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57 ABSTRACT

An input/output device used as a transfer request source
outputs a data transfer set command for specifying each
transfer channel, each transfer address, the number of trans-
fers, etc., onto a bus together with a data transfer request
without involving use of the CPU. According to the data
transfer set command, data transfer control information is set
to direct memory access control means, and DMA transfer
is started between the input/output device and a memory
designated by the transfer address, for example. When the
input/output device used as a data transfer request source
desires to perform data transfer without regard to the state of
processing by the microcomputer, it can perform data trans-
fer processing with its own timing and the data transfer with
the input/output device as a principal base is allowed.
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DATA PROCESSING SYSTEM AND
MICROCOMPUTER

[0001] The present application is a continuation of appli-
cation Ser. No. 09/776,892, filed Feb. 6, 2001; which is a
continuation of application Ser. No. 09/186,075, filed Nov.
5, 1998, the contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a microcomputer
having direct memory access control means incorporated
therein, peripheral devices electrically connected to the
microcomputer, and a data processing system using the
microcomputer. The present invention also relates to a
technique which is effective for use in a computer system
intended to provide multitask-based high-speed operations.

[0003] There has recently been a demand for improve-
ments in data throughput in a microcomputer. If the quantity
of processed data to be loaded on a CPU (Central Processing
Unit) increases, it is difficult to improve the data throughput
of the microcomputer. Therefore, an attempt has been made
to incorporate a peripheral module for performing data
transfer control into a microcomputer in place of the CPU to
thereby distribute the burden of data processing on the CPU.
As such a peripheral module, a DMAC (Direct Memory
Access Controller), for example, is known.

[0004] In the conventional microcomputer having a
DMAC incorporated therein, the CPU is given the task of
initially setting control information (such as transfer
addresses, the number of transfers, transfer modes, transfer
directions, etc.) necessary for data transfer into the DMAC.

[0005] As an example of such a direct memory access
controller reference is made to a publication entitled “Con-
figuration and Design of Computer (Last Volume)” pub-
lished by Nikkei BP Corporation, pp. 520-521, Apr. 19,
1996.

SUMMARY OF THE INVENTION

[0006] However, according to an investigation carried out
by the present inventors, there are cases in which an exces-
sive time is required to initially set the data transfer control
information into the DMAC using the CPU, depending on
the state of data processing by the CPU or the state of
utilization of an external data bus. It has been proven that,
in such a consequence, excessive time has been taken for
data transfer processing. Therefore, there may be cases in
which data transfer cannot be started and ended with the
timing required by a data transfer request source. There is
also a possibility that, since the CPU is used to set the data
transfer control information, the CPU cannot be distributed
to other processes during that time, so that the microcom-
puter will exhibit a reduced data processing performance.
This becomes one factor which will reduce the performance
of the entire system.

[0007] An object of this invention is to provide a micro-
computer and a data processing system which are capable of
setting data transfer control information without placing a
burden on the CPU, thereby to carry out a direct memory
access with increased system performance.

[0008] Another object of this invention is to provide a
microcomputer and a data processing system which are
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capable of immediately responding to a request made from
a data transfer request source to start data transfer based on
a direct memory access.

[0009] A further object of this invention is to provide a
peripheral device which is suitable for the issuance of a data
transfer request.

[0010] The above and other objects and novel features of
the present invention will become more apparent from the
description provided in the present specification and from
the accompanying drawings.

[0011] Typical features of the present invention as dis-
closed in the present application will be briefly described as
follows.

[0012] That is, when data transfer is carried out, an
input/output device (65), used as a transfer request source,
outputs a data transfer set command (DTR) for specifying a
data transfer channel, a data transfer address, the number of
data transfers, a data transfer mode, a data transfer direction,
etc. to a bus (60) together with a data transfer request (TR)
without involving the CPU (3). According to the data
transfer set command, data transfer control information is set
into the direct memory access control means (8, 100) and
hence data transfer placed under direct memory access
control is started between the input/output device used as the
data transfer request source and a memory specified by a
transfer address. Thus, when the input/output device used as
the data transfer request source desires to perform a data
transfer, the input/output device can carry out data transfer
processing at its own timing without regard to the state of
processing of the microcomputer (1), whereby data transfer
using the input/output device as a principal part or base can
be carried out. Since the CPU is not required to effect the
initial setting of the data transfer control information at this
time, no load is imposed on the CPU, and the CPU can be
distributed to other processes during that time, thereby
contributing to an overall improvement in the data process-
ing performance of the microcomputer and the data process-
ing performance of the data processing system.

[0013] A data processing system comprises a microcom-
puter (1), a memory (600), an input/output device (65), and
at least one bus (60, 61) commonly connected to the
microcomputer, the memory and the input/output device.
The microcomputer includes a central processing unit (3),
direct memory access control means (8, 100) having a
plurality of data transfer channels for performing data trans-
fer control based on data transfer control information sup-
plied from the central processing unit or the outside through
the bus, and a bus state controller (5) for arbitrating com-
petition between bus right requests supplied from the central
processing unit, the direct memory access control means and
the input/output device and for controlling a bus cycle for
the bus. The input/output device acquires a bus right to send
a data transfer request (TR) to the direct memory access
control means and outputs a data transfer set command
(DTR) for controlling the operation of the direct memory
access control means to the bus, and the input/output device
further performs the operation of inputting data to or out-
putting data from the bus in synchronism with a response
(TDACK) corresponding thereto issued from the microcom-
puter, operating as a data transfer source for the control of
the data transfer by the direct memory access control means.
The direct memory access control means can execute a first
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operation (first normal data transfer operation) for perform-
ing data transfer control in accordance with the data transfer
control information initially set by the data transfer set
command.

[0014] In the first operation as described above, the input/
output device, which makes a request for data transfer, can
set data transfer control information and start data transfer
control without involving the CPU. Here, the processing of
the CPU ranges over various diverse operations. It has been
considered that heretofore in the conventional microcom-
puter when the CPU is performing another processing at the
time data transfer control information is to be set to the
direct memory access control means, the processing of the
CPU must be allowed to continue until the other process is
ended or be interrupted by or through the issuing of an
interruption or the like, so that an extended time is often
required to set a data transfer control condition. It is esti-
mated that since the timing for the start and end of data
transfer is not taken, an influence will be exerted on the
performance even upon the construction of a system. How-
ever, in accordance with this invention, owing to the direct
setting of the data transfer control information by the
input/output device without involving the CPU, as described
above, the data transfer can be started regardless of the state
of processing of the CPU, whereby the data transfer pro-
cessing performance can be improved and the data transfer
processing time can be shortened.

[0015] After the first operation, the direct memory access
control means detects that the data transfer set command
(DTR) supplied together with the data transfer request (TR)
from the input/output device has been placed in a specific
first state (MD1, MD0=“0, 0”), thereby making it possible to
execute (first handshake protocol transfer operation) for
performing data transfer control according to the initially set
data transfer control information, using the same data trans-
fer channel as that used for the first operation. A data transfer
request at the time, in which it is unnecessary to change the
initialization condition, can be simply made.

[0016] After the first operation or the second operation,
the direct memory access control means is supplied with a
data transfer request (TR) from the input/output device
without the delivery of the data transfer set command,
thereby making it possible to execute a third operation
(second handshake protocol transfer operation) for perform-
ing data transfer control according to the initially set data
transfer control information, using the same data transfer
channel as that used for the immediately preceding data
transfer operation. Since, in this case, the immediately
preceding data transfer channel and the data transfer control
information are used for data transfer, the input/output
device can start the data transfer, even if it is not able to
acquire a bus right to set such information.

[0017] Further, the direct memory access control means is
supplied with the data transfer request (TR) from the input/
output device with the data transfer set command (DTR)
after the data transfer control information has been initial-
ized by the CPU, thereby making it possible to execute a
fourth operation (second normal data transfer operation) for
performing data transfer control according to the data trans-
fer control information initialized by the CPU, using a data
transfer channel specified by the data transfer set command.
The input/output device itself can start up the data transfer
even by using the state of initialization by the CPU.
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[0018] After the data transfer control information has been
initially set by the CPU, the direct memory access control
means is supplied with a data transfer request (TR) from the
input/output device without the delivery of the data transfer
set command, thereby making it possible to execute a fifth
operation (third normal data transfer operation) for perform-
ing data transfer control according to the initially set data
transfer control information, using the same data transfer
channel as that used for the immediately preceding data
transfer operation. Since the previously set data transfer
control information is used in this case, the input/output
device can start data transfer without acquiring a bus right.

[0019] The direct memory access control means detects
that a data transfer set command supplied from the input/
output device is placed in a specific second state (ID1,
ID0=-0, 07, MD1, MD0=“0, 0” and SZ2, SZ1, SZ0=“1, 1,
17), thereby making it possible to force-complete a data
transfer control operation. Thus, when data transfer is
required, the input/output device can stop the data transfer
operation of the already-activated direct memory access
control means and request a data transfer with the highest
priority.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] While the specification concludes with claims par-
ticularly pointing out and distinctly claiming the subject
matter which is regarded as the invention, it is believed that
the invention, the objects and features of the invention and
further objects, features and advantages thereof will be
better understood from the following description, when
taken in connection with the accompanying drawings, in
which:

[0021] FIG. 1 is a block diagram showing a data process-
ing system according to one embodiment of the present
invention;

[0022] FIG. 2 is a block diagram illustrating a microcom-
puter according to one embodiment of the present invention;

[0023] FIG. 3 is block diagram depicting one example of
an external I/O;

[0024] FIG. 4 is a diagram showing a command format
illustrative of one example of a data transfer set command;

[0025] FIG. 5 is a schematic block diagram illustrating a
relationship of connections between a DMAC, a DDT, a bus
state controller, a memory and an external 1/O;

[0026] FIG. 6 is a diagram for describing a first normal
data transfer operation with the transfer of data from an
external I/O to a memory as an example;

[0027] FIG. 7 is a timing chart concerning the transfer of
data from the external I/O to the memory under the first
normal data transfer operation;

[0028] FIG. 8 is a timing chart concerning the transfer of
data from the memory to the external I/O under the first
normal data transfer operation;

[0029] FIG.9 is a diagram for describing a second normal
data transfer operation with the transfer of data from an
external I/O to a memory as an example;

[0030] FIG. 10 is a timing chart concerning the transfer of
data from the external I/O to the memory under the second
normal data transfer operation;
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[0031] FIG. 11 is a timing chart concerning the transfer of
data from the memory to the external I/O under the second
normal data transfer operation;

[0032] FIG. 12 is a diagram for describing a third normal
data transfer operation with the transfer of data from an
external I/O to a memory as an example;

[0033] FIG. 13 is a timing chart concerning the transfer of
data from the external I/O to the memory under the third
normal data transfer operation;

[0034] FIG. 14 is a timing chart concerning the transfer of
data from the memory to the external I/O under the third
normal data transfer operation;

[0035] FIG. 15 is a diagram for describing a first hand-
shake protocol transfer operation with the transfer of data
from an external I/O to a memory;

[0036] FIG. 16 is a timing chart concerning the transfer of
data from the external I/O to the memory under the first
handshake protocol transfer operation;

[0037] FIG. 17 is a timing chart concerning the transfer of
data from the memory to the external I/O under the first
handshake protocol transfer operation;

[0038] FIG. 18 is a diagram for describing a second
handshake protocol transfer operation with the transfer of
data from an external I/O to a memory as an example;

[0039] FIG. 19 is a timing chart concerning the transfer of
data from the external I/O to the memory under the second
handshake protocol transfer operation;

[0040] FIG. 20 is a timing chart concerning the transfer of
data from the memory to the external I/O under the second
handshake protocol transfer operation;

[0041] FIG. 21 is a diagram for describing a direct data
transfer operation with the transfer of data from an external
I/O to a memory as an example;

[0042] FIG. 22 is a timing chart concerning the transfer of
data from the external I/O to the memory under the direct
data transfer operation;

[0043] FIG. 23 is a timing chart concerning the transfer of
data from the memory to the external I/O under the direct
data transfer operation;

[0044] FIG. 24 is a diagram for describing a data transfer
interrupt operation;

[0045] FIG. 25 is a timing chart showing a data transfer
interrupt operation; and

[0046] FIG. 26 is a diagram illustrating connections
between a DDT and a DMAC.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0047] In order to facilitate an understanding of the
present invention, a description will first be made here of the
outline of operations performed by an external input/output
device (external I/O) when a data transfer request origin or
source principally sets data transfer control information into
a DMAC and requests the DMAC to perform data transfer,
in relation to a microcomputer and an overall data process-
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ing system. Afterwards, their functions (data transfer setting
functions based on the external I/O) will be described in
detail.

[0048] <<Microcomputer>>

[0049] FIG. 2 shows a microcomputer according to one
embodiment of the present invention. Although the inven-
tion is not restricted in particular, the microcomputer 1
shown in the drawing is constructed of integrated circuits on
a single semiconductor substrate, like monocrystalline sili-
con. The microcomputer 1 has a floating point unit (also
called “FPU”) 2. Further, the microcomputer 1 is provided
with a central processing unit (also called “CPU”) 3 capable
of operating on integers. Although the invention is not
limited in particular, the microcomputer 1 has a 32-bit RISC
(Reduced Instruction Set Computer) architecture provided
with a 16-bit fixed length instruction set.

[0050] Designated by numeral 4 in FIG. 2 is an address
translation/cache unit. The address translation/cache unit 4
has an instruction address translation buffer (also called
“instruction TLB”) 40 for instructions and a separately
provided data unified address translation buffer (also called
“unified TLB”) 41; so that an instruction access and a data
access can be executed by the CPU 3 in parallel. Further, an
instruction cache memory 42 and a data cache memory 43
are individually provided. A cache/address translation buffer
controller (also called “cache TLB controller”) 44 controls
the address translation/cache unit 4 as a whole.

[0051] Designated by numeral 5 in FIG. 2 is a bus state
controller (bus controller), which is electrically connected to
the address translation/cache unit 4 through a pair of 32-bit
data buses 50 and a 29-bit address bus 51. A DMAC 8 is
electrically connected to the bus state controller 5 through a
pair of 32-bit data buses 54 and an address bus 55.

[0052] The setting of data transfer control information into
the DMAC 8 can be performed either by the CPU 3 or from
the outside of the microcomputer 1 through a DDT 100. The
DDT 100 is a bridge circuit for supplying the data transfer
control information or the like supplied from the outside of
the microcomputer 1 to the DMAC 8.

[0053] In the microcomputer 1, the CPU 3 and the DMAC
8 constitute a bus master module. An external access of the
microcomputer 1 is performed by an external bus interface
circuit 6 electrically connected to the bus state controller 5
through a 64-bit data bus 52 and an address bus 53. The
external bus interface circuit 6 is electrically connected to an
external data bus 60 and an external address bus 61. Further,
the bus state controller 5 outputs strobe signals RAS, CAS
and a write enable signal WE or the like to an externally-
provided memory.

[0054] The microcomputer 1 has a clock pulse generator
(also called “CPG™) 70, an interrupt control circuit 71, a
serial communication interface controller (SCI1, SCI2) 72,
a real-time clock circuit 73 and a timer 74 as built-in
peripheral circuits electrically connected to a 16-bit periph-
eral data bus 56 and a peripheral address bus 57. These
peripheral circuits may be accessed by the CPU 3 or by
DMAC 8 through the bus state controller 5. Further, a clock
signal CLK synchronized with a system clock is outputted
from the clock pulse generator 70. The microcomputer 1
takes in or captures data from the outside, for example, in
synchronism with the system clock signal CLK.
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[0055] The bus state controller 5 makes a decision as to an
access data size, an access time and a wait state according
to the circuit to be accessed (corresponding to an address
area to be accessed) by the CPU 3 or by the DMAC 8 and
controls bus accesses to the peripheral buses 56 and 57 and
the external buses 60 and 61. Further, the bus state controller
5 arbitrates competition between bus use requests issued
from the cache TLB controller 44, the DMAC 8 and the
outside. A data buffer 58 included in the bus state controller
5 temporarily latches transfer data to accommodate the
difference between operation velocities of circuits connected
to the internal buses 50 and 51, the peripheral buses 56 and
57 and the external buses 60 and 61. Further, the DMAC 8
transfers data from the data buffer 58 to a transfer destination
without capturing the data latched in the data buffer 58 under
the data transfer control of the DMAC 8. Thus, the transfer
of data is performed so as to avoid the needless transfer of
data between the DMAC 8 and the data buffer 58.

[0056] The CPU 3 outputs an instruction address to a
32-bit instruction address bus 30 when it fetches instruc-
tions, and fetches instructions outputted to the instruction
data bus 31. Further, the CPU 3 outputs a data address to a
32-bit data address bus 32, and reads (loads) data through a
32-bit data bus 33 and writes (stores) data through a 32-bit
data bus 34. The instruction address and the data address are
both logical addresses.

[0057] Although the invention is not restricted in particu-
lar, the FPU 2 is not provided with a memory addressing
capability for accessing the data cache memory 43 or the
like. The CPU 3 performs all addressing operations for
accessing data in place of the FPU 2. In this way, the need
for the provision of a memory address circuit in the FPU 2
is eliminated so as to economize on the chip area. The
loading of data into the FPU 2 is performed through the
32-bit data bus 33 and a 32-bit data bus 35, whereas the
storing of data from the FPU 2 is carried out through a 64-bit
data bus 36. The transfer of data from the FPU 2 to the CPU
3 is performed using the low-order 32 bits of the 64-bit data
bus 36.

[0058] The CPU 3 fetches not only data for the FPU 2. but
also all the instructions, including floating point instructions
for the FPU 2. A floating point instruction fetched by the
CPU 3 is supplied from the CPU 3 to the FPU 2 via the
32-bit data bus 34.

[0059] Although the invention is not limited in particular,
the microcomputer 1 handles a virtual address space defined
by a 32-bit virtual address and a physical address space
defined by a 29-bit physical address. Address translation
information for converting a virtual address to a physical
address includes a virtual page number and a physical page
number corresponding thereto. An address translation table
is formed in an unillustrated external memory of the micro-
computer 1 of address translation information in the address
translation table provided within the external memory not
shown in the drawing, the most-recently-used address trans-
lation information is stored in the instruction TLB 40 and the
unified TLB 41. The required control is performed by an
operating system of the microcomputer 1, for example.

[0060] The unified TLB 41 for the data stores therein
address translation information about data and instructions
in the form of 64 entries at a maximum. The unified TLB 41
associatively retrieves a physical page number correspond-
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ing to a virtual page number of a virtual address outputted
to the data address bus 32 by the CPU 3 for purposes of a
data fetch from the address translation information and
translates the virtual address to a physical address.

[0061] The instruction TLB 40 for the instructions stores
therein instruction-dedicated address translation information
in the form of 4 entries at a maximum. In particular, the
entries held by the instruction TLB 40 are defined as some
of the address translation information relating to instruction
addresses held by the unified TLB 41. That is, when it is
found from the associative retrieval that no intended address
translation information exists in the instruction TLB 40, this
address translation information is supplied from the unified
TLB 41 to the instruction TLB 40. The instruction TLB 40
associatively retrieves a physical page number correspond-
ing to a virtual page number of a virtual address outputted
to the instruction address bus 30 by the CPU 3 for purposes
of an instruction fetch from address translation information.
When the intended address translation information exists
(TLB hit), the corresponding virtual address is converted to
a physical address using the intended address translation
information. When no intended address translation informa-
tion exists therein (TLB miss), the cache TLB controller 44
controls the operation for obtaining the intended address
translation information from the unified TLB 41.

[0062] The data cache memory 43 receives the physical
address converted by the unified TLB 41 for a data fetch and
performs cache-entry associative retrieval based on the
physical address. If the result of retrieval is found to be a
read hit, then data corresponding to the physical address is
outputted to the data bus 33 or 35 through a cache line
related to the hit. If the result of retrieval is found to be a read
miss, then data corresponding to one cache line including
data related to its miss is read from the unillustrated external
memory through the bus controller § to perform a cachefill
operation. Thus, the data related to the cache miss is read
onto the bus 33 or 35. If the result of retrieval is found to be
a write hit, then data is written into a hit entry if a cache
operation mode is a copyback mode and a dirty bit for the
corresponding entry is set. The state of mismatching with the
data of the external memory is found from the dirty bit
placed in the set state. When the corresponding dirty cache
entry is expelled from the cache memory by the cachefill
operation, data is written back to the external memory. In a
write-through mode, data is written into the hit entry and the
writing of data to the external memory is also performed
together. If the result of retrieval is found to be a write miss,
then a cachefill operation is performed in the case of the
copyback mode, and a dirty bit is set to update a tag address,
after which data is written into a cache line subjected to the
cachefill operation. In the case of the write-through mode,
data is written into the external memory alone.

[0063] The instruction cache memory 42 receives the
physical address converted by the instruction TLB 40 for an
instruction fetch and associatively retrieves a cache entry,
based on the physical address. If the result of retrieval is
found to be a read hit, then an instruction corresponding to
the physical address is outputted to the instruction data bus
31 from a cache line related to the hit. If the result of
retrieval is found to be a read miss, then data corresponding
to one cache line including an instruction related to the miss
is read from the unillustrated external memory through the
bus controller 5, whereby a cachefill operation is performed.
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Thus, the instruction related to the miss is supplied to the
CPU 3 through the instruction data bus 31.

[0064] The instruction TLB 40, the unified TLB 41 and the
cache TLB controller 44 constitute a memory management
unit. The memory management unit can set the right to have
access to a virtual address space and perform memory
protection in a privileged mode and a user mode. For
example, address translation information has protection key
data for each virtual address page number. The protection
key data is 2-bit data obtained by representing page access
rights in the form of codes. Any of the access rights capable
of reading in the privileged mode, reading and writing in the
privileged mode, reading in both the privileged and user
modes, and reading and writing in both the privileged and
user modes can be set. When an actual access type infringes
on the access rights set by the protection key data, a TLB
protection infringement exception is generated. When the
TLB protection infringement exception occurs, the protec-
tion infringement is solved by an exception process and
thereafter a return instruction from the exception process is
executed to re-execute the interrupted normal process
instruction.

[0065] <<Data Processing System>>

[0066] FIG. 1 shows one example of a data processing
system together with the details of the DMAC 8. In FIG. 1,
the peripheral data bus 56 and the peripheral address bus 57
are indicated generically as “peripheral buses”, the address
buses 50 and the data bus 51 are indicated generically as
“internal buses”, and the external data bus 60 and the
external address bus 61 are indicated generically as “exter-
nal buses”. Further, the circuits designated at numerals 70
through 74 are identified generically as built-in peripheral
modules (built-in peripheral circuits).

[0067] Although the invention is not limited in particular,
an external ROM (Read Only Memory) 62 in which pro-
grams, constant data, etc. are stored, an external RAM
(Random Access Memory) 63 used as a main memory or the
like, a memory mapped I/O (Input/Output) 64, and an
external input/output device 65 (corresponding to an exter-
nal I/O with acknowledgment) having a storage area which
eliminates the need for specifying or designating each
address from the outside, as in the case of an FIFO (First In
First Out) buffer or the like, are typically coupled to the
external buses 60 and 61 as external peripheral circuits. The
external I/O 65 is a device for performing the operation of
inputting or outputting data as a data transfer request origin
or source in a single addressing mode of the DMAC 8. The
external I/O 65 serves as a semiconductor device, such as a
communication I/O, a protocol control I/O or the like. The
external I/O 65 has the function of acquiring a bus right and
outputting a data transfer set command to the external bus 60
and initially sets data transfer control information to the
DMAC 8 through the DDT 100. Further, the external I/O 65
has the function of requesting the DMAC 8 to transfer data.

[0068] The DMAC 8 has four data transfer channels (data
transfer channels 0 to 3) comprising n=0, 1, 2 and 3, for
example, and includes a source address register unit 90
including source address registers SARn to which transfer
source addresses are set for each of the data transfer chan-
nels, a destination address register unit 91 including desti-
nation address registers DARN to which transfer destination
addresses are set for each of the data transfer channels, a
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transfer count register unit 92 including transfer count
registers TCRn for counting the number of times that data is
transferred for each of the data transfer channels, and a
channel control register unit CHCRn to which a data transfer
control state or the like is set for each of the data transfer
channels. A data transfer channel is a functional unit for
handling the transfer of data between storage devices, the
transfer of data between a storage device and peripheral
circuits or the transfer of data between peripheral circuits.
An operation register DMAOR common to the respective
data transfer channels is further provided.

[0069] The respective registers SARn, DARn, TCRn,
CHCRn and DMAOR are commonly connected to a bus 80.
The bus 80 is electrically connected to a bus interface circuit
81. The bus interface circuit 81 is electrically connected to
the internal bus 51 through the data bus 54 and it is also
connected to the bus state controller 5 through the address
bus 55. While the data bus 54 is shown as being electrically
connected to the internal bus 51 to facilitate illustration in
the drawing, the data bus 54 actually is electrically con-
nected to the internal bus 51 through the bus state controller
5, as described previously with reference to FIG. 2.

[0070] The data bus 54 is used for a read/write operation
for allowing the CPU 3 to initially set data transfer control
information into the registers SARn, DARn, TCRn, CHCRn
and DMAOR and to confirm the contents of its setting. The
read/write operation is performed by the CPU 3 through the
address translation/cache unit 4. A signal for selecting each
register referred to above is supplied via the internal bus 51
and the data bus 54.

[0071] The setting of the data transfer control information
into the registers SARn, DARn, TCRn and CHCRn also may
be performed from the outside of the microcomputer 1
through the DDT 100. In the example illustrated in FIG. 1,
the main element used for its setting corresponds to the
external I/O 65. The external I/O 65 allows the bus controller
5 to assert a bus use request signal DBREQ, so that a bus use
approval signal BAVL is asserted from the bus controller 5,
thereby obtaining a bus right. Thereafter, the external I/O 65
outputs a data transfer set command DTR to the external bus
60. The data transfer set command DTR is supplied to the
DDT 100 so that information included in the data transfer set
command DTR is supplied to the registers SARn, DARn,
TCRn and CHCRn through a DDT control circuit and a
DDT buffer as data transfer control information.

[0072] The address bus 55 is used to allow the DMAC 8
to supply an access address signal to the built-in peripheral
circuits and the external peripheral circuits through the bus
state controller 5 during a data transfer operation. The bus
interface circuit 81 supplies instructions for a read or write
operation, under the data transfer control of the DMAC 8, to
the bus state controller 5. The bus state controller 5 deter-
mines the potential of the write enable signal WE in accor-
dance with the instructions issued from the bus interface
circuit 81.

[0073] The DMAC 8 has a number-of-times control circuit
82, a register control circuit 83, start-up control circuit 84
and a request priority control circuit 85 as control circuits
used for data transfer control using the data transfer chan-
nels. When data transfer requests are made from the inside
and outside of the microcomputer 1, the request priority
control circuit 85 refers to channel enable bits or the like of
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the channel control registers CHCRN to determine, in
response to the data transfer requests, whether a data transfer
channel to be started up or activated is capable of operation.
Further, when data transfer requests compete with each
other, the request priority control circuit 85 determines one
data transfer channel to be started up, in accordance with a
predetermined precedence. When the request priority con-
trol circuit 85 has determined one data transfer channel to
respond to the corresponding data transfer request, it sup-
plies information on the data transfer channel to the start-up
control circuit 84. The start-up control circuit 84 first issues
to the bus state controller 5 a bus right request signal BREQ
so as to demand a bus right. When a bus right acknowledg-
ment signal BACK is asserted by the bus state controller 5,
the DMAC 8 acquires a bus right. Further, the start-up
control circuit 84 allows the register control circuit 83 to
control output operations or the like of the source registers
SARn and destination registers DARn and causes the bus
interface circuit 81 to control an address output operation or
the like. Thus, the DMAC 8 performs data transfer control
responsive to the data transfer requests through the bus state
controller 5. The bus state controller 5 starts up a bus cycle
on the basis of the number of memory cycles corresponding
to the address area for the address signal supplied from the
DMAC 8.

[0074] Although the invention is not restricted in particu-
lar, the data transfer requests made from the built-in periph-
eral circuits of the microcomputer 1 are given by an input
capture interrupt signal TIC outputted from the timer (TMU)
74, a transmit data empty interrupt transfer request signal
SCI1E outputted from a serial communication interface
controller SCIL, a receive data full interrupt transfer request
signal SCI1F outputted from the serial communication inter-
face controller SCIL, a transmit data empty interrupt transfer
request signal SCI2E outputted from a serial communication
interface controller SCI2, and a receive data full interrupt
transfer request signal SCI2F outputted from the serial
communication interface controller SCI2.

[0075] The data transfer requests (external requests) made
to the DMAC 8 from the outside of the microcomputer 1 are
first given by transfer request signals DREQO and DREQ1.
Although the invention is not limited in particular, the
external requests are made effective or valid by data transfer
channels 0 and 1 alone. When the transfer requests based on
the transfer request signals DREQO and DREQ1 are
accepted, transfer acknowledgment signals DRAKO and
DRAK1 are sent back to each transfer request source. The
completion of data transfer operations responsive to the
transfer request signals DREQO and DREQL is sent back to
the transfer request sources in accordance with transfer
completion signals DACKO and DACKI.

[0076] The external I/O 65 can secondly make the external
requests through a transfer request signal TR and a data
transfer control set command DTR. The transfer request
signal TR is supplied to the DDT 100 through a dedicated
signal line 101. A data transfer channel to be started up at
this time is determined according to the contents of the
signal and data transfer set command DTR outputted from
the external I/O 65 together with the transfer request signal
TR, and control thereof is performed by a DDT control
circuit 102. Reference numeral 200 in the DDT control
circuit 102 indicates a buffer for holding a data transfer set
command DTR. The buffer holds the previously-supplied
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data transfer set command DTR therein until the next new
data transfer set command DTR is supplied thereto. Refer-
ence numeral 201 indicates a decoder for decoding a specific
bit of the data transfer set command DTR held in the buffer
200. The specific bit is a bit indicative of a data transfer
channel in the data transfer set command DTR, for example.
Since the data transfer set command DTR is held in the
buffer 200, a data transfer channel to be started up can be
determined by referring to the data transfer set command
DTR held in the buffer 200 when a third normal data transfer
operation to be described subsequently by reference to
FIGS. 12 through 14 is specified. For example, the decoder
201 can determine a data transfer channel to be started up
upon the third normal data transfer operation by decoding a
bit (corresponding to a bit for designating a data transfer
channel) in the data transfer set command DTR held in the
buffer 200. Without providing the buffer 200, a DDT buffer
103 may be used in place of the buffer 200. That is, since a
data transfer set command DTR is held in the DDT buffer
103 as will be described later using FIG. 5, the DDT buffer
103 may be utilized in place of the buffer 200.

[0077] <<Data Transfer Setting Function by External
I/0>>

[0078] FIG. 3 shows one example of the external I/O 65.
Although the invention is not restricted in particular, the
external 1/O 65 has an FIFO data buffer 120, a command
output buffer 121, a controller 122, a command ROM 123,
and a processor 124. The processor 124 has functions, such
as a communication control function, an image processing
function, a voice processing function, etc., which are not
subject to any restrictions. The input of data from the bus 60
to the processor 124 and the output of data from the
processor 124 to the bus 60 are performed via the FIFO data
buffer 120. The controller 122 controls the external I/O 65
as a whole. The command ROM 123 holds a data transfer set
command DTR therein in advance. The controller 122
obtains access to the command ROM 123 to internally
transfer a predetermined data transfer set command DTR to
the command buffer 121, so that the data transfer set
command DTR of the command buffer 121 is outputted to
the external data bus 60 with a timing designated or specified
by the controller 122.

[0079] The controller 122 outputs a bus use request signal
DBREQ and a transfer request signal TR, both shown
typically, and inputs a bus use approval signal BAVL, a data
strobe signal TDACK and a channel identification signal ID
therein. The signals DBREQ, TR, BAVL and TDACK are
set as low enable signals. Incidentally, other interface signals
corresponding to other functions of the processor 124 are
omitted from the drawing.

[0080] Under the data transfer control of the DMAC 8, the
external I/O 65 serves as a device set as a data transfer
source or destination in a single addressing mode without
performing addressing based on an address signal. The data
strobe signal TDACK is regarded as a signal for designating
or specifying a timing provided to perform the operation of
inputting or outputting data to or from the external I/O 65 in
the single addressing mode by-the DMAC 8. It is needless
to say that the external I/O 65, which serves as the data
transfer request source for the DMAC 8, recognizes whether
the external I/O 65 performs either a data input operation or
a data output operation. The channel identification signal ID



US 2002/0133661 Al

is a signal which permits the identification of a data transfer
channel through which the DMAC 8 is performing data
transfer control.

[0081] FIG. 4 shows one example of the data transfer set
command DTR. Although the invention is not restricted in
particular, the data transfer set command is set to 64 bits and
has command formats which respectively hold transfer size
data SZ2 through SZ0, read/write data (data indicative of
read or write) RW, data transfer request channel data ID1
and IDO, data transfer request mode data MD1 and MDO,
data transfer number-of-times data CT7 through CT0, and
data transfer addresses A31 through A0. Although the inven-
tion is not limited in particular, the data transfer set com-
mand is 64 bits in the present embodiment and is set to be
the same as the bus size of the external data bus 60.
Therefore, the command can be supplied from the external
I/0 to the microcomputer with one data transfer, and the data
transfer operation can be speeded up. Of course, the data
transfer set command DTR is divided into parts, which may
be sequentially supplied to the microcomputer on a time
basis.

[0082] In the transfer size data SZ2 through SZ0, “000”
means a byte (8 bits), “001” means a word (16 bits), “010”
means a long word (32 bits), “011” means a quad word (64
bits), “100” means 32 bytes, and “111” means “absence”
respectively. Other bits are set as undefined. In the read/write
bit RW, “0” means read from a memory and “1” means write
to the memory.

[0083] The data transfer request channel bits ID1 and IDO
identify data transfer requests with respect to a data transfer
channel 0 at “00”, a data transfer channel 1 at “01”, a data
transfer channel 2 at “10”, and a data transfer channel 3 at
“117.

[0084] The MD1 and MDO are bits used to designate a
transfer operation mode for the DMAC 8. “00” means a
handshake protocol using a data bus, “01” means edge
sense, “10” means level sense, and “11” means cycle steal
respectively. Incidentally, the operation mode required of the
DMAC 8 by the external I/O 65 will not be determined by
the data transfer set command alone. As will be apparent
from the subsequent description, the operation mode is
determined in relation even to the states of signals such as
the transfer request signal TR, etc.

[0085] FIG. 5 shows in detail the relationship between the
DMAC 8, the DDT 100, the bus state controller 5, the
external ROM 62 and the RAM 63 referred to generically as
a memory 600, and the external I/O 65 employed in the data
processing system illustrated in FIG. 1. The buses 52 and 53
and external bus interface circuit 6 provided inside the
microcomputer 1 are omitted from the drawing to facilitate
the understanding of the drawing. Although the DDT 100
and the bus controller § are illustrated as if they directly
interface with the external buses 60 and 61, it is to be
understood that the relationship provided by the connections
shown in FIG. 1 is actually maintained.

[0086] The operation register DMAOR of the DMAC 8
has a control bit DDTM initially set by the CPU 3. The
control bit DDTM indicates whether the data transfer control
is to be provided by the DDT 100, in other words, whether
the principal setting or the like of data transfer control
information from the external I/O 65 should be allowed. The
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value of the control bit DDTM is supplied to the bus
controller § and the DDT 100 through a control signal
ddtmode. Thus, when the data transfer control using the
DDT 100 is allowed, the DDT 100 is made operable and the
bus controller 5 is able to output a bus use approval signal
BAVL and a data strobe signal TDACK in response to a bus
use request based on a signal DBREQ. When the bus use
approval signal BAVL is asserted, the bus controller 5 allows
the DDT 100 to assert a signal bavl. Thus, the DDT 100 can
recognize that the external I/O 65 has acquired a bus right.

[0087] The DDT buffer 103 in the DDT 100 inputs and
holds a data transfer set command DTR therein. The DDT
controller 102 controls the setting of data transfer control
information to the DMAC 8 and the start-up of a DMA
transfer operation in accordance with the contents of the
supplied data transfer set command DTR, the state of a
transfer request signal TR, etc. When it is necessary to set
the data transfer control information to the registers SARn,
DARn and CHCRn, data transfer channels designated by the
data transfer request channel data ID1 and IDO included in
the data transfer set command DTR are specified and pieces
of information about the commands in command formats are
supplied to the corresponding registers SARn, DARn and
CHCRn in accordance with the command formats. A request
for the start-up of the data transfer operation is performed
using request signals DDTREQO through DDTREQ3 for
every one of the data transfer channels.

[0088] Upon carrying out the data transfer control, the
DMAC 8 outputs a signal id for indicating a data transfer
channel to be activated, and a strobe signal tdack for
indicating the start of data transfer to a data transfer source
in a single addressing mode. The signals id and tdack are set
as control signals ID and TDACK through the bus controller
5 and are supplied to the external I/O 65.

[0089] While the setting of the data transfer control infor-
mation to the respective registers has been described using
FIG. 5, etc., an additional description will be made using
FIG. 26 to facilitate further understanding of the invention.

[0090] In FIG. 26, the same elements as those shown in
FIG. 5 are identified by the same symbols. Data transfer
request channel data ID1 and IDO in a data transfer set
command DTR supplied from a bus 60 are decoded by a
decoder 300. A source address register SAR to which a
transfer source address is set, a destination address register
DAR to which a transfer destination address is set, a transfer
count register TCR for counting the number of times that
transfer is performed, and a channel control register CHCR
to which the state of data transfer control for each data
transfer channel is set, are defined for each of the data
transfer channels (corresponding to data transfer channels 0
through 3). Therefore, the decoder 300 decodes the data
transfer request channel data ID1 and IDO to detect the data
transfer channels to be set, whereby the corresponding
registers (SAR, DAR, TCR and CHCR) can be defined from
respective register groups (SARn, DARn, TCRn and
CHCRu). That is, a DDT control circuit 102 detects data
transfer channels in accordance with the result of decoding
by the decoder 300 and selects (designates) respective
registers corresponding to the detected data transfer chan-
nels from the register groups (SARn, DARn, TCRn and
CHCRu). Respective data held in a DDT buffer 103 are
supplied and set to the selected registers through selectors
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302, 303, 304 and 305, respectively. For example, address
data A0 through A31 in the data transfer set command DTR
are supplied and set to the source address register SAR or the
destination address register DAR through the selector 302 or
303. Further, data transfer number-of-times data CT7
through CTO in the data transfer set command DTR are
supplied and set to the transfer count register TCR through
the selector 304. Moreover, data MD1 and MDQ in the data
transfer set command DTR, for designating transfer opera-
tion modes, and size data SZ2, SZ1, SZ0, etc. in the data
transfer set command DTR are supplied and set to the
channel control register CHCR through the selector 305.

[0091] On the other hand, the selection and setting of the
respective registers by the CPU 3 are performed as follows:
Since an address space of the CPU 3 is mapped to each
register, address signals supplied to an internal address bus
51 from the CPU 3 through an address translation unit 4 are
decoded by a decoder 301 so that registers to be set are
selected from the respective register groups (SARn, DARD,
TCRn and CHCRn). Further, respective set data outputted to
a data bus 50 from the CPU 3 are respectively supplied and
set to the selected registers through the selectors 302, 303,
304 and 305.

[0092] Whether the respective selectors 301, 302, 303 and
304 supply data outputted from a DDT 100 to the register
groups or supply data on the internal bus 50 to the register
groups, is determined according to the value of the control
bit DDTM. Although the invention is not limited in particu-
lar, the control bit DD'TM is initially set to a value such that
the internal bus 50 is connected to the above-described
registers when the power for the microcomputer is turned
on.

[0093] Incidentally, the bus 80 and the bus interface circuit
81 have been omitted to facilitate the description of FIG. 26.
It is to be understood that these elements are provided
between the selectors and the internal bus 50 in FIG. 26. It
is also to be understood that the register control circuit 83 is
provided with the decoder 301.

[0094] A description will next be made of data transfer
protocols at the time that the external I/O 65 is used as a data
transfer request source. Although the invention is not
restricted in particular, the data transfer protocols include a
first normal data transfer operation, a second normal data
transfer operation, a third normal data transfer operation, a
first handshake protocol transfer operation, a second hand-
shake protocol transfer operation, a direct data transfer
operation and a data transfer interrupt operation.

[0095] Although the invention is not restricted in particu-
lar, the DDT (Demand Data Transfer) control circuit 102
makes a decision as to whether any of the data transfer
protocols is designated.

[0096] As will be understood from the subsequent descrip-
tion, the first normal data transfer operation is performed
using control information (such as a transfer source address
or a transfer destination address, etc.) designated by a data
transfer set command, and data transfer channels. The sec-
ond normal data transfer operation is carried out by using
control information designated by the CPU and data transfer
channels designated by a data transfer set command. Further,
the third normal data transfer operation is performed by
using the control information and data transfer channels that
were used in the immediately preceding transfer operation.
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[0097] The first handshake protocol transfer operation is
started based on a specific data transfer set command
(information on a bus) and a transfer request signal, whereas
the second handshake protocol transfer operation is started
based on a transfer request signal (indicative of the absence
of the information on the bus).

[0098] FIG. 6 is a diagram for describing the first normal
data transfer operation in which the transfer of data from an
external I/O to a memory is shown as an example. The form
of representation shown in FIG. 6 corresponds to that in
FIG. 5. In FIG. 6, a DMA register 800 is a general
representation of the registers SARn, DARn, TCRn, CHCRn
and DMAOR. A DMA controller 801 is a general represen-
tation of the start-up control circuit 84 and the request
priority control circuit 85. FIG. 7 shows a timing chart
concerning the transfer of data from the external I/O to the
memory during the first normal data transfer operation. FIG.
8 illustrates a timing chart concerning the transfer of data
from the external I/O to the memory during the first normal
data transfer operation.

[0099] The first normal data transfer operation is carried
out as follows: An external I/O 65 obtains a bus right, and
thereby outputs a transfer set command DTR to the bus 60
and supplies a transfer request signal TR to the DDT 100
through the dedicated signal line 101. Thus, the DDT 100
initially sets data transfer control information to the DMA
register 800 in accordance with the contents of the transfer
set command DTR and instructs the DMA controller 801 to
start data transfer. In response to this, the DMAC 8 performs
a data transfer control operation in a single addressing mode,
and hence the external I/O 65 outputs data to a transfer
destination as a data transfer request source or inputs data
from a transfer source memory 600.

[0100] Described more specifically, when it is desired to
start DMA transfer, the external I/O 65 first requests the bus
controller 5 to give it a bus right, based on a bus right request
signal DBREQ. A bus use approval signal BAVL is asserted
so that the external I/O 65 acquires the bus right. The
external I/O 65 asserts a transfer request signal TR after two
cycles of a clock signal CLK (corresponding to an operation
reference clock signal of a system) since the assertion of the
bus use approval signal BAVL, and outputs a data transfer
set command DTR to the external data bus 60. The DDT 100
recognizes the supply of the transfer request signal TR with
the data transfer set command DTR in response to a signal
bavl asserted in synchronism with the assertion of the signal
BAVL. The data transfer set command DTR is supplied to
both a DDT buffer 103 and a DDT controller 102. Although
the invention is not restricted in particular, the first normal
data transfer operation is made possible for a data transfer
channel 0 alone. The DDT controller 102 makes a decision
as to whether data ID1 and IDO in the data transfer set
command DTR indicate a transfer request to the data trans-
fer channel 0. If the answer is found to be Yes, then the DDT
controller 102 initially sets data transfer control information
to the DMA register 800 related to the data transfer channel
0 in accordance with the contents of the data transfer set
command DTR and brings it to a state capable of starting
data transfer according to a start-up request to a data transfer
operation for the data transfer channel 0. After the comple-
tion of its initial setting, the DDT controller 102 instructs the
DMA controller 801 to start the data transfer operation for
the data transfer channel 0 in response to a request signal
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DDTREQO. Thus, the DMAC 8 starts the data transfer
control in the single addressing mode in accordance with the
initial setting. That is, a data strobe signal TDACK is
outputted together with each address signal. In synchronism
with this, the external I/O 65 performs a data output opera-
tion from a time ti shown in FIG. 7 as the data transfer
request source or performs a data input operation from a
time tj shown in FIG. 8. When the external I/O 65 is set as
a data transfer source as shown in FIGS. 6 and 7, channel
identification information ID outputted from the bus con-
troller § is not required. However, when the external I/O 65
is set as a data transfer destination, it captures data from the
memory 600 only when the channel identification informa-
tion ID is “00”, which refers to the data transfer channel 0,
as shown in FIG. 8. In FIGS. 7 and 8, a DRAM (Dynamic
Random Access Memory) or a synchronous. DRAM is used
as the memory 600, RA indicates a row address, CA indi-
cates a column address, BA indicates the selection of a
memory bank in which respective strobe signals RAS, CAS
and WE are made valid, WT indicates that the operation
designated by the strobe signal WE at this time is a write
operation, and RD indicates that the operation is a read
operation. Further, data D0, D1, D2, D3 and the like are
outputted or inputted in synchronism with the clock signal
CLK.

[0101] If the external I/O 65 used as the data transfer
request source desires to perform data transfer in accordance
with the first normal data transfer operation, it can carry out
data transfer processing with its timing without noting the
state of processing by the microcomputer 1, whereby the
data transfer with the external I/O 65 as a principal part or
base is allowed. Since the CPU 3 is not required for the
initial setting of the data transfer control information, no
load is imposed to the CPU 3 and the CPU 3 can be
distributed to other processes during that time, whereby the
data processing performance of the microcomputer 1 and the
data processing performance of the data processing system
as a whole can be improved.

[0102] FIG. 9 is a diagram for describing a second normal
data transfer operation in which the transfer of data from an
external I[/O to a memory is shown as an illustrative
example. FIG. 10 shows a timing chart concerning the
transfer of data from the external I/O to the memory during
the second normal data transfer operation. FIG. 11 shows a
timing chart concerning the transfer of data from the
memory to the external I/O during the second normal data
transfer operation.

[0103] The second normal data transfer operation is car-
ried out as follows: A CPU 3 performs the initial setting of
data transfer control information to a DMA register 800.
Thereafter, the data transfer request TR is supplied from the
external I/O 65 together with the data transfer set command
DTR, whereby data transfer control based on the data
transfer control information initially set by the CPU 3 is
performed using data transfer channels specified by the data
transfer set command. Although the invention is not
restricted in particular, the second normal data transfer
operation is valid for data transfer channels 1 through 3.

[0104] Described more specifically, when it is desired to
start DMA transfer after the DMA register 800 has been
initialized by the CPU 3, the external I/O 65 first requests a
bus controller § to issue a bus right through the use of a bus
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right request signal DBREQ. A bus use approval signal
BAVL is asserted so that the external I/O 65 acquires the bus
right. The external I/O 65 asserts a transfer request signal TR
after two cycles of a clock signal CLK (corresponding to an
operation reference clock signal of a system) since the
assertion of the bus use approval signal BAVL, and outputs
a data transfer set command DTR to an external data bus 60.
The DDT 100 recognizes that the transfer request signal TR
is supplied with the data transfer set command DTR in
response to a signal bavl asserted in synchronism with the
assertion of the signal BAVL. The data transfer set command
DTR is supplied to both the DDT buffer 103 and the DDT
controller 102. Although the invention is not restricted in
particular, the second normal data transfer operation is made
possible for data transfer channels 1 through 3 alone. The
DDT controller 102 makes a decision as to whether data ID1
and IDO (ID) in the data transfer set command DTR indicate
a transfer request to any of the data transfer channels 1
through 3. If the answer is found to be Yes, then the DDT
controller 102 does not change the setting of the DMA
register 800 in accordance with the contents of the data
transfer set command DTR and instructs a DMA controller
801 to start a data transfer operation in response to one of
request signals DDTREQ1 through DDTREQ3 correspond-
ing to the data transfer channels designated by the data ID1
and IDO0. Thus, the DMAC 8 starts the data transfer control
in a single addressing mode in accordance with the data
transfer control information already initially set by the CPU
3. As a result, a data strobe signal TDACK is outputted
together with each address signal from the bus controller 5.
In synchronism with this, the external I/O 65 performs a data
output operation from a time ti shown in FIG. 10 or
performs a data input operation from a time tj shown in FIG.
11 as the data transfer request source. The utilization of the
channel identification information ID outputted from the bus
controller 5 is the same as the case shown in FIG. 8.

[0105] According to the second normal data transfer
operation, the external I/O 65 itself can start the data transfer
even using the state initially set by the CPU 3.

[0106] FIG. 12 is a diagram for describing a third normal
data transfer operation in which the transfer of data from an
external I/O to a memory is shown by way of example. FIG.
13 shows a timing chart concerning the transfer of data from
the external I/O to the memory during the third normal data
transfer operation. FIG. 14 illustrates a timing chart con-
cerning the transfer of data from the memory to the external
I/O during the third normal data transfer operation.

[0107] The third normal data transfer operation is carried
out as follows: After the CPU 3 has initially set data transfer
control information to a DMA register 800 or after the
second normal data transfer operation, a data transfer request
signal TR is supplied from the external I/O 65 without being
accompanied by the data transfer set command DTR,
whereby new data transfer control according to the initially-
set data transfer control information is performed by using
the same data transfer channel as that of the immediately
preceding data transfer operation. Although the invention is
not restricted in particular, the third normal data transfer
operation is effective for data transfer channels 1 through 3.

[0108] Described more specifically, when it is desired to
start DMA transfer after the DMA register 800 has been
initially set by the CPU 3 or after the second normal data
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transfer operation, the external I/O 65 asserts a transfer
request signal TR without making a bus right request. At this
time, a data transfer set command DTR is not outputted to
an external data bus 60. When the DDT 100 has recognized
a state in which the transfer request signal TR is asserted
without the assertion of a signal bavl, the DDT controller
102 instructs the DMA controller 801 to start a data transfer
operation according to one of request signals DDTREQ1
through DDTREQ3 so as to use the same data transfer
channel as that used in the immediately preceding data
transfer operation. Thus, a DMAC 8 starts data transfer
control in a single addressing mode in accordance with the
conditions already initially set by the CPU 3. As a result, a
bus controller 5 outputs a data strobe signal TDACK
together with each address signal. In synchronism with this,
the external I/O 65 performs a data output operation from a
time ti shown in FIG. 13 or carries out a data input operation
from a time tj shown in FIG. 14 as a data transfer request
source. The utilization of channel identification information
ID outputted from the bus controller 5 is the same as the case
shown in FIG. 8.

[0109] According to the third normal data transfer opera-
tion, the external I/O 65 can start the data transfer without
obtaining the bus right after the data transfer control infor-
mation has been set by the CPU 3.

[0110] FIG. 15 is a diagram for describing a first hand-
shake protocol transfer operation in which the transfer of
data from an external I/O to a memory is shown by way of
example. FIG. 16 shows a timing chart concerning the
transfer of data from the external I/O to the memory during
the first handshake protocol transfer operation. FIG. 17
illustrates a timing chart concerning the transfer of data from
the memory to the external I/O during the first handshake
protocol transfer operation.

[0111] The first handshake protocol transfer operation is
an operation for performing DMA transfer continuously
after the first normal data transfer operation. On condition
that a data transfer set command supplied together with a
data transfer request TR from the external I/O 65, after the
first normal data transfer operation has been performed
initially, is placed in a specific first state, e.g., MD1, MDO0=
“0, 07, data transfer control according to the data transfer
control information initially set upon the initial first normal
data transfer operation is performed using the same data
transfer channel as that used for the initial first normal data
transfer operation.

[0112] Described more specifically, when it is desired to
start DMA transfer after a data transfer channel 0 has been
used to designate MD1, MD0=“1, 0” or “1, 1” and the first
normal data transfer operation has been performed in this
state, the external I/O 65 first requests a bus controller 5 to
issue a bus right through the use of a bus right request signal
DBREQ. Abus use approval signal BAVL is asserted so that
the external I/O 65 acquires the bus right. The external I/O
65 asserts a transfer request signal TR after two cycles of a
clock signal CLK (corresponding to an operation reference
clock signal of a system) since the assertion of the bus use
approval signal BAVL, and outputs a data transfer set
command DTR to an external data bus 60 as MD1, MD0=0,
0”. ADDT 100 recognizes that the transfer request signal TR
is supplied with the data transfer set command DTR in
response to a signal bavl asserted in synchronism with the

Sep. 19, 2002

assertion of the signal BAVL. A DDT controller 102 detects
MD1, MD0=“0, 0” to thereby recognize the designation of
the first handshake protocol transfer operation and requests
a DMA controller 801 to start data transfer according to a
transfer request signal DDTREQO without re-setting the data
transfer control information based on the data transfer set
command DTR. Thus, a DMAC 8 starts the data transfer
using the data transfer control information already set to the
data transfer channel 0 as it is. As a result, a data strobe
signal TDACK is outputted together with each address
signal. In synchronism with this, the external I/O 65 per-
forms a data output operation from a time ti shown in FIG.
16 or performs a data input operation from a time ti shown
in FIG. 17 as a data transfer request source. The utilization
of the channel identification information ID outputted from
the bus controller 5 is the same as that of the case shown in
FIG. 8.

[0113] According to the first handshake protocol transfer
operation, the data transfer request issued from the external
I/O 65 can be easily performed where it is unnecessary to
change the data transfer control conditions initially set by
the command for the first normal data transfer operation.

[0114] FIG. 18 is a diagram for describing a second
handshake protocol transfer operation in which the transfer
of data from an external I/O to a memory is shown by way
of example. FIG. 19 shows a timing chart concerning the
transfer of data from the external I/O to the memory during
the second handshake protocol transfer operation. FIG. 20
illustrates a timing chart concerning the transfer of data from
the memory to the external I/O during the second handshake
protocol transfer operation.

[0115] The second handshake protocol transfer operation
is an operation for performing DMA transfer continuously
after the first normal data transfer operation. on condition
that a data transfer request TR is issued in a state in which
an external I/O 65 has no acquisition of a bus right, data
transfer control according to the data transfer control infor-
mation initially set upon the initial first normal data transfer
operation is performed using the same data transfer channel
as that used for the initial first normal data transfer opera-
tion.

[0116] Described more specifically, when the external I/O
65 desires to start DMA transfer after a data transfer channel
0 has been used to designate MD1, MD0=“1, 0” or “1, 17
and the first normal data transfer operation has been per-
formed in this state, the external I/O 65 outputs a data
transfer request TR to a DDT controller 102. At this time, the
DDT controller 102 confirms, based on a signal bavl, a state
in which the external I/O 65 has no acquisition of a bus right.
As a result, the DDT controller 102 recognizes the desig-
nation of the second handshake protocol transfer operation
and requests a DMA controller 801 to start data transfer in
accordance with a transfer request signal DDTREQOQ. Thus,
a DMAC 8 starts the data transfer using the data transfer
control information already set to the data transfer channel
0 as it is. As a result, a data strobe signal TDACK is
outputted together with each address signal. In synchronism
with this, the external I/O 65 performs a data output opera-
tion from a time ti shown in FIG. 19 or performs a data input
operation from a time tj shown in FIG. 20 as a data transfer
request source. The utilization of the channel identification
information ID outputted from a bus controller 5 is the same
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as the case shown in FIG. 8. Thus, the data transfer can be
directly processed without asserting an external data bus use
request (without noting the state of use of an external data
bus).

[0117] According to the second handshake protocol trans-
fer operation, the external I/O 65 can start the data transfer
of the DMAC 8 without acquiring the bus right where it is
unnecessary to change the data transfer control conditions
initially set by the command for the first normal data transfer
operation.

[0118] FIG. 21 is a diagram for describing a direct data
transfer operation in which the transfer of data from an
external I/O to a memory is shown by way of example. FIG.
22 shows a timing chart concerning the transfer of data from
the external I/O to the memory during the direct data transfer
operation. FIG. 23 illustrates a timing chart concerning the
transfer of data from the memory to the external I/O during
the direct data transfer operation.

[0119] The direct data transfer operation is an operation
for setting the data transfer control information by the CPU
3 and thereafter demanding the data transfer from the
external I/O 65, thereby performing DMA transfer without
having to use the data bus 60. Each data transfer channel
selected in this operation is fixedly determined in advance.

[0120] Described more specifically, a DDT controller 102
is allowed to assert a bus right request signal DBREQ and
a data transfer request signal TR simultaneously. As a result,
the DDT controller 102 recognizes that a data transfer
request using a data transfer channel 2 fixedly determined in
advance has been made and requests a DMA controller 801
to start data transfer through the use of a transfer request
signal DDTREQ2. A DMAC 8 starts data transfer using the
data transfer control information already set to the data
transfer channel 2 as it is. Thus, a data strobe signal TDACK
is outputted together with each address signal. In synchro-
nism with it, the external I/O 65 performs a data output
operation from a time ti shown in FIG. 22 or performs a data
input operation from a time tj shown in FIG. 23 as a data
transfer request source.

[0121] FIG. 24 is a diagram for describing a data transfer
interrupt operation. FIG. 25 shows a timing chart of the data
transfer interrupt operation.

[0122] The data transfer interrupt operation is carried out
as follows: A DDT controller 102 detects a state in which a
data transfer set command supplied from the external I/O 65
is placed in a specific state, e.g., ID1, ID0=“0, 07, MD1,
MDO0“0, 0” and SZ2, SZ1, SZ0=“1, 1, 1” to thereby force-
complete a data transfer control operation. Here, a bus
controller 5 gives the highest priority to a bus right request
signal DBREQ outputted from the external I/O 65. When the
bus right request signal DBREQ is outputted from the
external I/O 65 even during a DMA data transfer operation,
the bus controller § stops a bus access which is being
executed at that time and releases a bus right to the external
I/0 65.

[0123] According to the data transfer interrupt operation,
when the external I/O 65 desires to demand a data transfer,
it can stop the data transfer operation of the already-
activated DMAC 8 and make a request for the data transfer
with the highest priority.
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[0124] While the invention made by the present inventors,
has been described specifically based on various embodi-
ments, the present invention is not limited to those embodi-
ments. It is needless to say that various changes can be made
thereto within a scope not departing from the subject of the
invention as set forth therein.

[0125] For example, DMA data transfer, in which an
external I/O is set as a data transfer source, is not necessarily
limited to the transfer of data between the external I/O and
a memory. This data transfer may be a data transfer between
the external I/O and another input/output device. Further,
circuit modules incorporated in a microcomputer and
devices which constitute a data processing system are not
limited to those employed in the above-described embodi-
ments and may be suitably changed. Moreover, a DMAC is
not limited to a configuration using a data buffer provided
inside a bus controller 5. The DMAC itself may be set to a
configuration having a dedicated data buffer.

[0126] Further, the external I/O 65 may be comprised of
one semiconductor chip or a combination of a plurality of
semiconductor chips. Moreover, the present [/O may be
provided on the same semiconductor chip as that for a
microcomputer.

[0127] Although the data bus and the external I/O are
connected to one another by two buses in FIG. 3, they may
be of course coupled to each other by one bus.

[0128] Further, if a plurality of external I/O’s are prepared
and transfer information (transfer destination or transfer
source address data, transfer channels, etc.) inherent in the
external I/O is set (stored in a command ROM), then data
transfer corresponding to a changed external I/O is initially
set by simply changing the external I/O, whereby the system
is easily changed. In this case, the respective external I/O
may of course be configured so as to have functions different
from each other or the same function.

[0129] Further, only one external I/O is connected to the
bus in the aforementioned embodiments. However, a plu-
rality of external I/O’s may be connected to the bus. In this
case, it is desirable that bus right requests do not overlap
each other or are given a priority.

[0130] Effects obtained by a typical one of the features
disclosed in the present application will be briefly described
as follows.

[0131] That is, an external input/output device can output
a data transfer set command together with a data transfer
request without involving a CPU upon execution of data
transfer and set data transfer control information to direct
memory access control means. Therefore, when the input/
output device used as a data transfer request source desires
to perform the data transfer, the input/output device can
perform data transfer processing with its timing without
recognizing or noting the state of processing by a CPU and
hence data transfer with the input/output device as a prin-
cipal base can be performed.

[0132] Since, at this time, the CPU is not required for the
initial setting of the data transfer control information, no
load is imposed to the CPU and the CPU can be directed to
other processes during that time, whereby the data process-
ing performance of a microcomputer and the data processing
performance of the data processing system as a whole can be
improved.
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What is claimed is:
1. A microcomputer, comprising:

a central processing unit;

a direct memory access controller including a register to
which control information used upon a data transfer
operation is set, said direct memory access controller
executing the data transfer operation in accordance
with the control information set to said register;

a plurality of buses which include at least a first bus
connected to said central processing unit and said direct
memory access controller and a second bus connected
to outside of the microcomputer;

a bus controller connected to said central processing unit,
arbitrating a bus right of the first bus and second bus
depending on receiving a bus request supplied from
said central processing unit or said outside of micro-
computer and giving said bus right to said central
processing unit or outside of the microcomputer,

wherein control information is supplied to said bus con-
nected to said register of said direct memory access
controller from one of said central processing unit or
outside of the microcomputer given said bus right, and

wherein said control information includes information to
control the data transfer using the direct memory access
controller.

2. The microcomputer according to claim 1, wherein said
outside of the microcomputer is able to get the control
information to the register of said direct memory access
controller via second bus.

3. The microcomputer according to claim 1, wherein said
central processing unit is able to set the control information
to the register of said direct memory access controller via
said first bus.

4. The microcomputer according to claim 2, wherein the
control information set to said register includes transfer
source address information indicative of a transfer source of
the data transfer operation or transfer destination address
information indicative of a transfer destination of the data
transfer operation.

5. The microcomputer according to claim 4, wherein said
direct memory access controller includes a plurality of data
transfer channels, said register includes a plurality of reg-
isters respectively corresponding to said plurality of data
transfer channels, and said registers are assigned to mutually
different addresses by said central processing unit thereby
the corresponding register assigned to the specified address
by said central processing unit are set with control informa-
tion to specify each address.

6. The microcomputer according to claim 5, wherein the
control information supplied to said bus includes informa-
tion for specifying one of said plurality of data transfer
channels, and the transfer source address information or the
transfer destination address information is set to the register
corresponding to the data transfer channel specified by the
specifying information.

7. A device connected to a bus which is able to connect to
a semiconductor device including a bus controller and a data
transfer controller and which functions as a data transfer
source or a data transfer destination of a data transfer
operation, said device comprising:

a processor implementing a predetermined function;

a controller outputting a bus request to said bus controller
of said semiconductor device via said bus and output-
ting a data transfer request in response to approval of
the bus request; and
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an output unit outputting control information used upon
the data transfer operation in synchronism with the
output of the data transfer request to said data transfer
controller of said semiconductor device via said bus.

8. The device according to claim 7, wherein said control
information includes address information for a transfer
destination to transfer data according to the data transfer
operation or address information indicative of an address for
a transfer source in which each data to be transferred is
stored.

9. The device according to claim 8, wherein said proces-
sor, said controller and said output unit are formed on one
semiconductor chip.

10. The device according to claim 8, wherein said device
is formed by a plurality of semiconductor chips.

11. A data processing apparatus, comprising:

a microcomputer;

a bus coupled to said microcomputer; and

a device coupled to said bus,

wherein said microcomputer comprises:

a central processing unit coupled to said bus,

a direct memory access controller coupled to said bus
including at least one register to which control infor-
mation used upon a data transfer operation is set, said
direct memory access controller executing the data
transfer operation in accordance with the control infor-
mation set to said register,

a bus controller connected to said central processing unit,
receiving a use request of said bus from the outside of
said microcomputer and a use request of said bus from
said central processing unit and thereby being able to
arbitrate between the use requests of the bus from the
outside of said microcomputer and the central process-
ing unit, and

a control circuit setting control information supplied to
said bus to said register of said direct memory access
controller when said bus controller acknowledges a bus
use request from the outside; and

wherein said device comprises:
a processor implementing a predetermined function,

a controller outputting a use request related to said bus
and outputting a data transfer request in response to
approval of the use request, and

an output unit outputting the control information for the
data transfer operation in synchronism with the output
of the data transfer request.

12. The data processing apparatus according to claim 11,
wherein said control information includes address informa-
tion for a transfer destination to transfer data according to
the data transfer operation or address information indicative
of an address for a transfer source in which each data to be
transferred is stored.

13. The data processing apparatus according to claim 12,
wherein said control circuit sets the control information
supplied to said bus to said register in response to a data
transfer request to said direct memory access controller.



