» > > AT

2|2 AMa3tE|o] ofg] Bopojla] HEE1 Y& AEnt
(MRF: Magneto—Rheological Finishing= 0333tollAl At
257 d HEAQ Aute] FHAE FE3le] ¢ Al&sial A
ghala, AEsta, 943 EUEAS 75 ogict A7 14
Eojul= 30nm p-v(peak—to—valley) ¥ rh -3 4 3?}59}
0.5nm rms ©]3te] EH u|A]#&7](micro-roughness)=
W e o E ZeE A 5ol oot PH2e] Y
?5} Anprt 7]‘—0}‘3} AugstEof oo 27]-f-5 AT §
=3 @ LCD HoloA Silicon wafer ¥ SOI(silicon—on—
insulator) wafer, lithography component®= AR5l step—
per lens 59 EUV(extreme ultraviolet) optics, photomask

712 5ol A-4HL ST,

I oL oh,

X719 =odope?
A714 JAE 21 '% $A41¢1 A5l (magnetic fluidE
0] 23} dntE 2}7]-4-EAuH(MRF: Magneto—Rheological
Finishing £+ Magneto—Rheolog1ca1 Polishing)2tal i},
A 9= 196549 wle] ofERA B0 Ygko g sfdsto] -
ZANo] AR EE AgAE FE won F2A, 4577
(shock absorber), A1Ex1H7] (vibration isolator) -l /\]&H
1 ¢Jt}. QED TechnologiesAt] Kordonsky 52 AH3-#41E
o3t olu} W & Apagiet 2 ool QlatH A fAoll A7
A8 715 AA9A = 74 4 (plasticized solid)= HHA
3, A7) H)719 AeAe] M 5& 2Aske] ArRE A
ofgt 4= gih AA8H Q) AEL AutRHCeO,, HolokEE

| 52 | The Optical Journal

. A1 AHCarbonyl Iron 3),
2 ?“35101 ek,

A7 gEdnts AR AUgatd Aol olu] de] 2850
A wolmﬁ A982) ULE? Zerodur,” ©4% A=E, CaF,,
SiC 59 g2, Z2Askee, Aetys, 4A%, dEd 59
BRSNS /\FQ-EJJ— o)t} o]= 30nm p-v(peak—to—valley)
Bk 92343 0.5nm rms ©|3ke] EH wAIAZ 7 (micro-
roughness)& 24 4 St AL/ HLE, QED
TechnologiesAH= 19984 2p71-4-5%10kE 0183 FU74
H|E AHg3lstitt’

27192 dutA= o) HdS 27 10 eRi it Bz ofs)
L Zo|A] FFEL ARl ARPA ) ojgt A7)l s 7k
24 1A 2 v HA wheelo] $21% 11 9]7H5-E(workpiece)

MR fluid conditioner

a8 1. ZP|FSnrER] JHd



high speed photograph

of contact zone interferometric data of polishing zone

§

st BT

——"

flow direction

38 2. X7|7SeiofelMe] ot spot

J8 4. 2 |fSd0 38 SEE

material removal zone
workpiece & pressure distribution

abrasive |
particles &

unsheared
MR fluid \

— e e

sheared \ i unsheared MR

MR ot A i 4 - fluid {core)

fluid ) L /‘—1

moving wall” : ik

(wheel) <
electromagnetic pcle piece

8 3. EHoMe| xHdRH 2

o] 3 A} o]F5-Z sto] AukELt 27|45 Autof A= St spot
= Imm*of|A] rem™7HA] 28T = e Zo] ot d 2),
At wheel?} Z7kgE7H] HEWE Aurhs AGA 0 &
FEo| Y AntgRte] QJaf w7gE-e AutEchay 3).

A71Eant 34 SRS 39 49 Yehdiic HA 57}
359 F 7H A9 At ojof =E3ly] 95t 27
Y F4& ZA8tL Avt spotS A} Av} removal e
W22 A7Hdwell time)¥}+ Avf spotol] 28 24 =, 2
Y Ada 27] W0 4] Ao|vhE dut removalo] 2
a2 Z24H Aot spot? Av}f removal 2HE Al B o)A
sto] 91A]of| w2 HE2E A7HS ARG AAkE mRas
Akl w2t A7 f-5Auks ssta 2F 3 A A3}
o} &=aHA Hrt,

AFAQ Aufelde Avtg= 99 dupeiate)] AgE= 4
o] 3f AntEn] oF 0,0INY] &2 $Z 2o oaf A
A EHgAbo] HE B1Eo] £t why 27| S5 dujo AL

< Conventional Polishing > < MRF >

Workpiece
_ Load

O Abrasive X

“| Particle T @

: Hydrostatic

l Workpiece 100:= 150;yum Pressure

5
1-2 — ) ‘ Magnetic buovant force

MR Fluid Core

o ? 4 ’

T2 5. MEXQ! oot 27 |RSHojete] H|m

A 502 A= Ayl gt Ao o3 o
obE|o | o9 e 218 (eF 107N)T} AFAJEE (QF 10°N)o] 9]
3 EHETL 7hgof o3t AghS ihA| oka Hetkwol THA
717} $:3t A Aupr} 7hsslcHaE 5),

AI7lwSdore TH

A7 5 AntE B3t Az 2l 2-gA17]H set—up timed}
cycle timee £ H|-§ AAAIE = 4 i} gjE o) 4t
AZe EF 2% AR o|RojR]7] R 734 set—
up timeS FAE 4= Qitt 1/4 fringe p—v FHEALS 7H= 3
7 80mm, F4F/ 30mme] FESAZE 7133t & 1
o 22 Az 2l AT 4 ok WA A2 (grinden)ol
o8} 12} 755 st nt7](polisher)oll &J3f 23} 7132 3t
ot 944719 cycle time®] dnt7]19] cycle timeRth ¢k 364
T 57] 2] throughput& #3571 A= d4H7] 19
Aup7]7h 3 F.astet, B, 27|45 Auks 2-8A17|H A4t
719l &3t 12 71, Autrlof oJst 23 7y, 275t
o3t 32t 75 o2 & 29 2 Al 2le AT 4 Ut 4
at7]of| gk 22} 713-E 2 fringe p-v AEZHAG Sl E H7|

2007. 5. BsHAA | 53 |



> > AT

set-up cycle # of units Materials Examples
time time 1000 | 100 \ 10 Optical glasses | KzF6, F7, LHG8, SF7, SF56, Q89,
(min) (min) total time (min) | K7, fused silica, BK7, SK7, SK14,
Grinder 20 3 3020 320 50 LaK9, LaK10, LaK33, LaF2, TaFD5,
Polisher #1 180 8 8180 980 260 B270, SLAMSS
Polisher #2 60 8 8060 860 140 IR glass AMTIR-1™(Ge33As12Se55)
Polisher #3 60 8 8060 860 140 Glass—ceramics Astrosital™, Code 9600, Zerodur™
total job time (min) 27320 3020 590 Hard single crystals ALO;, Ge, Si
average time per lens (min) 27.3 30.2 59.0 Soft single crystals CaF,, MgF,
= 1, Yukxiol Tt HIE alol Soft, water soluble crystals LiF, KDP, NiSO, - 6H,0, NaCl
| Hard, polycrystalline materials | SiC, SkN,, Co:WC, ALON
- Soft, polycrystalline materials ZnS, ZnSe
ng o8 s ]# Ofo‘g‘”sl = Metals Cu, 30455, GOBIAT, brass,
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MRF 30 3 3030 330 60
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average time per lens (min) 9.1 9.8 17.0
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