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(57) ABSTRACT 

A microcomputer is provided with a data-transfer unit Such 
as a DMA (direct memory access) controller for controlling 
a transfer of data through an external bus. Used in an access 
to an external device controlled by the data-transfer unit, a 
bus-interface means of the microcomputer includes a buffer 
register means which can be specified as either a Source 
location or a destination location of a data transfer. Thus, an 
internal-bus master such as a CPU employed in the micro 
computer is capable of reading out information Such as a 
packet command from the buffer-register means at a high 
Speed through an internal bus without using the external bus 
and, hence, capable of carrying out an operation reflecting a 
transfer control condition Specified by the packet command. 
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FIG. 13 
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MICROCOMPUTER AND MICROCOMPUTER 
SYSTEM 

BACKGROUND OF THE INVENTION 

0001. In general, the present invention relates to a micro 
computer and a Semiconductor integrated circuit including 
an embedded data-transfer device. More particularly, the 
present invention relates to an effective technology appli 
cable to typically a single-chip data processor or a single 
chip microcomputer. 
0002. A typical microcomputer comprises functional 
blockS Such as a CPU (central processing circuit) Serving as 
a nucleus component, a ROM (read-only memory) for 
Storing a program, a RAM (random-access memory) for 
Storing data and an input/output circuit for inputting and 
outputting data which are built on a Semiconductor Substrate 
as described on pages 540 to 541 of a publication entitled 
“LSI Handbook” published by Ohm Corporation on Nov. 
30, 1984. 
0003. The microcomputer may include an embedded 
DMAC (direct memory access controller) which is capable 
of transferring data independently of the CPU. An example 
of a document describing Such a microcomputer is Japanese 
Patent Laid-open No. Hei 5-307516. 
0004. In addition, a microcomputer may have an exter 
nal-bus-right releasing function for releasing a right to make 
an access to an external bus to an external device. After the 
right to make an access to the external bus has been granted 
to an external device, however, the CPU is still capable of 
carrying out an operation using an internal buS Such as an 
operation to read out information from the ROM. If a 
DMAC is connected to the external bus of the microcom 
puter as an external device, it is possible to transfer data 
through the external bus using the external DMAC in 
parallel to an operation based on the internal buS Such as an 
operation to read out information from the ROM. Japanese 
Patent Laid-open No. Hei 4-24854 is an example of a 
document describing a microcomputer wherein a CPU's 
operation based on an internal bus and a DMAC's operation 
based on an external bus can be carried out concurrently. 
Japanese Patent Laid-open No. Hei 1-187682 is an example 
of a document describing the use of 2 DMACs operating 
concurrently. 

0005 The inventor of the present invention studied a 
microcomputer including an embedded DMAC, a System 
employing Such a microcomputer and a System comprising 
a microcomputer with a function to grant a right to make an 
access to an external bus and an external DMAC connected 
to the external bus. 

0006. In the first place, in the case of a microcomputer 
including an embedded DMAC, the DMAC can be activated 
by an interrupt request and is capable of operating in modes 
Such as a repeat mode and a block-transfer mode. In a System 
Such as a printer, a microcomputer including an embedded 
DMAC is suitable for a plurality of processes to control a 
Stepping motor, control of data to be printed on the printer 
and operations to Store incoming data into a memory, 
allowing a plurality of data-transfer channels to be provided. 
0007 Even though the data-transfer control of the 
DMAC is executed independently of the operation of the 
CPU, however, data is transferred by the DMAC through a 
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bus shared by the CPU so that bus cycles required for 
transferring the data inevitably halt the operation of the 
CPU. Assume for example that data is transferred by an 
embedded DMAC from a RAM to an input/output circuit. In 
this case, a data transfer requires 6 states, i.e., 2 States for an 
access to the RAM, 3 States for an access to the input/output 
circuit and 1 State for a dead cycle. During these 6 States, the 
CPU is not capable of using the bus. 1 state is typically but 
not limited to 1 period of a reference clock signal of a data 
processing LSI Such as a microcomputer. 
0008. In a system comprising a microcomputer with a 
function to grant a right to make an access to an external bus 
and an external DMAC connected to the external bus, on the 
other hand, an operation using an internal bus Such as an 
operation carried out by a CPU to read out data from a ROM 
can be carried out concurrently with an operation carried out 
by the external DMAC to transfer data through the external 
bus. 

0009. In an operation to grant a right to make an access 
to the external bus from the microcomputer to an external 
component Such as DMAC, however, the microcomputer 
must eXchange Signals. Such as a request signal and an 
acknowledge Signal with the external component. To be 
more Specific, the microcomputer must recognize a request 
Signal generated by the external component and issue an 
acknowledge Signal to the external component to recognize 
the request Signal, spending an extra time for the exchange 
of the signals. In addition, in order to avoid a bus-usage 
collision between the microcomputer and the external 
DMAC, it is necessary to set a time during which both the 
microcomputer and the external DMAC are not using the 
shared bus. Such a time most likely becomes an overhead 
which has nothing to do with the actual operation to transfer 
data through the shared bus. When an overhead is required 
before and after each transfer of data, the overheads have a 
magnitude which is hardly negligible in comparison with the 
data transfer period itself. Moreover, if a general-purpose 
external DMAC is employed, some functions of the DMAC 
are not utilized. Thus, Such a DMAC can not be said to be 
a cost-effective solution. If a DMAC suitable for a system is 
developed individually for each System only because a 
general-purpose DMAC is not cost effective as described 
above, however, the development of such a DMAC special 
ized for a System will incur as much a cost as the develop 
ment of a new LSI Separate from the microcomputer, most 
likely raising a manufacturing-cost problem. 

0010 Take a system such as a printer as an example. 
During a printing operation, it is necessary to drive a 
Stepping motor for driving the printing mechanism and to 
carry out data processing peculiar to the System Such as 
creation of data to be printed. It is also necessary to receive 
data from a host apparatus asynchronously with the operat 
ing State of the printer. Other Systems employing a micro 
computer and a DMAC include digital equipment Such as a 
digital video deck, a DVD (digital video disc) drive and a 
digital TV. In Such Systems, it is necessary to perform Signal 
processing Such as a process to decode a digital Signal and 
a process to encode audio and/or analog signals. In the 
digital equipment, it is also necessary to input and output a 
digital signal. In addition, it is also conceivably necessary to 
drive a motor for driving a medium Such as a tape or a disc 
used for recording a digital Signal. In order to increase the 
Speed, the performance and the precision of these pieces of 
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equipment Such as the printer, the digital Video deck, the 
DVD drive and the digital TV, it is necessary to enhance the 
processing power of the microcomputer employed thereby. 

0.011 The needs described above led the inventor of the 
present invention to come up with an idea of incorporating 
an embedded data-transfer device Such as a DMAC in a 
microcomputer and to discover the importance of enhance 
ment of the total processing performance of the whole 
System through the use of the microcomputer. 
0012. With regard to the importance of the total process 
ing performance enhancement, the inventor disclosed an 
invention of a microcomputer in Japanese Patent Laid-open 
No. Hei 11-36949. According to the disclosed invention, the 
microcomputer employs: an embedded data-transfer unit 
Such as a direct memory acceSS controller for controlling a 
transfer of data through an external bus of the microcom 
puter; and an embedded bus-control means for allowing an 
instruction using an internal bus to be executed by a data 
processing unit Such as a CPU concurrently with a transfer 
of data through the external bus carried out by the data 
transfer unit. The data-transfer unit is designed mainly for 
use in data-transfer control eXternal to the microcomputer. In 
addition, in a dual-address transfer carried out by the data 
transfer unit, data read out from an address in an external 
Source is temporarily Stored in a latch circuit Such as an 
input/output port composing a bus-interface means for inter 
facing with an external component. Thus, in a transfer of 
data from an external Source location to an external desti 
nation location, the data can be transferred from the external 
Source location directly to the external destination location 
without the need to take the data to the embedded data 
transfer unit. It is therefore unnecessary to provide a data bus 
for taking data being transferred to the data-transfer unit. 
The elimination of Such a data bus contributes to the 
Shrinkage of the physical Size of the microcomputer. 
0013 Furthermore, the inventor also studied a case 
where, in a transfer of data through the external data bus, 
transfer control information Such as a packet command used 
for Specifying details of the data transfer is transferred prior 
to the transfer of the actual data. In Some cases, the transfer 
control information includes data Such as the number of 
transferred words which is required in the transfer control. 
0.014 With regard to such transfer control information, 
the inventor disclosed an invention of a microcomputer in 
Japanese Patent Laid-open No. Hei 11-239514. The dis 
closed microcomputer is provided with an embedded buffer 
for delivering transfer control information to a data proceSS 
ing unit of the microcomputer in addition to the data-transfer 
unit and the bus-control means described above. 

0.015 Transfer control information needs to be immedi 
ately analyzed by a data processing unit Such a CPU and it 
is necessary to Set a data transfer following the transfer 
control information and conforming to transfer details indi 
cated by a result of the analysis typically in the data-transfer 
unit. Thus, Storing the transfer control information in an 
external RAM Serving as a buffer memory is not a good 
Solution. This is because the CPU reads out information 
from an external memory in an access with a speed which is 
not So high as an access to an embedded memory or an I/O 
register. In addition, the external bus cannot probably be 
made as wide as the bus width of the CPU. Moreover, if the 
data-transfer unit is carrying out a transfer of data through 
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another data-transfer channel, it will be quite within the 
bounds of possibility that the Speed to process the transfer 
control information is reduced due to a contention for the 
external bus with the transfer of data. Furthermore, from the 
memory-management point of View, it is not desirable to 
Store data and transfer control information in the same 
memory. In addition, in an attempt to read out the transfer 
control information from the external memory, the CPU 
needs to carry out Special processing for Verification of the 
existence of the transfer control information Such as an 
operation to reference an address register employed in the 
data-transfer unit. 

SUMMARY OF THE INVENTION 

0016. It is thus an object of the present invention address 
ing the problems described above to provide a microcom 
puter including an embedded data-transfer unit Such as a 
DMAC for enhancing the data processing total performance 
and to provide a Semiconductor integrated circuit with Such 
a microcomputer embedded therein. 
0017. It is another object of the present invention to 
provide a microcomputer which has a function of Supplying 
transfer control information Such as a packet command used 
for Specifying details of a data transfer to a data processing 
unit for analyzing the information with a high degree of 
efficiency and allows an increase in circuit Scale caused by 
the function to be reduced to a minimum, and to provide a 
Semiconductor integrated circuit with Such a microcomputer 
embedded therein. 

0018. It is still another object of the present invention to 
provide a microcomputer which allows increases in physical 
and logical Scales each to be reduced to a minimum and is 
capable of executing control of a data transfer through an 
external bus of the microcomputer concurrently with a CPU 
operation Such as an access made by a CPU embedded in the 
microcomputer to an internal bus. 
0019. It is a further object of the present invention to 
provide a microcomputer System which is cadable of execut 
ing control of a data transfer between a microcomputer 
employed in the System and a component external to the 
microcomputer concurrently with internal processing car 
ried out by the microcomputer at a Small processing over 
head and allows an increase in physical Scale to be reduced 
to a minimum. 

0020. It is a still further object of the present invention to 
provide an apparatus employing a microcomputer which is 
capable of carrying out a transfer of data between the 
apparatus and other equipment concurrently with processing 
internal to the apparatus. 
0021. The above and other objects as well as character 
istics of the present invention will probably become more 
apparent from a study of the following description with 
reference to accompanying diagrams. 
0022. Outlines of representatives of the present invention 
disclosed in this specification are described in brief as 
follows. (1) A microcomputer has a data-transfer unit 4. Such 
as a direct access memory controller for controlling a 
transfer of data through an external bus of the microcom 
puter. The microcomputer is also provided with a bus 
control means 12 for allowing an instruction using an 
internal bus to be executed by a data processing unit Such as 
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a CPU concurrently with a transfer of data through the 
external bus carried out by the data-transfer unit. As a result, 
the processing performance of the microcomputer can be 
enhanced. In other words, data can be transferred through 
the external bus without deteriorating the processing per 
formance of the CPU. To put it in detail, the bus-control 
means 12 employed by the microcomputer is used for 
implementing arbitration of requests for a bus-access right 
and executing bus control. The bus-control means 12 allows 
an operation to make an access only within the microcom 
puter by using first internal buses IDB and IAB connected to 
a data processing unit to be carried out concurrently with an 
operation performed by the data processing unit connected 
to a Second internal bus (or an external-address internal bus) 
EXAB to make an access to an external address Space 
through a bus-interface means. 

0023. Since an instruction using an internal bus can be 
executed by a data processing unit Such as a CPU concur 
rently with a transfer of data through the external bus carried 
out by the data-transfer unit, the processing performance of 
the microcomputer can be enhanced. As a result, data can be 
transferred through the external bus without degrading the 
processing performance of the microcomputer. 

0024. The bus-control means can be configured to com 
prise an internal-bus controller and an external-bus control 
ler. The external-bus controller can be designed So as to 
allow the address space to be divided as well as bus 
Specifications Such as the type of a memory, the bus width 
and the number of acceSS States to be set. In addition, the 
external-bus controller can be configured So as to arbitrate a 
request for a right to make an access to the external bus made 
by the data processing unit such as the CPU which serves as 
a bus master embedded in the microcomputer, a request for 
a right to make an access to the external bus made by the 
data-transfer unit and a request for a right to make an acceSS 
to the external bus made by a component external to the 
microcomputer. Thus, control of internal accesses using the 
first internal buses IAB and IDB made by the data process 
ing unit concurrently with accesses to the external bus made 
by the data-transfer unit in the first place, and control to 
arbitrate accesses to the external bus made by the data 
transfer unit made and accesses to the external bus using the 
first internal buses IAB and IDB made by the data process 
ing unit in the Second place can be implemented by Sepa 
rated pieces of logic with ease. As a result, the control logic 
or the control System can be made simple with ease while, 
at the same time, an increase in control logical Scale can be 
Suppressed easily. 

0.025. At that time, by supplying information such as an 
address output by the data-transfer unit to the bus-interface 
means through a dedicated Signal line Such as the Second 
internal buS EXAB, an operation to control State transitions 
of the data-transfer unit can be made simple, and a simple 
operation contributes to reduction of the logical Scale 
thereof. 

0026. In addition, since the external-bus controller arbi 
trates a request for a right to make an access to the external 
bus made by the data processing unit such as the CPU 
embedded in the microcomputer, a request for a right to 
make an access to the external bus made by the data-transfer 
unit embedded in the microcomputer and a request for a 
right to make an access to the external bus made by a 
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component external to the microcomputer, it is possible to 
reduce an overhead which is incurred when a right to make 
an access to the external bus is transferred from the data 
processing unit to the data-transfer unit or Vice versa and to 
enhance the processing performance. 
0027. A storage means 5 such as a ROM for storing 
programs to be executed by the data processing unit Such as 
the CPU can be made selectable by specification of an 
operating mode So as not to include or exclude a vector of 
the data processing unit such as the CPU. It is thus possible 
to Store general processing programs in an external ROM 
and a program requiring execution at a high Speed or the like 
in an embedded ROM. As a result, the degree of freedom to 
use the microcomputer Such as flexibility against program 
changes can be increased. 
0028 Main factors to activate the data-transfer unit and 
transfer modes can be limited only to functions required in 
a transfer of data through the external bus. Thus, the physical 
Size can be reduced. 

0029. In addition, in a dual-address transfer carried out by 
the data-transfer unit, data read out from an address in an 
external Source is temporarily Stored in a latch circuit 72L 
Such as an input/output port composing a bus-interface 
means 12 for interfacing with an external component. Thus, 
in a transfer of data from an external Source location to an 
external destination location, the data can be transferred 
from the external Source location directly to the external 
destination location without the need to take the data to the 
embedded data-transfer unit. It is therefore unnecessary to 
provide a data bus for taking data being transferred to the 
data-transfer unit. 

0030) If the data-transfer unit also supports a single 
address transfer, the number of bus cycles required for a 
transfer of data can be reduced, allowing the processing 
performance of the microcomputer to be enhanced further. 
0031. The data-transfer unit is allowed to have a plurality 
of data-transfer channels. In Such a configuration, a signal 
requesting activation of an external data transfer can be 
allocated to each of the data-transfer channels. As a result, 
it is possible to increase the degree of freedom to execute 
control of a data transfer in the microcomputer and the 
processing performance of the microcomputer. 

0032. In addition to the data processing unit such as the 
CPU and the data-transfer unit, a second data-transfer unit 3 
Such as a general-purpose DMAC capable of Supporting 
control of data transferS inside and outside the microcom 
puter can also be embedded in the microcomputer. The 
Second data-transfer unit is connected to the internal bus 
which is provided originally for the conventional microcom 
puter. In comparison with a configuration Securing the 
number of necessary data-transfer channels in a general 
purpose DMAC for controlling transfers of data inside and 
outside the microcomputer, a data-transfer unit Specialized 
for transferS of data through the external buS has a configu 
ration customized to control of data transferS through the 
external bus. Thus, an increase in logical Scale can be 
reduced to a minimum even if the Second data-transfer unit 
has a number of required data-transfer channels as a whole. 
0033. If the bus-control means allows control to refresh a 
DRAM or the like to be executed, requests for a right to 
make an access to the external bus are arbitrated by treating 
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a refresh timer for refreshing the DRAM like a source 
requesting a right to make an access to the external bus. 
0034. The second data-transfer unit connected to the first 
internal bus and the data-transfer unit tailored to control of 
data transferS through the external bus can be built in a 
Single module So that they can be used with a limited number 
of data-transfer channels conceded to each other. 

0035 (2) A bus-interface means 72 utilized in an 
access to the external bus made by the data-transfer unit 
in the microcomputer is provided with a plurality of 
buffer-register means EXDiDRm. The data-transfer 
unit has memory specification means 40, 41 and 72C 
Such as address registers for Specifying a memory 
means Such as a memory device, a buffer specification 
means 48 for specifying one of the buffer-register 
means independently of the memory Specification 
means and a mode specification means for Specifying 
an operating mode of a data transfer. A transfer control 
means executes control of a data transfer on the basis 
of the States of the mode specification means, the 
memory Specification means and the buffer specifica 
tion means. 

0.036 The mode specification means is provided with a 
first information field for determining whether to specify 
either a Source location or a destination location of a data 
transfer by using the buffer Specification means or to Specify 
both the Source and destination locations by using the 
memory specification means. 
0037. In a transfer of data through the external bus, any 
one of the buffer-register means can be used as a location 
indicated by either a Source or destination address. One of 
the buffer-register means is specified by using the buffer 
Specification means which is typically implemented by a 
transfer-count register instead of using the memory Speci 
fication means which is a means for Specifying another 
memory device by using typically an address or an acknowl 
edge Signal. The buffer-register means is used for inputting 
and outputting data from and to the external bus during a 
transfer of the data carried out by the data-transfer unit. The 
data processing unit 2 Such as the CPU is capable of reading 
out and writing data from and into the buffer-register means 
through the internal bus. 
0.038. As described above, transfer control information 
Such as a packet command may be transferred through the 
external bus prior to a transfer of actual data. In this case, 
one of the buffer-register means can be used for receiving 
the transfer control information. AS described above, one of 
the buffer-register means can be specified without using an 
address or an acknowledge Signal. Since a bus cycle is not 
required in Selecting one of the buffer-register means, a 
transfer of data Such as reception of transfer control infor 
mation can be carried out at a high Speed. The data pro 
cessing unit Such as the CPU is capable of reading out data 
from a buffer-register means through the internal bus with 
out using the external bus, making it possible to read out 
transfer control information from the buffer-register means 
at a higher Speed. Since the buffer Specification means 
allows information to be stored in a predetermined buffer 
register means, the data processing unit Such as the CPU 
does not have to carry out processing Such as recognition of 
an address of information like a packet command. Thus, 
processing Such as an analysis of transfer control informa 
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tion can be carried out by the data processing unit at a high 
Speed and, in accordance with a result of the analysis, the 
data processing unit is capable of performing processing 
Such as re-setting a data-transfer control condition for the 
data-transfer unit, recognition of the number of data-transfer 
words and changing of the location of a data-transfer des 
tination from a buffer register to an address in a memory 
with a higher degree of efficiency. As a result, the data 
processing unit is capable of increasing the efficiency of 
Switching to a data-transfer operation that reflects the new 
transfer control information. 

0039. A transfer-count register 48 can also be used as the 
buffer Specification means. In this case, when the first 
information field selects the use of the buffer specification 
means for Specification of one of the Source and destination 
locations described above, for example, the whole or a 
portion of the transfer-count register can also be used in the 
selection of a buffer-register means. If the first information 
field Selects the use of the memory Specification means for 
Specification of both the Source and destination locations 
described above, on the other hand, the transfer-count reg 
ister executes its native function of counting the number of 
transfer-data words. 

0040. The native function of the transfer-count register to 
count the number of transfer-data words is implemented 
through an arithmetic-processing means for receiving con 
tents of the transfer-count register and returning a result of 
arithmetic processing to the transfer-count register. The 
arithmetic-processing means is also used in arithmetic pro 
cessing to increment the contents of an address register 
which Serves as the memory Specification means. 
0041. The mode specification means may further include 
a second information field MD1. With the first information 
field Selecting the use of the buffer Specification means for 
Specification of one of the Source and destination locations 
described above in a transfer of data (MD2=1), the second 
information field MD1 determines whether to use selection 
of the other location as a Selection of a location in a 
dual-addressing mode or a single-addressing mode. The 
other location Serves as a partner of a buffer-register means 
Specified by the buffer Specification means in a transfer of 
data. The mode Specification means may further include a 
third information field MD0 for determining whether to use 
the buffer-register means Specified by the buffer Specifica 
tion means as a Source location or a destination location. 

0042. The mode specification means may further include 
a fourth information-field RPE and a fifth information field 
RPB0 to RPB2 for allowing sequential selection of source 
and destination locations to be carried out repeatedly. 
0043. With the first information field selecting the use of 
the buffer Specification means for Specification of one of the 
Source and destination locations described above, the fourth 
information field Serves as an area for Storing information 
requesting the transfer control means 45 to: use a portion 
TCRL of the transfer-count register as the buffer specifica 
tion means, and transfer contents of the remaining portion 
TCRH of the transfer-count register to the portion TCRL 
when a result of arithmetic processing returned from the 
arithmetic-processing means to the portion TCRL reaches a 
predetermined value. 
0044. By specifying this operation in the fourth informa 
tion field, it is possible to control consecutive transfers of 
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data while Specifying a plurality of buffer-register means 
repeatedly in a predetermined order and to make the control 
Simple. That is, the number of times a transfer condition is 
Set by the data processing means for the data-transfer unit 
can be reduced considerably and a Small number of Such 
times facilitates reduction of a load borne by the data 
processing unit. 
0.045 With the first information field selecting the use of 
the buffer Specification means for Specification of one of the 
Source and destination locations described above, the fifth 
information field Serves as an area for Storing information 
requesting the transfer control means 45 to drive the arith 
metic-processing means to: carry out arithmetic processing 
with a condition of a fixed logic value of higher-order bits 
of information input from the address register than a pre 
determined bit of the information; and return a result of the 
arithmetic processing to the address register. 
0.046 By specifying this operation in information in the 
fifth field, the value of an address Specification means Such 
as the address register can be updated repeatedly in a 
Sequential manner, allowing a buffer memory Such as an 
external RAM to be used as a ring buffer. When address 
information in the address Specification means is incre 
mented or decremented by the arithmetic-processing means 
in the repetitive address updating operations carried out in 
order to use an external buffer memory as a ring buffer, the 
logic value of high-order bits of the address information than 
a predetermined bit of the address information is not 
changed. In other words, propagation of a carry or a borrow 
crossing the predetermined bit is avoided. As a result, the 
function of a ring buffer can be implemented with a mini 
mum physical Scale. Even though Start and end addresses of 
the ring buffer can not be specified in a completely arbitrary 
manner, there is conceivably no big problem which will be 
encountered when a memory with a large Storage capacity 
such as an external RAM is utilized as a ring buffer. Since 
repetitive operations can be carried out with the Scheme 
described above, it is possible to reduce a load Such as 
interrupt processing requested to the data processing unit 
Such as the CPU. 

0047 (3) In a data processing system or a micro 
computer System employing the microcomputer includ 
ing the data-transfer unit and the bus-control means, the 
bus-interface means of the microcomputer is connected 
to the external bus which is connected to a RAM. 

0.048. A data-communication circuit connected to the 
external bus can also be provided. The data-communication 
circuit supplies a signal requesting activation of an external 
data transfer to the data-transfer unit of the microcomputer. 
If a right to make an access to the external bus is granted by 
the bus-control means to the data-transfer unit, the data 
transfer unit requests the data-communication circuit to 
transfer data by outputting a signal allowing a transfer of 
data through the external bus or a predetermined address in 
conjunction with a read or write Signal to the data-commu 
nication circuit. 

0049. If the first information field selects the use of the 
memory Specification means for Specification of both the 
Source and destination locations, the data-transfer unit is 
capable of controlling a transfer of data between the data 
communication circuit and the RAM in the microcomputer 
System in a single-addressing mode. At that time, a signal 
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allowing a transfer of data through the external bus is 
generated to request the data-communication circuit to trans 
fer data whereas an access to the RAM is made by using an 
access address Signal. 
0050. If the first information field selects the use of the 
buffer Specification means for Specification of one of the 
Source and destination locations, the data-transfer unit is 
capable of controlling a transfer of data between the data 
communication circuit and the buffer-register means in the 
microcomputer System in a manner corresponding to the 
Single-addressing mode. At that time, the data-transfer unit 
requests the data-communication circuit to Serve as a Source 
generating transfer control information typically in the form 
of a packet command by using a signal allowing a transfer 
of data through the external bus, and uses the buffer Speci 
fication means for Specifying a buffer-register means. 
0051. The data processing unit fetches the transfer con 
trol information Such as a packet command transferred to the 
Specified buffer-register means for an analysis and changes 
the transfer condition of the data-transfer unit in accordance 
with a result of the analysis. 
0052 With the first information field selecting the use of 
the memory Specification means for Specification of both the 
Source and destination locations, the data-transfer unit with 
the transfer condition modified is capable of controlling a 
transfer of data between the data-communication circuit and 
the RAM in the microcomputer System in a Single-address 
ing mode, and requests the data-communication circuit to 
transfer data information following the packet command by 
using a Signal allowing a transfer of data through the 
external bus, Supplying an access address Specified by the 
memory Specification means to the RAM. 
0053 Thus, when transfer control information such as a 
packet command is transferred prior to a transfer of actual 
data, the transfer control Signal can be received by a buffer 
register means in the microcomputer instead of being Stored 
in the external RAM (or a buffer memory). As a result, the 
data processing unit Such as the CPU is capable of imme 
diately Switching its operation to an analysis of transfer 
control information without the need to initiate an external 
bus cycle and capable of Setting a transfer of data according 
to data-transfer details obtained as a result of the analysis of 
the transfer control information in the data-transfer unit 
quickly and transiting to a transfer of data information. Since 
the external RAM is used for storing only net data, the 
processing of data can be made simple as well. 
0054 Typical transfer protocols based on the data trans 
fer information are the IEEE1394 and the USB (Universal 
Serial Bus) 
0055. The whole microcomputer system or the system 
excluding the external RAM can be integrated into a single 
Semiconductor chip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0056 FIG. 1 is a block diagram showing a typical 
microcomputer provided by the present invention; 
0057 FIG. 2 is a diagram showing address maps of the 
microcomputer shown in FIG. 1; 
0058 FIG. 3 is a block diagram showing a bus configu 
ration of the microcomputer shown in FIG. 1 in detail; 
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0059 FIG. 4 is a block diagram showing a typical 
address decoding circuit included in an internal-bus control 
ler of the microcomputer shown in FIG. 1; 
0060 FIG. 5 is a diagram showing typical configurations 
of registers employed in an external-bus controller DMAC 
of the microcomputer shown in FIG. 1 for each data-transfer 
channel; 
0061 FIG. 6 is a block diagram showing the external-bus 
controller DMAC as a whole; 
0.062 FIG. 7 is a diagram showing state transitions of the 
external-bus controller DMAC; 
0.063 FIG. 8 is a diagram showing a typical configura 
tion of an I/O port in a simple and plain manner; 
0.064 FIG. 9 is a diagram showing a typical microcom 
puter system including the microcomputer shown in FIG. 1 
as used in control of a printer; 
0065 FIG. 10 is a typical operation timing diagram of 
the buses of the microcomputer system shown in FIG. 9; 
0.066 FIG. 11 is another typical timing diagram of bus 
operations in the computer system shown in FIG. 9; 
0067 FIG. 12 is a block diagram showing another typi 
cal external-bus controller DMAC; 
0068 FIG. 13 is a flowchart representing a transmission 
of data between the printer control system shown in FIG. 9 
and a host apparatus connected to a host interface of the 
printer control System; 
0069 FIG. 14 is a block diagram showing a modified 
configuration of the typical microcomputer System including 
the described microcomputer shown in FIG. 1 as used in 
control of a printer; 
0070 FIG. 15 is a block diagram showing main compo 
nents employed in the external-bus controller DMAC and a 
buffer employed in the microcomputer shown in FIG. 1; 
0071 FIG. 16 is a timing diagram showing also DRAM 
control Signals appearing during a buS operation carried out 
by the microcomputer System; 

0.072 FIG. 17 is a block diagram showing another typi 
cal microcomputer System including the microcomputer 
shown in FIG. 1 for controlling a digital still camera; 
0.073 FIG. 18 is a block diagram showing an application 
in which a plurality of microcomputer Systems each employ 
ing the microcomputer shown in FIG. 1 are connected to 
each other; 
0.074 FIG. 19 is a block diagram showing a typical 
configuration of a DTC (data-transfer controller) which can 
be used as a Substitute for the DMAC connected to the 
internal buses, and 
0075 FIG. 20 is a flowchart representing a typical trans 
fer of data by using the data-transfer controller. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.076 FIG. 1 is a block diagram showing a typical 
microcomputer provided by the present invention. The 
microcomputer 1 shown in the figure is a Semiconductor 
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integrated circuit created on a Single Semiconductor Sub 
Strate (a chip) made of typically single-crystal silicon. 
0077. As shown in the figure, the microcomputer 1 com 
prises functional blocks or modules including a central 
processing unit (CPU) 2, a DMA controller (DMAC) 3 used 
as a Second data-transfer unit capable of controlling transfers 
of data to and from the microcomputer, an external-bus 
controller DMAC (EXDMAC) 4 used as a first data-transfer 
unit Specialized for control of data transferS through an 
external bus of the microcomputer, a read-only memory 
(ROM) 5, a random-access memory (RAM) 6, a timer 7, a 
pulse output circuit 8, a Serial-communication interface 
(SCI) 9, an A/D converter (ADC) 10, an interrupt controller 
11, a bus controller 12 used as a bus-control means, a clock 
pulse generator (CPG) 13, input/output ports (IOPA to 
IOPF) 21 to 26 and input/output ports (IOP1 to IOP5)31 to 
35. 

0078. The principal element of the operation of the 
microcomputer 1 is the CPU 2 which operates by mainly 
fetching instructions from the ROM 5. The CPU 2 includes 
an instruction control unit for fetching an instruction, decod 
ing the fetched instruction and generating control signals for 
controlling other components of the CPU 2 in accordance 
with a result of the instruction decoding, and a processing/ 
execution unit for processing an address and data in accor 
dance with the control Signals generated by the instruction 
control unit. It should be noted that the instruction control 
unit and the processing/execution unit are shown in none of 
the figures. 

007.9 The DMAC 3 and the CPU 2 share internal buses 
IAB (internal address bus) and IDB (internal data bus). The 
DMAC 3 is capable of controlling a transfer of data in place 
of the CPU 2. To put it in detail, serving as a substitute for 
the CPU 2, the DMAC 3 is capable of controlling a transfer 
of data to and from a device internal or external to the 
microcomputer 1. 

0080. The EXDMAC 4 is mainly used for controlling a 
transfer of data through an external bus. The EXDMAC4 is 
capable of controlling a transfer of data to and from an 
external component concurrently with an operation carried 
out by the CPU 2 or the DMAC 3 using the internal buses. 
The microcomputer 1 is designed so that the EXDMAC4 is 
capable of controlling only a transfer of data to and from an 
external component. To be more specific, the EXDMAC 4 is 
capable of controlling only a transfer of data between 
memories provided externally to the microcomputer 1 in a 
dual-addressing mode or between a memory provided exter 
nally to the microcomputer 1 and an input/output circuit 
provided externally to the microcomputer 1 in a single 
addressing mode or a dual-addressing mode. Either a single 
addressing mode or a dual-addressing mode is Selected in 
dependence on whether or not an input/output operation of 
the external input/output circuit is enabled by an acknowl 
edge Signal. 

0081) Details of the EXDMAC 4 will be described later. 
The following description explains only an outline thereof. 
Information Such as a data-transfer control condition is Set 
for the EXDMAC4 by the CPU 2 through-the bus controller 
12 and internal P buses PDB and PAB. Arbitrated exclu 
sively by the bus controller 12 from requests for a right to 
make an access to the external bus made by bus master 
modules Such as the CPU2 and the DMAC3, the EXDMAC 
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4 acquires a right to make an access to the external bus from 
the bus controller 12. An address signal for controlling a 
transfer of data to and from an external component by the 
EXDMAC 4 can be output to an external component 
through an external-address internal bus EXAB from the 
IOPA 21 to the IOPC 23. At that time, in a transfer of data 
controlled by the EXDMAC 4 in a dual-addressing mode, 
the transferred data is not brought into the inside of the 
EXDMAC 4 but temporarily stored in latch circuits of the 
IOPD 24 and IOPE 4. In addition, the IOPD 24 and IOPE25 
each have a buffer register which can be used for Specifying 
the location of either a Source or a destination in a transfer 
of data through the external bus controlled by the EXDMAC 
4. 

0082 The functional blocks of the microcomputer 1 are 
described in more detail as follows. The functional blocks of 
the microcomputer 1 are connected to each other by internal 
buses which include internal address and data buses in 
addition to a control bus not shown in the figure. The control 
buS transferS a bus-right request Signal, a bus-acceSS-right 
request acknowledge Signal, a bus command, an external 
bus command, a ready Signal, an external-bus ready Signal, 
a read Signal, a write Signal, a bus-size Signal and a System 
clock signal. In this embodiment, symbols IAB, PAB and 
EXAB denote an internal address bus, an internal Paddress 
bus and an external-address internal bus respectively 
whereas symbols IDB and PDB denote an internal data bus 
and an internal P data bus respectively. These buses are 
connected to the bus controller 12. The internal buses IAB 
and IDB are also connected to the CPU 2, the DMAC 3, the 
ROM 5 and the RAM 6 in addition to the bus controller 12. 
The internal bus IAB is further connected to the IOPA 21 to 
the IOPC 23 in order to allow an external address to be 
output. On the other hand, the internal data bus IDB is 
further connected to the IOPD 24 and the IOPE 25 in order 
to allow data to be input from and output to an external 
component. 

0083) In addition to the bus controller 12, the internal P 
buses PAB and PDB are also connected to the EXDMAC 4, 
the timer 7, the pulse output circuit 8, the SCI 9, the ADC 
10, the interrupt controller 11, the IOPA 21 to IOPF 26 and 
the IOP131 to IOP535. 

0084. The external-address internal bus EXAB is con 
nected to the EXDMAC 4 and the IOPA 21 to IOPC 23 in 
addition to the bus controller 12. 

0085. The bus controller 12 refers to an address signal in 
order to recognize the type of an acceSS target and to Select 
an operation conforming to bus specifications. Thus, the bus 
controller 12 inputs only as many high-order address bits as 
required for recognizing the area of the access target from an 
address bus. An address for controlling a transfer of data 
through the external bus by the EXDMAC 4 is output 
through the external-address internal bus EXAB. 
0.086 The bus controller 12 has an internal-bus controller 
120, an external-bus controller 121 and a refresh timer 122. 
An address is output to a component external to the micro 
computer 1 by way of the IOPA 21 to the IOPC 23. On the 
other hand, data is input from or output to a component 
external to the microcomputer 1 by way of the IOPD 24 to 
the IOPE25. 

0087 As an internal-bus master, the CPU 2 and the 
DMAC 3 are each capable of using the internal buses. 
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Before any internal bus can be used, however, the CPU 2 or 
the DMAC 3 must output the respective Signal requesting a 
right to make an access to the internal bus to the bus 
controller 12. An internal-bus arbiter (an internal-bus arbi 
tration circuit) of the internal-bus controller 120 employed 
in the bus controller 12 arbitrates requests for a right to make 
an access to the internal bus made by the CPU 2 and the 
DMAC 3. By the same token, an external-bus arbiter (an 
external-bus arbitration circuit) of the external-bus control 
ler 121 employed in the bus controller 12 arbitrates requests 
for a right to make an-access to the external bus made by the 
CPU 2 and the DMAC 3, requests for a right to make an 
access to the external bus made by the EXDMAC 4 and a 
component external to the microcomputer 1 and a signal 
requesting a right to make an access to the bus generated by 
the refresh timer 122 for a refresh operation. 

0088. The EXDMAC 4, the ROM 5, the RAM 6, the 
timer 7, the pulse output circuit 8, the SCI 9, functional 
blocks of the interrupt controller 11, the IOPA21 to the IOPF 
26 and the IOP131 to the IOP535 each serve as an internal 
bus slave which data is written into or read out from by an 
internal-bus master Such as the CPU 2 or the DMAC3. The 
EXDMAC 4 functions as an internal-bus slave to which an 
acceSS is made when the CPU 2 Sets information Such as a 
data transfer condition in the EXDMAC 4. 

0089. The interrupt controller 11 receives interrupt sig 
nals generated by the timer 7, the SCI 9, the ADC 10 and the 
input/output ports, outputting an interrupt request Signal to 
the CPU 2 and an activation request signal to the DMAC 3. 
In addition, the interrupt controller 11 receives a clear Signal 
generated by the DMAC 3 and outputs an interrupt-clear 
Signal. It should be noted that these interrupt Signals are not 
shown in the figure. 

0090 The input/output ports 21 to 26 and 31 to 36 also 
input and output external-buS Signals and input/output Sig 
nals of input/output circuits. To be more specific, the IOPA 
21 to the IOPC 23 also output addresses from the internal 
address buses whereas the IOPD 24 and the IOPE 25 also 
output and input data from and to the internal data buses. 
The IOPF 26 also inputs and outputs a bus control signal to 
and from the internal control buses. The external address bus 
EABUS and the external data bus EDBUS are connected to 
the internal address buses IAB and EXAB and the internal 
data bus IDB respectively through buffer circuits included in 
these input/output ports. The internal Pbuses PAB and PDB 
are also used for reading out and writing data from and into 
registers in the input/output ports and have nothing to do 
directly with the external buses EABUS and EDBUS. Bus 
control signals output by the IOPF 26 include an address 
Strobe Signal, a high/low data Strobe Signal, a read Strobe 
Signal, a write Strobe Signal and a bus-acceSS-right-request 
acknowledge Signal. On the other hand, bus control Signals 
input by the IOPF26 include a wait signal and a bus request 
Signal or a bus-release request Signal. These input and output 
buS control Signals are not shown in the figure. Extension of 
an external bus is Selected typically by an operating mode 
which also Selects functions of these input/output ports. 
0091. The IOP131 also inputs and outputs a signal to and 
from the timer 7. The IOP232 also outputs pulses. The 
IOP333 also inputs and outputs a signal to and from the SCI 
9. The IOP434 also inputs an analog signal. The IOP535 also 
inputs and outputs transfer-acknowledge Signals EXDACK0 
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to EXDACK3 and transfer-request signals EXDREC0 to 
EXDREC3 for the EXDMAC 4 and the DMAC 3. Signals 
input and output by the EXDMAC 4, the DMAC3, the timer 
7, the SCI 9, the pulse output circuit 8, the ADC 10 and the 
IOP131 to the IOP535 and the internal-interrupt request 
Signals are not shown in the figure. 
0092. In addition, the microcomputer 1 has input pins 
including power-Supply pins Vcc and VSS, analog power 
Supply pins AVcc and AVSS, a reset input pin RES, a Standby 
input pin STBY, a non-maskable-interrupt input pin NMI, 
clock input pins EXTAL and XTAL and operating-mode 
input pins MD0, MD1 and MD2. 
0.093 FIG. 2 is a diagram showing address maps for a 
predetermined operating mode of the microcomputer 1. AS 
shown in the figure, the address Space has a typical size of 
16 Mbyte and an address is assigned to each byte in the 
address Space. 
0094. Each of the functional blocks has a fixed address in 
the address space of the CPU 2 without regard to which 
internal bus is connected to the functional block. It should be 
noted that the term data I/O means used in this Specification 
include internal I/O registers in the EXDMAC 4, the DMAC 
3, the timer 7, the SCI 9, the pulse output circuit 8, the ADC 
10, the IOPA 21 to the IOPF 26 and the IOP131 to the 
IOP535, and the interrupt controller 11 shown in FIG. 1. 
0.095 The ROM5 has a typical size of 32 kbyte which is 
mapped onto addresses H'200000 to H'207FFF. On the other 
hand, the RAM 6 has a typical size of 1 k byte which is 
mapped onto addresses HFFF800 to HFFFBFF. The data 
I/O means are mapped into addresses HFFFE00 to 
H'FFFFFF. It should be noted that the prefix H' appended to 
each address indicates that the address is represented in the 
hexadecimal format. 

0096. The data I/O means include data registers also 
referred to as buffer registers EXDiDRm which are a set of 
buffer registers used in a transfer of data controlled by the 
EXDMAC 4. The low-case character i in EXDiDRm 
denotes the number of a data-transfer channel and the 
low-case character thereof denotes the number of a register. 
In actuality, these buffer registers EXDiDRm have different 
addresses assigned thereto. AS will be described later, data 
can be read out from or written into the buffer registers 
EXDiDRm in any arbitrary order which is set by using a 
select signal output by the EXDMAC 4 or determined by the 
CPU2. In addition, any of the data registers EXDiDRm can 
be used as either a Source location or a destination location 
in control of a data transfer through the external buses 
EABUS and EDBUS executed by the EXDMAC 4. 
0097. Other address areas are treated as portions of the 
external address space. The vector of the CPU 2 is stored at 
the beginning of the address Space. AS described above, it is 
also necessary to connect an external ROM used for Storing 
a program to the microcomputer 1. The address range 
allocated to the external ROM typically including the 
address range allocated to the vector is a portion of the 
external address Space. 
0098. The external address space can be allocated at any 
time to external components such as the external ROM for 
Storing a program, an external RAM for Storing data and any 
other circuits (ASICs). The external address space is divided 
into 8 unit areas, namely, area 0 to area 7, each having a size 
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of 2 MB. Bus specifications can be set for each of the 2-MB 
unit areas, allowing an area Select signal to be output to 
Select any one of the areas. The unit areas can be allocated 
to different memories with ease. In particular, area 2 to area 
5 are typically allocated to a DRAM accessed through an 
address multiplexer or a DRAM interface allowing a high 
Speed page mode to be adopted. Bus control for Such a 
configuration is described in a document published by 
Hitachi Corporation in March 1995 with a title of “H8S/ 
2655 Series Hardware Manual.' 

0099. In comparison with the external ROM, the embed 
ded ROM 5 can be accessed at a high speed with ease. In 
addition, data read out from the embedded ROM 5 by the 
CPU2 or the DMAC3 is not output to the external bus. This 
is because, while an access is being made to an address 
mapped onto the embedded ROM 5 serving as an internal 
functional module, the bus controller 12 keeps the IOPD 24 
and the IOPE 25 for inputting and outputting data in an 
operation-disabled State. 
0100 If the embedded ROM 5 is implemented by a mask 
ROM, changing the contents of the ROM 5 means modifi 
cation of the whole microcomputer 1 which is difficult to 
change. If the embedded ROM 5 is implemented by an 
electrically programmable ROM Such as a flash memory, 
however, the fabrication process becomes difficult, most 
likely raising the manufacturing cost to an undesirable level. 
On the other hand, while it is difficult to make an access to 
the external ROM at a high speed, the contents of the 
external ROM are easy to change since Such a change entails 
only a modification of the external ROM alone. In addition, 
Since the external ROM is a general-purpose memory, its 
price is low in many cases. A change in program may 
involve a change in program size which most likely entails 
a change in Vector size. According to the address map shown 
in FIG. 2, the embedded ROM 5 is used for storing typically 
a program which needs to be executed at a high Speed and 
is unlikely to be changed or a program whose contents are 
not Supposed to be known by a third party whereas the 
external ROM is used for Storing the remaining programs 
representing the whole processing including the vector of 
the CPU 2. As a result, the microcomputer 1 has an 
improved processing performance, offers a high degree of 
freedom to use and yet incurs a low manufacturing cost. 
0101 By Setting a proper operating mode, the address 
range allocated to the embedded ROM 5 can be changed to 
area 0 which includes the address range allocated to the 
vector of the CPU2. In such an operating mode, it is possible 
to configure a microcomputer System which does not require 
an external ROM for Storing a program. 
0102 FIG. 3 is a block diagram showing the bus con 
figuration of the microcomputer 1 in more detail. AS 
described above, the bus controller 12 has an internal-bus 
controller (I-BSC) 120, an external-bus controller (EX 
BSC) 121 and the refresh timer 122. I/O means 70 shown in 
FIG. 3 include internal I/O registers of the timer 7, the pulse 
output circuit 8, the SCI 9, the ADC 10, the IOPA 21 to the 
IOPF 26, the IOP131 to the IOP535 and the interrupt 
controller 11 shown in FIG. 1. A memory 71 represents the 
ROM 5 and the RAM 6. Circuit modules and functional 
blocks not connected to the buses such as the CPG13 are not 
shown in FIG. 3. 

0103) An external-bus buffer circuit (BUF) 72 represents 
components Such as address and data buffers included in the 
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IOPA 21 to the IOPF 26 and the IOP535. The IOPD 24 and 
the IOPE25 are each provided with a latch circuit of the data 
bus. The latch circuits are represented by a circuit block 
denoted by reference numeral 72L. The external-bus buffer 
circuit (BUF) 72 also includes the data registers EXDiDRm 
which each Serve as a buffer register. 
0104. The internal buses IDB and IAB are directly con 
nected to the CPU 2 and the DMAC3. In order increase the 
Speed of an access to the internal memories Such as the RAM 
6 and the ROM 5, the memory 71 is also connected to the 
internal buses IDB and IAB. In this way, it takes only 1 state 
to make an access to the memory 71. 

0105. The internal buses IDB and IAB are also connected 
to registers of the functional blocks represented by the I/O 
means 70. By separating the buses IDB and IAB from the 
internal P buses PAB and PDB, the capacitive load of the 
internal buses IDB and IAB used by the CPU 2 mainly for 
fetching instructions of a program can be reduced and the 
processing Speed can be increased. In addition, Since the 
states of the unused internal P buses PDB and PAB can be 
Sustained, the power consumption can also be reduced as 
well. The CPU 2 or another internal-bus master Such as the 
DMAC 3 makes an access to a register of a functional block 
represented by the I/O means 70 connected to the internal P 
buses PAB and PDB through the internal buses IAB and IDB 
as well as the bus controller 12. It takes 2 States to make an 
access to a register of a functional block represented by the 
I/O means 70. 

0106) The CPU 2 or the DMAC 3 makes an access to an 
external memory connected to the external buses EABUS 
and EDBUS through the internal buses IAB and IDB as well 
as the external-bus buffer circuit 72. It should be noted that 
the external memory is not shown in FIG. 3. 
0107. In order for the CPU2 and the DMAC 3 to occupy 
the internal buses IAB and IDB exclusively from each other, 
the CPU 2 and the DMAC 3 output bus-access-right request 
signals which are arbitrated by an arbitration circuit 120A 
employed in the internal-bus controller 120 to determine 
which of the CPU2 and the DMAC 3 is to be granted a right 
to make an access to the internal buses IAB and IDB. Then, 
either the CPU 2 or the DMAC 3 confirms that such a right 
has been granted thereto before outputting an address Signal 
to the internal bus IAB and a bus command to an internal 
control bus not shown in the figure. A bus command is a 
control code indicating typically a read or write operation 
and an acceSS-data Size Such as a byte, a word or a long 
word. 

0108). The internal-bus controller 120 examines the 
address signal asserted on the internal bus IAB. If the 
address Signal indicates an access to the memory 71, control 
of an access using the internal buses IAB and IDB is 
executed. If the address Signal indicates an access to the 
internal I/O means 70, on the other hand, control of an 
access to a register employed in the internal I/O means 70 
through the internal P buses PAB and PDB is executed. 

0109) The external buses EDBUS and EABUS are con 
trolled by the external-bus controller 121 which also 
executes control of address multiplexing in case an external 
DRAM is connected to the external buses EDBUS and 
EABUS. Bus masters capable of using the external buses 
EDBUS and EABUS are the CPU 2, the DMAC 3, the 
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EXDMAC 4, the refresh timer 122 and an external-bus 
master not shown in the figure. An arbitration circuit 121A 
employed in the external-bus controller 121 arbitrates 
requests for a right to make an access to the external buses 
ED BUS and EABUS made by these bus masters. In the case 
of the internal-bus masters such as the CPU 2 and the 
DMAC 3, their requests for a right to make an access to the 
internal buses IAB and IDB are first arbitrated by the 
internal-bus controller 120 which then outputs an external 
bus-access-right request signal EXBREQ1 to the external 
buS controller 121 to request a right to make an access to the 
external buses EDBUS and EABUS for one of the internal 
bus masters which is determined by the internal-bus con 
troller 20 to take precedence of the others. In other words, 
while an internal-bus master Such as the CPU 2 or the 
DMAC 3 is occupying-the internal buses IAB and IDB, no 
request for a right to male an access to the external buses 
EDBUS and EABUS is made by the other internal-bus 
masters. The external-bus controller 121 is capable of arbi 
trating requests for a right to make an access to the external 
buses EDBUS and EABUS made by the refresh timer 122 
for performing a refresh operation and made by the EXD 
MAC 4 for carrying out a transfer of data through the 
external bus EDBUS and the request made by an internal 
bus master by using the external-bus-access-right request 
signal EXBREQ1. In addition, even if an internal-bus master 
such as the CPU 2 or the DMAC 3 is occupying the internal 
buses IAB and IDB to carry out an internal operation, the 
refresh timer 122 is capable of refreshing the external 
DRAM by using the external buses EABUS and EDBUS, 
the EXDMAC 4 is capable of transferring data through the 
external bus EDBUS by using the external bus EABUS or a 
request for a right to make an access to the external buses 
EABUS and EDBUS made by a component external to the 
microcomputer 1 can be processed concurrently with the 
internal operation provided that this external-bus master has 
been granted by the external-bus controller 121 a right to 
make an access to the external buses EABUS and EDBUS. 
It should be noted that the external-bus controller 121 
outputs an external-bus-acceSS-right acknowledge Signal 
EXBACK1 to the internal-bus controller 120 in response to 
the external-bus-access-right request Signal EXBREQ1 to 
indicate that a right to make an access to the external buses 
EABUS and EDBUS is granted to an internal-bus master. 
0110. The refresh timer 122 outputs a refresh request 
Signal RFREQ indicating a request for a refresh operation to 
the external-bus controller 121 at fixed time intervals. The 
request for a refresh operation is also a request for a right to 
make an access to the external buses EABUS and EDBUS. 
When Such a right to make an access to the external buses 
EABUS and EDBUS is granted to the refresh timer 122, the 
external-bus controller 121 executes control to refresh the 
external DRAM Such as the so-called CAS-before-RAS 
refresh control. 

0111. In addition, the external-bus controller 121 also 
receives an external-bus-acceSS-right request Signal 
EXBREQ3 requesting a right to make an access to the 
external buses EABUS and EDBUS from an external-bus 
master provided externally to the microcomputer 1. If Such 
a right is granted to the external-bus master, the external-bus 
controller 121 puts external-address output lines, external 
data input/output lines and external-access-control-Signal 
input/output lines of the IOPA 21 to the IOPF 26 in a 
high-impedance state to put the external buses EABUS and 
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ED BUS in a state of being usable by the external-bus master. 
At the same time, the external-bus controller 121 outputs an 
external-bus-access-right acknowledge Signal EXBACK3 to 
the external-bus master making the request for a right to 
make an access to the external buses EABUS and EDBUS 
to notify the external-bus master that the request for the right 
is approved. 

0112) The EXDMAC 4 is connected to the internal P 
buses PAB and PDB through which an internal-bus master 
Such as the CPU 2 or the DMAC 3 reads out or writes data 
from or into the EXDMAC 4 in order to set initial infor 
mation Such as a transfer control condition. The ESDMAC 
4 Starts an operation to control a DMA transfer as requested 
by a DMA-transfer-request signal EXDREQi where i-0 to 3 
generated by an external component. Receiving Such a 
request for a DMA transfer, the EXDMAC 4 outputs an 
external-bus-access-right request Signal EXBREQ2 to the 
external-bus controller 121 to make a request for a right to 
make an access to the external buses EDBUS and EABUS. 
If the request is approved, the external-bus controller 121 
outputs an external-bus-acceSS-right acknowledge Signal 
EXBACK2 to the EXDMAC 4. The EXDMAC 4 then 
outputs a external-bus command BCMD to the external-bus 
controller 121 and issues an external-bus address Signal 
through the external-address internal bus EXAB. Then, the 
external-bus controller 121 executes control of a data trans 
fer through the external buses EDBUS and EABUS by way 
of the external-bus buffer circuit 72 in accordance with the 
external-bus command BCMD and the external-bus address. 

0113. As described before, the IOPD 24 and the IOPE 25 
are each provided with the latch circuit 72L Serving as an 
external-buS buffer for temporarily Storing transferred data 
in accordance with a command issued by the external-bus 
controller 121 in execution of control of a dual-address 
transfer for the EXDMAC 4. In execution of control of a 
Single-address transfer, on the other hand, the external-bus 
buffer of the IOPD 24 or the IOPE 25 outputs a data 
acknowledge signal EXDACKi where i=0 to 3 to an input/ 
output circuit Serving as a data-transfer Source or a data 
transfer destination. To put it in detail, when the EXDMAC 
4 outputs the external-bus command BCMD to the external 
bus controller 11, the external-bus controller 11 outputs a 
control signal 73 to the external-bus buffer circuit 72 to drive 
a control-Signal output circuit 72C to generate a data 
acknowledge signal EXDACKi where i-0 to 3. A data 
acknowledge signal EXDACKi where i-0 to 3 provided for 
a data-transfer channel of the EXDMAC 4 specifies an 
external device having an acknowledge-Signal input pin as a 
data-transfer Source or a data-transfer destination. Thus, the 
control-signal output circuit 72C can be regarded as a means 
for Specifying an external device having an acknowledge 
Signal input pin as a data-transfer Source or a data-transfer 
destination. 

0114. In a predetermined data transfer mode of a data 
transfer through the external buses EABUS and EDBUS 
controlled by the EXDMAC 4, one of the data registers 
EXDiDRm cited earlier can be specified as either a source 
location or a destination location of the data transfer. 

0115) It should be noted that the EXDMAC 4 and the bus 
controller 121 can also be built into a single unit. 
0116 FIG. 4 is a block diagram showing a typical 
address decoding circuit 120D included in the internal-bus 
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controller 120. The address decoding circuit 120D decodes 
an address output by the CPU 2 or the DMAC 3 to the 
internal address bus IAB to recognize which of the ROM 5, 
the RAM 6, the I/O means 70 or a component in the external 
Space is used as an accessed target. An MSROM Signal, an 
MSRAM signal, an MSIO signal or an EXTA signal is 
activated as a Select signal obtained as a result of address 
decoding to indicate that the ROM 5, the RAM 6, the I/O 
means 70 or a component in the external Space respectively 
is recognized as an accessed target. 

0117. As described earlier, the ROM 5 can be mapped 
onto area 0 or 1 of the address map shown in FIG. 2 in 
dependence on the operating mode of the microcomputer 1. 
The ROM 5 can also be put in an unusable state by resetting 
a ROME signal shown in FIG. 4 at “0” through selection of 
a predetermined operating mode or Specification of an 
internal I/O register. 
0118 When the I/O means 70 is selected by setting the 
MSIO signal at “1”, an access to the internal P buses PAB 
and PDB is activated. When a component in the external 
address Space is Selected by Setting the EXTA signal at “1”, 
on the other hand, the EXTA signal is passed on to the 
external-bus controller 121 as the external-bus-access-right 
request signal EXBREQ1 cited earlier. 
0119 FIG. 5 is a diagram showing typical configurations 
of registers employed in the EXDMAC 4 for each data 
transfer channel. Typically, the EXDMAC 4 has 4 data 
transfer channels which are activated by external-bus 
request signals EXDREQi respectively where i=0 to 3 for 
carrying out a Single-address or dual-address transfer of 
data. 

0.120. As shown in FIG. 5, the registers employed in the 
EXDMAC 4 include a 24-bit source-address register (SAR) 
40, a 24-bit destination-address register (DAR) 41, a 24-bit 
transfer-count register (TCR) 48 and a 16-bit mode register 
(DTMR) 42. 
0121 In-addition, the EXDMAC 4 makes use of the 
16-byte data registers EXDiDR0 to EXDiDR15 employed in 
the external-bus buffer circuit (BUF) 72 cited earlier as 
follows. When data is transferred in word units, 2 of the data 
registers EXDiDR0 to EXDiDR15 are combined to form a 
word unit. For example, the data registers EXDiDRO and 
EXDiDR1 are combined with the former accommodating 
the low-order bits 0 to 7 of a word and the latter accom 
modating the high-order bits 8 to 15 of the word. The data 
registers EXDiDR0 to EXDiDR15 functionally employed in 
the external-bus buffer circuit (BUF) 72 shown in FIG.3 are 
physically included in the IOPD 24 and IOPE 25. 

0122) When the EXDMAC 4 executes control of a data 
transfer by not using the data registers EXDiDR0 to 
EXDiDR15, the TCR 48 functions as a register used for 
setting the number of data units to be transferred. When the 
EXDMAC 4 executes control of a data transfer by using any 
of the data registers EXDiDR0 to EXDiDR15 as either the 
Source location or the destination location of the data 
transfer, on the other hand, the TCR 48 functions as a buffer 
Specification means for Specifying any of the data registers 
EXDiDRO to EXDiDR15 to be used in the transfer of data. 
As will be described in detail later, the high-order bits 8 to 
15 (TCRH) of the TCR 48 can be used independently of the 
low-order bits 0 to 7 (TCRL) thereof. 
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0123. The SAR 40 and the DAR 41 are address specifi 
cation means for Specifying 24-bit Source and destination 
addresses respectively. Since the address Specification 
means each have a length of 24 bits, any address in the 
16-Mbyte address Space can be specified. In a transfer of 
data with any of the data registers EXDiDR0 to EXDiDR15 
used as either the Source location or the destination location 
and a location in a memory used as the other location in the 
transfer of data, the address of the other location in the 
memory is specified in the SAR 40 or the DAR 41. 
0124. The function of each bit in the DTMR 42 is 
explained as follows. Bit 15 is an EDTE bit for enabling the 
operation of the EXDMAC 4. To be more specific, when the 
EDTE bit is set at “1”, control of a data transfer for a 
data-transfer channel can be executed as requested by a 
signal EXDREQi associated with the channel. 
0125 Bit 14 is a DROS bit for defining the activation 
state of a signal EXDREQi, that is, the level of the transfer 
request Signal EXDREQi which is regarded as an active 
state. To be more specific, if the DROS bit is cleared to “0”, 
the low level of the transfer-request signal EXDREQi is 
regarded as the active state. If the DROS bit is set at “1”, on 
the other hand, the high level of the transfer-request Signal 
EXDREQi is regarded as the active state. 
0126 Bit 13 is an EDE flag. The EDE flag is set to “1” 
when a transfer of a predetermined number of units through 
a data-transfer channel is completed. That is, the EDE flag 
is set to “1” when the contents of the TCR 48 becomes “O’. 

0127 Bit 12 is an EDIE bit indicating whether interrupts 
are enabled or disabled. If the EDE flag and the EDIE bit are 
both set at “1”, the CPU2 can be interrupted. When the EDE 
flag is set to “1” with the EDIE bit set at “1”, the EDTE bit 
is cleared to “0” and the operation of the associated channel 
is Suspended. In addition, the data-transfer channel is put in 
a state of waiting for processing carried out by the CPU 2 to 
be completed. 
0128. The EXDMAC4 is capable of utilizing an object of 
transfer as a ringbuffer. When an object of transfer is used as 
a ring buffer, the address of a data-transfer destination or a 
data-transfer Source in the object of transfer is updated, 
being finally restored to an initial value after reaching a 
predetermined value. The address is restored finally to the 
initial value by Setting a predetermined bit in the address as 
a border between fixed high-order bits and variable low 
order bits. There is no special processing that needs to be 
carried out by the CPU 2 to restore the address to the initial 
value. A memory is used as a ring buffer by clearing the 
EDIE bit to “O. 

0129 Bit 11 is an RPE bit which is valid for MD2=1 to 
be described later. The RPE bit specifies a repeat operation. 
To be more specific, with the RPE bit set at “1”, bits 0 to 7 
(TCRL) of the transfer-count register TCR 48 function as a 
count register. As the value of bits 0 to 7 (TCRL) becomes 
equal to H'00, the value of bits 8 to 15 (TCRH) is transferred 
to bits 0 to 7 (TCRL) and the count operation by the TCRL 
is repeated. At that time, the EDE bit is not set to “1”. 
0130 Bits 10 to 8 are RPB2 to RPB0 bits respectively 
which are valid for MD2=0 to be described later. The RPBO 
to RPB2 bits specify the size of the ring buffer or the unit of 
repetition. To be more specific, the values of the RPB0 to 
RPB2 bits specify the magnitude of the repetition unit as 
follows. 
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Repetition 
RPB2 to RPBO unit 

BOOO 64 kB 
BOO1 128 kB 
B'O10 256 KB 
B'O11 512 KB 
B1OO 1 ME3 
B101 2 MB 

0131 where the prefix 'B appended to each value indi 
cates that the value is expressed in the binary format. While 
the execution of the data-transfer control is being carried 
forward, an address processing unit 43 increments the con 
tents of the SAR 40 and the DAR 41. However, a predeter 
mined bit in the SAR 40 and the DAR 41 is selected as a 
block to prevent a carry or a borrow from being propagated 
by the address processing unit 43 to higher-order bits than 
the predetermined bit. The predetermined bit can be bit 15, 
16, 17, 18, 19 or 20 corresponding to a repetition unit of 64 
kB, 128 kB, 256 kB, 512 kB, 1MB or 2 MB respectively in 
dependence whether the value of RPB0 to RPB2 bits is 
B'000, B'001, B'010, 

0132 B'011, B'100 or B101 respectively. With a carry or 
a borrow prevented from propagating to higher-order bits 
than the predetermined bit, the value of the higher-order bits 
is fixed and only the value of lower-order bits than the 
predetermined bit automatically changes in a Sequential and 
repetitive manner. In this way, the EXDMAC 4 is capable of 
automatically controlling the address of an access target in 
a transfer of data So that the access target functions as a ring 
buffer. If the value of the RPBO to RPB2 bits is set at B110 
r B'111, a carry or a borrow is allowed to propagate So that 
the count operation is not repeated. 

0133) Bits 7 and 6 are SM1 and SMO bits respectively for 
Specifying whether to increment, decrement or Sustain the 
contents of the SAR 40 after a transfer of data. To be more 
specific, with the SM1 bit cleared to “0”, the contents of the 
SAR 40 are Sustained. With the SM1 bit set at “1” but the 
SMO bit cleared to “0”, the contents are incremented. With 
the SM1 bit set at “1” and the SMO bit also set at “1”, on the 
other hand, the contents are decremented. 

0134 Bits 5 and 4 are DM1 and DM0 bits respectively 
for Specifying whether to increment, decrement or Sustain 
the contents of the DAR 41 after a transfer of data. To be 
more specific, with the DM1 bit cleared to “0”, the contents 
of the DAR 41 are Sustained. With the DM1 bit set at “1” and 
the DMO bit cleared to “0”, the contents are incremented. 
With the DM1 bit cleared to “0” but the DMO bit set at “1”, 
the contents are decremented. 

0135 Bits 3 to 1 are MD2, MD1 and MD0 bits respec 
tively for Selecting a data-transfer mode. To be more spe 
cific, with the MD2 bit set at “1”, one of the data registers 
EXDiDR0 to EXDiDR15 used by the EXDMAC 4 is 
Specified as a Source or destination location. One of the data 
registers EXDIDRO to EXDiDR15 is specified by the value 
of the 4 lowest-order bits of the TCR 48 for SZ=O or the 
left-shifted value of the 3 lower-order bits of the TCR 48 for 
SZ=1. It should be noted that an SZ bit will be described 
later. 
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0136. With the MD0 bit cleared to “0”, the specified one 
of the data registers EXDiDR0 to EXDiDR15 is used as the 
Source of a data transfer. With the MD0 bit set at “1”, on the 
other hand, the specified one of the data registers EXDiDR0 
to EXDiDR15 is used as the destination of a data transfer. In 
this case, only one data acceSS can be made without regard 
to the value of the MD1 bit. With the MD1 bit cleared to “0”, 
an ordinary read or write operation is carried out. With the 
MD1 bit set at “1”, on the other hand, a read or write 
operation based on an acknowledge Signal is carried out. 

0.137 With the RPE bit set at “1”, the TCR 48 is 
functionally divided into a TCRH comprising bits 15 to 8 
and a TCRL comprising bits 7 to 0. It is the TCRL that is 
used as a transfer counter. In this case, as the contents of the 
TCRL become 0, the contents of the TCRH are copied to the 
TCRL. Thus, if the contents of the TCRL and TCRH are set 
at the same value, one of the data registers EXDiDR0 to 
EXDiDR15 is used repeatedly in the same manner. 
0138). If the MD2 bit is cleared to “0”, on the other hand, 
the following holds true. If the MD1 bit is cleared to “0”, the 
dual-address mode is adopted. In the dual-address mode, 
data is transferred from an address indicated by the SAR 40 
to and address indicated by the DAR 41 only once. Strictly 
Speaking, data accesses are made twice. The first access is 
made to read out the data from the address indicated by the 
SAR 40 and the second access is made to write the data into 
the address indicated by the DAR 41. Afterwards, the 
contents of SAR 40 and the DAR 41 are updated in 
accordance with values set in the SM1, SMO, DM1 and DMO 
bits whereas the contents of the TCR 48 are decremented. 

0139 If the MD1 bit is set at “1”, the single-address 
mode is adopted. In the Single-address mode, either the 
destination or the Source of a data transfer is specified by the 
acknowledge Signal. 

0140. With the MD0 bit cleared to “0”, the destination of 
the data transfer is specified by the acknowledge Signal 
while the data-transfer Source is indicated by an address 
Stored in the SAR 40. 

0141. With the MD0 bit set at “1”, on the other hand, the 
Source of the data transfer is specified by the acknowledge 
Signal while the data-transfer destination is indicated by an 
address stored in the DAR 41. 

0142 Data is transferred by making 2 accesses. The first 
access is made to read out the data from the Source of the 
data transfer and the Second acceSS is made to write the data 
into the data-transfer destination. Afterwards, the contents of 
SAR 40 and the DAR 41 are updated in accordance with 
values set in the SM1, SMO, DM1 and DMO bits whereas the 
contents of the TCRT are decremented. 

0143 Bit 0 is the SZbit cited earlier. The SZbit indicates 
whether the size of the transfer unit is a byte or a word. To 
be more specific, an SZbit cleared to “0” indicates that data 
is transferred in bytes. On the other hand, an SZbit set at “1” 
indicates that data is transferred in words. It should be noted 
that a word is composed of 2 bytes. 
014.4 FIG. 6 is a block diagram showing the EXDMAC 
4 as a whole. A control circuit 45 employed in the EXDMAC 
4 receives activation request signals EXDREQi where i-0 to 
3 from external components. In addition, the control circuit 
45 also outputs the external-bus-access-right request 
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EXBREO2, an external-bus command BCMD and an 
address to the external-bus controller 121 and receives the 
external-bus-access-right acknowledge Signal EXBACK2 
and an external-bus ready signal EXBRDY from the exter 
nal-bus controller 121. AS described earlier, a data acknowl 
edge signal EXDACKi shown in FIG. 3 where i-0 to 3 
generated by the external-bus buffer circuit 72 for a data 
transfer channel of the EXDMAC 4 specifies an external 
device having an acknowledge-signal input pin as a data 
transfer Source or a data-transfer destination. The data 
acknowledge Signal EXDACKi used in a Single-address 
transfer of data is generated typically in accordance with the 
external-external-bus command BCMD output to the exter 
nal-bus controller 121 which in turn outputs a control Signal 
73 to the external-bus buffer circuit 72. A negated state of the 
external-bus ready signal EXBRDY can be interpreted as a 
command issued by the external-bus controller 121 to the 
EXDMAC 4 to request the EXDMAC4 to enter a wait state. 
This interpretation holds true of the signal EXBRDY output 
by the external-bus controller 121 to the internal-bus con 
troller 120. 

0.145) Furthermore, the control circuit 45 also outputs a 
select signal 45S to select a register EXDiDRm and gener 
ates the number of a data-transfer channel through which an 
operation is requested and a count value to be set in the TCR 
48 of the data-transfer channel. 

0146) Moreover, in order for the EXDMAC 4 to interface 
with the CPU 2 and the DMAC 3 employed in the micro 
computer 1, the control circuit 45 inputs a module Select 
Signal, a read Signal and a write Signal from the internal-bus 
controller 120. The EXDMAC 4 is connected to the internal 
P address bus PAB and the internal P data bus PDB. 

0147 In the dual-address mode, the general-purpose 
DMAC 3 temporarily stores data read out from the source of 
a data transfer before writing the data into the data-transfer 
destination. In the case of the EXDMAC 4, on the other 
hand, the facilities of input/output ports are used as a 
Substitute for the facility to temporary Store data being 
transferred. To put it concretely, the latch circuits 72L of the 
IOPD 24 and the IOPE 25 are each provided with a 
temporary Storing function. AS the Speed of the operation of 
a microcomputer 1 increases, a pipeline operation becomes 
indispensable. For example, an operation to read out or write 
data in a transfer of data with the DMAC 3 obtaining a 
bus-access right by itself is followed by an operation carried 
out by the CPU 2 to read out and write data from and into 
the DMAC 3 in order to set a data-transfer control condition 
in the DMAC 3. In this case, there is a difficult transition 
from an operation with the DMAC 3 serving as a bus master 
to an operation with the DMAC 3 used as a bus slave. It is 
quite within the bounds of possibility that such a difficult 
transition causes an operation uncompleted within a prede 
termined number of States or causes an undesirable State. In 
the case of the EXDMAC 4, these problems can be basically 
Solved by using facilities of input/output ports as a Substitute 
for the facility of the EXDMAC 4 serving as a bus master 
with respect to at least operations to input and output data. 
While a transfer of data is being controlled by the EXDMAC 
4, the CPU 2 is capable of making an access to the 
EXDMAC 4 by using the internal buses. Thus, the CPU 2 is 
capable of reading out data from a register employed in the 
EXDMAC 4 with any arbitrary timing to monitor the state 
of the EXDMAC 4 with ease. 
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0.148. The EXDMAC 4 is intended to serve as a compo 
nent for transferring data independently of the CPU2. If data 
read out from the Source of a data transfer must be tempo 
rarily stored in the controller module itself in a dual 
addressing mode for example, it will be necessary to provide 
a dedicated data bus. In the case of the EXDMAC 4, 
however, Such a data bus is not required. As a result, the 
physical Scale of the microcomputer 1 can be reduced 
accordingly. 

0149. As shown in FIG. 6, the EXDMAC 4 comprises 
circuit blocks such as the registers, namely, the DTMR 42, 
the DAR 41, the SAR 40 and the TCR 48 for each of the 4 
data-transfer channels, and transfer control means including 
the control circuit 45, a data buffer (DB) 44, an address 
buffer (AB) 46 and an arithmetic-processing circuit (AU) 43 
which are common to the data-transfer channels. The circuit 
blocks are connected to each other by 2 internal buses, 
namely, A and B buses. 

0150. The control circuit 45 detects an activation request 
signal EXDREQi where i=0 to 3, starting an operation. The 
control circuit 45 then outputs the external-bus-acceSS-right 
request EXBREQ2, an external-bus command BCMD and 
an address to the external-bus controller 121, and receives 
the external-bus-access-right acknowledge Signal 
EXBACK2 and an external-bus ready signal EXBRDY from 
the external-bus controller 121 to carry out an operation 
using the external buses EABUS and EDBUS. On the other 
hand, the control circuit 45 also reads out and writes data 
from and into the registers thereof in accordance with the 
module Select Signal, the read signal, the write Signal, the 
low-order bits of an address on the internal P address bus 
PAB and a value on the internal P data bus PDB. 

0151. The address buffer 46 has a width of 24 bits 
corresponding to 16 Mbytes of the external address Space. 
The address buffer 46 receives address data from the internal 
bus A and holds the address data at which data is to be 
written or read out. The address is output as an address 
signal to the external-address internal bus EXAB. 

0152 The data buffer 44 has a width of 16 bits and is 
connected to the internal P data bus PDB. The CPU 2 reads 
out and writes data from and into a register in the EXDMAC 
4 through the data buffer 44. Having a width of 24 bits, an 
access to the SAR 40 or the DAR 41 made by the CPU 2 is 
converted into 2 accesses to the data buffer 44. However, the 
internal access to the SAR 40 or the DAR 41 is made only 
once to avoid an undesirable operation. 

0153. The functions of the SAR 40, the DAR 41 and the 
DTMR 42 have been described earlier. Data is input from 
the internal bus A and output to the internal bus B. With the 
RPE bit set at “1”, the TCR 48 is functionally divided into 
a TCRH comprising bits 15 to 8 and a TCRL comprising bits 
7 to 0. It is the TCRL that is used as a transfer counter. In 
this case, as the contents of the TCRL become 0, the contents 
of the TCRH are copied to the TCRL. 

0154) The arithmetic-processing circuit (AU) 43 carries 
out increment/decrement processing. By the same token, 
data is input from the internal bus A and output to the 
internal bus B. 

O155 It should be noted that a separate bus may be 
provided to connect the data buffer 44 to each of the registers 
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to facilitate operations carried out by the CPU 2 to read out 
and-write data from and into the registers. 
0156 FIG. 7 is a diagram showing state transitions of the 
EXDMAC 4. As shown in the figure, the EXDMAC 4 has 
3 states, namely, an I (idle) state, an S (Source-transfer) State 
and a D (destination-transfer) State. 
0157. When the EXDMAC4 is reset, it enters the I state. 
In the I state, the EXDMAC 4 samples the activation request 
signals EXDREQi where i-0 to 3. A detected input activa 
tion request signal EXDREQi of a data-transfer channel 
causes the EDTE bit of the data-transfer channel to be set at 
“1”. If a plurality of data-transfer channels are activated, a 
data-transfer channel with a lowest number takes precedence 
of the others. That is, data-transfer channel 0 has the highest 
priority level. 
0158 When the activation request signal EXDREQi is 
put back in an active state, the EXDMAC 4 enters the S 
state. In the S state, the contents of the SAR 40 of the active 
data-transfer channel are output to the external-address 
internal bus EXAB and then the contents of the SAR 40 are 
updated in accordance with the SM1 and SMO bits. At the 
same time, the external-bus request signal EXBREQ2 and 
the external-bus command BCMD are output to the external 
bus controller 121. With the MD2 bit set at “1” but the MDO 
bit cleared to “0”, a data register EXDiDRm is used in place 
of the SAR 40. In this case, the external-bus command 
BCMD includes information showing the single-address 
mode and control information of the latch circuit and the 
data register EXDiDRm. 
0159. The external-bus controller 121 arbitrates requests 
for a right to make an access to the external buses EABUS 
and EDBUS and activates the acknowledge signal 
EXBACK2 with predetermined timing in order to notify the 
EXDMAC 4 that a right to make an access to the external 
buses EABUS and EDBUS is granted and starts the opera 
tion of the external buses EABUS and RDBUS. In addition, 
with the MD2 bit set at “1” but the MD0 bit cleared to “0”, 
the contents of a specified one among the data registers 
EXDiRD0 to EXDiDR15 are output to the external data bus 
EDBUS. As the operation of the external buses EABUS and 
ED BUS is completed, the external-bus ready signal 
EXBRDY is put in an active state to end a bus cycle in the 
S State of the EXDMAC 4. 

0160. With the MD1 or MD2 bit set at “1” in the S state, 
the EXDMAC 4 ends the operation in the S state, transiting 
to the I state when the EXDMAC 4 detects an active 
external-bus ready signal EXBRDY with the bus-access 
right-request acknowledge Signal EXBACK2 put in an 
active State. States with the MD1 or MD2 bit set at “1” are 
a State with the MD2 bit cleared to 0 but the MD1 bit set at 
“1”, a state with the MD1 bit cleared to 0 but the MD2 bit 
Set at “1” and a State with both the MD2 and MD1 bits set 
at “1”. A State with the MD2 bit cleared to 0 but the MD1 
bit Set at “1” corresponds to the Single-addressing mode 
using none of the data registers EXDiDRm. A state with the 
MD1 bit cleared to 0 but the MD2 bit set at “1” corresponds 
to the dual-addressing mode using a data register 
EXDiDRm. A state with both the MD2 and MD1 bits set at 
“1” corresponds to the Single-addressing mode using a data 
register EXDiDRm. 
0161 With the MD1 or MD2 bit cleared to “0” in the S 
state, the EXDMAC 4 ends the operation in the S state, 
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the communication circuits 100 and the printing control 
circuit 104. As described above, the buffer RAM 101 is 
implemented by a DRAM. A DRAM is a memory which 
allows data to be written into and read out from. Even 
though a DRAM requires refresh operations, the DRAM is 
inexpensive. FIG. 9 also shows a range of addresses 
assigned to the buffer RAM 101. In this typical printer 
control system, the buffer RAM 101 has a storage capacity 
of 2 MB or 16 Mbits. An area of 1 MB in the buffer RAM 
101 is used as a work area of the CPU 2. The rest is used as 
ring buffers each having a size of 512 kB. 
0173 The printer control system shown in FIG. 9 further 
has a printing head 106, a buffer circuit 107, a line-feed 
motor 108 and a carriage-return motor 109. The line-feed 
motor 108 and the carriage-return motor 109 are controlled 
by Signals output by the timer 7 and the pulse output circuit 
8 which are employed in the microcomputer 1 as described 
above. The line-feed motor 108 and the carriage-return 
motor 109 are each typically implemented by but not limited 
to a stepping motor. 
0174) The SCI 9 and the ADC 10 which are employed in 
the microcomputer but not shown in FIG. 9 serve as a means 
of communication with a host apparatus and a means for 
inputting information output by a Sensor Such as the number 
of printed pages. 

0175. The EXDMAC 4 receives data from the commu 
nication circuits 100 Such as a Centronics interface, an 
IEEE1394 universal serial bus (USB) and an optional com 
ponent concurrently with processing carried out by the CPU 
2. The microcomputer 1 is capable of transferring data in a 
Single-address mode by generating a transfer-acknowledge 
Signal EXDACKi in response to a transfer-request Signal 
EXDREQi supplied to the microcomputer 1. Typically, an 
input Strobe Signal generated by the Centronics interface is 
Supplied to the microcomputer 1 as the transfer-request 
signal EXDREQ0 making a request for a transfer of data 
using data-transfer channel 0 in a dual-address mode. The 
transfer-request signal EXFREQ0 is responded by a trans 
fer-acknowledge signal EXDACK0 indicating that the 
request is granted. On the other hand, a reception signal from 
the optional component is used as the transfer-request Signal 
EXDREQ1 making a request for a transfer of data using 
data-transfer channel 1 in a single-address mode. The trans 
fer-request signal EXFREQ1 is responded by a transfer 
acknowledge Signal EXDACK1 indicating that the request is 
granted. 

0176 Prior to a transfer of actual data, transfer control 
information Such as a packet command is transferred to the 
data register EXDiDRm of the EXDMAC 4. The CPU 2 
analyzes the information and, if a result of the analysis 
indicates that data is to be received continuously from the 
immediately preceding transfer of data, the MD2 bit is 
cleared to “0” and the TCR 48 is set to activate another 
transfer of data. 

0177. When the host apparatus reads out the status of the 
printer, the CPU 2 writes the data of the status from the 
registers EXD2DRO and EXD2DR1 of data-transfer channel 
2 Sequentially to be transferred to the communication circuit 
100 by activating the transfer-request signal EXDREQ2. 
The communication circuit 100 then transmits the status to 
the host apparatus. For example, the CPU 2 Sets Status 
indicating a wait for transfer control information in the 
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registers EXD2DRO and EXD2DR1. As a packet command 
containing transfer control information is transmitted by the 
host apparatus in response to the Status, the CPU 2 Sets busy 
status in the registers EXD2DR0 and EXD2DR1 and then 
analyzes the transfer control information. AS the analysis of 
the transfer control information and the Setting of the 
EXDMAC 4 are completed, the CPU 2 again sets status 
indicating a wait for other transfer control information in the 
registers EXD2DRO and EXD2DR1. The host apparatus 
transmits the other transfer control information and data 
while checking the Status. 
0178. The internal DMAC 3 outputs data to be printed 
and pulse data for driving the line-feed motor 108 and the 
carriage-return motor 109. The DMAC 3 also transfers data 
to and from the SCI 9. A method of using the DMAC 3 is 
described in Japanese Patent Laid-open No. Hei 5-307516. 
0179. It should be noted that, with the integration scale of 
the Semiconductor integrated circuit becoming larger, it 
becomes possible to integrate portions or all of the commu 
nication circuits 100 except the optional components and the 
printing control circuit 104 in the same chip as the micro 
computer 1. In addition, the general-purpose memory Such 
as the buffer RAM 101 can also be integrated in the same 
chip as the microcomputer 1. On the other hand, it is 
recommended to integrate a component with a function 
varying from microcomputer System to microcomputer SyS 
tem in a chip Separated from the chip of the microcomputer 
1. Examples of such a component are the program ROM 103 
and the CGROM 102 which are peculiar to the type of the 
individual printer. However, the logical configuration of the 
buses remains the same without regard to which portion of 
the printing control System is integrated in the same chip as 
the microcomputer 1. 
0180 FIG. 10 is a typical operation timing diagram of 
the buses of the microcomputer System. In the operation 
timing diagram, data is received through a change in Setting 
made by the CPU 2. To be more specific, 10-byte informa 
tion transferred 5 times Such as a packet command is 
received with 2 bytes received at one time. 
0181 ATCR0, that is, a transfer-count register TCR 48 
of data-transfer channel 0, is set at H'000005. For an each 
EXDREQ0 request, 1-word transfer-control data such as a 
packet command is read out from a predetermined address 
of a Centronics interface and Stored in data registers 
EXDODRM. This transfer of data is repeated 5 times. In the 
first transfer of data, the data is Stored in the data registers 
EXDODR9 and EXDODR8 and, in the second transfer of 
data, the data is stored in the data registers EXDODR7 and 
EXDODR6. In the third transfer of data, the data is stored in 
the data registers EXDODR5 and EXDODR4 and, in the 
fourth transfer of data, the data is Stored in the data registers 
EXDODR3 and EXDODR2. Finally, in the fifth transfer of 
data, the data is stored in the data registers EXDODR1 and 
EXDODRO. At the end of the fifth transfer of data, the 
contents of the transfer-count register TCR0 become 0 and 
the EDE bit is set at “1”. At a clock cycle T7, a request for 
an interrupt is made to the CPU 2. 
0182 Receiving the request for an interrupt, the CPU 2 
analyzes the transfer control information Stored in the data 
registers EXDODR9 to EXDODRO and sets necessary data 
transfer conditions. For example, the CPU 2 sets the trans 
fer-count register TCR 48 and clears the MD2 bit to “0”. The 
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contents of a SARO, that is, the SAR 40 of data-transfer 
channel 0, are the predetermined address of the Centronics 
interface and it is thus unnecessary to change the contents. 
On the other hand, the contents of a DAR0, that is, the DAR 
41 of data-transfer channel 0, are a next address of the 
preceding data transfer. In the case of an operation to Store 
pieces of data at consecutive addresses, it is not necessary to 
change the contents of the DAR0. After the transfer control 
condition has been Set again as described above, control to 
transfer data information following the packet command is 
executed. 

0183) To put it in more detail, the timing diagram repre 
Sentatively shows a 2-time reception of transferred informa 
tion, a 1-time operation carried out by the CPU 2 to write 
data into the CDMAC 4 to re-set transfer control informa 
tion and a 1-time reception of data information. 

0184. On the internal buses IAB and IDB, the CPU 2 
reads out data from the ROM 5 and writes or reads out data 
into and from the RAM 6 mostly in 1 state. In this state, the 
CPU 2 writes data during a period of time starting from a 
clock cycle T8 under control executed by the EXDMAC 4 
using the internal P buses PAB and PDB. This write opera 
tion is an operation to reset a transfer control condition based 
on an interrupt. 

0185. The DMAC 3 transfers data from an internal I/O 
register Such as an SCI-reception data register to the RAM 
6 during a period of time Starting from a clock cycle T3. 

0186 On the other hand, data-transfer channel 0 of the 
EXDMAC 4 is activated at clock cycles T0 and T4 by the 
transfer-request signal EXDREQ0 to hold transfer control 
information from the Centronics interface in buffer registers 
EXDODRm. The data-transfer channel is again activated at 
a clock cycle T13 to transfer data information from the 
Centronics interface to the buffer RAM 101. 

0187. That is, the EXDMAC 4 transits to the S state at a 
clock cycle T2 in response to the activation by the transfer 
request signal EXDREQ0 at the clock cycle T0. In addition, 
the EXDMAC 4 issues a request for a right to make an 
access to the external buses EABUS and EDBUS and the 
external-bus command BCMD as well as outputs an address 
to the external-address internal bus EXAB. The external-bus 
command BCMD requests, among other processing, an 
operation to read out data and an operation to write the data 
into a register EXDODRm. The external-bus controller 121 
arbitrates requests for a right to make an access to the 
external buses EABUS and EDBUS before granting such a 
right to the EXDMAC 4 immediately and activating the 
external buses EDBUS and EABUS. The external-bus ready 
signal EXBRDY is temporarily deactivated to put the EXD 
MAC 4 in a wait state. 

0188 When the external-bus ready signal EXBRDY is 
put back in an active state, the EXDMAC 4 transits to the I 
state, returning to a wait state. Since the MD2 bit is set at 
“1”, only 1 data access of one bus cycle is made even if the 
MD1 bit is cleared to “0” to specify the dual-address mode. 
This is because, at a clock cycle T3, data obtained on the 
external data bus EDBUS is written into the data registers 
EXDODRm of the IOPD 24 and the IOPE 25 as controlled 
by the external-bus controller 121. The data registers 
EXDODRm into which the data is written are selected in 
accordance with low-order bits of the TCR 48 as described 
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earlier. In actually, in the first transfer of data, the data is 
stored in the data registers EXDODR9 and EXDODR8 and, 
in the Second transfer of data, the data is Stored in the data 
registers EXDODR7 and EXDODR6 as described above. By 
the same token, in the third transfer of data, the data is Stored 
in the data registers EXDODR5 and EXDODR4 and, in the 
fourth transfer of data, the data is Stored in the data registers 
EXDODR3 and EXDODR2. Finally, in the fifth transfer of 
data, the data is stored in the data registers EXDODR1 and 
EXDODRO. In the bus timing diagram of FIG. 10, data is 
stored in the data registers EXDODR3 and EXDODR2 at the 
bus cycle T3 while and data is Stored in the data registers 
EXDODR1 and EXDODRO at a bus cycle T7. 
0189 At a bus cycle T6, the contents of the TCR 48 are 
decremented. As the contents of the TCR 48 become 0, the 
EDE bit is set to a “1”. At a clock cycle T7, a request for an 
interrupt is made to the CPU 2. In response to this request, 
the CPU 2 carries out interrupt processing. In an interrupt 
processing routine, the CPU 2 fetches the contents of 
EXDORDm and changes the setting of the transfer control 
condition of the EXDMAC4. An operation to write data into 
the EXDMAC 4 is carried out only once as a representative 
in the timing diagram. The registers EXDODRm and the 
EXDMAC 4 use the internal P buses PAB and PDB so that 
read and write operations can be carried out without using 
the external buses EABUS and EDBUS. As a result, a 
transfer of data controlled by the EXDMAC 4 through 
another channel is not obstructed. 

0190. After modification of the setting for data-transfer 
channel 0 of the EXDMAC 4, at a clock cycle T13, the 
EXDMAC 4 transits to the S state in response to the 
activation of the transfer-request signal EXDREQ0. In addi 
tion, the EXDMAC 4 issues a request for a right to make an 
access to the external buses EABUS and EDBUS and the 
external-bus command BCMD as well as outputs an address 
to the external-address internal bus EXAB. The external-bus 
command BCMD requests, among other processing, a read 
operation, prohibition of a bus-right transfer after the read 
operation and latching of data read out in the read operation. 
The external-bus controller 121 arbitrates requests for a right 
to make an access to the external buses EABUS and EDBUS 
before granting such a right to the EXDMAC 4 immediately 
and activating the external buses EDBUS and EABUS. The 
external-bus ready signal EXBRDY is temporarily deacti 
vated to put the EXDMAC 4 in a wait state. 
0191) When the external-bus ready signal EXBRDY is 
put back in an active state, the EXDMAC 4 transits to the D 
state. In this state, the EXDMAC 4 issues a request for a 
right to make an access to the external buses EABUS and 
EDBUS and the external-bus command BCMD as well as 
outputs an address to the external-address internal bus 
EXAB. The external-bus command BCMD requests, among 
other processing, a write operation and outputting latched 
data. The external-bus controller 121 arbitrates requests for 
a right to make an access to the external buses EABUS and 
ED BUS before granting such a right to the EXDMAC 4 
immediately and activating the external buses EDBUS and 
EABUS. The external-bus ready signal EXBRDY is tem 
porarily deactivated to put the EXDMAC 4 in a wait state. 
When the external-bus ready signal EXBRDY is out in an 
active state (at a high level), the EXDMAC 4 transits to the 
I state, returning to a wait state. Since the MD2 bit is cleared 
to “0”, 2 data accesses are made due to the fact that the MD1 
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bit is cleared to “0” to Specify the dual-address mode. The 
first data access is made to read out data from the Centronics 
interface as is the case with the operation to read out transfer 
control information. The Second access is made to write the 
transfer control information into the buffer RAM 101. 

0.192 The external-bus controller 121 forms a judgment 
on an access to an area in the buffer RAM 101, Supplying an 
external-bus control signal to the IOPA to the IOPF so as to 
make the access in 4 States including precharge, RAS and 
CAS cycles. A RAS address is compared with that of the 
immediately preceding access to the RAM 101. If the 
present access is made to the same page as the immediately 
preceding access, a high-Speed-page mode involving a CAS 
cycle only is adopted. 
0193 FIG. 11 is another typical timing diagram of bus 
operations in the microcomputer system shown in FIG. 9. 
The following description focuses on a case in which the 
latch circuit 72L is used. 

0194 Similarly to what is described earlier, the internal 
buses IAB and IDB are mainly used to fetch instructions of 
a program stored in the ROM 5 and to read out and write 
data from and into the RAM 6. In particular, the CPU 2 reads 
out data from an I/O register Such as an A/D converter using 
the internal P buses PAB and PDB during a period of time 
Starting from a clock cycle T3 and reads out data from an 
external memory such as a CGROM during a period of time 
Starting from a clock cycle T12. Since circuits connected to 
the internal P buses PAB and PDB have an access speed 
lower than the RAM 6 and the ROM 5, the bus ready signal 
BRDY is generated by the bus controller 120. 
0195 The DMAC 3 transfers data from an internal 
memory such as the RAM 6 to an internal I/O register such 
as the pulse output circuit 8 during a period of time Starting 
from a clock cycle T7. 
0196) In the EXDMAC4, on the other hand, data-transfer 
channel 0 is used for transferring-data in the dual-address 
mode while data-transfer channel 1 is used for transferring 
data in the Single-address mode. At a clock cycle T0, 
data-transfer channel 0 is activated while, at clock cycles T7 
and T14, data-transfer channel 1 is activated. It should be 
noted that the activation request signal EXDREQi where i=0 
to 3 is also shown in the bus timing diagram of FIG. 11. 
Portions of the activation request signal EXDREQi marked 
with ch0 and ch1 represent the states of the signals 
EXDREQ0 and EXDREQ1 respectively. 
0197). At the clock cycle T0, the EXDMAC 4 transits to 
the S State in response to the activation by the transfer 
request signal EXDREQ0. In addition, the EXDMAC 4 
issues a request for a right to make an access to the external 
buses EABUS and EDBUS and the external-bus command 
BCMD as well as outputs an address to the external-address 
internal bus EXAB. The external-bus command BCMD 
requests, among other processing, a read operation, prohi 
bition of a bus-right transfer after the read operation and 
latching of data read out in the read operation. The external 
bus controller 121 arbitrates requests for a right to make an 
access to the external buses EABUS and EDBUS before 
granting such a right to the EXDMAC 4 immediately by 
generating a signal EXBACK2 and activating the external 
buses. EDBUS and EABUS. The external-bus controller 121 
deactivates the external-bus ready signal EXBRDY tempo 
rarily at a low level to insert a wait state into the EXDMAC 
4. 
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0198 When the external-bus ready signal EXBRDYout 
put by the external-bus controller 121 is put back in an active 
state, the EXDMAC 4 ends the memory cycle, transiting to 
the D state. Then, the EXDMAC4 issues a request for a right 
to make an access to the external buses EABUS and EDBUS 
and the external-bus command BCMD as well as outputs an 
address to the external-address internal bus EXAB. The 
external-bus command BCMD requests, among other pro 
cessing, a write operation and outputting latched data. The 
external-bus controller 121 arbitrates requests for a right to 
make an access to the external buses EABUS and EDBUS 
before granting such a right to the EXDMAC 4 immediately 
by generating a signal EXBACK 2 and activating the 
external buses EDBUS and EABUS. Much like the opera 
tion described above, the external-bus controller 121 deac 
tivates the external-bus ready signal EXBRDY temporarily 
at a low level to insert a wait state into the EXDMAC 4. The 
external-bus controller 121 forms a judgment on an access 
to an area in the buffer RAM 101, Supplying an external-bus 
control signal to the IOPA to the IOPF so as to make the 
acceSS in 4 States including precharge, RAS and CAS cycles. 
When the external-bus ready signal EXBRDY is temporarily 
deactivated, the external-bus controller 121 inserts a wait 
cycle into the EXDMAC 4. 
0199 As the external-bus ready signal EXBRDY is acti 
vated, the EXDMAC 4 completes the memory cycle and 
transits to the I State, returning to a wait State. 
0200. At a clock cycle T7, the transfer-request signal 
EXDREQ1 is activated, causing the EXDMAC 4 to transit 
to the S state. In the S state, the EXDMAC 4 generates an 
external-bus command BCMD and a request for a right to 
make an access to the external buses EABUS and EDBUS. 
In addition, the EXDMAC 4 outputs an address to the 
external-address internal bus EXAB. The external-bus com 
mand BCMD requests the external-bus controller 121 to 
generate Signals. Such as a read signal and the Signal 
EXDACK1. The external-bus controller 121 arbitrates 
requests for a right to make an access to the external buses 
EABUS and EDBUS and immediately grants an access to 
the external buses EABUS and EDBUS to the EXDMAC 4 
by outputting the signal EXBACK 2 to the EXDMAC 4, 
activating the external buses EABUS and EDBUS. Much 
like what has been described above, the external-bus ready 
signal EXBRDY is temporarily deactivated and the external 
bus controller 121 inserts a wait cycle into the EXDMAC 4. 
The external-bus controller 121 determines that the 
requested access is an access to an area in the DRAM. In this 
case, the access is implemented in 4 States including pre 
charge, CAS and RAS cycles. AS the external-bus ready 
signal EXBRDY is activated, the EXDMAC 4 completes the 
memory cycle and transits to the I State, returning to a wait 
State. 

0201 Then, at the clock cycle T14, the EXDMAC 4 
transits to the S State in response to the activation by the 
transfer-request signal EXDREQ1. In addition, the EXD 
MAC 4 issues a request for a right to make an access to the 
external buses EABUS and EDBUS and the external-bus 
command BCMD as well as outputs an address to the 
external-address internal bus EXAB. The external-bus com 
mand BCMD requests, among other processing, a read 
operation and generation of an acknowledge Signal 
EXDACK1. The external-bus controller 121 arbitrates 
requests for a right to make an access to the external buses 
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EABUS and EDBUS. Since the CPU 2 is executing an 
operation to read out data by using the external buses 
EABUS and EDBUS, however, the external-bus controller 
121 puts the EXDMAC 4 in a state of waiting for the CPU 
2 to complete the read operation instead of granting a right 
to make an access to the external buses EABUS and EDBUS 
to the EXDMAC 4. At a clock cycle T17, the external-bus 
controller 121 grants a right to make an access to the 
external buses EABUS and EDBUS to the EXDMAC 4, 
activating the external buses EABUS and EDBUS. The 
external-bus controller 121 deactivates the external-bus 
ready signal EXBRDY temporarily at a low level to insert a 
wait state into the EXDMAC 4. When the external-bus ready 
signal EXBRDYoutput by the external-bus controller 121 is 
put back in an active state, the EXDMAC 4 transits to the I 
State, returning to a wait State. 

0202) In the DTMR1 (the DTMR 42 of data-transfer 
channel 1), the DTIE bit is cleared to “0”, the RPB2 to RPB0 
bits are set at B'011 and the SM1 and SMO bits are set at B'10 
to Set a repetitive operation to transfer data in 512-kB units. 
At a clock cycle T9, the contents of the DAR1, that is, the 
DAR 40 of data-transfer channel 1, are incremented, being 
updated from H'5FFFFF to H'580000 to continue the opera 
tion. That is, an area from the address H'580000 to the 
address H'5FFFFF in the buffer RAM 101 forms a ring 
buffer. The CPU 2 reads out data from the DAR1 (or the 
DAR 40 of data-transfer channel 1) to obtain an input 
pointer to the ring buffer. By referencing the input pointer, 
an operation to read out data from the ring buffer can be 
carried out with ease So as to make the amount of data left 
in the ring buffer appropriate. 

0203. In addition, since EXDMAC 4 continues the opera 
tion without a stop, an activation request Signal generated at 
a restart is always detected and never detected incorrectly. 

0204. When the CPU 2 makes a request for a read or 
write operation using the external buses EABUS and 
ED BUS and the EXDMAC 4 makes a request for a transfer 
of data using the external buses at the same time, either the 
CPU 2 or the EXDMAC 4 enters a halt state temporarily. 
Since the CPU 2 makes data accesses neither frequently nor 
continuously and the EXDMAC 4 does not transfer data 
continuously either, it is possible to prevent both the CPU 2 
and the EXDMAC 4 from entering a halt state for a long 
period of time. At least, the CPU 2 is capable of executing 
a program stored in the ROM 5 concurrently with a transfer 
of data through the external buses EABUS and EDBUS 
controlled by the EXDMAC 4. In other words, data can be 
transferred by the EXDMAC 4 using the external buses 
EABUS and EDBUS without degrading the processing 
performance of the CPU 2. In addition, data can be trans 
ferred by the EXDMAC 4 using the external buses EABUS 
and EDBUS concurrently with a transfer of data controlled 
by the DMAC 3 by using the internal buses IAB and IDB. 
0205. It should be noted that, by-synchronizing a request 
for a right to make an access to the internal buses IAB and 
IDB and an acknowledge Signal for the request with a clock 
or bus-ready Signal, a bus-access right can be transferred 
from the CPU 2 to the DMAC 3 and vice versa without 
incurring an overhead. By the same token, a right to make 
an access to the external buses EABUS and EDBUS can be 
transferred from the CPU 2 to the EXDMAC 4 and vice 
Versa without incurring an overhead. 
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0206 FIG. 12 is a block diagram showing an external 
bus controller DMAC4A which has the functions of both the 
general-purpose DMAC 3 and the EXDMAC 4 described 
above. 

0207. The external-bus controller DMAC 4A is provided 
with data-transfer channels 0 to 7 each having the DTMR 
42, the SAR 40, the DAR 41, a transfer counter TCR 48 and 
another transfer counter BTCR 47B which each function as 
a control register. An arithmetic-processing unit 43A has a 
shifter 47C. The external-bus controller DMAC 4A includes 
3 internal buSSes, namely, A, B and C buses. 

0208. Much like the EXDMAC 4 shown in FIG. 6, the 
external-bus controller DMAC 4A shown in FIG. 12 is 
provided with an interface with the external-bus controller 
121, an interface with the internal-bus controller 120 includ 
ing a signal requesting a right to make an access to internal 
buses, an internal-bus command, an IAB output, a signal 
acknowledging a request for a right to make an access to the 
internal buses, an internal-bus-ready input Signal and IDB 
inputs/outputs in addition to-the interface with the internal 
bus masters including the CPU 2 and the interface with the 
internal-bus controller 120. 

0209 When the EDTE bit of the DTMR 42 is set at “1”, 
a request for a right to make an access to the external buses 
EABUS and EDBUS and an external-bus command BCMD 
can be issued to the external-bus controller 121 and data can 
be transferred through the external buses EABUS and 
EDBUS concurrently with execution of a program by the 
CPU 2 using the internal buses. 
0210. When the IDTE bit of the DTMR 42 is set at “1”, 
on the other hand, a transfer of data between any arbitrary 
addresses through the internal buses (the Ibuses) Such as a 
request for a right to make an access to the internal buses and 
an internal-bus command can be issued to the internal-bus 
controller 120 in an exclusive manner from the operation of 
the CPU 2 using the internal buses. It should be noted that 
the EDTE and IDTE bits of the DTMR 42 are not shown in 
FIG. 12. 

0211. In the configuration shown in FIG. 12, a limited 
number of data-transfer channels among the 8 channels can 
be allocated to transferS of data by being Swapped with each 
other. For example, 2 data-transfer channels can be allocated 
to data transfers of the external-bus controller DMAC 4A 
using the external data buses EABUS and EDBUS while the 
remaining 6 channels are allocated to transferS of data using 
the internal buses. In addition, logic Such as the arithmetic 
processing unit 43A and buS interfaces can be shared among 
components. When a plurality of requests for activation are 
received at the same time, a request for a transfer of data 
through the external buses EABUS and EDBUS is given the 
highest priority in order to take advantage of the capability 
of carrying out an operation concurrently with the proceSS 
ing carried out by the CPU 2. 
0212. In addition, if a control circuit for controlling a 
transfer of data through the external buses EABUS and 
ED BUS is provided separately from a control circuit for 
controlling a transfer of data through the internal buses and 
their arithmetic-processing units and buses are also provided 
Separately, data can be transferred through the internal buses 
concurrently with a transfer of data through the external 
buses EABUS and EDBUS. 
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0213 The external-bus controller DMAC 4A can also be 
configured So that, when the Single-address mode is Selected, 
data can be transferred only through the external buses 
EABUS and EDBUS and, when the dual-address mode is 
Selected, on the other hand, data can be transferred only 
through the internal buses. If the number of selectable 
activation drivers is limited in this way, the number of 
control bits can be reduced more than the degree of freedom 
to use the external-bus controller DMAC 4A is lowered. 

0214 FIG. 13 is a flowchart representing a transmission 
of data between the printer control system shown in FIG. 9 
and a host apparatus connected to a host interface of the 
printer system but not shown in FIG. 9. 

0215. The host apparatus prepares data to be printed Such 
as a text or a picture as required data, Starting a transmission 
of the data. 

0216. As shown in FIG. 13, the flowchart begins with a 
Step S1 at which the host apparatus checks the Status of the 
printer System. AS described above, the microcomputer 1 
employed in the printer System outputs Status information 
stored in the registers EXDiDRm by using the EXDMAC 4 
to the communication circuits 100 which then transmit the 
Status information to the host apparatus. 

0217. If the status information is found by the host 
apparatus to be busy status, the flow of the transmission goes 
back to the step S1. If the status information is found by the 
host apparatus to be ready status, on the other hand, the flow 
of the transmission goes on to a Step S2 at which the host 
apparatus transmits transfer control information to the 
printer System. The transfer control information includes the 
type of data to be printed and the amount of the data. The 
transfer control information is Stored in the registers 
EXDiDRm by the EXDMAC 4. The CPU 2 analyses the 
transfer control information, carrying out processing Such as 
re-setting of the EXDMAC 4 according to a result of the 
analysis. 

0218. At a step S3, the host apparatus checks the status of 
the printer system. If the status information is found by the 
host apparatus to be busy status, the flow of the transmission 
goes back to the step S3. If the status information is found 
by the host apparatus to be ready Status, on the other hand, 
the flow of the transmission goes on to a step S4 at which the 
host apparatus transmits the data to be printed. The EXD 
MAC 4 then stores the data to be printed in the buffer RAM 
101. Then, the CPU 2 carries out a necessary printing 
proceSS on the data to be printed. 

0219. At a step S5, the host apparatus checks the status of 
the printer system. If the status information is found by the 
host apparatus to be busy status, the flow of the transmission 
goes back to the step S5. On the other hand, ready status 
indicates that the printing of the data has been completed. 

0220 FIG. 14 is a block diagram showing a modified 
configuration of the typical microcomputer System including 
the described microcomputer 1 used in control of a printer. 

0221) This modified configuration includes a flexible 
disc drive 110. For example, picture data obtained typically 
by using a digital Still camera can be entered directly to the 
flexible-disc drive 110 to be printed without entering the 
data through the host apparatus. 
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0222. In this case, the microcomputer 1 is capable of 
issuing a command to read out the data from the flexible-disc 
drive 110. Typically, the CPU 2 prepares the read command 
in registers EXDiDRm in advance to be transferred by the 
EXDMAC 4 to the flexible-disc drive 110. As an alternative, 
the CPU 2 transfers the command to the flexible-disc drive 
110 directly. In either case, the CPU 2 needs to set the 
EXDMAC 4 so as to transfer the picture data from the 
flexible-disc drive 110 to the RAM 101 in accordance with 
the read command. 

0223) When the flexible-disc drive 110 completes prepa 
ration to transfer the picture data in accordance with the read 
command, a request for a transfer of the data by using the 
EXDMAC 4 is made. In response to the request, the EXD 
MAC 4 transfers the picture data from the flexible-disc drive 
110 to the RAM 101. 

0224). In place of the flexible-disc drive 110, an EEPROM 
device implemented typically by a flash memory can be used 
in conjunction with an interface. The substitute for the 
flexible-disc drive 110 is not limited to a specific storage 
medium. 

0225 FIG. 15 is a block diagram showing main compo 
nents employed in the external-bus controller 121 and the 
buffer 72. 

0226. As shown in the figure, the internal address bus 
IAB and the external-address internal bus EXAB are con 
nected to an address decoder 1211 employed in the external 
bus controller 121 which determines to give an external-bus 
matter a right to make an access to the external buses 
EABUS and EDBUS in accordance with an external-bus 
command BCMD received from the master. If the external 
bus master is the internal-bus controller 120 representing the 
CPU 2 or the DMAC 3, an address asserted on the internal 
address bus IAB is decoded by the address decoder 1211. If 
the external-bus master is the EXDMAC 4, on the other 
hand, an address asserted on the external-address internal 
address bus EXAB is decoded by the address decoder 1211. 
A result of decoding is Supplied as an area Select Signal 1215 
to a control circuit 1212. 

0227. The control circuit 1212 refers to control registers 
1213 for data corresponding to a Selected area. Examples of 
the control registers are an ABWCR, an ASTCR and a 
DRAMCR. The ABWCR and the ASTCR are each an 8-bit 
register corresponding to an area and used for Selecting an 
address-bus width of 8 bits or 16 bits and selecting a 2-state 
access or a 3-state access. The DRAMCR is used for 
Specifying, among other things, Setting information of the 
DRAM interface and a shift amount of address multiplexing. 

0228. The control circuit 1212 determines the bus cycle 
to be executed and activates a timing control circuit 1214 in 
accordance with the information described above. 

0229. The timing control circuit 1214 generates a control 
signal 1216 and controls an address multiplexer 722A 
employed in the buffer 72 in accordance with a bus cycle 
specified by the control circuit 1212 and the external-bus 
command BCMD. In addition, at the end of the external-bus 
cycle, the timing control circuit 1214 outputs an external 
bus-access-right arbitration timing Signal 1217 making a 
request for arbitration of requests for a right to make an 
access to the external buses EABUS and EDBUS. 



US 2005/0210221A1 

0230 FIG. 16 is a timing diagram showing also DRAM 
control Signals appearing during a buS operation carried out 
by the microcomputer System described above. 
0231 RAS and CAS signals are used for controlling 
addresses in the DRAM. Special DRAMs such as a fast-page 
DRAM, an EDO DRAM and a synchronous DRAM have a 
high-Speed page mode which allows a data access to be 
made at a high Speed. In the high-speed page mode, the RAS 
and CAS Signals are both put in a Selected State in order to 
make an access to the DRAM. In the end of the access to the 
DRAM, the RAS signal is sustained in the selected State as 
it is. Prior to a next access to the DRAM, the address of data 
to be accessed is examined to determine whether or not the 
data is located on the same page as the immediately pre 
ceding access. If the data is located on the Same page as the 
immediately preceding access, only the CAS Signal is again 
put in a selected State to allow the DRAM to be re-accessed. 
For example, a write cycle of data-transfer channel 0 of the 
EXDMAC 4 starting from a clock cycle T4 is completed in 
2 States by re-selecting the CAS Signal only. 

0232. In an access to the DRAM in a single-address cycle 
through data-transfer channel 1 in a period of time starting 
from a clock cycle T8 or T17, on the other hand, first of all, 
the RAS Signal is put in a de-Selected State. Then, after a 
pre-charge cycle of 1 State is completed, the RAS Signal is 
put back in a Selected State during a RAS-Signal cycle of 1 
state. Finally, the access to the DRAM is completed at the 
end of a CAS-Signal cycle of 2 states. 
0233. In this timing diagram, a refresh cycle of the 
DRAM is carried out in a period of time starting from a 
clock cycle T21. Refresh cycles are executed at predeter 
mined time intervals. For each time intervals, a refresh timer 
of the Semiconductor integrated circuit issues a request for 
a right to make an access to the external buses EABUS and 
EDBUS. After such a right is secured, a refresh cycle is 
carried out. In this timing diagram, the refresh cycle is a 
CAS-before-RAS refresh which can be executed concur 
rently with an access to the internal buses made by the CPU 
2. 

0234 FIG. 17 is a block diagram showing another typi 
cal microcomputer System including a Single-chip micro 
computer provided by the present invention for controlling 
a digital Still camera. 
0235. In place of the line-feed motor 108, the carriage 
return motor 109 and the printing head 106 employed in the 
application to a printer shown in FIG. 9, the microcomputer 
system shown in FIG. 17 includes a lens motor 111, a 
CCD/gain adjustment/correction circuit 112, a Switch 114 
typically functioning as a shutter button, LEDs 115 for 
displaying various kinds of Status Such as a power-on State 
and a frame memory 113. A program for controlling the 
digital still camera can be stored in the ROM 5 embedded in 
the microcomputer 1 or a program ROM connected to the 
external buses EABUS and EDBUS but not shown in the 
figure. 

0236. The microcomputer 1 controls the lens motor 111 
and the CCD/gain adjustment/correction circuit 112 by 
using mainly input/output Signals of a timer and an I/O unit. 
An optical Signal received through a lens 116 is converted by 
a CCD into an electrical signal. After completing a gain 
adjustment and a correction, the electrical Signal is Stored 
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into the frame memory 113. Picture data stored in the frame 
memory 113 is transferred by the EXDMAC 4 to the buffer 
memory 101. 

0237 Picture data to be saved is stored by the EXDMAC 
4 into a flash memory device 118 by way of an interface 117. 
The picture data may be transmitted to typically a host 
computer connected to the digital Still camera by way of a 
transmission/reception circuit 100. AS an alternative, the 
picture data stored in the flash memory device 118 by the 
EXDMAC 4 is transmitted to the host computer by way of 
a transmission/reception circuit 100. 

0238. The operation is about the same as that of the 
printer control System described earlier except that the 
direction of the data transfer is opposite. Much like the 
printer control System, data received from the host computer 
or the like through the transmission/reception circuit 100 can 
be stored in the flash memory device 118 by way of the 
interface 117. 

0239). Other microcomputer systems that can be imple 
mented by this embodiment include control Systems of a 
digital Video camera and a digital Video disc. 

0240 FIG. 18 is a block diagram showing an application 
in which a plurality of microcomputer Systems are con 
nected to each other. 

0241 The microcomputer systems shown in FIG. 18 are 
a personal computer (PC) 130, the printer control system 
131, a television receiver (TV) 132 and a digital still camera 
133. Picture data taken by the digital still camera 133 is 
transmitted to the TV 132 and the printer control system 131 
by way of a host interface to be displayed and printed 
respectively. AS an alternative, the picture data can also be 
transmitted to the PC 130. In the PC 130, the picture data is 
edited and the edited picture data can then be transmitted to 
the TV 132 and the printer control system 131. Unlike the 
printer control systems shown in FIGS. 9 and 14 wherein a 
host apparatus is fixed from the beginning as described 
earlier, in this application, it is not necessary to determine a 
host apparatus in advance. In this application, an apparatus 
making a request for a transfer of data at the beginning 
through a data communication line 134 is treated as a host. 
0242. In this application, a plurality of microcomputer 
Systems are linked to each other in a daisy connection. It 
should be noted, however, that they can also be linked to 
each other in a Star connection using a hub. 

0243 It is possible to employee a data-transfer controller 
(DTC) as a second data-transfer unit connected to the 
internal buses of the microcomputer. The DTC is disclosed 
in Japanese Patent Laid-open No. Hei 7-129537 and U.S. 
Pat. No. 5,809,259. FIG. 19 is a block diagram showing the 
DTC. 

0244. In the DTC, data-transfer information stored in a 
RAM in advance is transferred to the DTC from the RAM 
when the DTC is activated. After a transfer of data is 
completed, the data-transfer control information is saved 
back in the RAM. In this way, it is possible to prevent the 
logical and physical Scales of the DTC from increasing or to 
keep up with a plurality of requests for activation and 
requests for a data transfer. It is also possible to Sufficiently 
increase the number of bits in the address register. 
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0245 Moreover, results of a study conducted by the 
inventor of the invention indicate that, having only functions 
of a master, the DTC reads out and writes transfer control 
information by itself from and into the RAM which is shared 
with the CPU in order to transfer data. The DTC thus has no 
functions of a slave. If contentions of the CPU and the DTC 
itself for use of and accesses to the buses can be avoided, the 
logic configuration can be further simplified and the devel 
opment time and the like can be reduced. Thus, the margin 
for a functional expansion is big. 
0246 By combination with the external-bus controller 
DMAC, the logic configuration can be simplified while data 
can be transferred in a flexible manner and at a high Speed. 
0247 For the reason described above, the DTC interfaces 
only with the internal data bus IDB, having registers for 1 
data-transfer channel, namely, a Source-address register 
(SAR), a destination-address register (DAR), a transfer 
count register (TCR), a block transfer-count register 
(BTCR) and a transfer mode register (DTMR). 
0248. An interrupt can be generated by the DTC for 
activation of the DTC. It is possible to select a scheme in 
which a DTC enable register makes a request by generating 
an interrupt to the CPU or a scheme in which the DTC is 
requested to carry out a transfer of data. A request for 
activation is Supplied to a priority-level determination circuit 
which passes on the request and Supplies a vector number to 
the DTC. 

0249. When the transfer of predetermined data is com 
pleted, the DTC outputs a DTE clear Signal or a cause clear 
Signal to clear respectively a DTE bit or an interrupt cause 
flag corresponding to the activation cause. 
0250 FIG.20 is a flowchart representing the operation of 
the DTC. 

0251 First of all, the CPU obtains a DTC vector address 
from the RAM as the start address (m) of a register file. 
Then, the CPU sets initial values in the register file begin 
ning from the start address (m). Subsequently, the CPU sets 
a DTC permit bit and an interrupt-cause permit bit not 
shown in the figure at “1”. 
0252). With the DTC permit bit set at “1”, when a pre 
determined interrupt request is generated and the DTC is 
activated, the operation begins with a Step S1 at which data 
for a vector address register (VAR) in the DTC is read out 
from a vector address corresponding to the activation cause 
and set in the VAR. 

0253) At a step S2, pieces of data read out sequentially 
from addresses indicated by the contents of the vector 
address register VAR are Stored in predetermined registers in 
the DTC such as the mode register DTMR, the block 
transfer-count register BTCR, the transfer-count register 
TCR, the source-address register SAR and the destination 
address register DAR. 

0254. At a step S3, data is transferred in accordance with 
the contents of the above registers. The contents of the 
registers are also updated with a transfer of data. 
0255. At a step S4, the contents of the registers are stored 
back to addresses indicated by the contents of the vector 
address register VAR. At that time, if an NXTE bit included 
in the mode register DTMR is set at “1”, the flow of the 
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operation goes back to the Step S1 at which pieces of 
information are read out from consecutive addresses and Set 
in the registers to repeat the processing described above. 
0256 If the NXTE bit is cleared to “0”, on the other hand, 
the transfer operation of the DTC is halted and the contents 
of the transfer counter are examined. If the contents of the 
transfer counter are not 0, the cause clear Signal is put in an 
active State to reset the interrupt factor flag at “0” through an 
interrupt controller. If the contents of the transfer counter are 
0, on the other hand, the interrupt cause flag is not reset but 
the DTC permit bit is reset to “0”. It should be noted that 
register to be used as the transfer counter can be changed in 
dependence on the transfer mode of the DTC. 
0257). After the transfer operation of the DTC is halted, 
the DTC permit bit is reset to “0”. Since, the interrupt cause 
remains, the CPU carries out interrupt processing by execu 
tion of an interrupt processing routine. During the execution 
of the interrupt processing routine, it is necessary to reset the 
interrupt flag to “0”. 
0258. The embodiments described above exhibits the 
following effects. 

0259 (1) The internal buses IAB and IDB of the 
microcomputer 1 are controlled independently of con 
trol of the external buses EABUS and EDBUS. To be 
more specific, the CPU 2 carries out an operation using 
the internal buses IAB and IDB independently of a 
transfer of data through the external buses EDBUS and 
EABUS controlled by the EXDMAC 4. As a result, the 
processing performance of the microcomputer 1 can be 
improved. 

0260. In addition, the logical configuration of the micro 
computer 1 can be simplified without using a bus dedicated 
to the DMAC and a memory of a dual-port type. 

0261) (2) The buffer registers EXDiDRm are provided 
to be used as a Source or destination location. Typically, 
transfer control information Such as a packet command 
is stored in a buffer register EXDiDRm. It is not 
necessary to specify a buffer register EXDiDRm by 
using an address or acknowledge Signal. Instead, Since 
a buffer register EXDiDRm is specified by a peculiar 
control signal 45S, data can be transferred to or from a 
buffer register EXDiDRm by making only 1 data access 
So that the data can be transferred at a high Speed By 
using a buffer register EXDiDRm having a specific 
address in the address Space of the CPU 2, processing 
to analyze an address for Storing transfer control infor 
mation is not required in an analysis of the transfer 
control information carried out by the CPU 2. If there 
are a plurality of buffer registers EXDiDRm, different 
addresses are assigned to them So as to allow operations 
to read out and write data from and into the registers to 
be carried out in any arbitrary order. Thus, transfer 
control information can be read out from the buffer 
registers EXDiDRm in an order matching the format of 
the information. As a result, the processing of the CPU 
2 can be made further simpler and carried out at an even 
higher Speed. The transfer control information can 
hence be accessed at a high Speed in comparison with 
an access to transfer control information Stored in an 
external memory. 

0262 (3) Selection of buffer registers EXDiDRm by 
using the transfer counter 48 allows transfer control 
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information Such as a packet command with any arbi 
trary length to be Stored in the registers provided that 
the length of the information is Smaller than the Storage 
capacity of the registers. By using the buffer registers 
EXDIDRm repeatedly, transfer control information 
Such as a packet command can be received repeatedly 
and Status information can be output repeatedly as well. 

0263 (4) A cause to activate a transfer of transfer 
control information is made common to a cause to 
activate a transfer of data So that the operation of the 
other location of the data transfer Such as the commu 
nication circuit 100 can be made common to the 
transfers of the transfer control information and the 
data. As a result, the external circuit Such as the 
communication circuit 100 can be made simple. In 
addition, the number of data-transfer channels required 
by the EXDMAC 4 can be reduced. Thus, the utiliza 
tion efficiency of the hardware can be increased. 

0264 (5) To the external-bus controller 121, the 
address Space is divided into a plurality of address 
ranges each allow bus specifications Such as the type of 
the memory, the bus width and the number of access 
states to be set. Accesses to the external buses EABUS 
and EDBUS made by the internal-bus masters such as 
the CPU 2 and the DMAC 3 and the external-bus 
master EXDMAC 4 can be controlled by the external 
buS controller 121 in an integrated manner. Thus, the 
EXDMAC 4 which does not use the internal buses IAB 
and IDB is capable of making an access to the external 
buses EABUS and EDBUS in the same way as the CPU 
2 and the DMAC 3. As a result, an increase in logical 
Scale can be avoided. 

0265 (6) By treating an address output by the external 
buS controller 121 as a special Signal propagated 
through the external-address internal bus EXAB, the 
control Signal and the operation of the external-bus 
controller DMAC 4 Such as its state transition can be 
made Simple. As a result, the logical Scale of the 
microcomputer 1 can be reduced. 

0266 (7) Since the external-bus controller 121 arbi 
trates requests for a right to make an access to the 
external buses EABUS and EDBUS made by external 
bus masters such as the EXDMAC 4 and the internal 
bus controller 120 on behalf of the CPU 2 and the 
DMAC 3, an overhead which would be incurred during 
a transition of a right to make an access to the external 
buses EABUS and EDBUS among the EXDMAC 4, 
the CPU 2 and the DMAC 3 can be eliminated. 

0267 (8) The ROM 5 used for storing programs and 
embedded in the CPU 2 does not include the vector of 
the CPU 2 and, by Selection of an operating mode, it is 
possible to Store all processing programs in an external 
ROM except a program that needs to be executed at a 
high Speed and must be thus Stored in the embedded 
ROM 5. Thus, the degree of freedom to use the 
microcomputer 1 Such as flexibility to change a pro 
cessing program can be increased. 

0268 (9) The EXDMAC 4 has a plurality of data 
transfer channels which are capable of receiving 
requests for an access to the external buses EABUS and 
ED BUS independently of each other. Thus, the degree 
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of freedom to use the microcomputer 1 and the pro 
cessing performance thereof can be raised. By Support 
ing a single-address transfer of data, the number of bus 
cycles required in a transfer of data can be reduced and 
the processing performance can be further increased. 
By using buffer registers EXDiDRm for inputting and 
outputting data even in a Single-address transfer of 
data, transfer control information Such as a packet 
command and other data can be transferred without 
affecting the operation of an external device. 

0269 (10) The EXDMAC4 has a function appropriate 
for a transfer of data through the external buses 
EABUS and EDBUS Such as a transfer of data from the 
communication circuit 100 to the buffer RAM 101 and, 
in addition, the internal buses are not used when the 
buffer registers EXDiDRm are not used. Thus, the 
logical Scale can be reduced. By including the latch 
circuit 72L for temporarily Storing transferred data and 
the buffer registers EXDiDRm in the input/output port, 
a data bus for connecting the EXDMAC 4 to an 
external component is not required, making it possible 
to reduce the physical Scale of the microcomputer 1. 

0270 (11) High-order bits of the address registers 40 
and 41 Serving as a data-transfer Source and a data 
transfer destination respectively are fixed to allow an 
operation to be carried out repetitively and a ring buffer 
can thus be formed with ease on the buffer RAM 101 
without a load to be borne by the CPU 2. Even though 
Start and end addresses of the ring buffer can not be 
specified arbitrarily, there will be no a big problem such 
as one encountered in a memory with a large Storage 
capacity like the buffer RAM 101. Since the CPU 2 is 
capable of reading out and writing data from and into 
the EXDMAC 4 from time to time, processing such as 
control of the amount of data accumulated in the ring 
buffer can be executed with ease. Since a repetitive 
operation can be carried out, it is possible to eliminate 
a load Such as interrupt processing to be carried out by 
the CPU 2. 

0271 (12) Data can be transferred through the internal 
buses IAB and IDB by the DMAC 3 connected to the 
internal buses IAB and IDB independently of a data 
transfer through the external buses EXBUS and 
EDBUS which is controlled by the EXDMAC 4. Thus, 
the processing performance of the microcomputer 1 can 
be enhanced. In a microcomputer System Such as the 
printer controller, data can be transferred by the DMAC 
3 through the internal buses to drive motors concur 
rently with a transfer of data through the external buses 
EABUS and EDBUS Such as a transfer of data to the 
buffer RAM 101 or a host apparatus by way of the 
communication circuit 100 Thus, the processing per 
formance of the microcomputer 1 can be enhanced. 

0272 (13) The communication circuit 100 can be 
integrated as a Semiconductor integrated circuit in the 
Same chip as the microcomputer 1 in order to reduce the 
Size of the microcomputer System. 

0273 (14) By providing the DMAC 3 connected to the 
internal buses IAB and IDB and the EXDMAC 4 
customized to transferS of data through the external 
buses EABUS and EDBUS as embedded components, 
the number of general data-transfer channels can be 
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increased while an increase in logical Scale is reduced 
to a minimum. In addition, since the DMAC 3 con 
nected to the internal buses IAB and IDB is provided 
with general-purpose functions, the degree of freedom 
to use the microcomputer 1 is by no means lowered. 

0274 (15) By designing the DMAC3 connected to the 
internal buses IAB and IDB and the EXDKAC 4 into 
a single module, the data-transfer channels can be used 
by Swapping a limited number of data-transfer channels 
with each other. In addition, logic Such as the bus 
interface can be shared among components. 

0275 (16) A plurality of microcomputer systems can 
be connected to each other by host-interface circuits to 
form an application wherein no System is fixed to Serve 
as the host apparatus. Even if there is no fixed host 
apparatus, however, one of the microcomputer Systems 
requesting another to transmit data is regarded as a 
temporary host apparatus So that data can be exchanged 
among the microcomputer Systems. 

0276 (17) A data-transfer controller (DTC) can be 
used as a Substitute for the DMAC 3 connected to the 
internal buses IAB and IDBso as to allow data-transfer 
information to be held in a RAM. As a result, increases 
in physical and logical sizes can be avoided and it is 
possible to keep up with a number of requests for 
activation or requests for a transfer of data exceeding 
the number of data-transfer channels in the DMAC 3. 

0277. The scope of the present invention discovered by 
the inventor is not limited to details of the embodiments 
described above. A variety of changes and modifications can 
be made to the embodiments as far as they do not depart 
from the gist and the true Spirit of the present invention. 
0278 For example, the data-transfer unit employing 
buffer registers does not have to be the EXDMAC 4. Any 
data-transfer unit can be used as far as there is no need to 
Specify an address register thereof by using the address of 
the data-transfer unit or an acknowledge Signal. Thus, as the 
data-transfer unit, an ordinary DMAC or a data-transfer 
controller can be employed. A data-transfer controller is 
described for example in a document published by Hitachi 
Corporation in March 1995 with a title of “H8S/2655 Series 
Hardware Manual.” 

0279 The number of buffer registers is arbitrary. That is, 
the number of buffer registers can be set in accordance with 
requirements of the individual System. Buffer registers can 
be provided for each data-transfer channel or shared among 
data-transfer channels. A buffer register can be physically 
provided in the module of the internal-bus controller DMAC 
or the module of the bus controller in addition to the I/O 
port. 

0280. The width of an address register of the DMAC 3 
and the EXDMAC 4 does not have to be 24bits. The number 
of address bits can be changed in accordance with the 
address space of the CPU 2 or the semiconductor integrated 
circuit. In the case of an address Space of 4 Gbyte, for 
example, the width of an address register is Set at 32 bits. 
0281 A variety of data-transfer modes can be set for the 
data-transfer unit Such as the EXDMAC 4. The size of the 
ring buffer can also be changed. A register used for Speci 
fying the Size of the ring buffer can also be provided 
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Separately. It is also possible to limit the data-transfer modes 
to a single-address mode in which only 1 address register is 
used. The configuration of the microcomputer 1 is also 
flexible. For example, it is possible to include other com 
ponents and functional blocks in the configuration. 
0282) Actual circuit configurations Such as the configu 
rations of the EXDMAC 4, the bus controller and the 
internal buses can also be implemented differently. It is also 
possible to design the internal buses IAB and IDB as well as 
the internal P buses PAB and PDB into a single configura 
tion. 

0283) Applications of a microcomputer system are not 
limited to control of a printer. For example, a microcomputer 
System can be used as a digital-communication System 
wherein data is transferred from a reception circuit to a 
buffer RAM to be subjected to processing such as demodu 
lation and error correction, and the data is further modulated 
and stored in another buffer RAM before being transferred 
from the other buffer RAM to a transmission circuit. The 
transfers of data from the reception circuit to the buffer 
RAM and from the other buffer RAM to the transmission 
circuit are controlled by the EXDMAC concurrently with 
other processing carried out by another processor Such as a 
CPU, allowing transferS of data using the external buses to 
be controlled to enhance the processing performance. Data 
registers can be used for receiving and transmitting a packet 
command and for inputting and outputting Status informa 
tion. 

0284. In the above description, the present invention 
discovered by the inventor is exemplified by an application 
to a microcomputer with an embedded ROM in a field 
Serving as a background of the invention. It should be noted, 
however, that the Scope of the present invention is not 
limited to the application. For example, the present inven 
tion can also be applied to a microcomputer including no 
embedded ROM or a digital signal processor (DSP). The 
present invention can be applied to any computers or pro 
ceSSorS provided that they include an embedded a data 
transfer unit. 

0285) Effects provided by representative inventions dis 
closed in this Specification are explained briefly as follows. 
0286 Buffer-register means are included in a bus-inter 
face means used to make an access to the external buses 
controlled by the data-transfer unit. In a transfer of data 
through the external buses controlled by the data-transfer 
unit, a buffer register means can be used as a Source or 
destination location So as to allow transfer control informa 
tion Such as a packet command to be received and analyzed 
with ease and data to be transferred at a high Speed. The easy 
reception and the easy analysis of transfer control informa 
tion as well as the high-speed transfer of data contribute to 
improvement of the processing performance of the micro 
computer and enhancement of the degree of freedom to use 
the microcomputer. 
0287 Buses and bus-control means are designed so that 
data can be transferred by the data-transfer unit through the 
external buses concurrently with an operation Such as execu 
tion of an instruction using the internal buses by a data 
processing unit Such as the CPU. As a result, the processing 
performance of the microcomputer can be improved, the 
degree of freedom to use the microcomputer can be raised 
and the logical and physical configurations can each be 
reduced to a minimum. 
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0288. It is thus possible to enhance the total performance 
of data processing of a microcomputer including an embed 
ded data-transfer unit Such as the DMAC. 

0289. The microcomputer system employing the micro 
computer described above is capable of controlling a trans 
fer of data from and to a device external to the microcom 
puter concurrently with internal processing of data in the 
microcomputer. In addition, the amount of processing over 
head is Small So that an increase in physical Scale can be 
reduced to a minimum. 

1. A microcomputer comprising: 
a Storage means, 

a data processing unit capable of making an access to Said 
Storage means through a first internal bus and used for 
executing an instruction; 

a first data-transfer unit for controlling a transfer of data; 
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a bus-interface means capable of connecting Said first 
internal bus or Said first data-transfer unit to an external 
bus, and 

a bus-control means for executing bus control and arbi 
trating requests for a bus-access right; 

wherein: 

Said Storage mans, Said data processing unit, Said first 
data-transfer unit and Said bus-interface means are 
integrated in a single Semiconductor chip; and 

Said bus-control means allows an operation to make an 
access only within Said microcomputer by using Said 
first internal bus to be carried out concurrently with an 
operation carried out by Said first data-transfer unit to 
make an access to an external address Space through 
Said bus-interface means. 

2-54. (canceled) 


