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Nano-pattern profile control technology using reactive ion etching
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Summary We have developed an electron beam recorder (EBR) and studied a process technology for
high-density optical disc mastering. In this study, we aimed at controlling a nano-pattern profile by adopting
inductively coupled plasma reactive ion etching (ICP-RIE) under simple conditions for good productivity. To
control the pattern inclination angle, we introduced an etching power ratio of antenna power to bias power
and investigated the relationship. From the results of our investigation, it was confirmed that inclination angle
depended on etching power ratio linearly. Furthermore, in the case of a 100 GB read-only memory (ROM)
equivalent pattern, we formed two kinds of inclined pattern by adopting ICP-RIE. We evaluated line edge
roughness (LER) to determine the difference in pit profile accurately. As a result, it was confirmed that LER

was improved at a steep inclination angle. In addition, we applied ICP-RIE to a 300 GB ROM pattern.
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Experimental process flow.
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Table |  ICP-RIE conditions.
Etching condition

Species of etching gas CF4

Gas flow [scem] 30

Pressure [Pa] 0.5

Etching power Antenna power [W] 50 - 400
Bias power [W] 5-20
Etching power ratio: o 2.5- 30

Substrate temperature ['C] 20
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Table Il Recording condition of the EBR.
Accelaration voltage [kV] 50
Beam diameter [nm] 55
Beam current [nA] 120

Fig. 2 SEM images of etched samples with
typical inclination angles. a =5.0
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Fig.3 Relationship between etching power
ratio a and pattern inclination angle 0 .
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‘ Steep inclination angle ‘
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(a) Blu-ray ROM (b) 100 GB ROM
(25 GB)

‘ Conventional inclination angle ‘

(c) 100 GB ROM

Fig.4 Images of minimum pit patterns with
top and cross-sectional views.
(a) BD-ROM with capacity of 25 GB and (b) 100

GB ROM with conventional inclination angle. (c)
100 GB ROM with steep inclination angle.
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Table Il Inclined projected area ratios.
Inclination angle ~ BD - ROM (25 GB) 100 GBROM

[deg] (%] %]

80 2% 43

84 16 27

# 4 100,200,300GB ROM /XZ—>DINZ *—4
Table IV Parameters of 100, 200 and 300 GB ROM.

100 GB 200 GB 300GB

Modulation 8/16 8/16 8/16
Track pitch [nm] 160 1131 923
Minimum pit length [nm] 87 615 50.2
Disc size, $[nm| 120 120 120

& 5 EBR DR
Table V. Recording conditions of EBR.

Accelaration voltage [kV] 50
Beam diameter [nm] 25
Beam current [nA] 12

(c) (d)
Fig.5 SEM images of etched 100 GB ROM pattern.

Pattern inclination angle: (a) and (c) © =80,
and (b) and (d) © =84.
5 100GB-ROM /&2 —> @D SEM &

INZ—=ERAE : (a), ()e=80 (b),
(d) =84
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Fig.6 Measurement method for pit width.
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Fig.7 Relationship between pattern
inclination angle © and LER.

7 NZ—ERAE L LER DR

THiDOL I ARNRZ—2F 0% LER MEJRL TV 58D
EHERIL TV B, —7, fERAER 80 M5 84 JEIC
TBHTEICEKHST, LERIEEHIMEIKLT WS, /DT,
HERHI R AR 2 R D 85 T LIc KXo T, LER Z K&
TEBHLDEEZLNS,

DL ED#E®E MM 5, ICP-RIE 71t ADJEM & T,
feE A B2 D 2B kI X > T 100GB D ROM /8% —
BIEOMMEF /82— DIRIREWETEZ T LH
MR & Nz,

4.3 BERENZ—U\DERA

100GB Z A % H @& /32— VBV T E ICP-
RIE 70 AD5E#EHMAEETH B0 & 5 MDDV THR
A U7ze BilZ1E, DVD #4355 T 300GB DA =R & 72578
Z—VOREEY FEIX 50nm THY, REEY ME
ELYVARMEE (160nm) D7 AT FEIEH 3 &K
T T5B, NTHET ARY RO Z—2 T, o
TIIVRAF IR E— VEIANEET B T & DR
ICH% T ENTREIN, ZTDOHICICP-RIE Ttk AN
HHTE R R2HEMENH %,

% T T, 200GB, 300GB AEOHEHE S —
% Al i R L 72 % ICP-RIE 4&fF, o =25 TTvw
F TP, BB LT2R 4 1S8R — 2 DIRT
A—R7z, % 51T EBR O 2 ZNZEIURT,

8ICTyF T LY T IVD SEM 4% 19,
Yy b 50nm OS2 — BT E BEF7E8
A=V ENT VB T EMERE Nz, TDEKS
IZ, ICP-RIE 7@+ A& 300GB ® ROM /8% —> D X
S IRHEBENT 4 A7 LT EHAETH % C
EDERRE NIz,
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Fig.8 SEM images of etched samples.

(a) 200 GB ROM pattern.
(b) 300 GB ROM pattern.
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(a) 200 GB ROM (b) 300 GB ROM
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