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1 DATA RETRI'EVAL SYSTEM AND METHOD W THI N A CONSTANT { ANGULAR VELOCI TY
£B3ROM FI ELD OF THE | NVENTI ON 5 The present invention relates to the
field of data retrieval in a conpact disk read only nmenory (CD-ROM devi ce.
More specifically, the present invention relates to the field of data
retrieval in a constant angul ar velocity reading technique (CAV) CD ROM
device. 10 BACKGROUND OF THE | NVENTI ON Today, digital

i nformati on can be StOr@R‘PR@E’W“BVA]DmtANbMETH@BMZWINn referred
to as "optical disks." e digital rnformatron mal ntal ne I's opti cal
di sk storage mediumis stox GONSTA ANGUL @t:!mgmgnn( @PM shaped tracks
that are positioned at different radii fromihe center of the 15 optical

di sk medium The digital information is read fromthe optical disk nedium
by a CD player which contains a read head that is positioned over the
tracks of the rotating optical di FiELRORTHEINYENTIOMONtrolled CD players
that are used to retrieve digital information for use by the conputer
system are Bal |l ed CHeOQMeseatihventipn relabas/jo thieclield of aath rdtrewvgltincatonipakt
20 for such use are often cal-ted CD-ROM optical disks. Currently, there is
one accepted sidisiierad only memoryl{@Q-HOM)t davicenf brareispenificaliy theqwesean di sk.
The data is recorded using a constant |inear velocity format (CLV, see

bel ow) so that inkantioferedates te éh@rfletdjoﬂo@atal etriaval ima Iconstart @ngolaroreleeity

constant. However, there are two accepted
. reading technique (CAV) CD-ROM device.

10 BACKGROUND OF THE INVENTION

Today, digital information can be stored optically on compact disks
(CDs) often referred to as "optical disks." The digital information maintained
in this optical disk storage medium is stored optically in annular but spiral
shaped tracks that are positioned at different radii from the cehter of the

15  optical disk medium. The digital information is read from the optical disk
medium by a CD player which contains a read head that is positioned over
the tracks of the rotating optical disk medium. Computer controlied CD
players that are used to retrieve <_1igital information for use by the computer
system are called C.D-ROM (read only memory) players and the optical disks

20 for such use are often called CD-ROM optical disks.

Currently, there is one accepted standard for recording digital
information onto a CD-ROM disk. The data is recorded using a constant
linear velocity format (CLV, see below) so that data density recorded per
linear inch of the CD-ROM is constant. However, there are two accepted

25 techniques for reading digital information from an optical disk medium
during playback on a CD-ROM player. The first technique is the constant

linear velocity (CLV) technique and the second technique is the constant
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25 techniques for reading digital information from an. optical disk nmedium
diring: pl ayback on a CD-ROM pl ayer. The first technique is the constant
| inear velocity (CLV) technique and the second technique is the constant
2 angul ar velocity (CAV) technique. In both t,echniques, the density (e.g., .
bits/inch) of the information stored within Che tracks is constant. In CLV
techni que, as the read head of the CD-ROM pl ayer noves fromthe inner

of ‘the 5 opt 1agHidh vilod, CAVY RGN BEBEH BrAfERes i Jeidly @psPoce
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i nner tracks. easing t rotation spee i near velocity, and

therefore the Q@é@(sl@f theadgical éush%é’d@ﬁﬂﬁm@tomer frask< e reration Speedstitage.
Conversely, in the CAV readi ng technique, the rot ation speed of the optical

di sk nmedi umgi s Gistichl esksinediunm 9 dedteaseddy theeCDLROM Pwetrlt@ma:ihtdnh@ read
head. Therefore, in the CAV reading technl gue, the data rate of digital
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Al t hough adequainéoriatiqul. aYha gotatiok speediis deesdéasedebacalesd the circumference of
the outer tracks is larger than the circumference of the inner tracks. By
decreasing the rotation speed, the linear velocity, and therefore the data
10 rate, is held constant in the CLV reading technique. Conversely, in the CAV
reading technique, the rotation speed of the optical disk medium is held
constant regardless of the track position of the read head. Therefors, in the
CAV reading technique, the data rate of digital information picked up by the
read head increases as the read head travels from the inner tracks of the
15  optical disk medium tb the outer tracks.

Although adequate for playing back continuously recorded
audio/visual digital files, the CLV reading technique is not particularly
advantageous for retrieving recorded computer information that is accessed
at random positions within the optical disk medium (e.g., "random accessed"

20 information). For instance, in contrast to random accessed information, a
recorded audio/visual digital file is typically accessed continuously during |
playback with the read head moving continuously from the inner tracks to the
outer tracks (or vice-versa) as the file progresses. In an audio/visual file
there are few occasions for the read head to "seek" (e.g., move a distance)

25 from one track position to another. In contrast, random accessed information

within the optical disk medium requires a farge number of "seeks" during the

retrieval process.
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audi o/ visual digital files, the CLV reading techni que’is not particularly
Aadvantageous for retrieving recorded conputer information that is accessed
at random positions within the optical disk nmedium(e.g., "random accessed"
20 information). For instance, in contrast o random accessed information,
a recorded audio/visual digital file s typi%al | y accessed continuously

. during playback with the read head noving continuously fromthe inner
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recorded informati o e optic e CLV readi ng

techni que, g hegy dBaséﬂ%dth@fné\ﬁ%a%R?&ﬂiorﬂéﬁhe%dHlH@a'a'.JSTh&%f&e,
adj ust ed based oh the new track position of the read head. Therefore,

readi ng randonyggding Tafdomf a6d8tsedInforMaEtion fRithisprbptiizs idisketiediomrintthe CLV
readi ng techni que requires nmany adjustnents to the rotation speed of the
optical di sk mglivreading technique requires many adjustments to the rotation speed of
the optical disk medium.
Figure 1A and Figufe 1B, respectively, illustrate the velocity of the

10 read head and the optical disk rotation speed over time, in response to a
seek command. As shown by Figure 1A and Figure 1B (in the CLV reading
technique), while the read head can be rapidly positioned from its current
position to a new (e.g., target) position, it takes longer for the spindle motor
of the CD-ROM playef to reach the target rotation speed. For instance,

15 Figure 1A is a graph illustrating read head velocity versus time for a CD
player using the CLV reading technique. Curve 10 of Figure 1A illustrates
that in a typical application, following a seek command received at time = tp,
the CD player requires approximately 100 ms to perform a rough seek
operation 30 followed by an average of 25 ms to perform a fine seek (curve

20 12) to reach the new read head position (e.g. the target position). Figure 1B
is a graph of rotation speed versus time for a CD player using the CLV
reading technique. As shown by curve 50, during the full acceleration
period 55 of the spindle motor, the rotation speed changes the most.
However, the target rotation speed (position 70) is not reached until

25 approximately 150 ms after the seek command is received (at time = tg).

Therefore, in the CLV reading technique, the CD player takes approximately



Fi gjure 1 Aand Figure 1 B, respectively, illustrate the velocity of the 10
Jfead head and the optical disk rotation speed over tine, in response to a
seek command. As shown by Figure 1A and Figure 1B (in the CLV reading
technique), while the read head can be rapidly positioned fromits current
position to a new (e.g., target) position,. i % t akes | onger for the spindle
not or of the CD-ROM pl ayer to reach the target rotation speed. For

i nstance, 15 Fi i I 1| us i n e ' sus
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time for a CD player using the CLV reading technique. As shown by curve 50,
during the fail | prppgedciiesorfimarRls distindPredfievalefo? RabHIseeRDHY acddis fikdsi on
speed changes the nost. However, the target rotation speed (position 70) is

not reached untidcréasedidne @y ithaaelditiohaPtiffie Ridutredtfoetire D ﬁ!&ml‘ﬂbiﬂcﬁe
received (at tine = to). Therefore, in the CLV readi ng technique, the CD

pl ayer takes appioisr tomtezich the targdh romationrypeed Morover ! hecduseghe rotdtin on
speed after obtaining the target
. speed of the optical disk medium varies based on the read head position,
the CD player using the CLV technique requires an advanced speed

10  controllable spindle motor with costly associated control circuitry. Lastly,
because the CD player using the CLV reading technique is constantly
accelerating its spindle motor (Figure 1B), torque is required during
playback of CD-ROMs using the CLV reading technique, which increases
the overall power consumption of the CD player. This makes the CLV

15 reading technique- disadvantageous for battery operated (e.g., portable
laptop) computer systems that have limited power stdli"é-s and are extremely
heat sensitive.

Recent developments in CD player technology have attempted to
provide a workable CD-ROM player for the CAV reading technique.

20 However, due to wide variations (e.g., 2.5x) in the data rates from the inner
tracks to the outer tracks of the optical disk medium, a relatively complex and
expensive phase lock loop circuit has been used. However, even the most
complex phase lock loop circuits are capable of only responding to data
rates (e.g., frequencies) within a capture band of +/- (50-100)% of the phase

25  lock loop circuit's fixed reference frequency. Therefore, prior art CAV CD-
ROM players are not capable of retrieving data across the entire optical disk

medium because the capture band of their phase lock loop circuit is too



read head position (see Figure 1A). As result, the CLV reading technique is
.di sadvant ageous for random accessed recorded conputer information because
this information requires 5 many seek conmands during retrieval; for each
seek, the access tine is increased due to the additional tinme required for
the CD player spindle notor to reach the target rotation speed. Moreover,
because the rotation speed of the optical disk nmediumvaries based on the
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respondi ng to d2DROM playee tiwat ddessnoereguire)amatvanced angcosty spintle imator
(50-100) % of the phase .
with associated costly spindle control circuitry. What is also needed is a CD-
10 ROM player whose spindle motor does not require torque (and therefore
consume power) each time a new seek command is issued. What is also
needed is a CD-ROM player that offers the above advantages and requires
an inexpensive phase lock loop circuit that is readily available. As
described below, the present invention offers these advantageous

15 capabilities and others not recited above but made clear within discussions

of the present invention to follow.

SUMMARY OF THE INVENTION
A method and system are described for retrieving data stored on a

20 compact disk read only memory (CD-ROM) device using the constant

angular velocity (CAV) reading technique. Unlike the constant linear

acceleration (CLV), in the CAV reading technique, the data retrieval rates of

the CD-ROM read head vary depending on the radius of the annular (but

spiral) recording track that is being read. For different tracks, the read head
25 moves at different linear velocities across the CD-ROM disk because the

circumference of the outer tracks is larger than the inner tracks and the

rotation period of the CD-ROM disk is constant. Data rates can be as much



25 lock loop circuit's fixed reference frequency. Therefore, prior art CAV
.CD- ROM pl ayers are not capable of retrieving data across the entire

opti cal di sk nmedi um because the capture band of their phase | ock | oop
circuit is too 5 1limted. Further, prior gt CAV CD-ROM pl ayers are

rel atively expensive because as the capture nd of the phase | ock | oop
circuit is increased, the overall cost and conplexity of the phase | ock
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I nvention offers these advantageous 15 capabilities and others not recited
above but nmade QRROM dévice dveithiiird easteptreilendy sdjested tovisetlose tothealataw.
rate of the current track, the phase lock loop circuit needs only a narrow
capture band to accurately retrieve the read reference clock from the current
10 track. In one embodiment, the microprocessor is aware of thé read head
position because it controls read head movement. A microcontroller
controlled programmable oscillator {(e.g., synthesizer) is used in one
embodiment of the novel system to generate the required center
frequencies. Direct computation or a fook-up table based on the read head
15 - position can be used by the microcontroller to determine the required center
| frequencies. A decoder is supplied with the read reference clock for data
decoding to the host system.
Specifically, embodiments of the present invention include, an
information retrieval system comprising: a read head for reading recorded
20 encoded digital information of off a CD-ROM optical disk and for supplying
the encoded information, the encoded information read and supplied at
variable data rates depending on track positions of the read head; a
microcontroller for controliing the track positions of the read head and for
determining variable center frequencies based on the track positions, the
25 variable center frequencies being close in frequency to the data rate of the
encoded information ét corresponding track positions; a programmabile

oscillator coupled to the microcontroller for generating the variable center



SUMMARY COF THE | NVENTI ON A net hod and system are described for retrieving
ddta stored on a 20 conpact disk read only nenory (CD-ROV) device using
t he const.ant angul ar velocity (CAV) reading technique. Unlike the constant
| i near acceleration (CLV), in the CAV readi n% techni que, the data retrieval
rates of the CD-ROMread head vary dependi ngfon the radius of the annul ar
(but spiral) recording track that is being read. For different tracks, the
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phase | ock |oop circuit needs only a narrow capture band to accurately

retrieve the repsteids feenaR! ff@RInckoeK Signak! iR Eata decoder circuit for
generating decoded information based on the encoded information and the
read reference clock signals. Embodiments of the present invention also

10 include a method implemented in accordance with the above.

BRIEF DESCRIPTION OF THE DRAWINGS |

Figure 1A is a graph illustrating head movement velocity over time

during a seek command for a CD-ROM player using the CLV reading
15 technique.

Figure 1B is a graph illustrating spindle rotation speed over time
during the seek comhand of Figure 1A for a CD-ROM player using the CLV
reading technique.

Figure 2 is a graph illustrating data rate versus track radius from the

20 inner tracks to the outer tracks of the present invention CD-ROM player using
the constant angular velocity (CAV) reading technique.

Figure 3 illustrates tracks of a compact disk read only memory
recording medium commonly re.ferred to as an optical disk having annular
(spiral) tracks of varying radius positions.

25 Figure 4 is graph illustrating data rates versus track radius from the
inner tracks to the outer tracks of an optical disk including exemplary

microcontroller determined center frequencies of the present invention.



10 track. In one enbodi ment, the mcroprocessor is aware of the read head
pdsition because it controls read head novenent. A microcontroller
control |l ed progranmabl e oscillator (e.g., synthesizer) is used in one
enbodi mrent of the novel systemto generate the required center frequencies.
Direct conputation or a |ook-up table based & the read head 15 position
can be used by the mcrocontroller to determne the required center
frequencies. A decoder is supplied with the read reference c|ock for data
decodi ng to the host Figuse &nis acbleskidiagmeny illustrating adata retrievabsystegrat the

I nvention include, an_ information retrieval systen1%85ﬁ5t§k%§f.a'read head
for reading rechfefeat nyendinpdaca cengtantiangwlas,veecity ViRY rROM
optical disk and.for supplying the encoded infqrmatio he, engode
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positions of the read head; a mcrocontroller for controlling the track
posi tions of th@"?@gd head and for determ ning variable center frequencies
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determ ned by the m gQaant iRktrales & IGK-UP'tabiBRitHzEd By e microcontroller in

one embodiment of the present invention.
Figure 8 is a process flow diagram illustrating steps used by the

10 present invention data retrieval system of Figure 5.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention provides an information retrieval system for a
CAV CD-ROM device using a narrow capture band phase lock loop circuit
15  that is supplied with variable center frequency signals. The variable center
frequency signal of the present invention is microcontroller controlled to be
near the data rate of the currently read track of a CD-ROM optical disk. in the
following detailed description of the present invention, numerous specific
details are set forth in order to provide a thorough understanding of the
20 present invention. However, it will be obvious to one skilled in the art that
the present invention may be practiced without these specific details or by
using alternate elements or methods. In other instances well known
methods, procedures, components, and circuits have not been described in

detail as to not unnecessarily obscure aspects of the present invention.
25



phase |l ock loop circuit coupled to receive the variable center frequencies
fromtHe programmabl e oscillator and coupled to receive the encoded

i nformati on, the narrow capture band phase | ock loop circuit for extracting
5 read reference clock signals fromthe encoded information; and a data
decoder circuit coupled to receive the encode? i nformation and coupled to
receive the read reference clock signals, the data decoder circuit for
generati ng decoded i nformati on base 8 ggggfornation and the
read reference clock signals. Enbodi nt invention also 10
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using the CLV reading technique. Figure 2°I's a grap ustrating data rate
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present invention CD ayer “using the con ar velocCity (CAV)
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menory recording medi um commonly referred to as an optical disk having
annul ar (spiral playeralsingthe/ @AV readingl techrigss. t A@@'lomiiﬁby{]curve 110 Aeedatal S
graph illustrating data rates versus track radius fromthe _

rate at the read head of the CD-ROM player increases as the read head

moves toward the outer tracks. In the CAV reading technique, because the
10 rotation speed (measured in revolutions/sec) of the optical disk is fixed, as
the read head travels across the tracks of the CD-ROM optical disk from the
inner tracks to the outer tracks, the circumference of the tracks increases.
The density (measured in bits/inch) of the information recorded in a track of
an optical disk CD-ROM is constant. Due to the above, in the CAV reading
15 technique, the amount of data encountered by the read head, per revolution,
increases as the read head moves toward the outer tracks. Therefore, the
data rate increases according to line 110 as the read head moves from the
inner tracks (radius) 135 to the outer tracks (radius) 140. In the CAV reading
technique, assuming the data rate for the inner track is fo and the inner

20 radius is rg, the following expression computes the data rate (fx) for a track

located at radius rx:

k= e X fo (1)
25 o

In one exemplary embodiment of the present invention, the frequency at the
inner track (fo) is approximately 17.3 MHz and the frequency at the outer



inner tracks to the outer ftacks of an optical disk including exenplary
.m‘crocontrol l er determ ned center frequencies of the present invention.

8 Figure 5 is a block diagramillustrating a data retrieval system of the
present invention for a constant angul ar vel g)ci ty CD- ROM havi ng

m crocontroller controlled center frequenci supplied to the phase | ock

|l oop circuit. 5 Figure 6 is a bl ock diagram of the programabl e
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signals. The va e center frequency signa e present invention is
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the present invenidquirediterfeceyhizerar décode digital data that is detected within a
very wide frequency range of from 17.3 MHz at the inner most tracks to 40
MHz at the outer most tracks; the higher frequency being roughly 2.5 times
larger than the lower frequency or 250 percenf of the lower frequency. Itis
10 appreciated that the above values are exemplary only and what is important
is that in the CAV reading technique, the CD-ROM player needs to decode
incoming data that has a very wide frequency range where the maximum
frequency can be between 100 and 300 percent of the minimum frequency.
Given a fixed data density, D, measured in bits per inch (BPI), the
15 following expression is used by one embodiment of the present invention to

determine the data rate (fy) of a track located at radius rx assuming a

constant rotation period of T seconds per revolution:

2 X (Pl) X ry
20 fx= DX . ' (2)
T

where Pl is 3.1415. In an exemplary embodiment, the data density, D, is
constant throughout the CD-ROM optical disk and can be between 30,000-
25 120,000 BPI, depending on the manufactured CD-ROM optical disk. Also,
the angular rotation speed of the CD-ROM optical disk can be between
2,000-3000 revolutior;s per minute (rpm), so the period, T, can be between

.03 and .02 seconds per revolution. It is appreciated that the above values



details are set forth in order to provide a thorough understanding of the
20° pr'esent invention. However, it will be obvious to one skilled in the
art that the present invention may be practiced without these specific
details or by using alternate elenents or nmethods. In other instances well
known met hods, procedures, conponents, and ciYcuits have not been descri bed
In detail as to not unnecessarily obscure aspects of the present invention.
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CD-RO PTICAL DISK 200
10 Figure 3 illustrates an exemplary well known CD-ROM optical disk

storage medium 200 as used by the present invention. The CD-ROM optical
disk 200 is annular and consists of a series of concentric spiral annular
shaped tracks, a portion of one track, tx, 235 is shown at radius position ry
230. The inner most track located at radius position rj 210 is also shown as
15 well as the outer most track located at radius position ro 220. The center of
the CD-ROM optical disk 200 is typfcally empty. It is appreciated that ro can
be as much as 2.5 times larger than rj. As is well known, digital data is
stored as optical “pits* within the tracks of the CD-ROM optical disk 200.
Also shown in Figure 3 is a CD-ROM optical read head ("read head") 250
20 whichis pbsitioned above and across the tracks of CD-ROM optical disk 200
in order to optically read the digital data stored therein. The read head 250
can also be disposed across the tracks of CD-ROM optical disk 200 during a
seek command. In operation, the present invention utilizes well known

components and methods to displace the read head 250 across the tracks of
25 CD-ROM optical disk 200.



The densrty (measured in bits/inch) of the i nfor mationirecorded in a track
of. "an optical disk CD-ROMis constant. Due to the above, in the CAV reading
15 technique, the anount of data encountered by the read head, per

revol ution, increases as the read head noves toward the outer tracks.
Therefore, the data rate increases according 120 line 110 as the read head
-noves fromthe inner tracks (radius) 135 to the outer tracks (radius) 140.

I n the CAV reading technigue 0 4 tT- f\ r track S
flerr] and the inner 20 ¥£ QALK
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CAV readi ng techitithartrack pesition . tIA draep@tetsvartheeaadefstefics alockatre t hat

Is detected within a
phase lock loop circuit requires an input reference clock signal, fj, (also

called a "center frequency").
Phase lock loop circuits can recognize an input clock signal as long
10 as the input signal is located within the capture band of the phase lock loop
circuit. The center frequency, fj, is located in the middie of the capture band
of the phase lock loop circuit. In the past, prior art CAV CD-ROM systems
resorted to very large capture band phase lock loop circuits (e.g., capture
bands where the maximum frequency is 100-300 percént of the minimum
15 frequency) that are very expensive, very complex, typiéally custom designed,
and usually in short supply.

The present invention utilizes a very narrow capture band phase lock
loop circuit, but varies the center frequency (fj) supplied to the narrow band
phase lock loop circuit depending on the track: ppsition, rx, of the read head

20 250. This allows the very narrow capture band phase lock loop circuit to

recognize all data frequencies within an otherwise large data frequency
band.

The manner of variation of center frequency to track position, ry,
depends on the number of center frequencies selected for the data
25 frequency band. In one embodiment of the present invention, 256 center

frequencies are selected over the data frequency band. However, the



very wi de frequency range-of from17.3 MHz at the innér nost tracks to 40
MHz at 'the outer nost tracks; the higher frequency being roughly 2.5 tines

| arger than the | ower frequency or 250 percent of the |ower frequency. It

is 10 appreciated that the above values are exenplary only and what is

I nportant is that in the CAV reading technib@e, t he CD- ROM pl ayer needs to
decode incom ng data that has a very w de frequency range where the maxi num
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foll owi ng expression is  used,b e [ t of the present invention to
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frequencies, fg to f255, for corresponding read head track positions, rg to

ross5, respectively. Each of the center frequencies, fi, can be computed

using expression (2) above, given its corresponding track poéition, rx. The

10 distance, d, between each track position, rx, is computed by the below

expression:

o P — (3)
15 n

where rg is the outer track radius, rj is the inner track radius and n is the
number of center frequencies (e.g., 256 in one example).
Each center frequency, fj, is valid over a small data frequency range
20 (e.g., center frequencies fg to f4, correspond to frequency ranges 312, 314,
316, 318, and 320, respectively). For a given frequency range (e.g., 316), its
corresponding center frequency (e.g., f2) is located in the center of the
frequency range. In one exemplary embodiment, given 256 possible
frequency ranges with a corresponding 256 possible center frequencies,
25 and a data frequency band of 40 MHz-17.3 MHz, each frequency range is
approximately 88.67 kHz wide.
During a seek operation according to the present invention, when the

current track position, ry, of the read head is within a given frequency range



are exenplary only and that the present invention can He applied to systens
havi ng ‘different periods, T, and different data densities, D to those
descri bed above. It is appreciated that using the above expression (2), the
data rate (f[err]) of a track located at radius rx can be conputed given a
constant period, 5 T (sec/rev), and given al¢onstant data density, D
(bits/inch). In the CAV readi ng techni que, used by the present invention,
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head ("read head™) 250 20 which 1's positioned above and across the tracks
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I nvention utilizes well known conponents ‘and nethods to di spl ace the read

head 250 acr oss diteeittwhickds abed to recover the read reference clock from the current

10 track.

INFORMATION RETRIEVAL SYSTEM 500 WITH
NARROW CAPTURE BAND PHASE LOCK LOOP CIRCUIT

Figure 5 illustrates an information retrieval system 500 of the present
15 invention utilizing a narrow capture band phase lock loop circuit 530 as
described above. The information retrieval system 500 is shown in |
conjunction with a host computer system 440 and an interface protocol unit
450 which together fofm larger computer system 400. As described further
below, the narrow band phase lock loop circuit 530 receives variable center
20 frequency signals over line §35. The value of the center frequency signal
received over line 535 depends on the current track position, rx, of the read
head 250 as shown in Figure 4.
In one embodiment of the present invention, data retrieval system 500
of Figure 5 is a CD-ROM player coupled to communicate with host computer
25 - system 440. The host computer system 440 includes a processor 401
coupled to an address/data bus 404 which is also coupled to a volatile
memory unit 402 (e.g., RAM) and a non-volatile memory unit 403 (e.g., ROM,
PROM, EPROM, flash memory, étc.). A number of well known host computer



25 CD-ROM optical disk 200. 12 VARI ABLE CENTER FREQUENCY DETERM NATI ON
As' deséribed in. nore detail below, the present invention utilizes a narrow
capture band phase lock loop circuit to extract a read reference clock from
the data read by the read head 250 at any given track position, r[err]. The
5 read reference clock represents the datdSate of the digital

I nformation stored at that track position, r[err]. In order to recover the
read reference cl (t)ck, th%ghas cir

reference cl ockS¥SHYHaICAM PF?S V\ki ?'gyl'egg q’%ogt Ietc%rrﬁggﬁi h%gaﬁ‘gﬂ‘lcgﬁg‘g Phase
mput Signal | T STUREE So LRI Aot Meses Rl GHPAR AR Ck 100p
capt ure’ band oS RESHERIE Eshwackhethost heribithr Byt Ao BB Bforkifion
CO ROl syster o3 Sheldin 06 AR S MEEIGU SPIRES, bistado B ber et
o un LS. ol SMEREXhridNo Bifin ol s I KB Tkt
center 1 requendO T PLEH FREHIBCEICBORREIE £F st reid Bitnimartid 10/84e dal he
retrieval system 500. These read commands include seek operations that
cause the read head 250 to position to particular track locations during the
corresponding read operation. The host cbmputer system 440 also receives
10 decoded data from the data retrieval system 500 in response to the issued
read commands.
Data retrieval system 500 of Figure 5 includes a microcontroller unit
550 which is coupled to a CD-ROM read head hardware unit 520. The CD-
ROM read head hardware unit 520 contains (1) an optical read head 250 as |
15 shown in Figure 3, (2) a read head arm assembly for supporting the read
head 250, and (3) a positioner (e.g., actuator) for controlling the position of
the arm assembly, thereby controlling the position of the read head 250. A
number of well known circuits and components can be used as CD-ROM
read head hardware unit 520. As is well known, the CD-ROM read head
20 hardware unit 520 responds to commands issued by microcontroller unit
550 which instruct the read head to position to determined track positions.
The microcontroller unit 550 controls various aspects of the data
retrieval system 500 as described herein. Namely, the microcontroller unit
550 controls the position of the CD-ROM read head 250 with respect to the
25 tracks of a CD-ROM disk 200 (Figure 3). Commands from the
microcontroller unit 550 are issued over control bus 545 to control CD-ROM

read-head hardware unit 520 to position the read head 250 to a specified



phase | ock 1 oop circuit dependi ng on the track p05|t|om rferr], of the
read head 20 250. This allows the very narrow capture band phase | ock | oop
circuit to recognize all data frequencies within an otherw se |arge data
frequency band. The manner of variation of center frequency to track
position, r[err], depends on the nunber of cdfter frequenci es sel ected for
the data 25 frequency band. In one enbodi nent of the present invention,

R kel
o 717 PR koot e b R A N oo
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flerr], for corr
§5bhe center frequencies, f[err], can be conputed using

respectivelyg E
expressi on (E) a ove given its corresponding track position, rx. The 10

g;;ﬁ Zgg?ond bet ween gGBcbhtalerRH 550, ke ths Holst cbpufeiPsy<temP¥46, EoritginsW
a processor 551 coupled to an internal address/data bus 570 which is also
coupled to a volatile memory unit 552 (e.g., RAM) and a non-volatile memory
unit 553 (e.g., ROM, PROM, EPROM, flash memory, etc.). A communication -

10  unit 560.is coupled to internal bus 570 and control bus 545 to allow
processor 551 to issue commands over control bus 545. Program code
controlling microcontroller unit 550 is stored in memory units 553 and 552
and is executed by processor 551.

Microcontroller unit 550 is also coupled to a synthesizer uni{ 540 Via

15 control bus 545.  Synthesizer unit 540 is a programmable oscillator circuit
that when programmed with a particular value over bus 545 generates a
corresponding frequency signal output over line 535. Under control of
microcontroller unit 550, and based on the current track position of the reéd
head 250, synthesizer unit 540 generates the programmable center

20 frequencies (e.g., f1, f2, {3, f4) as described in Figure 4. In one embodiment,
synthesizer 540 receives an eight bit digital control signal over control bus
545 from processor 551 and therefore is capable of generating at least 256
different programmable center frequencies over line 535. Synthesizer circuit
540 can be realized utilizing a number of well known circuits within the

25 scope of the present invention and one such implementation is shown in

Figure 6.



[err] 15 where r[err] is the outer track radius, r[err] Is the inner track
radius and n is the nunber of center frequencres (e.g., 256 in one

exanpl e). Each center frequency, f[err], is valid over a small data
frequency range 20 (e.g., center frequenciei flerr] to f[err], correspond
to frequency ranges 312, 314, 316, 318, and 50 respectively). For a given
-frequency range (e.g., 316), its correspondi ng center frequency (e.g., f2)
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530 is also coupled to receive data over bus 525 which is supplied by the
CD-ROM read head hardware unit 520. Using the supplied variable center
frequency signal, the phase lock loop circuit 530 is able to extract a read

10  reference clock signal from the data supplied over bus 525. The manner in
which a phase lock loop circuit extracts the phase and characteristics of an
unknown clock signal (e.g., received over bus 525) with reference to a given
center frequency signal (e.g., over line 535) is well known in the art. The
narrow capture band phase lock loop circuit 530 can be realized utilizing a

15 number of well known and readily available circuit designs.

Encoded data from the CD-ROM optical disk 200 as read by the read
head 250 is transmitted over line 525 by the CD-ROM read head hardware
unit 520. The extracted read reference clock is supplied by the phase lock
loop circuit 530 to a data decoder unit 510 over line 515. The data decoder

20 unit 510 uses the extracted read reference clock from line 515 to decode the
encoded data received over bus 525 using well known techniques.

The width of the capture band required of the phase lock loop circuit
530 depends on the number of center frequencies utilized by the
microcontroller unit 550. Assumihg an.embodiment where 256 different

25 center frequencies are used, the width of the capture band of the phase lock
loop circuit is less than 1% of the total data frequency band 332 (Figure 4).

Table | below illustrates approximate values for the required capture band of



current track position, r[err], of the read head. In thi.s manner, the need
for a Wi de capture band phase lock loop is elininated within the present-
invention in lieu of a |l ess expensive, readily avail able, narrow band phase
| ock loop circuit which is used to recover the read reference clock from
the current 1 0 track. | NFORVATI ON RETRI EVAI8SYSTEM 500 W TH NARROW
CAPTURE BAND PHASE LOCK LOOP CIRCUIT Figure 5 illustrates an information

retrieval system 500 of 'the, present, 5 Jnventiop utilizing a narctow ..
capture band phgé% PgSR '9@6!&@ CEGH éﬁ?@"%s &@%@&W@Gisaﬁf){;@ pFﬂ?@"‘ Invention

i nformation retrjeval tem 500.is sho LR conjunction.w 0
commutor oyst et e AERSM BRpsts. (st ReGiRheios 16 aiid it Btk Rbauency,
| ar ger conput er 400. As described further below, the narrow band
phase | ock | oop Circurt” 530 receives variable center 20 frequency signals
over line 535. The value of the center frequency signal received over |ine

535 depends gn the current track position, A rlr], of the read head 250 as
shown in Figlre 4. In one enbodiment of th ent invention, data

retrieval system 5005|Qf igure. b is a ROM (i&n;' nigate
with host conputer 25°U8 - ﬁ% i s a
processor 401 coupl ecro—afraeere S ! a

Jency Band o3
Bata, FregyanayBand host

volatile nmempry unit 402 (®.g., RAM an a nonA@cﬁ
8% of ata Frequency Band

(e.g., RoM 1PrOM EPROM fl1@sh nenory, etc.).
conput er .. 32

64 : 4% of Data Frequency Band
128 2% of Data Frequency Band
256 1% of Data Frequency Band
15 512 0.5% of Data Frequency Band
1024 : 0.25% of Data Frequency Band

It is appreciated that the above embodiments are exemplary and the present
invention is well suited for use with embodiments having different numbers_

20 of frequency ranges over the data frequency band 332 as those shown
above. It is further appreciated that because the microcontroller unit 550
supplies variable center frequencies to the phase lock loop circuit 530, the
present invention eliminates any need for an expensive, complex, and
possibly custom designed wide band phase lock loop circuit as used in the

25 past. Instead, a relatively inexpensive, readily available narrow band phase
lock loop circuit can be used. According to one embodiment.of the present
invention, a narrow capture band phase lock loop circuit is one having a
capture band wherein the maximum frequency value is greater than the
minimum frequency value by less than 50%.

30 As discussed above, the éxtracted read reference clock signal is
supplied over line 515 of Figure 5 to a data decoder unit 510. Data decoder
unit 510 is 'well known in the art. Because the read reference clock signal

represents the data rate of the information stored at the current track position



15 systens can be used within the scope of the present; i nvention. Also

coupled to bus 404 is an interface protocol unit 450 that allows

comuni cati on between the host computer system 440 and the information

retrieval system 500. A nunber of well known protocol interface units can

be 5 wused as unit 450 within the scope of th present invention. The host
. comput er system 440 is responsible for issuing read conmands to the data
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known, the CD- ROM ree‘ﬁf&&%nﬁﬂan&é‘wd@ﬁﬁg WNidelodPerzfitR WHise! theiErBEStrolier

I ssued by mcrocontroller unit
unit 550 to issue read head movement instructions to the CD-ROM read

head hardware unit 520. In response thereto, the microcontroller unit 550
10  generates center frequency commands to the synthesizer unit 540 which
. alters the center frequency signal supplied to the phase lock loop circuit 530
depending on the track position of the read head 250. Center frequency
adjustments are possible whenever the read head 250 moves.-
Figure 6 illustrates circuitry of the synthesizer unit 540 in more detail
15 for an exemplary embodiment of the present invention. In one
implementation, synthesizer 540 includes a digital to analog converter
(DAC) 544 coupled to a voltage controlled oscillator (VCO) 542. The control
bus 545 supplies a digital control signal or word (e.g., eight bits) from
microcontroller unit 550 to the DAC 544. The DAC 544 converts this digital
20 value into an analog voltage signal that is supplied to the VCO 542. The
VCO 542 then generates the required center frequency (fij) over line 535 to
the phase lock loop circuit 530. The VCO 542 and the DAC 544 can be
realized utilizing well known circuits within the scope of the present
invention.

25



550 V\/mch instruct the read head to position to deternined track positions.
The microcontroller unit 550 controls various aspects of the data retrieval
system 500 as described herein. Nanely, the mcrocontroller unit 550
controls the position of the CD-ROMread hﬁﬁ 250 with respect to the 25
tracks of a CD-ROM di sk 200 (Figure 3). Qds from the microcontroller
~unit 550 are issued over control bus 545 to control CD- ROMread head

hardware unit 520 to p05|t|n§%l\ I ?wﬁ% 16 track
position, rferr]. In this e, =agl viavja, at all tines
Scope of the present *ﬁ%ﬁ!ﬁﬁ%ﬂ“‘i’%&yﬂ%ﬁo RhEGhE P AR rriVsRh S can
posi t1 on of ¢ ne ead el PGP Forifirige e inb ORI A d fieblHitaware,

comput er_sySt emssf0. |GORRINET -, Qﬁ@?&é&ﬁbaé SERYANERz48 188 Kl Pasitiop,

addr ess/ dat a bus SO cou e nenory u

(e.9., RAM Q“dme?@f@rd %tmn rfﬁét&rl'd‘gftér é&ﬁeéngthe rﬁ%f&?@ﬂer rﬁi%o

flash nmenory, etc.). Aco cation I's coupled to |nterna

bus 570 and COﬂbMidreW%hééErréﬁt ﬁhbl@Wo@itn@ﬁE(F)aQﬂtﬁéleé@hééa%m%m@k? over

control bus 545. Program code controlling mcrocontroller unit 550 1s
stored in nenor ynevarhénbSthenealddead 250, the microcontroller unit 550 performs a

center frequency determination to produce a valid center frequency control
signal over bus 545. For an exemplary implementation, the period of

10 rotation, T (sec/rev), is a constant and the data density, D (bits/inch), is also a
constant. Further, for a given impleméntation, the number of center |
frequencies (e.g., 64, 128, 256, etc.) and their frequency values (e.g., f1, f2,
f3, {4, etc.) are constants. Therefore, in one embodiment, microcontroller unit

550 uses relationship (2) to determine an approximate data frequency at the

15 current read head position (rx).

2 X (Pl) X rx
fx= DX - (2)
T

20
In this embodiment, microcontroller unit 550 then determines the closest
center frequency (fi) to the determined value fx. Processor 551 then

generates a unique control signal over bus 545 to instruct the synthesizer

unit 540 to generate the center frequency (fj) determined above. Itis

25 appreciated that depending of the software procedure utilized, the

microcontroller can directly compute the center frequency (fi) based on a

modified form of expression (2) that automatically rounds up or down to the



and is executed by processor 551. Mcrocontroller unit 550 is al so coupl ed
t0 a synthesizer unit 540 via 15 control bus 545. Synthesizer unit 540 is
a programmabl e oscillator circuit that when programred with a particul ar
val ue over bus 545 generates a correspondingﬁfrequency si gnal out put over

| i ne 535. Under control of mcrocontroller it 550, and based on the
current track position of the read head 250, synthesizer unit 540 generates

t he programuabl e center 20, freguengi.es . flerr f J: el
flerr]) as deschgayest center {ﬂ?ﬂ@ea%’ (A Qﬂ?@iﬁwﬁm Pﬂé’ﬁ?f“] ‘E?H{ ﬁé@f'?’éﬂ%‘i&}l‘e
receives an eight ‘fit (gi?gital control signal over control bus 545 from
processor 551 affd hea Pe is -capabl e of generating at |east 256 different

e Toal 1200 uti 11 21 nif 8 RGNS SHEPHReTG oe AEPORTFEA. #¢' 55 ccope
17 heshown i n FgepengngtihiepEaNfices SRBRER BbICILIUD GOTHS shibwm B2 °
band_phase L0CKEl(hg 74 Glimineieerkertiobdsikisd 19t e Bifettrauder, (0
5 “coupl ed 1o 1 EEE X e R R e o aamadl & ceator
7, 256 center frequencies are utilized and therefore the LUT contains 256
different entries. The LUT 600 is indexed by a number of index track
positions (rj = rg, 1, r2, 13, . . ., r256) equal to the number of center
10 frequencies used. For each index track position (rj), the LUT contains an
entry for the corresponding center frequency (fo, f1, f2, f3, etc.) for that track
position.
These index track positions can be viewed as track position "ranges”
since they épply to all current read head track positions that are near them
15  without being closer to an adjacent index track position within the LUT 600.
For instance, in operation, the microcontroller receives the current track
position of the read head 250 (rx) and determines the closest index track
position (of the indexed track positions (rj) of the LUT 600) to the current
read head track position (rx). The corresponding center frequency (fj) at the
20 determined indexed track position (rj) is then read out of the LUT 600 and
provided to processor 551 for decoding and output over control bus 545.
This alternative embodiment using the LUT 600 is advantageous because it

does not require the processor 551 to perform multiplication and/or division

operations in order to determine the proper center frequency during a seek

25 - command.



frequency over line 535 as a reference clock signal. Phase |ock |oop
circuit 530 is also coupled to receive data over bus 525 which is supplied
by the CD-ROM read head hardware unit 520. Using the supplied variable
center frequency signal, the phase |ock Ioo% circuit 530 is able to extract
aread 1 0 reference clock signal fromthe dat a suppl i ed over bus 525. The
manner in which a phase |ock loop circuit extracts the phase and

Wih referonce to a biAPBERE) et HRTEL 6bf of FoB EeAR BoBelad S35y
can be real | zesngyies rastaBIg VoS REHOR Bﬁﬁﬁﬁﬁ%ﬂoﬁﬂ 65 988 Rpniter 251
circuit desi gnj.gsgaﬁgdﬁgn_% Iérn’?é%B Fﬁgg@%/goptical di sk 200 as read by

t he read head I'S trans ed over by the CD-ROM read head

har dware unit 520. T)Qgc&mr{(?aﬁo &g}-.%—g&%g @Wﬁ\%l&h@@i&lbﬁs 51‘6‘?%. %ﬁggt&?ﬂt‘#ﬁ

phase | ock loop circurt 53 er unit over

data decodeg 2Q’eadrhéacﬁﬂrﬁckl%@Slt'bhe(r)exHl@ﬁc%ﬁtrbﬁé\dum?’ésowmh%ia E&mer| i ne
515 to decode the encoded data received over bus 525 usi ng well known

t echni ques. Therequiricyoffi) that is aelativelyivse toctel dctdaladath ratepégsactéd of theop
circuit 530 depends on the nunber of center frequencies utilized by the

m crocontrol | erCDAROM data stsediahtheourrentteablopoditionn e Thérefofd, ax pivise2 5
center frequencies are used, the width of the capture band of t he phase

| ock | oop circubtkicop eirsuit 530 (Figuré B)with atrrdrrolntapiure draddogarband 332
(Figure 4). Table | belowillustrates approxi mate .val ues for the required
capture band ofadvantageously be used within the present invention.

10
PROCESS FLOW OF PRESENT INVENTION
Figure 8 illustrates steps of a process 700 performed by the present

invention to recover data stored in a CD-ROM optical disk 200 usihg
microcontroller generated center frequencies and a narrow capture band

15 phase lock loop circuit 530. As discussed above, seek commands direct the
read head 250 to displace across track positions of the CD-ROM optical disk
200. At step 710, if the read head 250 is instructed to move, then processing
flows to step 720. At step 720, the microcontroller unit 550 causes CD-ROM
read head hardware unit 520 to move read head 250 to the new track

20 position (rx) as instructed by the host processor 401. Upon the read head
250 reaching its target track position (ry), it commences reading digiial data
stored at this position and supplies this encoded data over bus 525 at the
data's current data rate. It is appreciated that step 720 can also be
performed after step 730. A number of well known techniques can be used

25 to perform step 720.

At step 730 of Figure 8, the present invention directs the

microcontroller unit 550 to determine a valid center frequency (fi) for the



18,the phase lock loop circuit for various enbodi ments of the present
i-nvention that use different nunbers of center frequencies to divide the

data frequency band 332. 5 Tabl e I Nunber of
Frequency Ranges Required Wdth of Capture Band Over Data Frequency Band
of Phase Lock Loop Circuit 530 8 23 31 % of Data Frequency
Band 10 16 16% of Data Frequency Band 32
8% of Data Frequenc and 64 . 4% of Data Frequency Band
128 “Giieht Siskpasiion (et ibecpadnciass, As described ABOVE, SiRRf

Dat a Frequency d 15 512, . . 0.5% of Data
Frequency Band Y@¥4can be performed using either slirech cempritatiosesingaxpression (2)
appreci ated that_t above enbodjments are exenplary and the present

i nvention is me|qn‘£ﬁ!e{‘ef@ur‘8'fn%§bfhﬁi nearegheRnist frequancy. @y alternalivaly, ¢amber s

20 o1 11 equency, L Aee: YED & Bokci Beld BSo 10 BOOY RCe BB Beso
P S e 8 A 350 oo NI o Bote A e BB R bS8 pr
rx. The center frequency (fj) is relatively close to the expected data rate of
the CD-ROM i_nformation stored at the current read head track position, ry.
At step 740, the present invention supplies the determined center
frequency (fi) to the narrow capture band phaée lock loop circuit 530. Based
10  on this center frequency (fi), the narrow capture band phase lock loop circuit
530 extracts a read réference clock signal from the incoming CD-ROM data
that is transmitted over bus 525. The extracted read reference clock signal
represents the actual data rate of the information transmitted over bus 525.
At step 740, the extracted read reference clock is supplied to data decoder
15  unit 510. |
At step 750 of Figure 8, based on the read reference clock, the data
decoder unit 510 decodes the data received over bus 525 to supply
decoded digital words to the host computer system 440. A number of well
known techniques can be used at step 750. At step 760, the present
20 invention_checks if the current read operation is complete. If not, processing
returns to step 750 to continue decoding the recovered CD-ROM data from
bus 525. Upon completion of the current read operation, process flow
returns to step 710.
By utilizing the CAV reading technique, the rotation speed of the CD-
'25 ROM optical disk is constant. Therefore, the present invention can
advantageously utilize a simple spindle motor design that does not require

torque each time a seek command is issued, thereby reducing power



possi bl y cust om desi gned w de band phase | ock loop cirguit as used in the
25" past. Instead, a relatively inexpensive, readily avail abl e narrow band
phase |l ock |l oop circuit can be used. According to one enbodi nent of the
present invention, a narrow capture band phase |ock loop circuit.is one
havi ng a capture band wherein the naxinun1fr@ﬂuency value is greater than
the m ni mum frequency value by less than 50% 30 As di scussed above, .

t_he extracted read reference.cl oc sig&al hs su Iieq over, lin 51? of _
Figure 5 to a daqoé’s&'é‘ﬁﬂ’é‘rs_%mﬁg I ihe cogliof t 858 e Mpter §8signs PI &nown in
éf“eé ﬁ”ﬁt i' g?ﬁfﬁﬁf yirhBet BEfrell ki Eonstaff rkqtéﬁﬁi‘%‘b&s@f{ ﬁ??ﬁgr”géaitsfg S B hfe“ﬁék
250, .uni t- 510 il i,

%FSnadu :Sé_er_ % PL*E!%""%%%@E%@%W@’ B by eliiaingcink e fa Aténbe th
hES?_ ﬁonp'??'eﬁ asy"é?‘?%fﬁ%z@’?é#ﬂ%%Q°é§3ﬁ&§%‘*"3%€cﬂe&3%’@%@%%&“8?@%%%?@&8'@%% °
tan bo rena. B, pEAYSED-HOM proflags ke 3eeR die LaLdy, Y Sl RaR6R capiie
operation cause 5+‘]tgd %@é{%ﬁﬁl{a {gg | GfculitBd0, 1RE g‘rﬁﬁ:ﬁ?@%ﬂt%Cﬂ%Ufﬂmem

instructions to t head har dwar response

thereto, the m capsiasthe@high cost dndeSmplexity attributed to wide capture band phase

lock loop circuits.
The preferred embodiment of'the present invention, an information

10 retrieval system for a CAV CD-ROM device using a narrow capture band

phase lock loop circuit supplied with a variable center frequency that is

computer controlled to be close to the data rate of the currently read track, is

thus described. While the present invention has been described in

particular embodiments, it should be appreciated that the present invention
15  should not be construed as limited by such embodiments, but rather .

construed according to the below claims. .



10 " generates center frequency commands to the synthegsizer unit 540 which

al'ters’'the center frequency signal supplied to the th
530 depending on the track position of the read head 250. ency
adj ust ments are possi bl e whenever the read Egad 250 ‘m \ﬂ ‘A m“\

illustrates circuitry of the synthesizer un 540 in #0r an

exenpl ary enbodi nent of the present invention. In one i rrpl errent ation,

synt hesi zer 540 includes a digital to an;l_l_(ﬁ'@nverter (DAC) 544 coupl ed to
a voltage controlled oscillator (VCO 54 control bus 545 supplies a

di gi tal controhagl cd (e.g., eight bhits) frommcrocontroller unit
550 to the DACV%QQQ@%!%% 44 converts this digital 20 value into an

anal og vol tage si ghal that is supplied to the VCO 542. The VCO 542 t hen
generates the required center frequency (f[err]) over line 535 to the phase

|l ock loop circuit 530. %W?ﬁ?ﬁpﬁkk}a ﬁﬂsﬂ% realized

utilizing well known circuits w e scope of t e pr sent invention. 25

E? CENTER FREQUENCY { fda&d hbad W%&@T@%nﬂ‘@néﬂdédoﬁmﬁaidrﬁéf offiah Stitadf
gure 5 controls the novenent of head “250 by i ssuing conmands to the
CD- ROM r ead heaiskhandor eupplying said encoded information, said -encoded information
read and supplied at variable data rates depending on track positions of
said read head

a mlcrocontroller for controlling said track positions of said read head

10 and for determining variable center frequencies based on said track

| positions;

a programmable oscillator coupled to said microcontroller for
generating said variable center frequencies determined by said
microcontroller;

15 a narrow capture band phase lock loop circuit coupled to receive said
variable center frequencies from said programmable oscillator and coupled
to receive said encoded information, said narrow capture band phase lock
loop circuit for extracting read reference clock signals from said encoded
information; and .

20 a data decoder circuit coupled to receive said encoded information
and coupled to receive said read reference clock signals, said data decoder
circuit for generating decoded information based on said encoded

information and said read reference clock signals.

25 2. An information retrieval system as described in Claim 1

wherein said optical disk is a CD-ROM optical disk.



520 Upon power - up, the reqd head 250 is |n|t|aI|zed_Jce—a—+enﬁvwr—p0‘5‘t“on 5
Therefore, at any given instant after power-up, the nicrocon

550 is aware of the current track position (rx) of tgﬂ“ ﬂm\wgmf For

any novenent of the read head 250, the mcrocontroll *orms a
center frequency determ nation to produce a 28 i d cent'er frequency control
signal over bus 545. For an exenplary inplenentation the period of 1 0

rotation, T (sec/rev nst nt and t ta de sit. its/jnch),
is also a constant. él.]rthesr" gmatiqn (etiey y@ %Pﬂé f@ﬁ%r of

center frequenc 8..256.. et.c he| frequency val ues
(e.qg., flerr], %’é‘f‘ %Feq??cfd%ﬁ Ingnailgpds)aqu% 'f? P’s Therefore, in
one enbodi nent, mcrocontroller unit 550 uses relationship (2) to determ ne
an approxi mate data frequency at the 15 current read head position (rx).

[err] 20 In this enbgdine D t s the
cl osest center frequ%cy ?h (ﬁar)ﬁ i %%Jc'é‘tsyém nea% @e ﬁgr@?%gﬁocessor
551 then gensr algierdin ' S4ilURicFOSSritFdllet confbrisuser bus 545 to i nstruct the

synthesi zer unit 540 to generate the center frequency (f[err]) deteéerm ned

above. It is 25 apprae?o@bggoﬁé@j |16gReabhy of the software procedure
utilized, the mcrocontroller ca di rectly conpute the center frequency

(flerr]) based on a nPHighMew ril coile@XO'saRFbAS dndd that automatically
rounds up or down to the
wherein said microcontroller utilizes direct computation to determine
said variable center frequencies based on said track positions of said read

10 head.

5. An information retrieval system as described in Claim 1
wherein said microcontroller comprises:
a processor coupled to a bus;
15 a memory unit coupled to said bus and containing a look-up table
storing variable center frequency values indexed by track positions; and
wherein said microcontroliler utilizes said look-up table stored in said
memory unit to determine said variable center frequencies based on said
track positions of said read head.
20
6. An information retrieval system as described in Claim 1
wherein said programmable oscillator comprises:
a digital to analog converter receiving digital center frequency
commands from said microcontroller and generating voltage level signals

25 representative of said digital center frequency commands; and



21 nearest center frequency f[err]) based on the current track

r[err] of the read head 250. In an alternative enbodi t he

i nvention, the mcrocontroller unit 550 utilizes a | ook- u W\

as shown in 5 Figure 7 to determne the center freque m

the current track positions, r[err], of the Bfad head 2 tthe®*exenpl ary
enbodi nent of Figure 7, 256 center frequenC| es are utili zed and therefore
the LUT contains 256 dlfferent enﬁél es.. The LUT 600 is index q {1 nP

of i ndex track posi 1 /&HENIaY eppIolled palptorqalplgt t abeis sal?e\fqi/age eve

rferr]) equal tao, th nber frequenci,es us For .each |ndex
track position (sr'?%q éJ E'Sﬁag 5%199 %ﬂ?vgﬁllef fi‘nfjg?asﬁ‘i@ 8629 &Mondi ng
center frequency, f etc.) for that track
position. These qe&{?[ég{"ﬁ% ESIP[ géé%l?lleo%%t%a eé%&{ﬁ éﬁ)ed as track position
"ranges" since they apply to all current read head track positions that are
near them1 5 wthout being closer to an adjacent index track position

T, 05: T o ARy P e SEATRTI Sl

e e e U (¥ G Pl S Qe Bang iy ¢ ons

O ons 19, AU RS RRNe B4eiiccmiy I Wigyefty o yaad otaof ook

processor 551 f ogigAgicsshrespotitih@t BHid §iven \fé@iabr@belhéﬁ freéiBency is close to said
given variable center frequency.

10

8. An information retrieval system as described in Claim 1 further
comprising a host computer system for issuing read head seek commands to
said microcontroller to displace said read head over said optical disk and for
receiving said decoded information from said dat.a decoder circuit.

15

9. A circuit for extracting a read reference clock from encoded
digital data recorded on a CD-ROM optical disk, said encoded digital data
supplied at variable data rates from a read head reading tracks of said CD-
ROM optical disk, said circuit comprising:

20 a microcontroller for controlling track positions of said read head and
for determining a variable center frequency based on a given track position,
wherein said variable center frequency is determined to be close in
frequency to a data rate of encoded digital data stored at said given track
position;

25 a programmable oscillator coupled to said microcontroller for

generating said variable center frequency determined by said

microcontroller; and



'Thi‘s- al ternative enbodi ment osing the LUT 600 is advant us because it
does not require the processor 551 to performmultiplication and/or

di vi sion operations in order to determ ne the properum',m

during a seek 25 conmmand. 22 It is appreciated th ﬁm”m
Figure 7 can be stored in conputer readable 8 atile frerfory» uMi t 552 or can
be stored in conputer readable non-volatile nmenory unit 553. According to

o er o LD OV | ok Ok otk ooy S0 cBunler AR g
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band 1 5 phase oop circ ove, seek conmands

10. - A circuit as described in Claim 9 wherein said microcontroller
comprises:
10 a processor coupled to a bus;
a memory unit coupled to said bus; and
wherein said microcontroller utilizes direct computation to determine
said variable center frequency based on said given track position of said
read head.
15
11. A circuit as described in Claim 9 wherein said microcontroller
cohprises:
a processor coupled to-a bus;
a memory unit coupled to said bus and containing a look-up table
20 storing variable center frequency values indexed by track positions; and
wherein said microcontroller utilizes said look-up table stored in said
memory unit to determine said variable center frequency based on said

given track position of said read head.

25 12.  Acircuit as described in Claim 9 wherein said programmable -

oscillator comprises:



read head 250 to di spl ace across track positions of the CD- ROM-eptical _di sk

200. "Af step 710, if the read head 250 is instructed t he
processing flows to step 720. At step 720, the mcrocoﬁ’ﬂmﬁqm ﬂm
causes CD-ROM read head hardware unit 520 to2 ve read head new
track 20 position (rx) as instructed by the“Host processor 401. Upon t he

;::gi Eeagi 2i5'([)alr eg;{];ng i t.s t.arget i Lracki p;)si tion gr [ er..r]) it com"nencesdat .
over bus 595 at. the e G BraRg N BretoaPha’d MRS SehlirdrBie, o7
can bo ueed 25 SEPREREFeR 14 @580%051%!4?‘*&“%‘“%{%%’5'&5% Rybreigan o
et on o i ehAGOGPARAUAA| it AR RSAR ahl |0 conter
head 250. As descri beg vehage, z)gl}n%ﬂecg%%cﬁ@{brt@o J 2] F@ébl\k@baﬂi foltags [slel ect

conput ation usi Nng expressi hen roun Ing to the nearest Center

frequency, og a'élgﬁﬁlaﬁrd)meéédd digifhlkis a?t‘él&%é@ﬁ\ibrt&'di‘ﬂi Bas&Pthateohdblre (e.g.,
LUT 600). At the Conpletion of step 5 the present invention

determ nes a val ggh&rafihgrsdid eariableycdriteefrehueRg@ped on rx. The center
frequency (f[err%l Is relatively close to the expected data rate of the
CD-ROM information stored at the current read head track position, rx.

13. - A circuit as described in Claim 9 further comprising a data
decoder circuit coupled to receive said encoded digital data from said read
10 head and coupled to receive said read reference clock signal from said
narrow capture band phase lock loop circuit, said data decoder circuit for
genefating decoded digital data based on said encoded digital data and

said read reference clock signal..

15 " 14." In a CD-ROM information retrieval system, a method of
determining read reference clock signals, said method comprising the steps |
of:

reading variable data rate encoded information of off an optical disk,
said step of reading performed by a read head;

20 controlling track positions of said read head and determining variable
center frequencies based on said track positions, said above steps of
controlling and determining performed by a microcontroller circuit;

generating said variable center frequencies determined by said
microcontroller using a programmable oscillator;

25 extracting read reference clock signals from said encoded information
based on said variable center frequencies, said step of extracting performed

using a narrow capture band phase lock loop circuit coupled to receive said



At étep 740, the present invention supplies the deternine re uency
(f.]erfrT) to the narrow capture band phase | ock.l oop ci [ﬁﬂﬂ!ﬁwo Based

on this center frequency (f[err]), the narrow capture jummmuf

circuit 530 extracts a read reference clock gnal from
data that is transmtted over bus 525. The e ract ed read referehce® clrock
signal represents the actual data rate of the information transmtted over

data decoder 15 vafable bafier HodphEion f88 Sail PRI B b gNat B Endhled
ref er ence cl ock.yotbg. 031 2@ GaAdRle WAlh!raRd Sndsal FomeclR i SaRl i sy

bus 525 to supply di gi conputer system 440. A
nunber of well known techniques can be used at step 750. At step 760, the
present 20 invention checks if the current read operation is conplete. If

not, processing ret urg§25t OAShéthodPAs Hgségﬁﬁégf (,\,U@aq}ﬁcmfu}mér%mmngrtﬁd

CD- ROM.data from bus Upon conpl et | e current read operation,
process fl owgr etdteps of:0 step 710. By utilizing the CAV readi ng techni que,
the rotation speed of the CD 25 ROM optical disk is constant. Therefore,

the present inventi ongémeratiflyatscadeduntarmstion Basetl oh isaid eapoded dnfonmation

design that does not require torque each tinme a seek command is issued,

thereby reduci ngamdeeid read reference clock signals, said step of generating perfon'ned
using a data decoder circuit coupled to receive said encoded information
and coupled to receive said read reference clock signals; and

10 ~ supplying said decoded information to a host computer system.

16. A method as described in Claim 15 wherein said optical disk is

a CD—ROM optical disk and wherein said encoded information is digital

information.
15
17. A method as described in Claim 15 wherein said step of
determining variable center frequencies based on said track positions
comprises the step of determining said variable center frequencies utilizing
direct computation based on said track positions of said read head.
20

18. A method as described in Claim 15 wherein said step of
determining variable center frequencies based on said track positions
comprises the step of determining said variable center frequencies utilizing
a look-up table stored in a memory device and indexing said look-up table

25 based on said.track positions of said read head to obtain said variable

center frequencies.



24 cqnsurrptlon saving in thg cost of the spindle notor {design. Any of a
number of well known constant rotation spi ndl e notor designs can be used by
the present invention. Further, by elimnating the need to alter the

rotati on speed, as done in CLV readi ng techniques, the present invention 5
CAV CD- ROM provi des a faster seek tine. LastM™® by using a narrow capture
band phase lock loop circuit 530, the present invention CAV CD ROM avoi ds

t he high cost and conpl exikt\. Lt i I e | ock
| oop circuits. The pref erm et ESEAWE@E 'H@@M
- D ROM. ¢ i

information 10 retrieval syst@q] PE narrow

capture band phase | ock | oop ent er

OoT
frequency that is conmputer controlled to be close to t he data rate of the
currently read track, is thus described. Wile the present invention has

been described in particular e"%"f’ﬁﬂtﬁ" OﬁTﬁB%"%!@SQ% eci ated that the
present invention 15 should nof such
g} FE1 5 oA L AUt £ yBereliBn Yt RSB £t ke
only memory (CD-ROM) device using the constant angular velocity (CAV)
reading technique. Unlike the constant linear acceleration (CLA) reading
technique, in the CAV reading technique the data retrieval rates of the CD-
ROM read head vary depending on the radius of the annular recording track
10 thatis being read. Data rates can be as much as 2.5x faster for the outer
recording tracks compared to 'the inner recording tracks. The novel system
utilizes a narrow capture band phase lock loop circuit in conjunction with a
microcontroller which controls the center frequency supplied to the phase
lock loop circuit. The microcontroller adjusts the center frequency of the
15 phase lock loop circuit depending on the track (e.g., radius) position of the
read head of the CD-ROM device. With the center frequency adjusted close
to the data rate of the current track, the phase lock loop circuit needs only a
narrow capture band to accurately retrieve the read reference clock from the
current track. In one embodiment, the microcontroller is aware of the read
20 head position because it controls read head movement. A microcontroller
controlled programmable oscillator (e.g;, synthesizer) is used in one
embodiment of the novel system to generate the required center
frequencies. Direct computation or a look-up table based on the read; head
position can be used by the microcontroller to determine the required center

25 frequencies. A decoder is supplied with the read reference clock for data
decoding.
(Figure 5)
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3. An information retrieval systemas described in ¢ aim1 wherein said
encoded<i nformation is digital information. 4. An information retrieval
system as described in Caiml1l 5 wherein said mcrocontroller conprises:
a processor coupled to a bus; a nenory unit coupled to said bus; and
wherein said mcrocontroller utilizes direct conputation to determ ne said
vari abl e center frequencies based on sa?ﬂgtrack positions of said read 10
head. 5. An information retrieval systemas described in Caim1 wherein
said mcrocontroller conprises: a processor coupled to a bus; 15 a
menory unit coupled to said bus and containing a | ook-up table storing

vari abl e center frequency val ues indexed by track positions; and wherein
said mcrocontroller utilizes said | ook-up table stored in said nmenory unit
to determine said variable center frequencies based on said track positions
of said read head. 20 6. = An information retrieval systemas described in
Claim1l wherein said pgogramuabl e oscillator conprises: a digital to anal og
converter receiving dfﬁital center frequency commands from said

m crocontrol |l er and gefperating voltage | evel signals
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RATE  pppg |
' 332 |
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INNER Iz{ADIUS OUTER lzzADIUs
135 : 140
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' FIG. 2



m—

25 representative of said,digital center frequency commands; and 27 a
vo] tage controlled oscillator coupled to receive said voltage | evel signals
fromsaid digital to anal og converter and based thereon for generating said
vari abl e center frequencies. 5 7. An information retrieval system
as described in CGaim1l1 wherein for a aiéen vari abl e center frequency
supplied to said narrow capture band p e 1 ock | oop circuit, the frequency
of a read.reference clock signal corresponding to said given variable.
center frequency is close to said given variable center frequency. 10 8.

An information retrieval systemas described in Gaim1 further conprising
a host conmputer systemfor issuing read head seek commands to said

m crocontroller to displace said read head over said optical disk and for
recei ving sai @0flecoded i nformati on from sai d data decoder circuit. 15 9.

A circuit for extracting a read reference clock fromencoded digital data
recorded on a CD-ROM optical disk, said encoded digital data supplied at
vari able data rates froma read head readlng tracks of said CD- ROM optica
di sk, said circuit conprising:

FIG. 3



20 a mcrocontroller for controlling track positions of said read
head and*for determ ning a variable center frequency based on a given track
position, wherein said variable center frequency is determned to be cl ose
in frequency to a data rate of encoded digital data stored at said given

track position; 25 a programmabl e oscillator coupled to said
m crocontroll er for generating said vari 4Be center frequency determ ned by
said mcrocontroller; and 28 a narrow capture band phase | ock | oop

circuit coupled to receive -said variable center frequency from said
programuabl e oscillator and coupled to receive said encoded digital data,
sai d narrow cagpgre band phase |ock loop circuit for extracting said read
reference clock signal fgomsaid encoded 5 digital data at said given
track position based on $aid variable center frequency. 10. A circuit as
described in daimMHEpefein said microcontroller conprises: 10 a
processor coupled to a bys; a nmenory unit coupled to said bus; and wherein
said mcrocontroller utilizes direct conputation to determ ne
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sald vari abl e center frequepcy based on said given traak position of said
read head. 15 11. A circuit as described in Oaim9 wherein said

m crocontrol l er conprises: a processor coupled to a bus; a nmenory unit
coupled to said bus and containing a | ook-up table 20 storing variabl e
center frequency val ues indexed by track positions; and wherein said _

m crocontrol ler utilizes said | ook-up taB8 stored in said menory unit to
determne said variable center frequency based on said given track position

of said read head. 25 12. Acircuit as described in daim?9
wherein said programmbl e osci tor_conprises: 2 jtal to anal og
convertergygegcei ving a digital jce Frey—e ' sai d
m crocontTol | er and generating aj veft § dvé [ tarlegent ati ve of
said digital center frequency Jjcopmapd] M|t age |coppilo | ed oscillator
coupled to receive said voltade g avrars rp-d] gital to anal og
converter and based thereon fqr geke+etre—@e@e—vej-+eabt€ cepter frequency.
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13. A circuit as described in daim9 further conprising a data decoder

ci reuirt coupled to receive said encoded digital data fromsaid read 10

head and coupled to receive said read reference clock signal from said
narrow capture band phase | ock |oop circuit, said data decoder circuit for
generating decoded digital data based orf/8ai d encoded digital data and said
read reference clock signal.. 15 14. In a CO-ROMinformation
retrieval system a nethod of determ ning read reference clock signals,
said nethod ‘conprising the steps of: reading variable data rate encoded
information of off an optical disk, said step of reading perforned by a
read head; 20 controlling track positions of said read head and
determining variable center frequencies based on said track positions, said
above steps of controlling and determining perforned by a m crocontroller
circuit; generating said variable center frequencies determ ned by said

m crocontrol'l er using a progranmable oscillator; 25 extracting read
reference clock signals from said encoded i nformati on based on said

vari abl e center frequencies, said st Fﬁ@ggft i ing performed using a
pr_
C

narrow capture band phase | ock | oop ( Upled to receive said

vari abl e center frequencies from sai ( @Pmable oscillator and coupl ed

CUIT
330

S
™

MICRO CONTROLLER

550

FIG. 6



to receive said variable data rate encoded informati oy Tromsaid read head
15.« A rrethod as described in Claim14 further conprising the 5 steps of:
generating decoded informati on based on said encoded i nformation and said
read reference clock signals, said step of generating perforned using a
data decoder circuit coupled to receive said encoded information and
ccoupled to receive said read reference cV &Rk signals; and 10

suppl ying said decoded information to a host conputer system 16. A nethod
as described in Caim215 wherein said optical disk is a CD-ROM optical disk
and wherein said encoded information is digital information. 15 17. A

met hod as described in Caim15 wherein said step of determning variable
center frequencies-based on said track positions conprises the step of

determ ning said vari conputatlon
based on said track pgosHEAIs sai d ieg ﬂﬁ@?ﬂf’%"f@" ghod as
described in C aim 15 R@SIRENN sald ste St o varlable center
frequenci es based on psert=treaci-post+trors—etenprses—the—step—qf determ ni ng
said variable center fr%ﬁ&QnC|es ut|I|2|nq N@ﬁk p table stqred-in a
menory devi ce and i nd | ook-up ta sed on ﬁg: d.track
positions of said fecﬂ—head—tn- gquenci es.
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