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QUARTERLY TECHNICAL REPORT

1 October 1976 to 31 December 1976

1. SUMMARY

Several air sandwich discs were fabricated and recordings made
with them. The air sandwich configuration continues to appear
as a practical mechanism for protecting the recording. Tellurium
was chosen as the best material of those considered. Studies
show tha t  t e l lu r i u m  f i l m s  are twi ce as sensitive as bismu th f ilms
and are quite resistant to high—temperature degradations. Bismuth
remains as an acceptable alternate material. Micron-size pits
were recorded in a tellurium film at 2 Mb its /sec ‘~i th  a 2 5mW He-Ne
laser. Extensive tests and evaluations of focus motors and the

ai r bearing sled were completed with the result that an accept-

able focus motor and sled can now be integrated into the recordei.

Two types of air bearing turntables are now available . The most

recent turntable was assembled from standard U.S. manufactured

parts. A Miller modulator/demodulator of digital information

was designed , buil t and successfull y tested. A study and com-

puter simula tion of the modulator /demodulator is presented in
Appendix C.

2.  RESEARCH PROGRAM OBJECTIVE S

The ob jec t ive  of th is  program is to develop an optical  disc re-

corder of dig i t al  i nf o r m a t i o n , with a d i r e c t- r e a d - a f t e r - w r i t e

(DRAW ) capability. A storage capacity of >10 10  b i ts  is des i red ,

wi th  4 . 4  x iO~ bi ts  on each of the 40 , 000 t racks  of the disc .

The desired error rate is lO~~ at a data  rate greater than 1. 33

Mbit/sec . The key element in the proposed system is a record-
S 

ing mater ial that can be exposed with a low-power laser (e.g.,

H e N e ) ,  leading to a recorder that could be manufactured for

<$10 ,000 and discs that would cost <$10 in quantity

.1
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3. SCHEDULE

The program schedule and milestones given in Figure 1 are for

both materials development and recorder construction . Mile-

stones 3 and 4 were completed by the selection of tellurium as

the best material of those considered (Bi , AsSe3, Sb, Cd, Te and

Se). The clean room at PL will be operational by mid-February.

We expect to produce at least 25 clean air—sandwich discs of

tellurium for testing and characterization next quarter. Task

1.3, the evaluation of defects of the clean air sandwich discs,

will begin at the end of February with results expected by mid-

April. The characterization will be done in cooperation with

the Philips Research Laboratories in the Netherlands.

Several experimental air sandwich discs have been fabricated

and written in, and refinements of the air sandwich have con-

tinued in the areas of fabrication and testing. We are now

beginning Task 1.5, the finalization of a working disc design .

Task 1.6 is proceeding well, with the first comparative results

of tellurium and bismuth completed (Milestone 14). The program

has shown tellurium films to be twice as sensitive as bismuth

films and to be quite resistant to high-temperature degradation .

The testing program will continue with the additional parameter

of humidity stress.

Tasks 2.3 and 2.5 have been somewhat delayed due to the extensive

testing and evaluation of the focus motors (Par. 4.0) and the air
bearing sled (Par. 4.2). These tests are now complete and assem-

bly of the recorder will proceed with the back-up sled. The opti-
cal system should be assembled (Milestone 8) by February 28, 1977,

leading to the final system assembly by March 15, 1977 (Milestone

l0a). The system checkout is now planned to be completed by the

end of April (Milestone lob) . As stated in the last report,these

delays are due to re-fitting the recorder around the back-up sled.

Development of the digital electronics subsystem (Task 2.2) is

proceeding based on the characterization of bismuth films . The

2
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error encoding, detection and correction systems are conservatively

designed to accommodate possible large differences (if any ) between

tellurium and bismuth films . Two error detection and correction

systems should be operational next quarter (Milestone 7b).

Some parametric studies are planned next quarter on the PRL and

PL recorders (Task 2.6).

3
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4. SYSTEM CONSIDERATIONS

Discussions with Lawrence Livermore Laboratories personnel and

other potential users of an optical disc recorder have uncovered

various system requirements which are relevant to the present

project. The archival properties of the record are of great im-

portance to some users. These users have even concluded that

any erasable materials may be undesirable for their applications.

Furthermore , it was stated that a disc recorder with a dual func-

tion record/playback sled is undesirable due to the danger of

accidental overwriting of information during a read operation .

Separate record and playback sleds and playback—only units are

considered necessary to insure the record being preserved. Addi-

tionally , a single sled recorder is not attractive to the users

who wish to access information on a previously recorded track .

Of course it is possible for the user to wait until recording

is completed. However , in view of the 1010 bit capacity , the

delays may be in to lerable .  Therefore , from a user 1 s convenience
viewpoint , it can be argued that a system consisting of a record-
er with separate record and playback sleds, and separate play-

back—only Units , is desirable.

There are other technical reasons for a two-sled system. Pri-

marily, sled specialization will allow each function to be better

optimized. For example, the requirements of rapid access may com-

promise the design of a sled with uniform ultra-slow motion . In

another example , discussed in Par . 4.9, a separate recording sled

may allow a very simple optical system to be used.

The available recording laser power limits the maximum disc

speed and data rate . A 25 mW laser will allow disc speeds of

3 rps and 1.33 Mbit/sec. It would be unfortunate to have the

recording laser Dower limi t the performance of the playback mode .

For example , a playback—only sled with its own turntable could

be made to operate at a higher disc rotation speed . This would

increase the data rate (e.g., 10 Mbits/sec) and reduce the disc

latency time (17 ms vs. 166 ms)

6
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For these reasons, further consideration will be given to the
design of separate sleds for record and playback.

4.1 Sleds

The vibration previously encountered in the linear velocity

sensor of the sled was traced to crossta lk  be tween the l i near
motor and velocity sensor, and was reduced by mounting the wind-

ing section of the velocity sensor on the movinq c o l l a r , while
hold ing  the magnet  in a fixed position. As the location of the

w i n d i n g  is s h i f t e d  along the sled axis , a pos i t i on  fo r  m i n i m u m
crosstalk between motor and velocity sensor is ach ilvi d .

The frequency response of the motor and motor-ve locity sensor

combination was measured. As expected , the motor behaved a~ a
double integrator and , since the velocity sensor response is

proportional to velocity , the combination behaved as a single

integrator.

The response at frequencies above 100 Hz showed resonances in

the mechanical structure up to 1 kHz and an electrical resonance

of the sensor at 20 kHz. The servo response was rolled off at

110 Hz and 400 Hz to control these resonances. Closed loop be-

havior with this compensation was stable but the system was not

particularly effective in correcting low—frequency velocity

errors due to friction and cable drag .

To improve the low—frequency response , a lag (integrator) at

zero frequency was added to provide essentially infinite dc

gain (see Fig. 2). The large low-frequency gain is needed be-

cause of the low sensitivity of the motor and tachometer. The

tachometer delivers 10 1jV per pm/sec. At a nominal sled veloc-

ity of 6 pm/sec, a 10% variation in speed results in a 6 pV

tachometer error signal. Experimentally , the drag produced by
• the flexible air hose of the bearing was found to be 0.14 N.

Since the linear motor sensitivity is approximately 0.33 N/v

(see Fig. 3), a 0.41 V correction signal is required for this

error. Therefore , the loop gain must be of the order of 100 dB.

7

~~~~~~~~~ SS S~~~~~S_S~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --———-S.-- - - S- SS - ~~~~~ — S~~~~~~~~~~~~~~~ 55 ~~—- —



-. —-55- ’--

P H I L I P S  LABORi~TOR I ES

0

~~~~~~~~ /

~~I_ J 
-

/ r
I

o~~ I -
~~ U)

/
— Z ~~ / 0.

/ __ o >_

- z •-~

C., - S

~.‘. 00  - a ~?z u ~— - W 5OZ I-
Q 4 4  -

li- U) 
-

C)
U.
C)
0’

CC.-.
0

zo 4 -2
-

4 w C-, -

Cfl U) Z
Z 4 Lo_J

~~u w
oz~~

I I I I —
0 0 0 0 C’ 0 0

C’J

( 9 P )  N I V t ~

8 

~~
-
~~~~~~~~~~~::~~~~.__ _ - .~~ 55 — - ----— -55-— —-  -  - -  , _



.4 ..—-
~~~ 

-

PHILIPS  LABORATORI E S

2,0

033 N/v

z

Iii
U

0
I..

C O
O-
0
-i
4.4
>
I.)
a

05 -

0 15 20

AP PL IED VOL ’IA GE I V )

F i g u r e  3: Sled Linear Motor

The c~osed loop step response of the sled servo is shown in Fig-

ure 4. The step was electrically induced and is equivalent to a

velocity step of 30 pm/sec at the sled. The rise time of 2 ms

corresponds to a 3 dB bandwidth of 170 H z .  This bandwidth  appears
to approach the maximum realizable from the present mechanical

structure since the first significant resonance occurs at 200 Hz.

This bandwidth is adequate for the system in the present labora-

tory environment because the table provides vibrational isolation

for frequencies above 1 Hz , and internally the system experiences

fundamental vibration s of 3 Hz. The bandwidth requirements of

the final unit are not known at this time . A study is planned

to determine the full bandwidth requirements of a practical re-

corder . As the opto-mechanical assembly on the sled progresses ,

measurements will be made to more accurately define the spec-

trum of the induced velocity errors .

The sled operates at constant velocities as low as 1 pm/sec.

Figure 5 shows the linearity of the velocity at approximately

2.9 pm/sec on a storage oscilloscope . Each trace corresponds

to 2.9 pm of travel.

9 
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10 mV/div .

100 mV/div .

10 ms/div .

Figure 4: Velocity step response of sled servo .
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Conventiona l “wisdom ” has until now taught us that sleds employ-

ing air bearings driven by induction motors are the best and

possibly unique solution for uniform ultra-slow motion . Addi-

t iona l l y ,  the philosophy at the onset of the project was to
require the sled to be capable of rapid access. If both cond i-

tions are requi red , then it appears that there are no alterna-
tives to air bearing sleds . However , in view of the shifted
approach to employ two sleds , each optimized for a particular
function , it seems prudent to examine alternate approaches to

ultra-slow motion sleds.

One alternate approach to a slow speed sled is based on a lead

screw drive ; therefore , construction of a lead screw sled was

begun . The sled itself is an aluminum carriage that slides on

teflon buttons in a V-groove ground in steel. It is driven by

a precision lead screw with a pitch of 2.54 mm , made by Univer-

sal Gr ind ing  Corporation of F a i r f i e l d, Connecticut. The screw

is driven with a 360:1 gear rate by an adjustable—speed dc

motor—generator. The performance of the lead screw sled will

be compared to the air-bearing sled and reported next quarter.

4 . 2 Focus Moto r

Three focus motors were evaluated as planned. The response of

the PL , PRL and integrator player focus motors is shown in

Figure 6. Resonances and limited ranqe eliminated the PL and

in te grator p layer motors from considera tion. The PRL motor
was chosen because it has a working range of ± 1.0 mm , a smooth
fr equency response , and an acceptable sensitivity . The required

working range is ± 1.0 mm ; the required frequency response is
2 kHz. A more complete description of the focus motors ’ be-
havior is given in Appendix A.

11
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12

_ _  _ _ _ _  - - - -
~~~ - -- 

- - ---- -- _ _ _ _ _ _





PH ILIP S LABORATORIE S

rotary air bearing (Model 4B). The air bearing has been direct-

ly coupled to one end of the motor shaft. A 2000-line optical

encoder dial and single pick—off were mounted on the other end

of the motor. Evaluation of the electro-mechanjcal character-

istics of the turntable has begun . At 3 rps, the radia l  wobble
of the spindle at the disc adaptor is less than the resolution
of our equipment (< .05 pm) . Results are not yet available for

4 30 rps operation.

4.4 Materials Evaluation

A Model 907 He-Ne laser was received from Spectra Physics.

Output was found to be 25 mW in the TEM.X, mode . Micron-size

pits were machined on 300-A thick Te films deposited on PIBMA

(polyisobutyl methacrylate) coated glass masters. Modulation

was provided by a Harris Model 180 acoustoptic modulator.

- • Pulse duration was approximately 500 nsec; disc rotation speed

was 6 rps . Figure 8 shows a picture of the pits taken through

an optical microscope .

Test recordings have also been made on a PMMA air sandwich

coated with Te films (on one side). Figure 9 shows optical

microscope pictures of recorde 1 pits. Although no direct

reading after writing was attempted in this experimen t, it is

believed tha t the pi t  p ro f i l e s  shown here would be more than

adequate for playback in the digital format. No significant

deposit of tellurium was observed on the opposi te s ide of the
air sandwich , except when recording was done at ex tremely hi gh
powe r with a duty cycle of 100% . We the refore co nc lude tha t
interference between the two faces of an air sandwich would

not be likely .

To summarize our results to date , st at ic  measuremen ts have

shown th3t To -films are a factor-of-two more sensitive than

bismuth . Theoretical calculat ions show tha t under op timum
condi tions ( Ref . 1) , these films should have adequate dynamic

sensitivity for recording at 2— 5 Mbits/sec with a 25 ni~ 1It~-N~
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laser.  Mic ron-s ize  p i ts  have been recorded at 2 Mbits/ sec wi th
a 25 mW He-Ne laser. An archival testing program has shown

these films to be quite resistant to degradation . The feasi-

bility of methods to protect and contain the recording appears

to have been demonstrated with the air sandwich disc structure .

It seems highly likely that tellurium would be an acceptable

recording material for use with a 25 mW He-Ne laser at 2 Mbits .

Further materials effort will concentrate on the continued

development and improvement of tellurium . These efforts should

result in optimization of the writing properties of the tellur-

ium films , such as repeatability of hole shape and defect

densities.

4.5 Air Sandwich Disc

Activities on the air sandwich disc have continued. The princi-

pal efforts have been refinement of the assembly technique ,

measurement of the static and dynamic profiles of the disc film

plane , optimization of the disc dimensions , and investigation

of alternative substrate and disc fabrication methods. Several

discs were fabricated for evaluation and one was written in

(see Par. 4.4).

The problem of non-uniform spreading (Ref. 2) of the adhesive

during lamination was solved by making three modifications to

the assembly technique . First , the sur faces  of the base and
vacuum hold-down plates in the assembly fixture were made more

compliant (softer). As a result , we feel the contact pressure--

applied to the adhesive during the curing cycle--was made more

uniform . Second , the ratio of the volume of adhesive dispensed

in the two standoff zones was changed. This modification , which

resulted in a more nearly equal adhesive thickness in the inner

and ou te r  s t a n d o f f  zones , also tended to make the contact pres-

sure more uniform throughout the adhesive . Finally, the con-

tact pressure applied during the curing stage was increased from

about 1 psi to about 5 psi. Several additional modifications to

16
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our techn ique and to the assembly fixture are currently being

incorporated in order to further improve the bond quality and
disc flatness.

Measurements on many more discs are required before we can

fully characterize the average static and dynamic film plane

profiles. In particular it is important to measure the axial

deflection of the disc due to gravity, called droop , where the
disc is resting on the turntable spindle. The droop of the

outer  edge of the disc es tabl ishes  the necessary travel of the

focus motor. Measurements currently show a droop of about

0.75 mm. It is also essential to have statistically meaning-

ful measurements of the axial deflection of the film plane of

the disc while it is spinning at the operating speed of 3-4 rps.

This information establishes the bandwidth required of the focus-

ing motor and its control loop. Although the existing measure-

rnents are insufficient to establish a bandwidth specification ,

at 3—4 rps the focusing servo of the machine should have no

diffic ulty in following the film plane. In addition to accru—
*ing shor t - t e rm data , deta i led measurements  of the creep behavior

of the air sandwich discs has now begun.

Optimization of the disc dimensions is well underway. There are

four specific areas of consideration : cavity thickness , spindle

hole diameter , turntable support surface , and static balancing.

In view of the f a c t  that the disc may also be spun at 30 rps ,

it is worthwhile to consider a disc design capable of both 3 rps

and 30 rps operation . At the present time it does not appear

tha t the dimensions and fabrication of a dual speed disc would

be si gni f i c a n t ly different from a disc intended strictly for

3 rps operation . The primary differences are in the cavity

thickness and balance requirements. The cavity thickness , re-

quired to prevent the film planes from touching while spinning ,

depends on such things as the inside diame ter of the cav it y ,

*
The .ixial and radial deformation of the us c h-her? it restc n a turntable ,

or s p i n s  at hiqh . — p~-ed , f o r  pe r i ods  of  time e q u i va l e n t  to many r ecord and
f) I iC/ )) i ( k sessions .
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and the turntable support dimensions as well as the speed of

operation . The inside diameter of the cavity and the turntable

support dimensions are in turn set by other subsystem considera-

tions such as the dimensions of the sled and focus motor. Cur-

rent estimates are that the inner cavity diameter and the outer

diameter of the disc adapter on the turntable can be set as
large as 6.5 cm and 3.8 cm , respectively. Under these condi-

tions the disc is so stiff that the theoretical cavity thick-

ness required even for 30 rps operation is less than the typical

unflatness (0.1 - 0.2 mm) of the film plane . The net result ~s

that the cavity thickness can be selected by the practical desire

to prevent contact of the films during “normal” handling of the

disc. At present, the cavity thickness required for such a pur-

pose is 0.25-0.5 mm . The static balance requirement is much

more severe for high-speed operation than for low-speed. How--

ever , we have discovered that by locating the center of gravity

after the disc is fabricated , then f i nal ly  d r i l l i n g  the spindle
hole , the disc is balanced to within 2—5 gm-cm . This amount of

imbalance is not expected to be of any consequence at 30 rps.

Excessive variations in substrate thickness have been of some

concern (Ref. 3). Such irregularities make it difficult to corn-

pensate the light path. In addition , they cause variations in

local stiffness , giving rise to irregularities in the axial de-

flection of the film plane around the circumference . The prob-

lem of thickness variations, in excess of the normal manufac-

turer ’s specification (± 12.5%) , was discussed with officials

~f the Glasflex Corporation. An agreement was reached which

should result in a considerable improvement in quality control

(see Appendix B).

A second source of optical-quality 1 mm thick PMMA was found .

Rohm and Haas Corporation casts such sheet hut generally cnly

in large volumes. In cooperation with PRL , we have been able

to secure a regular allotment of the material. The samples

received to date are more un iform in thickness than the Glas-

flex Electroglas Sheet (~~ 4% as opposed to ± 1 3%) .

18
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An additional potential source of PMMA sheet has also been iden-
tified. Apparently Swedlow Corporation manufactures optical

quality sheet for aircraft window applications. We are currently

investigating the possibility of procuring ma terial  from them.

An investigation of alternate——and more mass-production oriented--

ways of f abr ica t ing substrates and discs was ini tiated during
the quarter. Four specific inquiries are under way . They are:

the f eas ib i l i ty  of die cut t ing the substrate and s tandof f  from
sheet stock , the feasibil ity of ultrasonically joining the air

sandwich components , the cost considerations of injection mold—
ing the substrates, and the f eas ib i l i t y  and cost considerat ions
of jo in t configurations which would allow periodic disassembly
of the air sandwich . Results of these inquiries should be avail-

able the next quarter.

4.6 Life Testing of Tellurium and Bismuth Films

Testing of the aging character istics of f i lms , as reported pre-
viously , continues. Maximum aging time as of the end of 1976

is in excess of 4 ,000 hours (Ref. 4). About fifteen new sample

sets were created during the current quarter , b r i n g i n g  the
total number of sets to over ‘~0 and the total number of samples

under life test to approximately 250.

Static hole-burning sensitivities are in substantial agreement

with the result reported in the previous quarter. That of tel-
- . 2 - . - 2lurium is about 300 mJ/cm while Bi requires 600 to 700 rnJ/cm

for 1 pm holes. The exposure times were 500 ns for bismuth and

750 ns for t e l lu r ium. The power was 3 mW for  t e l l u r i u m  and
10 mW for bismuth . Optical transmission appears to be increas-

ing somewhat , but not as yet enough to influence optical absorp--

tion significantly. Temperature-humidity testing of tellurium

films is planned for the next quarter .
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4 . 7  Charac te r i za t ion  of Disc Er rors

An in terchangeable  modular  system for the c h a r a c t e r i z a t i o n  of

error mechan isms in optical disc systems is being designed and

implemen ted in both hardware  and sof tware. Its min ima l  config-

uration will consist of a Linkabit LFl0ll-256 Convolutional En-

coder Feedback Decoder and a Miller modulator-demodulator

des igned and constructed at Ph i l ips  Laboratories, su i t ab ly
interf aced into a large min icomputer (SEL 32/ 5 5)  tha t will be

used to gather real—time error statistics. The maximal con-

f igu ra t ion  wi l l  involve f u l l y  interchangeable hardware and
software modules capable of simulating recorder-player design

confi gurations in addition to gathering and gra~ hically pre-
senting error sta t i s t ics .

A block diagram of the modular error characterization system is

shown in Figure 10. Each block is implementable either in hard-
ware or software and,wheri constructed in a modular fashion ,

allows the designer to change system blocks (and/or parameters)

in a simple manner. The coder introduces redundancy in a struc-

tured manner so a~ to f ac i l i t a t e  detection and correction of
random channel errors. Hardware modules for BCH and convolu-

tional codes will be available in addition to the Linkabit sys-

tem. Software modules for a wide selection of codes are being

written . The interleaver reorganizes the coded data so as to

facilitate detection and correction of error bursts. A “column ”

interleaver is being hardware-implemented by GAC (Ref. 5); more

complicated interleavers will be implemented by software. The

modulator matches the data spectrum to the spectral require-

ments of the recording/reading process. Candidate modulations

(Ref. 6) to be available in software include NRZ (non—return

to zero), Manchester , GCR (group coded recordin~~), M i l ler , and

modified Miller.

The recording/reading process may be ei ther  s imulated by a
measured channel transfe r characteristic to which is added a

20
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signal  error represent i ng d isc eccent r i c i ty , rotational speed
f l u c t u a t io n s , disc s u r f a c e  and mate r i a l  defects , and laser noise ,
or direct ly  implemented by the wr it e  laser , disc , read laser
branch .  Increased unders t and ing  and i d e n t i fi c a t i o n  of e r ro r—
causing mechanisms wi l l  be a t ta ined  by d i rect  comparison of
the a l t e r n a t e  approaches.

In a s imi la r  manner , channel  f i l t e r s  ( i n c l u d i n g  h igh  pass , low
pass , hard  l imi te r s, and dc r e s to re r s) ,  detectors, and clock
recovery c i r cu i t s  w i l l  be modular  and implemented in both hard-

ware and software .

The error  statistics genera tor wi l l  f u n c t i o n a l l y  opera te on the
decoder output data to determine the error distribution . These

may be ascertained from the disc itself or by real-time compari-

son of the input and output data Liles.

4.8 Digital Channel Modulator/Demodulator and dc Restorer

A Miller modulator and demodulator were designed and debugged
wi th  the exception of the PLL (phase locked loop) fo r which

more evaluation and optimization is in progress. The Miller

code was chosen to match the user ’s inpu t da ta power spectrum

to the channel response of the optical disc (Ref. 6) . The Miller

Modem (modula tor and demodul ator comb ina t ion )  has been tested
working E to E (eJectronics to electronics) at data rates up to

2.5 Mbps. During read-back a string of 200 synchronizing bits

is required for the PLL to lock on. This number of bits is

determined by the loop bandwidth ( 5kHz). After the synchro-

nizing bits , at least one 101 data sequence should be presen t

to start up the Miller demodulator. A block and timing diagram

of the Miller demodulator is shown in Figure 11; the waveform

of the Miller Modem is shown in Figure 12.

A dc res tora tion ci rcu it , us ing  posi t ive  feedback , has been
designed and tested E to E. The circuit enables playback data

22
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Figure 12: Miller Modem diagram and waveforms.

to be recovered more r e l i ab ly .  A block waveform d iagram of
this circuit is shown in Figure 13.

Magnavox has done a study wi th computer simulation on the chan-

nel M i l l er modulator  and demodulator and data recovery . The
simulation results indicate that the demodulator and PLL con—

sidered will provide excellent performance for the distortion

condi t ions  s imula ted  (see Appendix C)
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4.9 A Simplified Recording/Readback Technj~~~

The present DRAW recording technique under investigation requires

two lasers and/or a complex optical system to record and play-

back information simultaneously. An alternate record/readback

technique which eliminates the need for a second laser and great-

ly simplifies the optical system is unde r study . The new sys tem
called “v e r i f y  dur i ng w r i te ” monitors the reflected light of the

recording laser.

Since some finite amount of exposure time is necessary before a

hole is forme d by the recording beam , it should be possible to
ver i f y the forma tion of a hole , i . e . ,  the registra tion of a da ta
bit by monitoring the character of the ligh t r e f l ec ted  f r om the
disc during writing . Assume , for  example , that the disc is illu-

minated by a pulse t seconds long and that it takes T seconds to

f o r m  the hole.  Then , if the hole is indeed formed , the r e f l e cted
light wi l l  have a large value for  T seconds , but w i l l  f a l l  to a
low val ue (d ue to the ref lec t iv ity of the bare substrate) duri ng
the remaining t-T seconds before going back to zero. If a hole

is not forme d , the amount of reflected light will remain large ,

whereas if a hole was already there , only a small amoun t of
light will be reflected during the entire t seconds.

An experimen t was performed , and this theory was found  to be
valid. It was found that a small decrease in the reflected

light was detected for light levels where only an incomplete

hole or “dimp le ” was formed. Then to discriminate between

“ d i m p l e ” and hole form at ion , it appears necessary to monitor

the level to which the reflected signal decreases.

These pre l imina ry  experimen ts indica te  tha t a ver if y-during
write , rather than a read—af ter—write mode , is a poss ibi l i ty.
However , further experiments are necessary to ascertain the

feas ib i l i t y  of the method , i n c l u d i n g  the necessary electroni cs.
In addition , the verify signal is generated by the write beam ,

i.e., by a beam that is inheren t ly in focus and on t rack . Thus ,

26
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it remains to be proven tha t  a data stream v e r i f i e d  as “ recorded”
by this method can indeed be read back la ter by a separa te reader
with equal fidelity .

5. PLANS

a. Test lead—screw drive for sled.

b . A ssemble optical sys tem.
c. Assemble recorder on back-up sled.

Cl .  Begin humidi ty test ing of te l lur ium .

e. Fabricate and test first clean air sandwich discs.

f. Fin ish evaluating Kollmorgen/Professional Instru-
ments turntable.

g. Construct software and hardware modules for char-
acterization and correction of error mechanism.

h. Design separate playback sled/system.

i . Tes t and verif y record/readback scheme .
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EVALUATION OF THREE FOCUSING MOTORS

The eva lua t ions  of the PL and PRL focus motors were completed

and compared to the focus motor of the i n t eg ra ted  p laye r .  The
suspected resonance at about 2 kl lz  f o r  the PL focus  motor was
c o n f i r m e d , and i t  was found  to have l i t t l e  response above about
4 kHz. This resonance and low sensitivity may be due to the

spr ing  suspension or other  mechan ica l  f e a t u re s .  A resonance was
also found in the PL motor at about 35 Hz.

The PRL motor was found  to ro l l  o f f  c o n t i n u o u s l y  in ampl i tude
wi th  f r equency  to at least  12 k I I z  w i t h  no resonances .  The PRL
bear ing and lens assembly is heavier and has a weaker magnet
and , t he r e fo re, is less s e n s i t i v e  than  the in t eg ra t ed  player
motor . Both dc and ac m e a s u r e m e n t s  have shown t ha t  the PRL is
3 to 4 times less sensitive .

M e c h a n i c a l l y ,  the PL motor  i~~ not s a t i s f a c t o r y  since i ts  l imi t ed

travel (about 400 pm) is not sufficient to allow for the droop

of a plastic disc , especially at 3 rps. The static droop of a

p l a s t i c  disc  is about  0 .75 mm . T he r e f o r e , a t ravel  range of
± 1.0 mm is requ i r e d  of the focus  motor .  The a i r  bear ing  in the

in tegra ted  p l a y e r  motor was judged  to be too loose fo r  record-

ing a p p l i c a t i o n . I t  was therefore decided that the PRL focus

motor be used w i t h o u t  m o d i f i c a t i o n  since it  exh ib i t ed  no reso-

nances , has a s t i f f  a i r  bea r ing , and is acceptably sens i t ive.

F igure  1 shows a comparison of the response of the three  focus

motors .  The data  has  been n o r m a l i z e d  to a 6 vol t  peak - to—peak
inpu t  fo r  each motor , a l though  the t e s t s  were not a l l  conducted
at t h i s  vo l t age .  The a m p l i t u d e  of mot ion  was found  to increase

p ropor t iona te ly  w i t h  i n p u t  v o l t a g e .  The v e r t i c a l  pos i t i on  of

the PL motor  p lo t  is based on an e s t i m a t e  o b t a i n e d  f r o m  a dc
s e n s i t i v i t y  m e a s u r e m e n t  t h a t  showed the  PL motor  to be about

100 times less sensitive than the integrated p laye r  mo to r .  A l l
tests were performed with the motors opera ti ng vertically,

against (Travi t v .  Any am p l i t t ~~h ’ :lh c- 1- ah~~u t  1 mm on t h e  gr a p h

is not realistic since none c t  the moto r s  ire c a pa b l e  of such
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large t rave ls .  This data  was scaled f rom resul ts  at drive levels
less than 6 volts.

The working range of the PRL motor is ± 5 mm , the PL motor ,
± 0.2 mm , and the integrator player , ± 0.5 mm.
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APPENDIX B

Trip Report : Glasflex Corporation ,
Stirling, New Jersey on 15 October 1976
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P H I L I P S  LABORATORIES

TRIP  REPORT : GLASFLE X CORPORATION ,
S T I R L I N G , NEW JERSEY ON 15 OCTOBER 1976

On October 15 , 1976 A. M i l c h  and J. G. Wagner visited with the
management of Glasflex Corporation in Stirling, N.J. The primary

purpose of the trip was to review with Glasflex officials the
large thickness variations we have noted in their recent ship-

ments of unmasked Electroglas 500 CT sheet and to agree upon

some sa ti s f a ctory ma nner of dea l ing  w i th  the problem .

Several samples of 0 . 0 4 0 ”  E lec t rog la s  500 CT sheet were r e turned
to G l a s f l e x  for  examination.  Their inspec tion indicated that

many sheets were w i t h i n  the tolerance band of ~ . 0 0 5 ”  but the
thickness was too large . They f e l t  cer ta i n  they unders tood wha t
production parameters needed to be chanqed in order to insure

that the specifications would be met in future production runs.

In addi t ion , we agreed tha t  in the f u ture , every iifth sheet

would be masked wi th  polyethy lene and ca l ibered .

Several other points were discussed in some detail.

G l a s f l e x  Corp . has done some development work for  a
t h i r d  pa rty . In p a r t i c u l a r, they have developed the
technology to cast 15” x 15” x . 0 4 0 ”  a c r y l i c  monome r
sheets with a tolerance of ± 0 .001” on the thickness.
The normal  500 CT to lerance  is ± 0 . 0 0 5 ” . The cost to
the third party at the time (approx imate ly  2 years  ago)
was about $ 3 . 0 0  per sheet .

In genera l , E l ec t rog l a s  Sheet doe s not e x h i b i t  a wedge-
shaped t h i cknes s  p r o f i l e .  Sheets t ha t  do have a wedge
shape are c o i n c i d e n t a l .  It  is much more common for  a
shee t to be th ick er in the cen ter than around the edges.

One of the bes t ways of bond ing Electrog las homopolyme r
shee t is to use the unst ab i l i z e d  acryl ic monome r . We
were given a one-quart sample for  t r i a l  use in the assem-
bl y of ai r  sandw iches.

• Rohm and Ilaas r-~anufactures a two—part adhesive (trad
n umber 96) whi ch wo rks very wel l  w i t h  Electrog l as  shee t .

S c h w a r t z  C h e m ic a l  C o . ,  I n c . ,  5001 Second S t r e e t ,  New
York a l so  m a n u f a c t u r e s  a good a c r y l i c  cement (t r a d e  n um-
ber H—94)
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G l a s fl e x ’s expe rience in bonding their copolymer is tha t
the cyano-acrylates are about the only useful adhesives.

Fusion appears to be an att rac t ive  way of joini ng ai r
sandwich componen ts. However , development of the proper
hardware and techniques may require considerably more
e f f o r t  than  u s i n g  adhesives .

Techniques ex is t  for removing scratches. They are:

a) B u f f i n g  w i th  special compounds (Xpel  b u f f i n g  com-
pound or Dupont #7 Auto Polish) .

b) Flame polishing. This is very much an art , bu t if
we can master it , it sounds ideal for our purpose .
Thermoforming temperature range is 210°F at 230°F.

Their  best cleaning agents are the supe rmarket type liquid
laundry  detergents such as All. This is more or less in
line with our feelings.

The homopolymer is a linear molecule; the copolymer 15
crossl inked wi th a p ropr i e tary copolyme r izat ion agent .
Both are thermoplast ic , but the copolymer does not accept
adhesives and they neve r bond to it. We ought to stay
away f rom it , especial ly  since our original interest in
it-—its resistance to organic solvents during cleaning——
has faded.
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APPENDIX C

Modulator/Demodulator Design Study
for the P.N.A.* Draw Disc

(Report No. 2838— 3118—2 Jan. 1977)

by

Robert C. Harper

General  Atronics Corporation
a Subsidiary of

The Magnavox Government and Industrial Electronics Co.
Philadelphia, PA 19118

Designation P.N.A. in this
report should be read as “optical. ”
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1 .0 INTROD U CT I ON

This report describes the anal ysis carried out to determine

the performance of the “Miller ” technique for modu lating binary infor-

mation Into t he  P . N . A .  Draw Disc. More specifically, the report is

concerned with the anal ysis (via Monte Carlo computer simulation) of

a demodula tor f o r  extractthg the original binary information from the

w a v e f o r m  read from the disc.

In case the reader is not familiar with the Miiler modulati on

techni que , it is a cute way of remapp ing a binary (two—level) NRZ data

waveform into another binar y waveform in which level changes are guaranteed

to occur at some minimum rate (regardless of the data )- In particular ,

if the duration of one NRZ data hit is T (we refer to the duration , 1,

as a “baud”), then itt the resulting Miller waveform , we are guarant eed

that no two l evel  transitions are separated in tim e b~ more than 2

Furthermore , cc note that the Miller waveform requires very lit t le nc-re

bandwidth t ban the ori ginal NRZ waveform .

The “ rules ” for crc-at ing a Mi 11cr wave f’rm from N R Z  are as

fol lows:

a) A logic 1 corresponds to a level transition in the -
~~~~ oc a

b) A logic 0 corresponds to a level transition at the cc:~ of a ba u d

the logic zero is th e of a string of Conse’cut ive ;~erc~

In this case it is simp ly ignored (i.e ., no transition at the end

of a final z e r o ) . Note that a single isolated ~- e-ro can he cons]-

dered  as a s t r i n g  of l e n g t h  1 and i~ t h e r e f o r e  i g n o r e d .

One should note from the’ above set of rulea that the f-t i I le r wivi - for:-:

c o n t a i n s  c’r ie hit of information per baud and is , therefore , as ‘‘ c - i t  i e - i , - n i ’ ’

as the NRZ v’ave f o r m .

Because  the lace r used to reid t ]n -  ci inc ha-; c.’n- . i d er . i ] ’I e  l c

frequency noise , the result ing ~e:ivi - t o r :~ must h- . lii lr p .i- - n I i It er’ ] Fe

being dem odul ated. fho l a ser  propo c- l for t Ii , - ‘ N.A . t i c  I t i c o  I

th at tin’ coric’r for t i s  I i i gh pass l i l t or be i i ) c . i t  , - J a ’ ( )  k ] ] .  - ii t h

ann  1 vi; I tO h~ - dono r l i l t - ti  , a t wo— p0 lo i l t i  t t e’ rvl i tb I i i  ~i ~ i - a I i i t - i w t ii

a ?O klt.~ c a t  off wa;; wad for t ii i a p r i r  h’  0 . Ret -an -~~t ’ .~~ hi s hi g t i  . 1

lilt er , t he f I it c-red wave f or m  h a s  tie DC i~~ 1]n ~~I ; ’ - ; t  - C it’ . -q ;i~-n t 1 v

denu’dni I a join Is v~-rv di t i cult t in It-a s ‘tie cart iv l.n ra nt , -  - n - n -  m u  i n c ;  I i t  ~~
- 

~~~~~~~~~~~~~~~~~ 
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of ciccur -e nce of level transition of the unfiltered waveform . We selected

the M i l l e r m o d u l a t i o n  t e c h n i q u e  fo r  t h i s  reason , as well as for t h e fact

that it allows us to maintain an e f f i c i e n c y  of one hit pc- r baud. The

price paid for these’ nice features is a s m a l l  in c r e a s e  in d e m o d u l a t i o n

comp lexit y (resulting from a timI n g amb iguity inherent in the Miller

technique ) wit [cit ciii be discussed later .

In addition to the hi ghpass filter just mention ed , we wish te

include i n  our analysis two addi t ional sources of distortion of the wave-

form read from t h e disc. These’ are- :

a) The iocpass filtering c- ffe-ct w h i c h  res ul t s from the finite widt h of

thc- re -nd beam as it passes over t h e  f i n i t e  l e n g t h  pit.

b) Variation in the data rate read fr m; the disc which results from

d i sc  e - c c e n t r i c i t v .

In S e c t i o n  2 of t h i s  r e p o r t , we desc r ibe  t h e  c o n s i d e r a t i o n s  that

were m ad e  f c r  m o d e l l i n g  t h e  e f f e c t s  of (a)  and  (b)  in t he  M o n t e  Car l o

s imula t i o n .

Demodul ation of the distorted waveform obtained front t ie - disc

i s  accomp l i s h e d  b y a c i r c u i t  w h i c h  c o n s i s t s  of e s s e n t i a l ly  two p a r t s :

(1) a de te -cto r which rocons tr cct 5 log i c l ’ s and 0’s from the d i st ~~i~~e F

w a v e f o r m , and ( 2 )  a p hase- locke d loop (PU ) c i r c u i t  w h i c h  l o c k s  t o ’

cr o s s i ng s  of the - d i s t or t e ’ d w a v e f o r m  and p r o v i d e s  the  neces ;ir v t h’ i n 0

si g n a l s  to  t b -  d e t e c t o r .  C o n s i d e r a t i o n s f o r  m o d e l l  ing t he se  t we  t ( e ’ f l S

of th e  d e m o d u l a to r  a r e  g iven  in  Sec t  ion  3.

The s i m u i n t  ion r e s u l t s  a l e  p r e ’ ; ; e n t e d  i n S e c t  io n !~ . ar i d  •

w ay o f s e m i n a r y , we n o t e ’ t h a t t h e  pronosed de m od i t  l a t o r  has  b e e ’;; s i - - n-’;

t o  r e - i - o u s t  r u c - t  e r r o r — f r e e ’  .N R 7 .  d a t a  f r o m  th e ’  d i s t o r t e d  N i l  i c r  in o de i l  i t  e d

w a v e f o r m  o b t a i n e d  It - ori t i t e ’  d i s c .  i - i n a l I v , in  ~ c ’ c t 1 o i -  5 , we F t  l i e

si n, - s~o- , Lii ;ispec ’ ~ e f t h e -  m o d u l a t i o n / d c - m o d u l a t i o n  h a r d w ; i r  I i  i c i h  I - S-

as ft r - l a t  cii t o  t h e -  n t - ; u o v ; i l  o t  t h e -  tnhi ’ ’rc ’ut t l i n i n g  i i i t o g u i  0 - 5 , ’ i - i t ’ :

w i t  h a d ot  a ci  n i -k  c x  t r a t  t e l  I r e in  t h i -  N i 1 i t ’  r w ’ ~’ - I ,  - IT;; -
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2.0 MODELLING OF WAVEFORM DISTORTION

The first source of d i s t o r t i o n  i n d i c a t e d  In the previous

section (i.e., highpass filtering with a two—pol e- Butterworth f i l t e r  to

eliminate laser noise) needs no further description . Beam convolution and

disc eccentricity ore discussed below .

2.1 CONVOLUTION OF READ BEAN AND PIT

The M i l l e r  m o d u l a t e d  w a v e f o r m , when writ ten onto the disc ’ ,

causes a p i t  to occur  w h e n e v e r  t h e  w a v e - f o r m  l eve l  i s  h i g h .  In Fi gure  2 .1

we show a t y p i c a l  sequence ’  of b i n a r y  NRZ d a t a , and the  r e s u l t i n g  sequence

of p its on the disk which result. The length of the shortest p i t which

can appear on the disc corresponds to the duration of one baud . In our

a n a l ys i s  we assumed an i n n e r  d i s k  r a d i u s  of 7 c e n t i m c t e : r s , a d i s k  r o t a t i o n a l

speed of 3 Hz , and a baud d u r a t i o n  of ( 4 / 3  x 10 6 )
_ l  

s e con d s . One can

readily dc- t ermi ne ’ that the corresp onding minimum length of a p it on an

i n n e r  t r a c k  is 2~ x 7 x 1O4 x 3(g/sec) x (4/3 x 10
6
)
_i 

sec = 0 . 9 9  m i c r o n s .

To our ‘~- ‘- -~- 1 nm s i mu l a ~~!oa , wc ~~im p l i f i c d  t h e  a c a t t er i n g  c~~ - i e t r v  L u  one-

d i m e n s i o n ; i . e . ,  t h e  w a v e f o r m  amp l i t u de  produced on playback is the

convolu tion resulting from a one-—dimensional beam intensity profile pasnin-

over a one—dimensional scattering p it - We f u r t h e r m o r e  assumed t h a t  t h e

p it has uniform scattering p roperti es along its entire length.

To arrive at a one—dimensional i n te n s i ty  p r o f i l e  f o r  t he

r ea d i n g  beam , we a s s u m e d  a p e r f e c t l y  c i r c u l a r , u n i f o r m l y  i l l u m i n a t e d

lens w i t h  a n u m e r i c a l  a p e r t ur e , N . A .  , of 0.63 and waveleng th , ~.,  of

63 - ’8A. t ind e r  t h e  a s su m p t  ion  t h a t t he ; ;po t size of the f o c u s s e d  beam

in intl t ed on I v l v  d i i  t r a c t  i o n , t lie re -au I t  in g  li ght atn p l it tid e at any

point in t h e d i  F i r a - I  i em p a t  t er n  i s  g iven  by ( re -f  - I , se ’ct  - 6.8)

= 7a ,i ’J 1 ~~~~~~~~~~~~~

w h e r e ’  t~ i s  th e - first o r d e r  Bessel  f i i n c t  i o n , a to; tin’ r a d i o ; ;  of t he -  l e n ; - ; ,

- 2na;; in ’ / \ , and I F is t h e ’ an~-, I e - ; e i h t  e n d e d  at t i e - I c - t i n  I - v ; i n i v  po i i t i n

ti ne di I I m e t  ion cit t - r u  - lii F i g u r e -  - . -
i wi h i v e - p lot t c d  ~‘ ( ) n”t nei l l e d

to tin it v . TI, - t e l  i r i s , p ,  of t l i e  - ; p e t  a I ;~~~~
- ( i - e - t i c -  d i  - inc r- - ii

h i- c t - u t e r  ii i t h it ’ - - j e t  ii t hi- I i r - - t urn 1 1 ,. I - ‘~ i i  Fl g i ;  r e -  7 . 2) i - ;

g i v e n  by (i~t - t - 2 , j ,n’, e ’ I

- - - 5 5— ~~~-
-
~~~~~~
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p = 0.61X/N .A.

= 0.61 microns

In the s y s t e m  compute r  s i m u l a t i o n , we used eig ht samples per

baud to represent the waveform read f rom t he  d isc . Since a baud occup ies

0.99 microns while t h e  beam is 1.22 microns from null to null , i t  is clear

that sam p L -- ;  of  t he  b e a m  amp l i t u d e ’  t a k e n  f r o m  F i g u r e  2.2 should be spac ed

by 0.79u. For expedienc e’, however , we “e-veb alled” points for the beam

amp litude from Figure 2.2 at spac i ngs of l.Ou . As a result , the beamwidth

used in th e simulation is about 2 O~ inure narrow than a n u m e r i c a l  ap e r tu r e

of 0.63 would imply, and therefore- the simulated performance’ will

give results which are slig htl y bett er than might actuall y he expected.

It is “reassuring ’ to compare the f r e q u e n c y  response at our

simulated system with measured data provided by Wôgels, ~~ -~~~~ (ref. 3).

The fre’quencv response for a video disc rotating at 30 Hz with a numeric al

a p e r t u r e  of 0.4, and an i n n e r  r a d i u s  of 5.5 centimeters is given in

F i g u r e  12 of t h a t  reference - One’ can argue (see A ppendix A) that t h e

inverse -  F o u r i e r  t r a n s f o r m  of t h i s  f r e q u e n c y  r esoonse  r e - p r e s e n t s  t h e

c~- re.’a l a t i c~ -af th e  r a n d  b e a m  and t h e n i t . Thi a I nv~-r sc  t r a n  - f :

a p p e a rs  p l o t  te ’d as t i c ’  broke -n c u r \ - e’ i n  F i g u r e  2 . 1 . Th e’ sol  iii c u r v e  ot

Fig u r e  2 l  is t he c o n v o l u t i o n  of t h e  samp l e d  be rn a t u p i it nile us e- I i i i  t h e ’

s im u  L i t  ion w i t h  a I m i c r o n  p i t  - (A ‘‘ p i t ’’ i s a into I a t  ed by a sani p I c  ~a Icie

of I , and a n o n — p i t  by  a sam p le ’ v a l u e  of 0 . )  T h e  s i m i  lat - itv be ’tn ’ e e -: ; th~-

t w o  c u r v e s  a t  F i gu r e  2 . 3  i n d i c a t e ’s t h a t  t he  I r e qu - n e -v  re- al-o ust ’ of e ’ut -

S linU I i t t  e d  a vs t e r n  is c l o s e  to  t l i t  indic ated by hlP ge is. We a 150 11’  t e I h i , i

lie- svmmet r L ,t l shape’  of  t t i e  - o r t v o i  t n t  i on  shown i n  Ci gdtre 2 - I im p l I c ’; -

.1 l i n e a r  ph as e -  r e s p o nse  in  t h e  frequency donia i n  -

~
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2.2 DATA RATE VARIATION DUE TO DISC ECCENTRICITY AND ITS
EFFECT ON I’LL DESIGN .

In order to provide a data clock to the user as well as provide

timing for the demodulation circuitry, i t  will be necessary to phase lock

a voltage—controlled oscillator to the wa v ef o r m  read from the disc. The

phase locked ioop (PLL) must be capable of remaining locked even when the

data rate read f rom the disk differs from its nomina l value . The extent

of this rate difference is determined by the eccentricity of the disc .

A maximum value of ±50 microns of eccentrici ty has been assumed in our

desi gn anal ysis. If the radius is 7 centimeters , a ±50 micron e c c e n t r i c  it’:

will result in a change in data rate of ±50 parts in 7x l O 4 . C o n a e - q u e ’ nt l y ,

if the data rate is nominall y 4 /3  MHz , we can expect a rate offset as

large as ±952 Hz (say, 1 kHz for round numbers).

In order to design the PLL , we must determine how accuratel y

we wish to maintain lock. This , in turn , is a f u n c t i o n  of how m u c h  ph a s~-

error can be tolerated by t h e  da ta  de t ec t ion  c i r c u i t ry  (and  s t i l l  r e - s u I t

in e- i r n r -  f - ~ ~~~~~ : ) . l ’or  ti,.i -, a m s s ’e-i ’ we ,. i i t i ci p n t e  t be  r e - :,,~ 1 to, ,‘

in w h i c h  we d e t e r m i n e d  t h a t  t h e  d a t a  d e t e c t o r  is c a p a b l e -  ~ f o pe’r a t  I sp  (e -r r o r —

f r e e )  lever  a ph a s e  m a r g i n  of abou t ~€0 d e g re e s  (one baud c a r r e ’s p o n dn  t o  l c - ( l

d egrees )  . We will desi gn our PU . so that , w i t h  a 1(10(1 l Iz  c -e l Iset , ( l i e ’

phase e r r o r  i s  no more ’ t h a n  ±10 deg rees  ( 1  .~~~‘ - , abou t 20l ’~ of t he , ;  II ,cwah 1~
marg i n )  . Prom reference’ 4 ( e q u a t i o n  4 — 4 a  , p ag e ’  29 )  , t tie re let ion bet

the  pha se’ e r r ’ ’ t  , frequency offse t anu 1001) gain of ;i s econd  o rde r  I ’ l l .

is given by

0 =

where- K is the’ ioop gil i a , ~
t
~o is the fr -qiiencv of fse ’ t (radians/se-c) and

is  t h e ’ phase e r r o r  ( re d  inns )  . Con se - q u e l l  t 1 y , t o  pr ov i d e  a p h i ; iu - ; - e r r o r  e e l

only 10 d e gr e e s  w i t h  a I k l l z  f i - eqi ie n c -v  o f f s e t r e q i i  i t  c - s  0 l o op  g a i n , K ,

of 36000.

In add i t  I on t i e  I hit ’ I oop pa i i i , K , we- l u t i s t  spe c i t  v t l it - I etop

ha ndw I d  t h i , , and c lam p i t ip ,  I ; ic (or , , t o  e-onip l c l i ’ j e t  - - - i t  ‘- t lie ’ ; ; ee, e ceh

n rd ,- r  loop ele -a i gn . in ‘ ic r ;iiia l\’ u ii; we- h ive  clu e - e l i v.ilint - o f  = 0.71)1

( t e e  ni l ii irui I ‘ c ’  h - e e l  I i  r a n - ;  i c - n t r t ’ :: j e I e i i  c m i d  1 . i O~~ e e l  u ;e Inncichw i d t  Ii) c u t  a ye I n  -

-H-
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I
of determined by the desire to acq u ire phase lock reasonably quickl y.

We will define “reasonably quickl y” to be a phase error of no more than

10% af ter  200 bit times. In reference 4 (page 34) it is shown tha t the
residual phase error has decreased to 10% of i ts ori ginal value a f t e r

a period of t ime given by w~ t = 3 . 6  (f  = 0 . 7 0 7 ) .  Since 200 bit times

corresponds to 150 microseconds , we have

Loop Bandwidth = 
3 6  

= 3.8 x
2ir-150 10

We note that correct data will appear at the output of the detector in

considerably less than 200 bit times. In particular , correct data will

be demodulated with a phase error as large as 60 degrees. Since the

initial phase error can be no worse than 1800, the phase error is less

than 33~ (60°) in about 40 bit times.

— q —

L.
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3.0 MODELLING OF DEMODULATOR OPERATIONS

Because the Miller waveform is d i s to r t ed  by the f i l t e r i n g

operations described previously, the following two questions required

answers: 
- -

1) Is there a detector design which , when propcrZ y synchroniaed

to baud tim~ ’t~
j, can process the distorted waveform to provide error—

free demodulated data?

2) Will the phase locked loop work well enough on the distorted waveform

to provide reliable baud timing to the detector?

A Monte Carlo simulation of the system was written (in FORTRAN) to obtain

answers to these questions. A block diagram of the system is given in

Figure 3.1 , and the program listing is given in Appendix B. The dotted

lines of Figure 3.1 indicate the various system parameters whi ch were

made easily changeable in the program . The FORTRAN names of each of

these parameters appear on the figure .

3.1 DETECTOR DESI(P

Several types of d e t e c t o r  de s igns  were t e - t e d  to d,-t ~ - u i ’ i u i ~-

t h e i r  c o m p a r a t  lye  p e r f o r m a n c e  u n d e r  t h e  assi l apt  i on  t c i t  - ~~~~~ 
- - b e u t e l

timing was available’ to t h e detector . The s i m p l e - s t  - : ; - e - o’ d~-t~ c t  , er

t e s t e d  was one which simp ly  compared the si gns of t h ~ ;~;ii u ; ’ l e  , t -  c -n in

the middle ’ of the first half , and middle- of t h e  s e c e e ; u d  i c i l I  - ‘ I a

If t he  s i g n s  were  the same , a logic 0 dec is i o u  i s  m a c h e ’ , and .i i dod -~ f e et )

o t h e r w i se ’ . From F i g u r e  2 . 1  we obse’rve t h a t  t h i s  d e t e c t o r  w i l l  p 1 - c e - e I r ’ ’ r —

f r e e  p e r f o r m a n c e  if the waveform is undistorted.

Figure 3.2 shows the samp led da t a  wave f o r m  t r e in  - c \ t -r a  I

consecutive baud s of t h e di St art i’d ~1 i 11cr wav t- fee rui . Th~- u - i m p  I t  - - I or

just d e s cr i b e d  w o u l d  compare  t h e  sign  of S3 and S7 t o  m i k e - a l-e i n c r ~

de’ci S i a n  . * The s inn I at  t o u t  i s  se t  up i n  such a t :i ; ; l i ion I h a t  in  t i r e d

coun t  can be made- fe -e r - z ? ~ e ’ f~~ i / pos sib I e u ; I art ing p0 i u t  S of  t h i t ’  d i -  t e e l  - c i  -

If ~ 1 l i i  u; t one of t Itese’ st ;n r t i n  p p o i n t  s cons  i St cut I v p 1 v t - s  er t i e r -  f t

pt- rf oruct.-nnt - t ’ , we-  n a y  r o n t ’)  ud e - th a t l ie  d t ’ t  i c - I  or w i l l  work i t  i~~~f , i e - t  d i n  lv

(if t h e -  I’l,b . r un prov id e ’ It wit Ii a p n— ope-r baud cl o c k c i t  c -~ i i t  r-;e ) .

* I n t I i i -  i ;  i intin1. ~ lic t i t hit- Is i t id  h e etiii c l it - v i s  k i u c i w u i  j e e r  f e c  t 1 y , of cour t - ,
and (‘O flt , lIlcu ; t ’ i g h t l  c i l l l u ; i d l t ’ i v  s ;imp l c u ;  c c l  t h e ’ d i )  - r I  i’d w i v - I  i t i l l

51 , S2 , - . - ,S8 ( ‘; -~~- l- ’i g t i n t -  3.2).

-10-
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A detector fo r  w h i l c h i  s e ver a l  c o n sec u t  ive s ta r t i n g  p o i n t s  g ive  e r r o r — f r e e ’

detection Is cle a rl y better titan one- for wh ic h onl y a s i ng le error—free ’

start lug pa lIlt exists , s ince ’  such a dct e c t o r  would be more tolera nt of

timing error front the phase- locked loop. Tue number of error—free starting

points p r o v i d e ’s us wi tIi a means for comparin g detector desi gns . We note- in

p a s s i n g  t h a t if t h e- w a v e f o r t i t  were’ di stortion— ire- c , the maximum of four

C O I 1 S e ’ c c l t i V e  e r r o r — f r e e - s t a rt i n g  p o i n t s  w o u l d  be f o u n d .

For a 20 kflz highipass lau~e r  beam filter, this simple detector

was l e u t i d  t o  s’ork quite wel I . For h i g h e r  c u t o f f  f r e q u e n c  Ic ; ; , however ,

a s1ip; it l~ ’ moeh i~~i~-d detector design wa s required . This dete ’ctor formed

A sign [sign(S1)+si gri (S2)+sign(S3)1

and

B = sign [si gn(S5)+sign(S6)+sign(S7)I -

and made a log ic  0 dc- c i s b n if  A and B had t he  same s ign  (1 o t h e r w i s e - ) .

A g a i n , a l l  ei ght  p o s s i b l e  s t a r t i n g  p o i n t s  a re  c o n s i d e r e d  In t h e  p r o g r a m

(i  e- - , t he  v a l u e  of A fa r  t h e  s ec o n d  s t a r t i n g  p o i n t  is g i v e n  by

sigu ~ s i p ; u ( S 2 ) + s i g n ( S 3 ) + s i p i c ( s - ~e ) ] , e’ t o . )  and , in addition , t h e  n u m b e r

of consecu t  ive  p o i n t s  w i t h i n  t h e ’ brac kets could be varied by the jiara—

P~~~~~~~~~~ . l \ ,I . I  i t ’  th e  ;~~~c s I s \ ’ ç  - r - - - ; - -  1’~’’ ‘~~ i’TT9 = ‘a .’ - c— ’ 

bes t  r e set  I t s  f o r  a l l  cuto f f f re’qu -nc ic - s

An a n a l o g  i n t c - p r a t c ’ — i u i d —de ; : ; ; ~c de’ t e e t ;e r was also tyied , i . c’ ,

A = sj gn ~~Sl + ~~) +~~3~ , B = signIS~ -I- Ss+S7I , and found to give ’ con sist en t l~-

poorer re -set  i t s  t h a n  t i l e ’  l u a r d  1 m u  t i n g  dot oct oi J u s t  d e s c r i b e d

3 .2 PIIAS E LOCK El ) LOOP ~ I M l’ I AT I O N

In t li t ’ P11 , 5 ~~t l l i i  l i t  j O t ) , Oc bet u t  a I i near p ii ;i  Sc’ d e’t  ce t d r  by

t lie S l f llj )  Ic- e x p e l d en t  of it s  i t u g  a \ ( i i  s i  t hi ,i “ ; , I w t  o c e t  I t ” c c i t t  p u t  s h i e c ~~ii

i n  l - i pci r e ’ 3.  3 l e e - I  ow , ~h e ’ t - c -  ‘1’ ((S/i) ~-~ila ) ’. T hR- Va lu e  o f  I l i e - VC O
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sawtooth is sampled at t he  time of a zero crossing In  t he  d i s t o r t e d

wave -form , and appears at the input to 1 he- ioop f i l t e r  u n t i l  t h e  ne’xt

zero cr ossing . *

The ability to  i n t r o d u c e  a f i c q u e n e y  o f f s e t  to ti-st p e r f o r -

mance w i t h  disc e c c e n t r i c i t y  was i n c l u d e d iii the program . As far as

the PLL is concerned , there is no d i f f e r e n c e -  betwec ’n ~i f r e q u e ncy  of  I s e t

on t he da ta  coming  fr om t h e  d t sc , or an of f s e t  in t h ’e  VCO c e n t e r

f r e q u e n c y . The 1,-u t t e r  was much  easier to p r o g r a m . A w e r s t — c a s e  t e s t

was set up  in w h i c h  t h e  o p e r a t o r  cou ld  i n t r o d u ce  a fixed frequc’ncv

offse t (of arbitr ary size) at any arbitrary t ime (determined by a s w i t c h

pos i t i on  on the  c o m p u t e r)  -

i I1 ( c d i n  I v  a . c ; I l ~e I  ~- eI ( i t t  i v c ’r ; ;  i e i t l  ol  t h e  ( l i s t  o r t  ed w a v e f o r m  i l ’ . c v a  I I c l i i  - ,

l i i i  I o e a  t I c c i i  c c !  C I i  c ; c - r  - c  e l  - - - i t j ’ , j S ch et e ciii i n c - e l  hi ~ ;t I i u t ’ i r  -
~~ I t i  e i  I - it I es ;

he- t we-c-t i t I ; , - t w ic t~~ t ii i  h i - c i i  (hi I l e t  Iii ’, a i cii s —

- I -I -
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4.0 SIMULATION RESULTS

The simu la ti on results indicate that the demodulator and PLL

described in the previous  sections w i l l  provide excellent performance

for the distortion conditions simulated. This is evident from the

simulation printout shown in Figure 4.1. This printout begins with

a summary of all the system parameter~i s~uown in Figure 3.1, including

the sampled amplitude of the read beam . This is followed b y twe lve  co lumns

which contain the f o l l o w i n g  i n f o r m at i o n :

Column #1: How f a r  the  run  has p rog re s sed ;  i.e., the data baud number

(results are printed out onl y on every tenth data baud).

Column #2 :  The samp le number  of the  f’zra t time in the baud when the

VCO fli ps from +71 to —1T

Colum n ~3: The samp le number  ( e x t r a p o l a t e d  to two dec ima l  p o i n t s )  of

t he  most  recent  zero c ross ing  in the  distorte ’d waveform

to the VCO fli p time recorded in Column 2. Note that

a number g r ea t e r  t han  4 in this column corre-snond ; to a ze ’r-~
c ros s ing  i t - i t h e  p r e v i o u s  baud . N o r e  a lso t h a t  Zero

crossings in the ’ distorted waveform tend to occur at twc-

differe nt points within a baud (abou t 7.75 and 3.75) as

expected for M iller modulation.

Column i!4: Th e Slime ’ i n f o r m a t  io n  as given in Column 2 e-xcc ’~et th at tI;t-

VCO flip time (i.e., samp le number) is extrapolated to

two dec ima l p l a c e s .

Columns ?~5 — n l 2 :  A c c u m u l a t e d  number of detector errors correspondin g t i c

each of t h e  e i g h t  p o s s i b l e  s t a r t  ing poi  f i t s  f , er  l ie  d c l  c c t  e el  -

We obsc - rv e -  t h e  f o i l  e w i n g  p e r f o r m a n c e’  c l i ar :o- t c - r i  St ics from

Figure 4. 1 - F i rs t , we ’ n o t  a t h a t  t h ree  consecu  t I y e ’ d e t e c t  r p o s i t  i _ i l l  - -

(out  of a max i m c m i of f c cur) g i v e ’ e r r o r — f r e e  pc ri rrn;inc e - S c -  e c end l v , I r e i n

Col umn 4, we’ observe th a t t h e  phi;ise ~j i t  t e r on t i t e ’  ~~( O , a f t  e n  t h e  m i t  I ;iI

l o c k i n g  t m- n i s i c ’n t  h a ; ;  d ec — a v c - d  ( s e c ni ’ s h e - r e  ab ou t  80 ~~ ~O b I l U e l  I i t l l e ’S) , l i - c u - -

a p e a k — - t a — p c - a k  VII r jut i - in of c e n t  v a bou t  (I - 2 of a s~u m p  Ii’ I F l I t ’  r v i  1 - S t i l e d -

t h e  m ar g I n  fu r  ( l e t c - c  tot — t u r n i n g  t - r r e , r  is so m u c h  1,-l u- pc - c  t h i t u  t i t l e  ( t h i c e e

— I 5
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NUMBER OF TEST 811$ 1000 HF CUT OFF. IN KHZ 20. 000*) 0 SMPS. IN INT 3

Pt . GA IN 36000. PLL BW ~ 30Q. INITIAL VCOP HASE(DEO) I3~.
VALUE OF kOFF 3

DI SPLA C PIENT FROM VCO TO EIET . 0 -

~~ ‘ ‘P OFFSET IN HZ ( SW * 7 )  1000 DOPP RATE IN HZI SEC (5W 08 )  0.

SAMPLED AMPLITIJUE OF THE RE4E’ t EAM
-O~000 - - O. 000 ~~~ O. 000 - C) ooi:t ~~~~O OOO - C) 000 0 000  0 000
0. 000 0. 000 0. 000 0 000 0 000 0 (cOO 0 000 0. 000
0. 000 0 000 0. 000 0. 000 0. 030 0 050 0. 12-0 0 110
0, 060 0. 410 0. 710 0. 9’:--’) 0 960 0 710 0 410 0 060
0. 110 0, 130 0. 05’) 0 030 0 000 0 000 0 000 0 000
0. ooo 0. 000 0. 000 0 000 0 00’) 0. 000 0 (‘00 0. 000

~~ O0O~~~~~ 0. 000 ‘) ‘)‘)‘) 0 000 Cd 000 - 0. 000 0. 000 000 -

1 3 0. 00 3 50 0 (i 0 0 0 0 0. 0.
- 

~11 3 3 9’) 3 59 7. 0. 0. 0 0 7. 7 7.
2 1 .3 7 1:7 ~: 7j  15 3 0 0. 0 11 14 14
31 .3 7 6 0  3 :37 21 3 0 0 0. IT  2CC 20
41 4 7 /- 2  4 j 0  3~ 7 t) 0 0 37: 23 

4 7 O - ~’ 4 ?’:- 37 10 0 — ~~~~O~~~
- 0 2~~ 3/c- 3/c —

61 4 0 57 4 5~- 44 12 I) 0. 0 31 4 2  4?
71 4 7~ 4 77 52 14 0. 0 0. 37~ 5-1 51
81 4 ? 7 / ~ 4 8 ~ 5.7: 15 0 c .c 0 43. 5-3
9j  4 7 8 6  4~~ ’5 67 I t  0. 0 0 5-0 /:-‘:- /:-‘:-

1(1 1 4 7 ~~~ 4 - 4  76 t- : 0. (t 5--re 75 7~
~~1 11 4 0.02 4 2 2  22 17~~~~~~~ 0 0. 0 ‘:4 71 - 21

121 4 7 ,  43 3  93 : 1 )  0 0 0 9:5 37,
131 4 7 97  4~~:4 c-/c- 22 0 0. 0 75 35

141 4 7 5-1 4 7 7  1)7 (c c c  I) 72 I c ) :: 107
1 51 4 3 4 ’ -’ 4 7 5- ~~~ ‘- e 0 Cc 0 3:3 i i :  i i i
16 1 4 3 7 e  4 7’:- 11~~ 33 c:c 0 0 :7’:, i t  i l ’ ,
171 4 ” s - ~2 4~~~l 125: ~2’7 — - 0 -- - c:i -:~5 122 :  129 ——

19 1 4 7~~~5 4 9: 137 :- s- ‘) 0 1) 101 1 31: 17’:-
191 4 7 7 5  4 9 4  14? 3’:. Cc 0 0 10/:- 1 4 T  141
20 1 4 3 h7 :  4 33 15- 1 3’:. c c  0. 0 114  isi:i in,,:
2 ) 1  4 3. 31 4 3-1 15-2 7:3 0 0 I) 120 15- 2 15 .2 :
221  4 7 / 5  4 7: 1 167 -:5: c~ Ci c c  12 :7 19/ . 111
2311 4 7 4 53 175 3 3  — 0 0 0 137- 174 174
241  4 7 7 / ;, 4 5/- - 1 37: 41 c c  (c c:e 141 l E a  t - 2 - -
25- i 4 i r e 03  4 7~~~’ 1°1 C:: Ce 0 I) 1 45: i - ~”:m j ’ O
261 4 3~~~9 4 ~‘1 1~ ’ ’  4’:- c r c 0 i i  15-2 i~~’’ j~,
271  4 3 - ‘4 4 92 20/;- -1 -; I) Ic c:c 1/c- i) 1- - 3 1c c
2~~i 4 7 / 7 4 : 7 :: 2 t 3  47  0 c c  1 2 - 5 - 2 12  2 1 2
29i 4 7 7 0  4 7 ~’ 2 r~ 47 0 0 0 171  21 :7 2 1-7
501 4 7 74 4 74 21/ - 4-7 Ci Cd cr c 177 225. 2:-n:
311 4 3 4Cc 4 ‘:l 177~ 51 0 (I Cc 192 2 3 7  22 ::
22 1  4 ~~~~~~~~ , 4 :::,: 241 n, : 0 0 crc 1 :2:7 2 4 c c  2 4 c c
331 4 7 43 4 32 243 5-7- c c  i )  i) 1~ ’i 247  147
24 1  4 7 3-’ 4 3 7  25/;- 57 (‘~ (c c c  j e 4  25-5 255

~ 351 4 4 1 1  4~~ O 2/c- i 5c . 0 0 I) 1(1 1 27- 1 al - I

FIL e S T E P  - - rat-h r HEnE
3/c- i 4 (I . i)4 4 7.4 37-3 63 Ci i:c 0 3175, 2 / c O  27- 7
371 4 0 “7 4 :4 7-7 /  99 c crc 7i 3d) -75, 375
331 4 7 Cl 4 :53 2177 70 Ci 0 0 2 ) 2  2-37 3172

FIGURE 4 . 1

S I M I I I A T 1 ON  RESUl TS FOR I’YI’I CAL SYSTEM PA P ,AMET FRS
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241 4 7, 76 4. 84 18-3. 41 .  0. 0- U. 3’+ A 1 -:-~ ~~— .- - -

251 4 0. 03 4. 89 193 . 42. 0. 0. 0. 148. 190. 190
261 4 3 98 4. “2 199. 44. 0. 0 0 153 199. 199 .

- 27i 4 3. 94 4. 93 206. 4 0. 0. 0. 160. 206 206.
281 4 7. 47 4. 83 213. 47. 0. 0. 0. 165. 212.  212.
291 4 7 . 70~~4 

-79 2I9.~~~~47T 0 . 0 ~~~~~~~0~~~~~171T 2 18 218
301 4 7. 74 4 74 226 48. 0. 0. 0. 177. 225. 225.

- 3 1 1  4 3. 40 4 81 2 7 3  51 0 0. 0. 382. 22-3 233
321 4 3. 95 4 80 241 5? 0. 0. 0. 187. 240 240
331 4 7. 48 4 82 243. 56. 0. 0. 0. 191.  247 . 247.
341 4 7. 8.9 4. 9 7  256 57. 0. 0. 0 198. 255 255

— 35r —4—’4.37 1 4 9O 261.~~~~~59. 0. 0~~~~~~ O. 2O1c ~~~261 — — 7 6 1 .

FREQ. STEP STARTS; HERE
361 4 0. 1)4 4. 84 269 63 0. 0~ 0. 205 268. 268.
371 4 0. 5-7 4 84 276. 66. 0. 0 0. 209 275 275-

- 381 4 7. 81 4 . 83 20?- 70. 0. 0. 0. 212  283 2172.
4 7 61 4 ~~1 2g.) 72 Ci . 0. 0 2 17  �~~~ 2cc-’-

401 4 7 . 85 4. 33 237 73: 0 Ci . 0. 22 : - 29~. 299
4 1 i  4 (‘ 08 4 .8 5  3’:’4 75. 0. 0. 0. 228. 303 30?
42 1 4 3. 97 4 .81 2 - 11. 78 0. 0. 0. 233. 3 1 1 .  3 - 1 1 .

~~431 4 7. 59 4. 76 319. 81. 0. 0. 0. 23 7. 318.  2- 18
441 4 7 7 3  4. 7 9  329. 82. 0. 0. 0. 243 325 325
451 4 2- 42 4 . 86 334. 84~~~~~ ~O. 0. - 0. 249. 333~ 

- 333-•~~~461 4 3 49  4 2-42 . 88. 0. 0. 0. 25-? 341 3 4 1
471 4 0. 06 4 . 32 2-49. 91 0. 0 0. 257 343 343
431 4 3. 95 4 . 79 2-57 02- 0. Ci ,:i . 263 -35-7. 257-

4 7 86 4 . 8’:- 2-6’:-. 94 0 Cc . 0. 2 7 1 .  3175 3175
501 4 7 7 7  4 5/-, .37 7: 05 I) 0. 0. 277. 2-72 372

- — s-ii~~~
- 4 0. 07 4:36 3:2 1. 937 0. - 0. 234 35:0 32-Cc

521 4 ~: 78 4 3’: 339. 99. 0. 0~ ci. 230 7:6-:c 33-7
531 4 7 . 97 4 2 7  2-9T 100. 0. 0. c c  296 -5-3 17 2-917
541 4 4. (mCi 4 . 54 404. 1(1 1 0. (i~ 0 3c)3 4(c4 4i :c4
5- 5 - i  4 7 - ‘ i  4 77 411  101. 0 0 0. 2- 10 4 1 1  4 1 1
561 4 0. ‘:5 4 79 4~ Q li )2  0 0. 0. 3 16  4 1 3  4 13
571 4 2- 51 4 71 425 - 104. 0 -~~ . O  - - 0 32 1 425- 425
581 4 7 ?-~ 4 77 4:: ? id :c7 0. Cj~ c) 5 35 -  4 r ~:2 4 : 2
5’3 j 4 7 9-7 4 75 43 -~ jQ 9 (1 (‘ 0 330 4 5  459
601 4 7 72 4 7’:. 445 u n - 7  0. 0~ 0~ 335 444 444
611 4 7 . 73 4 :5Cc 45-5 112 .  7 0 0. 34- E c . 45-2 4 5-2
‘:21 4 7 3 9  4 0(c 4/37 113. 0 crc 0. : 4- - 4 7 ’  4/ :3

~~4?i 4 4 2 0  4 i  4 7 c )  116. 0 0 0 ‘55- 5 470 4 71 c

‘:41 4 3. ~eCc 4 ‘5-7 475: 1 1-a . c i  (d Ci 3 5 -h  477  477
651 4 7 93: 4 35: 4:75 1 2Cc 0. 0. 0. 364 42- 4 4-74
661 4 3 51 4 ~? 4c~3: 122. 0 0 0. :57 0 4 ’ 2  4 72
671 4 7 87 4 0 3  5 - e e l  125-’ 0. 0 0. 575-. 50’) sOen i —

681 4 0. 33 4 7-3 5c:c 7 1217 0. O~ 0. :33-0 50’:. 5- 1 6

FIGURE 4 .1

(Conclu ded)
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-- -~~~~~~~~~~~~ - 55 -~~~~ - - - -



_ _ _

c o n sec u t i v e  sample in t e r v a l s~~) ,  it  is c l e a r  t h a t  d e t e c ti o n  t i m i n g  ri- f t - r i -n e ed

to t he  VCO zero crossings will give er~or— frc-e perfortnanci- w i t h  a w i d e

marg in to  spare -

Nex t , we observe t h a t  a 1000 liz frequency (dopp le r ) sfer ’ :  is

m t  roduced at t h e  3 9 1— s t  b a u d .  As a l re a d y n o t e d , t h i s  is a c o n s i d e r a b ly

mor e ac -v t -r i- freq u e n cy  o f f s e t  p r o f i l e  th a n  w i l l  r e s u l t  f r o m  normal  d i s c

eccentricit y . The resulting shift in t h e  VCO z - r c  crossing position ,

howeve r , is observed to be insignifican tl y small compared to the di’tc - i- to r

t i mt ’ err .’r toarg i Fl -

Fi gure 4.2 is the Same as Figure 4.1 except that t h e start ing

pha se- of t h e  ~‘C0 was shift ed f r o m  135 to 225 degrees . The m i t  ju l t r a n s i .  r : t

t i m e  i s  o bs er v e d  t i e  h a  s o m e w ha t  i o n gc ’t -  ( a b o u t  100 bauds  , whi i eli is he-

maxirnc ns c-l cal ’rve d) - Si ni’ c ’ t h e  VCO p h a se  j it t c ’r i s  so s m a l l  ( compared  t o

the  al I c a w a b l i ’ m a r g i n )  , i t  i s  c le a r  t h a t  a w id e r  l oop  b a n d w i d t h  (PL I .  SW

can be used  to s hor t e n  t r an s  l l - n t  t l o ; l - .

It is i n t e r e s t i n g  t o  ch a t - rn ’ s the e f f e c t  of  t h e  l ; i s c - r  flO i Si

highipa ss filt er cutoff f r c -qu -ncv on demodulator per f or m a t i c t - . Fj ~~U i t -S c . 3

~~~~ -+ an d ~i3 7  c.ac i r c - s p l e I l u  I i)  i e L t l t j i . ui Ct i t i u it i ot l s  as  Fi puic - -~~~. i CXC i ’p~ t u i t

t i l e  f i i t  c r  c u t o f f  is r e s 1 e , - c t  i v ’ - ]  v , 75 , 1 ~
() and  2 2 5  k h l : -: - * 1) e - c r t - ; ;s  I rig

F d e t e c t o r m ar g in  and inert - a m p  v :iri: it ion in t lic ’ VC O p L:i : . i ’ r~ - f e - r ’  o c t  i s

obsca rv i d s-i t it i f l C r e . 1 - ; i f l ; , C f l t e u t f  f req i l c - t uc - v .  The sir.cucl at ions tn d icat ~ - t h a t

~i 100 kIt;: h i c g h t ; c a s s  fi I t t ’r is ,cbout t h e -  upr ’ c - r l i m i t  at w h i c h  i d i O u , i t  i ’

demodu  I a t  i Oil  C i l t i  b ’ ash j  i V e e ]  - S ‘ I c ’ t h~ i t ,c uc t I c c ’ h iP  F c i t t  o t~ f r~- qe t  e r i c  u-

i n c  r e - c u - c - - ; , m e t  on 1 v cloi- ~: he - l e t  c i t  I on m a r p i  n dc -c  i t O / c ’ , icu , i  I 5 ,c  t I c ,

de t i c  t - ‘r ‘s t ;c r t  “ I t n t -  - l c ; i n g e - : :  ( r i - I at  I V - t ~ 1,1w v r o  p h~i - :e ) . .-\ r e - I  t~ c I  t ip .

0 i t i b h ~~e -— 5 i I o t  i s  p r o v i d e - c l  n l i i i ’  h ;i~~c t w . c i c - f , e r  t i t i s  r e - . c s c c n  ( S O t ’ Sc i j , e t l

It is j u t  e - i , - : . t  i rn; t o  del c - i l :  t i c ’ I ice ’ setisi I iv i i  V ‘1 s V : -L  1-n re c a t —

— 
t c t ; i f l c - c - t o  v a r i e e t l :  jc~~cc f j  i c c :  of t i i t ’  t e - . c e l  h c e ’ : c u - : . To :c - t 1 f e - c l  

~~ i — [ c c l  t h c I ~~.

a s in m p  l e d I c e ’ urn :t: uc ]e I i t  t t dt’ c rc I 1 1 1 - of ( 1  1 1 , I I 1 , I , 1 ) s o ; ;  I ca :; I .  -~h • an t I  I i -

ri sc, I t  r: : i p p c - . c  r i n  h - 1  c h i t  ri - , - e - We oh- .’ - rn ’  - 1 l i i  I c l e e , I- . ~-x I r c a  I I c e l l  i n u;l t 1 1

~ h l t i -  o t , c r  t cc g  p I c a - c icc Fl - - c OO -- , ‘C .3 , ‘~~~~- i  i n c h  -‘i . ’ w i - - ‘ / ( ‘ i t - , t  e e l  i o j e C ’  , c c °

— h u t  I i t  I I :;  O t t  I t t : -  I git  I I I c - , c t c  I p~i i l i a c  t i - i ’  c~h c.1 Fl~~e -

- 0

- - -  .~~~~~~ -~~
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very accurate , however , detector phase margin is reduced to about ±22_l/2

degrees.  In general , we may conclude t h a t  system pe r fo rmance  is

reasonably insensitive to modestchanges in the beam p r o f i l e .

55 ii 
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NUMBEK OF TEST BITS 1000 HF CUT OFF, IN KHZ 20. 0000 0 SMPS. IN INT 3

PLL GAIN 36000. PLL 8W 5300. INITIAL VC0PHA~.E(DEG) 225,

VALUE OF ICOF F 3
-———-- — 5 5— —--— —  _________

DISPLACMENT FROM VCO TO [lET . 0

D0PP 0FF~.ET IN HZ (6W07) 1000. DOPP RATE IN HZ/ SEC (SW*8) 0,

SAMPLED AMPLIT u DE OF THE REA D 8EAM -
0. 000 0 0 0 0  ‘) 000 OOO~~ 0. O0O~~~ 0 000 0 000 ~~~ O :00o -

0. 000 0 000 0 000 0 ooo 0 000 ‘) 000 0 Ci’)’) 0 000
0. 000 0. C”)O 0. 000 0. 000 0. 030 0 050 0 12-0 0 110
0, 060 0 410 0. 710 0. 960 0. 9170 0 710 0 41 (1 0 07-0
0, 110 0 1 2-i) 0 050 0. 030 0. 000 0 (‘00 0 00’) 0 (‘Cc’)
0. 000 0 000 0. 000 0. 000 0. 000 0 000 0 000 C) Cc’)’)

~~~~o:ooo o ooo - 
0.000 ~~~~o:oOo~~~~~~o:OoO 0 000 

- 0 000 0 000
1 2 0 00 2 50 0. 0. 0. 0 0 0 0 0

11 2 3 90 2 44 7 0 0. - 0. 0. 7 7 7
21 2 7. 87 2 37 15. 3, 0. 0. 0. 11 . 14 . 14

2 7 60 2 29 21. 3 0. 0. 0. 17 20 2Cc
41 2 7. 62 2. 17 29. 7. 0. 0. 0 21 28 217

— 2 7 39 2 02- 37 . -- 10. O.~~~~~~O. ~
- 0 - 26 36 2-I:-

61 1 0 57 1 86 44. 12 0 0 Ci 31 43 43
71 1 7. c 1 65 52. 14. 0. 0. 0. 37 51 5- 1
81 1 3 76 1. 40 50 15 0. 0 0 43 55: 5 -7

~~~91 1 7.86 1 ’)3 &7 16. 0. 0. 0 5’) 7-17 7/7
101 4 7. 91 4 92 76. 16. 0. O~ 0. 59 75 75
11 1 4 0 02 4 71 82 - - -  17 .~~

— - ’ 0: 0 - O. 64 81 81 -

121 4 7~ 76 4.60 89. ~0. Cl . 0. 0. 6:3. 32 83-
131 4 7 7 - 7 4 64 917 22 0. 0. 0 72- 75

141 4 2- 5’:, 4 71 lC c 3  25. 0. 0 0 78 102 I C e S
- 151 4 3 4-7 4 ‘33 111  20 0. 0 0 -92 11 1  111
161 4 3. 7~’ 4 7-8 1 1 7 3 :  0. 0 0. :2 -7- 1 1 0  1 1 - : ,
17 1 ~~~~~~4 3 9 2  4 9 2  123 33~~~~~ 0 - - 0 ~ 0 95 123: 129
18.1 4 7 93 4 C,’) 1~~7 2-5 Ci . 0 Cj 11) 1 12 -4 12 - 0
191 4 7.75 4 3 1  143 : 5/7 0 0 0 10/7 142 142
201 4 3 7 :3 4 :35 151 3’:- 0 0 0. 114 j 5 -, c c  1 5-eD
21 1  4 3 8 1  4 2 - 0  152- 2-2- 0 0 0 12 C c 15-3 :  15’S
221 4 7 7 - 2- 4 :7 1 17-7 2-2 Cc 0 i:c 122 14-4- 1 7-7’
231 - - 4 7 3-3 4 84 175 - - 0- 0 Cl 12 - 5 174 174 - ——

241 4 7.76 4 33 133 41 C) 0 0 141 12 -2 12-2
251 4 0 0 3: 4. 73 1’~1~ 42 0 0 (1 143 : j ’74 - c j- c~Cc
261 4 2 - 9 8 4 95 I9’~ 4’:-. CC I - i 0 15 - 2 1:,:, 1 -c e-c e

271 4 3 9 4  4.39 206 46 0 0 0 160 20/:- 206

FIGURE 4 . 2

VCO LOCK TIME CHANCES W ITH D I F F E R E N T  IN I T I A L  VCO I’UASE 
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NUM8ER OF TEST BITS 1000 HF CUT OFF. IN KHZ 75, 0000 0 SlIPS IN INT 3

LL GAIN 36000. PLL 8W 5300, INITiAL VCOPHASE(DEO) 45.

_VALUE OF KOFF 3 
________

OI SPLACMENT FROM VCO TO DEl. 0 
- -

cOPP OFFSET IN HZ (SWO7) 1000. DOPP RATE IN HZ/ SEC (SW*8) 0.

SAMPLED APIPLIT’Jt’E OF THE READ tEAM
o:ooo 0 000 0 000 0.000 ~~0 000 0 000 ‘ 0 0 0 0’ ’O ,-OOO
0. 000 0. 000 0. 000 0 000 0. 000 0. 000 0. 000 0. 000
0. 000 0. 000 0. 000 0. 000 0, 030 0. 050 0. 130 0. 110
0. 060 0. 410 0 710 - 0. 960 0. 960 0. 710 0. 410 0. 060
0. 110 0. 130 0. 05Cc 0. 030 0. 000 0. 000 0. 000 0. 000
0. 000 0 000 0 000 0 000 0. 000 0. 00’) 0. 000 0. 000
0~O00~~~~~ 0. 000 0,000 0 000 --— 0:- 0 0 0 — ’ o .  000 o:000——o-ooo—
1 4 3. 73 4. 50 0 0. 0. 0. 0. 0. 0. 0.

11 4 3. 66 4 67 7 0. 0. 0. 0. 7. 7. 7.
21 4 6.81 4 7,9 14 3. 0. 0 1 11 . 14 14
31 4 6,97 4.61 13 4. 0. 0. 2- 16. 20 20.
42 4 7 .88. 4.171 23 6- 0, 0. 6. 22. 28. 2:3.

- -  

~~~~~~~ 4”7 90 4.46 2-1. 6.~~~ 0 O. ’ 6 .~~~~30. 36 17~~
61 4 0.40 4.5’) 2-5. 3-. 0. 0. 9. 35. 43. 43.
71 4 7.59 4,50 41. 10. 0. 0. ii. 41. 51, 51,
81 4 3 58 4 4:3 45 11 , 0. 0. 13. 47. 58 5Es
91 4 7. 65 4.45 53. 12. 0. 0 14 54. 66. ‘:17

101 4 7. 77 4. 52 62. 12. 0. 0. 14 63. 75 75.
1 1 1 0. 20 4 40 — 65 ~~~13 ~

- 0T~~~~ 0 : 1 7. - 68. 81T 81. —
~~~

12 1 4 0. 3-4 4.33 17-9. 15. 0. 0. 20. 73. 88. 88.
131 4 7. 28. 4 :31 74 . 17 0. - 0, 22. 78 95. 95
141 4 2. 62 4. 31 77. 18. 0. o. 25. 85. 10-3 11:1 3
151 4 3 20 4 40 8:5. 19. 0, 0. 26. 92. 111. 111
161  4 7 3- 7  4 44 73 j O  0. 0. 26. 100. i 1~~. 11 - ~

~ i7l —-  4 . 3.64 4. 7-2 101. - 19 - 0. ~~~0. 27 - lOct 123. 1 22.
181 4 7 2.3 4 1- 1-: 10’-’. 21 0 C’. 28. 11 5 12-7- 1 2-7-
191 4 7. 23 4 55 113 22 0 0 30. 120 142 142
201 4 2. ‘72 4 47 121 . 22. 0. 0. 30. 129. 150 150
21 1 4 3 7:7 4 5 1  1217 - 23 0 0. 32. 32-5 15-2- 15-2
221 4 2 - 7 4  4 . 59 1 33 24 0. 0, 34 143 1/77- 1 17-17-

~231 -  4 - 7 5-2 4 5:7 141 25 - -  - 
O.~~~~~~0~~~~~34 - -- 3 4 9  — 174 - l74~~~~

.

241 4 /-, 5/. 4 5-1 148 27 0 0 35~ 15-5 12-2 12-2
251 4 7 74- 4 46 15-5- 27. 0. 0. 3’S-. 1’:-?. 170 10(1
27- 1 4 2- 11 4 5-4 1/ :2  29 0 0. 37 . 171. 1~~’5’ 1~-7
271 4 37 7  4 5 4  1 4.3 22- : 0 0. 38 172 206. 21)6.
2 17 1 4 6 ‘:5- 4 45 174 23 0. 0. ~~ 184 212. 212
291 4 7 2 1  4 37- 1 72-: 2:3 ~~~~~~~ 4~~~~~1~ 0 219 21$~~~~
301 4 7 1-~ 4 3-~ 134 28 0 0. 42.  1’~7 22~ - 225--
311 4 2 7 4 4 5: 1 13:7 3)) 0~ 0 45 203 22-2- . 22-2-.
3721 4 3 51. 4 3:3 1 -c c4 :3 0. 0 47. 20:5: 240 240
2 2 - 1  4 6 75 4 4c) 3c3 1 32 0 C’. 47. 215 247 ( 247
341 4 7 7 4  4 3 0  20-1- 34 . 0. 0. 50. 221 25-5 255

~ 1 4 4 4 ‘ :0 c A 0 52 22/ 2’ 1 261
3171 4 7 91 4 :7 211-. :/~ 0 0. 5? 2 2 2  2,75: 278
3:71 4 7 7 1 7 4 73 224 ’ 7-7 ‘) 0. 54 22- 17 275- 275-
331 4 0 (cS: 4 5:4 225- 40 0 0~ 52- 242. 2 172 232
291 4 7 II 4 24 2 7Cc 45: 0 0 17-0. 246 2:39. 2~J0
401 4 7 1 1 4 2 2 33:5 44 -- 0. 62. 252. 296. 2717
411 4 758 4 .26 240 45 0 o. 64. 2513 303 303

FIGURE 4 . 3
-

‘ 
ILLUSTR ATING DETECTOR PHASE MARGIN WITH 75 kHz HPF
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NUMBER OF TEST BITS 1000 HF CUT OFF. IN p2-HZ 150 0000 0 SlIPS. IN INT 
- 
3

PLL GAIN 36000. PLL 8W 52-00. INITIAL VCOPHASE (DEG ) 45.

VALUE OF 140FF 
- 

3 -

DISPLAcMENT FROM VCO TO DEl 0

DOPP OFFSET LN HZ (SW*7 ) 101:10, EIOPP RATE IN HZ/ SEC(SW*8) 0,

SAMPLED AMPL ITUDE OF THE R EAEc t EAM
- 0. 000 0, 000 o (c))) 0 (‘00 ~~~o:ooo - -

~~o:ooo — o:ooo— —~~ooo--
0. 000 0. 000 1) (ci’j(c 0. (i i:))) 0 0(10 0 000 0. 000 0. 00’)
0. 000 0. QO)) 0 Q’)c) 0 1)0(1 0. 02-0 0. 050 0 12-0 0. 110
0. 06Cc 0 41C’ a 710 Cc . 60 0 o~~~ 0. 710 0. 410 0 060
0. 110 Ci . 130 0. 05’) 0 i)Sc) 0 00Cc 0. 01)0 0. 001) 0 000
0, 000 0. 01)0 Cc . Oc)c) 0. 000 0. 0(10 0. 000 0. 000 0. 000
0_ 000 O. 000 0 000 0 000 - 0 000 0 00O~~~~~ 0.0oO~~~~~ 0 0Cco

1 4 3. 50 4 50 a Cc 0. 0. 0 0, 0. 0.
11 4 3 30 4. 3:0 7. 0 0. 0 0. 7~  7 7 —

21 4 6. 20 4 34 12 0 0 1 3. 14. 14 15
21 4 5 . 3 - 4 4 3 1  13 0 0 3 8 20 20 24
41 4 7. 35 4. 3-3 17 0 Cc. 5- 12 25: 25: 33

~~5 1 -  4 7.64 4 2 4  21 0. 0 5 16.~~~~~ 36. 3-1- 4 1~~~~~
61 4 7.63 4 25 25 - 0 o. a 19.  43~ 4 51
71 4 7, 05 4 2-:, 2-c) 0. 1 9 22. 51 52 60
81 4 3 . 1 :1 :3 4 2 6- 22 0 2. 12 24 5:3 6-0 7’)
91 4 7. 2-7 4.22 2.7 Cc . 2 13. 2:: 66. 63- 7-~

101 4 7. 2-? 4 31 46 (1. 2 13. :2-i) 75 77
- 4 752 4 3 2  48- O 3.~~~~ i7. 34 2 1. 24 ~9-~~~~~ -

121 4 7 :74 4. Si) S e c  0- -3 - 12 0 93: 01  101- ,

12-1 4 5 4 1 7  4 4 0  55 0 4. 20 41. 95. 99 1I- ’~
14 1 4 2 46- 4 43 5:: 0~ 5- 2;’ 46 102 1(5 : 1
151 4 2. 2-7 436 /72. 0. 5 22 50. 111 11 6 12-5 :
161 4 3 68 4 24 1-~-5 Cc 5- 22 54 . 119 124 . 14 1

~ j 7j  4 3 2 3  4 3 cc  72. 0 5-- 22 
- 56 122 12-? 150 - -

1:3 1 4 17 15 4 73 75: 0 5 22 . 59. 12/7 141 15-3:
191 4 6. 53 4 .2 7  20 0 7- 25- 6? 142 14$ 167
201 4 2 27. 4~ 15 - 2-2- (l . 7- 25 ‘:.~~: 15-0 1517 175
211 4 2- 75 4 10 -:5- 0 4- 25 7? 1 52-: 2 -44 133
221 4 2 1 7 8  4 3-3 7 3  c c  7, 27- 75 1 7-6 172 I~~ .

4 7 17 4 12 ,4 (‘1 17 2’3 7~) 174~~~~~19fl - 2OC’c
241 4 6. 24 4 3 cc i oi  c c  /— 31-. :7 3 132  1’3- h
251 4 7.27 4 12 - 1 (C4 0 6 2/;- 27 1°0 1”6 216
261 4 2 17 4 27 1 1 1  0 7-~ 27 :7~~ 107
271 4 3. />9 4 22 1 1 2  I) /-. 5 : :: 74 3c .c f ~. 21 3 22 -4
281 4 5-, ( iS  4 2 1 1 15 --  Cc 5. 2- :,  ->~~ 212 21 :2- 2 4 2
291 - - 4 6 5.2 4 05: 115-  (1 6 32. - - - 104 - - 212 - -224 :-5-~~

2-Cd -7 1-- . 7c:c 2- - e : : 1 1 7  CD 4. 3:3: IC c > 225 23 1 25-7
311 3: 2. 40 3-. ->’> 121 0 /5- . 3:5- 113 232 2 :>
.2-31 3 2 4 5 - 3 3:4. 133: Cc 17 25-, 113 : 34, :~ 24/- 2 7 5 -,

33:1 5 14 3 7 7  124 -- 0- 4, 35 122 24r 253 22- ?
341 3 7. 80 2- 77 1 3Cc c c  7 .37 127- 25-5 262 2 - 7

~~35-1 2 - 2 7 6  3. 74 131 1) 3-;~~ 41 ~ i?1~~~~27-1~~ 217~ 7A3
361 3: 7 21 3 174 134 . 0. 9 42 13 5 2/5-2 272 2 - I C ’
3:71 1 7 ç~ -:, 3. 7-7- 1 32-: (1. 1: 45- 12-2 275 283 32’)
381 2- 7 5-I a 73 141 f ’  -> 47 142 22-2 2> 1 23’-~
391 3 5- 25- 75- 145~ (1 9 42 145 . ~~ 7<’ 2 > 2 -  3~~.7
401 3 6 1 0 3 81 143 0 tO 51 j4 , 3-74 , 2-06 2-47
411 3 6 42 3.17-6 147 . 0 1’) 52 155 303. 313 . 355

FIr.URF: 4~ 4
ILLUSTRATING DETECT OR l’HASE MA RG IN WITH 150 kHz HPF 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~



NUMBER OF TE’3T tITS 1000 HF CUT OFF. IN KHZ 22~. 0000 * SMPS. IN ZNT _ 3

PLL GAIN 36000. PLL 8W 5300. INITIAL VCOPHASE(DEG ) 
- - —- 

45 
-

VALUE OF KOF F 3 __________________________ ___________________________

DISPLACPIENT FROM YCO TO DEl. 0

DOPP OFFSET IN HZ 5W *7) 1000, DCIPP RA TE IN HZ! SEC (SW*8 ) 0.

SAMPLED AMPLITUDE OF THE READ tEAM
bT000 0 Cc0 ) 0 000 - 0 000 0.000 0000~~~~~ 0 OCo ~~ . uOIT
0. 000 0 000 0. (‘00 cc 0(c)) 1) 000 0. 000 0 000 0 000
0. 00’) 0. (1(1(1 Ci . 000 0. 000 0 030 0 05’) 0 12-0 0 110 -

0. 060 0. 410 0. 710 0 960 0 97.0 0. 710 0 410 0 060
0, 110 0. 1-2 - C) C’ . (iS’) 0 02-0 0 000 0 000 0 000 0. 000 -
0, 000 0 (‘00 Cc 00Cc 0. (dO’) 0. (100 0 000 0 000 0. 000

~~0T~~O0~~~~~ 0Thc’0 
- .  c) (‘Cci) 0T000 07000 0 000 0 000 0~ 0OO~~

1 4 a 31 4. 50 0. 0 0. 0. 0 0 0 0

~~~~~~~~~~~ 4 2 , 92 4 29 0. 0. O~~~~~~0~~~~~~ 7 7 7 . 7
21 4 5. 72 4. 12 - 3 1.  1. 3. 11 15 15 16

3 2 . 3 - 0  3 9 9  4. 3. 3’ 8. 19.
. 24 . 24~~~~~~25

41 2- 6.81 3. 96- 7. 5 5- 12 25 23 3? 34 .
~~51 3 7 .  17 3 92 - 7~~ 

5 5 5 -  - - -  5~~~~ ’:- ~~~?3 41.~~~~41~~~~~42
61 3 6.98 3.91 10. :3 & 19. 39. 51. 51 . 52

~~71 3 2. 41 3. 98 14. 9. 9. 22. 45 60 60. 61 -

81 3 2. 89 3. 9-5 19. 12. 12. 26. 53 70. 70 70.
~~91 3 6. 91 3.90 24. 13 13. 

- 
28. 5-5 79. 7~’ SO. -—

101 2- 2.80 392 25. 13. 13, 3~ 66. 3-s. 3-13 8’>
1TI~~~~~~~3 7 . 2 3 .  84 - 

3 t .~~~~~17.~~~~ i7 . 34:~~~~74 93-~~~~~98T—’~~9
121 3- 7~ ~-3 -3, 87 3-3-. 18. 1:3 . 39. 81 . 107.. 106. 107.
131 3 2 . 2 7  3. 91 37. 20. 20.~~~~41.~~~~3-7. 116. 116. 117 -

~~
141 2- 2. 05 4. 00 41. 22. 22. 4/— ‘74 125 12-5 125
151 3 1.52- 3. 94 42. 22. 22 50. 101. 13? 13? 1??
161 3 3. 22 3 72- 42-. 22 22. 54. 107 141 141 141.
17F~~~ ~3 2 92 3. 93 - - 45.~~ 22 — 22~~~~ 5-/5 ~ lI5-:~~ 1 5-0 l5-0~~~150
181 4 2 64 4. 0Cc 4:3 22. 2~~ 5->~ 12 0 P59- 1 52-2- 152 -
191 2- 5. 83 3 96 57: 25 25. 43. 127. 17.7. 167 1/5.8
201 3 1 70 399 55 25. 25-. 68 133 175 175 17/5.
211 4 3.22 - 4 0-3 57 25. 25. 73 12-2 12-3 18-3 183
221 2- 1 . 3-4 3 8 7  7-1 . 26. 26 75- 145- 1-72 102 i-> ~

j 3  6 -15 2 92-.~ / , 5-~~~~5 5 3 / 7~~~~~ 26~~~~~79. 1 4 9 200T~~200 201
241 4 5- 71 4 1)5 45—~ 2-1- 24. 3:3 154 2c: c3: lIe:::
251 4 6.82 4 04 70. 24 26. 87. 117-0 21/5. 21 /> 217 .
261 7 1 4 6 3 99 74 27 27. 89 167 . 225- 22/; - 226
271 3 3. 24 3 92 77- 28. 28, 94 . 173 234  22-4 234
2 171 3 3 47 7 97 7-~, -e r ,  2’> ->5 : 180 242 242 242

~~~~9j  - 5, :74 77 22 -. ?2 - 
~~~32 1O4 ~~~~128 25-0 25-C’ 251~~~~~~~~~~

3(11 5- :72 3 7> 5:4 3:2- 73 3 (1-7 j OS, 35-2- 25:2- 25-9
311 2- 1 ’ > l  3~~~3: 3:7 2-5- ~35 11 3: 2(12 3/.> 5- I -S 2/5-8
321 3 1 . 4’) 3 2 - 7  71 .2-5 35 112 - : 207. 275 275- 27/5 .
331 2- 2 42 3 8’> 92 35- 35 123 213 283 2 9 2 -  23e4 — .

341 3 9-3’ 2- 95- 99 37 2-7 12-4 218 2-72 292, 2~3
35r~~~ ~~4 1 /5.1 4 01 jcc 2 41 ~~ 41 113I —227 302T 2-02’ 302
317-1 3 2 -22- 2: — ‘5 I CeS- 42 42. I ?:5- 22-3. 2-10. 31’) 311.
371 3 ,7 1-. ’

~~ 2- ~~~~ I c C : : : 45 45 12 -2 - 22-9 2-20. 2-20. 221. — -

3171 2- 7 14 2- S’S I1 ~ 47 . 47 142 246. 327 2-?’> 330
391 3 2 42  2- ‘df l  1 1 7  4’? 4? 145- 251 . 3313. 32-2- 339. - -

401 2- 5 5.1 3 07 12;: 51 51 . 14’-’ 257. 347. 347 348
411 3 29 17 3 8 9  12 5- 52 5 - ’ 15-5 264 . 355 35-5. 35~FIGURE 4 5
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NUMBER OF TEST BITS 1000 HF CUT OFF . 114 KHZ ~0. 0000 0 SIll’s, IN IN S - .~

PL.L OAIN 
- ,  

36000. PLL 8W 
- 
5300: INITIAL VCCJPHASE (DEG) 

- -  
135.~~~

VALUE OF KOFF 3

DISPLA CMENT F~OM VCO TO DET. 
-.  

0 
— - - - -

DOPP OFFSET IN HZ (SW*7) 1000. DOPP RATE IN HZ! SEC (SW*8 ) 
- - 

0.

SAMPLED AMPL I TUDE OF THE READ BE AM
0. 000 - - 0. 000 - 0. 000 - - 0. 000 - 0. 00cc 0 000 0. 000

0. 000 0. 000 ci . 000 o. 000 0. 000 0. 000 0. 000 0 000
_ 0. 000 - 0. 000 . 0 000 C’. 00() - 0. 000 0 (‘00 ‘) 0Cc’) - 0 0Cc))

1. 000 1. 000 1. 000 1. 000 1. 000 1 (‘(do 1 000 1 ~c0O
_0_. OC’O 0~O00 _____O.

~

000.,_.0 00Cc cc .~~0(c_____ 0_ 00C’_ . 0 C0O _ _ 0. .09Q
0. 000 0. 00’) 0 000 0. 000 0. 000 0. 000 0 000 0. 000

_~~~~ . u00 0,0(10
55 

(‘. 000 _ 0.000 (‘. 000 , 0. 000 - 0 000 0.00Cc
1 3 0. 00 3. 50 0. 0. 0. 0. 0. 0. 0. 0.

~~~~11 . ._ , . .  3 3 8 5 3.59 7. 0. 0 , 0. 0. 7. 7 7.
21 3 7.81 3. 73 15. 3. 0. 0. 0. 11 . 14. 14 . 

-

_ 31 _3 7 ~38_ 3.
..
93_ 21 _ 3.____ _ .0~_ _  .0._ ._ 17 e~ 2C’. 2 O.

______

41 4 7. 43 4, 07 27. 7  0. 0. 2 21 28 28 
—

_ _51~ 4 7, 85 4, 32 35. - 10. 0., 0 2 26. 3/5-. 36
61 4 0. 87 4. 50 41 . 12. 0. 0. 3 31 43. 43 

-

4 7. 83 4. 72 48. - 14. 0. 
- 0. 4, 3:-7, 51. 51.

81 4 3, 65 4. 85 54 15 0. Cc . 4. 43. 52- 58. 
-

_~1 4 _7~ 8 0 4 ,91_63._ 16. 0.__
- Q~_ 4 ._ _ _ 5O. _~~~66 , 66

101 4 7. 87 4. 85 72. 16. 0. 0. 4. 59. 75T T75. 
—

111 4 Cc . 04 4. 70 - 78. 17. 0. , 0. 4. 64. 81 81. 
-

121 4 7.95 4.69 85-. 20. 0. 0. 4. 68. 88. 88.
_131 4 7. 49 4 17-8 92. 22. 0. 0. 4. 73. 95. 95.

141 4 3. 32 4. 53’ 99. 25. 0. 0. 4. 78. 102- 10?
151 4 2- 22 4.53 107. 29. Ci Cc . - 4. _ 82._ 111 . 111 .
161 4 2- /5-9 4.5-0 115 . 33. 0. Cc . 4. 86. 119 . 11 > .

_ 171 4 3. 88 4. 72 124. , 33. 0. cc . 4. 95. 128. 125.
183 4 7 ’> 0  4,82 13 -3. 35 0. 0. 4. 101. 136. 132

_ 191 - 4 7.6-1
55 

4. 75 13-9. 36. 
- -  

0. . - 0. 4 106. 142. 142
201 4 3. SC’ 4. 74 147. 37. cc . 0. 4 1 1 2 - -. 15-Cc 1S-,:c

_~~~~ .1t ,__._ 4 _ 2-. ,72 .~~ 4 7 4  ‘4 -30 0 0  4 — - 
1 1 2 -  158>_ 158 

—
221 4 7. 43 4. 75 163 39. cc . 0. 4 127 . 166. 117/5- .

~_ .231 4 7 7-1- 4.76 171 4C1. 0. (I 4 134 174 174 -
241 4 7. 17-? 4.79 172- 42 0. Cc 4 14~~ 1 :5:2 1:2 -2

,__ 251 4 Cc 05 4 . 23 18-7 43. a cc 4 147 1 2-Cc j 2-CC
261 4 3 93 4. 85 1 2-5- 47 Cc Cc . 4 15a 1’>’> 1 -Se ’>
271 4 2- ~‘2 4 2 - 7  2 cc 2  47. 0 (C 4 15’> 2(17- 20/5.
281 4 7 , 4 >  4 /39 2 c c > 48. Cc (c~ 4. 1/5. 4 2 1 3  2 1 2  

—-

291 4 7 5-4 4 75 215 42- Ci . 3 4 1 7’) 218 112- :
2-01 4 7 6-Cc 4 . (--8 222 4> C’. 0. 4 17/5 -. 225- 225-

4 3 0 7  4 67 22-? 5-2. 0. 0. 4 18 1 22-3
32 1 4 2 - 0 - 3 4 17-4 2.37. 54 0. 0 4 186 240 240
331 4 7 19 4. 7Cc 244~ 57 . 0. 0. 4 - - 

19(c 
- - 
247. 2 4 7

341 4 7. 85 4. 75 252. 58. 0 0. 4 j’> 7 255-. 25-5
35-1 4 4. 19 4.78 257 6-C’. Cc 0. 4. 200. 261 25.1
361 4 Cc . 07 4. 74 265 64 . 0. 0. 4. 204 217-2- 2 / 5 : 2 -

- -  371 4 0. 9Cc 4. 74 2/5-9 67. 1 . ~c . 7. 2,,~5: 274 275
381 4 7. 72- 4.72 274. 71. 2. 0. 7 2 11 . 2:2-C, 22-3
391 4 7. 41) 4. 71 25:1 73 2. Ci 9 216 15:7 2’?’>
401 4 7 7 7 4 75 288 74. 2 0 9. 222 274 2’> -
411 4 0 14 4 80 2-S’S 76 . 2. 0. 9. 227 301 303

FIGURE 4 .6
SYSTEM PERFOIUIAN(:E WITH “RECTANGULA R ” BEAM PROFILE
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5.0 SOME IMPLEMENTATION CONSIDERATIONS

A block diagram of the demodulator is given in Figure 5.1.

The following points abou t the imp lementation are worth noting . First ,

we note that typ icall y the VCO should run at twice the bit rate (2 x 4/3
Mhz ) to accommodate- the Miller modulation . We plan, however , to run at

6 x 4/3 MHz and divide by 3 as show-n in Figure 5.1. This will allow us

to provide a synchronous data clock , 3xCK , to the decoder at three times

the d~ita rate ”~ (in addition to  the  normal clock , DATACK , at the data rate).

Secondly , we’ i~in to use 3 crystal VCO in the i n i t i a l  des ign  (Creenray
Mod e- i N - - c 1 2 , or e q u i v a l e n t ) .  Such a VCO can be pul led  b y ±0.1% (which  is
onl y slightl y more’ than we require to handle disc eccentricity) , and at

the sauce time maintain its center frequency to within ±0.005% from ~0 to

50°C. We n o te  t h at , regardless  of t he  t y p e  of VCO se lected , i t s  c e n t e r

f r e q u e n cy  must  r emai ’-c w it h i . n  about  ±8 to 10 kHz of the  nomina l  v a l u e .

Othe rwi se - , t he  loop b a n d w i d t h  becom es excess ive ly  large j u s t  to acc omm od at e-
the VCO error. The VCO output will contain a lot of jitter undt-r these

c o n d i t i o n s , and s i m u l a t i o n s  showed the 8 to 10 kH z f i g u r e  to about  the
maximum altow a r-cl e.

To r e s o l v e  t h e  c l o c k  ph a s e  amb i g u i t y  resu lting from th i- ~ i l 1 e r

e n c o d i n g ,  t h e  d em o d u l a t o r  w i l l  cent  i n u o u s l v  t e s t  t h e  o u t p u t  d a t a  c l o c k

to de t  € ‘t’i~ine  t h a t  it is t he correct l e l c a s e  ( o f  t h e  two p o s s i b l e- ) . If and

when this t e s t  in dicat e -: : that t h e- phase  is  i n c o r r e c t , it will automat i c -a ll ’ :

sd ect the opjcos i U one- - This t e st  can he’ un d c - r s t  ood by ohst- rv i ng f ron

Fi gl l r e -  2 . 1 t i c a t . I f th e i f l e’or r & ’c t s i lmp I I ng p i c i  ye ’ i s  used  , an i s o l a t e d  e~ r~’

will resu it i n  f o u r  s:cni ~’ I t - ~~~ of the sauce pol an tv - W i t h  t h e  cor re-

samp I I rig p h i - c c - , fc cc, r i d c - n t  I cii y , I n 1 ~ e It I c e ) 1  :11 i t  i t - S  i f l  two  C O l l S t ’CU t  i V t ’ Icitii l

t hin-s c-au n ev er  -‘ e c ci r - W i tIi l i i ,  j n e - , cr r e - C t phase ’ , it w i l  I c ’c -cur  on ,,n

av (’rag t- of ~ch i t  ‘ i i i -  ou t  c c i eig ht Cnn::c-cc ct lye baud  p a i r s.  A (c / i — s t  i t

c o un t  e r  w I I I i n  i t  i a I I s I ce  s e t .  t O  : 1  aU  h ’ cn~1 , 1)71 -ac’h cc ’s  - ;e , - i t  I I vi - hi 1

p a i r  -x ani i m d , w i  1 1 c- , ’ c u c t  t i p  I v  one , if al I f o u r  pci1  an  t i iss t i c -  no t

I In ’ san d - , ,c ~ d c c w i i  I c~ 1 1 ,  c c l  in- rw i sc • “~~~~ I I and wlceii t i l L ’  ( ‘ ci c l i l  I c ’  I - - I a t

t -x ( ’ ( - , -do  ~,8 - t in- IJATA i :N.\Ill.l: l1 ~ c ~~, e c - - , Ic I ~ Ic — S inc 11 -ir lv , ,,c i c ;u n v  b aud pi il

*L ort nd Vt- I t - - ;  h a s  licd i c i t  i’d t h a l  t Iii: ; r.,t c ’ S r t - q c c  i r ed  f o r  h i s  d t - c , ’ c i t - r  -

a t  I (-m ill . I c e  c - o c l n t  h~- low sE alt’ I (alcove st i t ,  (c.’i) cau se s tic, c c cc c ilt c- i

t o l’-~ 
to : 1 -il  i 1 ( ( c - i )  -
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for wh ich the sta te goes from above to below 16, the opposite demodulation
phase is selected . With this type of test , an incorrec t ph ase w ill be

recogn ized and corr ected quickly. We note that , regardless of the state
of the DATA ENABLE line , we w ill con tinue to prov ide DATA , DATACK , and

3XCK to the decoder.

Selection of the opposite demodulation phase (when the state

falls below 16) can be achieved by inhibiting a single f i r ing  of the

retiming single—shot shown in Figure 5.1. (This retiming sing le— shot

is provided to compensate for delays introduced by the highpass filter

used to eliminate laser noise , and was discussed at the end of the

previous section.)

Twice per baud (i.e., once in each half of the baud), th e edge

out of the retiming sing le—shot fires the integrate—and—dum p (I&D) single-

short. During the time out of the I&D SS , the bandl imited waveform is

integrated in an RC network , and samp led by a comparator at the dump

t ime . The resulting TTL level of the comparator output is clocked into

the  t w o — s t a g e  s h i f t  reg i s te rs  which  are cxc lc;sive—OR ed to de te rmine  the

o u t p u t data hit polarit y .

Finally , we’ no te  that in this report we have assumed the hit

rate read from the disc was 4/3 MHz. As a result of t h e meetin g at CAC

on 12 Dec e-mher 19 76 ( K e n c c c v , N a d a n , S to l ] . er , Harper and Coutmann) , it was

d e c i d e d  t o  i n c r e as e ’  this rate to 1.67 MHz. The purpose of t h i s  in c r e a s e

was to ciccornodate overhead  wh ich  w i l l  he r e q u i r e d  in any  cotcmie rc ia l

perip heral applic ation . The demodulator hardware being built by GAC will

be des i  gnc -d to  o p er a t e  at t h e  1.67 MHz rate , and we are confident that t hic ’

a n a ly s i s  r i - su i t s  c o n c l u d e d  fo r  t he  4/3 MHz rate remain e s s e n t i a l ly

un -hange’d a t  t h e  1 . 6 7  Mli x rate’ .

— - ‘ 7 —
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APPENDIX A

ASSUr~UTIONS MAD E IN DERIVING TI lE CONVOLUTION OF FIGURE 2 .3

When the read beam passes over a p i t , i t c rea tes  a pulse , p ( t ) ,

out of the photo detector , where p(t) is t he  c o n v o l u t i o n  of the  beam
shape and the  r e f l e c t i n g  “p r o f i l e ” of the  p i t .  To w r i t e  a sinewave of
f r equency  f onto the disc , we assum e t h a t  p i t s  are w r i t t e n  a t  a p e r i o d i c

s p a c i n g  o f  t = 1/f. Consequentl y, if the Fourier transform of p(t) is

given by P(w ) , the spectrum of the pe r iod ic  sequence is P( w )  e v a l u a t e d

at the frc’quencie - s nAf (Af = lIT , and for an even convolution function ,

n takes on only odd values) . The fundamental (n=l) corresponds to

the “frequency response ” of the disc and is given b y P(2’f).

To obtain Figure 2 .3 , points were p icked off from Figure 12

of reference 3 at 1 Mh z increments , and a 32—point FFT 1 on t h e  r i-sti lti np

a r r a y  was performed . C o n s e q u e n t l y ,  the  r e s u l t i n g  samp les of p ( t )  a r t -

separa ted by 1/32 of a mic ro second  (.03125 j.Js) . Since Figure 12 of

r e f e r e n c e  3 co r responds  t o a disc r o t a t i o n - c l s~- c e - e d  of ~0 H 7 , and  an

inne r  d i a m e t e r  of 110 mm , 0.0312 5 ps co r re sponds  t o  0 .32 1  m i c r o n s .

Samples of the inverse FFT p lott ed at increm ents c-cf 0.321 micr ons

app e ar  as t h e  broken curve of F i g u r e  2 . 3 .

The s o l i d  curve of F igure 2.3 is obtained by convolving the ’

samp led d a t a  ve ’rs ion ot  the p it scatterin~ profile: ( 1 , 1, 1 , 1 , 1 , 1 , 1 , 1 )

with t h e  samp led  h e- ant  amp l i t u d e s  t a k e n  f r o m  Fi gu re  2 .2 at a spac i cc n ot

l .Oa : (0 .03 , 0.05 , 0 .1 3 , 0.11 , 0.06 , 0 .4 1 , 0. 71 , 0 . 96 , 0 .96 , 0. 71 , 0 . 4 1 ,

0.06, 0 1 1 , 0.13 , 0.05, 0.03). Since tiic’ p it size- is 0.99 m i c r o n s , sam p i c  s

of the’ convo lved  wave I orm are spaced at j u t  c -rva  Is of 0.99/8 0. 1 2 7  ict i c y , :  -

- 5 5- -  ~~~~- - -  ~~~~ - -_-
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f j RTRAN LV VOIC-034 PAGE 001

0001 DIMENSION A C C C ( 8 ) , I N 8 ) . E ~EA M( 5’~ )
(“)02 DIMENS ION I N C c A T ( 6 4 ) X O iJT (64 ) ,  F C’ S(8 )
i )03 (JATA PCcS/C *O /
(~)04 DAT A ACCCI8*O /
0005 DATA &‘ EAM /O - C) ~O - c) - 0. - 0. - 0 ‘0 - cc . .o - 0 - 0 - o. ,O - 0. - 0.

*0 .0.0 .0 - - - 03C . 05, - 13 - 1L 06 . 4L - 7 1, 9f ,,
*9 6 . 71 - . 41. 06 11 I ?  05~ o:- c’. ~O o , O. ,

-— — -  
*. 0 - 0, 0~ - 0~ - 0. 0. - 0 - 0, - O~ 0- 0, - 0. 0, - 0. 0. .0. /
CUMFLEX F’. AL- ZP

( ‘07 A c :-CEF-T ‘~9. N r - - t T~ - LN’:.TH IJFF, Hp-CcJT GAIN t~W FHI. 100FF, VOL . 4CC
0008 99 FORMAT (315 4FIC c 2. IS, 2F1~ ’ 2)

~0~)09 ~~ PRL NT 22 ,NBITS~ HFc :cJT Ltecc~m 
~~  —

‘10 22 F,:cRMATUHO, - NUMt-ES c:cF TE ST E I T S ’ , 17 , ’ HF CUT OFF. IN t~HZ ’ c F 1O 4 ,
* # SI-IFS IN t NT ’ . 15 )

0011 PRINT /~3, I:,AIN,t~:W F H 1
C ‘12 63 F C c R M A T ( l H c c , ‘ PLL c~AIN ’ F 10. 0 ’  PLL t~W ’ ,F10. 0. ’ INITIA L

‘ Fit) (c )
‘0013~~~~ PRINT &2 KOFF -- — - - -  -

C 1 4  62 FrjRMA T (~ HO, — VALUE OF t,CcFF~~ I~~
)

C 15 PRINT 64. 100FF
0016 64 FOR-MAT (IHO, ’ CI1-E.PLAI:1IENT FRCcII V(-O TO (JET. - ~ t 1 O )
0A 17 PRINT 6 5 , V c J L ,- AC:
C 18 65 FOR MAT C1HO , t cc ~cPP OFFSET IN HZ (SW*7)’.FlO. 0. DOPP RATE IN HZI 

0019 PR I NT 66

~ 20 66 FORMATII HO , SAMPLED AT-1PLITUDE OF THE READ t - :EA M’)
C 21 PRINT f~-7 , (:EAM
0022 67 FcIRMAT (SFIO 3)
( ‘ 23 ICc :. = 10
o 24 FSTVOL=1 - - - -

0025 P= (— . 707107 - 707107)
~ R~e ((4 /3

o 27 (cEL PH1 c ~ct , 2 3 3 1 - ’/ 4
x x x = V c : L * t ,  2~~~:1 e ,3R

c:’o29 WN=t~ 1 ’ e * ~-~W
o 3O~~~~~~ 

- - ZET A = 707 — -

Cc I l  TT~ WN*WN/ c:~4 1N
/TT

o T .~~ (2  *~~E T A / W t — 1 ) — E , t  / :1,~ c 1 N )

0 :4 Rc :H=1 1 (2 *~ R -)
0035 c: c :cN= C T2-.i~cT 0 )  / (Tr+Rc :H) INITiALIZATION

Z7L~~(T2-R’:o )f(T2+R-cH) 
- AND SETUP

o ~7 ZPL TT—R-I :flITT+ S-CH
c)~,3:y F’HI=Ft—lI*6 2:~:319/3c.cc
(c039 OuT N= c :)
o 4Cc F I N = c ’
0 41 FX I=o .

- FCcRMAT(215 ’c - — -

0 LI W CcJ T=~ 2:I~
; 19*HFCUT*( 1 t:c **3)

0 44 AL=w c : - ’ J T / ( 2  *~ ,R*p I
0045 CO=REI~L ( ( I  —~~L ) * ( t — I : c e N -j c : , (A L H )

co~- - /c c ,
0 ~7 ZP= (1 *A L )/ U  —AL )

- C2=2 *REP,L (zp) - - - -

- I:
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FORTRAN IV VO 1C—03A 
____ 

PAGE 002

049 C3~REAL ( ZF-*CONJt3 ( ZP))
vOSO X2=0.
(1051 X1=C ’.
052 ~.lSEED 0
~053 I SEED=t)
0054  D0 6Cc 1= 1, 7 -

,055 80 IN (I) — 1
)(c56 tiC’ 81 1 1,8 

- INITIALIZATION
0Cc57 I N D A T ( I ) — 1  AND SETU P

IND4T ( 1 -4-10 =1 -

I N I ’ A T ( I + t ” - ) = — l
- 006O -  INDAT ( I+24)= I  - -  -

0CM INEIAT ( I -’- 12)=—1
)062 INDATU+40)= l

-)063 81 INDAT (I+48) —I
0064 INI=7
)065 LSAMP — 1

-- )066~~~ 11=56 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -  -

0067 DO 1~’ JtiIT8=LN~-ITS
0069 F’VOL=O.

FIRST I.
0070 INF’ INI
0071 INI=MOEc ( INL 10+1 -

:cCc72 -  INT MOD ( INI+KOFF, 9)+j - - — —  - -

i(c7~ IN( I N I ) = — 1
0074 X=RAN (I1-EED. ,JSEEt1 )
9075 I F ( X  LE i:c 5)00 TO ~- 1077 I~4 ( I N I ) = 1  -

0071: (lcD 4 t X 1  S SELECT RANDOM MHZ DATA b it  - ‘

0079 IF( IX E0 5)LSA MP —LSAMP ~1JD PE~~F~ R}1 ~4ILLER EN~ DING 
- - — -—

c)Cc l,-i I I  =MOti (II - 64) -4- 1
Cc032 4 I N t A T ( I I ) L SAMF ’
oc:133 GO TO S
0084 3 IF (IN (INP ) E0. —1)O0 TO 6
Od ldl 4, ~ [cc c 7 I X = 1 .  5:
00r7 II= M O D ( I I . 0 4 ) + 1  — — -— 5 5- - - - -—  — - - - — - -  - - —  - - — - --  -

0088 7 I N E c A T ( I I ) = L S A M F
0089 (DO TO r-
OCcD O 6 L I-AMF=-L ’I -AM F

c .c c Tc:c ~: —
(‘092 5 -31- 1 =M c :c t c ( I I  , 1-4

Edo II JCC’NV=l-S — — - _ —-- - -- - -  - -- -

0o~~4 ,_~1. 1 =M Otc C -31- 1 /:4) + 1
0095

X IN=C i ________________________________ 
—

0O’ ’7 [dO 12 1= 1 . 5 6
ID1=MC’[’( Il-i , 64)+1 ) CONVOLVE BEAN AND PIT

001’ ’ 12 x I N= x I N + ( F L I : ,A T (  I t- )( ’A T ( 1 8 1 ) )  )* E~EA M ( 1)) - - - - - — —  — — - -— -- - --- -- -

X := X 2

O l C c 2 X 1 = L 2 * X 2 — c ’ :* X3+i / )*X 1N NO—POLE BUTTERWO RTH HPF
0103 CcIJT F’ =Oi,iTN
Cil (c 4 i ) I I T N =X 1—2 •X2+13
O t c c S — —  c: - ;LL s IW T c ’Il( S. Ju MP) - - — -——  - -  - -— - —— — - - — —  — -

-

-- - —-  . - - - - — - ~~~~~~~
- 
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C

FORTRAN IV VO1C-03~ PAGE 003

(‘106 , IF(J 1JMP NE . 2 )PRINT 7O OIJTN JE - 1 ,J ~ IT3 IN (IN I ). II
0103 70 FORMAT ( F lCc 2 , 4 1 6 )
0109 Xc ic i l (JIC I )=OcJT N -

(‘110 I F ( S I G N (  1 - c:ccjTp) El:- ‘3I d2N ( 1 • O ’JTN ) >6 0 TCc 51
01 1 2 A c c c  ( J c : cc Nv ) = A r , l ~ (Ji(’NV)+l __________________

0113 - - - 

~—‘~‘y~~A[.s. ( cc c j T p ) / ( o r - : .C ’ : I J T w ) + A r : - E ( c D u T F - ) >
0114 F I J K = F L c : c A T  c - _ cC c cNV ) — ( 1  —Y ’~’

0115 V F I N = ( F ’ H I * [ I L L c H T * V Y ) — ?  14159
0116 ~ ‘ IF( F 1N (.T 3 1 4 15~~)FIN FI N—6 2SI1~ ’
011$ ~- i  V F X 2 = F X I
0119 ~~ F x 1 : : l : L IN* F- IN+ZPL*FX2
012u v F c ,J T= Fx1_ Fx2 *ZZ L - - -— - - - —

(‘121 6ALL ~- : W 1 L c C (  7, Ij~~F )
0122 IF(JL cMP EQ 2)00 Tc:c 94
(‘124 PVLIL=1
0125 IF (FITv:cL E c ’ 1 )FRINT 15c;c
0127 FIT VOL =c:c PHASE LOCE LOOP
0123 1~~ (c FC’FMAT( IH ’ ’ , FREc 7 ~ TEF’ START E- H E R E ’ )  (Statements dire ctly 

-

,‘ 0121’ 94 ~-‘F- HI=PHI* Ec ELF- HI ÷ ODAI N* Fc :c c) T ,CR - +F-v C ILexxx impiementi~cg the PLL
o 1:c: c ~

_ IF( FHI  LT 6- 2 : 1 ~~ ) i:,cc TO 1 1 are i ndica t ed with
13 I Icc DN=r1 :c[, ( Ii INV , > + 1 a check (v ’) - Other

r 0132 EX= F LCc AT (  Ic: c : c N > — (  (PH 1 6. 2.1?1~~),[t ELPHI statements set up
0134 I F ( F J R - : 1  HF 1 tOll Tc:c 11 printn ..r -- ,:c LC_ ( IF T=O
01 17 I .JF- =Mc:c tc ( _ c ’~ cNv+ j t ic:cFF, 9 )
Cc l 3 : :  CALL 1-- IW T I :H (2 , idJM P)
0 13 7  IF( , _ ccJMF’ Ed:’ 2 ) c D c :c  11: ~~
(c t 41 IF (165 £0 10) Th9 TO 92
0142 : 112=1:5+1

ThD144 - - p:,: TO 11
014~ - 92 FR 1NT l’l, -j E - : IT -  ~,N1’ . f - I-i) ,Ex ,F-c :c- I
i:’ i 4~ 1 c ‘: i
(cj4; -:,t FccRMc ~~(3j7, 2, - fl 

F~ (c)
0 1 4 - :  11 ,~— F H I=A Mc J [ c (F H I 6, ,2~
(ci 4- -’ 1-3 _ c-1 1 =Mc :ctc C I I  c ‘ - -  - ‘ 4 ) ~ I
olsc:c . I ’ ~~M 1 1 ( I I .~~~- / - .4 )+1 — - - — -- — -

( (‘ 1~ .1 31 I F  (~~d[:j TI L I  I ( i i  ‘ I  I f d .d
1 1 r’:c 16- 1 - :3

OIL- 4 c - - l : M c d i c ( . c  I 4 1~~ 1
cc I ‘ 1  - c ::- — M i  ( .c - -~ I i

I - J = c ~~I

~~~~~~~~ 
i 1 = c : c

01’ ’ IcO :- _ - 1,~ r :.~~H— . 1 1 1 1 . 1  -:- i - i . - — 1 ’ - N l _~~~~~ r I  l c
c c l  6 2 -:1 - - .‘  ~ 

,r j , , c - I I
1:- i ~: i ~~~i J , / -1 ).1

• (c i t,4 32 1 - ;  - Mc . ’>’ C II .’ - - -
~ * I DETECTOR

01-25 CALL I ST  ic : , Id - -c ) OPERAT ION
I f )  d I Mc d cl 30  l I N T  2 -2- , ‘ - : 1 -  N - I . E - I 1-2- I N C INT )

r (Pi l l :  F r c F M A T ( 1 3 C c , It’ - - N-c
I c  ( - . I l - N C 1  - 1 ) NC ‘II’’’n I  12 1)60 l’j 1)

- 0171 L - l  T~ IE:

L ~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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FORTRAN IV VO1C-03A PAGE 004

0172 17 IF (IN (INT ) EQ. 1)60 TQ 16
0174 P0S(J =P0-::(J +I . ( DETECTOR OPERATION 

- —-

0175 60 TO 16 ) (continued )
~ 0176 18 IF (IN (INT).E Q —1) 60 TO 16 -- -—

0178 P0S (J)=POS(J)+1 -
0179 - 16 CONTINUE - . - -  - ~~~~~~~~~~‘ — —  ___________

0180 CALL SSWTCH (4. JUMP )
0181 IF (-JUMF ’. NE 2 FR INT 54. F-OS

4 0183 54 FORMA T (8F4. 1)
0184 160 CC INTIN 1J E -

0185 19 CONTINUE
01-86 -- 24 - FORMAT ( SFcI 0) - _________________________

0187 PRINT 24.F-c:c-E.
0188 F-PINT 24 4c:C’:
018”? CALL E X I T
0190 END

—-

-I

(

— 3 3 —
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