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Formatting multi-layer storage media 

 

 

 

 

FIELD OF THE INVENTION 

 The invention relates to a device for recording information on a storage 

medium, the device comprising for recording information on a storage medium, the device 

comprising scanning means for scanning the storage medium for recording and retrieving 

data on a recording layer of the storage medium, interface means for receiving commands 5 

according to a protocol, the commands including a format command, and formatting means 

for formatting the storage medium according to the format command, the format command 

including a size parameter indicative of a format size. 

 The invention further relates to a method of formatting a storage medium for 

recording data and retrieving data, the method comprising receiving commands according to 10 

a protocol, the commands including a format command, and formatting the storage medium 

according to the format command, the format command including a size parameter indicative 

of a format size. 

 The invention further relates to a computer program product for formatting the 

storage medium. 15 

 

BACKGROUND OF THE INVENTION 

 Formatting an optical record carrier is known from a draft proposal of the 

National Committee for Information Technology Standards (NCITS): Working Draft, 

T10/1675-D, Revision 1, 11 October 2004, "INFORMATION TECHNOLOGY-Multimedia 20 

Commands MMC-5” (in this document further called MMC-5). In MMC-5, it is required to 

format a DVD+RW disc before user data may be written to it. A format command may be 

given according to the known protocol as defined in MMC-5. According to the format a user 

data zone is created, preceded by a lead-in control zone. After the data zone following the 

lead-in control zone, a further control zone, usually called lead-out, may be recorded at the 25 

end boundary of the data zone. 

 According to the format command, the control zones on the respective layers 

have to be recorded. The MMC-5 defines that, according to chapter 4.4.8.3 regarding the 

DVD+RW Basic Format, relative to the start of the record carrier, the Data Zone is the user 

1 Formatting multi-layer storage media FIELD OF THE INVENTION
The invention relates to a device for recording information on a storage
medium, the device comprising for recording information on a storage
medium, the device comprising scanning means for scanning the storage
medium for recording and retrieving 5 data on a recording layer of the
storage medium, interface means for receiving commands according to a
protocol, the commands including a format command, and formatting means
for formatting the storage medium according to the format command, the
format command including a size parameter indicative of a format size. The
invention further relates to a method of formatting a storage medium for 10
recording data and retrieving data, the method comprising receiving
commands according to a protocol, the commands including a format
command, and formatting the storage medium according to the format
command, the format command including a size parameter indicative of a
format size.                 The invention further relates to a computer program
product for formatting the 15storage medium. BACKGROUND OF THE
INVENTION Formatting an optical record carrier is known from a draft
proposal of the National Committee for Information Technology Standards
(NCITS): Working Draft, 20 T1011675-D, Revision 1, 11 October 2004,
"INFORMATION TECHNOLOGY-Multimedia Commands MMC-5" (in this
document further called MMC-5). In MMC-5, it is required to format a
DVD+RW disc before user data may be written to it. A format command may
be given according to the known protocol as defined in MMC-5. According to
the format a user data zone is created, preceded by a lead-in control zone.
After the data zone following the 25lead-in control zone, a further control
zone, usually called lead-out, may be recorded at the end boundary of the
data zone.             According to the format command, the control zones on
the respective layers have to be recorded. The MMC-5 defines that,
according to chapter 4.4.8.3 regarding the DVD+RW Basic Format, relative to
the start of the record carrier, the Data Zone is the user  2 
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space and should be addressed according to logical block addressing (LBA known from 

DVD-ROM). The physical to logical address mapping for DVD+RW is the same as that for 

DVD-ROM: when a physical sector number (PSN known from DVD-ROM) represents a 

sector in the data zone, its LBA = PSN-030000h. Furthermore MMC-5 describes the 

formatting, in chapter 6.5 regarding the FORMAT UNIT Command. The FORMAT UNIT 5 

command formats a medium into addressable logical blocks according to options defined in 

the MMC-5 protocol. In chapter 6.5.3.4.12 a specific example of the format, called 

DVD+RW Basic Format, is explained. In the command a Number of Blocks field shall be set 

to either the value returned by the Read Format Capacities command or FFFFFFFFh. The 

available capacity of the medium is detected by the Read Format Capacities command. Due 10 

to this setup the storage medium is formatted at its maximum available capacity, applying a 

predefined mapping of logical to physical addresses.  

 Currently recordable multilayer record carriers are being developed. On a 

multilayer record carrier each layer has its own annular data zone, while the annular data 

zones together may constitute a single logical data storage space. For example on a dual layer 15 

record carrier, on the first layer the annular data zone starts with the lead-in zone, and is 

terminated by a middle control zone. The second layer then starts with a middle control zone, 

and is terminated by the lead-out control zone.  

 However, the known way of formatting is inflexible, and does not allow 

multilayer carriers to be adapted to any intended use. In particular, MMC-5 does not provide 20 

any specific way of formatting a multilayer storage medium. 

 US2005/0030852 describes information recording on optical discs. In 

particular compatibility problems are discussed due to an unrecorded area, which is produced 

by completion of recording within the data area. The proposed solution comprises: after 

recording the user data, recording predetermined dummy or lead-out data in the unrecorded 25 

area. 

 

SUMMARY OF THE INVENTION 

 Therefore it is an object of the invention to provide a formatting system that 

allows formatting of a multilayer storage medium.  30 

 According to a first aspect of the invention the object is achieved with a device 

for recording information as defined in claim 1. 

 According to a second aspect of the invention the object is achieved with a 

method for formatting a storage medium as defined in claim 8. 

space and should be addressed according to logical block addressing (LBA
known from DVD-ROM). The physical to logical address mapping for
DVD+RW is the same as that for DVD-ROM: when a physical sector number
(PSN known from DVD-ROM) represents a sector in the data zone, its LBA =
PSN-030000h. Furthermore MMC-5 describes the 5 formatting, in chapter 6.5
regarding the FORMAT UNIT Command. The FORMAT UNIT command
formats a medium into addressable logical blocks according to options
defined in the MMC-5 protocol. In chapter 6.5.3.4.12 a specific example of
the format, called DVD+RW Basic Format, is explained. In the command a
Number of Blocks field shall be set to either the value returned by the Read
Format Capacities command or [err]. The 10 available capacity of the
medium is detected by the Read Format Capacities command. Due to this
setup the storage medium is formatted at its maximum available capacity,
applying a predefined mapping of logical to physical addresses. Currently
recordable multilayer record carriers are being developed. On a multilayer
record carrier each layer has its own annular data zone, while the annular
data 15zones together may constitute a single logical data storage space.
For example on a dual layer record carrier, on the first layer the annular data
zone starts with the lead-in zone, and is terminated by a middle control zone.
The second layer then starts with a middle control zone, and is terminated by
the lead-out control zone. However, the known way of formatting is inflexible,
and does not allow 20 multilayer carriers to be adapted to any intended use.
In particular, MMC-5 does not provide any specific way of formatting a
multilayer storage medium.            US2005/0030852 describes information
recording on optical discs. In particular compatibility problems are discussed
due to an unrecorded area, which is produced by completion of recording
within the data area. The proposed solution comprises: after 25 recording the
user data, recording predetermined dummy or lead-out data in the
unrecorded area. SUMMARY OF THE INVENTION                 Therefore it is
an object of the invention to provide a formatting system that 30 allows
formatting of a multilayer storage medium.            According to a first aspect
of the invention the object is achieved with a device for recording information
as defined in claim 1.            According to a second aspect of the invention
the object is achieved with a method for formatting a storage medium as
defined in claim 8. 3 
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 The effect of the measures is that the format command has been made 

effective for a multilayer storage medium, for example a dual layer optical disc of a 

rewritable type. The first and second control zones constitute the boundaries of the annular 

data zone on each layer. Due to the positioning on equal radial positions of said first and 

second control zones on different layers of the multilayer storage medium, the annular data 5 

zones on different layers spatially coincide in radial direction. In the event that the format 

size is smaller than a maximum available size on the storage medium this arrangement of 

annular data zones has the advantage that the need to travel in radial direction for a scanning 

head is reduced, which improves the speed of recording and reading data when jumping to 

different layers.  10 

 The invention is also based on the following recognition. Traditionally, when 

formatting a record carrier, the annular data zone is formatted to be a contiguous area, having 

a lead-out control zone at the end. For example according to MMC-5, as explained above, the 

formatting and address mapping results in a physically contiguous area of maximum size. 

The inventors have seen that the known process of formatting a single layer record carrier 15 

might be applicable for a multilayer record carrier by recording control zones at inner and 

outer radial boundaries of each recording layer of the record carrier. However, they have also 

seen that such arrangement would result in a less suitable arrangement of data zones in the 

event that the format size is smaller than a maximum available size on the storage medium. 

By then applying the traditional format process, the first layer would have its maximal size, 20 

while the subsequent layer(s) would be smaller than the maximum size to arrive at the 

required total format size. Positioning the control zones on spatially coinciding radial 

positions, results in the annular data zones being substantially of equal radial size, and having 

corresponding radial positions. Hence the scanning head may easily and speedily jump from 

layer to layer.  25 

 The inventors have noted that known multilayer record carriers of the read-

only type are manufactured by pressing and molding techniques using a master disc for each 

layer. When data is processed for creating the master discs the total amounts of data to be 

stored on the record carrier are known. Hence, for manufacturing reasons, the master discs 

are usually created by roughly subdividing the total amount of data in equal portions. 30 

However, such a process of subdividing a known amount of data is not comparable to 

formatting a blank record carrier still to be recorded with an unknown amount of data. 

Common sense would always format such discs to their maximum available data capacity. 

The inventors have first seen that limiting the total recordable size of data zones, by 

The effect of the measures is that the format command has been made
effective for a multilayer storage medium, for example a dual layer optical
disc of a rewritable type. The first and second control zones constitute the
boundaries of the annular data zone on each layer. Due to the positioning on
equal radial positions of said first and 5second control zones on different
layers of the multilayer storage medium, the annular data zones on different
layers spatially coincide in radial direction. In the event that the format size is
smaller than a maximum available size on the storage medium this
arrangement of annular data zones has the advantage that the need to travel
in radial direction for a scanning head is reduced, which improves the speed
of recording and reading data when jumping to 10different layers.            The
invention is also based on the following recognition. Traditionally, when
formatting a record carrier, the annular data zone is formatted to be a
contiguous area, having a lead-out control zone at the end. For example
according to MMC-5, as explained above, the formatting and address
mapping results in a physically contiguous area of maximum size. 15The
inventors have seen that the known process of formatting a single layer
record carrier might be applicable for a multilayer record carrier by recording
control zones at inner and outer radial boundaries of each recording layer of
the record carrier. However, they have also seen that such arrangement
would result in a less suitable arrangement of data zones in the event that the
format size is smaller than a maximum available size on the storage medium.
20By then applying the traditional format process, the first layer would have
its maximal size, while the subsequent layer(s) would be smaller than the
maximum size to arrive at the required total format size. Positioning the
control zones on spatially coinciding radial positions, results in the annular
data zones being substantially of equal radial size, and having corresponding
radial positions. Hence the scanning head may easily and speedily jump from
25layer to layer.            The inventors have noted that known multilayer
record carriers of the read-only type are manufactured by pressing and
molding techniques using a master disc for each layer. When data is
processed for creating the master discs the total amounts of data to be stored
on the record carrier are known. Hence, for manufacturing reasons, the
master discs 30are usually created by roughly subdividing the total amount of
data in equal portions. However, such a process of subdividing a known
amount of data is not comparable to formatting a blank record carrier still to
be recorded with an unknown amount of data. Common sense would always
format such discs to their maximum available data capacity. The inventors
have first seen that limiting the total recordable size of data zones, by 4
formatting before all data is available, is advantageous. Subsequently, such
limitation is effected according to the invention by locating the control zones
as proposed, in particular before the data to be recorded is known. Finally the
inventors have noted that some recording devices suitable for write 5 once
dual layer storage media have appeared on the market. However, such
recorders are postponing the recording of control zones to after the recording
of data. Hence no specific formatting for multilayer record carriers as
currently proposed is performed; in particular such devices are not arranged
for recording control zones which determine a selected size per layer
beforehand. Hence, although the novel formatting process is primarily
proposed for 



 
 
 4  
 

formatting before all data is available, is advantageous. Subsequently, such limitation is 

effected according to the invention by locating the control zones as proposed, in particular 

before the data to be recorded is known. 

 Finally the inventors have noted that some recording devices suitable for write 

once dual layer storage media have appeared on the market. However, such recorders are 5 

postponing the recording of control zones to after the recording of data. Hence no specific 

formatting for multilayer record carriers as currently proposed is performed; in particular 

such devices are not arranged for recording control zones which determine a selected size per 

layer beforehand. Hence, although the novel formatting process is primarily proposed for 

storage media of a rewritable type, it might also be applied to multilayer record carriers of a 10 

write once type for initially setting the selected size for each layer. 

 In an embodiment of the device the formatting means are arranged for 

determining a number of layers of the multilayer storage medium, and for determining the 

selected size by dividing the format size by the number of layers. This has the advantage that 

the total amount of space required is indicated by the format parameter for setting the 15 

selected size for each layer.  

 In an embodiment of the device the formatting means are arranged for 

retrieving a number of blocks from the format command as the size parameter, and for 

determining the selected size by setting the selected size equal to the number of blocks. This 

has the advantage that the size parameter is used for setting the size for each layer, while the 20 

total format size is determined by the number of layers in combination with the size 

parameter. Hence the user may set the selected size to be applied to each layer. 

 Further preferred embodiments of the method and device according to the 

invention are given in the further claims. 

 25 

BRIEF DESCRIPTION OF THE DRAWINGS 

 These and other aspects of the invention will be apparent from and elucidated 

further with reference to the embodiments described by way of example in the following 

description and with reference to the accompanying drawings, in which 

 Fig.1 shows a disc-shaped storage medium, recording device and host system, 30 

 Fig.2 shows a Format Unit Command, 

 Fig.3 shows a Format Unit Parameter List, 

 Fig.4 shows a Format List Header,  

 Fig.5 shows a Format Code Format Descriptor,  

10storage media of a rewritable type, it might also be applied to multilayer
record carriers of a write once type for initially setting the selected size for
each layer.            In an embodiment of the device the formatting means are
arranged for determining a number of layers of the multilayer storage
medium, and for determining the selected size by dividing the format size by
the number of layers. This has the advantage that 15the total amount of
space required is indicated by the format parameter for setting the selected
size for each layer. In an embodiment of the device the formatting means are
arranged for retrieving a number of blocks from the format command as the
size parameter, and for determining the selected size by setting the selected
size equal to the number of blocks. This 20has the advantage that the size
parameter is used for setting the size for each layer, while the total format
size is determined by the number of layers in combination with the size
parameter. Hence the user may set the selected size to be applied to each
layer.            Further preferred embodiments of the method and device
according to the invention are given in the further claims. 25 BRIEF
DESCRIPTION OF THE DRAWINGS These and other aspects of the
invention will be apparent from and elucidated further with reference to the
embodiments described by way of example in the following description and
with reference to the accompanying drawings, in which 30Fig.1 shows a
disc-shaped storage medium, recording device and host system, Fig.2 shows
a Format Unit Command, Fig.3 shows a Format Unit Parameter List, 
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 Fig.6 shows a formatting function of a recording system, and 

 Fig.7 shows a formatted record carrier. 

In the Figures, elements which correspond to elements already described have the same 

reference numerals.  

 5 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

 Fig.1 shows a disc-shaped storage medium, recording device and host system. 

A storage medium 11, for example an optical disc, which has a center hole 10, constitutes a 

record carrier for cooperating with a recording device 12. Examples of such record carriers 

are given in MMC-5, in which chapter 4.4 describes a DVD Model (Digital Versatile Disc). 10 

The DVD Model is the description for the media types: DVD-ROM, DVDRAM, DVD-R/-

RW, and further recordable media types: DVD+R and DVD+RW. Like in the CD system 

there are multiple types of DVD storage media: 

a) Read Only (DVD-ROM) 

b) Recordable (i.e., write-once) (DVD-R and DVD+R) 15 

c) Re-Writable (DVD-RAM, DVD-RW, and DVD+RW). 

The capacities of these different media vary. Some of these media also have the possibility of 

one or two sides, and independently, one or two layers per side.  

 A number of functions of the recording device 12 are defined according to a 

predefined standard, for example the well-known ATA/ATAPI standard described in MMC-5 20 

(chapter 1) and in particular NCITS T13/1321D AT Attachment with Packet Interface 5 

(ATA/ATAPI-5) referenced in MMC-5 (chapter 2.1.2). Hence the device may be called an 

ATA/ATAPI device. The device 12 has scanning units for scanning the storage medium for 

recording and reading data, e.g. a read/write head, positioning servo system and control 

circuits commonly known from the CD or DVD system, acting on the storage medium 11, for 25 

example the DVD+RW disc. The device 12 has a host interface 15, e.g. a ATA cable, to 

communicate with a host system 13, which may be a separate system like a PC. Alternatively 

the device may be a stand alone device like a video recorder, e.g. having usual elements for 

input and output of video information. In the video recorder the host system 13 is included, 

and provides the application side of the interface 15. Hence the medium scanning unit 14, the 30 

ATA/ATAPI device 12 combined with the host system 13, may form a Consumer Video 

Recorder, e.g. for an optical disc like DVD+RW.  

 The main focus of this invention is on the recording device 12, and the 

formatting of the storage medium. According to the invention the device has formatting 

Fig.4 shows a Format List Header, Fig.5 shows a Format Code Format
Descriptor,  5 Fig.6 shows a formatting function of a recording system, and
Fig.7 shows a formatted record carrier. In the Figures, elements which
correspond to elements already described have the same reference
numerals. 5 DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig.1 shows a disc-shaped storage medium, recording device and host
system. A storage medium 11, for example an optical disc, which has a
center hole 10, constitutes a record carrier for cooperating with a recording
device 12. Examples of such record carriers 10 are given in MMC-5, in which
chapter 4.4 describes a DVD Model (Digital Versatile Disc). The DVD Model
is the description for the media types: DVD-ROM, DVDRAM, DVD-R/- RW,
and further recordable media types: DVD+R and DVD+RW. Like in the CD
system there are multiple types of DVD storage media: a) Read Only
(DVD-ROM) 15b) Recordable (i.e., write-once) (DVD-R and DVD+R) c)
Re-Writable (DVD-RAM, DVD-RW, and DVD+RW). The capacities of these
different media vary. Some of these media also have the possibility of one or
two sides, and independently, one or two layers per side. A number of
functions of the recording device 12 are defined according to a 20 predefined
standard, for example the well-known ATA/ATAPI standard described in
MMC-5 (chapter 1) and in particular NCITS T13/1321D AT Attachment with
Packet Interface 5 (ATA/ATAPI-5) referenced in MMC-5 (chapter 2.1.2).
Hence the device may be called an ATA/ATAPI device. The device 12 has
scanning units for scanning the storage medium for 
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means 16 for formatting the record carrier as described below in detail. In the following the 

medium and the protocol over the host interface 15 or ATA cable will more deeply be 

described. It is to be noted that the ATA/ATAPI protocol is only an example, and any 

interface carrying commands for formatting a storage medium may benefit from the solutions 

described. There is a problem in the definition of the format commands originally conceived 5 

for single layer record carriers, for example as given in MMC-5, and by understanding the 

relationship between the medium and the protocol, the solution to this problem can be 

understood.  

 The ATA cable and its protocol, that are well-known, are described in 

numerous documents, e.g. the ATA/ATAPI-5 document. The highest protocol level of the 10 

cable is given in MMC-5. In the following explanation the storage medium 11 is a DVD+RW 

medium, which requires for formatting predefined control information to be recorded in 

specific areas of the record carrier, such as a Control Data Zone in a lead-in area. Obviously 

only a formatted record carrier can be recognized and handled correctly by recording and/or 

playback devices. The problem that is addressed in the present invention concerns the 15 

FORMAT UNIT command as described in the above MMC-5 in chapter 6.5. 

 Fig.2 shows a Format Unit Command. The Figure shows a table of the format 

command. In a first byte 21 an operation code is given. In a second byte 22 further 

parameters are given, as explained in chapter 6.5 of MMC-5. For DVD+RW media, the 

parameter FORMAT CODE “0x001” is applicable. Following the 6 byte command as given 20 

in Fig.2, a data block (format parameter list) is send, representing the parameters of this 

command.  

 Fig.3 shows a Format Unit Parameter List. The Figure shows a table of the 

format command parameters. In a first set of bytes 31 a Format List header is given, further 

explained with Fig.4. In a second set of bytes 32 a Format Descriptor are given, further 25 

explained with Fig.5. The Format Unit Parameter List is further explained in chapter 6.5 of 

MMC-5. 

 Fig.4 shows a Format List Header. The Figure shows a table of the format list 

header, which is part of the Format Unit Parameter List. In a first byte 41 format options are 

defined, having a number of flags for specific options. In a second set of bytes 42 a Format 30 

Descriptor Length is given, the format Descriptor itself being explained with Fig.5. The 

Format List Header is further explained in chapter 6.5 of MMC-5. For DVD+RW there need 

be no Initialization Pattern Descriptor.  

recording and reading data, e.g. a read/write head, positioning servo system
and control 25 circuits commonly known from the CD or DVD system, acting
on the storage medium 11, for example the DVD+RW disc. The device 12
has a host interface 15, e.g. a ATA cable, to communicate with a host system
13, which may be a separate system like a PC. Alternatively the device may
be a stand alone device like a video recorder, e.g. having usual elements for
input and output of video information. In the video recorder the host system
13 is included, 30and provides the application side of the interface 15. Hence
the medium scanning unit 14, the ATA/ATAPI device 12 combined with the
host system 13, may form a Consumer Video Recorder, e.g. for an optical
disc like DVD+RW. The main focus of this invention is on the recording
device 12, and the formatting of the storage medium. According to the
invention the device has formatting  6 means 16 for formatting the record
carrier as described below in detail. In the following the medium and the
protocol over the host interface 15 or ATA cable will more deeply be
described. It is to be noted that the ATA/ATAPI protocol is only an example,
and any interface carrying commands for formatting a storage medium may
benefit from the solutions 5described. There is a problem in the definition of
the format commands originally conceived for single layer record carriers, for
example as given in MMC-5, and by understanding the relationship between
the medium and the protocol, the solution to this problem can be understood.
The ATA cable and its protocol, that are well-known, are described in 10
numerous documents, e.g. the ATA/ATAPI-5 document. The highest protocol
level of the cable is given in MMC-5. In the following explanation the storage
medium 11 is a DVD+RW medium, which requires for formatting predefined
control information to be recorded in specific areas of the record carrier, such
as a Control Data Zone in a lead-in area. Obviously only a formatted record
carrier can be recognized and handled correctly by recording and/or
15playback devices. The problem that is addressed in the present invention
concerns the FORMAT UNIT command as described in the above MMC-5 in
chapter 6.5.            Fig.2 shows a Format Unit Command. The Figure shows
a table of the format command. In a first byte 21 an operation code is given.
In a second byte 22 further 
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 Fig.5 shows a Format Code Format Descriptor. The Figure shows a table of 

the format descriptor for Format Code with a value 001b, which is part of the Format Unit 

Parameter List. Format Descriptors for other format codes are given in MMC-5, e.g. for CD-

RW in chapter 6.5.3.4.1.1. In a first set of bytes a size parameter 51 is given, which indicates 

the format size of the storage medium, i.e. the size of the user data area. In a second byte 52 a 5 

Format Type is given. The Format Code 001b Format Descriptor is further explained in 

chapter 6.5.3.4 of MMC-5.  

 When a FORMAT command is given, the device may start the actual format 

process, e.g. by writing a lead-in control zone. Whether this command, and its underlying 

process, must be completed immediately depends on the value of the IMMED bit shown in 10 

Fig.4. If the IMMED bit is zero, the drive will occupy the ATA bus until the lead-in has been 

fully formatted. 

 In general a blank disc must be formatted in order for a DVD-ROM drive to 

read it. From the existing MMC-5, the format command allows only for a single format size, 

namely the maximum. According to the invention a solution is provided to allow the format 15 

command to allow a large range of different sizes. Note that the solution may use a known 

format command, like the MMC-5 example described above with reference to Figures 2 to 5. 

 The format command, as shown in Fig.5, includes a size parameter 51 

indicative of a format size. In the recording device 12, the formatting unit 16 performs the 

following functions for executing the format command. For formatting a multilayer storage 20 

medium each layer is recorded as follows. A first control zone is recorded at a first radial 

position on the layer and a second control zone at a second radial position on the layer. 

Between both control zones an annular data zone is formed, which has a selected size 

determined by said radial positions. Note that the first control zone on the first layer is 

usually called lead-in zone, while the last control zone on the last layer is usually called lead-25 

out zone. Further zones which intermediately end or start layers, may be called middle zones. 

The total format size is the sum of the sizes of the data zone on each of the individual layers. 

 The formatting unit 16 determines the available recording capacity of the 

record carrier. This capacity may be known beforehand, e.g. fixed, depending on a disc type 

or entered by the user, or may be derived from some physical parameters retrieved from the 30 

blank record carrier, e.g. provided with a pregroove that encodes parameters in a wobble 

pattern or in prepits. Subsequently, the format size that is given by the format command is 

compared to the available capacity. If the required format size is equal, or a maximum size is 

required, the formatting is performed by positioning the control zones at the physical 

parameters are given, as explained in chapter 6.5 of MMC-5. For DVD+RW
media, the 20 parameter FORMAT CODE "Ox001" is applicable. Following
the 6 byte command as given in Fig.2, a data block (format parameter list) is
send, representing the parameters of this command.            Fig.3 shows a
Format Unit Parameter List. The Figure shows a table of the format
command parameters. In a first set of bytes 31 a Format List header is given,
further 25explained with Fig.4. In a second set of bytes 32 a Format
Descriptor are given, further explained with Fig.5. The Format Unit Parameter
List is further explained in chapter 6.5 of MMC-5.            Fig.4 shows a
Format List Header. The Figure shows a table of the format list header, which
is part of the Format Unit Parameter List. In a first byte 41 format options are
30defined, having a number of flags for specific options. In a second set of
bytes 42 a Format Descriptor Length is given, the format Descriptor itself
being explained with Fig.5. The Format List Header is further explained in
chapter 6.5 of MMC-5. For DVD+RW there need be no Initialization Pattern
Descriptor.  7            Fig.5 shows a Format Code Format Descriptor. The
Figure shows a table of the format descriptor for Format Code with a value
001b, which is part of the Format Unit Parameter List. Format Descriptors for
other format codes are given in MMC-5, e.g. for CDRW in chapter
6.5.3.4.1.1. In a first set of bytes a size parameter 51 is given, which
indicates 5the format size of the storage medium, i.e. the size of the user
data area. In a second byte 52 a Format Type is given. The Format Code
001b Format Descriptor is further explained in chapter 6.5.3.4 of MMC-5.
When a FORMAT command is given, the device may start the actual format
process, e.g. by writing a lead-in control zone. Whether this command, and
its underlying 10 process, must be completed immediately depends on the
value of the IMMED bit shown in Fig.4. If the IMMED bit is zero, the drive will
occupy the ATA bus until the lead-in has been fully formatted.            In
general a blank disc must be formatted in order for a DVD-ROM drive to read
it. From the existing MMC-5, the format command allows only for a single
format size, 15 namely the maximum. According to the invention a solution is
provided to allow the format command to allow a large range of different
sizes. Note that the solution may use a known format command, like the
MMC-5 example described above with reference to Figures 2 to 5. 
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boundary of the respective layers, i.e. providing the maximum size for each data zone on 

each layer.  

 In the event that the format size is smaller than a maximum available size on 

the storage medium, the positions of the control zones are determined as follows. First the 

selected size of the data zone on each layer is determined. Subsequently the selected size is 5 

created by positioning, on each of the layers, the first and second control zones that provide 

the boundaries of the data zone. In particular, the first control zones are positioned on 

substantially equal first radial positions, and the second zones are positioned on substantially 

equal second radial positions. Hence radially corresponding annular data zones are formed. 

The selected sizes are set such that the format size equals the sum of the selected sizes of 10 

each of the annular data zones. 

 In an embodiment for a multilayer storage medium, the medium may have a 

pattern of tracks that is opposite on adjacent layers, called an opposite track path record 

carrier. For example a dual layer disc having opposite track path may have, on the first layer 

called L0, a lead-in zone as a first control zone at a minimum radial position constituting the 15 

inner physical boundary of the recordable area. On the second layer called L1, a first control 

zone called the lead-out zone is recorded on the corresponding radial position at the inner 

physical boundary, which now terminates the data zone on L1. The selected size, i.e. half of 

the total format size, is determined, and is used to determine the position of a second control 

zone on L0, called L0 middle zone. Due to the required selected size being smaller than the 20 

maximum size, the L0 middle zone is not at the physical outer boundary of the recording 

area, but at an intermediate radial position. On L1, at a corresponding second radial position, 

a further middle zone, the L1 middle zone, is recorded. 

 Fig.6 shows a formatting function of a recording system. The formatting 

function may be performed in a programmable unit, like a PC or a microprocessor, based on 25 

a software program. Alternatively the formatting function may be embedded in a recording 

device like an optical disc drive. Initially, at START 61, the system is assumed ready for use. 

In step MOUNT 62 a storage medium 11 is entered, e.g. inserted or activated, and the units 

for physically accessing the storage medium are activated. In step RECEIVE 63 a command 

may be received via an interface, e.g. a user interface or an interface to a PC system. It is 30 

assumed a format command is received. The format command includes a format size 

indication, e.g. the indication that the storage medium is to be formatted at 80% of its 

maximum size, or at a specific size. Next, in step DETERMINE CAPACITY 64, the 

available capacity of the record carrier is detected, for example from physical disc parameters 

The format command, as shown in Fig.5, includes a size parameter 51
indicative of a format size. In the recording device 12, the formatting unit 16
performs the 20 following functions for executing the format command. For
formatting a multilayer storage medium each layer is recorded as follows. A
first control zone is recorded at a first radial position on the layer and a
second control zone at a second radial position on the layer. Between both
control zones an annular data zone is formed, which has a selected size
determined by said radial positions. Note that the first control zone on the first
layer is  25 usually called lead-in zone, while the last control zone on the last
layer is usually called lead-out zone. Further zones which intermediately end
or start layers, may be called middle zones. The total format size is the sum
of the sizes of the data zone on each of the individual layers.            The
formatting unit 16 determines the available recording capacity of the record
carrier. This capacity may be known beforehand, e.g. fixed, depending on a
disc type 30 or entered by the user, or may be derived from some physical
parameters retrieved from the blank record carrier, e.g. provided with a
pregroove that encodes parameters in a wobble pattern or in prepits.
Subsequently, the format size that is given by the format command is
compared to the available capacity. If the required format size is equal, or a
maximum size is required, the formatting is performed by positioning the
control zones at the physical 8 boundary of the respective layers, i.e.
providing the maximum size for each data zone on each layer.            In the
event that the format size is smaller than a maximum available size on the
storage medium, the positions of the control zones are determined as follows.
First the 5selected size of the data zone on each layer is determined.
Subsequently the selected size is created by positioning, on each of the
layers, the first and second control zones that provide the boundaries of the
data zone. In particular, the first control zones are positioned on substantially
equal first radial positions, and the second zones are positioned on
substantially equal second radial positions. Hence radially corresponding
annular data zones are formed. 10The selected sizes are set such that the
format size equals the sum of the selected sizes of each of the annular data
zones. In an embodiment for a multilayer storage medium, the medium may
have a pattern of tracks that is opposite on adjacent layers, called an
opposite track path record carrier. For example a dual layer disc having
opposite track path may have, on the first layer 
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retrieved from the record carrier or from an indicator, like a barcode, on the record carrier or 

on a cartridge. In step CALCULATE 65 the required size of the data zones of each layer is 

determined based on the format size and the physical data capacity of each layer, and the 

number of layers. Also the logically required size of the data zone is used to determine the 

physical positions, in radial direction, of the control zones. As is well known, the actual 5 

radial positions may be based on servo information already present on the blank record 

carrier, such as a pregroove or servo pattern. Next, in a step RECORD 66, the first and 

second control zones are written on a first layer. In step NEXT LAYER 67, it is decided to 

return to step RECORD 66 if further layers have to be written. If not, the formatting is 

completed at point READY 68. It is noted that the order of writing the respective control 10 

zones may alternatively be set to first recording the first control zones on each layer, and 

subsequently recorded the second control zones on each layer. The latter order may in 

practice be faster than the first, because radially moving a writing head between inner and 

outer boundaries is relatively slow, while jumping from layer to layer is relatively fast. 

 In an embodiment the formatting system determines a number of layers NL of 15 

the multilayer storage medium which has been entered. Subsequently, for determining the 

selected size SS, the format size is derived from the received format command, e.g. from the 

format parameter 51 indicating a format size. The selected size is then calculated by dividing 

the format size by the number of layers NL. For example the format size may be given as a 

number of blocks NB. The selected size is then determined by dividing the number of blocks 20 

by the number of layers: 

 SS = NB / NL. 

 In an embodiment the formatting system retrieves a number of blocks NB 

from the format command as the size parameter. The number of blocks NB may directly 

indicate the required selected size, whereby the total format size equals said number of 25 

blocks NB times the number of layers NL of the storage medium to be formatted. Hence the 

selected size is set equal to the number of blocks NB. 

 In an embodiment for step RECEIVE 63 is arranged for receiving a dual layer 

optical disc having a first layer (L0) and a second layer (L1) as the multilayer storage 

medium. The format command provides the number of blocks NB as the size parameter. 30 

Subsequently the step CALCULATE 65 sets the selected size of the first layer (L0size) equal 

to the number of blocks (NB) divided by two: 

 L0size = NB/2. 

15called LO, a lead-in zone as a first control zone at a minimum radial
position constituting the inner physical boundary of the recordable area. On
the second layer called Li, a first control zone called the lead-out zone is
recorded on the corresponding radial position at the inner physical boundary,
which now terminates the data zone on Ll. The selected size i e half of the
total format size, is determined, and is used to determine the position of a
second control 20zone on LO, called LO middle zone. Due to the required
selected size being smaller than the maximum size, the LO middle zone is
not at the physical outer boundary of the recording area, but at an
intermediate radial position. On Li, at a corresponding second radial position,
a further middle zone, the Li middle zone, is recorded. Fig.6 shows a
formatting function of a recording system. The formatting 25 function may be
performed in a programmable unit, like a PC or a microprocessor, based on a
software program. Alternatively the formatting function may be embedded in
a recording device like an optical disc drive. Initially, at START 61, the
system is assumed ready for use. In step MOUNT 62 a storage medium 11 is
entered, e.g. inserted or activated, and the units for physically accessing the
storage medium are activated. In step RECEIVE 63 a command 30may be
received via an interface, e.g. a user interface or an interface to a PC system.
It is assumed a format command is received. The format command includes
a format size indication, e.g. the indication that the storage medium is to be
formatted at 80% of its maximum size, or at a specific size. Next, in step
DETERMINE CAPACITY 64, the available capacity of the record carrier is
detected, for example from physical disc parameters  9 retrieved from the
record carrier or from an indicator, like a barcode, on the record carrier or on
a cartridge. In step CALCULATE 65 the required size of the data zones of
each layer is determined based on the format size and the physical data
capacity of each layer, and the number of layers. Also the logically required
size of the data zone is used to determine the 5physical positions, in radial
direction, of the control zones. As is well known, the actual radial positions
may be based on servo information already present on the blank record
carrier, such as a pregroove or servo pattern. Next, in a step RECORD 66,
the first and second control zones are written on a first layer. In step NEXT
LAYER 67, it is decided to return to step RECORD 66 if further layers have to
be written. If not, the formatting is 10 completed at point READY 68. It is
noted that the order of writing the respective control zones may alternatively
be set to first recording the first control zones on each layer, and
subsequently recorded the second control zones on each layer. The latter
order may in practice be faster than the first, because radially moving a
writing head between inner and outer boundaries is relatively slow, while
jumping from layer to layer is relatively fast. 
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Hence the Number of Blocks NB implies the selected size for L0, and also for L1 which is 

equal. 

 It is noted that a straightforward transfer of existing format functions would 

result in a format system fixed for just one format size on a rewritable disc, namely the 

maximum. Allowing different sizes allows a user to take advantage of the flexibility to create 5 

discs for different applications. Also, calculating the L0size to be half of the total disc size is 

a wise way of utilizing parameters of the standard format command, which prevents 

introducing new and difficult size parameters. 

 Fig.7 shows a formatted record carrier. The Figure schematically shows a 

record carrier 11, in which the center hole 10 provides a radial orientation for rotating the 10 

record carrier in a recording device. A first recording layer L0 and a second recording layer 

L1 are shown, and are accessible from the same entry side by an optical beam 81 from a 

scanning head 80 focused on the respective layer. Each layer has a recordable area 70 from 

the inner physical diameter to an outer physical diameter, which diameters are defined for the 

respective storage medium type and are to be covered by any recording device. The record 15 

carrier has been formatted as discussed above to a total format size lower than the available 

maximum data capacity. Thereto a first control zone 71, e.g. a lead-in, has been written at the 

inner boundary of L0 extending up to a minimum radial position as indicated by arrow 701. 

A further first control zone, e.g. a lead-out, has been written at the inner boundary of L1, at 

the same minimum radial position. On L0 a second control zone 73, an upper middle zone, 20 

has been written extending up to an intermediate radial position as indicated by arrow 702, 

whereas at a same radial position a further middle zone 74 has been written on L1.  For 

example this may result in a disc formatted at 60% of the maximum data capacity. 

 Although the invention has been mainly explained by embodiments using 

DVD+RW dual layer optical discs, the invention is also suitable for other multilayer record 25 

carriers such as rectangular optical cards, magneto-optical discs, high-density (Blu-ray) discs 

or any other type of information storage system that has a recordable layer that is to be 

formatted in annular zones. In particular the number of layers may also be larger than 2. 

Corresponding control zones providing start and end boundary may then be positioned on 

each layer, such that the data zones spatially coincide for the stack of layers. 30 

 It is noted, that in this document the word ‘comprising’ does not exclude the 

presence of other elements or steps than those listed and the word ‘a’ or ‘an’ preceding an 

element does not exclude the presence of a plurality of such elements, that any reference 

signs do not limit the scope of the claims, that the invention may be implemented by means 

15In an embodiment the formatting system determines a number of layers
NIL of the multilayer storage medium which has been entered. Subsequently,
for determining the selected size SS, the format size is derived from the
received format command, e.g. from the format parameter 51 indicating a
format size. The selected size is then calculated by dividing the format size
by the number of layers NL. For example the format size may be given as a
20 number of blocks NB. The selected size is then determined by dividing the
number of blocks by the number of layers: SS = NB / NL. In an embodiment
the formatting system retrieves a number of blocks NB from the format
command as the size parameter. The number of blocks NB may directly
25indicate the required selected size, whereby the total format size equals
said number of blocks NB times the number of layers NL of the storage
medium to be formatted. Hence the selected size is set equal to the number
of blocks NB.            In an embodiment for step RECEIVE 63 is arranged for
receiving a dual layer optical disc having a first layer (LO) and a second layer
(L1) as the multilayer storage 30 medium. The format command provides the
number of blocks NB as the size parameter. Subsequently the step
CALCULATE 65 sets the selected size of the first layer (LOsize) equal to the
number of blocks (NB) divided by two: LOsize = NB/2.  10 Hence the Number
of Blocks NB implies the selected size for LO, and also for Li which is equal.
It is noted that a straightforward transfer of existing format functions would
result in a format system fixed for just one format size on a rewritable disc,
namely the 5maximum. Allowing different sizes allows a user to take
advantage of the flexibility to create 
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of both hardware and software, and that several ‘means’ or ‘units’ may be represented by the 

same item of hardware or software. Further, the scope of the invention is not limited to the 

embodiments, and the invention lies in each and every novel feature or combination of 

features described above. 

discs for different applications. Also, calculating the LOsize to be half of the
total disc size is a wise way of utilizing parameters of the standard format
command, which prevents introducing new and difficult size parameters.
Fig.7 shows a formatted record carrier. The Figure schematically shows a
10record carrier 11, in which the center hole 10 provides a radial orientation
for rotating the record carrier in a recording device. A first recording layer LO
and a second recording layer Li are shown, and are accessible from the
same entry side by an optical beam 81 from a scanning head 80 focused on
the respective layer. Each layer has a recordable area 70 from the inner
physical diameter to an outer physical diameter, which diameters are defined
for the 15 respective storage medium type and are to be covered by any
recording device. The record carrier has been formatted as discussed above
to a total format size lower than the available maximum data capacity.
Thereto a first control zone 71, e.g. a lead-in, has been written at the inner
boundary of LO extending up to a minimum radial position as indicated by
arrow 701. A further first control zone, e.g. a lead-out, has been written at the
inner boundary of Li, at 20 the same minimum radial position. On LO a
second control zone 73, an upper middle zone, has been written extending
up to an intermediate radial position as indicated by arrow 702, whereas at a
same radial position a further middle zone 74 has been written on Ll. For
example this may result in a disc formatted at 60% of the maximum data
capacity. Although the invention has been mainly explained by embodiments
using 25DVD+RW dual layer optical discs, the invention is also suitable for
other multilayer record carriers such as rectangular optical cards,
magneto-optical discs, high-density (Blu-ray) discs or any other type of
information storage system that has a recordable layer that is to be formatted
in annular zones. In particular the number of layers may also be larger than
2. Corresponding control zones providing start and end boundary may then
be positioned on 30each layer, such that the data zones spatially coincide for
the stack of layers.            It is noted, that in this document the word
'comprising' does not exclude the presence of other elements or steps than
those listed and the word 'a' or 'an' preceding an element does not exclude
the presence of a plurality of such elements, that any reference signs do not
limit the scope of the claims, that the invention may be implemented by
means  11 of both hardware and software, and that several 'means' or `units'
may be represented by the same item of hardware or software. Further, the
scope of the invention is not limited to the embodiments, and the invention
lies in each and every novel feature or combination of features described
above. 
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CLAIMS: 

1. Device for recording information on a storage medium, 

the device comprising  

- scanning means (14) for scanning the storage medium for recording and retrieving data on a 

recording layer of the storage medium, 

- interface means (15) for receiving commands according to a protocol, the commands 5 

including a format command, and 

- formatting means (16) for formatting the storage medium according to the format 

command, the format command including a size parameter (51) indicative of a format size, 

characterized in that 

the formatting means are arranged  10 

- for formatting a multilayer storage medium by recording, on each layer of the multilayer 

storage medium, a first control zone at a first radial position on the layer and a second control 

zone at a second radial position on the layer for forming an annular data zone of a selected 

size between the control zones, and  

- for, in the event that the format size is smaller than a maximum available size on the storage 15 

medium, positioning, on each of the layers, corresponding first and second control zones on 

substantially equal first and second radial positions for forming radially corresponding 

annular data zones such that the format size equals the sum of the selected sizes. 

 

2. Device as claimed in claim 1, wherein the formatting means (16) are arranged 20 

for determining a number of layers (NL) of the multilayer storage medium, and for 

determining the selected size by dividing the size parameter (51) by the number of layers 

(NL).  

 

3. Device as claimed in claim 1, wherein the formatting means (16) are arranged 25 

for retrieving a number of blocks (NB) from the format command as the size parameter, for 

determining the selected size by setting the selected size equal to the number of blocks (NB). 

 

12 CLAIMS: 1.Device for recording information on a storage medium, the
device comprising  scanning means (14) for scanning the storage medium for
recording and retrieving data on a recording layer of the storage medium, 5 -
interface means (15) for receiving commands according to a protocol, the
commands including a format command, and  formatting means (16) for
formatting the storage medium according to the format command, the format
command including a size parameter (51) indicative of a format size,
characterized in that 10 the formatting means are arranged  for formatting a
multilayer storage medium by recording, on each layer of the multilayer
storage medium, a first control zone at a first radial position on the layer and
a second control zone at a second radial position on the layer for forming an
annular data zone of a selected size between the control zones, and 15- for,
in the event that the format size is smaller than a maximum available size on
the storage medium, positioning, on each of the layers, corresponding first
and second control zones on substantially equal first and second radial
positions for forming radially corresponding annular data zones such that the
format size equals the sum of the selected sizes. 202.Device as claimed in
claim 1, wherein the formatting means (16) are arranged for determining a
number of layers (NIL) of the multilayer storage medium, and for determining
the selected size by dividing the size parameter (51) by the number of layers
(NL). 253.Device as claimed in claim 1, wherein the formatting means (16)
are arranged 
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4. Device as claimed in claim 2, wherein the formatting means (16) are arranged 

for receiving a dual layer optical disc having a first layer (L0) and a second layer (L1) as the 

multilayer storage medium, for retrieving a number of blocks (NB) from the format 

command as the size parameter, and for setting the selected size of the first layer (L0size) 

equal to the number of blocks (NB) divided by two: 5 

L0size = NB/2. 

 

5. Device as claimed in claim 1, wherein the scanning means (14) are arranged 

for recording data on a multilayer optical record carrier of a rewritable type. 

 10 

6. Device as claimed in claim 1, wherein the device comprises a host system 

(13), and the interface means (15) are arranged for receiving the commands from the host 

system (13). 

 

7. Device as claimed in claim 6, wherein the device is a video recorder device 15 

and the host system (13) comprises video processing means. 

 

8. Method of formatting a storage medium for recording data and retrieving data, 

the method comprising  

- receiving commands according to a protocol, the commands including a format command, 20 

and 

- formatting the storage medium according to the format command, the format command 

including a size parameter (51) indicative of a format size, 

characterized in that 

the formatting includes, in the event of a multilayer storage medium,  25 

- recording, on each layer of the multilayer storage medium, a first control zone at a first 

radial position on the layer and a second control zone at a second radial position on the layer 

for forming an annular data zone of a selected size between the control zones,   

- and, in the event that the format size is smaller than a maximum available size on the 

storage medium, positioning on each of the layers corresponding first and second control 30 

zones on substantially equal first and second radial positions for forming radially 

corresponding annular data zones such that the format size equals the sum of the selected 

sizes. 

 

for retrieving a number of blocks (NB) from the format command as the size
parameter, for determining the selected size by setting the selected size
equal to the number of blocks (NB).  13  4. Device as claimed in claim 2,
wherein the formatting means (16) are arranged for receiving a dual layer
optical disc having a first layer (LO) and a second layer (L1) as the multilayer
storage medium, for retrieving a number of blocks (NB) from the format
command as the size parameter, and for setting the selected size of the first
layer (LOsize) 5 equal to the number of blocks (NB) divided by two: LOsize =
NB/2.  5. Device as claimed in claim 1, wherein the scanning means (14) are
arranged for recording data on a multilayer optical record carrier of a
rewritable type. 10  6. Device as claimed in claim 1, wherein the device
comprises a host system (13), and the interface means (15) are arranged for
receiving the commands from the host system (13). 157.Device as claimed in
claim 6, wherein the device is a video recorder device and the host system
(13) comprises video processing means. 8.Method of formatting a storage
medium for recording data and retrieving data, the method comprising 20 -
receiving commands according to a protocol, the commands including a
format command, and  formatting the storage medium according to the
format command, the format command including a size parameter (Si)
indicative of a format size, characterized in that 25the formatting includes, in
the event of a multilayer storage medium, 
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9. Computer program product for formatting a storage medium for recording data 

and retrieving data, which program is operative to cause a processor to perform the method as 

claimed in claim 8. 

recording, on each layer of the multilayer storage medium, a first control zone
at a first radial position on the layer and a second control zone at a second
radial position on the layer for forming an annular data zone of a selected
size between the control zones,  and, in the event that the format size is
smaller than a maximum available size on the 30storage medium, positioning
on each of the layers corresponding first and second control zones on
substantially equal first and second radial positions for forming radially
corresponding annular data zones such that the format size equals the sum
of the selected sizes.  14 9.Computer program product for formatting a
storage medium for recording data and retrieving data, which program is
operative to cause a processor to perform the method as claimed in claim 8. 




