H GH RESOLUFI ON ENCODER USI NG OPTI CAL DI Sk BACKGROUND 1. Field of the

| wention This invention relates generally to encoders and nore

particularly to rotary encoders having an encoder "di sk mﬁi | ¢ :
opti cal disk technol ogy. 2. Background of the Inventio f&?&%ﬁ&’g%%ﬁﬁﬁs a
conventional - rotary encoder 10. Wil e tihe manufacture of this encoder

refers to it as an "optical" encoder, such termnology will not be used
herein. Rather, herein the term"optical" shall solely refer to a

di sk/ readout system enploying the optical principle of non-contact readout
based on diffraction theory such as conpact disks. In contrast, encoders of

the type shown in Figure 1 typically enploy a conventional light emtting
di ode/ phot odet ect or conbi nati on as descri bed bel ow. The encoder 10

HIGH RESOLUTION ENCODER USING OPTICAL DISK

BACKGROUND
1. Field of the Invention

This invention relates genetrally to encoders and more
particularly to rotary encoders having an encoder disk which

employs optical disk technology.
2. Background of the Invention

Figure 1 shows a conventional rotary encoder 10. While the
manufacture of this encoder refers to it as*an *optical" encoder,
such terminology will not be used herein. Rather, herein the term.
“optical" shall solely refer to a disk/readout system employing the
optical principle of non—contact- readout - based on diffraction
theory such as compact disks. In contrast, encoders of the type
shown in Figure 1 typically employ a conventional light emitting
diode/photodetector combination as described below% The encoder~§p,

includes a shaft 12 and an output terminal 14. This particular



includes a shaft 12 and an output termnal 14. This particular 2

encoder is a Mddel 35 increnental rotary encoder manufactured by Dynam cs
Research Corporation. In typical operation, the shaft 12 is attached to a
device (not shown) of which it is desired to neasure the rotational notion

t her eof .

In response to rotation of the device attached to shaft 12, out put

signals are generated via the output- t&mnal 14 i ndi cative of the notion.
As known by those skilled in the art, to track this rotary notion, a disk
internal tgddifes Oy Mogeress 1ondfemsmdidatbtay Yaticode i tdndith dtusdo Wy
in Figure 2. The disk 20 is attached to the shaft 12 of encoder 10 so that
it rotatepydiics Research Corporatiocn. '

In typical operation, ;he shaft 12 is attaéhed to a device
{not shown) .of which it is desired to measure the rotational motign
thereof. In response to rotation of the device attached to shaft
12, . output signals are generated via the output- terminal 14
indicative of the motion. As known by those skilled in the art, to
track Ehis rotary motion, a disk internal to the rotary encoder 10
is provided. A typical disk 20 is shown in Figure 2. ‘The disk 20
ig attached to.the shaft 12 of encoder 10 so that it rot'ateé with
the shaft 12. The disk 20 is typically glass engréved via
conventional -IC lithography techniques to include a plurality of
lines 22 (the arrows indicate that the lines 22 and 24 extend
entirely around the  circumference of the disk 20). A light
emitting diode (not shown) is arranged on one side of the disk 20
and a photodetector (also not shown) is positioned on the other
side. The light emitting diode/photodetector combination is fixed
and does not rotaté with the disk 20. As the device attached to
the shaft 12 is rotated, the disk 20 also rotates and the lines 22 -
successively pass between the liéht «emitting diode and
photodetector inducing output signals indicative of the lines
passing therebetween. Each line is equivalent to one cycle_, With
regard to the encoder shown in Figure 1, a-disk of 3.5 inches in
diameter is designed for use therewith.. Although disks can be

provided with a various number of lines, the maximum number of

. lines available for this size and type of rotary encoder is in th@



the shaft 12. The disk 20 is typically glass engraved via conventional IC
Irthography techniques to include a plurality of lines 22 (the arrows

ifidi cate that the lines 22. and 24 extend entirely around the circunference
of the disk 20). A light emtting diode (not shown) is arranged on one
side of the disk 20 and a photodetector (also not shown) is positioned on
the other side. The light emtting di ode/ photodetector conbination is fixed
and does not rotate with the disk 20. As the device attached to the shaft
12 is rotated, the disk 20 also rotates and the |ines 22 successively pass
between the light emtting diode and photodetector inducing output

| di t f the_l th Each 1] i .
Ul val et (TARER o8 8 |oeoew%%§fg~5% 1hs 28 L SHe P FBaie /7 os,Peiag o
di sk of 3.5 Lnches degh f]hrgefa%o' fefiaszeaneg Jsorchesec&h%-ewft Bhe er@otdaeugﬂd

di sks can be provi vari ous nunber of |ines, the maxi mum nunber
results in a maximum of 9000 cycles per shaft revolution.

Figure 3 shows the typical outputs for the rotary encoder 10.
Although various output configurations can be pr—dvided, channels A
and B (as well as their complement_ary c_hannels) provide the primary
outputs of the encoder 10 and can alternatively be geénerated in a
sine wave form. Output A is generated by the lines 22 in Figure 2
as described abéve. Output B is generated by a éecond light
emitting diode/photodetector comb:.natlon sensing a second set of’
lines 24 shown in Figure 2. Th:.s second” set of lines 24 is
ié.entical to the first set of lines 22 except that it is 90° out of
phase from the first set of lines 22. Accordingly, output B is
gimply output A shifted By 90° or a quadrature wave form of output
A. By having two output- wave forms of the same frequency which are
90° out of phase, it is possible to determine the direction of
motion of the disk 20 (Figure 2) and, therefore, the device
attached to disk 20. This is conventionally accomplished by
providing the A and B signals as the *D" and “CLOCK" inputs,
respectivel-y, of a D-flip flop. As a J;'esult-, if the Q output line
'is high, the disk is being rotated clockwise, if the Q output line.
is high, the disk is being rotated counterclockwise. Since the
output on channels A and B provide 9000 cycles per shaft
revolution, one cycle can be provided every .04° of rotation.

As.known by those skilled in the art, internal and/or external

cycle interpolation can be added to increase the number of counts



i nes available for this size and type of rotary encoder is in the 3
rangé of 9000 lines (the lines 22 and 24 in Figure 2 not being to scale).
This is also referred to as the "count” of the encoder and results in a
maxi num of 9000 cycl es per shaft revolution. Figure 3 shows the typical
outputs for the rotary encoder 10. Al though various output configurations
can be provided, channels A dnd B (as well as their conplenentary channels)
provide the primary outputs of the encoder 10 and can alternatively be

gener at ed gt FreSidiRitsne f oith Csgand o ithgamerdfdd hpthry khrode22shown
Figure 2 as described above. Qut put B i enerated by a second |.ight
em tting dirodtgphe ddetfost exappibi na@rwlﬁgﬁ’?@r&aée §dmegf circuitry

can be added to provide 36,000 counts per revolution, and internal
ten times ciréuitry and external four times circuitry can be added

: to provide 360,000 counts per revolution. This type of circuitry,
which can conventionally be added to any type of .ehcoder including
that describéd herein, of course, adds considerable’ expense and
complexity to the encoder.

In certain fields'such as compact disk manufactdring, super
high resolutions, in the area of hundreds of thousands of counts
per shaft revolution, are required. For instance, in the compact
disk field, so-called Red Book requirements mandate that dimensions
such as where lead-in starts and stops and track pitch, which is in
the order of 1.5 - 1.7 microns, be measured. Conventional rotary
'encéders are simply not éuitable for this type of measurement
absent additional circuitry. Accordingly, it.would.bé desirable to
provide a super high resolution rotary encoder not requiring
additional extérnal or internal circuitry to obtain such

resolutions.



i

lines 24 shown in Figure 2. This second set of lines 24 is identical to
the first set of lines 22 except that it is [err] out of phase fromthe
first set of lines 22. Accordingly, output Bis sinply output A shifted by
[err] or a quadrature wave form of output A By having two output wave
forms of the sane frequency which are [err] out of phase, it is possible to
determine the direction of motion of the disk 20 (Figure 2) and, therefore,
t he device attached to di sk 20. This is conventionally acconplished by
providing the A and B signals as the "D' and "CLOCK" inputs, respectively,

of a D-fliginhhfir oS mefatNirzonf the Q output line is high, the disk is
being rotated clockwise, if the Qoutput line is high, the disk is being

rotated counterclockwi se. Since the output on channel's A and B provide
9000 cycles per shaft revolution, one cycle can be provided every [err] of
rotation. As kridwniyan fRleieatkiol dde prasensr inveptdPRal CaRFPYLdex fe SHREY

high resolution rotary optical encoder. It is a further object of
the present invention to provide an opticai rotary encoder having
as a disk an optical disk, i.e.,. a disk employing the optical
principle of non-contact readout based on diffraction’theory.
| Accordingly, an optical rotary encoder adapted to be céupled
to a device of which it is desired to measure the rotational motion
thereof is provided. The encoder includes an optical disk having,
at a fixed radial distance, at least one track of pits and lands;
a coupler for coupling the optical disk to the device such that
rotéry motion of the device results in corresponding rotafy motion
of the optical disk; and an optical disk pick-up for generating an
output in response to the pits and lands indicative of the rotary
motion of the device.

In one embodiment, the encoder includes two adjacent tracks of
pits and lands, the second track is’suﬁstanbially identical to the
first:track except that it is ninety degreés out of phase from thé
first track. This provides a way to determine the direction of
motion of the encoder.

In another embodiment, the optical fotary encoder incofporates
an optical disk including a plurality of adjacent tracks separated

. by a small track pitch of approximately 0.6 migrons, with eagh



cycle interpolation can be added to increase the number.of counts 4 per
revolution. Wth regard to the specific rotary encoder shown in Figure 1,
for exanple, so-called external four tines circuitry can be added to
provi de 36,000 counts per revolution, ghd internal ten tines circuitry and
external four times circuitry can be added to provide 360,000 counts  per
revolution. This type of circuitry, which can conventionally be added to
any type diramicodaviing| @di sybskantiatlyi eanhealant Ul s€f apdss at
consi der abl e expense and cq Iexitépto t he encoder . Iqacertain fields such

as conpactsuhsiantddiilac gletpBPIRlgh R Hns B4GRUSTe Ofr ERSofrack
hundr eds Qgiéc'}{-"uéﬁgd%r%n%%%é of the pits, only a single optical disk

reader need be provided. .

- In still another embodiment, the optical rotary encoder has an
optical disk including a plurality of adjacent tracks which, when
read in parallel, indicate an absolute posiﬁion pf the encoder,'
with each one of the piurality'Of adjacept tracks representing oné
bit position of a binary number. The entire binar& number is

: representéd by the plurality of adjacent tracks. Preferably, the
preseﬁce of a pit repfesents a binary zero and the presence of a
iand a binary one. A track representing a less significant bit
than an adjacent track has twice as wmany pits as the adjacent

 track. A plurality of optical disk read means corresponding to thé
plurality of tracks for reading the plurality of adjagent tracks
simultaneously and generating output signals corresponding thereto

can also be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is of a conventional prior art rotary encoder;
Figure 2 is a disk of the type employed in the encoder of

Figure 1;

Figure 3 is an example of the output produced by the encoder

of Figure 1;



per shaft revolution, are required. For instance, in the conpact. disk
field, so-called Red Book requirenents nmandate that di nensions such as
where lead-in starts and stops and track pitch, which is in the order of
1.5 - 1.7 mcrons, be neasured. Conventional rotary encoders are sinply not
suitable for this type of neasurement &bsent additional circuitry.
Accordingly, it would be desirable to provide a super high resolution
rotary encoder not requiring additional external or internal circuitry to

obtain such resdoutreonasis a SeSUMWARE ef JPELFAVEMIFIONT tthes typeopmpioyed

t he present invention to provide, a super
with the present invention;

Figure 5 is an exemplary arrangement of the optical encoder of
the present inVention;

Figure 6 shows a section of an alternative optical disk for
use with the present invention;

Figure 7 shows a section of a second alternative ‘optical disk
for use wiﬁh the present invention; and

Figure 8 shows a possible application for the ‘present

invention.

DETAILED DESCRIPTION OF THE TINVENTION

Figure 4 shows a section of a compact disk 40 having a track
including pits 42 (of course, these pits are not to scéle) near its
outermost circumference. The portions of disk on the track which
are not pits are known as lands. Assuming the pits are so-called
I,, pits, which are about 3.3 microns long, and further assuming a
50% duﬁy cycle, in the case of a 3.5 inch diameter optical disk
approximately 42,316 pits can be :placed along the outer
circumference. By employing conventional compact disk reading
technology (described below), this disk can be used in an optical
encoder providing 42,316 pulses per turn. If the pits are
conventional I, pits, which are preseﬁtly the smallest pits at
about 0.8 microns in length, approximately 155,159 pulses per turn

can be provided. This is approximately one turn every .00232°. .In



hi gh resolution rotary optical encoder. It is a further object of the
present invention to provide an optical rotary encoder having as a disk an
optical disk, i.e., a disk enploying the optical principle of non-caontact
readout based on diffraction theory. Accordingly, an optical rotary encoder
adapted to be coupled to a device of whBch it is desired to measure the

rotational notion thereof is provided The encoder includes an optical disk
having, at a fixed radial dista

nce | east oql_v;‘r ck of ﬁ its and l.ands; a
coupl er f ofOPEERFFNg e IRRTT RS a‘?i%‘?(wt'o CRRVFEA TR LBACPRRE S r BFSr yindtti®n
of the devi Leg\ IaN rLLes d r e

and an opt#%%ﬁ d?gkbﬁoo p%& %@ ngnggg?lﬁgaé%enﬁ%%%g ?%erespgﬁigq%% %%E?%e
pits and Iagggrlgglggghgeugg ikesrotary notion of the device. In one

enbodi nent, the encoder includes two adjacent tracks of pits and | ands, the

second track i sasubstedt abbdly, ipeitn eait encofiers provide an A and B channel
output. This type of output can also be easily incorporated lnto
the present invention. In particular, a second track of pits 44
can optionally be added such that two pulse trains, A and B, can be
generated. The second track of pits 44, track B, is a quadratuxje
track 90° shifted from the first track of pits 42. If two tracks
of pits 42 and 44 are ewmployed, two- pickups would 1likely be
réquired so that the two tracks could be read simultaneously, i.e.,
in parallel.

Figure 5 shows an‘.exémplary arrangement for an optical encoder
in acc.ord with the present invéntion. Although - numerous
alternative arrangements are possible, the arrangement shown in
Figure 5 employs an optical pick-up mounted on an electrically
movable sled that is designed to move laterally across an optical
disk 90. The optical disk could be of the type shown in Figure 4.
A shaft 92 is attached to the optical disk 90. The shaft 92 is
analogous to the shaft 12 of Figure 1 and attached to a device {not
shown) of which it is desired to measure the rotary motion thereof .-

The device operates as follows: a low powered semi-conductor
laser 52 emits cohefent light of a single wave length. After
leaving the laser, the beam first goes through a cellimator lens 54
that makes the light b.eams parallel so they can be properly focused

onto the disk by an objective lens 56 (described below). After the -



first track except that it is ninety degrees out of phase fromthe first
track. This provides a way to determne the direction of notion of the
encoder. In another enbodiment, the optical rotary encoder incorporates an
optical disk including a plurality of adjacent tracks separated by a smal
track pitch of approximately 0.6 microng, with each 6 track having a
substantially equi val ent nunber of pits at substantially equival ent angul ar
positions. Because of the track pitch and arrangenent of the pits, only a
single optical disk reader need be provided. In still another enbodi nent,
t he opti catolldietoreicoderShashmn light goes through a diffraction grating
plate 58 where two small side beams are formed on either side of
the main beam. This produces the popular "three beam" style used
for radial tracking described below. A single beam type of system
could also be used. After being diffracted, the light encounters
a’ polarized beam spli;ter 60. The job of the polarized beam
splitter 60 is to allow the incident beams to pass through to the
disk but to redirect the reflected beam 90° to the photodiodes 62
where the reflections can be interpreted. As such, the polarized
beam splitter 60 is designed to allow horizontally polarized light
to pass directly through unchanged. Because the light beam from
the laser 52 is at this point polarized horizontally, it will pass
through on the way to the disk unaltered. However, the beam passes
through a quarter-wave plate 64 after the polarized beam splitter
i 60 - that gives the light a 90° phase shift. The reflected beam
passes through the quarter-wave length plate 64 a second time on
its way back frqm.the disk giving it another 90° phase shift. The
beam has now gone through a total 180° in-phase shift and is
po;ariied vertically. The polarized beam splitter 60 does not
allow the reflected vertically polarized beam to bass through.
Instead, it is reflected 90° to the phqtddiodes 62.
Returning to the 1light traveling to the disk, the light
reaches the objective lens 56 after the quarter-wave length plate
64 and right-angle prism 66 and just before reaching the optical

disk 90. The objective lens 56 in conjunction with the transparent

substrate of the optical disk 90 focuses the light to be smaLl



~optical disk including a plurality of adjacent tracks which, when read in
paral’lel, indicate an absolute position of the encodger, with each one of

the plurality of adjacent tracks representing one bi Tﬁ. '

nunber.. The entire binary nunber is represented byf the

adj acent tracks. Preferably, the presed® of a pit Fepres

and the presence of a land a binary one. A track represen ,

significant bit than an adjacent track has twice as many pits as t

adj acent track. A plurality of optical disk read nmeans corresponding to the
plurality of tracks for, reading the pluralit f .acent ac
si mul t ane&BSMFha&E F&EFE A JFHout RHEs %alls?%g%r’r g’gipt)-‘o%l 1Qngtt ST & B so

be provid%QfeEBEEFbgF§§BLPZL&*%&E&ﬂTﬁéﬁlﬂﬁﬂkﬁGﬁanaer@u%fhée0$fathe disk.

conventi onal prior rotary encoder; Figure 2 is a disk of the type
enpl oyed in thenaneefieecBlion of the finely focused light beam travels back

through the objective lens 56, right-angle prism 66, quarter-wave
length plate 64 and is deflected by the polarized beam .splitter 60
" onto the photodibdes 62 to a convex lens 68 and a cylindrical lens
70. In general, the ‘characteristics of the reflected light
indicate the presence of a pit or 1apd. The A and B pulse trains
can bem detérmined from the output of the phoEodiodes in
conventional fashion. The convex lens 68 and cylindrical lens 70, .
together with the objective lens 56, are used to obtain the proper
focus of the spot on the disk. |
As known by those skiiled in the art, since the range of focus
of the optical pick-up is only four microns, a greater variation in
the flatness of the disk would result in errors. Because disk warp
can cause high 'variations as large as 500 - 1000 microns in
flatness, an automatic focus correction servo system must be
employed. This type of focus7correction‘servo.is well-known to
those skilled in the art and found in conventional CD.players.
In.addition to the focusing serﬁo, conventional CD players
typically employ a tracking or radial tracking servo to address the
problem of radial mistracking since the width of each pit is only
.6 microns, and the radial distance between tracks (track pit) is
only 1.6 ﬁicrons. Because of these very small distances and
eccentricities in the disk which can cause radiai swings as large

as 300 microns, a servo system is required to keep the laser on the

: \
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Figure 1; Figure 3 is an exanple of the output produced by the encoder of
Figure 1; 7 Figure 4 is a section of an optical disk of the type

enpl oyed with the present invention; Figure 5 is an exenpl ary arrangenent
of the-optical encoder of the present iklention; Figure 6 shows a sectijon
of "an alternative optical disk for use with the present invention; Figure 7

shows a section of a second alternative optical disk for use with the
present invention; and

proper track. These types of systems-are also well-known by those
skilled in the art. The system described in Figure 5 employs a so-
called three beam system that uses two side beams to maintain
proper tracking. Accordingly, when a disk of the type shown in

Figure 4 is employed, i.e., a disk having one or two discrete

tracks, a radial tracking servo is necessary in order to insure
that the tracks are followed. As.noted above, such servos are
well-known by those skilled in the art and incorporated into almost
every commercial CD pléyer. Advantageously, however, in another
émbodiment of the present invention, no tracking servo is reqﬁired,

In particular, Figure 6 shows a portion of an optical disk 100
designed for use in an optical encoder without requiring a radial
tracking servo. The disk of Figure 6 is designed for use in a
constant angular velocity type of arrangement where the.tracks of
pits 102 --124 are arranged radially in phasg. In an actual_device
preferably about 250 of these tracks arranged radially in phasé
would be suitable. If there were two channels, A and B as
described above, each would require a set of about 250 tracks, with
the sets being out of phase by 90°. Further, the track pitch (t)
is reduced far below the typical 1.6'microns} to as low as 0.6
microns. As can be observed, each track contains an identicai
number of pits at identical angular poéitions. As such, no radial
servo is required since the same information could be read from any
number of parallel tracks. Thus, whether the pits on track 104,
112 or 122, for example, are read is irrelevant as they are

equivalent. Further, since cross talk would be very desirably high



Figure 8 shows a possible application for the present invention.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Fi gure 4 shows a section of a conpact
di sk 40 having a track including pits 42 (of course, these pits are not to
scale) near its outernost circunference. The portions of disk on the track
whi ch are not pits are known as | ands. Assuming the pits are so-called
[err] pits, which are about 3.3 microns2long, and further.assuning a 50%
duty cycle, in the case of .a 3.5 inch dianeter optical disk approxi mately
42,316 pits can be placed along the outer circunference. By °

enpl oyi ng conventional conpact di sk readi ng technol ogy (described bel ow),
this disk can be used in an optical encoder providing 42,316 pul ses per

turn. | f ihhaHiig styse 6pneentngeaént ormisprackimhi dheate prddedt Ixur heut
smal l est pits at about 0.8 mcrons in |Iength, afproxinatel 155, 159 pul ses
per turn Wwould not cause appreciable HF signal loss. Additionally, the
three beam type of system exemplified in Figure 5 would not be
required. |

Thus far, the above discussion has related to so-called
incremental encoders. These encoders employ outboard counters and
determihe the relative diéfance from a zero referéncé point based
on the number of pulses received. -Should a noise glitch, a power
down or a failed counter situation occur, the prodéss must be
.restarted as the reference is lost. Other types of encoders, known
as absolute encode;rs, élways retain their position even if the
power géeé off, the position being indicated by the information on
the disk. Such an absolute éncoder could also be embodied by the
present invention by providing an optical disk having, for example,
ten parallel tracks read simultaneously. The read-out froﬁ each of
the tracks would then correspond to one bit of a ten bit code word
representing the absolute position angular position of the disk.
While this situation would typiéally require ten optical pick-ups
as well as appropriate tracking servos to read the ten separate
tracks, it is possible that a-proéerly:arranged laser/diode array
pick-up could be used to read multiple tracks, e.g., four tracks,
at the same time. These details are all within the purview of one
of ordinary skill in the art.

An example of such an optical disk is shown in Figure 7. In
this embodiment,l a ten bit word is provided to indicate the

absolute angular position of an optical disk 150, - The number of



can be provided. This is approximately one turn every [err].In 8
contrast, as described above, conventional encoders are in the range of
9000 pul ses per turn or one pulse every [err]; an entire order of nagnitude
| ess. As noted above, prior art encoders provide an A and B channel output.
This type of output can also be easily _incorporated into the present

I nvention. In particular, a second tradk of pits 44 can optionally be added
such that two pulse trains, A and B, can be generated. The second track of
pits 44, track B, is a quadrature track [err] shifted fromthe first track
of pits 42. If two tracks of pits 42 and 44 are enployed, two pickups

woul d |ikely be

bits is chosen at random and can be adapted to the particular
situation. As there are ten bits from the least significant bit
(LSB) to the most significant bit (MSB), 1024 discrete angular
positions can be represented in binary. In this embodiment, the
presence of a pit, e.g., 142, 144, indicates a binary zero and thé
presence of a. land, e.g., 146, 148, indicates a binary one.
Accordingly a first position indicated by line "a" has a pit at
each bit position (or tracks 1 - 10) and ig therefore represents
the binary output 00 0000 0000 (note that only a poftion of the
first bit .for the bit positions 6 - 10 is shown as each.of these
first bits would exceed the portion of the arc shown). A second
position indicated by line 'b" would have a binary output of 00
0000 0001. The eleventh position, indicated by "c¢", would have the
birnary output 00 0000 1011, wup to the one thousand and twenty-
fourth position (not shown) repreéented by the binary output 11
1111 1111. As can be observed, LSB + 1 (track 2) haé half as many
pits as LSB (track i), LSB + 2 (track 3) has half as many pits as
LSB + 1 ﬁtrack 2), etc. |

If sixteen bits are used instead of ten, 65,536 angular
positions can be represented; far. exceeding the count of
conventional rotary encoders. Note that while 16 separate optical
pick-ups can be employed, one for each track, it is possible to use
less with a laser/diode érray pick-up-arranged to read more than
one track. For example, four such pick-ups can be employed each
reading four tracks. | With this type of absolute incremental

encoder, should the power go off or some other disruption take



reqU|red so that the two tracks could be read simultaneously, i.e., in
parallel. Figure 5 shows an exenplary arrangerment for an optical encoder
accord with the present invention. Al t hough nunerous alternative

arrangenents are possible, the arrangenent shown in Figure 5 enploys an

optical pick-up mounted on an electricalhly novable sled that

in

I's designed to

nove | aterally across an optical disk 90. The optical disk could be of the

type shown in Figure 4. A shaft 92 is attached to the optica

di sk 90. The

shaft 92 is anal ogous to the shaft 12 of Figure 1 and attached to a device
(not shown) of which |t is desired , to asure the, rofar on thereof..
A ‘H%d%?o %% by

The devi c®
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t he beam
parall e
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go€s a col'limator | ens 54 that makes the
3e thededasnbe Rfcﬁ{&ﬁ’drtt foegified: velocity theory and requires a

number of pits and iands, in phase, on each track.

Furthérmore, while the above-described absolute encoder used
simple binary coding, other coding techniques could be employed.
For example, a so-called Grey coding scheme could be employed. The
Grey' code insures that only one bit changes state for each
increment of the encoder. This avoids. common counting problems
associated with multiple bit transitions, e.q., from 11 1:Lli 1111
to 00 0000 0000. |

Figure 8 shows a possible application for the optical encoder

of the present invention in controlling the radial tracking of a CD

ROM_drive. Because the typical track pitch of a CD ROM is only 1.6
microns, very precise monitoring of motion is required.  Thus, the
high resolution provided by the 6§tica1 encoder of the present
invention provides the required precision for this type. of
arrangemént. Sbecifically, Figure 8 shows.a CD ROM ‘drive which

uses an optical pick-up 200 mounted to a rotating arm 202 that

sweeps across the CD 204. This drive is similar to the type of

drive- employed in the present invention except thét it sweeps
acrdsé the disk in a radiél direction and, except, of course, that
it is used to read the actual data on the disk. In this design,
the radial tracking servo adjusts the radial tracking errors by

moving the entire.arm 202 in very small increments. The arm itself

"is mounted on a track 206, and a so-called radial tracking coil 208 ..



onto the disk by an objective'lens 56 (described below). After the 9
collimator lens 54, the |light goes through a diffraction grating plate 58.
where two small side beans are forned on either side of the nain beam This
produces the popular "three beant style used for radial tracking described
below. A single beamtype of systemcould al so be used. After being
diffracted, the Iight encounters a' po*%rized beam splitter 60. The job of
the polarized beamsplitter 60 is to allow the incident beans to pass
through to the disk but to redirect the reflected beam[err] to the

Phot odi odeg, 2, WENG Jf RGABLEACES Giadiftl il BLALET GhSthofS Atkiflbad R the
pol ari zed beaﬁggﬁiﬂﬁgér gg s designed to gllom/horlzontally pol ari zed
l'i ght radial tracking coil, however, the optical encoder of the present
: inveﬁtion can be mounted to the rotating arm 202. " This is
accomplished by affixing the shaft 92 of the optical encoder shown
in Figure 5 (only shaft 92 depicted in Figure 8) to the rotary arm
202 so that rotation of the arm 202 will result in corresbonding'
rotation of shaft 92 and disk 90. As the arm rotates, the A and B
pulse trains will be generated, indicating motion of the arm. Any
of the optical disks shown in Figure 4, 6 or 7 could be used.
Similarly, the arréngement shown in Figure 8 could be used in
the compact disk masfering process to take measurements of, for
example, the radial position where the lead-in of a sample disk 204
stops and/or starts to insure that the  disk conforms to
specification. '
| Thus, it is apparent that in accordance with the present
invention, an apparatus that fully satisfies the objectives, aims
and advantages is set forth above. While the -invention has been
described in conjunction with specific embodiments, it is evident
that many alternatives, modifications, permutations and variations
will become apparent to those skilled in the art in light of the
foregoing deécription. Accordingly, it is intended that the
present invention embrace all such alternatives, modifications and
variations as fall within the scope of the appended claims.

What is claimed is:



to pass directly through unchanged. Because the |ight beamfromthe | aser
52 is at this point polarized horizontally, it will pass through on the way
to the disk unaltered. However, the beam passes through a quarter-wave -
plate 64 after the polarized beamsplitter 60 that gives the light a [err]
phase shift. The reflected beam passes .t hrough theg/oes vaye Iength
plate 64 a second tinme on its way back omthe dig e

[err] phase shift. The beam has now gone through a
shift and is polarized vertically. The pol ari zed TSkl 60 dpbes
not- allow the reflected vertically polar zed bean1to pass tﬁ?BU‘“T‘~-stead,
it is reflected [err] to the photodi odes 62 eturni-ng-to _the |ight

travel i ng ¢fAakle di sk, the light reaches t e Iens 56 after the
guarter-wave | ength pI ate 64 and right- an ﬂ !w ’&g” ust before
j unction with the

reaching the optical disk 90. The objectivé |enst
1. An optlcal rotary encoder adapted to w.e coupled to a

t ranspar ent

device of which it is desired to determine the rotational motién
t-hereof, comprising:

an optical disk having, at a fixed radial distance, at least
one track of pits and lands; _

means for coupling said optical disk to said device such that
rotary motion of said device results in corresponding rotafy motion
of said optical'. disk; and

.- optical disk read means for generating an output in response

to the pits and lands indicative of the rotary motion of said

device.

2. The optical rotary encoder of claim 1 wherein the duty

cycle of said pits is fifty percent.

3. The optical rotary encoder of claim 1 wherein the optical
disk includes at least two substantia;llir identical, adjacent tracks
of pits and lands except that one of the tracks is approximately

ninety degrees out of phase from the other of said tracks.

4. The optical rotary encoder of claim 3 comprising two
optical disk. read means for reading the two adjacent tracks

simultaneously and generating output signals corresovonding thereto

-
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substrate of the optical disk 90 focuses the Ilgﬁt to ﬁo enough
to read the tiny pits and | ands, but not too snall “/IF \mum y dirt
and smal| scratches on the surface of the disk. Th nSof *t he
finely focused light beamtravels back through the objectlve | ens 56,

ri ght-angle prism 66, quarter-wave Iengﬁh pl ate 64 t he
pol ari zed beam splitter 60.onto the photodi odes 62 [f Jt4S EHRFEXASEREN |} and
a cylindrical lens In general, the characteristics| of tHERAGERted ||i ght
i ndicate the presence of a pit or land. The A and B puls€é tralrns can be

det-erm ned fromthe output of the photodi odes in conventional fashion. The
convex lens 68 and cylindrical lens 70, -

5. The optical rotary encoder of claim 4 wherein the output
'signals are applied to D and CLOCK inputs, respectively, of a D-
flip flop such that the state of an output line of the D-flip flop

indicates the direction of rotation of the device.

6. The optical rotary encoder of claim 1 wherein the optical
disk - includes a plurality of adjacent tracks éeparated by a
predetermined track pitch, each track having .a sﬂbs;antially
equivalent number of pits at substantially equivalent angular

positions.

7. The optical rotary encoder of claim 6 having only a

single optical disk read means.

8. The optical rotary encoder of claim 7 wherein the track
pitch of each of said plurality of adjacent tracks is substantially

less than 1.6 microns.

9. The optical rotary encoder of claim 1 wherein said pits

are I,; pits.

10. The optical rotary encoder of claim 1 wherein said pits

are I, pits.

_
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together with the objective lens 56, are used to- obt cus of
the spot on the disk. As known by those skilled in tﬂHB}Mﬂ“ﬁﬂg \m range
of focus of the optical pick-up-is only four m croh em variation in
the flatness of the disk would result in errors. Because di sk warp can
cause high variations as |arge as 500 - 1000 m crons [ atnes
automatic focus correction servo systemigust be enpl ; &dis SHEE‘ETSHA&YBE Rf
focus correction servo is well-known to those skilleg in tHEPBML‘EBnd fo

i n_conventional  CD players. In addition to the focu3| Eorreerttional
CD players typital | yrRepppicall #8eki{ grifodead bl clamku Iwgle'ieli\nOth@ St ess
the problem of radial mstracking since the wwdth of each pit is only .6
m crons, adilskhénchudes di plunsbitietefcrdiacands fuachks whigh, svhen and‘) in
m crons. Because of these very small distanges agd eccgnt}rci cities in the
di sk whi cheeanlialiselRAtFate s pPdditeapggition of the dis

12. The optical rotary encoder of claim 11 wherein each one
of the plurality of adjacent tracks represents one bit position of

a binary number comprising all of the plurality of adjacent tracks.

13. The optical rotary encoder of claim 12 wherein the
presence of a pit . .represents a binary zero and the presencé of a

land a binary one.

14. The optical rotary encoder of claim 13 wherein a track
representing a less significant bit than an adjacent track has

twice as many pits as the adjacent track.

15. The optical rotary encoder of claim 14 further comprising
" a plurality of optical disk read means corresponding to the
plprality of tracks for reading the plurality of adjacent tracks

simultaneously and generating output signals torresponding thereto.

16. A method for determining the rotational wmotion of a
device, comprising:
providing an optical disk having, at a fixed radial distance,

at least one track of pits and lands;

This Sheet Has Been Replaced
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proper track. These types of systens are: those skilled
in the art. The system described in Flg Ire caIIed t hree
beam system that uses two side beanms to 'maintain pr%pe? t# acki ng.
Accordingly, when a disk of the type sh8wn in Figure 4 is epplo
di sk having one or two discrete tracks, a radial tracking sg
necessary in order to insure that the tracks are fol | owned. "
such servos are wel|l-known by those skilled.in the art and ‘Freorpacat
into al nost every commercial CD player. Advantageously, however, in another
enbodi nent of the present invention, no tracking servo is required. In
particul ar, Fi ppuplanchoweid peptiesl ofdigk opei c@liddi devi®® so that the

as 300 microns, a servo systemis reqU|red lﬂ? kejfthéﬁT‘?ﬁa*~on t he

rotational motion of said device causes corresponding rotational
motion of said optical disk; and
generating an output in response to rotational motion of said

disk indicative 6f the rotational motion of said device.
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designed for use in an optical encoder wi thout requiring a radial tracking
servo. The disk of Figure 6 is designed for use in a constant angul ar
velocity type of arrangenent where the tracks of pits 102 -124 are arranged
radially in phase. In an actual device preferably about 250 of these tracks
arranged radially in phase would be suitable. If there were two channel s,
A and B as descri bed above, each would require a set of about 250 tracks,
wit'h the sets being out of phase by [err]. Further, the track pitch (t) is
reduced far bel Qw the typic¢ 1.6 1micron t0 I 6 m crons. As
can be obser vem ‘%&E@mil%&&ﬁ :Og%.Ic. = i.sqcof pits at
i dentical angular positions. As such, no radial servo is required since the
same information could be read from ampggupaiear of parallel tracks. Thus
whet her the pits on track 104, 112 or 122, for exanple, are read is
irrel evant as thegupsre Hegh walseiutibur rheary sopicical cascdddk hastilngdy bes ey
desirably high - : '

. Y disk an optical disk, i.e., a disk employing the optical principle

N

=

of non-contact readout based on diffraction theory. The encoder is
adapted to be coupled to a device of whiéh it is desired to measure
the rotational motion thereof. The encoder includes an optical
disk having, at a fixed radial distance, at least one track of pits
and lands; a coupler for coupling .the optical disk to the-device
such that. rotary motion of the device results in a cdfresponding
rotary motion of the optical disk; and an optical disk pick—ﬁp for
generating an output in response to thé pits and lands indicative

of the rotary motion of the device.

FIGURE 7



12 in this type of arrangenent, m stracking due to radial run out would not
_cause appreci abl e HF signal |oss. Additionally, the three beamtype of

systemexenplified in Figure 5 would not be required. Thus far, the above
di scussion has related to so-called increnental encoders. These encoders
enpl oy out board counters and determ ne the relative distance froma zero
reference point based on the nunber of pul ses received. Should a noise
glitch, a power down or a failed countép situation occur, the process nust
be restarted as the reference is lost. O her types of encoders, known as
absol ute encoders, always retain their position even if the

FIG. 1
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power goes off, the position being indicated by the information on.the
.disk. Such an absol ute encoder could al so be enbodi ed by the present
invention by providing an optical disk having, for exanple, ten parallel ,
tracks read simnultaneously. The read-out fromeach of the tracks would then
correspond to one bit of a ten bit C£9§ word representing the absolute
position angul ar position of the disk/“Wiile this situation would typically
require ten optical pick-ups as well as appropriate tracking servos to read
the - ten separate tracks, it is possible that a properly arranged

| aser/ di ode- array pick-up coul d_he d.tQ read .multiple tracks, e.g., four
tracks, at the sane tine. =Se details are 3 within the purview of one
of ordinary skill in thesart. An exanple of such™p optical disk is shown
in Figure 7. In this effbodinent, a ten bit word is p(ovided to indicate the
absol ute angul ar pogftion of an optical disk 150. TheNqunber of

PRIOR ART
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13 bits is chosen at random and can be adapted to the particular situation.
As there are ten bits fromthe |least significant bit (LSB) to the nost
significant bit (MSB), 1024 discrete angul ar positions can be represented
in binary. In this enbodi nent, the presence of a pit, e.g., 142, 144,
indicates a binary zero and the presence of a land, e.g, 146, 148,

i ndicates a binary one. Accordingly aifigrst position indicated by line
has a pit at each bit position (or tracks 1 - 10) and is therefore
represents the binary output 00 0000 0000 (note that only a portion of the
first bit for the bit positions 6 - 10 is shown as each of these first bits
woul d exceed the portion of the arc shown). A second

a




position indicated by Iine "b" would have a binary output of 00 0000 0001.
Thé el eventh position, indicated by "c", would have the binary output 00

" 0000 1011, up to the one thousand and twenty- fourth position (not shown)
represented by the binary output 11 1111 1111. As can be observed, LSB + 1
(track 2) has half as many pits as LSB (track 1), LSB + 2 (track 3) has
hal f -as many pits as LSB + 1 (track 2u/5etc. |If sixteen bits are used

i nstead of ten, 65,536 angul ar positions can be represented; far exceeding
t he count of. conventional rotary encoders. Note that while 16 separate
optical pick-ups can be-enploygg, ne for each track, it is possible to use
less with a | aser/diode array pucgg gghan one track.

r ed tq,.rgad e
For exanpl e, four such pi ck-upsg\(:qgl?bgn%égysb éo?@gﬁ;n
me h

fo tracks.

Wth this t f absolute i t £ f
sonme otLZr é?grapt?oﬁot;kg e l lf¥17§n°Ydex; *?O“T pb“e,-go of f or
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53000000000
d9of0g 200,
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~

14 place, the absolute position of the encoder can be determ ned by sinply
_reading the parallel word. Again, this type of arrangenent is based on a
“constant angul ar velocity theory and requires a nunber of pits and | ands,

i n phase, on each track. Furthernore, while the above-described absol ute

encoder used sinple binary coding, other coding techniques could be

enpl oyed. For exanple, a.so-called G®5coding schene coul d -be enpl oyed.

The Grey code insures that only one bit changes state for each increnent of

t he encoder. This avoi ds common_counting problens associated with nmultiple
bit transitions, e.g., fromil18111 1111 to 00 0000 0000.

o
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Fidure '8 .shows a possi bl e application for the optical encoder ofﬁ"ﬂt¢‘¢1(=:'f'f"'-"'ﬁm”-h
present invention in controlling the radial tracking of a CD RO\/Ld{@L;/,eh
Because the typical track pitch of a CD ROMis only 1.6 mcrons, very
precise nonitoring of notion is required. Thus, the high resol Ut i D@ Awe, f°!‘7é,
provided by the optical encoder of theg present invention provides,fh
required precision for this type of arrangement. Specificall .aw
8 shows a CD ROM drive which uses an optical pick-up 200 nount ed

rotating arm 202 that sweeps across the CD 204. This drive is simlar to
the type of drive enployed in the present Tnvention except that it sweeps
across the disk in a radial direction and ml“. t tm that it is
used t o G'2d¥S he actual data on the disk. ﬂmm & he radi al

tracki ng servo adjusts the radial tracki ng errofs by hovi ng the entire arm
202 in very small increments. The armitséelf is nounted on a track 206, and

a so-cal |l ed nadi alynt rgyskd o CPJ)tI:aJ%QSencoder adapted to be coupled to a

device of which it is desired to determine the rotat:i._onal‘ motion
thereof, compri_sing:

an optical disk ha.ving, at a fixed radial distance, at least
one track of pits and lands,-“cw;{ c\i J&la’f{ - e édol"l’f*d% ."

' ~— means for coupling said optical disk to séid device such that

.rotary motion of said device results in corresponding rotafy motion
of said optical disk; and

optical disk read means for generating an output in response
to the pits and lands indicative of the rotary motion of said

device.

2, The optical rotary encoder of claim 1 wherein the duty

cycle of said pits is fifty percent.

3. The optical rotary encoder of claim & comprising two
optical disk read means for reading the two adjacent tracks

~ simultaneously and generating output signals corresnonding thereto
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i?/{;plcally enpl oyed to neasure the radial notion. Instead of the radial
acking coil, however, the optical encoder of the present invention can be.
mounted to the rotatlng arm 202. This is acconplished by affixing the
shaft- 92 of the optical encoder shown in Figure 5 (only shaft 92 depicted
in Figure 8) to the rotary arm 202 sojfyhat rotation of the arm 202 will
result in corresponding rotation of shaft—92~and’ﬂT§k "90. As the arm

rotates, the A and B pulse trains will be g wﬁlﬁ““lng noti on of
the arm Any of the optical disks shown in ‘& coul d be used.
Simlarly, the arrangenent shown in Figure' * be“u§%d i n the conpact
di sk mastering process to take neasurenents of, for exanpl e, the radial

posi tion vvhér,e. t herh@aspt fe0f rateagpeacdisk @%1aim # wherein the output
~signals are applied to D and CLOCK inputs, respectively, of a D-
flip flop such that the state of an output line of the D-flip flep

indicates the direction of rotation of the device.

5 2. The optical rotary encoder of claim 1 whereln the optical
dn.sk includes a plurality of adjacent tracks separated by a
.b predetermined track pitch, each track having a subst;antially
equivalent number of pits at substantially equivalent aﬁgular
positions. | |
5’ .
A. The optical rotary encoder of claim £ having only a
"single optical disk read means.
6
? 2. The optical rotary encoder of claim 7 wherein the track
pitch of each of said plurality of adjacent tracks is substantially
less than 1.6 microns.
Y\~
87 The optical rotary ence'der of claim 1 wherein said pits

are I,; pits.

q)/o. The optical rotary encoder of claim 1 wherein said pits

are I, pits.

———
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94 and/or starts to insure that the disk conf.orns to specification.
Thhs I s apparent that in accordance with the present inavention, an
appar at us that fully satisfies the obj ectives; ai ms and advant ages is set

forth above. Wile the invention has been “umaﬁ unctlon with
specific enbodinents, it is evident that mmwﬂ , nmodi fications,
pernutations and variations will becok8 apparent 4t o"t hose skilled in the
art in light of the foregoing description. Accordingly, it is intended

that the presgnt invention enbrace all such alternatives, nodifications and
variations asytal | The dpticeferotape afcodex afperridt kWBPﬁGmWhﬁ apdigiadi ned

iS:
disk includes a plurality of adjacent tracks which, when read in

parallel, indicate an absolute poéitiOn' of the disk.

" , : 10

J2. The optical rotary encoder of claim }{ wherein each one
of the plurality of adjacent tracks repreé.ent,s one bit position of

a binary number comprising all of the plurality of adjacent tracks.

o iz _ ' i - |
- 33. The optical rotary encoder of claim }Z wherein the

presence of a pit.represents a binary zero and the pr_esencé of a
land a binary one. |

12 12 _

14. The optical rotary encoder of claim yj wherein a track
representing' a less significant bit than an adjacent track has
twice as many pits as the adjacent track.

;‘2. The optical rotary encoder of claim )‘i further comprising
" a plurality of oﬁtical disk read .means corresponding to the
% N\ plurality of tracks for readiﬁg the plural'ity.of adjacent tracks
simultaneousl.y and genexrating output siénals corresponding thereto. _
15

¥6. A method for determining the rotational motion of a

devicé, comprising: .
providing an optical disk having, at a fixed radial distance,

at least one track of pits and lands; and oj, .fﬂ%'t

- - - - - - —_— — - ~ sa/o{ "h’a(;[(o

—_—
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I'M5 1. An optical rotary encoder adapted to be coupled to a device
#hich it is desired to determne the rotational notion thereof,
Phprising: an optical disk having, at a fixed radial distance, at |east
one track of pits and lands ; and at |east two substantially identical,

adj acent tracks of pits and | ands eXd&pt that one of the tracks is

approxi mately ninety degrees out of phase fromthe other of said tracks.
means for coupling said.optical disk to said device such that rotary notion
of said device results in correspondi ng' rﬂlmmlmmﬁmlm aid optical disk;
and optical disk read nmeans for generatin "Esponse to the
pits and lands indicative of the rotary notidn

coupling said optical disk to said device so that the

rotational motion of said device causes corresponding rotational

motion of said optical disk; and

generatihg an output in response to rotational motion of said

disk indicative of the rotational motion of said device.

\
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id-device. 2. The optical rotary encoder of claim1l wherein thﬁddﬁ&x, '
e of said pits is fifty percent. 3. The optical rotary encoder Qgf .4,
claim1 conprising two optical disk read neans for reading the two adjacgnt,
tracks simul taneously and generating Xut put signals corresponding thereto
17 4. The optical rotary encoder of claim3 wherein the output signals
are applied to D and CLOCK i nputs, respectively, of a D-flip flop such that
the state of an output line of the D-flip flop indicates the direction of
rotation of the device. '

enough to read the tiny pits and lands, but not too small to be

effected by dirt and small scratches on the surface of the disk.

The reflection of the finely focused light beam travels back
through the objective lens 56, right-angle prism 66, quarter-wave
length plate 64 and is deflected by the polarized beam.éplittér 60
onto the photodiodes 62 to a convex lens &8 and a.cylindrical lens
bR In general, the characteristics of the reflected 1light
-indicate the presence of a pit-or lapd; The A and B pulse trains

"  can be.-determined from the output of the phoEodiodes in
conventional fashion. The convex lens 68 and cylindrical lens 70, .
together with the objective lens 56, are used to obtain the proper
focus of the spot on the disk.

As known by those skilled in the art, since the range of focus
of the optical pick-up is only four microns, a greater variation in
the flatness of the disk would result in errors. Because disk warp
can cause high vé.riations as large as 500 - 1000 wmicrons in
flatness, an automatic focus correction servo system must be
employed. This type of focus correction servc is well-known to
those skilled in the art and found in conventional CD players.

In addition to the focusing sérﬁo, conventional CD players

' typically employ a tracking or radial tracking servo to address the
problem of radial mistracking since the width of each pit is only
.6 microns, and the radial distance between tracks (track pit) is
only'1.6 microns. Because of these very small distances and

eccentricities in the disk which can cause radial swings as large

as 300 micfons, a servo system is required to keep the laser on the




5.. The optical rotary encoder of claim1l wherein. the IMEMMHMH "L
includes a plurality of adjacent tracks separated by a ck
pitch, each track having a substantially equival ent nunber of p|
substantially equival ent angul ar positions. 6. The st cal ‘““?‘“‘v -ﬁcher
of claim5 having only a single optical disk read meafhsT =" 91*4%ap
rotary encoder of claim®6 wherein the tradk pitch of r
of adjacent tracks is substantially |less than 1.6 m cjof
rotary encoder. of claiml1 wherein said pits are [err] pIts.
optical rot &AM oder of claim1 wherein said pits are [err] plts

1. An optical roﬁary encoder adapted to be coupled to a.
device of which it is desired to determine the rotational
motion thereof; comprising: |

an optical disk having, at a fixed radial distance, at
least one track of pits and lands ; and at 1least two
substantially identical, adjacent tracks of pits and lands
except that one of the tracks is approximately ninety degrees
out of phase from the other of said tracks.

means for coupling said optical disk to said device such
that rotary motion of said device results in corresponding
rotary motion of said optical disk; and

optical diék read meaﬁs for generating an output in
response to the pits and lands indicative of the rotary motion

of said device.

2. The optical rotary encoder of claim 1 wherein the

duty cycle of said pits is fifty percent.

3. The optical rotary encoder of claim 1 comprising two
optical disk read means for reading the two adjacent tracks
simultaneously and generating output signals corresponding

thereto



18.10." The optical rotary encoder of claim1 wherein the optical disk
i ncludes a plurality of adjacent tracks which, when r I

i ndi cate an absol ute position of the disk. 11. The opﬁm,mﬂmuﬂmla der
of claim 10 wherein each one of the plurality of adjacente tﬁacks Feptesents
one bit position of a binary nunber conprising all of the pl f 1

adj acent tracks. 12. The optical rotary encoder of %ﬂﬂﬁ@ﬂﬁﬁﬁh

presence of a pit represents a binary zero and the 85 c‘F a land

bi na one. 13. The optical rota encoder of claimi2 whé negs.,..
i nary ptical rotary ¢ of claimit2 vhdpineze. 1008

4. The optical rotary encoder of claim 3 wherein the
output signals are applied to D and CLOCK inputs, respectively,
of a D-flip flop such that the state of an output line of the

D-flip flop indicates the direction of rotation of the device.

5. The optical fotary encoder of claim 1 wherein the
optical disk includes a plurality.of-adjacent tracks separated
by a predetermined track pitch, each track having a
substantially equivalént number of pits at substantially

equivalent angular positions.

6. The optical rotary encoder of claim 5 having only a

single optical disk read means.

7. The optical rotary encoder of claim 6 wherein the
track pitch of each of said plurality of adjacent tracks is

substantially less than 1.6 microns.

8. The optical rotary encoder  of claim 1 whérein said

pits are I,, pits.

9. The optical rotary encoder of claim 1 wherein said

pits are I, pits.



track’ representing a |less significant bit than Lacent track has tw ce
as many pits as the adjacent track. 14. The opt@m: m er of claim
13 further conprising a plurality of optical di Ic Wﬂufresponding

to the plurality of tracks for reading the plurality of adjacent _traeks
si mnul taneously and generating output signals correspondipg=Fher %ﬁ:ﬁé’f i 19

15. A nethod for determning the rotational nntion?@ﬂ@g;ﬂeﬁﬁ@@? i rifisi ng:
provi ding an optical disk having, at a fixed radialldit %g

track of pits and |lands; and at |east .

18

10. The optical rotary encoder of claim 1 wherein the
optical disk includes a plurality of adjacent tracks which,
when iead in parallel, indicate an absolute position of the

disk.

11. The optical rotary encoder of claim 10 wherein each
one of the plurality of adjacent tracks represents one bit
position of a binary number comprising all of the plurality of

adjacent tracks.

12. The optical rotary encoder of claim 11 wherein the
presence of a pit represents a binary zero and the presence of

a land a binary one.

13. The optical rotary encoder of claim 12 wherein a
" track representing a less significant bit than an adjacent
track has twice as many pits as the adjacént track.

14. The opticai rotary encoder of claim 13 further
comprising a plurality'of-optiCal disk read means corresponding
to the plurality of tracks for reading the plurality of
adjacent tracks simultaneously and generating output signals

cérresponding thereto.



two substantially identical, adjacent tracks of pits and | ands except that

one of the tracks is apprOX|nat out of phase fromthe

ot her of said tracks. coupling g j&“ﬂ"HM"ﬂﬂﬂﬂ ﬁﬁrto sai d devi t the
rotational notion of said device causes correspond Fﬁ{»shfﬁﬁon of
sai d optical disk; and generating an output in resp nag?t-bcg% t '-_

noti on of said disk i ndi cati ve of the rotati onal not\ion oﬁl
19

15. A method for determining the rotational motion of a.
device, comprising: | —

providing an optical disk having, at a fixed' radial
distance, at least one track of pits and lands; and at least
two substantially identical, adjacent tracks of pits and 1and§
except that one of the tracks is appréximately ninety degrees
out of phase from the other of said tracks.
| coupling said optical disk to said device so that the
rotational motion of said device causes corresponding
rotational motion of said optical disk; and

generating an output in response to rotational motion of

gaid disk indicative of the rotational motion of said device.
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-enough to read the tiny pits and lands, but not too small to be

effected by dirt and small scratches on the surface of the disk.
The reflection of the finely focused light beam travels back

through the objective lens 56, right-angle prism 66, quarter-wave

-length plate 64 and is deflected by the pélarized beam splitter 60

onto the photodiodes 62 to a convex lens and a cylindrical lens

In general, the characteristics of the reflected light

-indicate the presence of a pit or lapd. The A and B pulse trains

can be . determined from the output of the _phoi:odiodes in
conventional fashion. The cohvex lens 68 and cylindrical lens 70, .

together with the objective lens 56, are used to obtain the proper

focus of the spot on the disk.

As known by those skilled in the art, since the range of focus
of the optical pick-up is only four microns, a greater variation in
the flatness of the disk would result in errors. Because disk warp

can cause high variations as iarge as 500 - 1000 microns in

" flatness, an automatic focus correction servo system must be

employed. This type of focus correction servo is well-known to
those skilled in the art and found in conventional CD players.

- In._addit.:ion to the focusing servo, conventional CD players
typically employ a tracking or radial tracking servo to address -the'
problem of radial mistracking since the width of each pit is only
'.6 microns, and thé radial distance between tracks (track pit) is
oniy 1.6 tr;icrons. Because of these .very small distances and
eccentricities in the _disk which can cause radial swings as large.

as 300 micfons, a servo system is required to keep? the laser on the -

R . I,



