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VARIABLE TIME DIVISION MULTIPLEX 
TRANSMISSION SYSTEM 

FIELD OF THE INVENTION 

[0001] This invention relates in general to communication. 
In particular, it relates to a method and devices for variable 
time division multiplex transmission Within a system, such 
as a circuit, a device, etc. 

BACKGROUND OF THE INVENTION 

[0002] In the past, communication using time division 
multiplexing systems has been Widely used in many ?elds. 
In such time division multiplex communication, one Wire 
less or Wired transmission path can be shared by time 
division multiplexing (TDM) multiple channels or circuits. 
With one type of TDM technology, multiple channels use 
one shared circuit, so the usage time of that shared circuit is 
equally divided and allocated in order to multiple channels. 
One method for equally dividing the usage time is a method 
Where, for example, the usage time is segmented into 
multiple time slots and one is allocated to each of multiple 
channels. With this method, the bandWidth of a single circuit 
is allocated equally to each channel by using time slots in 
Which the information from multiple channels has been 
allocated to each channel beforehand. In this case, a time slot 
Will be allocated to each channel regardless of Whether or 
not there are data to transmit. Another system of time 
division multiplex communication includes the asynchro 
nous time division multiplex system. This system also 
transmits information in the same Way as regular time 
division multiplex communication, but the difference is that 
this system is that rather than allocating time slots to speci?c 
channels beforehand, time slots are allocated as needed. Still 
another system includes the time division multiple access 
system that is used in Wireless communications, such as for 
portable telephones, etc. This system is a system Where one 
carrier frequency is shared by multiple receivers and sta 
tions, each for a short time. 

[0003] Concerning the allocation of the transmission path 
or time slots for using the transmission path in time division 
multiplex communication systems, in broad terms, a ?rst 
method is allocation by including the destination address 
(for example, a device identi?cation code) in the data packet 
transmitted, a second is allocation by determining the packet 
arrangement information (time information) in advance and 
using that arrangement information as the destination infor 
mation, and a third is allocation by transmitting an allocation 
signal along With the packet that is transmitted. An example 
of the ?rst method is Ethernet (registered trademark) (IEEE 
802.3), Which is often used With LANs, and TCT/IP, Which 
is used With PC netWorks, etc. These are con?gured so that 
the data packets (frames) include destination information. 
There are also ATM (asynchronous transfer mode) commu 
nication netWorks that have been Widely disseminated in 
broadband communication netWorks. Here, high transmis 
sion bandWidths are maintained by using 53-byte ATM cells 
as the minimum unit and by allocating the transmission band 
to any speci?c equipment as necessary. In this case, since it 
is asynchronous, the ATM cell is divided into a S-byte 
header that includes the leading synchronous bit and a 
48-byte payload folloWing that. The beginning and end of 
the ATM cell is identi?ed by detecting the synchronous bit. 
The TCP/IP, LAN packets, and the like are also associated 
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With the payload. Examples of the third method generally 
include microcomputer, DSP, and other memory map (input/ 
output (I/O) map) systems. 

[0004] Also, in the past there have been several methods 
for identifying the various devices When there is communi 
cation betWeen the devices, such as various integrated circuit 
chips, units, equipment, etc., in circuits, devices, systems, 
etc. As one method, there is that in Which a characteristic 
device identi?er is used as the device identi?er or address for 
communication in the system. Characteristic device identi 
?ers include, for example, the number printed on the ROM 
during manufacture in an integrated circuit chip. Standards 
for using such a characteristic device identi?er include the 
JTAG standard used in testing chip mounting on boards and 
IIC (example: Audio I/F (IIC)) used in many audio compo 
nents. A second method includes assigning addresses exter 
nally to the branch, leaf device. An example Where this 
method is used is the IEEE 1394 standard. In addition, a 
third method is Where the device identi?er, that is, the 
address, is predetermined by the system. An example of this 
is the SCSI-2 standard. In this standard, a speci?c address is 
recommended in advance by the operating system for 
devices such as printers, displays, etc. 

[0005] Time division multiplex communication technol 
ogy such as the, or time division multiplex communication 
technology such as time division multiple access technol 
ogy, is constituted to allocate time slots equally, or to assign 
them equally to different channels When they are allocated. 
Thus the amount of information per unit time that each 
channel is to transmit or the transmission speed is ?xed. 
Therefore, in systems in Which multiple channels With 
different amounts of information or transmission speeds are 
mixed, the problem arises Where ef?cient or optimal com 
munication Will not be accomplished using a single trans 
mission path. Also, time slots are allocated as necessary in 
asynchronous multiplex systems, so that While the time slots 
are used ef?ciently, there is the problem that redundant 
information, such as the destination address, is included in 
the transmitted information. 

[0006] They are also problems such as the folloWing in the 
methods Where the transmission path is allocated to different 
channels in time division multiplex communication. That is, 
With the ?rst method, Where data such as the destination 
address are included in the data packet transmitted, infor 
mation other than the original data to be transmitted must 
also be included, the transmission ef?ciency for the original 
data drops, and all the data packets must alWays be moni 
tored so that all the destination addresses are sent. With the 
second allocation method Where the packet arrangement 
information is determined beforehand, the packet arrange 
ment order must again be changed according to the desti 
nation address arrangement to accommodate changes to the 
system structure. Because of this, system connections Will 
have to be changed, and programs, etc. Will have to be 
changed, and the problem is that the overall system lacks 
?exibility. In addition, With the third allocation method, 
Where an allocation signal is transmitted along With the data 
packet, for example, in a memory map (input/output (I/O) 
map) system, memory (I/O) space is allocated to all the 
devices, the device address and a device selection signal are 
associated, and communication With the destination device 
Will be accomplished by producing a device selection signal 
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for each device. The problems are that this system also lacks 
system ?exibility, and device selection signals are required 
for the number of devices. 

[0007] In addition, in the case of the ?rst method, Where 
the characteristic device identi?er is used as the device 
identi?cation method, particularly in the case of integrated 
circuit chips, the characteristic identi?er is dependent on the 
device manufacturer, the type, such as the device function, 
etc, and a characteristic device identi?er is allocated to each 
device and is Written on the ROM inside the device. Thus a 
different device identi?er is allocated to devices manufac 
tured by different manufacturers, even When they are the 
same type of device. Because of this, in systems such as 
audio components, it is not possible to simply replace the 
device used With a device from a different manufacturer, 
even if it is the same time of device. To accomplish such a 
replacement, the device identi?er of the device in the system 
prior to replacement must be replaced by the device iden 
ti?er of the device after replacement. This also includes 
overWriting the softWare, overwriting the ROM contents, 
etc. Another problem is that, in order to use several of the 
same type of device in a system, devices With the same 
device identi?er cannot be used, so that multiple device 
identi?ers are printed on the ROM for one device as a 

countermeasure, and it must be possible to select one of 
them When a device is used. In addition, in systems that 
require other device identi?ers instead of characteristic 
device identi?ers, neW identi?ers or addresses must be given 
for the device. On the other hand, With the second method 
for device identi?cation, an address must be assigned exter 
nally for a device, so that softWare and hardWare for giving 
that address is required. With the third method for device 
identi?cation, an address used by a speci?c device is preset 
in the operating system, so there are restrictions on address 
assignment. There are also restrictions on the number of 
devices that can be connected to the system. 

[0008] Thus the purpose of this invention is to provide a 
time division multiplex transmission method and device that 
transmits information on multiple channels using a trans 
mission path With variable time division multiplexing. 

[0009] Another purpose is to provide a variable time 
division multiplex communication method and device that 
can automatically assign the sequence of time slots in 
allocation order to multiple channels for transmitting over 
the transmission path. 

SUMMARY OF THE INVENTION 

[0010] In order to accomplish the purposes, the time 
division multiplex transmission method according to this 
invention that transmits data on multiple channels using a 
transmission path With variable time division multiplexing is 
such that the data transmission is carried out using at least 
tWo or more different transmission bands. 

[0011] With this invention, the data transmission With at 
least tWo or more transmission bands can include allocating 
the transmission path at different allocation rates for the 
multiple channels. 

[0012] Also, With this invention, the data transmission can 
be carried out using consecutive time slots. In this case, the 
different transmission bands can be realiZed by making the 
number of time slots used in a prescribed time frame 
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different. Here, the number of the time slots used for each of 
the channels can be variable. The number of the time slots 
used can also be predetermined, and the number of the time 
slots used can be 0 or a Whole number that is 1 or greater. 
The different transmission bands can also be realiZed With 
time slots of different lengths that are used in a prescribed 
time frame. 

[0013] Also, With this invention, each of the multiple 
channels transmits a time slot allocation token betWeen the 
multiple channels to identify Which of the consecutive time 
slots in the prescribed time frame is allocated to each 
channel. If a speci?c channel that has received said time slot 
allocation token Will use the time slot, use of the time slot 
is started When said time slot allocation token is received, 
the time slots are used only for the number of time slots 
used, and use of the time slots is completed When use of the 
time slots in the number of time slots used is ?nished. In 
order to allocate the time slot that folloWs said time slot that 
Was used last, from among the time slots in the number of 
the time slots used, to the next channel, from among the 
multiple channels, the time slot allocation token can be 
passed to the next channel. In this situation, the multiple 
channels have a daisy chain connection line that connects 
them to each other in a daisy chain, and the time slot 
allocation token can be transferred by the daisy chain 
connection line. 

[0014] Also, With this invention, the multiple channels 
Will include of multiples groups of channels. In this situa 
tion, the channel can be preformed With a channel device. 
Here, the device identi?ers are given for the channel devices 
of each group by connecting each of the channel devices of 
the multiple groups by the multiple daisy chains, and chan 
nel device group identi?ers are given for the channel devices 
of the multiple groups that are each connected by the 
multiple daisy chains. In this Way, each of the channel 
devices from among the channel devices of the multiple 
groups can be identi?ed by a combination of the channel 
device group identi?er and the channel device identi?er. 

[0015] Also, a time division multiplex transmission sys 
tem based on this invention that transmits or receives data on 
multiple channels using a single transmission path With time 
division multiplexing that includes: the multiple channel 
devices, the single transmission path that is connected to the 
multiple channel devices, and a circuit that determines the 
consecutive time slots for using the single transmission path 
and that determines the time slots in Which each of the 
channel devices transmits or receives channel data using the 
consecutive time slots. 

[0016] With this invention, the channel data can be trans 
mitted With at least tWo or more different transmission 
bands. In this case, the different transmission bands can be 
realiZed by making the time slots used in a prescribed time 
frame different. With this invention, the number of the time 
slots used for each of the channel devices can be variable, or 
the number of the time slots used can be predetermined. 
Here, the number of the time slots used can be 0 or a Whole 
number 1 or greater. 

[0017] Also, With this invention, the system further 
includes a daisy chain connection line that connects the 
multiple channel devices, and it can be used to transfer the 
time slot allocation token for identifying Which of the 
consecutive multiple time slots in the prescribed time frame 
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has been allocated to each channel device among the mul 
tiple channel data sources. In this case, each of the multiple 
channel devices can include: a memory circuit that stores the 
number of time slots used by the relevant channel device in 
order to identify Which of the consecutive multiple time slots 
in the prescribed time frame is allocated to each of said 
channel devices, a circuit that enables use of the time slots 
for only the number of the time slots used When the time slot 
allocation token is received from the upstream side of the 
daisy chain connection line, and a circuit that sends the time 
slot allocation token to the doWnstream side of the daisy 
chain connection line in order to allocate the time slot 
following the time slot that Was used last, from among the 
time slots in the number of time slots used, to the next 
channel device among the multiple channel devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a block diagram that shoWs a communi 
cation system of an embodiment based on this invention. 

[0019] FIG. 2 is a block diagram that shoWs audio multi 
chip system B, Which is a ?rst embodiment of the commu 
nication system in FIG. 1. 

[0020] FIG. 3 is a block diagram that shoWs the device ID 
assignment circuit and time slot allocation circuit furnished 
inside each slave device in FIG. 2. 

[0021] FIG. 4 shoWs the communication frame in variable 
time division multiplex communication (VTDMCA) used 
With the system in FIG. 2, and the format of the transmission 
data (PDI input and PDO output) transmitted in that frame 
at initialiZation and during operation. 

[0022] FIG. 5 shoWs the structure of the command ?eld 
and expanded command ?eld in the transmission format 
shoWn in FIG. 4. (a) shoWs the command ?eld, (b) the 
expanded command ?eld, and (c) the status ?eld. 

[0023] FIG. 6 is a How chart that shoWs the overall 
operation of audio multi-chip system B shoWn in FIG. 2. 

[0024] FIG. 7 shoWs the timing of clocks LRCK and BCK 
for determining the VTDMCA mode. 

[0025] FIG. 8 is a timing chart that shoWs the various 
signals in the device ID assignment sequence. 

[0026] FIG. 9 is a circuit diagram that shoWs the details of 
device ID assignment circuit 70 shoWn in FIG. 3. 

[0027] FIG. 10 is a timing chart illustrating the operation 
of device ID assignment circuit 70, shoWn in FIG. 9, in the 
header device (most upstream device). 

[0028] FIG. 11 is a timing chart illustrating the operation 
of device ID assignment circuit 70 of FIG. 9 in the second 
device Which is next doWnstream from the header device. 

[0029] FIG. 12 is a timing chart illustrating the overall 
operation of the time slot allocation circuit shoWn in FIG. 3. 

[0030] FIG. 13 is a circuit diagram that shoWs, With (a) 
and (b) together, the details of time slot allocation circuit 72 
shoWn in FIG. 3. 

[0031] FIG. 14 is a circuit diagram that shoWs the details 
of the header token production circuit in FIG. 13. 

[0032] FIG. 15 is a circuit diagram that shoWs the details 
of the token propagation circuit in FIG. 13. 
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[0033] FIG. 16 is a timing chart that shoWs the various 
signals in the time slot allocation circuit under circum 
stances that include a case in Which the header device uses 
channel ch1 and does not use ch2. 

[0034] FIG. 17 is a timing chart for the various signals in 
the time slot allocation circuit in a case Where the header 
device uses the four channels ch1~ch4. 

[0035] FIG. 18 is a timing chart for the signals in the time 
slot allocation circuit in a case Where, With the enable signals 
for ch1 and ch3 being high, the header device uses tWo 
channels. 

[0036] FIG. 19 is a timing chart for the signals in the time 
slot allocation circuit in a case Where the ch1 enable signal 
is loW and only the ch2 enable signal is high in the header 
device. 

[0037] FIG. 20 is a timing chart of the signals in the time 
slot allocation circuit in a case Where all the ch enable 
signals are loW in the header device. 

[0038] FIG. 21 is a timing chart that shoWs the transfer of 
SA tokens among multiple devices. 

[0039] FIG. 22 is a block diagram that shoWs an example 
of a system in Which the same devices are connected to tWo 
daisy chains. 

DETAILED DESCRIPTION 

[0040] Next, an embodiment of this invention Will be 
explained in detail With reference to the ?gures. Note that, 
in the embodiment beloW, “channel” is explained as a 
channel for data to be transmitted betWeen a master device 
and a slave device in a communication system. And “chan 
nel device” is explained as the portion of the channel in the 
slave device (for example, the IN device or OUT device 
discussed beloW) and master device by Which the channel is 
realiZed. 

[0041] First, communication system A, Which is an 
embodiment of a basic constitution that incorporates this 
invention, is shoWn in FIG. 1. This system A includes one 
master device 1, multiple slave device groups 3-1~3-N 
(SDG1~N), and bus 5 that connects each of the slave device 
groups and master device 1. Each slave device group is 
furnished With at least one device, for example, multiple 
slave devices 30-1-1~30-1-N, or 30-2-1-30-2-N as shoWn. 
Each of these slave devices is connected to bus 5. Commu 
nication system A is further furnished With at least one daisy 
chain, for example DC1~DCN. One daisy chain is related to 
slave devices in one slave device group. For example, in 
slave device group 3-1, daisy chain DC1 connects multiple 
slave devices in a daisy chain arrangement With daisy chain 
connection line 7-1. Daisy chain connection lines 7-2~7-N 
are furnished for the other slave device groups. 

[0042] In communication system A shoWn in FIG. 1, 
control signals, such as commands, and data are transmitted 
over bus 5 betWeen master device 1 and each slave device 
30 in each slave device group SDG1~N. This bus is a serial 
bus, but it can also be constructed With a parallel bus. The 
device identi?ers used for this transmission are automati 
cally given by each daisy chain DC1~DCN furnished for 
each slave device group 3-1~3-N. That is, each device 
identi?er (device ID) for slave devices 30-1-1~30-1-N in 
slave device group SDG1 is constituted so that it can be 




















