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Electron Beam Recorder for Next-Generation Superhigh-Density Disk Media
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Summary  Electron beam mastering is expected to be a key technology indispensable to realize the next-
generation optical disc for post Blu-ray discs and patterned magnetic disk media. We developed a high-
resolution electron beam recorder (EBR) to realize such next-generation high-density disk media. From
experimental results, a superhigh-density patterning of capacity equivalent to 510 GB was achieved using

the EBR. The recording stability was proven by fabricating 100-GB-capacity stampers with good pattern size

uniformity. This technology is introduced into the commercial EBRs of Pioneer FA corporation.
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Fig.1 Schematic picture of electron
beam recorder.
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Fig.2 Schematic diagram of electron
beam column.
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Fig.3 Experimental beam convergence
characteristic.
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Fig.4 Pit pattern image of 25 GB equivalent
capacity
(track pitch: 320 nm, minimum pit length: 149 nm).
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Fig.5 Application examples of high-speed
beam deflector.
(a)Wobbled tracks(track pitch: 500 nm,
wobbling spatial period: 500 nm, wobbling
amplitude: 100 nm p-p).
(b) Offset pits (track pitch: 500 nm, pit length:
250 nm, pit offset: 100 nm).
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Fig.6 Efficacy of dynamic focus control system.

6 ZAFIvIT+—hAFEHDHR

PIONEER R&D (Vol16,N02/2006) | 9 |



%, TOIHIT, AR, ERMRREEHGA ATEER
C— LRFERH R Z B R L, EBRICHE#H LTz, € —
LOERFHEL L FMCIE, Y ZRAT—Y RicfE# L7z
HEEZHVS, REEICIE, ©—LERFICH,
% T UEM BT AR TE AR & O SHEFRE RS, &
TR OO D T 757 —hy T EAREINTY
%o%@ﬁ®m%ﬁ—5%%%%T@,m4btyﬁ
& 7 AT — V%Al 5 TE T SAMEE FAHERUR 2 £
W&ﬁ#%étﬁ%&bb,%@2k$¥@%ﬁm
TI7H—HAABKY, FRIGEOHFHEZITS, T T,
P D INT Y F 2 B NRICHI 2 B 7= DIcid, KshD
E RN — LI OREFEDNNETH S, T
Di=dic, Fald, B7I1rd&o%, vyaryrA
Ty YRk 77T =y TRHOVEE— LEH
EERRALTWS, Y arvra 7Ty Vilklg, &
Vayy Nz yF 27 UTHER U, EREmZ
ROy AR Th %, TORMICKD, F4
TIw VRBDOE S ENA MY THEL, i
W& E I B E8 T — LB EMET S &
MWHREIC TR o Tz, EHIC, MHTIY—TTITFHA
DINE Ty IWMEFEND T2, JEEDONTYFE
KIS B ENTEI, U— LINREEORE RS SN
WELIET XD, EREZRNRICHA DN, B
BIMEORWEENHETH 5,

Electron beam [ Optical height sensor

| Line scan

é‘“‘-—- Etched silicon knife-edge

R ==

Cross section
Faradycup » —/_>
Fig.7 Measurement method of beam

Line scan signal
diameter using silicon knife-edge.
7 :/ Jarvr4 7Ty IRV
LIBRAESZE

25 BEO—ROvyYRTLA

PR OEHB LT, M, o—Fay s X7
LIZX->THEINICITDNS, O—Roy 7Y AT,
O—Ray7FvN\BXU, BEEESLSERENT
B0, #20 pCEMEEHEIE, HMHZITS52EMNT

| 10 | PIONEER R&D (Vol16,N02/2006)

x5, &8, WEHEKROYaAY TN, BEF vy
IHARTHE—r T =7 IWICEREEE ENS, TDID,
BIFEHEREMIONESZ, BT NTGV ALK
WERLESTENIRETH S,

3. SCERMEEEETE
3.1 FCERARIRE

77 fifE EBR ORLERMHGIE 2 7t T 5 728, &
BIEIN S — 2 DR R 21T > Too RERSMHERIIC
K9, MEEEH 50kV, ©— L% 27nm, Y—LER
13nA O THmEL, LY A Mk ZEP-520A( H
AYAAt), HASE) avy oNEEH Uz,
8 (a)-(0) i&, WEBEIET «+ A7 /8% — 2 DOl
BlZRT, NFw ¥y F 70-90nm, REE Y b
£ 39-44nm TH b, DVD MEH O EA R G
E) &, FNZN, 351, 434, 510GB (240, 300,
350Gbit/in®) MM T %, Th&b, AEBRICEKD,
300Gbit/in® %z # Z % B HENT « A7 /82— D
fEA, EEOTY aAVER 7O A THRETH S C
EMERETE T2,

—77, 9(a)-(d) lx, SZ—Y KT+ A7 D
Teb DSR2 — U HEif 2R, X9 @), b)i& ZTh
N, o v ¥ wF 90nm, 70nm DT )L—T %
R—VTHbB, TNKD, REBRD, +TFv IEE
360KTPI DF « A7 U —t b Z v kD A2
TV T E B AReEARE NI, THIC, K9 (o), (d)
&, 8Z—=2 RAT ¢ 7RO RENEZ RS Ry B
2—VOHEFITH %, kT, FTv7rm, R
FaE €12 70nm RO Ky k782 — > OIERIC KD
LTWa,

3.2 RREEM

BRI D T2, 12cm T« A7 2HICH
Tz o CEifkihim U7z 100GB B D FR 21T - 12,
LY A M EBEORIBSEMIE R NORTED THD, b
w7 ¥y FIE 160nm, HELE Y MR 87nm, %
AL 8/16 B TH %, 101, LR B
MOBH TR LIz FIVAZ D E y
FEET, soEbAmEZORNEE (R22mm) & #%
THEAORINEE (R58mm) D32 — 2 & hilig LT
RLTW%, TNHDOEEMND, FUERBAUARE &/ TR
TNRE—=VICHIML LR A S NZN T &M
%, THIC, EREMNZFHEE LT, AXINDFERE
MBICBT 2y MY A XZHEL, Zoty—
P23l Uz A ICREER LTz 2D AR AR Y




RIZDONT, BEENBICBIZTTY—7 (REE
203nm) DY MEB KT, 3T~—7 (HHEE
87nm) DI w F EZHENE LR 2R 1110R7,
INEKD, 1ROAZISNOEEHE y MY A ZLE
X 2nm LR TH O, £z, 2HDAZ 2N DF
Yy b YA ZEEMS 2n0m IR TH B T D0 h
%, TOREEKXD, A EBR M RUFIRdiRLE N L
PEBN R T T EHFEETE T,

® | REREM

Table |  Experimental conditions 1.

8 O
Beam energy (keV) 50 68 8
Beam diameter (nm) 27 OO0
Beam current (nA) 13.0 888
Resist ZEP-520A 868
Substrate Silicon wafer 00 o
Resist thickness (nm) 70 0
Recording linear velocity (m/s) 0.22-0.35

Fig.9 Superhigh-density patterns for next-
generation magnetic disk.
(a) Line and space pattern of 90 nm pitch. (b) Line
and space pattern of 70 nm pitch. (c) Dot pattern of
90 nm period. (d) Dot pattern of 70 nm period.
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Fig.8 Superhigh-density patterns for next-
generation optical disk.

(a) 351 GB (density: 240 Gbit/in’, track pitch: 90 nm,
minimum pit length: 44 nm, modulation: 8/16). (b) 434
GB (density: 300 Gbit/in?, track pitch: 80 nm, minimum
pit length: 40 nm, modulation: 8/16). (c) 510 GB (density:
350 Gbit/in?, track pitch: 70 nm, minimum pit length: 39
nm, modulation: 8/16).
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Fig.10 Pit pattern images of 100 GB stamper.
(a) Start position (22 mm radius). (b) End position (58 mm radius).
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Fig.11 Pit size uniformity of 100 GB stamper.
(a) Pit widths of 7T marks. (b) Pit lengths of 3T marks.
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Fig.12 Deviation of track pitch.
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