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Provided Is a boundary scan element which includes a plurality of input terminal side boundary cells which are connected in series,
each being Iindividually allocated to corresponding one of input terminals; a plurality of output terminal side boundary cells which are
connected In series, each beling Individually allocated to corresponding one of output terminals; a TAP circuit for controlling
iInput/output of data to/from the boundary cells on the input/output terminal sides; a TDI terminal for receiving serial data to be
supplied to the boundary cells; a TDO terminal for outputting the data from the boundary cells as serial data; a TCK terminal for
recelving clock signals; and a TMS terminal for recelving a mode signal to switch an operation mode of the TAP circuit, wherein the
boundary cells on the input/output terminal sides are connected In parallel between the TDI| and TDO terminals, respectively, and
wherein two sets of combinations composed of the input terminal side boundary cells, the output terminal boundary cells, the TDI
terminal, the TDO terminal and the TAP circuit are provided.
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Provided 1s a boundary scan element which includes a
plurality of i1nput terminal side boundary cells which are
connected 1n series, each being individually allocated to
corresponding one of i1nput terminals; a plurality of output
terminal side boundary ce'lls which are connected 1n series,
each being individually allocated to corresponding one of

output terminals; a TAP circuit for controlling input/output

of data to/from the boundary cells on the input/output

terminal sides; a TDI terminal for receiving serial data to
pbe supplied to the boundary cells; a TDO terminal for

outputting the data from the boundary cells as serial data;
a TCK terminal for receiving clock signals; and a TMS

terminal for receiving a mode signal to switch an operation
mode of the TAP circult, wherein the boundary cells on the
input/output terminal sides are connected in parallel

between the TDI and TDO terminals, respectively, and wherein
two sets of combinations composed of the input terminal side
boundary cells, the. output terminal boundary cells, the TDI

terminal, the TDO terminal and the TAP circuit are provided.
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SPECIFICATION

BOUNDARY SCANNING ELEMENT AND COMMUNICATION EQUIPMENT

USING THE SAME

Field of Art
The present invention relates to a boundary scan

element used for a boundary scan testing method and a

communication apparatus which applies the boundary scan
element as a communication element thereto, more
particularly to a boundary scan element for enabling high

speed processing and a communication apparatus using the

boundary scan element.
dackaground ¢ ne Inventior

Concerning a method for checking whether or not
printed-wiring is correctly connected to corresponding IC
chips and whether or not the printed-wiring is disconnected
in a state where the IC chips are arranged on a wiring board
on which the printed wiring is formed, a boundary scan
testing method has been proposed.

The boundary scan testing method can be implemented
for semiconductor integrated circuits ( IC chips ) in which
the boundary scan elements are integrated. As shown in Fig.
3, the boundary scan element is composed, for example, of
a plurality of boundary cells 214, each of which is
individually provided between an input/output terminal of

an internal iogic circult 211 for allowing an integrated
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circuit 210 to achieve its inherent function and an input
terminal 212 of the integrated circuit 210 as well as between
the i1nput/output terminal of the internal logic circuit 211
and an output terminal 213 of the integrated circuit 210;
a TAP controller (TAP circuit) 219 for controlling in-
put/output of data to/from each boundary cell 214; a TDI
terminal 220 for receiving test data; a TDO terminal 221 for
Cransmitting the test data; a TCK terminal 122 to which a
clock signal is inputted; and a TMS terminal 223 for
recelving a mode signal to switch an operation mode of the
TAP controller 219. Further, the boundary scan element may
optionally be provided with any'of a bypass register 215;

an ID CODE register 216; an instruction reglister 217; and
a TRS terminal 22 for recelving a reset signal. The bypass
register 215 serves to transfer communication data without
allowing the communication data to pass through the boundary
cells, and the ID CODE register 216 serves to discriminate
sources of the communication data by outputting individually
assigned ID CODEs. The instruction reglster 217 serves to
decode specified data selected among the communication data
SO as to perform a transition of the operation mode
independently of a TMS signal. It should be noted that the
pypass register 215, the ID CODE register 216 and the
instruction register 217 are called a boundary scan register
(118) .

Descriptions for terminals and signals input-

ted/outputted to/from the terminals will be made as follows.

2
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A TDI ( Test Data In ) is a signal for allowing instructions
and data to be serially inputted to a test logic, and sampled
at a rising edge of the TCK. A TDO (Test Data Out) is a signal
for allowing the data from the test logic to be serially
outputted, and changes an output value of the data at a

falling edge of the TCK. The TCK (Test Clock) supplies

clocks to the test logic. The TCK is an input terminal for

permltting a serial test data path to be exclusively used
independently of a system clock inherent to the component.
A TMS (Test Mode Select) is a signal for controlling a test
operation, and sampled at the rising edge of the TCK. This
signal is decoded by a TAP controller. A TRST (Test Reset)
1s a negative logic symbol for initializing the TAP
controller asynchronously, and is optionally used.

The intlegrated circult 210 in which such boundary scan
element is integrated can be tested for its operation state
and its connection with any external equipment according to
the procedures described below.

- First, when it is checked whether an internal logic
211 of the integrated circuit 210 is good or bad, serial data
(test data) 1is shifted while the test data is supplied to
a TDI terminal 220 of the integrated circuit 210, and the
test data is set in each boundary cell 214 provided for

corresponding one of input terminals 212. In this situation,
the integrated circuit 210 is operated, and thereafter the
data 1s allowed to be shifted, which has already been set

in each boundary cell 214 provided for corresponding one of

3
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output terminals 213. The shifted data is permitted to be
outputted from a TDO terminal 221, whereby it is checked
whether the 1nternal logic 211 of the integrated circuit 210
1s good or bad, based on a correlation between serial data

obtained (test result data) and the test data inputted to

the 1ntegrated circuit 210.

Furthermore, the boundary scan testing method can be
executed also for a plurality of integrated circuits as long

as the boundary scan element is incorporated in each of the

integrated circuits.

For example, as for the plurality of integrated
circuits 210 loaded on a board 226 as shown in Fig. 4,
disconnections of printed patterns between the integrated
circuits 210 can be checked, in addition to a test of the
integrated circuit 210 itself.

In this case, the boundary scan elements incorporated
in the plu?ality of integrated circuits 210 are connected
in series. Specifically, the TDO terminal 221 of the first
integrated circuit 210 shown in the left in Fig. 4 and the
TDI terminal 220 of the second integrated circuit 210 shown
in the right in Fig. 4 are connected. Moreover, an output
terminal 229 of a boundary scan controller board 228 provided
1n a host computer unit 227 is connected to the TDI terminal
220 of the first integrated circuit 210, and an input
terminal 230 of the boundary scan controller board 228 is
connected to the TDO terminal 221 of the second integrated

circuit 210. The test procedures are as follows.

4
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In the case where the disconnection and short circuit
of the printed pattern are tested, the test data (serial
data) 1s created using a test data creation tool 231 and the
like, and the test data (serial data) is outputted from the
output terminal 229 of the boundary scan controller board
228. The test data (serial data) is shifted while the test
data 1s being inputted to the TDI terminal 220 of the first
integrated circuit 210', thereby setting the test data in each
boundary cell 214 provided for corresponding one of the
output terminals 213 of the first integrated circuit 210.
In this situation, data stored in each boundary cell 214 is
outputted from corresponding one of the output terminals 213
provided in the first integrated circuit 210 as shown in Fig.
5, and the data from each output terminal 213 is inputted,
via each printed pattern 233 constituting a system bus and
the like, to corresponding one of the input terminals 212

of the second integrated circuit 210. Moreover, the data

1s taken into each boundary cell 214 provided for
corresponding one of the input terminals 212.
Thereafter, the data stored in each boundary cell 214
of the first and second integrated circuits 210 is shifted,
and the data 1s analyzed with a test result analysis tool
232 and the like while the data is taken into an input
terminal 230 of the boundary scan controller board 228. Thus,
the check for the disconnection and short circuit of the
printed pattern can be performed within a test range 235 of

the printed pattern 233 connecting between the integrated

9
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circuits 210.

Next, 1n the case where the internal logic 211 of each
integrated circuit 210 is examined, the test data 1s shifted
while the test data is being outputted from an output
terminal 229 of the boundary scan controller board 228 to
the TDI terminal 220 of the first integrated circuit 210.

As shown i1n Fig. 7, the test data is set in each boundary

cell 214 provided for corresponding one of the input

- terminals 212 of the first integrated circuit 210.

Subsequently, the first integrated circuit 210 is
operated, and the data obtained by the operation of the first
integrated circuit 210 is taken into each boundary cell 214
provided for corresponding one of the output terminals 213.
Thereafter, the data stored in each boundary cell 214 is
shifted, and outputted from the TDO terminal 221 of the first
integrated circuit 210. At this time, the second integrated
circulit 210 is allowed to be bypassed by the boundary scan
controller board 228 as shown in Fig. 6, whereby the data
coutputted from the TDO terminal 221 is taken into the input
terminal 230 of the boundary scan controller board 228,
bypassing the second integrated circuit 210. Then, by
analyzing the data taken into the input terminal 230 using

the test analysis tool 232 and the like, it can be checked

whether or not the first integrated circuit 210 operates

correctly.

Next, 1in the case where the second integrated circuit

210 1s checked, the first integrated circuit 210 is similarly

6
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permitted to be bypassed by the boundary scan controller
board 228 as shown in Fig. 6, and then the test data is
outputted from the output terminal 229 of the boundary scan
controller board 228, and the first integrated circuit 210
1s bypassed. Then, the test data is shifted while the test
data 1s being inputted to the TDI terminal 220 of the second
integrated circuit 210, and the test data is set in each
boundary cell 214 provided for corresponding one of the input
terminals 212 of the second integrated circuit 210 as shown
in Fig. 9. Subsequently, this integrated circuit 210 is
operated, and the data obtained by the operation of this
integrated circuit is taken into each boundary cell 214
provided for corresponding one of the output terminals 213.
Thereafter, the data stored in each boundary cell 214 is
shifted to be outputted from the TDO terminal 221, and
moreover, the data 1s taken into by the input terminal 230
of the boundary. scan controller board 228. Then, the data
taken 1in i1s analyzed using the test result analysis tool 232
and the like, whereby it can be checked whether the second
integrated circuit 210 operates correctly.

‘Thus, as for the board 226 employing the integrated
circuits 210 in which the boundary scan element is
incorporated, the quality of each integrated circuit 210
itself and the relation in the connection between the

integrated circuits 210 can be tested by implementing the

boundary scan testing method.

Hereupon, the inventor of the present invention has
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found that when a board for a sensor module is constructed
using the integrated circuits in which such boundary scan
element 1s incorporated, the inputting/outputting of the
serial data can be performed for each 1ntegrated circuit

loaded on the board 226 at a speed of about 20Mbps without
using an integrated circuit for use in communication.

Then, the 1nventor of the present invention has
proposed a communlication apparatus which uses the boundary
scan element to perform communication with a host computer
unit and the like without using communication devices.

Fig. 8 is a block diagram showing an example of the
communication apparatus in which the boundary scan element
1s employed.

The communication apparatus 240 shown in Fig. 8 in-
cludes a communication controller unit 241 for executing
transmission and collection of communication data; a
plurality of sensor units 242a to 242c for executing
monitoring of an object; a plurality of boundary scan
elements 243a to 243c, each of which is arranged for.
corresponding one of the sensor units 242a to 242c, takes
in control data outputted from the foregoing communication
controller unit 241 to supply the control data to corre-
sponding one of the sensor units 242a to 242c¢, and takes in
detection data outputted from corresponding one of the
sensor units 242a to 242c¢ to supply the detection data to
the foregoing communication controller unit 241; and

il

communication lines 244 connecting the boundary scan ele-

8
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ments 243a to 243¢ to the foregoing communication controller

unit 241.

The boundary scan elements 243a t'o 243Cc are connected

1n series to the communication controller unit 241. Spe-

O «cifically, the output terminal 24la of the communication
controller unit 241 is connected to the TDI terminal of the

- boundary scan element 243a, the TDO. terminal of the boundary
scan element 243a 1s connected to the TDI terminal of the
subsequent boundary scan element 243b, and the TDO terminal

100 of the boundary scan element 243c is connected to the input
terminal Z241b of the communication controller unit 241.

The function of the communication apparatus 240 is as
follows.
kKach of the boundary scan elements 243a to 243c

15 functions in synchronization with clock signals transmitted
from the TCK terminal 241d of the communication controller
unit 241, and an operation mode of each TAP controller is
switched by a TMS signal transmitted from the TMS terminal
241c of the communication controller unit 241.

20 Then, 1n the case where each of the sensor units 242a
to 242c 1is driven based on an instruction from the host
computer unit 245, control data (serial data) is outputted
from the output terminal 24la of the communication
controller unit 241 so as to be supplied to each of the

25 Dboundary scan elements 243a to 243c¢, thus setting the control
data in the boundary cells corresponding to'the output

terminal. Subsequently, the control data set in each of the

9
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boundary cells is outputted, and then supplied to each of
the sensor units 242a to 242c provided for corresponding one
of the boundary scan elements 243a to 243¢c, so that the sensor
units 242a to 242c are driven.

Furthermore, 1in the case where the detection data is
collected from each of the sensor units 242a to 242c based
on the instruction from the host computer unit 245, the
detection data and the like from the sensor units 242a to
242c are once set in the boundary cells corresponding to the
input terminals of the boundary scan elements 243a to 243c,
respectively. Then, these data are respectively outputted
from the TDO terminals as serial data, and these data are

taken i1n by the input terminal 241b of the communication

controller unit 241.
In such communication apparatus 240, in the case where
the control data is set in each of the boundary scan elements

243a to 243¢c or in the case where the detection data and the

like are outputted from each of the boundary scan elements
243a to 243c, the data transfer speed can be set to up to
20 Mbps, thus enabling the communication data to be
transferred at a higher speed compared to conventional
communication apparatus.

However, with the conventional boundary scan element,

in the case where the boundary scan testing method is carried

out for circuits in which two integrated circuits are
connected 1n parallel to one integrated circuit, individual

tests cannot be carried out in parallel for the two

10
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integrated circuits, so that 1t has Dbeen sometimes 1mpos-
sible to perform a series of processings smoothly.
Moreover, in the conventional boundary scan element,
since all the boundary cells are connected in series to each
other, even when it is intended to transfer the data to the

output terminal side boundary cell, data must be shifted via

the input terminal side boundary cell. Accordingly, the

transfer speed can be slow.

[ ¥
D O e ol= =3¢ O
[ .e ) .- . .. . . .. .-

The object of the present invention is to provide a
boundary scan element which enables acceleration of the

foregoing processings, and a communication apparatus using

the same.

According to the present invention, there 1s provided
a boundary scan element comprising a plurality of input
terminal side boundary cells which are connected 1n series,
each being individually allocated to corresponding one of
input terminals; a plurality of output terminal side
boundary cells which are connected in seriles, each beilng
individually allocated to corresponding one of output
terminals; a TAP circuit for controlling input/output of
data to/from the boundary cells on the input/output terminal
sides; a TDI terminal for receiving serial data to be
supplied to said boundary cells; a TDO terminal for

outputting the data from said boundary cells as serial data;

a TCK terminal for receiving clock signals; and a TMS

wtid

terminal for receiving a mode signal to switch an operation

11
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mode of said TAP circuit,

wherein said boundary cells on the input/output
terminal sides are connected in parallel between said TDI
and TDO terminals, respectively, and

wherein two sets of combinations composed of said
input terminal side boundary cells, said output terminal
side boundary cells, the foregoing TDI terminal, said TDO
terminal and said TAP circuit are provided (claim 1).

Since 1in the boundary scan element of the present
invention, the two sets of combinations composed of the
foregoing input terminal side boundary cells, the foregoing
output terminal side boundary cells, the foregoing TDI
terminal, the foregoing TDO terminal and the foregoing TAP
circuit are provided, test data and the like can be 1in-
put/output for each combination. Therefore, even when the
boundary scan testing method is carried out for the circuit
in which two integrated circuits are connected 1n parallel
to one integrated circuit, it is possible to execute
individual tests for the two integrated circuits
simultaneously, so that a series of processings can be
performed smoothly.

Furthermore, in the boundary scan element of the
present invention, all the boundary cells are not connected
in series to each other like the conventional boundary scan
element, and the input terminal side boundary cells and the
output terminal side boundary cells are connected in

parallel between the TDI terminal and the TDO terminal.

12
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Accordingly, it will be possible to directly in-
put/output the data to/from the boundary cells on the

input/output terminal sides, resulting in an increase 1n a

data transfer speed.

Moreover, according to the present invention, there

is provided a communication apparatus comprising a plurality

of boundary scan elements which comprises a plurality of
input terminal side boundary cells connected 1n series, each
being individually allocated to corresponding one of input
terminals, a plurality of output terminal side boundary
cells connected 1n series, each being individually allocated
to corresponding one of output terminals, a TAP circult for
controlling input/output of data to/from the boundary cells
on the input/output terminal sides, a TDI terminal for
receiving serial data to be supplied to said boundary cells,
a TDO terminal for outputting the data from said boundary
cells as'serial data, a TCK terminal for receivling clock
signals, and a TMS terminal for receiving a mode signal to
switch an operation mode of said TAP circuit, wherein
said input terminal side boundary cells and said output
terminal side boundary cells are connected 1in parallel
between said TDI terminal and said TDO terminal, respec-
tively; a plurality of terminal equipment, each having
either an IC connected to corresponding one of said boundary
scan elements or an IC in which corresponding one of said

boundary scan elements 1s i1incorporated; and a communication

controller for transmitting/receiving communication data

13
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via said boundary scan elements, the communication data

individually controlling said terminal equipment; wherein

salid boundary scan element comprises two sets of combina-

tions composed of the input terminal side boundary cells,
the output terminal side boundary cells, the TDI terminal,
the TDO terminal and the TAP circuit, and wherein the
communication controller comprises two terminal portions
composed of a communication data output terminal for
transmitting the communication data to the boundary scan
element and a communication data input terminal for
receiving the communication data from the boundary scan
element, one of the combinations of the boundary scan element
being connected in series to either of the terminal portions
and the other of the combinations of the boundary scan
element being connected in series to the other terminal

portion so that the transfer directions of the communication

data'are inverse to each other (claim 2).

The present invention relates to a communication
apparatus using the boundary scan element described above,
i1n particular, the apparatus which is capable of coping with
disconnections of communication lines connecting the
components.

-~ In the present invention, the foregoing boundary scan

elements, each of which comprises the two sets of

combinations capable of individually performing a
communication processing for the foregoing terminal

equipment, are connected, and the foregoing combinations are

14
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connected independently to the foregoing communicatlion
controller so that the transfer directions of the

communication data are 1nverse to each other.

Accordingly, the communication processing is normally

performed using only one of the foregoing combinations, and

when disconnection occurs in a part of the communication
lines, the communication processing is performed using the
other combination, whereby it i1s possible to i1nput/output
the communicatién data to/fromall of the foregoing terminal
equlpment.

In the communication apparatus of the present
invention, the foregoing terminal equipment may be various
kinds of sensor units, for example, monitoring camera
equipment and the like. In connecting the terminal
equipment with the foregoing boundary scan element, the
output terminal 1s connected to an input terminal of the
terminal equipment, and the input terminal is connected to
an output terminal of the terminal equipment, whereby data
of the foregoing boundary cell i1s outputted to the terminal
equipment and, contrary to this, data is inputted to the
boundary cell.

The foregoling communication data also includes data
detected by and transmitted from the terminal equipment and
state data indicating whether or not the terminal equipment
Operates normally, 1in addition to the control data

transmitted to the terminal equipment in order to control

the terminal equipment.

15
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8rief De. Lption of the Drawing:
Fig. 1 is a block diagram showing the first embodiment
of a communication apparatus of the present invention.

Fig. 2 is a block diagram of boundary scan elements

100a to 100d of the communication apparatus 1.

Fig. 3 is a block diagram of a conventional boundary

scan element.

Fig. 4 is a block diagram showing an example of a

poundary scan test using the boundary scan element shown in
Fig. 3.

Fig. 5 1s a schematic diagram showing an example of
the boundary scan test using the boundary scan element shown
in Fig. 3. .

Fig. 6 i1s a schematic diagram showing an example of
the boundary scan test using the boundary scan element shown
in Fig. 3.

Fig. 7 is a schematic diagram showing an example of
the boundary scan test using the boundary scan element shown
in Fig. 3.

Fig. 8 is a block diagram showing an example of a

conventional communication apparatus to which the boundary

scan element 1is applied.

B ]
e u.. ® - L] . ] &= [ | 1. () i,
" 4 . - . .. 4 -~ . I . .
. :

(Content of First Embodiment)

Fig. 1 is a block diagram showing a communication

apparatus 1 of the present invention.

The communication apparatus 1 includes a plurality of

16
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boundary scan elements 100a to 100d of the present 1nvention,
sensor-units (terminal equipment) 4a to 4d connected to
corresponding one of the boundary scan elements 100a to 100d,
a communication controller unit 57 for controlling the

O sensor units 4a to 4d via the boundary scan elements 100a

to 100d, and a host computer unit 6 is connected to the

communication controller unit 57.

Each of the boundary scan elements 100a to 100d 1s,

as shown in Fig. 2, structured as one package composed of

10 a plurality of input cells (input terminal side boundary
cells) 111 and 120 c.onnected in series, each being allocated
individually to corresponding one of input terminals 105;
a plurality of output cells (output terminal side boundary
cells) 110 and 119 connected in series, each beling

15 individually allocated to corresponding one of output
terminals 104; TAP controllers (TAP circuit) 116 and 125 for
controlling input/output of communication data to/from the
input cells 111 and 120 and output cells 110 and 119; TDI
terminals 106 and 117 for receilving serial data to be

20 supplied to the input cells 111 and 120 and the output cells
119 and llO;'TDO terminals 107 and 118 for outputting the
communication data of the input cells 111 and 120 and the
output cells 110 and 119 as serial data; a TCK terminal 109
for receiving clock signals; and a TMS terminal 108 for

25 receiving a mode signal to switch operation modes of the TAP
controllers 116 and 125. Each of the boundary scan elements

ad

100a to 100d may optionally include either a boundary scan

17

- . i mr auled aNridadidand i d o aaaasan sanamns Ll ans Sss A0h FASAFEEE A JAMAAS AL A Bl o ol o b e s d A AA B Ak JiA B AR R A A ARk h AEEA o L MR R Ll P
v L o0 Ll 4 ? .
117 S Al T et et 3 A 3 L AR My St M e S5 4 By 1 TRV St g A, el -3 el il pobie e e Sl b At i dd AMlE e AR e bl daad Attt daie Laddodd o dnn d b2 ooy o



10

15

20

25

CA 02291682 1999-11-29

register 115 or a boundary scan reglster 124, which is
composed of either a bypass register 112 or a bypass register
121, either an ID code register 113 or an ID code reglster
122, and either an instruction reglster 114 or an instruction
register 123.

It should be noted that the input terminals 105 of the
poundary scan elements 100a to 100d are connected to
corresponding Output'terminals (not shown) of the sensor
units 4a to 4d, the output terminals 104 of the boundary scan
elements 100a to 100d are connected to corresponding input
terminals (not shown) of the sensor units 4a to 4d, so that
the communication data set in either the output cells 110
Oor the output cells 119 is transmitted to the corresponding
sensor units 4a to 4d, and the communication data from the
sensor units 4a to 4d is transmitted to the input cells 111
or 120 to be set therein.

Herein, each of the boundary scan elements 100a to 1004
have two sets of combinations, each composed of a boundary
cell, a TDI terminal, a TDO terminal, and a TAP controller.
Specifically, one of the combination is composed of a
clockwise side input cell 111, a clockwise side output cell
110, a clockwise side TDI terminal 106, a clockwise side TDO

terminal 107, and a clockwise side TAP controller 116

side TDI terminal 117, a counterclockwise side TDO terminal

18
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118, and a counterclockwise side TAP controller 125

(hereinafter referred to as a counterclockwise combina-

tion) .

One of the input cells 111 and 120 and on'e of the output
cells 110 and 119 are connected in parallel between one of
the TDI terminals 106 and 117 of the combination and one of
the TDO terminals 107 and 118 of the combination, whereby
the communication data can be directly transferred from the
TDI terminals 106 and 117 to one of the input cells 111 and

120 and one of the output cells 110 and 119, and the

communication data of one of the input cells 111 and 120 and

107 and 118.

Therefore, the boundary scan elements 100a to 100d can
increase the transfer speed of the data relating to the input
cells 111 and 120 and the output cells 110 and 119, compared
Lo the conventional boundary scan elements in which all of
the boundary cells are connected in series.

1t should be noted that although the input cells 111

and 120 are connected in series to the input terminal 105

~and the output cells 110 and 119 are connected in series to

the output terminal 104 in the example of Fig. 2, the input

cells 111 and 120 and the output cells 110 and 119 may be
connected in parallel to the input terminal 105 and the

output terminal 104, respectively.

The TAP controllers 116 and 125 are connected in

19




10

19

20

25

CA 02291682 1999-11-29

prarallel to the TMS terminal 108 and the TCK terminal 109,
respectively, and function 1n synchronization with each
other. The clockwise side TAP controller 116 controls
input/output of the communication data relating to the
clockwise combination, and the counterclockwilise side TAP
controller 125 controls input/output of the communication

data relating to the counterclockwise combination.

A boundary scan register, if any, 1s provided for each

combination. Specifically, as shown 1in Fig. 2, the

clockwise side boundary scan register 115 is connected
between the clockwise side TDI terminal 106 and the clockwise
side TDO terminal 107, and the counterclockwise side

boundary scan register 124 1is connected between the

counterclockwise side TDI terminal 117 and the

counterclockwise side TDO terminal 118.

In the boundary scan elements 100a to 100d having such
constructions, the foregoing two combinations perform the

communication processing lndependently of each other.
Accordingly, even when the boundary scan testing
method is executed, for example, for the circuits and the
like in which two integrated circuits are connected 1n
parallel to one integrated circuit, integrated circuilts
connected in parallel are connected to the combinations of

the boundary scan elements 100a to 100d, whereby 1ndividual

tests can be executed in parallel for these two integrated

circuits.

Next, the sensor units 4a to 4d includes various kinds

20
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of sensors for measuring temperature, pressure, and the like,
which are disposed in such a position as to correspond to
objects to be monitored; or a monitoring circuit for
monitoring an operation state of a CPU circuilt that 1s to
be monitored. The sensor units 4a to 4d execute a measuring
operation or a monitoring operation depending on measuring
conditions, monitoring conditions and the like that are
designated by control data and the like given via the
boundary scan elements 100a to 100d, and transmit
measurement results, monitor results and the 1like, which are
obtained by these operations, to the communication
controller unit 57 via the boundary scan elements 100a to

100d.

The communication controller unit 57 has a hardware
circuit, a microprocessor circuit and the like, and
transmits a necessary signal from a TMS terminal 57e or 57f%
and the TCK terminal 57¢g or 57h to the TMS terminal 108 and
TCK terminal 109 of the boundary scan elements 100a to 100d
via a TMS communication line 70 and a TCK communication line
71, based on instruction contents'outputted from the host
computer unit 6. The communication controller unit 57 thus
drives the boundary scan elements 100a to 100d.

The communication controller unit 57 further 1ncludes
a terminal portion composed of a clockwise side output
terminal (communication data output terminal) 57a and a
clockwise side input terminal (communication data 1nput

terminal) 57b, and a terminal portion composed of a

21
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counterclockwise side output terminal (communication data
output terminal) 57c¢ and a counterclockwise side input
terminal (communication data input terminal) 57d, and

transmits control data for controlling the sensor units 4a

to 4d from the clockwise side output terminal 57a and the
counterclockwise side output terminal 57c. The
communication controller unit 57 receives detection data or
state data from the sensor units 4a to 4d through the
clockwise side input terminal 57b and the counterclockwise
side input terminal 57d, and performs processing to supply
the detection data or the state data to the host computer

unit o.

Hereupon, in the communication apparatus 1, the
communication controller unit 57 and the clockwise and
counterclockwise combinations are connected so that the
transfer direction of the communication data i1n the
clockwise combination of the boundary scan elements 100a to
100d is inverse to the transfer direction of the
communication data in the counterclockwise combination.

' Specifically, the clockwise combination 1n all of the
boundary scan elements 100a to 100d is connected 1n Series

to the communication controller unit 57 via the clockwise

communication lines 64, 65 and 66, and the counterclockwise
combination in all of the boundary scan elements 100a to 100d
is connected in series to the communication controller unit

57 via the counterclockwise communication lines 67, 68 and

aled

69.
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The clockwise side output terminal 57a of the
communication controller unit 57 is connected to the
clockwise side TDI terminal 106 of the boundary scan element
100a via the clockwise communication line ©4, and each
clockwise side TDO terminal 107 and each clockwise side TDI
terminal 106 between the boundary scan elements 100a to 100d
are.connected via the clockwise communication line ©65.
Finally, the clockwise side TDO terminal 107 of the boundary
scan element 100d is connected to the clockwise side input
terminal 57b of the communication controller unit 57 via the
clockwise communication line 6©66.

With such a structure, the control data transmitted
from the clockwise side output terminal 57a of the
communication controller unit 57 to the clockwise

combination of the boundary scan elements 100a to 100d 1is

always transferred in the direction shown by the order of

the boundary scan elements 100a—100b—100c—100d, or

alternatively the detection data and the state data obtained
by the clockwise combination from the sensor units 4a to 4b
are always transferred in the direction shown by the order
of the boundary scan elements 100a—100b—100c—100d.

On thé other hand, the counterclockwise side output
terminal 57c¢ of the communication controller unit 57 1is
connected to the counterclockwise side TDI terminal 117 of
the boundary scan element 100d via the counterclockwilse
communication line 67, and the counterclockwise side TDO

terminal 118 and the counterclockwise side TDI terminal 117

23
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between the boundary scan elements 100d to 100a are connected
to each other via the counterclockwise communication line
68. Finally, the counterclockwise side TDO terminal 118 of
the boundary scan element 100a is connected to the
counterclockwise side input terminal 57d of the

communication controller unit 57 via the counterclockwise

- communication line ©69.

Therefore, the control data transmitted from the
counterclockwise side output terminal 57c of the
communication controller unit 57 to the counterclockwise
combination of each of the boundary scan elements 100d to
100a is always transferred in the direction shown by the

order of the boundary scan elements 100d—100c—100b—1004,
or alternatively the detection data and the state data

obtained by the counterclockwise combination from each of

the sensor units 4a to 4b are always transferred 1in the

direction shown by the order of the boundary scan elements

100d—100c—100b—100a.

As described above, the communication controller unit
57 and the boundary scan elements 100a to 100d are connected
in order to cope with the incident where the communication
line 56 is disconnected. An operation of the communication
apparatus 1 composed of such constitution will be described
principally as to this point.

In a normal communication processing without
disconnection of the communication line 56, the

communication apparatus 1 performs the communication

24
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processing by driving only the clockwise combination of the
boundary scan elements 100a to 100d.
Specifically, when an instruction to drive the sensor
units 4a to 4d is transmitted from the host computer unit
O ©, the control data in response to the instruction 1s created
in the communication controller unit 57. Then, the
communication controller unit 57 transmits a mode signal
from the TMS terminal 57e or 57f, and switches the operation
mode of each of the boundary scan elements 100a to 100d to
10 reguired mode. At the same time, the communication
controller unit 57 transmits the control data from the
clockwise side output terminal 57a to the clockwise
combination of each of the boundary scan elements 100a to
100d via the clockwilise communication lines 64 and ©5, whereby
15 the control data is set in the clockwise side output cell
110 of the boundary scan elements 100a to 100d.
Next, the communication controller unit 57 outputs the
mode signal indicating the output inst‘ruction of the control
- data from the TMS terminal 57e or 57f, whereby the control
20 data that has been set in the clockwise side output cell 110
is transmitted from the output terminal 104 to the corre-
sponding sensor units 4a to 4d.
The sensor units 4a to 4d execute the measuring
operation or the monitoring operation 1in response to the
25 content of the control data received. Moreover, the sensor
‘ units 4a to 4d output the measurement data, the monitoring

and

data or the state data of the sensor units 4a to 4d to the

29
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corresponding boundary scan elements 100a to 100d, in
response to the content of the control data.

Next, when an instruction for collecting the
measurement data of the sensor units 4a to 4d is transmitted
from the host computer unit 6, the communication controller
unit 57 transmits the mode signal from the TMS terminal 37e
or 57f; and switches the operation mode of each of the
boundary scan elements 100a to 100d to required mode. From
the corresponding sensor units 4a to 4d, the detection data

such as the measurement data is set in the clockwise side

input cell 111 via the input terminal 105 of each of the

boundary scan elements 100a to 100d. Thereafter, the
detection data that has been set in the clockwise side input
terminal 111 is transferred to the clockwise side 1nput
terminal 57b of the communication controller unit 57 via the
clockwise communication lines 65 and 66. Either the' host
computer unit 6 or the communication controller unit 357
performs an analysis of the detection data received.

On the other hand, during the performance of the
above-described communication processing in which only the
clockwise combination of the boundary scan elements 100a to
100d is driven, in the case where the communication line 56
is partly disconnected, for example, between the boundary
scan elements 100b and 100c, the communication controller

unit 57 will be incapable of transmitting the control data
to the sensor units 4c and 4d, and incapable of receiving

the detection data or the state data from the sensor units

26
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4a and 4b.

In this case, the communication controller unit 57 can
specify the occurrence of the disconnection and the
disconnection portion based on the fact that the detection
data or the state data from the sensor units 4a and 4b is
not included in the communication data received from the
clockwise side 1nput terminal 57Db.

. Herein, since the counterclockwise combination of the
boundary scan elements 100a to 100d exhibits the transfer
direction of the communication data inverse to that of the
clockwise combination, the communication controller unit 57
controls this counterclockwise combination, whereby the
communication controller unit 57 can receive the detection
data or the state data of the sensor units 4a and 4b, and

transfer the communication data to the sensor units 4c¢ and

44 .

Accordingly, the communication controller unit 57
transmits the mode signal from the TMS terminal 57e or 57f,
and drives not the clockwise combination of the boundary scan
elements 100a to 100d but the counterclockwise combination,
whereby the detectilon data or the state data of the sensor
units 4a and 4b that is not yet received by the communication
controller unit 57 is set in the counterclockwise side input

cell 120. Then, the detection data and the 1like of the sensor

" units 4a and 4b set in each counterclockwise side input cell

120 is transferred to the counterclockwise side input

terminal 57d of the communica#tion controller unit 57 via the
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counterclockwise communication lines 68 and 69.
Similarly, the communication controller unit 57
transmits new control data from the counterclockwise side
output terminal 57c¢ to the counterclockwise side output cell
119 of'the boundary scan elements 100c and 100d via the
counterclockwise communication lines 67 and 68, whereby the
communication controller unit 57 can also transmit the new

control data to the sensor units 4d and 4c via the output

terminal 104.

Therefore, even when the disconnection occurs in a

part of the communication line 56, the communication con-

troller unit 57 will be capable of transmitting/receiving

the communication data to/from all of the sensor units 4a

to 4d.

As described above, in the communication apparatus 1,
the boundary scan elements 100a to 100d having the foregoing

two combinations, each of which can independently perform
the communication processing, are connected to the sensor
units 4a to 4d, and the transfer directions of the

communication data in the combinations are made to be inverse

to each other, so that the communication apparatus 1 can

transmit the communication data to the sensor units 4a to

4d and receive the communication data from the sensor units

4a to 4d, even when the communication line 56 is discon-

nected.
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The embodiments of the invention 1n which an exclusive

property or privilege is claimed are defined as follows:

1. A boundary scan element comprising:

a plurality of input terminal side boundary cells
connected 1n series, each beling 1ndividually allocated to
corresponding one of input terminals;

a plurality of output terminal side boundary cells
connected 1n series, each belng individually allocated to
corresponding one of output terminals;

a TAP circuit for controlling input/output of data
to/from said boundary cells on the input/output terminal
sides;

a TDI terminal for receliving serial data to be supplied
to said boundary cells;

a TDO terminal for outputting the data from said boundary
cells as serial datay;

a TCK terminal for receiving clock signals; and

a TMS terminal for receiving a mode signal to switch an
operation mode of said TAP circuit;

wherein said boundary scan element comprises two sets of
components, each set composed of said input terminal side
boundary cells, said output terminal side boundary cells,

said TDI terminal, said TDO terminal, and said TAP circult;

and

29
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wherein, in each of said sets, said i1nput terminal side
boundary cells and said output terminal side boundary cells
are connected in paralleli betwesn said TDI and TDO

terminals, respectively.

2. A communication apparatus comprising:
a plurality of boundary scan elements, each of which
comprises:

a plurality of input terminal side boundary cells
connected in series, each being 1ndividually allocated
to corresponding one of input terminals;

a plurality of output terminal side boundary cells
connected in series, each being individually allocated
to corresponding one of output terminals;

a TAP circuit for controlling input/output of data
to/from said boundary cells on the input/output
terminal sides;

a TDI terminal for receiving serial data to be
supplied to said boundary cells;

a TDO terminal for ocutputting the data from said
boundary cells as serlal data;

a TCK terminal for receiving clock signals; and

a TMS terminal for receiving a mode signal to switch
an operation mode of said TAP clrcult;

wherein said boundary scan element ccmprises two sets of

components, each set composed of said 1nput terminal side

30
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boundary cells, said output terminal side boundary cells,

said TDI terminal, said TDO terminal, and said TAP circuit;
and

wherein, 1in each of said sets, salid input terminal side
boundary cells and said output terminal side boundary cells
are connected in parallel between said TDI and TDO
terminals, respectively;

a plurality of terminal equipment, each having eilther an
IC connected to corresponding one of said boundary scan
elements or an IC in which corresponding one of said
boundary scan elements 1s incorporated; and

a communication controller for transmitting/receiving
communication data via sald boundary scan elements, the
communication data individually controlling said terminal
equipment;

wherein said communication controller comprises tTwo

terminal portions composed of a communication data output
terminal for transmitting the ccmmunication data to said
boundary scan element and a communication data 1input
terminal for receiving the communication data from said
boundary scan element, one of sald sets 1n said boundary
scan element being connected in series to either of said
terminal portions and the other of saic sets in said
boundary scan element being connected 1n series to the
other terminal portion so that tne transfer directions of

the communication data are inverse to each other.
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