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Printed Media Technology for an Effective and 
Inexpensive Servo Track Writing of HDDs 
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Abstmct-- As an alternative method for the servo track writing 
of hard disk drives (HDDs), a magnetic contact duplication 
method by using a lithographically patterned master disk has 
been proposed and investigated. On the master disk, magnetic 
film pattern according to the information signal to be printed on 
slave disks is provided by a lithography technique. In this method, 
unlike the anhysteretic process of tile conventional contact 
duplication method for magnetic tapes, the master inlormation 
never disappears when a large external field is applied to the 
master while printing. This duplication method, as we call the 
Printed Media technology, can provide a very effective and 
inexpensive lump-sum servo track writing method ror HDDs. 

Index Tenns-- Lithographically patterned film, Master disk, 
Printed media, Servo track writing. 

I. I ~ T R O D U ~ O N  

A S the recording density of HDDs is being rapidly 
increased, current servo track writing method by using a 

conventional servo track writer has become more costly and 
technically difficult. In order to overcome the problem, a 
magnetic contact duplication method using a lithographically 
patterned master disk [I] has been proposed and investigated 
in this work. 

n. BASIC PRINCIPLE AND ADVANTAGES 

Fig. 1 shows a schematic illustration of the duplication 
method. On the master disk, magnetic film pattern accordi~ig 
to the information signal to be printed on slave disks is 
provided by a lithography technique. M e r  the master disk is 
faced with a DC erased slave disk, an external field is applied 
to the master disk. Then, owing to the shielding effect of the 
individual patterned magnetic film on the master, flux leaks 
and reverses the initial magnetization on the slave disk at the 
portion between the neighboring patterned films, and 
magnetic signal information according to the magnetic film 
pattern on the master is printed on the slave disk. 

Unlike the anhysteretic process of the conventional contact 
duplication method for magnetic tapes [2], this method can 
provide a very effective way of printing signals on highly 
coercive hard disk media. For one reason, since the signal 
information stored in the master is not a magnetization pattern, 
but provided as a physical shape pattern of the magnetic films, 
the master information never disappears when a large external 
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field is applied to the master during the printing process. Also, 
the magnetic film on the master is not necessarily required to 
be so coercive as the slave medium, but is allowed to be a 
more permeable soft magnetic film with higher magnetic 
moment, thus ensuring the sufficient recording capability. 

This duplication method, as we call the Printed Media 
technology, can also provide a very productive and 
inexpensive way for the servo track writing process of HDDs, 
because it is essentially the areal lumpsum recording, while 
the current servo track writing process is the linear recording 
based on the relative movement between the head and the 
disk. 

nr. EXPERIMENTAL PROCEDURE 

For studying basic properties of the printed signal, simple 
periodic signal with the track width of 300pm and the 

wavelength at the track center of 3.0 pm was printed on hard 

disks and the reproduced signal was examined on a spin stand. 
On the master disk, periodic line and space pattern made of 

0.5 pm thick cobalt films was provided with a lithography 

technique by using a photo mask process, so that the pattern 
create a circular track with the signal feature to be printed on 
the hard disks. 

Printed signal was evaluated by using a conventional MR 
head with a read track width of 1.7 p. Relative head-disk 

velocity was set at 5.0 m/s, where the nominal flying height 
of the head was about 50 nm . In spite of the eccentricity 
existing between the printed pattern center and the spindle 
rotation center, the track width of as large as 300pm can 

still allow the reproduction head to read the printed signal 
along an entire revolution on a spin stand. 

The slave disks used were commercial glass substrate disks 
with the coercivity of 160kA/m. Fig. 2 shows how the 
external DC field is applied during the duplication process. 
First, the slave disk is DC erased along the circumferential 
direction of the disk by rotating a permanent magnet block on 
the disk surface. After that, the slave disk and the master disk 
are aligned and securely faced with each other by evacuating 
the air between the two disk surfaces through the center hole 
of the slave disk. Then, the external DC field is applied again 
in the same manner as in the DC erasing process, but with the 
opposite polarity. 

In the signal printing process, slave-magnet spacing, D 
affects the magnetic field strength applied to the slave and 
master disks. In the present study, D was experimentally 
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varied and optimized in view of the reproduced signal quality reversed domain, as illustrated in Fig. 5. 
from the printed track. Slave-magnet distance in the DC 
erasing process was fixed at 0.5 mm 

(a) Envelope (b) Waveform 

Soft maghetic pattern W5' Recorded magnetization 
Fig. 1. Schematic illustration of the magnetic duplication method by usinga 
lithographically patterned master disk. 

Permanent magnet 
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~ a g n e t  rotation Flux Magnet mtatlin Slave \disk 

(a) DC erasing (b) Signal printing 
Fig. 2. Schematic illustrations of (a) DC erasing process and @)signal 
printing process. 

w. EXPERIMENTAL RESULTS AND DISCUSS~ONS 

Fig. 3 shows the reproduced signal from the printed track. 
In this case: optimum slave-magnet spacing, D of 3.0 mm 
was used. It is found that the reproduced waveform is very 
sharp, and the envelope is rather flat and smooth indicating 
that the evacuation of the air can ensure the very small 
variation in slave-master spacing during the printing process. 

Fig.4 shows the slave-magnet spacing, D dependence of 
(a) signal output and noise, and (b) signal to noise ratio, SIN . 
The signal to noise ratio, SIN was measured with 22 MHz 
band width. For comparison, values for the signal written by a 
conventional inductive head with an optimum recording 
current are also shown. Signal output from the printed track 
shows maximum value at D of 3.0mm , which is only 
1.5 dB lower than the signal output from the track written by 
the inductive head. However the noise from the printed track 
is found considerably higher than that from the track written 
by the inductive head. The maximum signal to noise ratio, 
SIN from the printed track is as high as 31dB,  but still 
lower than that with the inductive head writing by more than 
6dB. 

Possible noise factors in the printed track are listed and 
considered to be (a) amplitude modulation, (b) jitter, (c) 
transition noise caused by the zig-zag wall at the magnetic 
transition region, and (d) domain noise caused by the locally 

Fig. 3. Reproduced signal (a) envelope and @) waveform from the printed 
track by using an MR bead. 

(a) Output and noise (b) Signal to noise ratio 
Fig. 4. Depcndcnce on slave-magnet spacing of (a) signal output and noise, - . .  - 
and @) signal to noise ratio, SIN ~. Signal to noise ratio, SIN was evaluated 
with 22MHz band width. 

(1) Amplttudc 
modulation 

Fig. 5. Schematic illustration on the possible noise factors in the reproduced 
signal from the m a g n c t i ~ ~ l l y  printed track. 

In order to study which of these factors dominates the noise 
from the printed track, in comparison with that from the 
inductive head writing, both the printed track and the track 
written by the inductive head were observed with an magnetic 
force microscope (MFM). Fig. 6 shows the MFM image of the 
printed track and the track with the inductive head writing. For 
this observation, a portion of the 300 pm wide printed track 

was over-written by a 2 . 4 ~  wide inductive writer at the 

same linear density as the printed track. As far as the MFM 
observation result shown in Fig. 6 is concerned, any 
significant difference between the printed track and the track 
written by the inductive head is not to be seen in view of the 
zig-zag wall and locally reversed domain features. So, either 
the transition noise or the domain noise doesn't seem to be the 
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main noise factor observed in the printed track. 
On the other hand, it should be noted that the noise 

spectrum reproduced from the printed track shows marked 
noise increase at the vicinity of the printed signal frequency 
and higher harmonic frequencies, as shown in Fig. 7, which is 
likely to be influenced by the signal amplitude modulation and 
the pulse jitter. 

Although the signal envelope reproduced from the printed 
track is rather flat and smooth, the amplitude modulation with 
shorter period is still observed as is seen in Fig. 3 (a), and i t  is 
certainly found larger than that with the inductive head 
writing. 

Fig. 6. 
pattern 
First a 
over-W 

MFM image of the track magnetically printed by the lithographically 
led master disk and the mck wrinen by a conventional inductive hend. 
very wide track was printed and a portion of the printed tra& was 
,ritten by the inductive writer at the same linear density. 

the negative pulses. 
This kind of jittering waveform is supposed to be caused by 

the following two reasons. One is that, in reproducing the 
printed signal on a spin stand, a certain amount of eccentricity 
between the printed signal pattern center and the spindle 
rotation center cannot be avoided, resulting in the considerable 
variation of the reproduced pulse interval in a disk revolution. 
Introducing a drive system for actively compensating the 
eccentricity would give a solution for this issue. 

The other is the line and space length variation in the 
magnetic film pattern on the master disk, which may originate 
from the insufficient resolutior~ or the dimension inaccuracy in 
the lithography process. 

In view of the servo signal density used in current HDDs, 
the experimental feature size used in this work was extremely 
relaxed just for studying basic properties of the printed signal. 
However, it is apparently considered that this technology can 
be developed and turned scalable to current and future track 
densities by using a more sophisticated lithography technique, 
such as an electron beam lithography system with higher 
resolution and accuracy. Master disk productivity and cost 
with such an expensive system would not be a serious subject, 
as the master disk is durable enough to print millions of disks. 

The magnetic contact duplication method by using a 
lithographically patterned master disk has been investigated, 
and the following outcomes were obtained. 

Recording capability of the presented magnetic duplication 
method seems to be superior to that in the anhysteretic process 
of the prior contact duplication method for magnetic tapes, 
with the reproduced signal output amplitude equivalent to that 
from the track written by an inductive head. However, the 
noise from the printed track is found considerably higher than 
that with the inductive head writing. 

The noise from the printed track is supposed to originates 
from the signal amplitude modulation and the pulse jitter, 

Fig. 7. Noise spectrum reproduced from the printed track For comparison. although the-influen& of the transition noise and the domain 
noise spectrum reproduced from the track written by an inductive head is also 
shown. noise cannot be denied at this stage. 

Controlling the printed pattern eccentricity with respect to 
the spindle rotation center, and introducing a more 
sophisticated lithography process with higher resolution and 
accuracy would be the key issues for practical implementation. 

The presented magnetic duplication method, as we call the 
Printed Media technology, can provide a very effective and 
inexpensive lump-sum recording method for the servo track 
writing of high density HDDs, which can dispense with 
expensive servo track writers for precisely controlling the head 

Fig. 8. Typical jittering waveform frequently observed in the reproduced position. So, the Printed Media technology is supposed to be a 
signal from the printed tracks- When Positive pulses are triggered, promising technological candidate for realizing the productive 
considerable peak shift variation is observed in the negative pulses. and cost effective mass production process of HDDs. 

Also, in the signal reproduced from the printed track, 
jittering waveform, typically shown in Fig. 8, is frequently REFERENCES 

observed. When positive pulses are t r i ~ e r e d  wit11 an [ I ]  W. R. Bernard and W. S.  Uuslik, "Magnetic pattern recording" U. S. 

oscilloscope, considerable peak shift variation is observed in Patent 3,869,711, 1975. 
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