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Development of SIL-based NFR servo system using Disturbance Observer
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1. ME

# < HDTV(high density television) $&&x|1} 3D t]2=
=dolel e = = 5] ARAGvA] 2
Aol S7kstar Slvh whebd oA wek S8FAES] F
Aol d&d 4 e AU FAHBAG7]E  (holographic
digital data storage (HDDS), super-resolution near field structure
(super-RENS), heat-assisted magnetic recording (HAMR), and
solid immersion lens (SIL)-based near field recording (NFR))E &
o] &3k 7]so]l A7 AL Qlth SIL 71wk 2R 3B A
A= AAY FAARAGA SellM 7MY A ol
o} vkl A8 Frjam ZEFo]H (optical disk drives:
ODDs)?] compact discs (CDs), digital versatile discs (DVDs), and
Blu-ray discs (BDs)®} 7|24 o= H[Zzgh Fio] Folx] Al
28e] o] olstar, A W Frjid =eholB e
7]2 &-%K(CDs: 750 MB, DVDs: 4.7 GB, BDs: 25GB)<S 41 A
A 7] wEelv1-2].

SIL 7]%F NFR A]2=®le A 9] SIL 3} w|tjA] Alo]e] 914
Ao} & YA H(gap servo)etil A e]stal SIL ¥} w]t]o] Alo]
o evanescent coupling &2 1%t LA oA aAde 2
ol 1 olgt® Bl A% SIL F3HA| 9 mt]ole] FHE
o we} 23 J9e vEA SAG e dukA o
2 SIL ¥} m|t]o] Apelo] Fh=i(air gap)< °F 50 nm ©]35}2
FAlA FA k= Aol tAHem QYT HEE
of frefstth oleldk 5J o= Qlate] NFR Al=§le] HA
BAE AsA7IE addomes dFdolE F=d $AskaL
AU SIL & vl HAZ wf SIL o] vl FE35
Akl HRIEOR SIL S 7Hse whE ATk 91X A
Aok st A SIL ©] fFAeE 1F=0] -
2o} 93elk F2o] Azglo] Hokd Ao hE + 9
=g

upekA obA =2
NFR A|=8le] obgA FHsr] flete] B =M= 7
7bA A= Adstaak dd 3 W
(overshoo) 2 ¥t FES 3] 3k=d v} [3]. SIL 7]uk
NFR A|Z=®le] A9 7]E9] Fr]sz EdfolH AL
Y27 mode switching servo 2] & AF&3Fo] SIL o] %7]¢
Ao HE WAL o] WstslE SHFFGA ANFE
A o] (open-loop control)E &3t kAl ¥ AL, HEALGEFo]
wglele Y Jd9dlA s dFEZ A ol(closed-loop
contro)® A9 o] =S kA Oow fFASA Ho.
ojwf FNFEZ AojANA HFZ AojPdARE 29N =
Aol A e EZE dAske] SIL ¥ mlt]o]o] FER Q)
g Ao Al =] o] RS Ak 7= dllel H7] wiEol
S FES] HaAA A2"e M-S gHstofof Jit
WAl == SIL o] AWl A mdejet =55 FA8t
As W &7 FASR ste] SIL % mH ol F
A A steiof etk [4] A& Frjaz Zefo]Hol H||A
A o % SIL 79k NFR A|Z=glo] Fofabr] wjol 2]
b FAe) QdFe FaAD F e AoAzw 4w
RS FIANA A=de] St S FEsto]of
B =R A= 9 @37 (disturbance observer: DOB)E
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2. SIL 7|2k NFR ME AJAH

CISD ©lAl #HA] 7|k SIL 7]RF NFR A EA] 228l o] A]
AbgetE ZHEE AFZFTE7] (current amplifier)?} VCM
(voice coil motor) d}Folo]Eolal, I8 oA E o SUWE
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Fig. 1 Frequency response function and modeling result of the
designed plant.

Table 1 Characteristics of the designed plant

Mass of moving part (mg) 400

Mass of SIL (mg) 54.9

First resonance frequency (Hz) 49

First resonance frequency (kHz) 20

Amplified gain (A/V) 0.04

3. 2ztE7| (D0B) MA

HAZ7= FHEE (nominal plant)Z A A E D (real
model)¥}o] Ao]E jEom QXA AoJA|~ES] @3}
£ wsts Aolziyeltt (5] vby wekd UukEQl o)
#H57le FYde] ¥ mEe A3sE Frhste] Aol
P Fe] A2 ogs FFota Alo] ATl ARFew
Aoole Aleld 4 ok dwbHow 13 wmde] o3}
FE AY W &5 vE gEe] wAste] AA A5k
A7t E7bsstel Q BEHE Frlete]l 2 R A3t
£ A8 5 Ak oldd Ao Q dE e dY 9d
S 7= AdY 53 AH (low pass filter: LPF)9] HEHE
AYm ojg #5718 54E AAHe= 7MY 89 .4
ojtt. el AA Hee Q FH EA Aol ofEdhH,
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Fig. 2 Open loop transfer function of NFR servo system with DOB.
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Fig. 3 Overall schematic diagram of DOB for NFR servo system.
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A7) 3ol AR2¥ DSP (digital signal processor):
dspace ©|™ 16 H|E ADC, DAC & A}&3}9] 100 kHz = A
9= ohalal, 2 2 Q FE 9 Fe] 500 Hz o2 HAs}
Aok ¥ 4(a)ol A B kel o] 7]E A A o] 7 RE AL
43198 W NFZ AoJA] SIL o] utjolre] HEL&HET}
500 um/sec & 7ol 2] 4135 (gap error signal: GES):. W A 2]
contact A F(H ==t TE)yHA L¥FEZE AT
gho] 1%l 4b)oll A B wpel o] o #EIE A&
sto] QHFEE 66.7% oA 15.8% #AaAl# SIL ¥ wlf]
ole] FES AT & ATE Ed FITF FAAFH
Mz w5 ol Has kel o] 915-R17F T4 (1g/10ms)
o] Alz=glol] 17} Al FA W GES & °F 9.11% /A
A FHo aFfH o2 AAF= A FRlsirh
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B =RoAE SIL 7|4k NFR A HA] 2Bl 7}l
HA] Aes Fxs] st o #E5U1E A
MFZ A7 Bus A oA BAsE 7] LHFES
AR, ¥Rt 40 HeE F AE eSS ES
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3

71k NER A|2=8le] obAA 8wmo] glo]a] Hgo] £o]3
e gaAor AbgE F S etk

LeCroy T
Gap Error Signal v
o l/r X
4 i 20 nm
100t ' T ERPTTPYTITY TN )
\4 + el i LE L R
D i HEECE 0jnm
Approach Hand-ever Air gay |
mode - mode ontrol mode
2V
10 ms
()
LeCroy I

Gap Error Signal _,
| 1
T

-L F
v +
Overshoot WNM 20 nm
S miRide ) FYTYTUTS T PTY "
U T |
nm

Approach Hand-pver r? Air gap |

mode mote. control-mode
v, :

10 ms

(b)
Fig. 4 Experimental results of overshoot errors (a) without and (b)
with DOB

Gap Error Signal

25 T T T T T T
| Applied Externtl Shock Base Controller
| | | |

Air Gap Distance [nm]
N »
3

Time [s]
Gap Error Signal
T

| | | | |

‘—W e 24 1A A A e A B A al A

Time [s]

»
&

Air Gap Distance [nm]
N »
3

o
S
S

o

o
b - - =
3

°

o T
8

°

4

o

g T
S

o

g I
=

o

5

o

&

o

N

Fig. 5 Residual gap errors during external shock (1 g) with and
without DOB.
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