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INTEGRATED CIRCUIT DEVICE AND ITS 
CONTROL METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an integrated cir 
cuit device having at least a central processing unit and a 
trace buffer and to its operation control method. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, an integrated circuit device has 
been used in various types of data processing. This type of 
integrated circuit has a central processing unit, such as a 
Central Processing Unit (CPU) core, Which reads a program 
for execution of data processing. 

[0005] When this type of integrated circuit is in the 
process of development, it is necessary to test the internal 
operation. One of the methods for testing the internal 
operation is tracing the behavior of the central processing 
unit. When performing the trace, an external memory con 
taining a user program is connected to the external bus of the 
integrated circuit device With a debug device, such as an 
In-Circuit Emulator (ICE) system, connected to the debug 
interface (I/F) of the integrated circuit. 

[0006] To do the test, the user program is read into the 
central processing unit for execution of data processing, and 
trace data generated by the central processing unit during 
execution of data processing is collected by the debug 
device. Checking the collected trace data, Which is the 
execution history data on the central processing unit, shoWs 
hoW the central processing unit performed data processing 
during execution of the user program. 

[0007] Because trace data need not be output to an exter 
nal device When the integrated circuit device described 
above is used in a production run, the trace data is output via 
the debug interface provided for debugging purposes only. 
In addition, this debug interface is structured most simply 
because it is not used during a production run. That is, the 
debug interface is usually structured as a single serial port 
through Which trace data is output serially. 

[0008] As described above, connecting the debug device 
to the conventional integrated circuit device alloWs trace 
data to be collected from the central processing unit Which 
executes data processing requested by the user program. 
Collected trace data is then used in checking the behavior of 
the central processing unit. 

[0009] HoWever, since trace data is output serially from 
one serial port of the integrated circuit device, some trace 
data collected by the debug device may be lost if trace data 
is generated faster than it is sent serially to the debug device. 
This happens more frequently When the speed at Which 
central processing unit outputs trace data is not constant. In 
this case, the speed at Which trace data is output by the 
central processing unit tends to instantaneously exceed the 
maximum speed at Which trace data is sent from the serial 
port to the debug device. 

SUMMARY OF THE INVENTION 

[0010] In vieW of the foregoing, it is an object of the 
present invention to provide an integrated circuit device 
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sending trace data generated by a central processing unit to 
a debug device Without loss and a method of controlling the 
operation of the integrated circuit device. 

[0011] According to one aspect of the present invention, 
there is provided an integrated circuit device comprising a 
central processing unit executing data processing in 
response to an interrupt signal and outputting trace data 
during execution; a trace buffer temporarily storing the trace 
data; a serial port used to output the trace data to an external 
unit; and a buffer monitoring circuit causing to suspend the 
data processing according to the usage amount of the trace 
buffer, Wherein the trace buffer comprises means for detect 
ing the amount of trace data that is input in parallel; means 
for converting the trace data from parallel to serial; and a 
plurality of shift registers sequentially storing the trace data 
that has been converted to serial; and Wherein the buffer 
monitoring circuit comprises means for calculating, based 
on the detected amount of trace data, the number of shift 
registers to be used; means for outputting an interrupt signal 
to the processor according to the calculated number of shift 
registers; means for outputting rotate instruction data 
according to the calculated number of shift registers; and 
means for generating a shift/load signal for the plurality of 
shift registers according to the calculated number of shift 
registers. 

[0012] With this invention, the central processing unit 
outputs trace data serially to the serial port during data 
processing. Therefore, connecting a debug device to the 
serial port alloWs a user to collect trace data. In this case, 
because the trace data is temporarily stored in the trace 
buffer, it is output to the serial port at a constant speed even 
When the central processing unit outputs the trace data at a 
speed that is not constant. When the amount of temporarily 
stored trace data exceeds a maximum alloWable amount that 
is predetermined, the central processing unit suspends data 
processing, thus making it possible to collect all trace data 
output by the central processing unit. In addition, this 
simply-structure device is capable of calculating the 
approximate usage amount of the trace buffer Without hav 
ing to monitor the trace buffer usage. And, this integrated 
circuit device converts from parallel to serial the trace data 
entered into the trace buffer and then sequentially stores the 
converted data into the plurality of shift registers, alloWing 
the trace data from the central processing unit to be stored 
in the trace buffer ef?ciently. 

[0013] According to another aspect of the present inven 
tion, there is provided a method of controlling an integrated 
circuit device comprising a central processing unit for 
outputting trace data, a trace buffer for temporarily storing 
the trace data, and a serial port for outputting the trace data 
to an external unit, the method comprising the steps of 
executing data processing in accordance With a program and 
outputting the trace data indicating an execution history; 
temporarily storing the trace data according to a usage 
amount of the trace buffer; and outputting the trace data 
temporarily stored in the trace buffer to the external unit via 
the serial port. 

[0014] With this invention, the central processing unit 
outputs trace data serially to the serial port during data 
processing. Therefore, connecting a debug device to the 
serial port alloWs a user to collect trace data. In this case, 
because the trace data is temporarily stored in the trace 
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buffer, it is output to the serial port at a constant speed even 
When the central processing unit outputs the trace data at a 
speed that is not constant. When the amount of temporarily 
stored trace data exceeds a maximum allowable amount that 
is predetermined, the central processing unit suspends data 
processing, thus making it possible to collect all trace data 
output by the central processing unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a block diagram depicting the con?gu 
ration of a microprocessor, Which is an integrated circuit 
device, and a debug device used in an embodiment of the 
present invention; and 

[0016] FIG. 2 is a block diagram depicting a trace buffer 
and a buffer monitoring circuit of the microprocessor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Referring to FIGS. 1 and 2, the folloWing 
describes an embodiment of the present invention. FIG. 1 is 
a block diagram depicting the internal structure of the 
integrated circuit device used in the embodiment, and FIG. 
2 is a block diagram shoWing an internal tracer. 

[0018] As shoWn in FIG. 1, a microprocessor 100 used as 
the integrated circuit device in this embodiment has a CPU 
core (processor) 1 Which is the central processing unit 
executing various types of data processing. A trace buffer 3 
is connected via a parallel bus 2 to a predetermined output 
terminal on this CPU core 1. A buffer monitoring circuit 
(trace controller) 4 is connected to an input terminal of the 
trace buffer 3 and to a predetermined control terminal of the 
CPU core 1. 

[0019] The CPU core 1 executes various types of data 
processing requested by a program and outputs trace data 
indicating the execution history. The trace buffer 3 tempo 
rarily stores trace data that is output in parallel by the CPU 
core 1. When the usage amount of the trace buffer 3 exceeds 
a preset threshold, the buffer monitoring circuit 4 suspends 
the data processing of the CPU core 1 and, When a preset 
period of time elapses, releases the suspension of data 
processing of the CPU core 1. 

[0020] A serial port 6, one of the connection terminals of 
the debug interface (not shoWn in the ?gure), is connected 
via a serial bus 5 to the output terminal of the trace buffer 3. 
And, a trace memory 11 of an independent and removable 
debug device 200 is connected to the serial port 6 via a serial 
connector 12. 

[0021] Trace data temporarily stored in the trace buffer 3 
is output serially via the serial port 6. The debug device 200 
gets the trace data serially output from the microprocessor 
100, and stores it in the trace memory 11. 

[0022] As shoWn in FIG. 2, the trace buffer 3 comprises 
an input control block (detector) 21, a rotate circuit 22 Which 
acts as a data conversion circuit, and a plurality of shift 
registers 23 to 27. The rotate circuit 22 is connected to the 
parallel bus 2 via the input control block 21, and the 
serially-connected shift registers 23-26 are connected to the 
rotate circuit 22. The last shift register 26 is connected to the 
serial bus 5 via a shift register 27. 
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[0023] The buffer monitoring circuit 4 comprises a buffer 
pointer counter (calculator) 31, a rotate instruction block 32, 
a signal generation block 33, and a number-of-shift-registers 
monitor block 34 (Blocks 32, 33, and 34 are collectively 
called a signal generator). The buffer pointer counter 31 is 
connected to the input control block 21. And, to the buffer 
pointer counter 31, the rotate instruction block 32, the signal 
generating block 33, and the number-of-shift-registers moni 
tor block 34 are connected. 

[0024] The rotate instruction block 32 is connected to the 
rotate circuit 22, the signal generation block 33 is connected 
to the shift registers 23-26, and the number-of-shift-registers 
monitor block 34 is connected to the control terminal on the 
CPU core 1. 

[0025] The input control block 21 of the trace buffer 3 
checks the amount of trace data that is received in parallel 
via the parallel bus 2. Then, based on the amount of trace 
data checked by the input control block 21, the buffer pointer 
counter 31 of the buffer monitoring circuit 4 calculates the 
number of shift registers 23-26 in the trace buffer 3 to be 
used for storing the trace data. 

[0026] Based on the number of shift registers calculated 
by the buffer pointer counter 31 as described above, the 
rotate instruction block 32 sends a rotate instruction to the 
rotate circuit 22. Upon receiving the instruction, the rotate 
circuit 22 converts the trace data from parallel to serial. Also, 
based on the number of shift registers calculated above, the 
signal generation block 33 generates a shift/load signal for 
the shift registers 23-26. This signal causes the four serially 
connected shift registers, 23-26, to sequentially store the 
serially-converted trace data. 

[0027] Initially, the number-of-shift-registers monitor 
block 34 contains a preset number. For example, it contains 
2. This number indicates the maximum alloWable number of 
shift registers 23-26 Which may be used for storing data. 
When the number of shift registers calculated as described 
above exceeds this maximum alloWable number (2 in the 
above example), the number-of-shift-registers monitor block 
34 sends to the CPU core 1 an interrupt signal BRKINT for 
debug to suspend the generation of debug data. 

[0028] The number-of-shift-registers monitor block 34 has 
a clock mechanism such as an internal clock. When a preset 
time has elapsed from the time the interrupt signal BRKINT 
is generated, the number-of-shift-registers monitor block 34 
stops sending the interrupt signal to alloW the CPU core 1 to 
resume generating debug data. 

[0029] In the con?guration described above, a separate 
external memory (not shoWn in the ?gure) containing a user 
program is connected to the microprocessor 100 used in this 
embodiment. The CPU core 1 reads the user program from 
the external memory for execution of various types of data 
processing. 
[0030] Then, connecting the serial connector 12 of the 
debug device 200 to the serial port 6 of the microprocessor 
100 alloWs the debug device 200 to receive trace data 
generated by the CPU core 1 of the microprocessor 100 
during data processing. The debug device 200 uses this trace 
data for checking the internal operation of the microproces 
sor 100. 

[0031] And, the microprocessor 100 used in the embodi 
ment temporarily stores trace data, generated by the CPU 
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core 1 during data processing, into the trace buffer 3 before 
outputting it to an external device via the serial port 6. This 
makes it possible for trace data to be output from the serial 
port 6 at a constant speed even if the CPU core 1 outputs 
trace data speedily and irregularly, enabling the debug 
device 200 to receive trace data Without loss. 

[0032] In this embodiment, it should be noted that trace 
data output by the CPU core 1 is converted from parallel to 
serial before it is stored sequentially into the plurality of 
serially-connected registers, 23-26, in the trace buffer 3. This 
structure alloWs the trace buffer 3 to receive trace data 
Without taking up much buffer space and to output trace data 
serially, preventing the circuit from getting large While still 
alloWing much trace data to be stored temporarily. A trace 
buffer 3 With this structure is described in detail in Japanese 
Patent Laid-Open Publication No. A-9-45346. 

[0033] In addition, When the usage amount of the trace 
buffer 3 in Which trace data is temporarily stored exceeds a 
preset maximum alloWable amount, the buffer monitoring 
circuit 4 tells the CPU core 1 to suspend data processing. 
This alloWs all trace data from the CPU core 1 to be 
temporarily stored in the trace buffer 3, enabling the debug 
device 200 to get trace data Without loss. 

[0034] Note that trace data temporarily stored in the trace 
buffer 3 is output to an external device at a constant speed 
via the serial port 6. Therefore, given the amount of trace 
data sent to the trace buffer 3, it is possible to calculate the 
usage amount of the trace buffer 3. In this embodiment, the 
monitoring circuit 4 of the microprocessor 100 calculates the 
usage amount of the trace buffer 3 from the amount of trace 
data sent from the CPU core 1 to the trace buffer 3. This 
simple structure makes it possible to calculate the approxi 
mate usage amount of the trace buffer 3, eliminating the 
need to actually monitor the usage amount of the trace buffer 
3. 

[0035] More speci?cally, the buffer monitoring circuit 4 
calculates the number of shift registers in use to ?nd the 
usage amount of the trace buffer 3. For example, if tWo shift 
registers are used When there are four, the buffer monitoring 
circuit 4 tells the CPU core 1 to suspend outputting trace 
data. This ensures that all trace data output from the CPU 
core 1 is stored temporarily in the trace buffer 3. 

[0036] In addition, When a predetermined time has 
elapsed, the buffer monitoring circuit 4 alloWs the CPU core 
1 to resume outputting trace data. That is, as trace data is 
output sequentially from the trace buffer 3 at a constant 
speed, the usage amount of the trace buffer 3 Will be 
decreased, Within the predetermined time, to a predeter 
mined amount that is loW enough to receive trace data 
temporarily. 

[0037] This means that the simply-structured buffer moni 
toring circuit 4 alloWs the CPU core 1 to resume trace data 
generation at a right time according to the status of the trace 
buffer 3. 

[0038] In the present invention, the buffer monitoring 
circuit 4 is implemented by logical circuits. The buffer 
monitoring circuit 4 may also be implemented by a program 
and a processor. 

[0039] The invention may be embodied in other speci?c 
forms Without departing from the spirit or essential charac 
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teristic thereof. The present embodiments is therefore to be 
considered in all respects as illustrative and not restrictive, 
the scope of the invention being indicated by the appended 
claims rather than by the foregoing description and all 
changes Which come Within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 

[0040] The entire disclosure of Japanese Patent Applica 
tion No. 9-203403 (Filed on Jul. 29th, 1997) including 
speci?cation, claims, draWings and summary are incorpo 
rated herein by reference in its entirety. 

What is claimed is: 
1. A method of controlling an integrated circuit device 

comprising a central processing unit for outputting trace 
data, a trace buffer for temporarily storing the trace data, and 
a serial port for outputting the trace data to an external unit, 
the method comprising the steps of: 

executing data processing in accordance With a program 
and outputting the trace data indicating an execution 
history; 

temporarily storing the trace data according to a usage 
amount of the trace buffer; and 

outputting the trace data temporarily stored in the trace 
buffer to the external unit via the serial port. 

2. The method of controlling an integrated circuit device 
according to claim 1, further comprising the step of: 

continuing data processing When the usage amount of the 
trace buffer does not exceed a maximum alloWable 
amount. 

3. The method of controlling an integrated circuit device 
according to claim 1, further comprising the step of: 

suspending data processing When the usage amount of the 
trace buffer exceeds a maximum alloWable amount. 

4. The method of controlling an integrated circuit device 
according to claim 3, further comprising the step of: 

releasing the suspension of data processing When a pre 
determined period of time has elapsed. 

5. The method of controlling an integrated circuit device 
according to claim 4, Wherein said predetermined period of 
time is set according to a period of time required for said 
maximum alloWable amount of trace data to be output from 
the serial port to the external unit. 

6. An integrated circuit device outputting execution trace 
data during data processing, the integrated circuit device 
comprising: 

a processor executing data processing and outputting 
execution trace data; 

a trace buffer sequentially and temporarily storing the 
trace data; and 

a port used to output the trace data temporarily stored in 
the trace buffer to an external unit. 

7. The integrated circuit device according to claim 6, 
further comprising: 

a detector detecting an amount of trace data stored in the 
trace buffer; and 

a trace controller controlling the continuation and suspen 
sion of the processor according to the amount of 
detected trace data. 
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8. An integrated circuit device outputting execution trace 
data during data processing comprising a processor execut 
ing data processing and outputting the execution trace data, 
a trace buffer sequentially storing the trace data, a serial port 
used to output the trace data temporarily stored in the trace 
buffer to an external unit, and a trace controller controlling 
the data processing of the processor and causing the inte 
grated circuit device to: 

continue data processing When a usage amount of the 
trace buffer does not exceed a maximum alloWable 

amount; 

suspend data processing When the usage amount of the 
trace buffer exceeds the maximum alloWable amount; 
and 

release the suspension of data processing When a prede 
termined period of time has elapsed. 

9. The integrated circuit device according to claim 8, 
Wherein said predetermined period of time is set according 
to a period of time required for said maximum alloWable 
amount of trace data to be output from the serial port to the 
external unit. 

10. An integrated circuit device outputting execution trace 
data during data processing, the integrated circuit device 
comprising: 

means for executing data processing and outputting 
execution trace data; 

means for storing the trace data sequentially and tempo 
rarily in a trace buffer; and 

means for outputting the trace data temporarily stored in 
the trace buffer to an external unit. 

11. An integrated circuit device outputting trace data 
during execution of data processing, the integrated circuit 
device comprising: 

a processor executing or suspending data processing in 
response to an interrupt signal and outputting parallel 
trace data; 

a detector detecting an amount of the parallel trace data 
received for entry into the trace buffer; 

a rotate circuit converting the trace data from parallel to 
serial in response to rotate instruction data; 

a trace: buffer composed of a plurality of shift registers 
and storing the trace data Which has been converted to 
serial in response to a shift/load signal; and 

a trace controller connected to the trace buffer and con 
trolling the operation of the processor; 

Wherein the trace controller comprises: 

a calculator calculating, based on the amount of 
detected trace data, a number of registers to be used 
for storing the trace data; and 

a signal generator generating the interrupt signal to be 
sent to the processor, the rotate instruction data to be 
sent to the rotate circuit, and the shift/load signal to 
be sent to the plurality of shift registers. 

12. An integrated circuit device according to claim 11, 
Wherein the trace controller alloWs the processor to continue 
data processing When a usage amount of the trace buffer 
does not exceed a maximum alloWable amount. 

Jan. 24, 2002 

13. An integrated circuit device according to claim 11, 
Wherein the trace controller causes the processor to suspend 
data processing When a usage amount of the trace buffer 
exceeds a maximum alloWable amount. 

14. An integrated circuit device according to claim 13, 
Wherein the trace controller releases the suspension of data 
processing When a predetermined period of time has 
elapsed. 

15. An integrated circuit device comprising: 

a central processing unit executing data processing in 
response to an interrupt signal and outputting trace data 
during execution; 

a trace buffer temporarily storing the trace data; 

a serial port used to output the trace data to an external 
unit; and 

a buffer monitoring circuit causing the output of the trace 
data to be suspended according to a usage amount of 
the trace buffer, 

Wherein the trace buffer comprises: 

means for detecting an amount of trace data that is input 
in parallel; 

means for converting the trace data from parallel to 
serial; and 

a plurality of shift registers sequentially storing the 
trace data that has been converted to serial; and 

Wherein the buffer monitoring circuit comprises: 

means for calculating, based on the detected amount 
of trace data, a number of shift registers to be 
used; 

means for outputting an interrupt signal to the pro 
cessor according to the calculated number of shift 
registers; 

means for outputting rotate instruction data accord 
ing to the calculated number of shift registers; and 

means for generating a shift/load signal for the 
plurality of shift registers according to the calcu 
lated number of shift registers. 

16. The integrated circuit device according to claim 15, 
further comprising means for continuing data processing 
When the usage amount of the trace buffer does not exceed 
a maximum alloWable amount. 

17. The integrated circuit device according to claim 15, 
further comprising means for suspending data processing 
When the usage amount of the trace buffer exceeds a 
maximum alloWable amount. 

18. The integrated circuit device according to claim 17, 
further comprising means for releasing the suspension of 
data processing When a predetermined period of time has 
elapsed. 

19. A computer program product stored on a storage 
medium for controlling an integrated circuit device com 
prising a processor executing data processing and outputting 
trace data; a trace buffer temporarily storing the trace data; 
and a serial port used to output the trace data to an external 
unit, Wherein the program causes the integrated circuit 
device to: 
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execute data processing in accordance With a user pro 
gram and outputting the trace data indicating an execu 
tion history; 

temporarily store the trace data according to a usage 
amount of the trace buffer; and 

output the trace data temporarily stored in the trace buffer 
to the external unit via the serial port. 

20. The computer program product according to claim 19, 
Wherein the computer program further causes the integrated 
circuit device to: 

continue data processing When the usage amount of the 
trace buffer does not exceed a maximum alloWable 
amount. 
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21. The computer program product according to claim 19, 
Wherein the computer program further causes the integrated 
circuit device to: 

suspend data processing When the usage amount of the 
trace buffer exceeds a maximum alloWable amount. 

22. The computer program product according to claim 21, 
Wherein the computer program further causes the integrated 
circuit device to: 

release the suspension of data processing When a prede 
termined period of time has elapsed. 


