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1.5-Mbit/s direct readout of line-and-space patterns using a scanning
near-field optical microscopy probe slider with air-bearing control
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We have demonstrated 1.5-Mbit/s signal readout of a @.@bline-and-spacélL&S) pattern on a
rotating disk by using a scanning near-field optical microscéiNOM) probe slider with
air-bearing control. The light transmittance of the probe was greatly increased through direct
irradiation of a focused light to a pyramidal probe tip. The bit rate of the signal was enhanced by
two orders of magnitude compared to that of existing SNOM systems that use a tapered-fiber probe.
The signal contrast, signal-to-noise ratio, and carrier-to-noise ratio for the 25 &S pattern

were 19%, 17 dB, and 37 dB, respectively. The estimated resolution limit of the probe corresponded
to a L&S width of ~130 nm. © 2000 American Institute of Physid$S0003-695(100)02307-X]

Recording density is the central concern when we desured to demonstrate the potential of the system. Noise prop-
velop data-storage systems for multimedia applications. Fogrties of the readout signal, such as the signal-to-n@4¥)
optical disk recording, vast efforts have been devoted to reand carrier-to-noiséC/N) ratios, were also evaluated.
ducing the beam spot size to increase the bit areal density e fabricated the SNOM probe slider by using photoli-
and storage anpacit_y. The use of blue “93h} with shortethography and a focused ion bedRiB) cutting technique.
wavelengths;” a solid immersion lengSIL),** scanning ¢ sircture of the slider is shown in Figal Slider pads
near-field optical microscopySNOM) with tapered-fiber were formed on a 0.6-mm-thick SjOwafer by the usual

-8 _ . . 0 . _
probes_ri _ super resc_)lutlon techniqués? and high lithography technique with reactive ion etching, then the wa-
refractive-index materiafshave all been demonstrated. : . . :

Ler was cut into 5 mnx5 mm slider chips. The size of the

An SNOM-based system has an advantage in that it cal
mXx50 um, and the pads were spaced 3®

achieve a higher recording density than that achievedads was 5Qu _
through other approaches because it can go beyond the c,pf:}part. The SNOM tip was located at the center between four

cal limits determined by the light wavelength and a materi-Pads. This four-pad structure was used to reduce the flight
al's refractive index. The application of SNOM to informa- height during the disk rotation because the resolution of the
tion storage has reduced the mark size, and a pit diameter of

60 nm and a clear readout of the bit signal has been achieved

in phase-change recording using a GeSbTe film with a (a)
tapered-fiber prob& The problem, in terms of practical ap-

plication to an actual information storage system, is that the 130V &/‘

Slider Pads
\

readout speed remains too low. The readout speed is deter-
mined by the light transmittance of the SNOM probe. In a
typical tapered-fiber probe with a resolution of about 100 TN
nm, the transmittance is below 19and the readout speed is
limited to about 10 kbit per secon@bps.'? The transmit-
tance will have to be increased by at least two orders of
magnitude to achieve a bit rate of more than 1 Mbps, which
is equivalent to the bit rate in a practical optical disk system
such as a compact-digkcD) player.

We have developed a type of probe slider, an SNOM-
based optical disk head that enables a much higher bit rate
than existing fiber-based SNOM probes and a higher record-
ing density than an SlL-based system. The light transmit-
tance was increased in combination with direct irradiation of
focused light to the probe-top aperture. Here, we describe the
structure of the probe slider and demonstrate its readout ) ]
property. We estmated the resolution of the slider probd,S. 1 (& Stueture of srge s coubietapered SHOM proses vt
through contrast analysis of the readout signal from line-andsach 50.m square.(b) SEM images of the probe tip. The angle of the

space(L&S) patterns. The direct readout signal was mea-apered tip was 45° for the single-tapered probe, and 15° and 75° for the
double-tapered probe. Total chip size was 5 xBnmm. The light was
directly illuminated from the backside of the chip and focused onto the
¥Electronic mail: fissiki@crl.hitachi.co.jp aperture at the probe tip.
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FIG. 2. Optical setup for line-and-spa¢e&S) pattern readout. The light contrast 0.301

source was a 650 nm laser diodeD). Typical light power of the LD was 0 1 L 1 — 1
25 mW. The SNOM probe slider was set just below the sample disk, on 0 10 Ti 20 30 40
which tungsten L&S patterns were drawn. The transmitted light was col- ime (ks)

lected by an objective lens and detected with a photomultiRé4T) and ©) 200-25'11111 L&S

charge-coupled devicgCCD).

—
1

SNOM probe is more sensitive than the resolution of the
SlL-based system to the distance from the disk surface.
Typical scanning electron microscofSEM) images of

Intensity (a.u.)
w 5

contrast 0.195

these probe tips are shown in Figbl We fabricated two % 0 . 2|o 3l0 4'0
- . . . . Time (us)

types of pyramidal-tip probes: the first one was a single-

tapered probe with a slope angle of 45°, and the second was @

a double-tapered probe with slope angles of 15° and 75°. The =

total height of the probe tip was typically 2m and the <

height of the second taper in the double-tapered probe was g

500 nm. After evaporation of a Pt shading film that was £ o

200-500 nm thick, the top of the probe tip was sliced using 0.0 0.5 10 1.5
FIB to form the aperture. The typical aperture size and the Frequency (MFiz)
transmittance of the probes were, respectively, 150 Nnm  FiG. 3. Readout signal from L&S patterns @ 1 xm, (b) 0.5 um, and(c)
and 0.5% for the single-tapered probe, and=30 nm and  0.25um widths obtained using a double-tapered SNOM probe at a rotation
0.14% for the double-tapered probe. The aperture sizes wegégsd rﬁf Llsg ;Fi’”f]';rl‘ei";“;‘Sf(')ozir%v?l-n?’?mg;ﬂsTI]Zenf]ﬁ;iﬁyf;pﬁﬁ OthZ§
determined from SEM |mages-. The tr‘?msml,ttance_ of the0:78 ILI\L/IHZ. The c?oubled-frequency peak'at 1.56 MHz suggegts thgpotential
probe was measured in a far-field configuration using 66Qesolution of the probe will enable reading of patterns with a mark size or
nm laser light focused to a @m spot. These increases in the L&S width of 125 nm.
aperture transmittance, compared to the fiber-based SNOM
probes, were mainly due to improved light intensity near thesample disk by a second objective ldhA=0.8) and sent to
probe-tip aperture. Our results suggest that the low light efa photomultiplier and an image detector with a charge-
ficiency of the usual tapered-fiber probe is due to the propacoupled devicé CCD). This CCD image detector was set to
gation loss of the light caused by reflection in the taperedheck the optical setup during the readout measurement of
region of the fibet:3 the L&S pattern. The bandwidth-3 dB) of the photomul-
Figure 2 shows the optical setup of the measurementiplier was 4 MHz.
system for the L&S pattern signal readout. The slider chip  Figures 3a) to 3(c) show the readout signals from the
was set just below a sample disk on which tungsten L&SL.0, 0.5, and 0.2m L&S patterns that were obtained using
patterns with widths of 1.0, 0.5 and 0.26n were drawn. the double-tapered probe at a rotation speed of 150 rpm with
(The 1um L&S pattern consisted of agm line and a lum  a linear velocity of 0.38 m/s. Figure(® shows the fre-
space, so the pitch was . The pitches of the other L&S quency spectrum of the 0.2bm L&S pattern signal. The
patterns are doubled in the same manrEne chip was sup- signal was not equalized. The contrast of the signals was
ported by a leaf-spring suspension. The angle of the chip wasver 19% even for 0.2xm L&S pattern which had a signal
carefully adjusted so that the chip was parallel to the diskrequency of 0.78 MHz € f;). This frequency agrees with
surface to enable air bearing with the disk rotation. Thethe value calculated from the pattern width and the disk lin-
sample disk was rotated using an air spindle with servoear velocity. The C/N ratio was 37 d®and width 10 kH
speed control. The light source was a 650-nm-wavelengtfihe S/N ratio was 17 dB in the range of (id~ 1.5 f. with
laser diode with a total power of 35 mW. After collimation an equalization, which is high enough for direct bit readout
and beam shaping, the laser light was focused directly ontwith nonreturn-to-zero inverteNRZI) modulation. The bit
the probe tip from the backside of the slider chip with anrate of the signal was 1.56 Mbps, twice the frequency. This
objective lens whose numerical apertufdA) was 0.6. value is fairly close to the standard data bit rate of a CD
Transmitted light was collected from the other side of the(2.03 Mbps.
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1.0 - T T T resolution of the SNOM probe(We estimated the flight
height of this slider pad to bes6 nm at this disk linear
0.81- T velocity using an air bearing simulator that solves the gener-
alized Reynolds equatioi) We will continue our work to
E 0'6f [ ) T reduce the length of this air gap to about the same size as the
g 'O aperture. Compared to a super-resolution-based readout
80-4— e, 7 system?’® this SNOM-based system has superior noise
EI;-..___ 2iam L&S properties, such as its C/N ratio, because it is not susceptible
o2 @0 T to time-dependent fluctuation of the aperture size with grain
o . crystallization in the super-resolution laye(This is the
0.00 1L é L 3' """" 4L e dominant noise source in the current super-resolution-based
) -1 system) Our bit rate of 1.5 Mbps is now comparable to
Spatial Frequency (um )

SIL-based magneto-optical disk readout at bit rates of 3.3
FIG. 4. Contrast plots of the L&S-pattern readout signal. The circles andR€f. 3 and 8.0 Mbp$. The aperture transmittance in our
squares show the contrast for the single- and double-tapered SNOM probeSNOM-based system can be increased by one order of mag-
respectively. The respective estima_ted cut-off frequencies of the probes copjtyde through combination with plasmon propagation ef-
responded to L&S pattem of the widths of 177 and 127 nm. fects if we change the shading metal source from Pt td%Au.
. . Therefore, we expect to achieve the same bit rate with the

Figure 4 shows the contrast plots of the readout signal§NOM-based probe head as those in current SiL-based sys-
against the spatial frequency of the L&S patterns for thggms.
single- and double-tapered probes. The dotted lines in Fig. 4 |y summary, we have demonstrated fast readout of a
ShOW the f|tted mOdu|at'I0n 'tranSf.er funCtlQMTF) that '|S C|ear b|t Signal from a rotating d|Sk using an SNOM_based
commonly used for optics in an incoherent systérthis  prope slider with air-bearing control. The light transmittance
MTF is  wrtten as M(w)=A[2arccosBw/2)  of the probe was enhanced by two orders of magnitude
—sinf2 arccosBw/2)}]/m, wherew is the spatial frequency through direct irradiation of focused laser light onto the
normalized by the effective spot size Ni/ A andB are  prope tip. With the higher transmittance of the probe, the
fitting constants. We fitted the MTF on a logarithmic contrastsignal bit rate was increased to over 1.5 Mbps, which is two
scale to emphasize its roll-off property. The optical cut-off orgers of magnitude higher than existing fiber-based SNOM
frequency, at which th&/(w) reaches zero, was estimated systems. The estimated cut-off frequency of the probe was

from the fitted MTF to be 2.8%:m™* for the single-tapered  oyer 3.9,m", so the readout limit of L&S pattern width or
probe and 3.94um™? for the double-tapered probe. These mark size corresponded to 130 nm.
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