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QUARTERLY TECHNICAL REPORT
1 July 1976 to 30 September 1976

1. SUMMARY

The recorder was modified for limited operation at 3 rps. De-

bugging of the playback optical system is still in progress,

So as not to disrupt experiments on this recorder, refitting with

the new optical and digital subsystems into a deliverable system

is now planned on what was originally intended as a back-up sled

and turntable. PMMA discs coated with tellurium films were written
on with the N .y . Philips (NVP) machine. Recording was done through 4
the backside of the disc surface using a new objective. Air sand-

wich fabrication is showing good progress. First results of an

accelerated life testing program indicate that tellurium films do

not degrade at high temperatures and may be archival. An initial

recommendation for digital formatting, coding, and error correc-

tion techniques is given. A theoretical analysis of expected hole

machining characteristics for a moving substrate was performed.

2. RESEARCH PROGRAM OBJECTIVES

The objective of this program is to develop an optical disc

recorder of digital information, with a direct-read-after-write

(DRAW) capability. A storage capacity of > 1010 bits is

desired, with 4.4 x IO~ bits on each of the 40,000 tracks of
the disc. The desired error rate is l0~~ at a data rate
greater than 1.33 Mbit/sec. The key element in the proposed

system is a recording material that can be exposed with a low-

power laser (e.g., HeNe), leading to a recorder that could be
manufactured for < $10,000 and discs that would cost < $10 in

quantity. -

3. SCHEDULE

The program schedule and milestones given in Figure 1 are for

both materials development and recorder construction. Diffi-

culties with the optical—focus motor and the playback optics

1
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and servo systems have delayed testing of the disc with the re-
corder. The recorder should be operational in the next quarter.

In order not to delay the materials program, however , testing
of discs made at NVP and PL (Task 1.3) is underway with the NVP
recorder. The quality of k.~rge-area deposition of tellurium is

now satisfactory for fair quality video recording which infers
acceptable quality for digital recording . Based on these re-

suits and expected tests in October, we still expect to narrow
the material choice in October.

A new task to investigate the archival properties of tellurium

and bismuth films was initiated (Task 1.6). Milestone 13 of

this task was met; the results of the first life tests of tel-

lurium are given in Appendix D. Results sufficient to deter-

mine the archival properties based on accelerated high temper-
ature aging (milestone 14) are expected by January 1, 1977.

A second set of data on the channel error characteristics was

received from NVP. Based on the data, Magnavox has recommended
a coding and error correction technique. It is expected that

the initial characterization of the recorder channel will be com-

pleted on schedule in late October (milestone 7a).

A re-examination of the proposed refitting program (Task 2.5)

has resulted in some schedule changes. So as not to disrupt

anticipated experiments on the PL recorder, refitting of the

new optical subsystem (Task 2.3) and the digital electronics

subsystem into the deliverable system (Task 2.2) is now planned —

on a back—up sled and turntable. This should allow both efforts

to proceed without interference. The refitted recorder is now

planned for February 1, 1977 (Task 2.5). The three-month test

and evaluation of the recorder (Task 2.6) is still planned and
should be completed by April 30, 1977. 

-—- — -~~~~~ —~-‘---~~~~~~~~~~~ ~~~~_•;_-- — - - . - -- .~~ -- -~~~~rn- -~~~~~~~~~~~~~~~~~~~~~ -~ -~ 
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4.  PROGRESS AND DISCUSSION

4.1 Focus System

The focusing motor of the recorder has a limited range which does
not allow reliable operation with PMMA discs at 30 rps, the design
speed on the analog VLP recorder (Task 2.1). Because the focus-
ing system reads from above the disc, the need for a fail—safe
mechanism to prevent the lens from crashing onto the disc sur- •

f ace complicates the design and limits the working range and maxi-
mum acceleration of the objective. Since it is not feasible to
modify the focus motor to operate satisfactorily at 30 rps, an
effort to reduce the disc rotation speed to the designed 3 rps
was undertaken. The slower speed reduces by a factor of 100 the
acceleration requirements of the focus motor. The required re-
design of the servos for the turntable and focusing motors was
completed and tested satisfactorily at 3 rps disc operation.

Even this redesign will permit only limited recording capabili-
ties using discs of excellent flatness.

As indicated above, however, recording and playback from the
underside of the disc will relax the focus motor requirements - 

-

and allow greater travel range and acceleration. However, be-

fore the design of a new focusing motor is attempted, it has
been decided to evaluate existing motors to determine their
frequency response and travel capabilities. These results will

be compared with the expected requirements, derived from disc
measurements, and used as a basis for a new focus motor design.

The focus motors under consideration include those from the PL
machine, the NVP machine, and from the VLP player (integrator-
type). Evaluation of the frequency response of the integrator

player motor was completed and has revealed a resonance at about
12 kHz and a slight resonance at 100 Hz. Since it is expected
that the motor will be required to follow motion of less than a
few kHz, it may be concluded that the high frequency resonance

$ 
5
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would not be a significant problem. The resonance at 100 Hz is
so slight that it would not be important. This motor transports
a lens which weighs about 4 grams . Some preliminary tests of
the PL focusing motor have indicated a possible resonance at 2 kHz,
possibly due to the spring suspension of the lens. This may be
a limitation for -higher disc speeds. When a complete characteri-
zation of these three motors has been made, and possibly of some
spring—suspended , non—air bearing motors which are also available,
a new design will be formulated. We will thus avoid any problems
discovered in existing motors and will design for motions as pre-

dicted by the disc measurements .

4.2 Sled

Work on the optical sled has involved the construction of a back-
up sled to be used in the evaluation of fast access mechanisms
(Fig. 2). This second sled is similar to that of the Pt machine
in that it uses the same linear motor, tachometer, and Dover air
bearing with jeweled orifices. The linear motor is capable of
producing a force of about 2 newtons and should be able to move the
bearing collar over a travel of 10 cm in less than 1/2 second.
Some preliminary tests have shown that the new air bearing is

less subject to vibration than the unjeweled bearing, although
it still shows a tendency to resonate at about 30 Hz. These re-

suits are still to be confirmed on the back-up sled assembly. A
set of Pt-type electronics designed to drive the sled at constant
speeds has also been constructed and is ready for installation.

Upon assembly of the sled, a vibration problem was discovered in-

volving the tachometer mount. This problem should be solved,
however , by only slight modification.

The sled will be used to evaluate the performance of the linear

velocity transducer, as well as an accelerometer and an interfer-

ometer for use as speed and positioning control sensors. Based
on these tests, the best combination of sensors will be incor-
porated into an improved sled design. It has also been decided

6
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optical tachometer with double pickoff  wil l  be used to monitor the
speed. The bearing and a PMI Model W9M4M motor are currently being
evaluated.

4.4 Materials Evaluation

A theoretical analysis to predict the characteristics of hole
machining on a moving substrate has been carried out. The re-
sults are reported in Appendix C. The laser power required to
machine a 2 pm x 1 pm pit at the outer edge of a rotating disc
(30 cm d iam.)  is about twice that required for machining 1 pm
diameter pits under static conditions. The calculations also

suggest it may be proper to use lenses of much lower numerical

aperture for optimum writing. A lens of low numerical aperture

would have a longer depth-of--field, a wider field-of-view, and a
lower mass. It is expected that this would simplify the demands
on the tracking and focusing systems. Experiments are now under-
way to measure experimentally the optimum spot profile for writing

on a moving substrate.

A technique (see Appendix A) has been developed to measure and

align the spot profiles of the writing and reading laser beams

on the disc . Large area (30 cm diam.)  discs of tellurium of uni-

form thickness have been fabricated at PL. DRAW recording was

done through the backside of the disc surface using a new (Cerco)

objective. Figure 3 shows an optical micrograph of pits written

wi th the Cerco objective on 250 ~ of tel lurium film deposited on
a PMMA disc.

The frequency of the DRAW signal was 10 MHz square wave . The
maximum laser power required for writing at the outer radius of
the disc was less than 20 mW. Readback signal-to-noise was

better than 30 dB; these results are detailed in Appendix G.

The spectral absorption of tellurium was measured and is reported
in Appendix D. This data indicates that it is reasonable to

extrapolate measurements of sensitivity at the 488 nm argon laser

- .

8 
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Although one difficulty did arise, the results were encouraging.
The problem encountered was that of non-uniform spreading of the
adhesive during the lamination process. This was attributed to
two factors: variations in substrate thickness, and variations

in adhesive thickness between the inner and the outer standoff
zones. It is fel t  that both of these d i f f icu l t ies  can be success-
f u l l y  corrected by making the base plate surface more compliant ,
and a l ter ing the ratio of adhesive dispensed in the two zones.
These two modifications are currently being incorporated.

VACUUM HOLD— -I r~~~D O W N  P L A T E

~~~~~~~~~~~~~~~~ S U B S T R A T E

r/ ~~~
///

~~ ~~~~E’~/ I~~~(
’/ 1_  STAN DO F F 0 U I D E

STANDO

SUBSTRATE
I I— BASE P L A T E

Figure 4: Air Sandwich Assembly Fixture.

4.6 Substrate Material

To minimize chemical contamination of the as—received surfaces,
Glasflex PMMA sheet is currently being purchased in the un-
protected form . As a result , the manufacturer is reluctant to
check the sheet thickness of the stock delivered . Thickness

variations have been quite severe. Measurements made about 2 cm

from the edge of nominally 30 cm square sheets range from 0.72
to 1.31 mm on the Glasflex homopolyiner and 0.90 to 1.16 mm on
the copolymer. In neither case was a wedge shape observed .

Recent measurement on several hundred squares on the homopolymer

10
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indicate that 70% of them are out of specification (0.87 to
1.13 mm) . Discussions are currently underway with Glasfiex
Corporation on ways to remedy the problem.

In addition to the difficulty in assembling air sandwich discs

from sheet stock with such widely varying thickness, it has also
been d i f f icu l t  to maintain balance . A typical disc made from
the homopolymer described above is 55 gin-cm out of balance.

Alternately , the pre-protected homopolymer discs are only typi-
cally 6 gm-cm out of balance. It is interesting to note that in
both cases the imbalance of an air sandwich is only about one-half
that of a single substrate, even when care is taken to pit the
imbalance of the two substrates against one another. In either

case , the imbalance is not expected to be of any consequence for
180 rpm operation. Some measurements of the static droop of 1 mm

thick Glasflex substrates were made. On a 30 cm diameter disc
clamped to a diameter of 7.5 cm, the initial droop of the outer

edge is about 0.6 nun. After 16 hours of standing in that config-

uration (spindle axis vertical), the droop of the outer edge in-

creased to about 1 mm . Storage of the disc in the vertical position

(on edge) for two days and then returning it to the spindle indi-

cates no significant recovery during that time.

An optical displacement probe in conjunction with two differenti-

ation circuits is currently being used to measure the transverse

dynamic displacements, velocities, and accelerations. Data on

single—substrate plastic discs and air sandwich discs will be

available shortly.

Activi ty is now underway to determine the influence of artificial
aging on the mechanical and dimensional characteristics of
tellurium-coated Glasfiex homopolymer samples. Initially the

time-temperature cycles will be similar to those presently used

in the investigation of the optical and sensitivity character-

istics of the same film/substrate combination. Specifically,

the elastic modulus, creep modulus, and linear dimensions of

coated tensile strips will be measured.

13.
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4 . 7  Life Testing of Tellurium and Bismuth Films

An investigation of the archival properties of tellurium and bis-
muth films has been initiated. The first results (see Appendix D)
indicate that tellurium films do not degrade after exposure for
1500 hours at 90°C. Assuming an activation energy of 0.5 eV, this
is equivalent to 8 1/2 years at room temperature. Previous experi-
ence with bismuth films has shown them to degrade fairly rapidly .
Pinholes begin to form in bismuth films after aging at 100°C for
24 hours as shown in Figure 5. After one week at 100° C, the
films of bismuth became completely transparent. it is not yet
known how this will compare to aging under ambient condit ions .

Figu re 5: Pin hole in bismuth

The primary objective of the effort is to establish the projected
lifespan of the recording materials by means of a series of con-
trolled experiments done at various temperatures. This technique,

known as temperature stress aging , is commonly used in industry
to obtain some rough indications of projected life spans. The
most convincing argument for its validity is the record of suc-
cessful prediction of failure in the field. The technique will
be used in this instance because of the need to generate 5—year
life data in a 6-month program. The only apparent alternative

is to do ambient aging over a 5-year life test program. Addi-
tional aging experiments will be conducted at room temperature as

a reference for the results of the temperat ure st ress ag ing .

12
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While there are some reservations as to the ultimate validity of
temperature stress aging, PL believes this approach is a reason-
able starting point. Preliminary indications are that the degra-

dation of bismuth is by an oxidation process, possibly mediated

by some residual contaminants arising from the substrate side of
the film. Assuming that the chemical reactions are characterized
by a single activation energy Eai then the reaction rate at any

given temperature T can be expressed in terms of the reaction
rate at a temperature T 0 by:

Ea Ea
r ( T ) e kT 

= r ( T o) e kT 0

Thus, given Ea~ 
one can calculate the degree of acceleration at

various temperatures compared to room temperature. Oxidation
processes for thin film degradation are typically thermally
activated with an activation energy between 0.5 eV to 1.0 eV.
Figure 6 shows the time acceleration factor versus activation
energy for the various test temperature. To obtain expected
archival life at 25°C, multiply life under test by the acdeler-
ation factor corresponding to the appropriate test temperature/
activation energy coordinate.

Samples will be subjected to different substrate treatments and

prepared and tested in parallel. They will be aged at the
specified temperatures, and their properties will be measured
at appropriate time intervals. In this time interval (three to
four months), a problem, if it does exist, should reveal itself.
The remainder of the program will be devoted to understanding
any degradation mechanism and attempting solutions or a more

extensive evaluation of the environmental conditions for
storage (such as humidity stress testing).

I C
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4.8 Digital Format, Codes and Error Correction

Another set of disc channel characterizations was obtained from
NVP and studied . Theories of block code and convolutional code
were studied . A triple—error convolutional code with inter-
leaving of 256 bits was proposed by Magnavox for error correction.
Final corrected error rates of 3.6 x 10 10 are projected based on
a raw error of 8 x l0~~. A code efficiency of 66% and a maximum

coder/decoder rate of 10 MHz are considered reasonable limitations
for the first implementation. Further details of the proposed
error correction technique is given in Appendix E.

Linkabit Corporation , San Diego, California, sells (as a standard
product) a digital coder/decoder with triple—error correction and
256 bit interleaving. The final corrected error rate, 

~0~t~’ 
is

given as a function of the raw error rate P
~ri~ 

by the following:

= 1800

This means that for the same P = 8 x 10~~~, ~~~~ 
= 0.73 x

(assuming no error bursts longer than 256 bits) . Therefore, a
desired 10~~ will only require a of 0.86 x l0~~. The

maximum data rate of the Linkabit encoder/decoder is 0.5 Mbit/sec.
Linkabit will study the possibility of increasing the data rate
to 1.5 Mbit/sec or higher .

• 5. PLANS

a. Complete debugging PL recorder.
b. Record on an air sandwich disc.

c. Continue dynamic testing and charact~rization of
• tellurium discg.

d. Continue life testing of tellurium and bismuth films.
e. Continue work on subsystems to be refitted on back-up

sled and turntable.

• f. Finish first characterization of digital channel.

15
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APPENDIX A

Techniques for Direct Measurement
of D RAW Optical Spots

by

D. A. Stanton
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TECHNIQUES FOR DIRECT MEASUREMENT OF DRAW OPTICAL SPOTS

D. A. Stanton

INTRODUCTION

Standard techniques for observing , measuring , and aligning
the microscopic spots of light used in optical direct-read-
after—write (DRAW) schemes are too time—consuming and are
subject to error. Techniques which could allow direct
observation and accurate measurement of these spots under
actual DRAW conditions are needed . This report describes
a powerful tool which permits the observer to easily:

Measure spot size accurately

Prepare energy profiles of spots

Optimize and position spots

• Observe tracks being written in real time

• Observe and evaluate tracking servos in operation

• Achieve all of the above in a condition of
dynamic focus on the actual disc surface

18 
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A typical DRAW scheme is shown- in Figure 1:

DRAW OBJECTIVE

_ _ _ _  SPOTS

Figure 1

The substrate (A), on which is deposited a suitable material,
rotates near a microscope objective (B) which is held in
focus by a servo. Read and write spots are focused on the
material, and the read/write process begins.

Crucial to the process is that all spots must be held in
simultaneous focus at the material plane and that spot
quality be maintained. Alignment of these spots is often
accomplished by deactivating the auto focus servo, removing
the disc, and placing a second projection objective (C) near
the DRAW objective (B). The image thus produced is projected
to (D) and used as the adjustment reference (see Fig. 2).

F i g u r e  2

19
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The limitations of this technique are :

Positioning of the objectives is tedious, seldom
repeatable, and sensitive to small errors in the
x, Y, and Z planes.

• The point of focus coincidence is not necessarily
the real disc plane.

The focus of the DRAW objective is not held by the
servo at the disc as it will be in use.

• The effects of the write beam cannot be seen (no
disc).

The following (see Fig. 3) describes a working solution to
the above problems:

~~~~~~ ~~~L1 E B

e 

DRAW OBJ.

F i g u r e  3

The objective (C) with a cap (D) is threaded onto (C) with a
100 pitch thread . Next , a cover slip (E) is fitted into a
small depression in (D). This cover slip is prepared by
depositing a few hundred angstroms of reflecting material on
its surface Ce) and carefully scratching the material, as
shown in Figure 4.

F i g u r e  4
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Having accomplished this, cap (D) is rotated until the
scratch on the cover slip is in sharp focus. This cover
slip has three basic functions:

• Provides a reflecting surface (E) onto which the DRAW
objective (D) wil l  focus automatically (Fig.  3)

• Ensures , via cap (D) , that the viewing objective (C) is
maintained in best focus and parallel to precisely the
same surface (Fi g. 3)

Identif ies and confirms the presence of the surface by
• 

- means of the scratch

- We have now configured a viewing system which allows stable
focus on a well-defined plane, via a semi-transparent surface
identified by a scratch. The viewing system is now placed
in fron t of the DRAW objective and the auto focus system is
activated.

Since the system will now maintain itself in alignment in
the Z axis, the remaining conditions to be met are:
image plane parallelism between (C) and (B), and X—Y adjustment.
To achieve these requirements , the viewing system is held at

• the precise disc plane by simply piercing a glass master
disc and mounting the system on it (Fig. 5) .

PROJECTION
EYE P I E C E

x

V %

H L7 ’1
Figure 5

21
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The (Y ) adjustment is provided by normal objective traverse;
the (X) adjustment is provided by a micrometer attached to
the disc. We may now view of the spots as they appear
during DRAW. Some caution must be observed when optimizing
focus of spot groups. Each spot must be optimized at
precisely the same location on the coated cover slip to
minimize distortions in the viewing and DRAW objective; the
X and Y adjustments permit this location .

IMAGE ANALYSIS

Now that an accurate projected image can be achieved , the
image must be analyzed . Of primary interest is: spot size
ideally determined from an intensity profile of the spot in
question, and a visual means of determining the spot position
and overall quality. To achieve these goals, a television
viewing system is employed (Fig. 6). A helpful technique
for image analysis follows:

SILICON CAMERA TUBE 
____

~~~~ DAR L~~~~~ ~~~~~~~~~~~~~ ( P~~~f RY
CAMERA

0
WAVE CORM =MON.

[ ~~~ PICTURE MONITOR

F i g u r e  6
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p

The spot to be analyzed is imaged on the semi-trcinsparent
layer of the cover slip and is projected directly onto a
silicon TV pickup tube. The resulting signal is fed to a
standard video waveform monitor and to a picture monitor

p (Fig.  6 ) .

The response of a typical silicon tube is shown in Fig. 7.

p

$00 -

~~ 8O-
• 

~~ 6O -

~~ 

Figure 7

• 400 600 800 1000
WAV ELENGTH

The silicon tube has adequate sensitivity over the wave-
lengths currently employed for DRAW activities and exhibits

t a linear intensity/signal characteristic. The television
waveform monitor, normally used for broadcast purposes, has

= 
several functions helpful in spot analysis.

2 ~~
—

3 _—c -~ n_(~_ .- _ fl~~ -•

4
5
6 ~ F i g u r e  8
7 ~~~~~~~~~~~~~ - .

8 -
~~~~~ ~

- -

9 “.- -
~ —

The white spot on a dark field (Fig. 8) may be presented in
a variety of ways:

23
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The 525 scan lines which comprise the picture may be presented
in parade (Fig. 9):

IOO °/o 4~~6
WAVEFORM 3 7 F i g u r e  9

= 
MONITOR 5004 $ 2 1 1 89= o-_~

_—_ 1

I6msec

or superimposed (Fi g. 10) :

WA VE FORM 

5
4

3
M ONI TOR 

2 F ig u r e  10

63,.~sec -

or presented singly (Fi g. 11):

The line presented singly may be variably selected from any
point on the picture and a marker or white intensified line
will appear on the picture monitor at the point selected
(Fig. 11).

24
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All of the foregoing displays may be expanded 5x and 25x
- 

horizontally for better resolution of detail or smaller

- 
spots. Since the horizontal scan velocity of the scanning
TV line is constant and accurate, the horizontal time scale

- of the waveform monitor may be used as an accurate scale of
-~ distance. A parade display calibration can be achieved

which establishes one-tenth micron = 63 ps or one horizontal
scan line. Hence, in Fig. 9 the 50% intensity width of the
spot is 0.4 pm. Following are actual photographs of various
micron size spots (see Figs. 12 thru 21).

25
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- APPENDIX B

Spectral Absorption of Tellurium Films

by

D. Y. Lou
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SPECTRAL ABSORPTION OF TELLURIUM FILMS

The reflectance, transmittance and absorptance of thin films of
tellurium on polymethyl methacrylate substrates have been mea-

sured. The results are summarized in the following tables.

The angle of incidence is 450 unless otherwise noted.

TABLE I: Reflectance

Argon He—Ne GaAs
Film Thickness s-— 488 nut 633 nut 850 run

S

190 A 34% 48% 41% 31%
0

400 A 45% 56% 53% 45%
0

500 A 41% 52% 46% 48%
0

740 A 43% 53% 46% 33%
(900)  

________

TABLE I I :  T r a n s m i t t a n c e

~~~~~~~~~~~~~~~~~~ iength 
- Argon He-Ne GaAs

Film Thickness~~~~~s--s-s- 
488 nut 633 nut 850 nut

190 A 13 % 7.2% 8.9 % 31%

400 A 2 . 0  % 2.8% 2.2 % 13%

500 A 0.84% 1.4% 1.1 % 10% =
740 A 0.36% 0.54 % 0.24% 10%

( 9 00)

TABLE III: Absorptance

Argon He-Ne GaAs
Film Thicknes~~~~s--s-.~~ 488 sIn 633 nut 850 nut

190 A 53% 45% 50% 38%

400 A 53% 41% 45% 42%

500 A 58% 46% 53% 42%

740 A 57% 48% 54% 57%
( 90° )

0
34

-- ~~~—- —.—  - _



- 

PHILIPS ~~ BO~~ TORIES 

- -  - -  -

Assuming that the 1~ser micromachining process is a purely
thermal process , t~e only dependence of the sensitivity on
wavelength should be that due to changes in absorption. Sen-

sitivities of the tellurium films at 633 nm and at 850 nm
should therefore be within 25% of that measured at 488 nm.
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APPENDIX C

Some Thoughts on the Choice of Optimum Lens
for Laser Recording on a Moving Substrate

by

D. Y. Lou

37 
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SOME THOUGHTS ON THE CHOICE OF OPTIMU M LENS
FOR LASER RECORDING ON A MOVING SUBSTRATE

In a real time optical recording process which allows readout
immediately after write in, the size of the information pit is
controlled solely by the power density distribution in the writing
laser beam. This contrasts with non-real time processes where
development can be used to control pit size. It is therefore
much more important in real time recording to have the proper
optical design so as to achieve the optimum pit structure.

In this note we shall present some preliminary considerations ,
based on a simple model of the laser recording process,
regarding the proper choices of the writing objective lens spot
size.

Figure 1 shows the model we have taken for the laser recording
process. The absorption of laser irradiation produces art

energy density distribution E(x,y)in the recording medium.
A pit is formed wherever E(x,y) is greater than a critical
energy density E

~
. The pit boundary (x~ ?y~) can therefore

be defined by the equation

E(x~ ,y~) = E~ 
(1)

The model is valid only when heat di f fusion can be necilected .

Case I - Static Writing

The laser beam is stationary with respect to the substrate.

The power density distribution at the focal point of the lens
changes depending on the aperture and overfill conditions.
However, in general, one can approximate the distribution by
a gaussian function with a certain beam radius r0 and peak
power density P(o). The special case for the overfilled weak
focussing lens is considered in Appendix Cl of this Appendix.

Thus we shall limit our considerations to the power density
distribution

P(r) P(o) exp (—r 2/r~ ) (2 )

38 Ci-
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After an exposure duration r ,  the total energy absorbed by the
film is

Et = 
‘r=o 

t P ( r )  2 -irrdr

= rrr~~2 I P ( o )  (3)

The pit radius rh versus laser energy Et 
is given by the

relationship

Et = irr0
2 Ec exp (rh

2/ro
2) (4)

and minimum energy is required to form a pit of radius rh
when

dEt (5)

rO = r h

This result has been obtained by Maydan . 
-

Case II -Dynamic Writing -

Consider now the case when the laser beam is moving at a velocity
v in the x direction with respect to the substrate. The laser
beam is turned on during the time interval (- 

~~~~, ~~~
. ) and the

gaussian peak passes x = o at t = o. We shall approximate the
power density distribution at the focal plane with an astigmatic
gaussian function of the appropriate peak power density P(o) and
beam length x0 , width y0 . The special case for a circular
beam with X0 = y~, = r0 is considered in Appendix C2. Thus

E(x,y) = f 2  P(o)  exp (—y 2/y0
2 )

x-vt 2
-~~~~~~ exp (- (

~~ 
) ] d t  -

0
E 2 2

= exp (-y /y0 )
~rx0y0

,I~ (__2~) erf ( X + V T / 2 ) — erf ( x_v 112
) ( 6 )

4 vt X0 X0

39
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The pit contour (x~~ y~ ) satisfies the equation

- 2 r
( Jh ) ~~ (

~~ X0
)TTx0y0 

exp 
~~

2 ~~ ~~~

Xh+VT/2 Xh VT/2
• erf ( ) — erf ( ) E~ (7)x0 x0 -

Figure 2 shows some typical pit contours. The pits produced
are elongated in the x direction . The choice of the optimum
beam radii x0 ,y0 depends on the pit characteristic we wish to

optimize. In the following discussion we shall examine the
proper choices of x0, y0 as a function of the pit character-
istics desired . We shall show that, in general, to optimize

the characteristics in the x direction , it is desirable to
have x0 as small as possible , while to optimize the
characteristics in the y direction , an optimum y0 exists ,
where y0 is larger then the half pit width . We shall also
show that operations with y0 smaller than the half pit width
which can lead to gross instabilities in the writing character-
istics. From these considerations we shall then arrive at the
choice numerical aperture for the writing objective lens.

(a)  The pit length 2x 5 is defined by

= Xh ) ( 8)
= 0

Et ‘.
~~~~ 

2x~ 
~
‘ 

x5 + vr/2  - vt/2

nx0y0 T ~~~~~~~~~~~~ 1
erf ( ) - erf x0 

)~~= Ec (9)

For any y0 , minimum energy is required to form a pit of any
arbitrary length 2x5 when

~~

-

~~~

-— = 0  ( 10)
xh=xS, ~

‘h °

x5+vr/2 x54-vt/2 2e x p ( - (  x
0 0

x5-vt/2 x -vT/2 2
= exp (— (5 ) 1  - —

x0
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x0 = 0  (11)

Figure 3 shows the amount of energy Et required to form pits of
length 2x 5 = vt for various values of v~ and x0. For any given

x0, x5 and VT , the amount of energy required is linearly pro-
portional to y0.

(b) The noise in the signal is related to the uncertainty in the
pit edqe, which can be qualitatively measured by the quantity

= (
X~ a E (x ,y)) — 

. Choosing x5 = vr/2, Eq. (6) yields
c / x=x~, ~~~~~

• lvt - vt.2 1
1~~~~~~ — {l - e x p i - (~—, i }

6 
— 

erf (
~~

) 
( 12)

In typical recording applications, vt > ~~ and increasing VT

decreases 6. 6 is minimum when x0 = o. Increasing y0 does
not affect  6. Figure 4 plots this equation .

(c) The pit width 2y5 is defined by

y5 = y ~) Xh = O  (13)

• Et 2 2 ~~
‘ 2x

exp (- ~
‘s /y0) —~ 

(
~~~

) erf (~~ —)= Ec (14)

For proper readout and radial tracking, it would be desirable
to have a certain minimum pit width . Minimum energy is required
to produce a given pit width y5 when

~~~~~~~~~~~~~~~~~~~~~~~~~~ (15)

y0 I
~~~y

5 
(16)

At optimum the energy required to form a pit of width y 5 is then

~min 
- 4 X0 vt/2x,.~ (17)_ _ _  — /,Y~ ~~~~~~ erf (vT/2x 0)

41
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where E5 = en y5
2 Ec is the energy required to form a pit of

radius y~ in the static case . This is shown in Fig . 5. For VT >

2Xol E min is linear in VT. Reducing x0 decreases ~~~~ by a small
amount. At x0 = y0 = /~y5 , yr = 4y5 = 2 . 8  x0 , Emj n 2 .0  E5. =

Operating away from the optimum , we have , from Eq. (14)

= ~2 (~~~) exp (~~~ 
— 1)

2 yr

~~ 2x~
( 18)

VTerf ( n—)
0

This situation is plotted in Fig. 6. Operating away from
optimum in the direction of a fine focus beam can be extremely
costly in energy . Thus , using a beam of x0 = y0 = O. 5y ~
0.35 (y~ /2) ,  vt = 4y5 = 8x0, Eq. (18) gives us Et = 60 E5 .

Cd) The instability in pit width with respect to variations
in write laser energy is measured by

3y /y y
S S 0

Ti = 
~~~~ ,~~

. =

“~ t’ t 2y 5

The most stable pit widths are obtained when y0 = 0.

(e) The variation in write laser energy required to produce a
pit of width y~ with respect to variations in beam diameter
y0 is given by

aE /E 2y 2
- ay /y - ____

This is shown in Figure 7 . The instability is minimum when ,

42
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= /~y5 (22)

Operations away from optimum in the direction of a fine focus beam
can lead to great instabilities in the writing laser power required
depending on the beam diameter obtained out of the objective lens .
Using a beam of x0 = y0 = 0 .5  y5 = 0.35 (y

5
v’~~) ,  at VT = 4y 5 = 8 x0 ,

Eq. (20 )  gives us
dE- dyt 0

Et

( f )  The symmetry in pit length is given by

2x
— 1  (2 2 )

Equation (7) gives us

2 exp (-y
5
2/y0

2) erf (j~~
)

x + vr/2 x~ — vr/2
= erf ) — erf x~ 

(23)

From Eq. (23) we can obtain a plot of ~ versus yr and Y~~- This is

- I 
done in Fig. 7. The best symmetry is obtained when

j 2
1

2 erf (n—)
in

erf ( 1)

p 
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For VT > 2x0, this yields

y0 z l .2y~

The use of a finely focused beam also leads to degradation in
pit symmetry.

Thus, for example, Eq. (23) shows that at x0 = y0 = O.Sy ~~,
VT = = 8x0, we find x5 = 5.4x0, ~~~ = 1.35. The pits are

much longer than the interpit spacings. If we adjust the
power level so that x~ = vr, y5 = 0.8y0 = 0.lvr becomes an

extremely narrow pit. This situation is clearly shown in

Figure 2.

To summarize , the considerations presented above suggests
strongly that, subject to the validity of our model for the
laser recording process , the use of a tightly focused laser
beam obtained from an overfilled high numerical aperture
objective lens is not desirable for direct read after write

optical recording . Since the recording process is not

coupled in the directions parallel to Cx) and perpendicular

to (y) the direction of substrate motion, the optimum writing

beam is an astigmatic beam, tightly focused in the x direction.

but defocused in the y direction so that the beam diameter

2y0 in the y direction is approximately 1.4 times the pit width
2y5 desired .

I- f -
-
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• -I - 
-
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/
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I PIT SIZE -

14
p

E(r) 

- 

I

E
c 9 ~~~~~k~~

Figure 1: Model for laser recording process.
Pi t  s i z e  is d e t e r m i n e d  by a c r i t i c a l  e n e r g y
d e n s i t y  E

C 
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I.e -
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

( a )

.2 .4 .6 .8 1.0 12 14 1.6 lB 2.0 2.2

V T ~ (.0 Xh /X o

( 4  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_ _ _ _ _ _ _ _ _ _ _  

so
( .2 -

(b )

.2 .4 .6 .8 10 (.2 (4 (.6 (.8 2.0 2.2 2.4 2.6 2.8

V T 2.O Xh /X O

Figure  2: Equi—energetic (isothermal) contours in
the film material for various substrate velocities.

(Sheet 1 of 2)
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- 
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~~~~~~~~~~~~~~~~ 

(
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Figure 3: Plot of laser energy Et required to writepit of length 2x~ = vt fo r  v~ r ious beam d iame te r s  x0 , y0and velocities yr . E5 = e i r x E .
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Figure  5: Plot  of optimum ene rgy Emin  requ i red  to write
a pi t  of g iven wid th  y~ as a f u n c t i o n  of ve loc i ty
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Fig ure  6: Plot of laser  energy  E t required  to wr i t e
pi ts  of wid th  y as a funct ion  of beam wid th  y0 . : -
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Figure  7:  Plot  of the ins t a b i l i t y  in wri~~~n~~~laSer
energy  wi th  respect  to beam d iameter  ~ = ~y

t~ y
t as a

a f u n c t i o n  of laser beam width  y0 . 0 0
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Figure 8: Plot of pit symmetry s= ~~~-~- — 1 as a f u n c t i o n  of laser
bea m width  y0 .

50 

—— — - - — —-  — — — —~~~~~ ., - .——— - .—— —-—~ - 
~~~~~~~~~ ~~ __ ,, ~~~~~ — _ _  -



_ _  
-

PHILIPS LABORATORIES -

APPENDIX Cl

4.

When a weak focusing lens is grossly overfilled the power
density distribution is given by the classical Airy formula.

2J (r/p) 2P (r )  = P (o )  [ ] (Al)

where p = .

~~

-.- 
~~~~~~ 

(A 2 )

Because of overfilling, this represents only a small fraction
of the total power incident on the lens.

- 
- 

For static writing, after an exposure duration r , the total
energy absorbed by the film is - 

-

~t Jr:o 
r P ( r )  2Trrdr

= 2irp2 P(o)  
L~

°

~~ 

[2
~~~~~

}

2 
T)dTl

= 4TT p
2 T P (o) (A3)

- and Eq. (4) can be written as

2 (A4 )
(J l (rh/ p ) ]
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For a given lens and writing wavelength, p is fixed , and
minimum energy is required to produce a pit of radius rh when
Jl (r h/p )  is maximum , i .e. ,  when

2rr (N.A. ) r
rh/P h = 1.8

A (A5)

= 0.58

The optimum lens numerical aperture for producing 0.80 ~im diame-
ter pits with 488 nm radiation is N.A. = 0.29, with an Airy
disc diameter of 2.0 ~m. A lens with N.A. = 0.75, Airy disc
diameter of 0.80 um , is optimum for producing pits of diameter

2rh = 0.31 urn.

The gaussian and Airy distribution are compared in Figure Al.

Here the two distributions are normalized so that the optimum

beam diameters and total energies are equal.

= l.8p = (A6)

— 

EtP(o) gaussian 
— 

irr
0

2 
—

= 

(
~~~
)

2 f_
~ 

= 1.2 P(o) Airy (A7)

Thus, even in the worst case of gross overfilling, it is

reasonable to approximate with a gaussian beam, provided one

chooses the parameters with formulas similar to (A6) and (A7).

~ _ 1
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Figu re Al :  Comparison of Ai ry  and Gauss ian  d i s t r i b u t i o n

r 0 = for  Airy  d i s t r i b u t i o n .  r0 = power to the l/e

point  fo r gauss ian  d i s t r i b u t i o n .
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APPENDIX C2

In the main text we have considered the optimum design of the
writing laser spot profile when we have the option of an
astigmatic beam. Optical design for a high throughput dif-
fraction limited astigmatic beam, however, is more complex than
that for a circular beam. In this appendix we shall list the

corresponding equations for a circular beam, and show that the
conclusions reached above remain relatively unaffected .

Thus for Eq. ( 10) we have

~~~~~~~ Lr ~~~ 

S 2  
- erf 5 2

2 
L 

r0 r0

Vt VT
X

h~~~~~
y 

2 X
h~~~~~~~~~~

= exp (— ( r ~ r0 0

2 X
h

+_

— exp ~~~ r 
2 (B]. )

0 0

Minimum energy required to write a pit of length 2x5 occurs

at

r0 = 0  (B2)

Eq. (12) becomes

— 

4 ~~~i. ti 
— exp(- (vt)2]1 

. 

(B3)
erf (~~~~~~~~)

Minimum pit edge noise still occurs at

r0 = 0 (B4 )

: 1  

______________________________
_______________________________________ ~~~~~~~~~~~~~~~ ~~~~~~~~~



- . 1* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
‘
~~ —---- - -~ ——--——-- — -  — — — -—‘- - --— —- -

PHILIPS LABORATORIES

Eq. (16) becomes

2

2 = 2 ~~ 
(B5)

2y5 v u  0 + 1
erf (~~ -..)exp [ (~~~~~;) ]~~~

This is plotted in Fig. (Bi). Equation (B5) reduces to Eq. (16)

for vr > 4r0.

EquatiOn (17) is replaced by

1 VT

4 V T  _ _ _ _ _

E 

— (~
-
~
--) exp 

erf(j!~—)ëxPE (~~ -)
2]

nun ... _______________________ (36)

~~ 
exp t - (~~ --) 1 + erf (~~~—)

This is shown in Fig. (B2). For VT > 4r0, the write laser energy

required is still linearly -proportional to VT.

Equation (18) is replaced by

2 2 2 v r
Et r y5
— = —2~~exp (—~

.-l) (B7)
- S y5 r0 erf (~~~-)
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This is shown in Fig. (B3). Operations away from optimum in

the direction of a tightly focussed beam are still quite

costly in energy.

The instability in pit widths with respect to variations in

write laser energy is given by

n = 
r0

2 
(B8)

2y5

The most stable pit widths are obtained when r0 = 0.

The variation in write laser energy required to produce a pit

of width y5 with respect to variations in beam diameter r0 
is

given by -

2y 2 j4~
— exp

£ = 1 — 2 + (B9)
erf (~~ -)0

This is shown in Fig. (B4).

Similarly Eq. (7)  is now given by

2

2 exp (-----i) erf (
~~~~

—)

o

x5+vT/2 x5-vr/2
= erf r — erf r 

(BlO)
0 0

a n d a= O w h e n  
-

r 2
0 

= 
1 (Bll)

2 VT
y5 

2erf (~~—)0 - 
-

erf (~
1.)
0
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Figure  B].: Plot of optimum beam diameter for laser
machining as a function of substrate velocity .
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Figure B2: plot of the minimum energy Emin  requ ired
to mach ine a p i t  of width y as a func tion of subs tra te

- veloci ty .
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Figure B3: Plot of laser energy E required to write
pits of width  y 5 as a function of seam diameter 2r0.
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ARCHIVAL TESTING OF DRAW FILMS

A total of 20 evaporations were made to study the archival
properties of tellurium and bismuth films. Eight test pieces
were produced per evaporation for a total of 160 samples.
The substrates tested included PMMA Glasflex homopolymer, PMMA
Glasfiex copolymer , PMMA from MCA, and glass. 300 A tellurium

and bismuth films were deposited normally on the four sub-

strates. Characteristics under study are reflecton , trans—

mission, and hole machining sensitivity to He-Ne and Argon

lasers. The samples are aged at 25°C, 55°C, 75°C and 90°C.

Maximum aging time is 2500 hours as of September 30.

All quantitative measurements taken thusfar show, with the

single exception of thickness , very wide variations -— as much

as a factor of two in some cases. Hence, individual or sparsely

distributed measurements should be held in some reserve pending

the accumulation of more densely packed statistics. To date

the results are as follows:

1. Sensitivity for machining 1 ~ini holes.

• Tellurium 300 ~~~~~~ Very little change with age , temp-
erature , substrate (Glasfiex homopolymer and copolymer
only) up to -2000 hours l ife (see graph 1).

• Bismuth ~-6OO to 800 rnj/cm2 independent of age (up to -300
hours life), temperature, and (Glasfiex) substrate (data
very sparce, see graph 2).

2. Transmission/reflection/absorPtiofl. —

• Te on Glasflex homopolymer and copolymer shows little
change up to over 2000 hours aging at all test temperatures
(see graphs 3, 4, 5, 6, 7, 8).

• Si on the same substrates shows a steady drift after some
tens of hours in the direction of diminishing reflection
and increasing transmission at all temperatures.

3
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3. Thickness.
0

Standard film dimensions are 18 nun diameter x 300 A thick
except where otherwise noted . Film thickness was measured
on glass substrate gravimetrically (assuming bulk density)
and via the Sloan Deposit Rate Monitor. Generally the two
results agreed to within 5%.

0

Holes were machined by means of argon (A = 4880 A) laser using
powers ranging from ~2 to 30 mW, modulated to produce 750 nsec
pulses at repetition times of 100 psec the resultant holes were
between 0.2 urn and > 7 i.im diameter. The holes were photograph-
ically recorded at 2000X magnification and visual inspection
under a lOX graticule calibrated to 

± 0.2 mm . Using this

technique hole sizes from < 1.0 urn to 8 urn were determined as
closely as possible.
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APPENDIX E

p DRAW Disc Error Correction Coding and Modulation

by

Dr. Michael M. Goutmann

General Atronics Corporation
A Subsidiary of

The Magnavox Government and Industrial Electronics Company
Philadelphia, Pa. 19118
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DRAW DISC ERROR CORRECTION CODING AND MODULATION

1.0 INTRODUCTION

This report summarizes an approach to error correction
coding and decod ing , as well as a “modula tion” approach to the
DRAW disk. By modulation , we mean the way the bits are
recorded in terms of pits , non-pits or transitiions between
one state and the other. Although this function is itself called
“coding” in mignetic recording literature , we shall adop t the
communicators ’ terminology of modulation , reserv ing coding
for the redund ancy insertion to protect against bit errors
during read-back.

Our model is then descr ibed in terms of Figure  1. The
purpose of the interleaver is to protect against error bursts

which are assumed to span as much as 256 bits. Hence an
equivalen t degree of int c rleav ing  is contempla ted. *

*A burs t “avoidance” mechanism will be described in another
memorandum .

U
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2.0 CHANNEL MODEL

By channel mo de l we mean the ma themat i ca l mechanism
which best  dupl icates  the error pa t t e rn  resu l t s  of L. Vries
and M. deHaan at Nat  Lab .

Obse rva t ion  of the data leads to an error model 
-

mechanism shown in Figure 2.  This error mechanism is control led
by the occurrence of miss ing n o n - p i t s  (nega t ive  errors)  ra ther
than miss ing  p i ts  (pos i t ive  errors) . This model is usefu l  in
de te rmin ing  the p robab i l i t i e s  of burs ts  containing a given
number of errors. The error-to-error state transition in the
model i nd i ca t e s  the p r o b a b i l i t y  tha t  another  error  wi l l  occur
wi thin a 2-microsecond window after the previous error occurs .
It  may be on successive b i t s , or on b i t s  separa ted  by as much
as 13 b i t  i n t e r v a l s.  An N R Z ( M )  modula t ion  was used to deter-
mine the model .  This e f f e c t  upon these statistics for any
other modula t ion  must  yet  be e s t ab l i shed.

A side issue -of the asymmetry of the channel , in that
approxim at e ly ten times as many negative errors are ma de as
posit ive errors , is the de terminat ion  of an optimal input  b i t
probabili ty distribution . Since negative (e.g., l-~0) errors
are more probable than posi t ive errors ( e . g . ,  O-~l ) ,  it is
conceivable tha t  the data should favor 0’ s since fewer errors
are ma de on them . On the other  side of the coin , favor ing
one bit over the other reduces the information content of
the da ta source , i.e., reduces the redundan cy of the error
correct ion code . The opt imum values due to this compromise
have been computed with the result that the zeroos should favor

the ones by a probability of 0.502 to 0.498. The implication
is that coding for the symmetric channel should be used to

avoid complexity and that nothing is lost by doing this.

The most interest-worthy consequence of this result is that

the reader need not suffer through the arduous derivation

proving the optimal distribution .
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3.0 ERROR CORRECTION CODtNG

In order to establish the error correcting requirement

of the code , we use the average bit error probability of 8x10 5.
The goa l is t o provide an error probability after decoding of
bet te r  than 10 _ l a

. Although the requ iremen t is 1n 9, the
comput at i ons as sume a perfectly random occurrence of the errors
which we a t tempt  to provide by in te r l eav ing  but  which remains
a p robab i l isi t i c  event . Thus we have imposed a theore t ica l
perform ance of 10 -10 . The codes at our disposal must be
weighted  in terms of their complexity and the speed of the
c i r cu i t r y  used to implement  the coder and decoder.  We recom-
mend a convoluti ona l code with rate 1/2 which can correct
all patterns of three errors in a span of thirty-six bits.
The probability of error after decoding is approximately
5xl0~

12 . The code structure belongs to the class of self-
or thogon al , perfect-difference codes.

A — A  .-.1 + ..~~~~ . ._ .,~~ +~~ . 4.h A ~~~~~~.+.‘ ... •~~- — . -.- ..

~ go~_. .4 ~~~~~ ..c L ~~~~~~~~~~ , ~~~~ ~~ ~~~ a..i ~~~~~~~ ~~~~~~~ ~~ ~. ~~~~~

a ra te 2/3 code (5 0% redund ancy rather than 100°) , but with
the disadvantage that i t s  implementa t ion  takes  at least  twice
the number of IC ’ s , is a convolut ional  code which corrects
all triple errors in 123 bi t s . The p r o b a b i l i t y  of error
after decoding is 3.6x10~

10 , given an average BER of 8 x l O~~
befo re decoding .

Bo th of these alternatives h ave the fo llowing
charac t eris t ics:

a) Easy implementation with off-the-shelf ?‘ISI and ssr (PMOS)
digital c i r cu i t s .

b) Easy synchroniza tion
c) Con tinuous thro ughpu t

d) Operation speed: 1 ku - 10 MUz

The implemen tation of the rate 1/2 ~~coder is estimated at

approximately 30 Dual In-Line Packages (DIP) and the rate 2/3
decoder at approximately 60 DIPs , with a degree of in te r -
leaving of 256. Wi th interleaving over 512 , the count goes

up to 46 and 1)0 , respectively.

0 ; -
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4.0  MODULATION

p The requirement imposed in the modulation is primarily
that of zero DC value . We recommend a modification to the
Miller code which is expected to be similar to the M2 code
suggested by Mallison and Miller .*

P Since the authors carefully avoid the description
of the N2 code (modu lation to usl , a direct comparison is
imp ossible. The authors , however , mention that their code
produces transition-free runs of 2—l/2 and 3 data intervals.
The generation we proposed leads to transition-free runs of
2-1/2 but none of 3. The reader is requested to draw up
his own conclusions .

The idea is to modulate the information in such
a manner as to guarantee a short-term zero DC average.
Starting with the Miller coding , we look upon a digital
sequence as being made up of a concatenation of subsequences
of the following types - .

a) all.. .1C -

b) 11.. .1
where sequences of type (a) are run lengths of n ones , where

- n?0, sandwiched between two zeroes (run lengths of zeroes

fit in this type in pairs). Type (b) corresponds to sequences

which have n ones. -

According to Mil ler coding , on ly sequences of type (a)
with n even and non-zero have non-zero DC value . It is,
ther efore , those sequences which are modified .

Let us define the following rules of waveform genera-
tion : 

-

a will  correspond to no transi tion (de layed) in the da ta
interval ;

b will correspond to a transi tion in the middle  of the da ta
interval;

- p *J~C~ Mal lison and J.W . Miller , “On Optimal Codes for Digital
Magne tic Record ing ,” Conference on Video and Dig i ta l Recording ,
Bi rmingham , AL , 20-22 July 1976.

I
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c will correspond to a transition at the end of the data
interval.

Figure 3 then describes the encoder as a state diagram .
An example best summarizes this formal procedure and is
presented in Figure 4. The only modification in the modulation
of the sequence on Miller Coding is at the end of the first
run length of ones. The sequence can be represented as the
concatenation of the following subsequences:

0 0

0 1 1 1 1 0
0 1 1 1 0

1 1 1 1
0 0
1 .~..

Demodulation takes on a similar Markovian structure.
The detection parameters are

t - Transition in the middle of the data interval
- No transition during the data interval but a transition

relative to the previous. data interval (only if it
was not a t i n t e rva l )

- No transition during the data interval and no transition
relative to the previous data interval.

Because of the memory in the modulation , a de lay wi ll
exist in the demodulation . Hence every time a detection
s t a t i s t i c  ~~~~~~~ is tes ted , the decision may have to be
delayed . This is indicated in Figure 5 by a ~ output indi-
cation .

A problem in demodulating with memory (feedback) is
that of error propagation . Can any sequence of errors put

the demodulator (true of error correction decoding as well)
in a state from which errors will be generated by a sequence

of permissible states in the sequential structure even though
channel errors do not occur? Since a return to state 1 is

guaranteed in at most three data intervals , there is zero
probab ility of being trapped in a subcycle of the Markov
chain. Furthermore , the error burs t due to the modulation
cannot last more than three bits.

0- -
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4.0 CONCLUSION

We have generated so far a structure which serves the
goals of error correc t ion coding so that an error rate in the
order of one in 1010 bits can be realized in spite of a burst
error structure which exhibits approximately one burst in -

2xl04 bits , wi th burst lasting as long as 300 bits. These

statistics have led to the choice of a three-error correcting

code. The decision to use a self-orthogonal code wa s due
to speed (10 MHz) and implementation complexity (‘~30 DIPs)
considerations. The bookkeeping with this type of code ,
especially when interleaved , is almos t nonexis tent .

The modulation (modified Miller code) was dictated
by the requirement of zero DC waveform (short-term) and the

advantage of minimizing run lengths (2-1/2 data periods),

thereby providing the system with a good clock extraction capa-

bili ty (VCO at twice the bit rate)

Another memorandum will describe a method whereby
• __1. _ _ 1-~

_
~~~~ A.C~~~... ~.r _ .... — .~~~:i 

-
~~~. 

~~~~~~~ l lC~~~~1~~~~ L C  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ cup~.u.~~1L) ~~~ ~~~~~~~~~ ~~~ ~~~~~~~

(and rewrite) areas of the disk where errors are found on

read-back .

C- -
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DISC DATA FORMATING EMPLOYING SOFT SECTORING

Introduction

Rotating magnetic memories represent the more popular tool for mass ,

high speed retrieval of data for computers . Data is organized in an orderly

fashion on such devices by cy l inders  (tracks) and sectors . Each track is

defined as a cylinder having a unique rad ial loca tion on the rotating

media. Each sector is defined by a physical mark on the media, either a

hole punched on the media itself , or a slot in an index dev i ce attac hed

to the mecia. Such a method of defining sec tors i s referred to as “Hard

Sectoring ” . This letter wil l describe a method of data storage which

employs no physical sector marks or i ndex holes , a method referred to as

“Soft Sectoring ”.

Soft Sectoring Description

Soft sectoring is a method of data storage on a rotating mass memory device

that employs neither sector marks nor index holes to define individual

blocks of data , called sectors , on cylinders of data containing a number

of sectors , such cylinders called tracks . Employment of such a sectoring

method lays the burden of sector location on the data itself , not on phys i ca l

marks or holes , thus eliminating the need of the elec troni cs necessary to

detect the indexing marks or holes. This technique requires that each

sector contain its characteristi c sector address in an address block or

“Label” preceding the data in order to establish such a sector address.

The assumption is made that the data itself is recorded in a synchronous

fashion such that the start of a block of data is defined by a sync word

utilized to establish bit sync preceded by a guard band utilized to insure

separation of blocks of data.

94
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Data Formats 
-]

Indi v idual records (sectors) of information may be de fi ned in such a

fashion to contain its own characteristic address , a fixed length of block

of data , and sufficient error correction and detecting techniques to pro—

vide reliable data, together with sufficient guard bands preceding and

following the data to insure block separation. Such a method is shown

in Figure 1. This method employ~ 6 discrete fields of data : a) preamble

b) sync word c) label d) data e) cyclic redundancy check character f)

postamble .

A) Preamble

The preamble is a guard band preceding the sync word that insures the

separation of the present data block from the previous data block.

This guard band consists of a string of binary Zeros. Al though this

guard band may be of any length, exper ience has shown that a l ength

of approximately 1/16 the data length insures separation.

B) Sync Word

The sync word is a sequence of binary bits utilized to. establish bit

synchronization and define the start of data within the data block.

This sync word should be o~ relat ively unique and not follow the

rules of error detection and correction employed by the data section

such that the sequence would be unlikely to be found in that section.

One such sync word is an 11 - bit Barker sequence (11100010010).

C) Label Field

The label field of the data block contains the address of the soft

sector and a least significant portion of the track address. Since

85
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both track and sector address information are included , assurity is

given that the proper data can be located despite track positioning

inaccuracies . The label field is subject to all error detection and

correction techniques employed within the data field described below.

D) Data Field

The Data Field is a block of data of fixed length containing the data

to be retreived. This field will contain a convenient 2fl.~. number of

bytes of data . The bites of data w ill conta in 8 bi ts of usa b le data

since th is is a least common mul tip le of data tha t could be demande d

by 16 , 24 , or 32 bit computers . Error detection and correction tech-

niques would be employed on such bytes to improve the data reliability .

E) Cyclic Redundancy Check

The cyc l ic redundancy check charac ter i s a 16 bit (2 byte) data word

subject to error detection and correction that verifys the corrected

data field previously received . As the corrected data is received ,

a polynomial i s formed , such that the i nclus ion of thi s chec k charac ter

into the polynom ial will result in a tes t to prove the data was read

correctly. Such polynomial generation and testing may be implemented

with coninercially available devices designed for just such a task.

F) Postamble

The postamble is a guard field much the same as the preamble, insuring

record separation. The length of such a field , however need not be

as long as the prear~ble . Experience has shown that a postamble half

the length of the next preamble is desi rable.

• 0 -
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EXAMPLES 
—

Below are illus trated severa l examples of the emp l oyment of the above

techn iques. Rotating memories store data in contiguous section locations.

Since a sector is the least common factor of the data size , consideration

is given to insure that the data block is large enough to minimize the

t overhead implied by labels and guard bands , yet small enough to i nsure

that a minima l spare will be utilize d for a wide range of data lengths

to be retrei ved. The most common format provides 256 8 bit bytes in the

data field.

In the examples below the data field will be varied resulting in a number-

of sectors per track with the assumption of there being 4.4 x l0~ bi ts

per track. In each case the preamble is chosen to be approximately 1/16

the data field and the postamble 1/2 the preamble. The sync, label , and

CRC fields are held constant at 63 bits (a Barker sequence sync , 2 bytes

each for label and CRC employing (13, 5) error correcting code). The

total number of possible sectors is factored by 20% to give a minimum of

- - 20% spare tracks. This is done to allow for errors in writing data. (If

an error is made in writing a sector, it may be marked defective , and the

sector re-written in a spare tr.~ek). An efficiency factor is then derived

from the number of usable data bi ts per track divided by the tota l possible

bits per track.

1) Assume 2048 Data Bytes/Sector

Employ (13, 5) ECC Y ields 26624 Raw Data Bits

Sync + Label + CRC 63 RDB

Preamble 1600 RDB

Postamble 800 RDB

29087 Bits/Sector

4 
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4.4 x 10~ Bi ts/Track

29087 B-i ts/Sector 15 Sectors/Track

Possible configuration 12 Usable Sectors

3 Spare Sectors

Efficiency Factor

2048 Byte/Sector . 8 Bits/Byte . 12 Sectors/Track

= .45

4 .4 x l0~ Bits/Track

2) Assume 256 Data Bytes/Sector

Employ (13, 5) ECC Yields 3328 RUB

Sync + Label + CRC 63 RDB

Preamble 200 RUB

Postambl.e 100 ROB

3690 Bits/Sector

4.4 x 105 Bi ts/Trac k

___________________ 

119 Sectors/Track

3690 Bi ts/Sector

Possible configurati on 100 Usable Sectors

19 Spare Sectors

Eff iciency Factor

256 Byte/Sector .8 Bit/Byte .100 Sector/Track

= .47

4.4 x lO~ Bits/Track

C,
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- 3) Assume 64 Data Bytes/Sector

Employ (13, 5) ECC Yields 832 RUB

Sync + Label + CRC = 63 RUB

Preamble = 50 RUB

Postamble = 
. 

25 RUB

967 Bi ts/Sector

4.4 x i~
5 Bits/Track

- 

455 Sectors/Track

- 
- - 

967 Bits/Sector

Possible Configuration 380 Usable Tracks

75 Spare Tr acks

Effic iency Fac tor

64 Byte/Sector . 8 Bit/Byte .380 Sector/Track

= .44

4.4 x io 5 Bits/Track

*
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APPENDIX G

- - DRAW Recording Experiments on Tellurium Films -.

- . by j
D. Lou
D. Stanton
M. Strzelczyk
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PHILIPS LABORATORIES

DRAW RECORDING EXPERIMENTS ON TELLURIUM FILMS

1. SUBSTRATE PREPARATION

Typical DRAW recording experiments were carried out on glass

masters supplied by N.y. Philips and on PMMA discs supplied by
MCA and Glasfiex. The standard cleaning procedures were:

• Rinse with distilled water.

• Soak in detergent (alkanox) solution.

• Rinse in distilled water.
• Blow dry with nitrogen.

Uniform deposition over the 30 cm diameter substrate area was

achieved using the technique first developed by Behrdt. This

is illustrated in Figure 1. The disc is placed at a height of

STATION ARY DISC

V Z/ / /  / ‘
LY ROTAT,ON

\ I ROTATING
\ I RADIAL

SHUTTER

• _  _

SOURCE

Figure 1: Techni que for uniform large
area deposition. -

about 50 cm from the source. Uniformity in the azimuthal direc—

tion is achieved by locating the source at the center of the

disc. Uniformity in the radial direction is achieved by

92
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rotating a compensating shutter of the properly designed shape
underneath the disc. Figure 2 shows the nonuniformity in the
thicknesses and optical transmission of tellurium films deposited
by this technique. It appears that thickness homogeneity better
than + 3% has been achieved. The evaporation was carried out
in a Varian 3117 vacuum evaporator. Film thicknesses and
deposition rates were monitored by means of an Inf icon XMS-3
programmable quartz crystal thickness monitor. Deposition
conditions were similar to those listed in the previous quarterly
report.

2. LASER MACHINING

A Spectra Physics Model 165 argon laser lasing at 488 nm was
used for writing. Modulation was provided by a Coherent
Associates Model 3025 electro-optic modulation system. Typi-
cally, the modulator was operated with a through-put trans-
mission of 60%, an extinction ratio of better than 50 to 1, a
duty cycle of approximately 50%, and a 3 dB bandwidth of 28 MHz.

• The deflected light from the modulator is monitored by means of

a photodiode.

After the modulator, the light is then attenuated to the

• proper power level by a neutral density variable attenuator.

The beam is then directed onto the optical subsystem which
moves on an air bearing sled towards the circumference of the

rotating disc. The beam is focused by a spot lens and re-

P flected off the dichroic mirror into the recording objective.

For recording through the substrate , the objective was custom

designed by Cerco with 30X magnification, 0.55 numerical aper-

ture, and working distance of 0.2 mm of air and 1.5 nun of

plastic. Field lenses of various focal lengths were used. The

different degree of filling for the recording objective leads

to different power density profiles in the writing spot. These

profiles are measured by the technique described in Appendix A.

The typical writing spot has a full width half maximum diameter

of between 0.6 ~.im to 1 pm.

p 
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beam. Figure 4a shows the frequency spectrum of the DRAW signal

from a tellurium (250 A) film on PMMA substrate. The spectrum
k analyzer has a sweep width of 30 kHz, a horizontal scale of

2 MHz per division, and a vertical scale of 10 dB per division.

The amplitude of the signal detected was 30 my peak-to-peak at

the diode, the frequency was 10 MHz, and the signal-to-noise

ratio was better than 30 dB. The laser beam was incident from
the substrate side through 1 mm of PMMA .

No radial tracking was attempted in the DRAW mode. Optimum

DRAW signal was observed with a power level at the disc surface

of 10 mW at the inner radius of 6 cm and 20 mW at the outer

radius of 14 cm. DRAW was confirmed by blocking off the write

beam. The signal disappears immediately, as shown in Figure 4b.
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