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Description

[0001] The present invention relates to a communica-
tion system for controlling terminal units through bound-
ary scan elements, and particularly to a communication
system capable of coping with breakage of communica-
tion lines.
[0002] A boundary scan test method has been pro-
posed as one of the inspection methods, with a plurality
of IC chips arranged over a printed wire board with printed
wiring formed thereon, to see whether or not connection
between each IC chip and each printed wiring is properly
made and whether or not each printed wiring is broken.
[0003] This boundary scan test method can be applied
to integrated circuits (IC chips) into which boundary scan
elements are incorporated. The boundary scan element,
for example as shown in Fig. 4, includes a plurality of
boundary cells 214 individually provided between in-
put/output terminals of an internal logic circuit 211 for
implementing the inherent functions of the integrated cir-
cuit 210 and input terminals 212 and output terminals
213 of the integrated circuit 210, a TAP controller (TAP
circuits) 219 for controlling input and output of data to or
from the boundary cells 214, a TDI terminal 220 for re-
ceiving test data, a TDO terminal for transmitting test
data, a TCK terminal 222 into which a clock signal is
input, and a TMS terminal 223 for receiving a mode signal
for switching the operation mode of the TAP controller
219, and, if required, is further provided with a bypass
register 215, an ID CODE register 216, an instruction
register 217, a TRS terminal 224 for receiving a reset
signal, or the like. The bypass register 215 is to transfer
communication data without being passed through the
boundary cells, the ID CODE register 216 outputs an
individually-assigned ID CODE to identify the source of
the communication data, and the instruction register 217
decodes specific data among the communication data to
carry out the transition or the like of the operation mode
independent of a TMS signal. In this connection, the by-
pass register 215 to instruction register 217 are referred
to as boundary scan register (218).
[0004] To describe the respective terminals or the sig-
nals to be input/output through the respective terminals
in detail, TDI (Test Data In) is a signal for serial-inputting
instructions and data to a test logic, and is sampled at
rising edges of TCK. TDO (Test Data Out) is a signal for
serial-outputting data from the test logic, the output value
being changed at falling edges of TCK. TCK (Test Clock)
supplies a clock to the test logic. It is a dedicated input
for enabling the use of a serial test data path independent
of the system clock inherent to the component. TMS (Test
Mode Select) is a signal for controlling the test operation,
and is sampled at rising edges of TCK. The TAP controller
decodes this signal. TRST (Test Reset) is a negative
logic symbol for asynchronously initializing the TAP con-
troller, and is optional.
[0005] The integrated circuit 210 into which such
boundary scan element is incorporated can run a test on

the operating state thereof and the connecting relation-
ship between this integrated circuit 210 and external de-
vices, by the procedures described below.
[0006] First, in checking the quality of the internal logic
211 of the integrated circuit 210, serial data (test data)
are input to the TDI terminal 220 of the integrated circuit
210 as they are shifted, and thereby the test data are set
into respective boundary cells 214 corresponding to re-
spective input terminals 212. In this state, the integrated
circuit 210 is operated before the data set in the respec-
tive boundary cells 214 corresponding to respective out-
put terminals 213 are shifted for output from the TDO
terminal 221, and, on the basis of the corresponding re-
lationship between the serial data (test result data) thus
obtained and the test data input to this integrated circuit
210, the internal logic 211 of the integrated circuit 210 is
tested for its quality.
[0007] The boundary scan test method can also be
carried out on a plurality of integrated circuits as long as
the boundary scan elements are incorporated therein.
[0008] For example, a plurality of integrated circuits
210 mounted on a substrate 226 as shown in Fig. 5 can
also be subjected to a test for breakage and the like of
the printed patterns between the integrated circuits 210,
along with a test on the integrated circuits 210 them-
selves.
[0009] In this case, the respective boundary scan ele-
ments incorporated in the plurality of integrated circuits
210 are connected in series with each other. Specifically,
the TDO terminal 221 of the first integrated circuit 210
(the left in the drawing) and the TDI terminal 220 of the
second integrated circuit 210 (the right in the drawing)
are connected with each other, the output terminal 229
of a boundary scan controller board 228 provided in host
computer unit 227 or the like and the TDI terminal 220
of the first integrated circuit 210 are connected with each
other, and the input terminal 230 of the boundary scan
controller board 228 and the TDO terminal 221 of the
second integrated circuit 210 are connected with each
other. The test procedures are as follows:
[0010] In testing breakage, short circuit, and the like
of the printed patterns, a test data preparing tool 231 or
the like is used to prepare test data (serial data), which
is output from the output terminal 229 of the boundary
scan controller board 228 and is input to the TDI terminal
220 of the first integrated circuit 210 while shifted, setting
the test data into the respective boundary cells 214 cor-
responding to the respective output terminals 213 in this
integrated circuit 210. In this state, the data stored in
these respective boundary cells 214 are output from the
respective output terminals 213 provided in the first inte-
grated circuit 210 as shown in Fig. 7, and are input
through the respective printed patterns 233 constituting
a system bus and the like to the respective input terminals
212 of the second integrated circuit 210, and further cap-
tured into the respective boundary cells 214 correspond-
ing to these respective input terminals 212.
[0011] Thereafter, the data stored in the respective
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boundary cells 214 of these respective integrated circuits
210 are shifted and captured through the input terminal
230 of the boundary scan controller board 228 as they
are analyzed by using a test result analyzing tool 232 or
the like, so that a test can be made for breakage, short
circuit, and the like in such a test range 235 as the printed
patterns 233 providing connection between the integrat-
ed circuits 210.
[0012] Next, in inspecting the internal logic 211 of the
respective integrated circuits 210, test data are output
from the output terminal 229 of the boundary scan con-
troller board 228, and are input to the TDI terminal 220
of the first integrated circuit 210 as they are shifted, so
as to be set into the respective boundary cells 214 cor-
responding to the respective input terminals 212 of this
integrated circuit 210 as shown in Fig. 7
[0013] Subsequently, this integrated circuit 210 is op-
erated, and the resulting data are captured into the re-
spective boundary cells 214 corresponding to the respec-
tive output terminals 213 before the data stored in these
respective boundary cells 214 are shifted for output from
the TDO terminal 221 of the first integrated circuit 210.
Here, the second integrated circuit 210 is brought into a
bypass state as shown in Fig. 6 by the boundary scan
controller board 228, so that the data output from the
TDO terminal 221 are bypassed through the second in-
tegrated circuit 210 and captured through the input ter-
minal 230 of the boundary scan controller board 228.
Then, the test analyzing tools 232 or the like can be used
for analysis of the captured data to test whether or not
the first integrated circuit 210 operates properly.
[0014] Next, in the cases of inspecting the second in-
tegrated circuit 210, the boundary scan controller board
228 similarly brings the first integrated circuit 210 into a
bypass state as shown in Fig. 7 before test data are output
from the output terminal 229 of the boundary scan con-
troller board 228 and bypassed through the first integrat-
ed circuit 210. Then, the test data are input to the TDI
terminal 220 of the second integrated circuit 210 while
shifted, to be set into the respective boundary cells 214
corresponding to the respective input terminals 212 of
this integrated circuit 210 as shown in Fig. 8. Subsequent-
ly, this integrated circuit 210 is operated, and the resulting
data are captured into the respective boundary cells 214
corresponding to the respective output terminals 213.
Thereafter, the data stored in the respective boundary
cells 214 are shifted for output from the TDO terminal
221, and further they are captured through the input ter-
minal 230 of the boundary scan controller board 228.
Then, the captured data can be analyzed by using the
test result analyzing tool 232 and the like, so as to test
whether or not the second integrated circuit 210 operates
properly.
[0015] In this way, a substrate 226, as long as using
integrated circuits 210 into which boundary scan ele-
ments are incorporated, can be tested for the quality of
the respective integrated circuits 210 themselves, and
on the connecting relationship between the integrated

circuits 210 and the like by implementing the boundary
scan test method.
[0016] Now, it was found that when integrated circuits
into which such boundary scan elements are incorporat-
ed are used to constitute the substrate or the like of a
sensor module, input and output of serial data can be
made to or from the respective integrated circuits mount-
ed on the substrate 226 at a speed on the order of 20
Mbps without the use of communication integrated cir-
cuits or the like.
[0017] Then, a communication system was proposed
which applies the boundary scan elements to carry out
communication with host computer units and the like
without the use of communication devices. US 5 617 420
describes such a communication system.
[0018] Fig. 9 is a block diagram showing an example
of the communication system to which the boundary scan
elements are applied.
[0019] The communication system 240 shown in this
figure comprises: a communication controller unit 241 for
carrying out the transmitting, collection, and the like of
communication data; a plurality of sensor units
242a-242c for carrying out the monitoring of an object to
be monitored; a plurality of boundary scan elements
243a-243c provided for each of these sensor units
242a-242c, the boundary scan elements carrying out
such processing as capturing the control data output from
the aforesaid communication controller unit 241 to supply
the same to the respective sensor units 242a-242c, and
capturing the detected data output from the respective
sensor units 242a-242c to supply the same to the afore-
said communication controller unit 241; and communi-
cation lines 244 for providing connection between the
respective boundary scan elements 243a-243c and the
aforesaid communication controller unit 241.
[0020] The respective boundary scan elements
243a-243c are connected in series to the communication
controller unit 241. Specifically, the connection is made
in such a manner that the output terminal 241a of the
communication controller unit 241 to the TDI terminal of
the boundary scan element 243a, and the TDO terminal
of the boundary scan element 243a connected to the TDI
terminal of the next boundary scan element 243b, and
the TDO terminal of the boundary scan element 243c is
connected to the input terminal 241b of the communica-
tion controller unit 241.
[0021] The function of this communication system 240
is as follows:
[0022] The respective boundary scan elements
243a-243c function in synchronization with the clock sig-
nal transmitted from the TCK terminal 241d of the com-
munication controller unit 241, and the operation mode
of the respective TAP controllers is switched by the TMS
signal transmitted from the TMS terminal 241c of the
communication controller unit 241.
[0023] In driving the respective sensor units
242a-242c according to the instruction from the host
computer unit 245, control data (serial data) are output
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from the output terminal 241a of the communication con-
troller unit 241, and the data are supplied to the respective
boundary scan elements 243a-243c and set into the
boundary cells corresponding to the output terminals.
Then, the control data set are output from the output ter-
minals, and supplied to the respective sensor units
242a-242c corresponding to the respective boundary
scan elements 243a-243c, thereby driving the units.
[0024] Moreover, in the cases of collecting the detect-
ed data or the like from the respective sensor units
242a-242c according to the instruction from the host
computer unit 245, the detected data or the like of the
respective sensor units 242a-242c are once set in the
boundary cells associated with the input terminals of the
corresponding, respective boundary scan elements
243a-243c. Then, the data are output as serial data from
the TDO terminals, and captured through the input ter-
minal 241b of the communication controller unit 241.
[0025] Such communication system 240, when setting
control data into the respective boundary scan elements
243a-243c and when outputting the detected data and
the like from the respective boundary scan elements
243a-243c, can be maximized to 20 Mbps in data rate,
thereby allowing the transfer of communication data at
higher speeds than those of conventional communication
systems.
[0026] In the communication system 240, however,
when the communication line 244 is broken at any point,
e.g. between the boundary scan element 243b and the
boundary scan element 243c, it becomes impossible for
the communication controller unit 241 to obtain commu-
nication data from any of the boundary scan elements
243a-243c; besides, it is also difficult to pinpoint the
breakage.
[0027] It is an object of the present invention to provide
a communication system which uses boundary scan el-
ements capable of coping with the breakage of commu-
nication lines.
[0028] According to the present invention, there is pro-
vided a communication system comprising a plurality of
boundary scan elements including a plurality of boundary
cells individually assigned to respective input terminals
and output terminals, a TAP circuit for controlling input
and output of data to or from the boundary cells, a TDI
terminal for inputting serial data to be supplied to the
boundary cells, a TDO terminal for outputting data from
the boundary cells as serial data, a TCK terminal to which
a clock signal is input, and a TMS terminal to. which a
mode signal for switching the operation mode of the TAP
circuit is input; a plurality of terminal units connected with
the boundary scan elements or provided with an IC into
which the elements are incorporated; and a communica-
tion controller for transmitting/receiving through the
boundary scan elements communication data for individ-
ually controlling the terminal units, being characterized
in that each of the terminal units is connected with a
boundary scan element group or provided with an IC into
which the elements are incorporated, the boundary scan

element group including two boundary scan elements
having the input terminals and the output terminals sep-
arately connected in parallel to both boundary scan ele-
ments, that the communication controller includes two
terminal areas comprising a communication data output
terminal for transmitting communication data to the
boundary scan elements and a communication data input
terminal for receiving communication data from the
boundary scan elements, and that one of the terminal
areas and the other the terminal areas are connected in
series respectively with one of the boundary scan ele-
ments in the boundary scan element group and the other
of the boundary scan elements in the boundary scan el-
ement group, respectively, so that the directions of trans-
fer of communication data are opposite to each other.
[0029] In this invention, two of the boundary scan ele-
ments are assigned to the respective terminal units, and
the respective boundary scan elements are connected
with the communication controller so that the directions
of transfer of communication data are opposite to each
other. Therefore, only either ones of the boundary scan
elements are normally used for communication process-
ing, and when the communication lines suffer breakage,
the others of the boundary scan elements are used for
communication processing, thereby allowing input and
output of communication data to or from all of the terminal
units.
[0030] In the communication systems of the present
invention, the terminal units include various sensor units,
such as monitoring camera units. And, in the connection
between the terminal units and the boundary scan ele-
ments, the output terminals and the input terminals are
connected with input terminals of the terminal units and
output terminals of the terminal units, respectively, and
thereby the data of the boundary cells are output to the
terminal units and data are conversely input to the bound-
ary cells.
[0031] The communication data include not only the
control data to be transmitted to the terminal units in order
to control the terminal units, but also data detected by
the terminal units to be transmitted from the terminal units
and status data such as whether or not the terminal units
are driven normally.

Fig. 1 is a block diagram showing a first embodiment
of the communication system of the present inven-
tion;
Fig. 2 is a block diagram showing a second embod-
iment of the communication system of the present
invention;
Fig. 3 is a block diagram of a boundary scan element
group 55a-55d;
Fig. 4 is a block diagram of a conventional boundary
scan element;
Fig. 5 is a block diagram showing an example of a
boundary scan test using the boundary scan element
shown in Fig. 4;
Fig. 6 is a schematic diagram showing an example
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of a boundary scan test using the boundary scan
element shown in Fig. 4;
Fig. 7 is a schematic diagram showing an example
of a boundary scan test using the boundary scan
element shown in Fig. 4;
Fig. 8 is a schematic diagram showing an example
of a boundary scan test using the boundary scan
element shown in Fig. 4; and
Fig. 9 is a block diagram showing an example of a
conventional communication system to which
boundary scan elements are applied.

« Content of First Embodiment »

[0032] Fig. 1 is a block diagram showing a communi-
cation system 1a of the present invention.
[0033] The communication system 1a includes a plu-
rality of boundary scan elements 3a-3d, sensor units (ter-
minal units) 4a-4d connected with the respective bound-
ary scan elements 3a-3d, a communication controller unit
2 for controlling the sensor units 4a-4d through the
boundary scan elements 3a-3d, and communication
lines (cable) 5 for providing connection between the com-
munication controller unit 2 and the boundary scan ele-
ment 3a and between the adjacent boundary scan ele-
ments 3a-3d. Further, the communication controller unit
2 is connected with host computer unit 6.
[0034] The boundary scan elements 3a-3d have the
same configuration as that shown in Fig. 4, and are con-
nected in series with the communication controller unit 2
through the communication lines 5.
[0035] In addition, the output terminals and input ter-
minals of the boundary scan elements 3a-3d are con-
nected to the input terminals and output terminals (not
shown) of the corresponding sensor units 4a-4d, respec-
tively, so that the communication data set in the boundary
cells are transmitted to the sensor units 4a-4d, and the
communication data from the sensor units 4a-4d are
transmitted to the boundary cells and set therein.
[0036] The sensor units 4a-4d are arranged at posi-
tions corresponding to objects to be monitored, and com-
prise various sensors which measure the temperature,
pressure, and the like, or monitor circuits or the like which
monitor the operating state of a CPU circuit to be moni-
tored. Then, the units carry out the measuring operation
or the monitoring operation in accordance with the meas-
uring conditions or monitoring conditions designated by
the control data or the like supplied through the boundary
scan elements 3a-3d, and transmit the measurement,
the monitor results, or the like thus obtained through the
boundary scan elements 3a-3d to the communication
controller unit 2.
[0037] The communication controller unit 2 comprises
hardware circuits, microprocessor circuits, and the like,
and transmits from the TMS terminal 2c and the TCK
terminal 2d a signal required for driving the boundary
scan elements 3a-3d in accordance with the content of
designation output from the host computer unit 6. The

unit 2 also carries out such processing as transmitting
from the output terminal 2a control data for controlling
the sensor units 4a-4d, receiving through the input ter-
minal 2b the data obtained by the sensor units 4a-4d,
and supplying the same to the host computer unit 6.
[0038] The communication lines 5 are a cable formed
by binding up a TCK communication line 11, a TMS com-
munication line 10, a outgoing communication line 7, and
incoming communication lines 8 and 9.
[0039] The TCK communication line 11 establishes
connection between the TCK terminal 2d of the commu-
nication controller unit 2 and the TCK terminals of the
respective boundary scan elements 3a-3d, so that the
respective boundary scan elements 3a-3d function syn-
chronously. The TMS communication line 10 provides
connection between the TMS terminal 2c of the commu-
nication controller unit 2 and the TMS terminals of the
respective boundary scan elements 3a-3d.
[0040] The incoming communication line 9 establishes
connection between the input terminal 2b of the commu-
nication controller 2 and the TDO terminal of the bound-
ary scan element 3a which is connected directly with the
communication controller 2 through the communication
lines 5, and the incoming communication lines 8 provide
individual connection between the TDO terminals and
the TDI terminals of the respective boundary scan ele-
ments 3a-3d adjoining each other.
[0041] The outgoing communication line 7 provides
connection between the data output terminal 2a of the
communication controller 2 and the TDI terminal of the
boundary scan element 3d which is positioned at the
backmost as seen from the communication controller 2,
among the boundary scan elements 3a-3d connected in
series with the communication controller 2.
[0042] Next, description will be made on the function
of the communication system 1a of such constitution.
[0043] When an instruction to drive the sensor units
4a-4d is transmitted from the host computer unit 6, the
control data according to the instruction are prepared in
the communication controller unit 2. Then, the commu-
nication controller unit 2 transmits a mode signal from
the TMS terminal 2c to switch the respective boundary
scan elements 3a-3d to a required operation mode, and
also transmits the control data through the outgoing com-
munication line 7, so that the control data are set into the
boundary cells of the respective boundary scan elements
3a-3d.
[0044] Subsequently, the communication controller
unit 2 outputs from the TMS terminal 2c a mode signal
indicating the output command for the control data, so
that the control data set in the boundary cells of the re-
spective boundary scan elements 3a-3d are transmitted
to the corresponding sensor unit 4a-4d.
[0045] In accordance with the content of the control
data received, the sensor units 4a-4d carry out the meas-
uring operation, or the monitoring operation and the like.
According to the content of the control data, the sensor
units also output the measurement data, the monitor da-
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ta, or the status data of the sensor units 4a-4d themselves
and the like, to the corresponding boundary scan ele-
ments 3a-3d.
[0046] Next, when an instruction to collect the meas-
urement data and the like of the sensor units 4a-4d is
transmitted from the host computer unit 6, the commu-
nication controller unit 2 transmits a mode signal from
the TMS terminal 2c to switch the respective boundary
scan elements 3a-3d to a required operation mode, so
that the boundary cells of the respective boundary scan
elements 3a-3d are set with the detected data or the like
of the measurement data or the like from the correspond-
ing sensor unit 4a-4d. Then, the communication control-
ler unit 2 outputs from the TMS terminal 2c a mode signal
indicating the transfer command for communication data,
and thereby the detected data and the like set in the
boundary cells of the respective boundary scan elements
3a-3d are transferred to the communication controller
unit 2. Thereafter, the host computer unit 6 or the com-
munication controller unit 2 carries out the analysis or
the like of the detected data and the like received.
[0047] Meanwhile, when, in the middle of communica-
tion, the communication lines 5 suffer breakage, e.g., the
communication lines 5 are broken between the boundary
scan elements 3c and 3d, the boundary scan element 3d
stops since no clock signal is supplied to the boundary
scan element 3d. The remaining boundary scan ele-
ments 3a-3c, however, are supplied with the clock signal
and the TMS signal, and the incoming communication
lines 8 between the boundary scan elements 3a and 3c
remain connected; therefore, the communication data
set in the boundary scan elements 3a-3c can be trans-
ferred to the communication controller unit 2. The com-
munication controller unit 2 identifies the missing of the
data of the boundary scan element 3d among the com-
munication data received, thereby ascertaining the pres-
ence of breakage and the approximate position of the
breakage.
[0048] Similarly, the communication controller unit 2
can identify the presence of breakage and the position
of the breakage by receiving the communication data set
in the boundary scan elements 3a and 3b when breakage
occurs between the boundary scan elements 3b and 3c,
or by receiving the communication data set in the bound-
ary scan element 3a when breakage occurs between the
boundary scan elements 3a and 3b.
[0049] In this way, the communication system 1a of
the present invention, despite the similar constitution as
those of conventional communication systems, can iden-
tify the presence of breakage and the position of the
breakage by virtue of the devisal made on its wiring.

«Content of Second Embodiment»

[0050] Fig. 2 is a block diagram showing another com-
munication system 1b of the present invention.
[0051] The communication system 1b includes a plu-
rality of boundary scan element groups 55a-55d, sensor

units 4a-4d connected with the respective boundary scan
element groups 55a-55d, and a communication control-
ler unit 57 for controlling the sensor units 4a-4d through
the boundary scan element groups 55a-55d. Further, the
communication controller unit 57 is connected with host
computer unit 6.
[0052] As shown in Fig. 3, each boundary scan ele-
ment group 55a-55d is a package including: two bound-
ary scan elements 76 and 77; output terminals 73 and
input terminals 75 to be connected with the input termi-
nals and output terminals (not shown) of the sensor units
4a-4d, respectively; a clockwise TDI terminal 58 and TDO
terminal 59; a counterclockwise TDI terminal 60 and TDO
terminal 61; a TMS terminal 62; and a TCK terminal 63.
[0053] The boundary scan elements 76 and 77 each
has the same configuration as that shown in Fig. 4, and
their output terminals 83 and 90, input terminals 84 and
91, TMS terminals 79 and 86, and TCK terminals 80 and
87 are connected in parallel with the respective, corre-
sponding terminals (the output terminals 73, input termi-
nals 75, TMS terminal 62, and TCK terminal 63) of the
boundary scan element group 55a-55d.
[0054] Accordingly, both of the boundary scan ele-
ments 76 and 77 are able to perform input and output of
communication data to or from the corresponding sensor
unit 4a-4d, and are driven synchronously with each other.
[0055] Then, the TDI terminal 81 of the boundary scan
element 76 is connected to the clockwise TDI terminal
58 of the boundary scan element group, and the TDO
terminal 82 to the clockwise TDO terminal 59; the bound-
ary scan element 76 receives communication data
through the clockwise communication lines 64, 65, and
66 only, and transmits communication data therethrough.
Similarly, the TDI terminal 88 of the boundary scan ele-
ment 77 is connected to the counterclockwise TDI termi-
nal 60, and the TDO terminal 89 to the counterclockwise
TDO terminal 61; the boundary scan element 77 receives
communication data through the counterclockwise com-
munication lines 67, 68, and 69 only, and transmits com-
munication data therethrough.
[0056] The sensor units 4a-4d are of the same config-
uration and function as those of the communication sys-
tem 1a described above.
[0057] The communication controller unit 57 includes
hardware circuits, microprocessor circuits, and the like,
and transmits, in accordance with the content of desig-
nation output from the host computer unit 6, a required
signal from either TMS terminal 57e or f and either TCK
terminal 57g or h through either the TMS communication
line 70 or TMS communication line 71 to the TMS termi-
nals 62 and TCK terminals 63 of the respective boundary
scan element groups 55a-55d, thereby driving the re-
spective boundary scan elements 76 and 77 built therein.
[0058] The communication controller unit 57 further in-
cludes a terminal area composed of a clockwise output
terminal 57a and a clockwise input terminal 57b, and a
terminal area composed of a counterclockwise output
terminal 57c and a counterclockwise input terminal 57d,
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and carries out such processing as transmitting from the
clockwise output terminal 57a and the counterclockwise
output terminal 57c control data for controlling the re-
spective sensor units 4a-4d, receiving through the clock-
wise input terminal 57b and the counterclockwise input
terminal 57d the detected data or the status data of the
respective sensor units 4a-4d, and supplying the same
to the host computer unit 6.
[0059] Here, in the communication system 1b, the re-
spective boundary scan elements 76 and the respective
boundary scan elements 77 incorporated into the respec-
tive boundary scan element groups 55a-55d are connect-
ed to the communication controller unit 57 so that the
communication data are transferred therethrough in op-
posite directions.
[0060] Specifically, first, all the boundary scan ele-
ments 76 are connected in series with the communication
controller unit 57 through the clockwise communication
lines 64, 65, and 66, and all the boundary scan elements
77 are connected in series with the communication con-
troller unit 57 through the counterclockwise communica-
tion lines 67, 68, and 69.
[0061] Then, the clockwise output terminal 57a of the
communication controller unit 57 is connected through
the clockwise communication line 64 to the clockwise
TDI terminal 58 of the boundary scan element group 55a,
the respective clockwise TDO terminals 59 and the re-
spective clockwise TDI terminals 58 between the bound-
ary scan element groups 55a-55d are connected through
the clockwise communication lines 65, and finally the
clockwise TDO terminal 59 of the boundary scan element
group 55d is connected to the clockwise input terminal
57b of the communication controller unit 57 through the
clockwise communication line 66. On this account, the
control data transmitted from the clockwise output termi-
nal 57a of the communication controller unit 57 to the
respective boundary scan elements 76, or the detected
data and status data obtained by the respective boundary
scan elements 76 from the respective sensor units 4a-4d
are always transferred in the direction of the boundary
scan element groups 55a → 55b → 55c → 55d.
[0062] Meanwhile, the counterclockwise output termi-
nal 57c of the communication controller unit 57 is con-
nected through the counterclockwise communication line
67 to the counterclockwise TDI terminal 60 of the bound-
ary scan element group 55d, the respective counterclock-
wise TDO terminals 61 and the respective counterclock-
wise TDI terminals 60 between the boundary scan ele-
ment groups 55d-55a are connected through the coun-
terclockwise communication lines 68, and finally the
counterclockwise TDO terminal 61 of the boundary scan
element group 55a is connected to the counterclockwise
input terminal 57d of the communication controller unit
57 through the counterclockwise communication line 69.
On this account, the control data transmitted from the
counterclockwise output terminal 57c of the communica-
tion controller unit 57 to the respective boundary scan
elements 77, or the detected data and status data ob-

tained by the respective boundary scan elements 77 from
the respective sensor units 4a-4d are always transferred
in the direction of the boundary scan element groups 55d
→ 55c → 55b → 55a.
[0063] Next, description will be made on the function
of the communication system 1b having such configura-
tion.
[0064] For normal communication processing without
breakage of the communication lines 56, the communi-
cation system 1b carries out the communication process-
ing by driving only the boundary scan elements 76 among
the boundary scan elements 76 and 77 in the boundary
scan element groups 55a-55d.
[0065] That is, when an instruction to drive the sensor
units 4a-4d is transmitted from the host computer unit 6,
control data according to the instruction are prepared in
the communication controller unit 57. Then, the commu-
nication controller unit 2 transmits a mode signal from
either TMS terminal 57e or f to switch the respective
boundary scan elements 76 and 77 to required operation
modes, and transmits the control data from the clockwise
output terminal 57a through the clockwise communica-
tion lines 64 and 65 to the respective boundary scan el-
ements 76, so that the control data are set into the re-
spective boundary scan elements 76.
[0066] Next, the communication controller unit 57
transmits from either TMS terminal 57e or f a mode signal
indicating the output command for the control data, and
thereby the control data set in the respective boundary
scan elements 76 are transmitted to the corresponding
sensor unit 4a-4d.
[0067] In accordance with the content of the control
data received, the sensor units 4a-4d carry out the meas-
uring operation, or the monitoring operation and the like.
According to the content of the control data, the sensor
units also output the measurement data, the monitor da-
ta, or the status data of the sensor units 4a-4d themselves
and the like to the corresponding boundary scan ele-
ments 76.
[0068] Subsequently, when an instruction to collect the
measurement data and the like of the sensor units 4a-4d
is transmitted from the host computer unit 6, the commu-
nication controller unit 57 transmits a mode signal from
either TMS terminal 57e or f to switch the respective
boundary scan elements 76 to a required operation
mode, so that the respective boundary scan elements 76
are set with the detected data and the like of the meas-
urement data and the like from the corresponding sensor
unit 4a-4d; thereafter, the detected data and the like set
in the respective boundary scan elements 76 are trans-
ferred through the clockwise communication lines 65 and
66 to the clockwise input terminal 57b of the communi-
cation controller unit 57. After that, the host computer
unit 6 or the communication controller unit 57 carries out
the analysis or the like of the detected data and the like
received.
[0069] When the communication lines 56 suffers
breakage at a portion thereof, e.g. between the boundary
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scan element groups 55b and 55c, in the middle of the
above-described communication processing by driving
the boundary scan elements 76 alone, it becomes im-
possible for the communication controller unit 57 to trans-
mit control data to the sensor units 4c and 4d, as well as
to receive the detected data or the status data from the
sensor units 4a and 4b.
[0070] In this case, based on the missing of the detect-
ed data or the status data of the sensor units 4a and 4b
among the communication data received through the
clockwise input terminal 57b, the communication control-
ler unit 57 can identify the presence of breakage and the
position of the breakage.
[0071] Here, since the boundary scan elements 77 are
reversed in the direction of transfer of communication
data from the boundary scan elements 76, it is possible
for the communication controller unit 57 to receive the
detected data or the status data of the sensor units 4a
and 4b and to transfer communication data to the sensor
units 4a and 4d, through the intermediary of these bound-
ary scan elements 77.
[0072] Therefore, the communication controller unit 57
transmits a mode signal from either TMS terminal 57e or
f to drive the boundary scan elements 77 instead of the
boundary scan elements 76, thereby setting the respec-
tive boundary scan elements 77 with the detected data
or status data of the sensor units 4a and 4b. Then, the
detected data or the like of the sensor units 4a and 4b
set in the respective boundary scan elements 77 are
transferred through the counterclockwise communica-
tion lines 68 and 69 to the counterclockwise input terminal
57d of the communication controller unit 57.
[0073] Similarly, the communication controller unit 57
can also transmit new control data to the sensor units 4d
and 4c by transmitting the new control data from the coun-
terclockwise output terminal 57c through the counter-
clockwise communication lines 67 and 68 to the bound-
ary scan elements 77 in the boundary scan element
groups 55d and 55c.
[0074] Accordingly, it becomes possible for the com-
munication controller unit 57 to transmit/receive commu-
nication data to/from all the sensor units 4a-4d even when
a part of the communication lines 56 suffers breakage.
[0075] Thus, since, in the communication system 1b,
the respective sensor units 4a-4d are connected with the
boundary scan element groups 55a-55d having two
boundary scan elements 76, 77, and the respective
boundary scan elements 76, 77 are reversed from each
other in the direction of transfer of communication data,
it is possible to transmit communication data to the re-
spective sensor units 4a-4d and receive communication
data from the respective sensor units 4a-4d even when
the communication lines 56 suffer breakage.

Claims

1. A communication system comprising:

a plurality of boundary scan elements (76, 77)
including a plurality of boundary cells individu-
ally assigned to respective input terminals and
output terminals, a TAP circuit for controlling in-
put and output of data to or from said boundary
cells, a TDI terminal (58, 60) for inputting serial
data to be supplied to said boundary cells, a TDO
terminal (59, 61) for outputting data from said
boundary cells as serial data, a TCK terminal
(63) to which a clock signal is input, and a TMS
terminal (62) to which a mode signal for switch-
ing the operation mode of said TAP circuit is
input;
a plurality of terminal units (4a, 4b, 4c, 4d) con-
nected to said boundary scan elements (76, 77)
or provided with an IC into which the elements
are incorporated; and
a communication controller (57) for transmit-
ting/receiving through said boundary scan ele-
ments (76, 77) communication data for individ-
ually controlling said terminal units (4a, 4b, 4c,
4d),

characterized in that each of said terminal units
(4a, 4b, 4c, 4d) is connected with a boundary scan
element group (55a, 55b, 55c, 55d) or provided with
an IC into which the elements are incorporated, said
boundary scan element group (55a, 55b, 5c, 55d)
including two boundary scan elements (76, 77) hav-
ing said input terminals (84, 91) and said output ter-
minals (83, 90) separately connected in parallel to
both boundary scan elements (76, 77),
that said communication controller (57) includes two
terminal areas comprising a communication data
output terminal (57a, 57c) for transmitting commu-
nication data to said boundary scan elements (76,
77) and a communication data input terminal (57b,
57d) for receiving communication data from said
boundary scan elements, and
that one of said terminal areas and the other said
terminal area are connected in series, respectively,
with one of said boundary scan elements (76, 77) in
said boundary scan element group (55a, 55b, 55c,
55d) and the other said boundary scan element in
said boundary scan element group (55a, 55b, 55c,
55d), so that the directions of transfer of communi-
cation data are opposite to each other.

Revendications

1. Système de communication comprenant :

une pluralité d’éléments d’analyse de limite (76,
77) comprenant une pluralité de cellules de li-
mite individuellement assignées aux bornes
d’entrée respectives et aux bornes de sortie, un
circuit TAP pour commander l’entrée et la sortie
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de données vers ou à partir desdites cellules de
limite, une borne TDI (58, 60) pour introduire
des données en série à fournir auxdites cellules
de limite, une borne TDO (59, 61) pour fournir
des données à partir desdites cellules de limite
comme des données en série, une borne TCK
(63) à laquelle un signal d’horloge est appliqué,
et une borne TMS (62) à laquelle un signal de
mode pour commuter le mode de fonctionne-
ment dudit circuit TAP est appliqué ;
une pluralité d’unités de borne (4a, 4b, 4c, 4d)
raccordées auxdits éléments d’analyse de limite
(76, 77) ou pourvues d’un circuit intégré dans
lequel les éléments sont incorporés ; et
un dispositif de commande de communication
(57) pour émettre/recevoir à travers lesdits élé-
ments d’analyse de limite (76, 77) des données
de communication pour commander individuel-
lement lesdites unités de borne (4a, 4b, 4c, 4d),

caractérisé en ce que chacune desdites unités de
borne (4a, 4b, 4c, 4d) est raccordée aux groupes
d’éléments d’analyse de limite (55a, 55b, 55c, 55d)
ou pourvue d’un circuit intégré dans lequel les élé-
ments sont incorporés, ledit groupe d’éléments
d’analyse de limite (55a, 55b, 55c, 55d) comprenant
deux éléments d’analyse de limite (76, 77) ayant les-
dites bornes d’entrée (84, 91) et lesdites bornes de
sortie (83, 90) raccordées séparément en parallèle
aux deux éléments d’analyse de limite (76, 77),
en ce que ledit dispositif de commande de commu-
nication (57) comprend deux zones de borne com-
prenant une borne de sortie de données de commu-
nication (57a, 57c) pour transmettre des données de
communication auxdits éléments d’analyse de limite
(76, 77) et une borne d’entrée de données de com-
munication (57b, 57d) pour recevoir des données de
communication à partir desdits éléments d’analyse
de limite, et
en ce qu’une desdites zones de borne et l’autre de
ladite zone de borne sont montées en série, respec-
tivement, avec un desdits éléments d’analyse de li-
mite (76, 77) dans ledit groupe d’éléments d’analyse
de limite (55a, 55b, 55c, 55d) et l’autre dudit élément
d’analyse de limite dans ledit groupe d’éléments
d’analyse de limite (55a, 55b, 55c, 55d), pour que
les directions de transfert des données de commu-
nication soient opposées l’une à l’autre.

Patentansprüche

1. Kommunikationssystem umfassend:

eine Mehrzahl von Boundary-Scan-Elementen
(76,77) einschließlich einer Mehrzahl von Rand-
zellen, die individuell entsprechenden Ein-
gangsanschlüssen und Ausgangsanschlüssen

zugewiesen sind, eine TAP-Schaltung, um ei-
nen Eingang und einen Ausgang von Daten zu
oder von den Randzellen zu steuern, einen
TDI-Anschluss (58, 60) zur Eingabe von seriel-
len Daten, welche den Randzellen zuzuführen
sind, einen TDO-Anschluss (59, 61), um Daten
von den Randzellen als serielle Daten auszuge-
ben, einen TCK-Anschluss- (63), an welchen ein
Taktsignal angelegt ist, und einen TMS-An-
schluss (62), an welchen ein Betriebsartsignal
angelegt ist, um die Betriebsart der TAP-Schal-
tung zu schalten;
eine Mehrzahl von Anschlusseinheiten (4a, 4b,
4c, 4d), welche mit den Boundary-Scan-Ele-
menten (76,77) verbunden sind und mit einem
IC bereitgestellt sind, in welchem die Elemente
aufgenommen sind; und
eine Kommunikationssteuerung (57), um durch
die Boundary-Scan-Elemente (76,77) Kommu-
nikationsdaten zu senden/zu empfangen, um
die Anschlusseinheiten (4a, 4b, 4c, 4d) indivi-
duell zu steuern,

dadurch gekennzeichnet,
dass jede der Anschlusseinheiten (4a, 4b, 4c, 4d)
mit einer Boundary-Scan-Elementgruppe (55a, 55b,
55c, 55d) verbunden oder mit einem IC bereitgestellt
ist, in welchem die Elemente aufgenommen sind,
wobei die Boundary-Scan-Elementgruppe (55a,
55b, 55c, 55d) zwei Boundary-Scan-Elemente (76,
77) besitzt, welche die Eingangsanschlüsse (84, 91)
und die Ausgangsanschlüsse (83, 90) aufweisen,
die getrennt parallel mit beiden Boundary-Scan-Ele-
menten (76, 77) verbunden sind,
dass die Kommunikationssteuerung (57) zwei An-
schlussbereiche aufweist, welche einen Kommuni-
kationsdatenausgangsanschluss (57a, 57c) zur
Übertragung von Kommunikationsdaten zu den
Boundary-Scan-Elementen (76, 77) und einen
Kommunikationsdateneingangsanschluss (57b,
57d) zum Empfang von Kommunikationsdaten von
den Boundary-Scan-Elementen umfasst, und
dass einer der Anschlussbereiche beziehungswei-
se der andere Anschlussbereich in Serie mit einem
der Boundary-Scan-Elemente (76, 77) in der Bound-
ary-Scan-Elementgruppe (55a, 55b, 55c, 55d) be-
ziehungsweise dem anderen Boundary-Scan-Ele-
ment in der Boundary-Scan-Elementgruppe (55a,
55b, 55c, 55d) verbunden sind, so dass die Übertra-
gungsrichtungen der Kommunikationsdaten einan-
der entgegengesetzt sind.
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