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A RECORDABLE COMPACT DISK CONTROLLER CIRCUI'_I'/

FIELD OF THE INVENTION

The present invention relates generally to a CD-R
(Recordable Compact Disk) controller circuit for 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

s
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Figure 4) and commands from host processor 110 and generate
recording signals on CD-R bus i34 to record on a CD-R disk a
signal representative of signal data. Such commands may
include, for example, what are known commonly in the industry

as, CUE-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
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inability to generate control signals at a sufficient speed,
micro-computer 160 may be unable to generate control signals
at a rate corresponding to a rate at which signal data may be
received by CD-R controller 130. Due to such inability, CD-R
controller 130 may miss recording a portion of signal data on
a CD-R disk 1located in CD-R drive 140. As is well |
appreciated in the art, rewriting (or going back to record
missed por;ions 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
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180 a table generated corresponding to each command (step 430
of Figure 4). Micro-controller 160 may then access such a
table from RAM 180, and generate control signals to CD-R
controller 130 using information 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 ﬁrobiem 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
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corresponding to the command and send the instructions to the
buffer manager. 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 6f

the signal data.

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
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address to record at the sector.

The CD-R controller may further comprise an encoder
circuit for encoding the signal data in a Cl/C2 format to
generate an encoded data. A modulator may modulate the

encoded data into eight-to-fourteen mode format.

The QD—R controller may further comprise a digital signal
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
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instruction used by a CD-R formatter of the present invention

to generate control signals to a recording circuit.

Figure 4 is a flow-chart 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
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drive 306 from the instructions. The control signals may
cause CD-R drive 306 to record a signal representative of

signal data on a CD-R disk.

As CD-R formatter 340 generates control signals for a
recording operatioﬁ, micro-controller 390 may not be a |
performance bottleneck as in a prior art computer system 100
-of Figure;l. Thé throughput performance of CD-R controller
300 of the présent 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,
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peripheral buses and the like. The received commands may
inélude CUE-sheet commands as in the prior art. Host
interface 360 may use a conventional standard suchlas a small
computers.systems interface (SCSI) or ATAPI to receive
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 365, 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.
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380 in step 550. Buffer manager 350 ﬁay then retrieve
instructions from buffer 380, and send the instructions to CD-
R formetter 340 in step 560. Buffer manager 350 may also
retrieve signal data from buffer 380 and send the signal data

to recording circuit 330.

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
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280. As bus 358 may provide a high speed interface between
buffer 380 and buffer manager 350, buffer manager 350 may
provide instructions at a sufficiently high rate to CD-R
formatter 340. In a preferred embodiment, CD-R controller
130, micro-controller 160, RAM 180, ROM 150, CD-R drive 140
and buffer 170 may be integrated into a single unit termed 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 impiemented 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
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Electronics, 5600 MD Eindhoven, The Netherlands, and Sony

Corporation, 6-7-35 Kitashinagawa, Shinagawa-ku, Tokyo, Japan.

The formats may also specify a corresponding error
correction code. 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
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lower error rate, and may be acceptable for computer

applications.

Modulator 220 may generate eight-to-fourteen modulation
(EFM) data from the data encoded by CIRC encoder 230.
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



14
additional tasks, thereby preventing micro-controller 390 from

being a performance bottleneck in computer system 600.

CD-R controller 300 of the present invention may further
comprise DSP (Digital Signal Processing) circuit 370, decoder
310 and layered ECC corrector 320 for decoding signals
recorded on CD-R (or CD-ROM) disks. It may be appreciated
that CD—R‘controllef 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.
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Therefore, CD-R controller 300 may record a signal from

signal data and generate signal data from a recorded signal.
CD-R formatter 340 may generate control 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. 1In a preferred embodiment, each instruction may
comprise is bftes. 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.
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Byte 3 may control encoding of the main channel on a CD-R
disk. Bits 0-2 may be used to specify a sector type (E.g., |
yellow-book, red book). Bit 4 may specify a source (for
example, buffer 380 starting at a memory location pointed to
by a pre-determined register) of signal data for main channel.
Bit 5 may specify whether to load sector header information
from an another register or to merely increment prior sector
header infgrmation. 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.
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Byte 15 may control insertion of four sub-Q IDs (0, 1, 2
and 3). The IDs may include information such as International
Serial Recording Code (ISRC), catalogue number, drive ID code,
copyright protection code. The bits may specify whether a
corresponding sub-Q ID insertion is to be enabled. Each of
bytes 11-14 may specify a sub-Q ID index for an ID. Thé index
may be used to compute a memory location in buffer 380 which
stores th? data for the sub-Q ID. A more detailed description
of the inétruction format ig 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
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by way of limitation, the scope and spirit 6f the present
invention being limited only by the terms of the appended

claims.
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= CIRRUS LOGIC

FORMATTER INSTRUCTION

Formatter Instruction Descriptions

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

Bits 6:4
Bit3

Bit 2

Bit 1

Bit O

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.

RESERVED

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

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

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.

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

Byte 3 : Main Channel Encode Control

Bit7
Bite6

Bit 5

March 1996

-RESERVED

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.

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
PRELIMINARY DATA BOOK v0.91 . FORMATTER INSTRUCTION
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Bit3

Bits 2:0
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MAIN CHANNEL DATA SOURCE SELECT: When this bit is _reset, the forrngttér
retrieve main channel data from the buffer addressed by the Disc At_:ldress Pointer
(DAP). When set, it is retrieved from the Altemate Disc Address Pointer (ADAP).

XA ECC ENCODE MODE: For XA type sectors (either Form-1 or Form-2), when
this bit is set, the type of ECC encodiing is determined by the submode bit in the
subheader field of the sector (18th byte). When this bit is reset, it is determined
only by the selection of the sector type in bits 2:0 of this register. -

SECTOR TYPE: These bits defines a sector type for the main channel. This infor-
mation is used to determine the size of each field during the data transfer and also
to determine the sector type for ECC 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

Bit7
Bits 6:0

RESERVED

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
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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
Bit6

Bits 54

Bits 32

RESERVED

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.

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

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
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SUBCODE DATA TRANSFER TYPE: These bits control the type of the subcode
during data transfer from the host.

0X = No subcode data from host
10 = Sub-Q data (16 bytes)
11 = All subcode data (96 bytes)

Byte 8 : Subcode Encode Control 2

Bits 7:6
Bit 5

Bit4

Bit3

Bit2
Bit 1

Bit0

RESERVED

R-TIME DIRECTION: When this bitis reset, Sub-Q R-TIME (register XXH) is incre-
mented at every sector. When set, RTIME is decremented at every sector.

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.

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. .

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

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.

ENABLE COPY ALTERNATIVE: When this bit is 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 7:0

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.
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Byte 11 : Sub-Q D1 Index

Bits 7.0

SUB-Q ID1 INDEX: This index specify which the Sub-Q ID in the buffer memory is
used for encoding when the sub-Q ID1 counter matches to the Sub-Q ID1 interval
count (register XXH). 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 12 : Sub-Q ID2 Index

Bits 6:0

SUB-Q ID2 INDEX: This index specify which the Sub-Q ID in the buffer memory is

used for encoding when the sub-Q 1D2 counter matches to the Sub-Q ID2 interval

count (register XXH). 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 13 : Sub-Q ID3 Index

Bits 7:0

SUB-Q ID3 INDEX: This index specify which the Sub-Q ID in the buffer memory is
used for encoding when the sub-Q ID3 counter matches to the Sub-Q (D3 interval
count (register XXH). 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 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

Bit6

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 1D4 counter is not initialized during the instruction and continueously incre-
mented at every sector. '

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.
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Bit 4

Bit3

Bit2

Bit 1

Bit0
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SUB-Q D3 COUNTER LOAD: When this bitis .t, the Sub-Q ID3 counter is ini-
tialized with the ¢ontents of the Sub-Q ID3 Offsét fegister at the beginning of the
instruction and then continueously. incremented at every sector. When reset, the
Sub-Q ID3 counter is not initialized during the instruction and continueously incre-
mented at every sector.

SUB-Q ID3 INSERTION ENABLE: When this bit is set, the Sub-Q ID3 insertion is
enabled. When reset, the Sub-Q ID3 is disabled.

SUB-Q ID2 COUNTER LOAD: When this bit is set, the Sub-Q 1D2 counter is ini-
tialized with the contents of the Sub-Q ID2 Offset register at the beginning of the
instruction and then continueously incremented at every sector. When reset, the
Sub-Q ID2 counter is not initialized during the instruction and continueously incre-
mented at every sector.

SUB-Q ID2 INSERTION ENABLE: When this bit is set, the Sub-Q 1D2 insertion is

‘'enabled. When reset, the Sub-Q D2 is disabled.

SUB-Q ID1 COUNTER LOAD: When this bit is set, the Sub-Q ID1 counter is ini-
tialized with the contents of the Sub-Q ID1 Offset register at the beginning of the
instruction and then continueously inéremented at every sector. When reset, the
Sub-Q D1 counter is-not initialized during the instruction and continueously incre-
mented at every sector,

~ SUB-QID1 INSERTION ENABLE: When this bitis set, the Sub-Q ID1 insertion is

enabled. When reset, the Sub-Q ID1 is disabled.
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9.2 Summary of Formatter Instruction

Byte Bit

Number of
bits

Description

Byte 0 7.0

8

Block Count Low (bits 7 to 0}

Byte 1 7:0

Block Count High (bits 15 to 8)

Byta 2 7

1

Extend Block Count
O=16-bit Block Count
1=18-bit Block Count

6:4

-‘Reservaed

Formatter Interrupt 2

Formatter Interrupt 1

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 7

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=Zoro (8 bytes)

Bit 0=ECC (276 bytes)

e e ———
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Byte

Bit

Numberof |

bits

'Descrlpﬂon

Byte 5

1

Reserved

6:0

7

Main Channel Data Overwrite Control,

Bit 6 =Sync Mark (12 bytes)

Bit 5 =Header (4 bytes)

Bit 4 =SubHeader (8 bytes)

Bit 3 =Data {2048, 2324, 2336 or 2352 bytas)
Bit 2 = reserved

Bit 1 =Zero (8 bytes)

Bit 0 = EDC/ECC (44276 bytes)

Byte 6

70

Header MODE Byte

Byte 7

Resarved

. Disable Sub-Q CRC Generation

54

Sub-Q Encode Mode
00=No overwrite, use data from host
01=Generated by instruction

10=Copy from TOC
11=Resarved

32

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

10

Subcode Data Transfer Type
0X=No subcods from host
10=16 bytes Sub-Q

11=86 bytes All Subcode

Byte 8

76

Reserved

R-TIME Direction
O=Increment, 1= Decrement

R-TIME Load
0=Continue, 1=Load and continue

A-TIME Load
0=Continue, 1=Load and continue

Enable Subcode R-W Interleave
0=No interleave, 1=interleave

Enabla Subcode R-W ECC
0=Disable, 1=Enable

Copy Alternate
0=Fixed Copy bit, 1=Alternated Copy bit

Byte 9

7:0

' Default Sub-Q Index - Low Byte

Byte 10

7:0

Default Sub-Q Index - High Byte

Byte 11

70

Sub-Q'1D1 Index
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Number of

Byte Bit bits Description
Byte 12 70 8 Sub-Q_ 102 Index
Byte 13 70 8 Sub-Q ID3 Index
Byte 14 7:0 8 Sub-Q ID4 Index
Byte 15 7 1 Sub-Q ID4 Counter Load
O=Continue, 1=Load and continue
B 6 1 Sub-Q D4 Enable
' 0=Disable insertion, 1=Enabls insertion
5 1 Sub-Q 1D3 Counter Load
0=Continue, 1=Load and continue
4 1 Sub-Q ID3 Enable
0=Disable insertion, 1=Enable insertion
3 1 Sub-Q 1D2 Counter Load
0=Continue, 1=Load and continue
2 1 Sub-Q ID2 Enable )
0=Disable insertion, 1=Enable insertion
1 1 Sub-Q ID1 Counter Load
’ 0=Continue, 1=Load and continue
0 1 Sub-Q ID1 Enable

0=Disable insertion, 1=Enable insertion

lI
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Wwhat is claimed is:

1. A recordable compact disk controller for use in a
computer system, the recordable compact disk for recordingfa
signal representative of a set of signal data on a CD-R disk,
the recordable compact disk controller comprising:

a host in£erface circuit for receiving the set of signal
data and a command from a host processor comprised in the
computer system;

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 *
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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 coﬁtrol signals.

3. The recordable compact disk controller of claim 2
wherein the command comprises a CUE-sheet.

4. fThe fécordable compact disk controller of claim 1
wherein said recording circuit comprises an ATIP decoder and
search logic 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.

5. The recordable compact disk controller of claim 4
wherein said recording 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

x C L M5+
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receives the instructions from the buffer and then generates
the set of control signals, and wherein said instructions

comprise a CUE-sheet instruction.

7. The recordable compact disk controller of claim 6
further comprising:

a digital signal processing (DSP) circuit for
demodulatipg the signal recorded on the CD-R disk to generéte
a demodulaéed-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.

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 § *
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recordable compact disk controller comprising:

a host interface circuit for receiving the
set of signal data and the command from said
host processor;

a-buffer manager coupled to said host
interface circuit, said buffer manager sending
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.
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10. The computer system of claim 9 wherein the command

comprises a CUE-sheet.

11. The computer syétem of claim 8 wherein said
recording circuit comprises an ATIP decoder and search logic
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 ¢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 *
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method comprising the steps of:

receiving the set of signal data and a command from the
host processor;

sending the command to a micro-controller,

generating in the micro-controller 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
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formatter,

wherein the step of generatlng in the formatter
enerat

g es control signals to cause the signal to be recorded

at the address.

/
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