 mm

21.9°

-5.28°

2.5x%2.5 cm?
512x512

B4C

BsC

KBr

MgF2

0.6 x 10™% cmZsr

1335-1750 A

8° x5’

Off-axis Parabolic Cylinder
12.5 cm (F/2.2)
2.75 ¢cm / 31—3 for bright target
150 pm

Ellipse of Rotation
180.0 mm

242.6 mm

326.97 mm

3000 lines/mm
First Inside

177.4 mm

170.0 mm

21.9°

-5.28°

2.5x2.5 cm?
512x512

MgF2

Mng

Csl + Grid

Can

1.25 x 107* em?sr

% 4° x5’ for background observation

Optical Baffle

Grating
Assembly

Detector (MCP)
Assembly

Slit and Shutter
Assembly

Collecting
Mirror

FUV short

. wavelength
lon Rejection band
Magnet FUV long

wavelength

band

27 1. FIMS #2 928 yehie 344 HdE.
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Xget Detector
e e e Zget Collecting
T -7 Mirror
ng X]'grat \\\\\ // Xslit
Tl
22grat P T~ -
- T et
Zlgrat// /,//" T~
o7 ~ Zs1it
P Slit
et
Grating ® YgraLYmir Vet Ys1it

23 2. FIMS 359 tolerance £A& &) AHgE HEA.

3. Tolerance ¥4 Q! &a}

Tolerance®] B AL 3 A 33 BEo] MA 2 A (manufacturing error) 8} F4H BEo 297
28 (mounting)olA A4 5 At X2 EHHA FAdE Aol Ao HFHog2Ee F
7t 38 A s of B3 Aade] A5 HBE 7€ 5 A2, tolerance B A7l
M ol5 g FA TR AL 94X g2 oy, dtHoz 2 FHL T F AFALE o34
2} (error budget)S & o, g7 12 3A At WA 2D vhE oA B F e 2AE 1Y
37 93 FIMS A& 7A 8= 33 BE2 Uds) 21, T8 948 AL, €8, grating, 19
i MCP So] dth 22 filtert} baffle 59 £ EEE AR AAZ FH Y5& FLT A=<=
ollE 2 tolerance BA oA 1ej¥ o+ Urh 474 RFAN A X, Y, Z Fo22) HFH 24
9 A a7t YL £ YLBE 4x6=24 FFY 227 AS & Ao, ZZe 22 W3, 2%
AN AF A5 Aok 20| o] RA WIHFEANE BT £ ol R 24x6=144 (& 19 Y&
U Qe 57tAe] A5 Mg 2A F 3N B9 3909 ¢ gL SPHSR aor e
BE 6729 s AF 2AE 7H) 7N A $o] 3 EAMg Hof FTA S AHHA £
& 4= it o] 8 73] 37 S €L NELE AL A HY, €3 AA E 2= ¢l
ooz AFY 4+ rt

27 20)= FIMS 2879 D%} 87 tolerance EAl o] A2 H FFE o] el At ukA}
A5} grating?) 3% v} ¥ 24 (adjusting) Fol wek F 7A e £& A4E £ e, WA
7, €3, 181 grating2 A dsE FIMSS 8 58 25202 A= 474 4 2F9 3 %
B 7]Fo 2 A= do] 9tk F 7hA] uhY 250 tF tolerance ¥ A& £ FHE 743
Zoz ¥ 2L AYII2 sk BF B solu T B 2ol FHAH AsS 2P
R4 E tolerance £ A2 merit function (Zemax 1999)°]2} T 3], 24 oA AFTH A5 =
£ merit function©. 2 8¢ z+zte] @ Ao WE TR % (sensitivity) 2] WIE Tz 2 FHEHD
£ B35t g AHgsth

olg| 3t AL AA Aol BE 7158 exlo thd WP E X (sensitivity table) 7} E 3ol e}
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I 3. Tolerance ¥4 A=} 2t £33 F3}A Q40 g ULEF.

Component  Operation Spec. Res. Spat. Res. # shift ¢ shift ¢ width A shift
* AZ,y . . . +2.20mm  +0.44mm .
AZy . . . +0.12mm A
AX,y - . . +0.10mm JaN
AXy . . . +0.14mm  +0.36mm
AY . . . . .
Mirror Z1r . +17' +61’ . +29'
Zar . +24' - . +31/
Xir . . +61’ +27' +75'
Xor - +23' +45’ +25' +40'
Yr . . . +1.3 A
AFoc . +3.00mm  +5.00mm
AZy +0.22mm . .
AZo +0.25mm . . . . A
AX; +2.40mm . . . . +1.3 mm
AXa +0.53mm . . A
AY +3.75mm +1.9mm +3.00mm .
Grating ® Zin +28’ +15' A
Zar +35’ +18' A
X1 +79’ +45' +31/
X2r +41’ +23' +32’ .
Yr +18’ - . +25’
AR +0.22mm . .
Ap . +10.0mm
AZ +0.42mm . .
AX . . . +2.40mm
Detector AY +5.40mm . +3.060mm .
Zr +61’ -
XRr .
Yr +160
% AZ, linear error along Z, axis
* Zir angular error about Z; axis
U Atk Eoll vehd 224 28 £Fo] 999 =& 2 27} merit function, & F8A Axg
Bl 6782 M=o 3hA Weoll e HYE Uehdth HolA o2 FAY A9 NRES} A
A4 A9 Gt 348 Uehle AL UZEF EARAT Aade] I A Yx BSE U
o Holth Bol Vet 2Awo 2 Alade] B8 432 A8 ola8r)E o e 90 7hF ol

He de €3 U202 WA grating EEste] 44E 4 Aoks Holh 2 s 6
shift 5ol WAL 3} grating B5F A 5ol BA SR T BF 235 (spectral resolution), A shift
9] 7 $oll+ grating?} detector 3t F A7} QU 1L, ¢ shift S} ¢ widthe] 7§ ¥bA}Z vho] A 3ic}. o] B
#RFTEIL AAZ FE A0S s AF ARE 5= Aok 279 ea= e RE
227 gtk 7H3 Bl A Al4tE ghel 7] w2 o)t}

UH=RE EMEAM FEHo2 & £ AUD AUL AAEEE HAGE 9 e
fod, ot dF) 4oz YA $ Yt FL 593 merit functiono] TS 23} (& &
9, ¢ shiftoll= AZ, AX, Xr, Yr, 28I AFoc So] UAStHEL N2 SPH AU Az a4
(coupled)s o] Uth= Aojth F 712 H Lo ths] 2} o4k (error budget) 2} WY o] EatA| =0,
227t S YA QA 9ol tolerance®] &3}7} R.S.S. (square Root of the Sum of the Squares) 2
oA HL &3t ¥40] 7h531 (Smith 1985) L7 M2 A@H 0] Yt Ael= Mz B
47} (compensator) 2 AH8-E £ v, o] dl+ X7 RSS.2 A A gon, zzte g
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() Bring Allowable (b)
. Range to Ideal
;"\ Configuration

(a)

Long Wavelength Bant

Short Wavelength Bar

Mirror Ideal
Configuration

(c)

Imaginary Mirror
Surface Axis

Slit Denoted
as Y Axis

293 28 A% wARe) B 229 ves.

9l 27 (rough adjusting)3} v]A] =7 (fine adjusting) 59 A7 B A 7| A o= FuhE 1
BAAZI A 270 olf BASE W 59 A4S 448 5 At

FIMSS) B¢ €3E 422 WA 7 grating & Vo] Ashe o] Soldih &, 2izdsE s
gt &J &3t ZAETHE ARAA B 84 neidte 2ol EAE QA HZdst= Wiolty 1Y
3 2 9% VWANEY At 2738 24 F 02 YEMA otk T dkAlA o] kg ok g 27
S A 7HAE2 Yiro] A48 £ g, AR 242 2 3(a)oll YeRd uie} 2ol tiz}Ql B oA
HA =2 38H 2 A o5 ATl Aotk ol FR o WFO 2o T B AAD
22 2 X¢5 (linear movement along X axis), Z5, 18] 3 YO (rotation about Y axis) Tho] 4§
th 9 BRERE BEdds HAE D grating®] FE F VMR b5 B3RS S AXG v Yo
o, 2 A=A A2 XiH 21 £ AES72 2HYsgon, degs 59 AF0) gen
X134 21€ X2t Z2 ®7] 3tArh o] Ai7tA 22 & YOI XS+ MR HAS € 5 deh, Yo
A 24, XS vAZRAE s3] 71AAA BAE YBAFA ¢S Aoz AZ4Hc)

FHAZ, 29 3(b)ol vebd vt} o] Fup il wA A dsby g WAl £
LS e § AR F(A¢ <25) 2 FE Hol 2o At ol& YOI} X590 o3 755
o] F A A FE N XS ZF o ) AL JIHEE AT

npRgo s A 202 29 3(c)oll vehd uke} Zo] WAL 9 &3} &89 28 HY
o] §EE 3 Aolth o= £ AAMNA LR 5 & Z2EE 248 Aoz 498 £ Ut
UZEENAH & £ 1Kol XO, 220(Z2 & FAHLE AANE A0 Z1 & F4o2 3AA
7le AR 7)AAH ez Sol3h 5o 233 Fes o Qo)
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® 4. ZF 95 AR A4 223 24t 3§ FA) Y.

Manipulation or Range of Motion or
Optical Parameters  Allowable Range of Precision = Comments
Manufacturing
A= +3mm 70pm
Xs +1mm 14pm Range > Y precision
220 +1° 5 73pm precision assuming
Adjustable lateral dimension is 50mm
X0 +1.0° 3.5’ 73pum precision assuming
lateral dimension is 50mm
YO +3° 2.12 30um precision assuming
lateral dimension is 50mm
AFoc +2.0mm . compensated by 25
Manufacturing  Off-axis angle +2° - compensated by YO
Figure quality X per 2.5 cm @ 633nm . Peak to Valley
Roughness 25A RMS Scattering

o8 BAZ o WA 23 MY (adjusting range) 2t A Y X (precision) S F 49} o] 7
sttt AUEe AL UAE R G A E U 3] 44 (precision scaling factor) & U
ol &glon, o] AAHNM A A% T Pt RE AHo] diF A= A 25 27
S 42 9 29 AU (2F 7H5 T A4 D9 b2 2ol #3dnh

500um

V2.5

ol ml, V22 &€& o] & olfE YOI XS o] ABE TN 252 S YA 22 ¢ widtholl
YL FEFE RSS.E A7 HAATE st §§ LS EAAY Aotk HARE S8 2
o] H&HY AME Yrol FE Aol ol ¢ widthe] L4E V22 Yol £5 oA 3§ HY
€ T o AT B =RoA = ¢ width 237F 2% 2 xpofl A9 vlA gty 7H4 -2 stgich (W
10 ~ 20 %2 2ol7 B2 = AF).

AAF 2 2} (manufacturing error)2] 7L 7]312 ¢l Zato] 28] BA4el 7153 H 22t (AFoc,
off-axis angle ) 23 x| ¥ 7% (figure quality 2} roughness) 7} $1th. Figure quality®] 2-$ 24
o] Aol AFHA FEE Fof, A LA LS, Ho] A3 WiFo] 160 pme] WulE A= &
g oz oz G E FHG JKE T390, roughness®] 3¢ WA WM e &
A sHed, AU RS A BASE g FY 2AE 53 7133 283t (Geary 1993).
A+ = Peo] ¥ & (TIS: total integrated scatter)3} ¥WIA}E &) © i o] 2= profileo] 7| & WA A
ol Ax g HAA g Vel = RMS (root mean square)?] 32 t}29 #AE =0}

Precision of Z 5 ~ = 70pm (1)

RMS roughness ~ Zj\; - VTIS (2)

9 Aol @& 4 Yxo] TAR W A% o] FohAS T AR L W Fo] S
FIMS) #2 ojojo] Axteld Feige Tel¥ o, Xoray 99 Brbe WabA @ £417 8 7H5 4
o Sith. ®Ae] E2]4) (polishing) 7€ 2+ ek 54 oWz Eel4o] 7H5 3k A% FIMSY WAHS
5 o] A Aol gl Aol D3 e 4ol 2A@ el Atk FIMSY A$ 00% 7l %
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(a) (b)

Detector Position Detector Position
Slit Position

Slit Position

Ideal Rowland
Circle

Ideal Rowland
Circle

Enlarged Rowland
J| Circle Due to Errok
in Grating Radius \

Rowland Circle
in Error Positi«

Ideal Configurat

Error Configurat

Grating

29 4 WA BAARY FoA SH B

£ 5. FIMSo] 488 WAl 517 4xe) 44w 22 2x9 818 B4 F2=.

Manipulation or Range of Motion or
Optical Parameters  Allowable Range of  Precision Comments
Manufacturing

s +4mm 30um
ZO +1° 3’ 444m precision assuming
Adjustable lateral dimension is 50mm
XO +1.0° 6' 88um precision assuming
lateral dimension is 50mm
YO +1.5° 2.5’ 35um precision assuming
lateral dimension is 50mm
X5 £0.5mm : +1.0/2
Y +0.5mm . +2.0/4
AR +2.0mm . .
Ap +5.0mm . +10.0/2
Manufacturing AG(L) +20 . .
AG(S) +20 . .
Ruling Tilt +20’ - +120'/6
Grating Normal +1° . Range can be thought
as a cone

o] 98 Aoz WASEE 254 RMS e A e 2A02 Fion, BA quality test mirrorE
Az} Folr).

Grating®] ZA$olx WAL A vl A7tA 2 EA4E € 5 Jdvh I3 590+ gratingo] WF & of 3
= 71813 A 2 d o] vrebd Q. WAYY grating?] 3 F93 &3 ol Rowland 9 Aol 94
T o] ZAo} ojF ol v, 18 4(a)2} Zo| grating 7}F Alo) F§ ¥+7 (radius of curvature)?] 2
27 A7) Rowland €42] ¥HAE wldlEd], o] LA+ 259 23] B4 (compensation)©] 7}5 38
th 2% 4(b)e 219 3(a) FAS LAE AAE ¢ don, g Aol A gratinge] R H S A
2} Ztol ¥ UL W, FF Bl AstH e 4FE el Aok WA Y] A9 k@A R,
7Se 59322, YOI XS+ A2 d3F o 9tk Grating2 ¥HAME A H Zoll did] oA 23 o]
FR{AE gong XSE 248 A XS 248 YOO o s BAsts Ao| 758y, Az
ray-trace® 53t 238 H 459 BAo] 7HsHE FASgct Gratings] FRAE 19 3(c)9
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%ol ¥4 (parallelism)©] 523ty 4o Z3= 3t

WAL 3 vl AR R A A Abg nejE 7 229 o5 HY) A AYEE o, 1
237t & 50 Aol Atk XS Y59 F2 & At Hlad 23, & 23 o3 B4
ol 75dt7] Mol AF Late] EFA R, AR A9+ oA AF 3 uhs} Zo) 25 o3
BAAY AGE SY A LR ray-traces A H o] 3 & HHE 23k

4. AR W E9|
2 £ 2olAE o) AN FIMSS) Fota ke A74sRo0), HEHA B& TR R
RHAE BUA 459 VAo ZASA AU 2 AE AN = tolerance AT £ 3]
.

Zzke) exol S B 450 ARE Uit URSEE BEYoH, o8 A Aol
$ 857 Astel EAH Bes PHS AT UHEEES AL A3tk 2AH Bes Py,
WZEEDE o] §oE gol vsl, RARY B, e xte) 4, AT e} 5 A8 A WolA
S48 AL iTh o) AN 25 4T WA BB R FY) AL LA oL, e HL
A B2 32915 BagAe) e R4S S5k oA 249 49, 4 FYE 15 um,
4 AU 2 olie] zHoz LR 2HL 83 AL 4 U Aoz gAY

AF7A ) A7E AR Azl T A £AA Aol A& B A5 AZE 2D
Aolol, FF HAEE 37 A WA o1} gratingo] AW 2zhe) 4% HAES AAZ 0
ZRL 5 BER St 452 BEehe Jho) B AT 7} 9 ojof ok,

3]

Ho
e

>
o
13
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