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- @R.ELD:-OF THE | NVENTI ON ‘The present invention relates generally to
CD-R (Recordabl e Conpact Disk) controller circuit for use in a coﬂﬂ%‘%ﬁ
system and nore specifically to an inproved nethod and apparatus for
recording a signal representative of sipnal data on a CD-R disk
BACKGROUND OF THE | NVENTI ON A conputer system may include a

recordabl e conpachA REUORDABDERCOMEACT DrsK CONTROGLER "Okkcoredia signal on
a CO-R disk. Such a nulti-nedia signal may include, for exanﬁr:? an audio

signal, a video signal, grappFIEsDSONITNE TeENTEgNal s or the like, or a

. conbi nation of audio, video, graphics or data signals. Figure 1 is a block
di agram of one such conputer system 100 conprising CD-R drive 140. Host
processor 1Therpresent i taventiomnraélptesegenegaldyt tsueh CB-R
Pentiunferr] processor. Host processor 110 may send a nulti-nedia signal
encoded Rewsingableldienpyet DiskliConBuellée? caycudiprficge use in a

computer system and more specifically to an improved_method
and apparatus for recording a signal representativé of signal

data on a CD-R disk.

BACKGROUND OF THE INVENTION

A computer system may include a recordable compact disk
(CD-R) drive for recording a multi-media signal on a CD-R
disk. Such a multi-media signal may include, for example, an
audio signal, a video signal, graphics signals, data signals
or the like, or a combination of audio, video, graphics or
data signals. Figure 1 is a block diagram of one such |
computer system 100 comprising CD-R drive 140. Host processor
110 may comprise a central processing unit such as a Pentium™
processor. Host processor 110 may send a multi-media signal
encoded as signal data ovér bus 112. Bus 112 méy comprise,
for example, a PCI bus. Host processor 110 may also send
commands to specify information required for recording the

signal.

CD-R controller 130 may receive signal data (step 410 of

T



for exanple, a PCl bus. Host processor 110 may al so send commands to
specify information required for recording the signal. CD-R
controller 130 may receive signal data (step 410 of Figure 4)
and conmmands from host processor 110 and generate recording signals on
CD-R bus 134 to record on a CD-R disk a 2signal representative of signal
data. Such commands may include, for exanple, what are known commonly in
the i ndusigyread) &hE- sbembads from hd3d® Prooressdt ek1Q 3@ndagesendteomnmmunds
to mcro-controller 160, which in turn may generate a set of contro

si gnal s tecordimg SbgRadenonoleR 186s 134 coorrecord @D ® GPsR diskgaal
representative of signal data. CD-R controller 130 nay store in buffer 170
si gnal deaignadceepresensativet off ciamast data. |Suchsponmands waHt rol
signal s generated by mcro-controller 160, CD-R controller 130 nay

retri eveiscynde, dfox Premode!f athat] ZreNtnoem cFomBORLY 0k Bi Bhes F-@ﬁ&ls§1'ﬁ’o
record a signal representative of signal data on a CD-R disk located in
CD-R drage GUB-sheets.

CD-R controller 130 may send commands to micro-controller
160, which in turn may generate a set of control signals to
cause CD—R-controller 130 to record on a CD-R disk a signal
representative of signal data. CD-R controller 130 may store
in.buffer 170 signal data received from host processor 110.
In response to control signals generated by micro-controller
160, CD-R controller 130 may retrieve signal data from buffer
170 and generate redording signals to recofd a signal

representative of signal data on a CD-R disk located in CD-R

drive 140.

To generate such control signals, micro-controller 160
may generate a table corresponding to each command (step 420
of Figure 4) and generate control signals from the table. ROM
150 may store information used to generate such table, and
micro-controller 160 may accordingly access ROM 150 to
generate the table corresponding to a command. A table may
contain information necessary for encodiﬁg signal'data on

several sectors during a recording operation.

In the prior art, micro-controller 160 may store in RAM



To generate such control signals, mcro-controller:-160 nay generate a

tz:abl e .correspondi ng to each conmand (step 420 of Figure 4) and generate
control signals fromthe table. ROM 150 may store information used to
generate such table, and mcro-controller 160 nmay accordingly access ROV
150 to generate the table-correspondingsto a conmand. A table may contain
I nformati on necessary for encoding signal data on several sectors during a
recor di njnabélativono generatel wonterqglr isdigraals aft ca oswbfiicbehbr speednpny
store in RAM 3 inability to

gener at emionprobmpugexl 468t mays ifef iuniadrlte speegienerdte ocenbpol esigeelsay be
unabl e to generate control signals at a rate corresponding to a rate at

whi ch sighag #dats sayresponsidio/d® By R oriwhithesignal datat mayude
inability, CD-R_controller 130 may niss recording a portion_ of signal data
on a CDFRCEi¥RY byafBdRi FoomrRldien e 3%o. e sowsneh ppbétis¥edPnR he
art, rewiting &or oi ng back to record mssed portions of signal data)
over a CEPREtAPLReray 3Qofafye Misss HYAX NI 1D PREREON 0BE cBLIPRM LALPORE  The

uality of _
d y a CD-R disk 1located in CD-R drive 140. As is well

appreciated in the art, rewriting (or going back to record
missed portions of signal data) over a CD-R disk may not be

possible due to technological limitations. The quality of

recorded signal may therefore be unacceptable.

Y OF T iy

The present invention is described in the context of a
CD-R controller used in a computer system. The CD-R
controller may generate recérding signals to record on a CD-R
disk a signal representative of a set of signal data received
from a host processor. The CD-R controller circuit may
comprise a host interface circuit for receiving the set of
signal data and a command from the host processor. A buffer
‘manager may receive the signal data and the command from the
host interface circuit, and send the command to a micro-

controller.

The micro-controller may generate a set of instructions



recorded signal may therefore be unacceptabl e.

SUMVARY OF THE | NVENTI ON The present invention is described in the
context of a CD-R controller used in a conputer system The CD-R
controller may generate recording signals to record on a CD-R disk a
signal representative of a set of signaﬁ data received froma host
processor. The CD-R controller circuit may conprise a host interface
circuit 180 metebliengenesatstd aforrsspundiaf ataneach coommandf (sirephd 3iQost
processor. A buffer manager nmay receive the signal data and the command
from t heofhBdguiret dif.ac Misinccdant zoldlernté @ eay obhemdacceasnbuch- a
controller. The mcro-controller my generate a set of instructions
4 180 atebbee fgomeRAMed 8or rasvparrhenpte conbrebnsiowalist B GBOR of Figure
4). Mcro-controller 160 may then access such a table from RAM 180, and
generatecggﬁrpéﬂegiéﬁ&|gayygj}q£ormatlon in the table (step 440 of

Figure 4). Due to such accesses, micro-controller 160 may
potentially access RAM 180 to generate control signals for
recording signal data on each sector.

One ﬁroblem with such a prior art computer system 100 is
that micro-controller 160 may not have enough throughput
performance to support high-speed recording requirements of
present day computer systems. Micro-controller 160 may not
have enough throughput performance due to a high number of
accesses micro-controller 160 may make to kAM 180 for

accessing information in a table.

The throughput performance problems of micro-computer 160
may be exacerbated as micro-computer 160 may have several
other functions such as servo functions while accessing a CD-R
disk. Such other functions may consume several cycles_of
micro-computer 160 time. In addition, time interval between
recording data on two sectors may be reduced with faster CD-R
drive 140 in modern computer system 100, and micro-computer
160 may accordingly be required to generate control signals at

an increasingly faster rate.

Due to the throughput performance problems and consequent



L

controller 130 using information in the table (step 440 of Figure 4). Due
to such accesses, mcro-controller 160 may potentially access RAM 180 to
generate control signals for recording signal data on each sector

One problemw th such a prior art conputer system 100 is that

m cro-controller 160 may sot have enough throughput performance to support
hi gh-speed recordi ng requi rements of present day conputer systens.

M cr o- cCOPT¥eEPending kay the: comnaade sadyisarnst diyhpinspeuebiaBfcodiie o a
hi gh nunber of accesses nicro-controller 160 may nake to RAM 180 for
accessipaffaronanager -i Ahe CibiRe controllerrmay Hrwilreut Ipetréendnce

probl ens of m cro-g¢onputer 160 may be exacerbated as m cro-conputer 160
may havESSRYELas CarRBiti fRst gsReraidna® ®etv P FREPHALNINFLENEdSessi ng a
CD-R disk. Such _other functions nmgy consune, several cycles of '

mi cr o- cERBUFEFOEEANE RR. the Lo ik thhe Siamal srepeeaeRRhati¥&ordi ng dat a
on two sectors y be reduced with faster CO-R drive 140 in nodern

conput eFRySLERA10828nd i cro- conputer 160 may accordingly be required to
generate control signals at an increasingly faster rate. Due to

t he t hroughput perfornmance problens and consequent

A formatter circuit of the present invention may generate
a set of control signals from each of the set of instructions.
The set of coﬁtrol signals may cause the recording circuit to
generate the set of recording signals. As the formatter
circuit in CD-R controller generates the control signals,

performance bottlenecks in the micro-controller may not

adversely affect the recording of the signals.

The computer system may further comprise a buffer coupled
to the buffer manager. The buffer manager may receive the set
of instructions from the micro-controller and store the set of
instructions in the buffer. The formatter may then receive
the instructions from the buffer and generate the set of
control signals. The command in the present invention may

comprise a CUE-sheet.

The CD-R controller circuit of the present invention may
comprises an ATIP decoder and search logic coupled to the
formatter circuit. The ATIP decoder and search logic may
generate an address of a sector on the CD-R disk, and the

formatter may use the address to record the signal at the



5 corresponding to the command and send the instructions to the buffer
jranager. The CD-R controller may further include a recording circuit for
generating a set of recording signals for recording on the CD-R disk the
signal representative of the signal data. A formatter circuit of
the present invention may generate a seg of control signals fromeach of
the set of instructions. The set of control signals nay cause the

r ecor di ngdsinesig ttq greqpardralt ctheeseetont recording signals. As the
formatter ~circuit in CD-R controller generates the control signals,
performance bottlenecks in the mcro-controller may not adversely affect
the recording of the signals. The conputer system may further
conprise a buffte @uplantieller may EurkhRigEPMPTASSHAMY &NCGAURIyer may

receive the set of instructions fromthe _mcrqg-controller. and store the
set of CHIAGW ifE erceding thersignals akat dBr anky/CRe RS R the

I nstructions fromthe buffer and generate the set of control signals. The
connandiQ?qqﬁ?ﬁﬁeﬁﬁwﬁnq?éﬁﬁtg%ﬁanayA EBﬁH}?§€ram€MEm94§;§te the’

encoded data into eight-to-fourteen mode format.

The CD-R controller may further comprise a digital sigmal
processiné (DéP) circuit for demodulating the signal recorded
on the CD-R disk to generate a demodulated data. The DSP

circuit may decode the demodulated data to generate the signal

data. A correction circuit may correct errors in the signal

data according to a pre-determined error correction code.

Figure 1 is a block diagram of a prior art computer
system comprising a CD-R controller, a host processor, a CD-R

drive, a micro-controller, a RAM and a ROM.
Figure 2 is a block diagram of the computer system of the
present invention including a CD-R formatter and a recording

circuit.

Figure 3 is a diagram illustrating the format of an



The CD-R controller cireuit of the present inventiogon may conprises an ATIP
fdecoder and search logic coupled to the formatter circuit. The ATIP
decoder and search logic nay generate an address of a sector on the CD-R
disk, and the .formatter may use the address to record the signal at the
6 address to record at the sector. 7 The CD-R controller may further
conprise an encoder «circuit for encoding the signal data in a Cl/C2 fornmat
to genedastrarctdodexedidiy. a ACDeRuEarmatiey ofidthat @riesentengooatt et a
into eight-to-fourteen node format. The CD-R controller may further
conpri se te degidrAtesigprttropratessiagtoDsSPrecording fcdrayeitodul ati ng t he
signal recorded on the CD-R disk to generate a denodul ated data. The DSP
circuit may decode the denodul ated data to generate the signal data. A
correction circuit may correct errors in the signal data according to_a
pre- det er m nedigung 4£oks ezt fbeweebart illustrating a prior art method
employed by a computer system in recording on a CD-R disk a

signal representative of signal data.

Figure 5 is a flow-chart illustrating the method employed
by the computer system of the present invention in recording
on a CD-R disk a signal received from a host répresentative of

signal data.

T. ED D IPT O HE

Referring to Figure 2, computer system 600 of-the present
invention may comprise micro-controller 390 which may generate
a set of instructions corresponding to a command (such as a
CUE-sheet), and send the instructions to recordable compact
disk (CD-R) controller 300 over bus 359. CD-R controller 300
may buffer such instructions in buffer 380. Micro-controller
160 may start CD-R formatter 340 which may cause CD-R
formatter 340 to generate a request for instructions to buffer
manager 350.' In response, buffer manager 350 may send a
steady stream of instructions to CD-R formatter 340. CD-R

formatter 340 may in turn generate control signals to CD-R



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 js a block diagramof a
prior =art conmputer systemconprising a CD-R controller, a host processor,
a CO-R drive, a mcro-controller, a RAM and a ROM Figure 2 is a
bl ock di agram of the conputer systemof the present invention-including a
CD-R formatter and a recording circuitsg Figure 3 is a diagram
illustrating the format of an 7
i nstructi driveedOfy fro@DtRef dmstruert icfng .he Theseontiolesignalst mayener at e
control signals to a recording circuit. - Figure 4 is a flowchart
i | l'ustr at cagse ED-& dariwvendifodto emguiandd yignabnpepresenptasavienofecor di ng
on a CD-R disk a signal representative of signal data. Figure 5 is
a flow chadiognall detteaoinng QRe-Retiskl enpl oyed by the conputer system of
the present invention in recording
As CD-R formatter 340 generates control signals for a

recording operation, micro-controller 390 may not be a

performance bottleneck as in a prior art computer system 100

-of Figure 1. The throughput performance of CD-R controller

300 of the present invention may accordingly be enhanced. As

a result, CD-R controller 300 may not miss recording signal

data due to performance bottlenecks in micro-controller 390.

Referring now to Figures 2 and S5, CD-R controller 300 may
perfofm a recording function in accordancé with a flow-chart
shown in Figure 5. CD-R controller 300 may comprise CD-R
formatter 340 for receiving a set of instructions from buffer
manager 350 and generating control signals to recording
circuit 330. The control signals may cause recording circuit
330 to record a signal on a CD-R disk located in CD-R drive
306. As micro-controller 390 may not generate conﬁrol signals
to recording circuit 330, potential performance bottlenecks in
micro-controller 3390 may not aﬂversely impact the throughput

performance of CD-R controller 300.

Host interface 360 may receive signal data and commands
from host processor 305 over bus 361 in step 510. Buses 361

and 301 may comprise several buses such as a system bus,



on a CD-R disk a signal received froma host representative of signal
data. . DETAI LED DESCRI PTI ON OF TEE | NVENTI ON
Referring to Figure 2, conputer system 600 of the present invention may
conprise mcro-controller 390 which nay generate a set of instructions
corresponding to a command (such as a @JE-sheet), and send the
I nstructions to recordable conpact disk (CD-R) controller 300 over bus
359. CD RPemiphatdkbrbddes ang bhéf dikeuchThes recetiveds domdadds mag0.
M cro-controller 160 nmay start CD-R formatter 340 which may cause CD-R
f or mat t erirlude G@hesheet acommands &er innsheuprions ans bufHest manager
350. In response, buffer nmanager 350 nay send a steady stream of
i nst ruct i iorser H2GD- 360 onaxt uee 340onevenkiohedmsttiand sush jgs tyremall
generate control signals to CD-R . 8
drive 306&dnpitend syistenst ivherfane d6/6AdI o3 HTHRL kY rYIWREEECD-R drive
306 to record a signal representative of signal data on a CD- R disk
commands and data over bus 361. Host interface 360 may send

signal data and commands over bus 365.

Buffer manager 360 may receive commands and signal data
over bus ;65,'énd store the received signal data in buffer 380
over bus 358. Buffer manager 360 of the present invention may
further send commands to micro-controller 390 over bus 359 in
step 520. In step 530, micro-~controller 390 may generate a

set of instructions from each command by accessing contents of

ROM 391.

However, micro-controller 390 of the present invention
may send the generated instructions to buffer manager 350 in
step 540. Hence, micro-controller 396 in the present
invention may not generate all control signals to CD-R
controller 300 as in prior art, but merely send instructions
to buffer manager 360 instead. As micro-controller 390 may
not generate such control signals, micro-controller 390 may no
longer be a performance bottleneck in computer system 100 as

in the prior art.

Buffer manager 360 may receive instructions from micro-

controller 390, and store the received instructions in buffer.



As CD-R formatter 340 generates control signals for a recording operation,
gricro-controller 390 may not be a performance bottleneck as in a prior art
conmput er system 100 of Figure 1. The throughput performance of CD-R '
controller 300 of the present invention may accordingly be enhanced. As a
result, CD-R controller 300 may not m gg recording signal data due to
perfornance bottl enecks in mcro-controller 390: Referring now to
Fi gures B&hdis, stepR5E8at r Buféer3oenager B&T gray dher or@FRgeYenction in
accordance with a flowchart shown in Figure 5. CD-R controller 300 may
conpri se wwu‘ff"éiﬂﬁ?t éronsbufder; 389 .viand Fsand Hhe | RS FLREFHABST FSnFD'
buf fer rmanager 350 and generating control_signals to rec8rd|ng circuit
330. The Rofe¥BRrtErynaf£Q Hfﬁys&&@sgsroecoﬁ}} Tinppger 3%@ ’BaYeE‘&F‘H a
signal on a Cb-R digsk lgcated in CD.R dri 306. _As cro-contro 390
may not g%%‘é?’a?\éecﬁhg%ﬁ 3P§Pralf§°“t @qfefieﬁ A8 2d gerdashe BoER pta
performance bottl enecks.in % controller 390 may not adversely I npact

t he throd&hpﬁ?coﬁaFPQrﬁ&ﬁEBle é%—R control | er 300. Host interface

360 may receive signal data and conmands from host processor 305 over bus
361 in step 510. Buses- 361 and 301 nmay conprise several buses such as a

system bus, Buffer 380 may comprise a DRAM of up to 16 Mbyte

-capacity.. In a preferred embodiment, buffer 380 may comprise
al Mbyte,DRAﬁ, Buffer 380 may store instructions and sighal
data. Buffer manager 350 may comprise internal registers to
identify memory locations where commands and signal data are
respectively stored in buffer 380. Buffer manager 350 may use

data stored in such registers to store and read instructioms

and signal data.

In step 570, CD-R formatter 340 may generate control
signals to recording circuit 330 from the instructions
received from buffer manager 360. Such control signals may
cause recording circuit 330 to record a signal representative
of signal data. CD-R formatter 340 may receive an address ef
a sector over bus 254, and CD-R formatter 340 may accordingly
generate control signals to write signal data in the

corresponding sector.

CD-R formatter 340 may receive several instructions in a
burst from buffer manager 350, and may therefore timely

generate control signals as signal data is received by encoder



9 peripheral buses and the |like. The received conmands may i ncl ude
€UE- sheet commands as in the prior art. Host interface 360 may use a

conventional standard such as a small conputers systens interface (SCSI)
or ATAPI to receive conmands and data over bus 361. Host interface 360 may
send signal data and commands over bus;365. Buf f er manager 360 nmay

recei ve conmands and signal data over bus 365, and store the received
signal da280in Bafbus 388 mayveprpuidese. hiplf ismeadhriqyear Hte dpetweenr esent
invention may further send commands to mcro-controller 390 over bus 359
in step B2bfern38Pepndsbuffperr BanagerolSd. Indiny NaRFer 20 BRY of
I nstructions from each command by accessing contents of ROM 391.
However, PAeY&ABoAREEFNEE1IQDS Bf BhéuSfdsamntly dHighhratyteehid—Rhe
gener at ed instructignﬁ to_buffer manager 350 jn step 540. Hence
m cro- confPERREEEE9A4Pn ( BB Br B¥EAErTEdy STHGHTRRE m&AD FerePREECLE P  cont r o
signal s t R, controller_ 300 in. prigr. art. b mer el end
instructi@%é¥>?bCSBFF8Ptﬁﬁﬁ%&§r1%@0 : é%&';§9Mﬁi£Qﬁc Tgo 1¥e3860may
not generatg BHEBegoRoohay 82MiR S A UNIS d Ui FPe B Lt ermed as
a CD-R drive system.
| Continuing with reference to Figure 2, a preferred
embodiment of recording circuit 330 may comprise layered ECC
(error correction code) encoder 280, sector buffers 270 and
260, CIRC encoder 230, EFM modulator 220, ATIP decoder and
search logic 290 and recording laser timing control 250. It
will however be appreciated that.several alternate embodiments

of recording circuit 330 may be implemented without departing

from scope and spirit of the present invention.

Layered ECC encoder 280 may encode signal data according
to a format specified by CD-R formatter 340 to generate data
(hereinafter referred to as sector data) to be stored in
sectors of a CD-R disk. The format may, in turn, be specified
by an instruction received by CD-R formatter 340. The format
may be one of yellow-book format, red book format, green book
format and orange book format which are all well-known in the
art. Such formats may be particularly designed to encode
signals typically present in computers. Further information

on such formats may be obtained from Philips Consumer



%

| onger be a performance bottleneck in conputer system 100 as in the prior
art .~ - Buf f er manager 360 may receive instructions frommcro-
controller 390, and store the received instructions in buffer

10 380 in step 550. Buffer manager 350 may then retrieve instructions from
buffer 380, and send the i-nstructions {» CO R formatter 340 in step 560.
Buf fer manager 350 may also retrieve signal data from buffer 380 and send
the si gRhectzenicee PELOr ¥OnFimidhewien 3he NetherlandseraBB0oSABY conpri se
a DRAM of up to 16 Myyte capacity. In a preferred enpodi nent, buffer 380
may conBereeragienpynfrd-BRAMLtaglinagasey whiradRwa TRt riekyY8nsIaRa si gnal
data. Buffer nmanager 350 nmay conprise internal registers to identify
menory | ocations where commands and signal data are respectively stored in
buf fer 380. Buff%r manager 35Q may use _data stored ig.such registers to
store and re3BSi ASEFGES BRY P SRcfi& £orrespondifdseEf570, CD- R

formatter 340 ener ate control .
correctg%g %o&e. In a preferred embodiment, layered ECC

encoder 280 may employ a layered error correction coding (ECC)
scheme. Such an ECC scheme may allow signal data to be stored
and retrieved from a CD-R disk within a required error rate.

Sector buffers 260 and 270 may each comprise an SRAM for

buffering sector data when encoder 280 encodes signals data.

CIRC encoder 230 may encode output data generated by
layered ECC encoder 280 into digital audio data (for example,
red book format). CIRC encoder 230 may pefform such
additional encoding to be backward compatible with CD Digital
Audio Technology. CIRC encoder 230 may generate additional
bytes required for error correction codes in recording audio
data. SRAM 240 may serve as a buffer for storing intermediate
data as CIRC encoder 230 encodes output data generated by

layered ECC encoder 280.

In a preferred embodiment, CIRC encoder 230 may use Cl/C2
encoding scheme (Red Book) well known in the art. C1/C2
encoding may allow signal data to be reproduced at an error
rate sufficient for encoding audio data in traditional audio-
CDs. However, a_layered encoding scheme implemented in

layered ECC encoder 280 may allow signal reproduction at a



signals to recording circuit 330 fromthe instructions received from

buf f er-'manager 360. Such control signals may cause recording circuit 330
to record a signal representative of signal data. CD-R formatter 340 nay
recei ve an address of a sector over bus 254, and CD-R formatter 340 nmay
accordingly generate control signals tol3rite signal data in the
correspondi ng sector. CD-R formatter 340 nay receive several

i nstruct i bowernearopuratef, r amdbwbfye bermrapptddle Lo ceypebterefore tinely
generate control signals as signal data is received by encoder

280. As bappBdbieanagnprovi de a high speed interface between buffer 380 and
buf fer manager 350, buffer manager 350 may provide instructions at a
sufficiently high rate to COOR formatter 340. In a preferred enbodi nent,
CD-R controller 130, mcro-controller 160, RAM 180, ROM 150, CD-R drive
140 and buff eModudakey B20i meyyCenarate @:agfgtnmefwre%rﬁeé%etl&ncn R
drive system Cbntrnurn with reference to Figure 2 a preferred

embodi men{ EBM) r asadiEnghc itheuidatasenagded iy | GERY ageeederce30

Modulator 220 may also generate clock signals for recording a
signal on a CD-R disk 1oca£ed in CD-R drive 306. CD-R
formatter;may also generate control signals to recording laser
timing control circuit 250. Such control signals may cause a
recording laser circuit in CD-R drive 306 to be turned ON
during periods when a signal is to be recorded. The operation

of modulator 220 may be coordinated with the operation of

recording laser timing control circuit 250.

ATIP (Absolute Time in Pre-Groove) decoder and search
logic 290 in the present invention provides to CD-R formatter
340 address information of a sector on a CD-R disk. Such
address information may be needed for a CD-R disk as CD-R disk
may not have address information recorded unlike in
conventional CD-ROM disks. In a preferred embodiment, users
of computer system 100 may be able to program a target sector

address.

In the prior art, micro-controller 160 may receive such
address information and generate control signals based on the
information received. Hence, CD-R formatter 340 of the

present invention further relieves micro-controller 390 of



(error correction code) encoder 280, sector buffers 270 and 260, CIRC
encoder- 230, EFM nodul ator 220, ATIP decoder and search |logic 290 and
recording laser timng control 250. It wll however be appreciated that
several alternate enbodinents of recording circuit 330 nay be |nplenented
wi t hout departing from scope and spirit4of the present invention.

Layered ECC encoder 280 may encode signal data according to_a fornat

speci i edadigi tiormalotagkser thegeby paesientsinmielcxoreeniapldery 408 fgem o
as sector data) to be stored in sectors of a CD-R disk. The format may,
in turn, belBgea PREdormpnge bestlenacdn imeomputey SYFFeNoPRArt er 340.
The fornat may be one of yell ow book format, red book format, green book
format and orange book format which are all wel | -known in the art. Such

formats may be particul arlly desi gned tqQ encode signals txgicalli pr esent
in conputers. ﬁ rRNEPDERPALRE: POY h LR PEToRE sIRESbLOBLIE¥n

Phi |l i ps Consune Iectron

5600 ND EFRERBISR, DFRe (Réﬂﬁéﬂlaﬁdgnaa%n@rﬁﬁﬁﬁs’ﬁ%%o?hﬁ’dﬁg 3795 ¥R
Kltashlnagﬁgaangh&n%%%w% ﬁéb TOkrectoéRHEO for decoding signals

recorded on CD-R (or CD-ROM) disks. It may be appreciated
that CD-R controller 300 records signal data on a CD-R disk in

CD-ROM (or audio) format, and may therefore decode signals

either from CD-R disks or CD-ROM disks.

While decoding a signal on a CD-R disk, DSP circuit. 370
may perform séveral functions such as EFM demodulation, CIRC
decoding, and servo functions. As may be éppreciated by one
ski;led in the art, demodulation and CIRC decoding may
correspond to inverse-functions of modulator 220 and CIRC
encoder 230 respectively. In one embodiment, DSP circuit 370

may be implementéd as a separate chip.

Decoder 310 may decode output data generated by DSP
circuit 370 to generate signal data. Layered ECC corrector
320 may correct errors in the decoded signal data by using a
layered ECC scheme. Such errors may have been introduced
while recording or storing or transferring signals data during
recording or retrieving. Layered ECC encoder 280 may have
earlier generated additional information required for such

error correction as explained above.



The formats may al so specify a corresponding error, corirection code. In a
spreferred enbodi nent, |ayered ECC encoder 280 may enploy a |ayered error
correction coding (ECC) schenme. Such an ECC schene may al |l ow signal data
to be stored and retrieved froma CD-R disk within a required error rate.
Sector buffers 260 and 270 may each coggrlse an SRAM for buffering sector_
dat a when encoder 280 encodes signal s dat Cl RC encoder 230 may
encode out put THeErgfg&fer SR PnYrplker IVT maxoverordoa fiengilgifram audi o
data (for .exanple, red book format). CIRC encoder 230 nay perfqrntsuch
addi t i ongigBAdodrtg PSSR Take cﬁkiﬁﬁ)]aﬂﬂib\'-% frem eprecgresel sAgmed -
Technologﬁ Cl RC encoder. 230 may generate additional bytes required for
error c& foFmasEeT 34Y% M HMPLARS CORBFRL SRARL2E0 IFRR serve as a
buf fer for storln i nt er nedi at data as, CIRC egcoder 23Q .encodes output
data genéRst nlsafé’r&? HME Seercukl. or rpgoxding: g sdgnal
enbodi nment CIRC encoder 230 may use C1/C2 encodlng schene (Red Book) well
known in the art. Cl/C2 encodi hg may allou/signal data to be reproduced at

f f f d d [ It udi_Q
s Hovever . TR e od it GHARF L Hehec PR rafEhpRasel HayeRed il dh oder
280 may %Hé@gd%é¥yﬁ fgyﬂé%nﬁéé&"bfuCﬁLR controller 300 of the present

invention. 1In a preferred embodiment, each instruction may
comprise 16 bytes. Bytes 0 and 1 (16-bits together) of
instruction 600 may specify a number of sectors of signal data

- which may be recorded according to instruction 600.

CD-R formatter 340 may therefore generate control signals
for a number of sectors of signal data from instruction 600.
Therefore, CD-R controller 300 of the present invention may
not reiy on micro-controller 390 to generate control signals
for each sector. As a result, performance throughput
limitations in micro-controller 390 may not hinder the

recording throughput performance of CD-R controller 300.

If bit 7 of byte 2 is set to 0, instruction 600 may use
19-bits for specifying such number of sectors. The 3
additional bits may be provided by an external register. Bits
0-3 of byte 2 may be used to control formatting a CD-R disk.
Such control functions may include generating interrupts while

formatting a first sector or a last sector corresponding to

instruction 600.



13 lower error rate, and may be acceptable for conputer applications.
=Modul-dt or 220 may generate eight-to-fourteen nodulation (EFM data from
t he data encoded by Cl RC encoder 230. Modul ator 220 may al so generate
clock signals for recording a signal on a CD-R disk located in CD-R drive
306. CO-R formatter may al so generate gontrol signals to recording | aser
timng control circuit 250. Such control signals may cause a recordin

| aser circui BYit® CDMRYIGRERE ercoingrafdthy maip FHapBeiloeR \ﬂnéﬂ)'é{q
signal is to be recorded. The operation of nodulator 220 may be '
coor di n§a&# -wi B 4hd Tpdid¥ iR WFed kR oFRPRETY adeFEEFRENGYEENtYFDIZ i 1 cui t
250. ATI P (Absol uyte Tinme in Pre-G oove) ,decoder and search 1ogic
290 in ¥Rd1sMshank, ;hQﬁkbroV$ﬂEs4t%a¥I§R¢F6 Nh?tépur§$0(§%5?ess

i nformati on qQf a.sector a CD-R disk., Such address. i.nformatio be
needed FEATRIED BUALRE b LR FRET RS Ry o nBEmARYe LAGREAOD PREGHTRL | th
recordegﬁynlike_%f conyeqiional éI>me%disks. I g preferred epbodi nent,
lsers B Bomhar e SR GO TR oBF e LET Ao BPLR SoraPGan SRAIST
addressBit 5 may specify whether to load sector header information
from an another register or to merely increment prior sector
header information. Bit 6 may be used to enable or disable

layered ECC encoding. The disabling feature may be provided

for test purposes;

Bytes 4 and 5 may control transfer of signal data
corresponding to the main channel of a CD-R disk. A bit each
in byte 4 may specify whether or not to retrieve data from
buffer 380 for fields (in a sector) such as a sync mark field,
header field, sub-header field, data field, ECC field. Each
of éorresponding bits in byte 5 may specify whether to
overwrite data in such fields. The fields may be overwritten

either with a fixed pattern or with data from a pre-specified

register.

If a bit correspondiné to header in byte 5 is set to 1,
byte 6 may provide data to overwrite the header. Bytes 7 and
8 may control sub-code encoding. The bits may specify
information such as sub—code data transfer type, sub-Q encode

mode, sub-P -encode mode.



In the prior art, micro-controller 160 may receive such address
«i'nforrmati on and generate control signals based on the information
received. Hence, CD-R formatter 340 of the present invention further

relieves mcro-controller 390 of 14
addi tional- tasks, thereby preventing migro-controller 390 from being a
performance bottl eneck in conputer system 600. CD-R controller 300

of the presenBykteviht nay pentinedt Heserumn ick D8R (Dilgt@alDSi dlal 1, 2
Processing) circuit 370, decoder 310 and |ayered ECC corrector 320 for
decodi ngaBfgdit s ThecsPgemayn ioplRdeorimdi>en)ich sikech| as pteprnasdonglat ed
that CD-R controller 300 records signal data on a CD-R disk in CD ROM (or

audi o) f&erdel BREOwE}nghEreor(d odecafiaiedue mumbe¥, f A5AVEDIR gosles or
CD- ROM di sks. |, Wi | e decoding a signal on a CD-R disk, DSP circuit
370 nayCPRY¥bFRtsBYeLErtigRcCosles se &ilterwar nseerhfyowhethre a

decodi ng, and servg functions. As may be appreciated gg one skilled in the
art, denBAEF&EPBRIAARY EPRCUESLINFELEPN cb¥ 1R pomderdblader sEaCMAE ons of
nmodul at oy 220 ?nd EIRC ) ) o,

bytes 11-14 may specify a sub-Q ID index for an ID. The index
may be used to compute a memory location in buffer 380 which
stores the data for the sub-Q ID. A more detailed description
of the inétruction format is provided in chapter 9 of the book
entitled "Shakaru CL-CR3560 - Rev. A, SCSI CD-R

Encoder/Decoder", and is hereby included as Appendix A.

Therefore, using the information in instruction 600, CD-R
formatter 340 may generate control signalé to recording
circuit 330. Recording circuit 330 may encode signal data
according to the control signals, and record a signal on a CD-
R disk. Such a signal may correspond to signal data received
from host processor 305. As CD-R formatter 340 may be
designed to primarily generate control signals to recording
circuit 330, CD-R formatter 340 may generate control signals
at a high enough rate to record signal data received at high
rates. Thus, all of signal data may be recorded, and the

quality of recorded signal may be acceptable.

Although the present invention has been illustrated and
described in detail, it is clearly understood that the same is

by_way of illustration and example only and is not to be taken



encoder 230 respectively. In one enbodinent, DSP gircuit 370 may be

‘i npl énented as a separate chip. Decoder 310 nay decode output data
generated by DSP <circuit 370 to generate signal data. Layered ECC
corrector 320 may correct errors in the decoded signal data by using a

| ayered ECC schene. Such errors may havyg been introduced while recording
or storing or transferring signals data during recording or retrieving.
Layer ed bRC@aah @fd erinpigta tieon hadee sewspé ezingespt ai edsgddhel pirisdnt or mitl on
required for such_ error correction as explained above.

15 Inveatdon bedmy doimited eonRPdboymyhe eterdsaosi ghel appendesl gnal dat a

and generate signal data froma recorded signal. CD-R formatter 340 may
gener at & ladmsr-ol signals from instructions to recording circuit 330 for
recording a signal. Figure 3 is a diagram of instruction 600

illustrating an instruction format used by CD-R controller 300 of the
present invention. In a preferred enbodi nent, each instruction nmay
conprise 16 bytes. Bytes 0 and 1 (16-bits together) of instruction 600 rmay
speci fy a nunber of sectors of signal data



whi ch may be recorded according to instruction 600. CD-R formatter
340.may therefore generate control signals for a nunber of sectors of
signal data frominstruction 600. Therefore, CD-R controller 300 of the
present invention may not rely on mggo-controller 390 to generate control

signals for each sector. As a result,” performance throughput I|imtations
in mcro-controller 390 nmay not hinder the recording throughput
per formance of CD-R controller 300. If bit 7 of byte 2 is set to O,

i nstruction 600 may use 19-bits for specifying such nunber of sectors. The
3 additional bits may be provided by an external register. Bits 0-3 of:
byte 2 may be used to control AgppRbikNgaa CD-R disk. Such control
functions may include generating interrupts while formatting a first
sector or a |last sector corresponding to instruction 600.

16 ‘Byte 3 nmHy control encoding of the main channel on a CO-R disk
Bits 0-2 npy be used to specify a sector type (E.g., yellow book, red
book). Bit}4 may specify a source (for exanple, buffer 380 starting 4t a

menory | ocft.ion pointed to -
Z2
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by “a pre-déterm ned register) of signal data for main channel. Bit 5 may
-speci:fy whether to | oad sector header information from an another register
or to nerely increnment prior sector header information. Bit 6 may be
used to enable or disable |ayered ECC encoding. The disabling feature may
be provided for test purposes. 20 Bytes 4 and 5 may control transfer
of signal data corresponding to the main channel of a R disk. A bit
each in ﬁkQR@SMy speci fy whether or not to retrroreaaha from buffer

380 for fBeSldD-Khicoded/Beqoddr) such as a _sync_mark @iﬁﬁg@%
sub- headeF=FFEFF““TET G FPErt-ECCFPert=BEeH *of COTTespo K:

byte 5 may speC|fy whet her to overwrlte data in such fields. The fields

may be ov ' ' i d pattern or with data froma

pr e- speci F{%ng Wﬂswgﬁéﬂ@ﬁbit corresponding to header in byte 5
Is set to 1, byte 6 may provide data to overwite the header. Bytes 7 and
8 may conFonohattebinstlecionddesariptidres bits may specify information such as

sub-code data transfer type, sub-Q encode node, sub-P encode node.
Bytes 0 : Block Count Low ' '

Bits 7:0 BLOCK COUNT LOW: This byte contains the lower byte (bits 7 to 0) of block count
{number. of sectors) for the instruction.

Byte 1 : Block Count High

Bits 7:0 BLOCK COUNT HIGH: This byte contains the upper byte (bits 15 to 8) of block
count (number of sectors) for the instruction.

Byte 2 : Instruction Control

Bit7 EXTEND BLOCK COUNT: If this bit is reset, the black count for the current instruc-
tion is 16-bit long which is loaded from the byte 1 and 0 of the formatter instruction.
If this bit is set, the block count for the current instruction is extended to 19-bit long.
The Instruction Block Count Extension (Reg DDH[2:0]) are used as the upper three
bits of this extended block counter.

Bits 6:4 RESERVED

Bit 3 FORMATTER INTERRUPT 2: When the formatter instruction which has this bit set
is executed, the Formatter Interrupt 2 (register CEH[3]) is generated.

Bit2 FORMATTER INTERRUPT 1: When the formatter instruction which has this bit set
is executed, the Formatter Interrupt 1 (register CEH[2]) is generated.

Bit 1 FORMATI'E# INTERRUPT TIMING: When this bit is reset, the formatter interrupts
will be generated at the beginning of the first sector for the instruction. When set,
the formatter interrupts will be generated at the beginning of the last sector for the
Instruction.

Bit 0 FORMATTER STOP: The formatter will stop after execution of the instruction
which has this bit set.

Byte 3 : Main Channel Encode Control
Bit 7 -RESERVED

Bit6 DISABLE LAYERED ECC ENCODE: When this bit is set, the Layered ECC redun-
dancy calculation is disabled. This controi bit is for test purpose only.

Bit 5 LOAD SECTOR HEADER: When this bit is set, the sector header register is
updated with the contents of the holding register at the beginning of the instruction
then kept being incremented at every sectors. When reset, the sector header reg-
ister is kept being incremented at every sectors.

CIARRUS LOGIC CONFIDENTIAL

March 6
199 PRELIMINARY DATA BOOK v0.91 . FORMATTER INSTRUCTION



17 Byte 15 may control insertion of four sub-QIDs (0, 1, 2 and 3).
-.The +Ds may include information such as International Serial Recording
Code (I SRC), catal ogue nunber, drive |ID code, copyright protection code.
The bits may specify whether a corresponding sub-QID insertion is to be
enabl ed. Each of bytes 11-14 may specifara sub-Q ID index for an ID. The
i ndex may be used to conpute a nenory |ocation in buffer 380 which stores
the data for the sub-QID. A nore detailed description of the instruction
formal g provi deﬂ:ﬂ %g%aggébﬁ ECRikdretlis siialedey, b 16omAReO -
Rev. A I CD- Riedt]@:é @F&4ta frofi tHe bafidt AHARYsdd 5y the DiscRddfeuaePuintsr A.
)

Therefore, using 8 BB{ |t X rekribved FomUthé AREMAR Disé-Ridresd Pointer (ADARO
may generate control 'signals to recording circuit 330. Recording circuit

330 maypgmcode si JAECCENCODE MODE FortXA type sectatsr(eithesiFgmatisor Fonw-3)ewlend a
signal on a CD- ighisis seStithtype of 04 envadiingds detepoinegd by the sulmodeditin the
received from hostbheaderdietbof theSectas (18h ByteprWisen bis Juis rassl. bis delerdiingbd
to primarily geneoaly by thergeaiestios otithalsectootype dobitsi 2@y of thisregister-330, CD-R
formatter 340 rrayggener ate control _si at a hi enau

Bits 20 GTOR TYRE: These pits hg{}f‘;g% ssetor pe & iy B ahaderiiQintcor d
si gnal O ecei PEGTE ?’Fr ods : Pk ’agge"g}d N
recorded, and t heMaliepsiug Eﬁdqt%?%(?&%ée gachfiel 9% %?’ .Xr also

to determine the sector type for encoding’

000 = CD Audio

100 = Mode-0 or Mode-2
101 = Mode-1

110 = Mode-2 Form-1

111 = Mode-2 Form-2

Byte 4 : Main Channel Data Transfer Control
Bit 7 RESERVED '

Bits 6:0 MAIN CHANNEL DATA TRANSFER CONTROL: Each bit controls to retrieve the
corresponding field of the sector from the buffer memory (either DAP or ADAP) dur-
ing CD-ROM encoding. One for each bit enables the data transfer from the buffer
memory. Zero for each bit suppresses the data transfer from the buffer memory. In
the case of not transferring data from the buffer, the corresponding field need to be
overwritten with data generated by the formaiter (Instruction Byte 5 can be used to
generate data). The size of the Data Field (Bit 4) and which fields can be enabled
depend on the sector type selected by the instruction Byte 3 Bits 2:0.

Bit 6 = Transfer Sync Mark (12 bytes)

Bit 5 = Transfer Header Field (4 bytes)

Bit 4 = Transfer SubHeader Field (8 bytes)

Bit 3 = Transfer Data Field (2048, 2324, 2336 or 2352 bytes)
. Bit2 = Transfer EDC Field (4 bytes)

Bit 1 = Transfer Zero Field (8 bytes)

Bit 0 = Transfer ECC Field (276 bytes)

Byte 5 : Main Channel Data Overwrite Control

Bit7 RESERVED



ALt hough the present invention has been illustrated and described in
detail, it is clearly understood that the sane is by way of illustration
and exanple only and is not to be taken

18 by way of limtation, the scope and spirit of the present invention
being limted only by the terns of the appended clains.

19 APPENDI X A [err] SHARAKU
CL-CR3560 - Rev. A SCSI CD- R Encoder/ Decoder
Prelim nary Specification Cl RRUS LOG C CONFI DENTI AL
Revi sion 0.91 March 18, 1996 :
Bits 6:0 MAIN CHANNEL DATA OVERWRITE CONTROL: Each bit enables or disables

overwrite function for the corresponding field . (e sector during CD-ROM encod-
ing. One for each bit enables overwriting the corresponding field with fixed pattem,
zero's or the contents of the registers. Zero for each bit disables overwriting. The
size of the Data Field (Bit 1) and which fields can be enabled depend on the sector
type selected by the instruction Byte 3 Bits 2:0.

Bit 6 = Overwrite Sync Mark with sync pattem (12 bytes)

Bit 5 = Overwrite Header with Current Sector Header (register DOH-D2H)
and Mode byte in Instruction byte 6 (4 bytes)

Bit 4 = Overwrite SubHeader (8 bytes)

iBit 3 = Overwrite Data Field with 0's (2048, 2324, 2336 or 2352 bytes)

Bit 2 = reserved

Bit 1 = Overwrite Zero Field with 0’s (8 bytes)

Bit 0 = Generate EDC/ECC (4+276 bytes)

Note: For subheader, eight bytes of 00H's are overwritten for Mode-2 Form-1. A
fixed pattern “00H,00H,20H,00H,00H,00H,20H,00H" is overwritten for Mode-2
Form-2.

Byte 6 : Header Mode Byte

Bits 7:0 HEADER MODE BYTE: This byte is used to overwrite the Mode byte in the sector
header during CD-ROM encoding if the Instruction Byte 5 Bit 3 is set.

Byte 7 : Subcode Encode Control 1

Bit7 RESERVED ,

Bit6 DISABLE SUB-Q CRC GENERATION: When this bit is set, the sub-Q CRC redun-
dancy calculation is disabled if the sub-Q is transffered from the host. This bit if for
the test purpose only.

Bits 5:4 SUB-Q ENCODE MODE: These bits specify the source of Sub-Q code during sub-
code encoding.

00 = No overwrite, use data from host

01 = Overwrite with data generated by Instruction
10 = Overwrite with data from TOC Address Pointer
11 = Reserved

Bits32 = SUB-P ENCODE MODE: These bits control overwrite to Sub-P code during sub-
code encoding.

00 = No overwrite, use data from host

01 = Overwrite with toggled 0/1 (2Hz, starting from 1)
10 = Qverwrite with all 0's

11 = Overwrite with all 1's



[err] CTRRUS LOGC CIRRUS LOGC, Inc. 3100 West Warren Ave. Frenont, CA
94538-(510) 623-8300 This docunent may not, on whole or in part, be copied,
phot ocopi ed, reproduced, translated, or reduced to any el ectronic medi um or
machi ne readable fromw thout prior witten consent from Cl RRUS LOG C,

| ncor porated. Copyright 1993, 1994. All2Bights reserved.

20 CL-CR3560 SCSI CD R Encoder/ Decoder

bescr i pt 1 618 1yt os %E%k %ﬂﬁf@%}%ﬁpﬁ%g LBl Y g sohroce
byte contains the | GWE7Y SR &rapgfes Wom MENQSt of 1) ock count

(nunber of sectors) okt NbBEbdodedatickdriRost Byte 1: Bl ock Count Hi gh Bits
7:0 BLOCK COUNT HbGSubrQidatdbyiedyeept ai ns the upper byte (bits 15 to 8)

of bl ock 11 = Alnsubkodedath €96 Wftesyect ors) for the instruction.

Byte 2 Instruction Control Bit 7 EXTEND BLOCK COUNT: If this bit

IS reset, ﬁ&&: B b rrent instruc- tionis

16-bit | oné ghaleC I'S |oa %éj&;?oﬁ]&toﬁg byte 1 and O of the formatter

i nstructi @is 7:6 RESERVEDf this bit is set, the block count for the

current instruction is extended to 1 9-bit |ong. ~The

I nstructi ditBl ock CHAMERIRECTION: Wheo tDObIE B:reget, SubeQ RsEMEL(Eegister Xpgds incre-

three msintes afeveryi secioxtWheneeet iR is desreaented abeyeyy gegior.

RESERVED . U : .
S Bit4 R-TIME LOAD: When this bit is set, Sub-Q R-TIME (register XXH) is loaded with

'new value from the holding register at the beginning of the instruction and kept
being incremented or decremented at every sector. When reset, R-TIME is incre-
mented or decremented without loading new value.

Bit3 - A-TIME LOAD: When this bit is set, Sub-Q A-TIME (register XXH) is loaded with
new value from the holding register at the beginning of the instruction and kept
being incremented at every sector. When reset, A-TIME is incremented without
loading new value. .

Bit2 ENABLE SUBCODE R-W INTERLEAVE: When this bit is set, the subcode R-W
data are interleaved during recording.

Bit 1 ENABLE SUBCODE R-W ECC ENCODING: When this bit is set, the encoding
Subcode R-W ECC is enabled. When reset, Subcode R-W ECC is disabled.

Bit 0 ENABLE COPY ALTERNATIVE: When this bitis set, the COPY bit (the third bit in

the CONTROL field in Sub-Q) is alterated between 0 and 1 every four sectors.

- Byte 9 : Default Sub-Q Index Low

Bits 7:0 DEFAULT SUB-Q INDEX LOW: This register contains the low byte (bit 7 to 0) of
16-bit index number which is used as the default sub-Q code unless any Sub-Q
ID’s are inserted. '

. Byte 10: Default Sub-Q Index High

Bits 70 DEFAULT SUB-Q INDEX HIGH: This register contains the high byte (bit 15 to 8)
of 16-bit index number which is used as the default sub-Q code unless any Sub-Q
ID’s are inserted.



Bit 3 FORVATTER | NTERRUPT 2: When the formatter instruction which
fas this bit set IS executed, the Formatter Interrupt 2
(register CEH 3]) is generated. Bit 2 FORVATTER | NTERRUPT 1: When
the formatter instruction which has this bit set I S execut ed,
the Formatter Interrupt 1 (register [2]) I S generated. Bit 1
FORVATTER | NTERRUPT TIM NG Wen this bit is reset, the formatter

i nterrupt be generat ed at the begl nning of the fi rst

AN
sect or foSB‘ftﬁé1"r1§Lf"r'E?c.P1d\émde’6\y1en set, the formatter

| nt err upt yidizg be GiLEAb 8 fRfch tLSER61D WP e Vutibhebs is

|nstruct|0%nw sed forengm%lg%a@cﬁ Hﬁ% §§t0%ébug‘t@m1‘%f\fe l

executi on of the i "SR XXH) The acuel locHib B {ibyte ub-CPIE Ithb butiry o8-
dy vy RESERVED  Bi t

3. Main Channel Enc ﬁ‘.‘@ FoliowlRigteQuation. .
DI SABLE LAYERED ECC E Wien this bit is set, the Layered ECC r edun-

dancy calcul ation is dSB!a-ﬁl IBcAddTedss= Baset« (INDBXtx 18 for test purpose only.
Bit 5 LOAD SECTOR HEADER When this bit is set, the sector header
register igyte 12 : Sub-Q ID2 IndBgated with the contents of the hol di ng register
at the beginning of the instruction t hen kept being

I ncr enent edltsad:0 ever \SUBQ IDRINDEKEThis inglex spdclfe whihitine Stite@dBrin thedpuffer memory is

i ster is kept bei ng usad fereacodireriwien the suly-CsiBetaouster matches to the Sub-Q ID2 interval
Cl RRUS LOG C CONFI DieiintAregistdriOCH). TBO Gctual location of 10-byte SUBREEID M tReRuffEIAT Aal-

BOX vO0. 91 , culated by the follb@iRiglenuigionl NSTRUCTI ON

21 Bit 4 MAIN M\H_ When this bit is reset,
the formatter % %@Aﬁ-‘% S%Cﬁéﬁgﬁ 1°)data fromthe buffer
addressed by the Di sc Address Pointer (DAP) . \When set, it is

retri eved BYtgid: hBubyQ @%WXD sc Address Pointer (ADAP). Bit 3

his bie BESE fﬁ;sdi%‘ heg@e”“e‘ ﬁﬁgﬁzw%%?%%" %ﬁ
in the Cio cal-
€ s

bit is reset, it is cae“e Io eactual B'HIo
sector type in bits % b?y ﬁlcg ?"E‘&l%"%'a?m Bits 2:0 SECTCR TYPE: These

bits defines a sector BSyp& mﬂddrbsggsm.pnnnﬁxlxmfhl s infor-
mation is used to determ ne the size of each field during the data transfer

and also gyt 14 : Sub-Q ID4 Index
Bits 7:0 SUB-Q ID4 INDEX: This index specify which the Sub-Q ID in the buffer memory is
used for encoding when the sub-Q ID4 counter matches to the Sub-Q D4 interval

count (register XXXH). The actual location of 10-byte Sub-Q ID in the buffer is cal-
culated by the following equation.

Sub-Q ID Address = Base + (INDEX x 10)

(‘

.. Byte 15 : Sub-Q ID Insertion Control

Bit7 SUB-Q ID4 COUNTER LOAD: When this bit is set, the Sub-Q ID4 counter is ini-
tialized with the contents of the Sub-Q 1D4 Offset register at the beginning of the
instruction and then continueously incremented at every sector. When reset, the
Sub-Q ID4 counter is not initialized during the instruction and continueously incre-
mented at every sector.

Bit6 ~ SUB-Q ID4 INSERTION ENABLE: When this bit is set, the Sub-Q 1D4 insertion is
enabled. When reset, the Sub-Q ID4 is disabled.



to determine the sector type for ECC encodi ng. 000 = CD Audio

T00 =-Mbde-0 or Mbde-2 101 = Mode-1 110 =
Mode-2 Form 1 111 = Mode-2 Form2 Byte 4: Min Channel Data
Transfer Control Bit7 RESERVED Bits 6:0 MAI N CHANNEL  DATA
TRANSFER CONTROL: Each bit controls tozgetrieve the

corresponding field of the sectorfromthe buffer el t DAP orADAP)
dur - Bit5 PHB-RINILHUMTERK-PAHD: Uh@ ‘% 2
transfer fromthe bféﬁ"?%qw'm the °°"te‘“s° S(Yl remente " everyrse g U r° es
the data transfer f H@H-gf"g

transferring data fgg: cB‘ERtF"é? not ipiial PFHE’&% indruction ap

overwitten with da?"ﬁntﬁg ?%ﬁe% the formatter (|nstruct|on Byte 5 can be

used to g RENABISE-SVRé: Ris &ﬁf’s&aﬁ@ Subeth $08 Risbrtidn is
and whi chof el ds cagh et, Sub-Q |03 is d<8kheqd on the sector type
sel ected by the |nstruct|on Byte 3eB Bit 6 = Transfer

Sync Markgf32 byt es§UB-Q ID2 COUNTER BDADSWheﬁrtawtes seéticthd SubRR &2l counteryis ini)
Bit 4 = Transfer Sufidiieedieith Fiecdortdn® ththe Sub-Q ID2 Offset registeBatt tha beginning f ghe
Dat a Fi el d (2048, 2@agiyctiadand tirenXdhindeously incremented at every sBitor. WherTreses ther
EDC Fi eI d (4 byt es)Sub-Q ID2 counter is nBX mmahzedﬂua@ﬁmrms?mnﬁnm epniisuenuslydiycre-
Bit 0 = Transfer EQGefledlatlefetySedigrt es) Byte 5: Main Channel Data Overwite
Contr 0I Bit7 RESERVED

22 B B#26: 0  FHPR IBINSERTIAN ENAREEGWeEn thigbitieset, the Subr( (D2 ifisartion is,,
di sabl es ‘enablegl, ¥¥hgnireset e Sub-chi02Je dlsﬁg'eg'or respondi ng field of

the sectog, quring thk ubSdiB1 tblntEr e
% I‘WI‘I'[IhB th ?%g%ﬁjgéﬂ n Is g% a eginning of the
gerGO s or.the go(r:tt)e eﬂgﬁ%, ! ”fg Eﬂi\ Y %{s% % dggeé:;

overwriting The g glmcunteﬁ 6t il A2 Bitiedtdly &

fields can be enabl

the.instruction Byte | s . 0. Bi t 6=Q/erwr|te Sync Mark

with syncgpattern ( saahatm‘thennon ENABLE: When this bit is set, the Sub-Q ID1 insertion is
enabled. When reset, the Sub-Q ID1 is disabled.




Bit 5

Overwite Header with Current Sector
‘and NMbde byte in Instruction byte 6 (4 bytes)

Overwite SubHeader (8 bytes)

with Os (2048, .2324, 2336 or 2352 bytes)
Overwite Zero Field with Os (&gytes)

Bit 1

Cenerate EDC/ ECC (4+276 bytes)
bytes of OOH s are overwitten for

pattern " OOH, OOH, 20H, OCH, OOH, OOH, 20H, COH"
Byte 6: Header
Is used to overwite the Mbde byte in the sector

St o

Form 2.

during CD

Subcode Enc®
CRC GENERATLAN.\Mba
dancy calcq

This bit if

ENCODE MODE

code encodi
01 Overwr
Overwite
Bits 32

during sub-
use data fr
starting fr

= Overwite

23 Bits 1:

t he subcodd
OX = No suf

TS

Mode Byte

the |

Header (register DOH D2H)
Bit 4
Overwite Data Field
Bit 2 reserved
Bit O
subheader, eight
_ fixed
is overwitten for NMode-2
Bits 7:0 HEADER MODE BYTE: This byte
header
Byte 7:

Bit 3

Not e:
Mbde-2 Form1l. A

For

struction Byte 5 Bit 3 is set. y
Fermatter InstrugflepeD pit 6 DI SABLE SUB- Q

t+ hi o

hit

S

o)
t J:_G!‘llln

N
p

| ation i
f Byte

di sal

Bit

_bmﬁe

N T- W T W e WA =
Imﬁlﬁéo:jz sub-Qis transffered fromthe host.

@escriptiopose only.

ﬂ\/\)\/
fnq_Byteo

b=

Bits 5:4 SUB- Q
UurcoT or U\JIC \leﬁ. nmy DUJU' .

(Blogk Gopatf- @Eﬁ%gaata from hast

i t @yttt h

o

data (

jenerat ed

(B)oci Gogit High (biOTS to 8) 10

Locde

=~ 1 ]
eCc T})UUI Sh

;" Thed
code encd

%‘ﬁgﬁaﬁ%ﬁﬂﬁtol IT = Reservea

overwite to Sub-P code
d 13t Block Count

om host -
om 1)

6:4

U

%10

.

No overwrite,
T
oy

with all

0 SUBC

13s
2

POE_DAT.

Nt

1

UL ng dat

rte—wtirtogygted— 07 1T (ZHAZ;
Formatter Interrupt 2

| ith all Os
Tese bt Tontrol
ao E;fﬁ rgxrp(??r aom.the host

The Type of

code dat

from

host1

Formatter interrupt Timing
O=Interrupt at the 1st sector
1=Interrupt at the fast sactar

Formatter Stop

Byte 3

Reserved

Disable Layered ECC

Load Sector Header from holding register

ajlonjoelN) o]

Main Channel Data Source
O=from DAP, 1=from ADAP

XA ECC Encode Mode
0=according to sector type, 1=according to subheader

20

Sector Type

000=CD Audio
100=Mode-0 or Mode-2
101=Mode-1
110=Mode-2 Form-1
111=Mode-2 Form-2

Byte 4

Beserved

Main Channel Data Transfer Control

Bit 6=Sync Mark (12 bytes)

Bit S=Header (4 bytes)

Bit 4=SubHeader (8 bytes)

Bit 3=Data (2048, 2324, 2336 or 2352 bytes)
Bit 2=EDC (4 bytes)

Bit 1=Zero (8 bytes)

Bit 0=ECC (276 bytes)

e e ———



10

Sub-Q data (16 bytes)
Byt e 8 Subcode Encode Contr ol

DI RECTI ON: When this bitis reset,

mented at every sector.

Bit 4
i s | oaded

begi nning of the instruction and kept
decrenented at every sector.

W th

When set,
R-TI ME LOAD: When this

RTIME is decrenented at every sector.
Bist is set,

new val ue fromthe holding register at the

When

bei ng i ncrenmented or

reset, RTIME is incre-

11 = Al subcode data (96 bytes)
2- Bits 7:6 RESERVED Bit 5 R- TI ME
Sub-Q R-TI ME (register XXH) is incre-

Sub-Q R-TI ME (register XXH)

mented or decrenented mnthout | oadi ng neM/vaIue Bit 3 A-TI ME LOAD:
VheN thi S oty e
new val ue from t he {hol di ngN'r"E rofdr at t he beginning of the i nstruct ion and
kept Byte e Bl ijncr BR®Ent JPSETIRIAP y sector. Wien reset. A-TIME i
I ncrenment ¢ projule | new varae. Bt 2 ENABLE
qu? 1 90
SUBCODE R-\W | RAVE. % ;&LQ R.\\/
data are ipterl eaved @rijng recordi Da!%gt‘;G'WN‘eCO'EPMBLE SUBCODE R-W EC
ENCODI NG Mhen thig bit ifs set, tHegy ﬁ; A Subcode R-W ECC
i s enabl edl Wen rgset, Yubcode R-|WitkiCeutHsaddi(@ajdsgd. Bit O ENABLE
COPY ALTERNATI VE: \\hen tqi S bit ig M-Dammll{zlaﬂstorz{wme‘s)hi rd bit in
the CONTRCL field iln Sub-|Q is alt ma en 0 and 1.every four
sectors. PByte 9: DQefaul t| Sub-Q In @g 67bthA DEFAULT SUB- Q | NDEX
LO/V Th| S r_e_g_l_s_t_e_r r-nnf QL r\_CJJﬂﬂ_AL:&AI hywt o
16- bi t i ndpex Eimrﬁber "W cH i s Bised di“afﬂﬁt‘oéﬁﬁmlt sub- Q code unl ess any
Sub- Q o7 |ID7s gre |nserte§§san,eByte 10: Default Sub-Q Index High
Bits 7:0 FAUL —SHB—-—+-NBEHHGH—TFa-s—-egSt-er—eaRtatAs—the—hgiryt
(bit 15 to| 8) 6 of 11 6- b@?m?ﬁﬂﬁacﬂgﬁﬂﬁﬁmmhlch is used as the
default sup-Q code {unkgess anyz Sub-|{Gub-Q Encode Mode IDs are inserted.
24 . 00=No overwrite, use data from host
01=Generated by instruction
10=Copy from TOC
11=Reserved
32 2 Sub-P Encode Mode
00=No overwrite, use data from host
O1=Joggle 0/1 (2Hz, starting from 1)
10=All O's
11=All 1's
1:0 2 Subcode Data Transfer Type
0X=No subcods from host
10=16 bytes Sub-Q
11=86 bytes All Subcode
Byte 8 76 2 Reserved
5 1 R-TIME Direction
O=lncrement, 1= Decrement
4 1 R-TIME Load
: D=Continue, 1=Load and continue
3 1 A-TIME Load
0=Continue, 1=Load and continue
2 1 Enable Subcode R-W Interleave
0=No interleave, 1=Interleave
1 1 Enable Subcode R-W ECC
0=Disable, 1=Enable .
0 1 Copy Alternate
0=Fixed Copy bit, 1=Alternated Caopy bit
Byte 8 70 8 ' Default Sub-Q Index - Low Byte
Byte 10 70 8 Default Sub-Q Index - High Byte
Byte 11 70 8 Sub-Q1D1 Index



Byte 11: Sub-Q I Dl | ndex

Which the Sub-Q ID in the buffer

when the sub-Q I D1 counter

count (register XXH). The actual

is cal-

Sub-Q I D Address

is
the Sub-Q I D2

| ocati on of 10-byte Sub- QIDln the buffer

the foll ow ng
10) Byte 13:
speci fy which

encodi ng whenph

count (regist
is cal-
Sub- Q I D Addr
SUB-Q I D4 IN
is

the Sub- QID4
| ocation of 1
the follow ng
x 10) Byte 1
LOAD: When th
tialized with
begi nni ng of

i ncrenented af

counter is no

nented at evel

bit is set, t
the Sub-Q I D4

i nterval

Bits 7:0

nmenory is

SUB-Q I D1 I NDEX: This index specify

used for encoding

mat ches to the Sub-Q ID1l interval

| ocation of 10-byte Sub-Q ID in the buffer
cul ated by the2d ol | owi ng equati on.

Base + (I NDEX x 10)
SUB-Q I D2 I NDEX: This index specify which the Sub-Q ID in the buffer
used for encodi ng when the sub-Q I D2 counter

Byte 12:

Sub-Q ID2 Index Bits 6:0
menory

mat ches to

count " (register XXH). The actual

is cal -

cul at ed by

10 . INTla ﬁ LD Addreogcg
Sub-Q I3 | ndexﬁuﬁbémf SUB—Q I D3 | NDEX: This i ndex
thBytSub- QBDIi used for
LAY JUIJ \’}Jr%
or Th&%ac 1B Ind%- byte Sub-O | D in the buffen
Byte 13  [CUat ea
") i .
X'%wﬂ} i nfi&x I [ )ﬂ
Bywsed |f or7 e nrcodi mg $ bmmsme éd34 counter matches to
i nt erval COrGaRtingey pecontipys) . The act ual
D- byte, Syb-@ I'D I n §he Jb&d 1Dk Bnabig| - cul at ed by
equat i or]. o=Disaliftliseffporl, REAdbBiBetion= Base + (| NDEX
b:  Sub- Qi DJTISETTTON SUB-Q TD4 COONTER
s bit id set. khe Sub- ﬂ%ﬁ,&si&_ ‘°’L§a&0.&.‘.ﬂ¢e
t he cont| : : o
[ he i Astr h nt i pueousl y
every dectar | Wen res $ Dis: lelnsertlonfr}:n&%msar{i"oliluq h-Q 104
[ initiallized dprl ng t he| $ubkd IPACoUnBrioadhd cont i nueousl y_incre-
y sectorf. Bit}6 SSomtinyepirleadarderrtioyd ENABLE: When thi s
he Sub-Q{l D4 I nisert yon i [Ssub-Q ID2 Enable enabl ed. \Wen reset,
i s disafl ed. . 0=Disable insertion, 1=Enable insertion
1 i 1 Sub-Q ID1 Counter Load
' 0=Continue, 1=Load and continue
0 R Sub-Q D1 Enable
0=Disable insertion, 1=Enable insertion




25 Bit 5 SUB—QID3 COUNTER LOAD: When this bit'is t, the Sub-Q I D3
tounter-is ini- : tialized with the contents of the Sub-Q I D3
O fset register at the begi nning of the i nstruction and then
continueously incremented at every sectar. Wen.reset, the

Sub-Q I D3 counter is not initialized dumiong the instruction and

conti nueously incre- nmented at every sector. Bit 4

SUB- Q |1 D3 | NSERTI ON ENABLE: When this DLAIMS set, the Sub-Q ID3 insertion

S enabl ed. When reset, the Sub-Q I1D3 is disabled. Bit 3

SUB-Q I D2 COUNTER LOAD: Wen this bit is set, the Sub-Q ID2 counter is ini-
tialized with the contents of the Sub-Q I D2 O‘fset regi ster at the '
begi nni ngWbktt He claimed is: jnpstruction and then continueously

i ncremented at every sector. \Wen reset, the Sub-Q 1 D2
counter is not initialized during the instruction and conti nueously incre-
nmented at every sector. Bit 2 SUB- Q | D2 | NSERTI ON_ENABLE: When this
bit is set, thé -Sud (5%%4%3&?@%%9?%‘: disk controllggafP&duUs@dm eset ,

t he Sub- QID2|s di sabled. Bit SUB-Q I D1 COUNTER LOAD: enthls
bit is seCOMPSIHYSY SR, c"tﬁﬁlt’é?c‘%d?]ﬂ?‘e compact disk Pr'fal efé’d: it & he

f, th S b-QIDlL Of h
Chet rucei o A SRR AATSePS F er el SH0RRLo0BN Sb fo D TheH Feser
th | D1 t ti d d th '
i ngt ructi H%ﬁ%%%]ar% coun $r kscongroﬁeracl"ﬁ’%ﬁﬁgérg{]gevefy sect or,
Bit O SuU t | Dl
[ Insert ion is %‘ %AQ} 1&@@&%” E}ﬁ\pgg\ﬁ%n ?gggFgeﬁ. h’éu %5 Psltgf dﬁ'%sg;ﬁ)%

26 S
Number of %a%:aB%{H@ré/ c?émxf%ﬂ{mﬂ:&ﬁ énﬁéégcbiﬂgessgg comgrlsed in tl?%/?e 0
7:0 com;ﬁlter syst?érﬁ’,‘:k Count Low (bits 7 to 0)

a buffer manager coupled to said host interface circuit,
said buffer manager sending the command to a micro-controller
comprised in the computer system, the micrﬁ-controller for
generating a set of instructions corresponding to the command;

a recording circuit for generating a set of recording
signals for recording on the CD-R disk the signal
représentative of the set of signal data; and

a formatter circuit coupled to said recording circuit and
said micro-controller, said formatter circuit generating a set |
of control signals from each of the set of instructions,
wherein the set of control signals cause said recording

circuit to generate the set of recording signals.

' " 2. The recordable compact disk controller of claim 1
wherein the computer system comprises a buffer, wherein the

buffer is coupled to said buffer manager, and wherein said

* c L M s *




Byte 1 7:0 8 Bl ock Count High (bits 15 to 8) Byt e

2 -7 1 Ext end Bl ock Count :

0=16-bit Bl ock Count 1=19-bit Bl ock
Count : 6: 4 3 Reser ved 3
1 Formatter Interrupt 2 30 2 1 )
Formatter Interrupt 1 1 1 Formatter

| nt er r upt bl femgmanager receives the set of instructiong-fnomr tiyet at the
1 st sector 1=Interrupt at the |ast
sector mlcro ~controllerpand stores the set ¢Hrimstructiops in pgpid 3

7 Reserved 6 1

Di sabl e Lhy&ﬁgg Fagd wherein said formmtter receiyes the 1g§§gug§ngs
Header from hol ding register 4 Nhln )
Channel Dﬁrgms&hpcguffer and then generates the set of contgoﬂr§m

1=f r om ADAP 3 1 XA ECC Encode Mode
O=according to sector type, 1l=according to subheader 2: 0
3 Sector. Ty % 0Q0=CD_Audi o
100=Mbde- 0 or ﬁbde hie recordable compact dlSk controller of ¢daim
110=Mode- 2_ For m 111=Mode-2 Form 2
Byte 4 where;n the commapd compriges g LUE-sheet. 6: 0 7
Mai n Channel Data Transfer Control

Bit 6=Sync Mark (12 byt es) Bi t
5=Header Header

(4 bytes)
(8 byt es) The recordable compact disk conErPl%eBat%'%ééﬂgy 324,
2336 or 2 e IdogezEdnd 4
TIP
byt es) e rM i ¥aid recording circuit comprlﬁﬁﬁ gn_JTIP de Syras)
Bit O-ECCLAMARHMe coupled to said formatter circuit, said AaTIP 27
decoder and search logic generating an address of a sector on

the CD-R disk, said formatter using the address to record the

signal at the sector.

5. The recordable compact disk controller of claim 4
wherein said recordiﬁg circuit further comprises:

an encoder circuit for encoding the signal data in a
C1/C2 format to generate an encoded data; and |

a modulator for modulating the encoded data into eight-

to-~-fourteen mode format.

6. The recordable compact disk controller of claim 5
wherein the computer system comprises a buffer coupled to said
buffer manager, and wherein said buffer manager receives the
set of instructions from the micro-controller and stores the

set of instructiqns in said buffer, and wherein said formatter

So* € L M s =+



Nunmber of Byte Bi t bits Descri ptiijon Byte 5 7

1 < Reserved 6:0 7 Mai n Channel Data
O/ervvrlte Control, Bit 6 = Sync Mark
(12 bytes) Bit 5 = Header (4 bytes)
Bit 4 = SubHeader (8 bytes)- 31 Bit 3 =.

Dat a (2048 2324, 2336 or 2352 bytes)
Bit 2 meseimes the instructions from the buffer. ang then- generagepyt es)

Bit 0 = EDC/ ECC (4+276 bytes) Byte 6 7:0 8 Header
MODE Byt ghgyts@q of contrpl signals, jand wherepggsgp.\;gd instructions g

1 Di sabl e Sub-Q CRC Ceneration 5:4 2

Sub- Q Encos®nife @ CUE-sheet instruction. 00=No overwrite, use
data from host 0l1=CGener at ed by

I nstruction 10 = Copy from TOC

11= R d 2 Sub- P _E
00= Noezsre\r/\(/a\,r.t Lﬁl’éﬁd%?%mf@%m.ﬁogf)mpact disk control].enrcoodf:e cl\f)alm 6

2 _ Subcode Data Jransfer T OX—
No subcode frdm c}ﬁo%zftal s:x.gnai ¥.8cess:.ng (DSP) circuit flcbr 16 bytes Sub-Q

11 96 byt&%‘f‘?ﬂla%%&&?q‘%hgaﬁrec ccr#dgd on the CD-R disk £5S§&NEfate
0 | ncrengn tdef&t %ﬁéﬂ%n&ﬂ: , said DSP cir@uit ?ecodi-rgg the1 der%cﬂti/%f#_la"l\i/g

0=Cont i nue conti nue

Load | data to generate the signal datal=G¥d i nue, 1=Load and continue
2 ) g Enabl e Subcgge R-Wlinterleave

0=No inter| eaV@ cdrtdé€ibR¥ereuit to correck errors in lthe sign&lalhea
Subcode R-W ECC 0=Di sabl e, 1=Enable
o accdrding to @pyréldeteziined error correction code. _

O=Fi xed Copy bit, 1 =Alternated Copy bit Byte 9 7:0 8
Default Sub-Q Index - Low Byte Byte 10 7:0 8 Def aul t
Sub-Q I ndex - Hi gh Byte Byte 11 7:0 8 . Sub- QLD1 | ndex

8. A computer system for recording on a CD-R disk a
signal representative of a set of signal data according to a
command, the computer system comprising: -

a host processor for sending the set of signal data;

.a CD-R drive for receiving the CD-R disk;

a micro-controller for generating a set of instructions
from the command; .

a buffer for étoring the instructions; and

a recordable compact disk controller for generating a set
of control signals to cause said CD-R drive to record the
signal on said CD-R disk, said recordable compact disk
controller receiving ;he set of signal data and the command
from said host processor, said recordable compact disk

controller recording the signal according to the command, said

* [ L M § *



28 ) Nunber of Byte Bit bits

Description Byte 12 7:0 8 Sub-Q I D2 I ndex Byte 13

7:0 8 Sub-Q I D3 I ndex Byte 14 7:0 8

Sub-Q I D4 I ndex Byte 15 7 1 Sub-Q I D4 Counter Load
O=Conti nue, 1=Load and conti nue 32 1 Sub-Q

| D4 Enabl Jnsertion, 1=Enable
insert“m:%ecordable comgact disk c?ntroller 4§a§€¥§}q§nwner Load
O=Conti-nue, 1=Load and cogt},BYe interf recéiv1n theub- Q"

| D3 Enabl e interface Cquﬁﬂﬁ e |nsert|%n 1=Enabl e

i nsertion

t 8f signal data and th%‘tb&xr&a@%i Ci%ts&ﬁeéaﬁaad

O=Conti nue, l1l=Load aﬁg cont i nue Sub- Q

| D2 Enabl e host processor; 0 Di sabl e |nsert|on, 1
=Enabl e i nsertion 1 1 Sub-Q I D1 Counter Load
0=Conti-nue, 1=Load and cogtblf¥¥er manager coufled to saidlhost Sub- Q

| D1 Enabl e 0=Di sabl e insertion, 1=Enabl e
i nsertion interface circuit, said buf#Z$ manager sendlng

CLAI M5 VWhat is clainmed is:
the command to said micro-controller, and

wherein said micro-controller generates a set

of instructions corresponding to the command;

- a recording circuit coupled to said CD-R
drive, said recording circuit generating the
set of recording signals; and

a formatter circuit coupled to said

recording circuit, said formatter circuit
generating the set of control signals from each
of the set of instructions, wherein the set of
control signals cause said recording circuit to

genefate the set of recording signals.

9. The computer system of claim 8 wherein the computer
system comprises a buffer, wherein the buffer is coupled to
said buffer manager, and wherein said buffer manager receives
the set of instructions from the micro-controller and stores
the set of instructions in said buffer, and wherein said
formatter receives the instructions from the buffer and then

generates the set of control signals.

A 00



1. A recordabl e conpact disk controller for use infa conputer .system the
recordabl e conpact disk for recording a signal representative of a set of
signal data on a CD-R disk, the recordable conpact disk controller

conpri si ng: - a host interface circuit for receiving the set of signal
data and a command from a host procesgpr conprised in the conputer system
a buffer nanager co ed to said host interfage circuit,, said buffer
manager sendi %go't hel Li'g%rﬁm‘f%rasWE?’B eEnELatmeS W 'r%é%‘er (FeRand
conput er system the -controller for generating a set of instructions
cor r esporfdRY %Fﬁrﬁeéﬁﬁﬁ%% a recording circuit for generating a
set of recording signals for recording on the CD-R di sk the signa

representative of the set of signal data; and a formatter circuit
coupl ed to sai re r LSV L a d I d.m.cr ntrolle aid
formatter circ ﬁrs%YSESP 8gnF}89“§|g gﬁgrlf%ﬁ%%ﬁgh of the set

i S ity i a a i

circuit t% gener g ordable

conpact ti ol o) éé:?”éﬁ nprises a
buf f er, a%%geﬁ%EtEQ é% fé?g*gkg%%ngggpg E%Sﬁf?ﬁﬁﬁlg%ﬁgﬁer wherein
sai d search logic generating an address of a sector on the CD-R

disk, said formatter using the address to record the signal at

the sector.

12. The ¢omputer system of claim 11 wherein said
recording circuit further comprises:

an encoder circuit for encoding the signal data in a
Ccl/c2 format to generate an encoded data; and

a modulator for modulating the encoded data into eight-

to-fourteen mode format.

13. The computer system of claim 8 further comprising:

a digital signal processing (DSP) circuit for
demodulating the signal recorded on the CD-r disk to generate
a demodulated data, said DSP circuit decoding the demodulated
data to generate the signal data; and

a correction circuit to correct errors in the signal data

according to a pre-determined error correction code.

14. A method of recording a signal representative of a

set of signal data on a CD-R disk located in a CD-R drive, the

* C L M S *



30 buffer manager receives the set of instructions fromthe

‘m éro-controller and stores the set of instructions in said buffer, and
wherein said formatter receives the instructions fromthe buffer and then
generates the set of control signals. 3. The recordabl e conpact

di sk controller of claim2 wherein 3se command conprises a CUE-sheet.

4. The recogg@%{e compact disk controllgr of claim1 wherein said

recor di ng™& €9 L AYPYbter and search |ogic coupled to
said formatter _circui.t i d ATI P.__.decode nd_search | oqi ti an
address of a s&&GGHoHY t e(§f$2%ﬁs%}g%%}dg?g?nﬁ??e? g8 ?%n%ﬁgﬁg’dﬁggé to

record th I gnal the sector. 5. The recordabl e conpact di sk
controlle$m5%2%€§9égf° erein said recording circuit further conprises

an encoder ci r%gfeddﬂ‘%tﬁ{gog%%ﬁgetgi %Dr}g%?]g?%‘?o%grgllgy C2 format to

generate an enco a; an r nodul’ati ng the encoded

data into ei ghlgend Qd QY LA HRAR: ELPE MBhntroller a set of instructions

- corresponding to the command;

sending the set of instructiomns to a formatter;

generating in the formatter a set of control signals from
each of tﬁe sét of instructions;

sending the set of control signals to a recording
circuit, the set of control signals causing the recording
circuit to generate a set of recording signals; and

coupling the recording signals to the CD-R drive, wherein
the recording signals cause the CD-R drive to record the

signal on the CD-R disk.

15. The method of step 14 further comprising the step of
storing the set of instructions in a buffer, wherein the set
of instructions stored in the buffer are provided to the step
of generating in the formatter a set of control signals of

claim 1.

16. . The method of claim 15 further comprising the steps
of:

generating an address in an ATIP decoder and search
logic, the address corresponding to a sector of the CD-R disk;

providing the address to the step of generating in the

) O O UL



6. The recordabl e conpact disk controller of claim 5 wherein the conput er
system conprises a buffer coupled to said buffer nanager, and wherein said
buf fer manager receives the set of instructions fromthe mcro-controller
and stores the -set of instructions |n said buffer, and wherein said
formatter 31 receives the instructions
fromthe d n et of .caontr.ql nal s d_wherein
sai d i notim ey hEPe 0 Sﬁ%uéﬁsﬁ ? SRRt 2 Chd f‘ovﬁa%‘ r

recor dabl rfé?l{g)@& n f I ‘a
di gi tal ﬁee na pr%c%'ssrz#ﬁsg %)g‘%lgglgrgél glags@ Q‘ Lgd‘é}‘%}l ng &g"r’lﬁﬁied
recordedatqﬂ %@&%}3]}% isk to generate a dem)dul at ed dat a, sal d DSP circuit
decodi ng e ated data to generate the signal data; and a
correction circuit to correct errors in the signal data according to a:
pre-determ ned error correction code. 8. A conputer systemfor
recording on a CD-R disk a signal representative of a set of signal data
according to a conmmnd, the conputer system conprising.

/
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a host processor for sending the set of signal data,; a CD-R drive for

receiving the CD-R disk; a mcro-controller for generating a set of
i nstructions fromthe comand, a buffer for storing the
i nstructions; and a recordabl e conpact di sk tontroller for generating

a set of control signals to cause sagg CD-R drive to record the signal on
said CD-R di sk, said recordable conpact disk controller receiving the set
of signal data and AhBECORDARUE COMPACT DISK ICOQNERUIIBR CIRCUIT ecor dabl e
conpact disk controller recording the signal according to the conmand, -

sai d 32 recordabl e conpact di sk
controll er conprising: a host interface circuit for
~receiving the set of signal data and the command from said
host processor; a buffer nmanager coupled to said host
interface circuit, said buff ABSTRAGUcOFS @M DYSCLOSURE the command to
said mcro-controller, and wherein said mcro-controller
generates a set - of instructions corresponding to the comand,

a recordlng circuit coupled to said CD-R
A CD-R controller for recordlng on a CD-R disk a signal

representative of a set of signal data. The CD-R controller
includes a buffer manager for receiving a command such as a
CUE—sheet; and sends the command to a mi&fo-controller. The

5 micro-controller generates instructions corresponding to each
command by using information stored in a ROM. The buffer
manager stores the instructions in a buffer and then sends the
instructions to a CD-R formatter. Buffer manager may then
send signal data corresponding to the inséructions to a

10 recording circuit. CD-R formatter generates control signals
to the recording circuit from the instructions. The control
signals cause recording circuit to generate recording sigmals
to a CD-R drive. The CD-R drive may record the signal
representative of the signal aata in response to the recording

15 signals.

(Figure 2)



drive, said recording circuit generating the set of recording
'stgnals; and a formatter cifecuit coupled to said

recording circuit, said formatter circuit ' generating the set of
control signals from each of the set of instructions, wherein

t he set of control signals cause said recording circuit to
generate the set of recording signals.1/4 9. The conputer system of
claim8 wherein the conputer system-conprises a buffer, wherein the buffer
Is coupled to said buffer manager, and wherein said buffer manager
receives the set of instructions fromthe mcro-controller -and stores the
set of instructions in said buffer, and wherein said formatter receives
the instructions fromthe buffer and then generates the set of control

si gnal s. 33 10. The conput er
system of claim9 wherein the conmand conprises a CUE-sheet. 11.
The conputer systemof claim8 wherein said recording circuit conprises an
ATI P decoder and search |l ogic :
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coupled to said formatter circuit, said ATIP decoder ‘and search logic
generating an address of a sector on the CD-R disk, said formatter using
the address to record the signal at the sector. . 12. The conputer
system of claim 11 wherein said recording circuit further conprises:

an encoder circuit for encoding the sixy#al data in a Cl/C2 format to
generate an encoded data; and a nodul ator f-or nodul ating the,encoded

data into dight- to-fourtee - 13. The conput ef system
of claim8{further conprisinp: %’"@ gital sighal processing/(psP) .
circuit forf denodulating th . hg CD-r di sk t® generate
a denodul atjed data, said DSP circuit decqdi ng.the denodul ated datg to
generate the sig ata, Jand correcélbﬁ clrculjt to correct errors
in the sigrd [OF010) Nt LIS M NN W 91K (S rredeT T o Cor T ectonjcode.
14. A et hcd!of rgcordingY¥a signal rgpresentajive of al set of si glﬁal dat a
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34 nmet hod conprising the steps of: . receiving the set of signal data

“and a command fromthe host processor:; sendi ng the conmand to a

m cro-controller, generating in the mcro-controller a set of

i nstructions corresponding to the conmmand; sendi ng the set of

instructions to a formatter,; gpeperating in the formatter a set of

control signals from each of the set of instructions; sendi ng the

set of control signals to a recording circuit, the set of control signals

causing the recording circuit to generate a set of recording signals; and

coupling the recording signals to the CD-R drive, wherein the recording

signals cause the CD-R drive to record the signal on the CD R disk

15. The method of step 14 further conprising the SEQF‘ storing the set
r

of instructipns_iIn a b er erfeln the se 8i** ' NS Lons st@ ed in the
oBYUEd to th@‘%"t‘ep ng in the fpggtater 4 set of
control signgls”of claiml: 16 Jhp nethpd of latm 1o fjurther

buffer are p

. . 28 O
conprising tRe steps generating an addr ess ‘i'nan AP decoder
and search :

Figure 3
Receive Commands from Host 410
Micro-controller Generates a Table by ]n/420

Compiling Each Command

!

Micro-controller Stores the Table in a Local RAM 30
Micro-controller Generates Control Signals 440

for Recording Each Sector of Signal Data by
Accessingﬁthe Table Stored in the Local RAM

Figure 4 (Prior Art)



| ogi c, the address corresponding to a sector of the CD R disk;
“provi ding the address to the step of generating in the

35 formatter,

wherein the step of generating in the fornatter generat

control signals-to cause the signal to be recorded at the-address.
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