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Edge detection readout signal and cross talk in phase-change optical
data storage
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Readout signal, noise, and cross-track cross talk were investigated for edge detection in a
phase-change optical data storage system. Both theoretical and experimental results indicate that
edge detection has a performance superior to the conventional detection of reflectance variations,
especially when the amorphous marks are shorter than the size of the focused spot. More than 50 dB
of carrier to noise ratio for marks of 0.3@m in length is obtained using light at a wavelength of

690 nm and an objective lens of 0.6 numerical aperture. Diffraction analysis on the cross talk has
shown that, in the scheme of land-groove recording, there is no optimum groove depth which can
cancel the cross talk from adjacent tracks. 1898 American Institute of Physics.
[S0003-695(198)01426-7

As the demand for data storage capacity continuouslyight preferertially toward one half of the detector, creating a
grows, data storage technologies are being driven to highesignal pulse; whereas the trailing edge of the mark diffracts
areal densities. High density in optical data storage can bthe light toward the other half of the detector to create a
achieved in many ways.® Conventionally, a readout signal signal pulse of opposite polarity. The peaks of these pulses
is obtained by differential detection in magneto-optiddO) identify the edges of the marks.
storage or by direct integration of the reflected light in phase- From the theory of scanning microscopy, a signal cur-
change(PC) optical storage hereafter referred to as sum rent,igq, at the output of the readout channel can be written
detection(SD)]. Mark edges are usually determined by slic- as
ing the level of the detected signal at some standard levels
but this method suffers from intersymbol interference when (U U):f f f dmdndmdn’
reading densely spaced marks. Edge detedfid), is a di- sigh =
rect optical detection for mark edges. The readout signal is
the difference between two halves of a split detector.

Theoretically, ED has advantages over conventional xexp{—2@i[(m—m")u+(n—n")v]}. (1)
level detection, such as high contfaaind the ability to iden-
tify edges of densely spaced markih MO storage® edge  Herem(m’) is spatial frequency in the X direction{n’) is
shift of short marks using ED was found to be lower thanspatial frequency in the Y directiolG(m,n,m’,n’) repre-
that using differential level detectiérbut in other aspects, sents the optical transfer functiofOTF) of the readout
such as Signal and noise levels, ED was inferior to differensystem%o r(m'n) is Fourier transform of the amp”tude re-
tial level detectiorf:® In PC storagé,ED noise levels were fiectance coefficient of the medium; and,¢) are the coor-
confirmed to be lower than SD noise levels. In this work Weyinates of the focused spot in the XY plane.
present results on ED readout signal, carrier-to-noise ratio Figure 2 shows the modulation transfer function in the X
(CNR), and cross-track cross talk characteristics in theaxis, namehfC(m,0,0,0), as a function of spatial frequency
scheme of land-groove, as well as comparison with SD Ot yoth ED and SD. It is seen that SD and ED have the same
PC optical data storage. _ _|C(m,0,0,0) value atm=1. At m<1, ED has a substantially
. Asimple readout system for edge detection on PC medigyyer |c(m,0,0,0) value. This means that, at low frequen-
is depicted in Fig. 1. A linearly polarized and collimated o5 c(m,0,0,0) values are suppressed, and in particular, the
laser beam propagates through a polarizing beam splittgfc. pias component is totally eliminated in the scheme of ED.

(PBS, a quarter-wave plattQWP), and is Fhen brought 0 The apsence of the dc bias component yields a high-contrast
focus by an objective lens on a PC medium. The reflecteqimage of marks.

light from the medium is detected by a split detector. The
differential output between the two halveB1, D2) of the  gjgnai and its first harmonic as a function of data frequency
detector generates the ED signal. In the absence of any marh.) for both SD and ED, obtained by using the computer
the two halves of the detector produce identical currents an rogrampiFFRACT. In thése simulations. the incident beam
the net signal is zero. When the medium moves along Xg assumed to be Gaussian, light wavelength0.69 .m,
direction, the leading edge of a mark diffracts the reflected,,q numerical aperture of the objective lens NA.6. The
medium is assumed to contain periodic, B.&ide marks of
dElectronic mail: cpeng@u.arizona.edu 50% duty cycle along a track assumed on the medium. For

X C(m,n,m’,n")r(m,n)r*(m’,n")

Figure 3 shows the peak-to-pegk-p amplitude of the
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FIG. 1. A schematic diagram showing a PC readout system for edge detec- 000t T ]
tion. In this figure,L represents land track where@srepresents groove 00 05 70 75
track. ’ ’ ’ ’

Spatial frequency ( NAZ)

SD, amorphous marks are assumed to have reflectRijty FIGh. 3. (fa) Pgak-to-fpeak a]lmplitude_ of signal aftg its first harmonic,C,
=0.6%, crystalline spaces have reflectiviRy=20%, and bath &s functions of data frequencies.
the phase difference between the light reflected from marks
and that reflected from crystalline spacespis=0. For ED, levels depend on the average reflectivity of the recorded
R,=R.=20% and¢,.= 7/2 are assumed. track. For instance, the optical power of the reflected light
From Fig. 3a), it is observed that, dt<NA/\, ED sig-  from the disk containig a 5 MHz tone at the split detector
nal amplitude remains a high level. At>NA/\, it drops. was 56uW for the SD disk and 3@W for the ED disk. As
For SD, the signal begins to dropfat 0.5 NA/\. Evidently, — expected, for the SD disk, the p—p voltages, carrier levels,
ED signals decrease more slowly with increasing frequencynd carrier-to-noise ratioCNR) decrease with recording
than SD signals do. At>0.6 NA/\, ED has a higher signal frequency. For the ED disk, the p—p voltages decrease with
level than SD has. In Fig.(B), with increasing frequency, increasing frequency, but the carrier levels and CNRs first
the C value for SD monotonically decreases but for ED itincrease, then it decrease.
first increases, then decreases. At high frequencies, ED has a Comparing the SD signal with the ED signal, it is seen
higher C value than SD has. The behavior of the C value ighat, with increasing frequencyl) SD p—p amplitude gradu-
understandable. For SD, readout signals at low frequencieslly decreases but ED p—p amplitude keeps a high level until
are similar to a square wave form, but for ED, signals appeathe recorded marks are shorter than about\l.(2) the car-
only at edges of marks. This is why ED yields a small Crier level difference and CNR difference between ED and SD
value at low frequencies. At high frequencies, both SD sig4increase. Particularly, the CNR value of the ED disk at the
nals and ED signals are similar to a sinusoidal wave formrecording frequency of 11.7 MHz, corresponding to a mark
Because ED signals are higher than SD signals are, ED hadength of 0.36um, is about 50 dB, which is much higher
higher C value at high frequencies.
To confirm the above computer simulation results, we

made two disks: one for SD and the other for ED. For SD, = '8 o o o o sum detection disk
the disk has a structure: polycarbonate substrate/ZnS,~SiO S 1.0 00 « « « edge detection disk
(128 nm/Ge,ShTe; (20 nm/ZnS-SiQ (35 nm/Al alloy & ey
(150 nm). At A=0.69um, it givesR,=5%, R.=33%, and g 05 N
¢.=30°. For ED, the disk has a structure: polycarbonate & 0o} (3 O re
substrate/ZnS—SiQ (172 nm/Ge-Te (10 nm/ZnS-SiQ
(61 nm)/Al alloy (150 nm). At A=0.69um, it yields R, ~ o So%ma.
=R.=20% and,.=90°. N S
Figure 4 shows the experimental results for both the SD S .15 RN
and the ED disks. Note that the p-p voltages and carrier g 30! o\'
3 (b) Yo
10l ' ' ' ] _ 60t ) e
08 .. Sum detection 8 50l o./q, OO0 0\0_\\'\.
- - x o,
gﬁ 0.6} 5 40/ o
€ ol o @
o 2 4 6 8 10 12
02l ’ \d o i Recording frequency (MHz)
e getection
0.%0 :.]5 1,0 1.5 2.0 FIG. 4. (a) Peak-to-peak voltagesb) carrier levels, andc) CNRs vs re-

cording frequency for the sum and the edge detection disks. In the read/write
Spatial frequency ( NA/) experiments, light wavelength=0.69um, the objective lens NAO.6,
and the linear velocities of the disk8.5 m/s. For the measurements of the

FIG. 2. |C(m,0,0,0) as functions of spatial frequencies for both sum and carrier level and CNR, the resolution bandwidth of the spectrum analyzer
edge detection. was 30 kHz.
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than that of the SD disk. This higher CNR value for the ED On groove (a) Onland (b)

disk results from both a higher carrier level and a lower noise L G
level. (The thermal noise was only 2—-3 dB below the ob- G L
served noise floor at 11.7 MHz for the ED disk. With ideal L G

preamplifiers, the CNR values would be 3 dB higher for the
ED disk. For the SD disk, the total noise floor at 11.7 MHz is 20}
about 7 dB above the thermal noise levels.

Land-groove recording is one of the ways to realize high
density in optical data storage systems. In this scheme, which
utilizes both land(L) and groove(G) for the recording of .
data, the land and the groove have equal widths, and the 401 - \
depth of the groove is chosen to yield minimum cross-track _ Ongroove On land
cross-talkl> For ED, the PC disk is required to have 0.1 0.2 0.3

a~72 for maximization of readout signallt is interest- Groove depth ()
ing to knO\-N It this phase shift aﬁeCt-S the Canc-e”ation of the IG. 5. Configurations for calculating the cross talk on groteand on
CFOS§ talk in the land-groove recording. For this purpose, W, and (b) and cross-track cross-talk ratio vs groove depth in the scheme of
consider the worst case for the cross-track cross talk. In thigdge detection. Irfa) and (b), the focused beam reads the erased central
case, a single tone data pattern is assumed to be on all of lagbove(land when the adjacent langroove tracks contain a random data
tracks, we then read the disk by tracking on a groove. For th@atterm. In these calculations, laigroove width=0.74.m, light wave-
sake of simplicity, we assume that both land and groove argnnc?tr: ;‘r: Sv'gf#rgé\omecwe lens NA-0.6, phase differenceec=m/2,
one\ wide, that marks and spaces are anleng and onex o
wide, and that the objective lens has NA.5. At the exit edge detection. For SD, the situation is the samg,if~0 or
pupil of the objective lens, the field amplitude of reflected, as seen in Eq(3). However, for SD, if the disk is de-
beam is an overlap of various diffraction orders. In the scalasigned to havé&k,<R., then a smallp,. value will not cause
approximation, the p—p amplitud& P,, of the cross-talk much difference im P, while reading a land or a groove.
signal for ED can be calculated as follows: In summary, phase-change optical edge detection elimi-

AP=0.11R(0.42+ cos ¢+sin ¢), 2

‘
A i
\ ;
\, /

\ i
\ /

D

Cross-talk ratio (dB)

high degree of contrast. It possesses a high CNR in the spa-
and, for SD, the p—p amplitudd,P,, of the cross-talk signal tial frequency range where the carrier is meaningful for ED.
is However, because ED requires,~90°, there is no opti-
_ B mum groove depth for the elimination of the cross track
APs=0.023%R,~Reo) cross-talk in the scheme of landgroove recording.

+0-111 \/RaRc 003 d’_ d’ac)_Rc COS(ﬁ)] (3)
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nates the dc level, enhances the data readout, and produces a



