0y

i ce f® . testing connections provided with pulling resi stors. QéogQﬁﬁfg -
I nvent geglegi@kdt €s to a device which conprises an el ect I QieTeBd/doaty t ‘P@S

1

Device for testing connections provided with puiling resistors.
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- The invention reiates to a device which COmprises an eecGonic circdit, a
first connection with a first pulling resistor and a second connection with a second pulling
resistor, a first output of the circuit being connected to the first connection and a second
output of the circuit being connected to the second connection.

Logic circuits often utilize connections which are not actively used all the
time. An example of such a connection is a bus which transports the bits of one word from a
tranismitting IC to a receiving IC. There are often various transmitting ICs which exclusively
utilize the bus for a given period of time. If the bus is not required by any transmitting IC at.
a given instant and during the switching-over from one transmitting IC to another
transmitting IC, the bus temporarily does not receive signals. In order to prevent floating
connections in such a case, causing a receiving IC connected to the bus to process non-
defined values, each connection is provided with a pull-up resistor. This resistor is arranged
between the connection and the supply voltage and pulls the connection to a fixed value at
instants at which it is not driven by a transmitting IC.

After assembly of such a circuit, a test is performed so as to check
whether all components have been correctly connected to the desired connections. In order to
carry out such a test, each connection in a bus should thus far have its own test point for
connection of a measuring instrument, for example via a measuring pin. It is then tested
whether the pull-up resistor is correétly connected to the test point and the supply voltage.

Logic circuits utilize ICs which are provided increasingly wi_th Boundary
Scan Test (BS'fj*iogiE. These ICs enable testing of the interconnection function of the circuit
Support in conformity with the BST method. In this respect see the pages 1 to 17 of the book
"Boundary-Scan Test, A Practical Approach”, Harry Bleeker, Peter van den Eijnden and
Frans de Jong, Kluwer Academic Publishers, Boston, US, 1993, ISBN 0-7923-9296-5 for a
description of testing according to the BST method.

. For complete testing of a connection all connection points should be
connected to ICs provided with BST logic or other logic capable of generating or analyzing
test data. This means that the connection comprising a pull-up resistor cannot be tested

according to such a method, because resistors do not comprise test logic.
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10 point and the second connection, the electronic circuit comprising a test attachment and being

arranged to perform a test, under the control of predetermined signals on the test attachment,

on the connections in a test session comprising: an initialization step and a number of follow-
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up steps, each of which includes the transfer of a unique combination of test data, to the
connections vig the outputs, in order to form a response on the test point. A further

15 advantage of the invention resides in the fact that the testing of the connections with pull-up

e emtacmi

resistors is more compatible with the testing of the other connections.
A first version is characterized in that for the testing of the connections
the circuit is arranged to execute a test according to the Boundary Scan Test method.
| In another embodiment of the invenﬁon there is provided a device which
20 comprises an electronic circuit, a first connection with a first pulling resistor, and a second
connection with a second pulling resistor, a first input of the circuit being connected to the
first connection and a second input of the circuit being connected to the second connection,
‘ characterized in_that a test resistor is connected between a supply terminal and a test point,
the first pulling resistor being connected between the test point and the first connection, the
25 second pulling resistor being connected between the test point and the second colnection, the
electronic circuit comprising a test connection and being arranged to perform a test, under
the control of predetermined signals on the test connection, on the connections in a test
session comprising:
(1) an initialization step, (2) application of test data to the connections by way of a voliage
30 on the test point, (3) reception of result data from the connections, via the inputs, in the
circuit and application of the result data to the test connection.
A preferred embodiment of the invention will be described in detail

hereinafter with reference to the accompanying drawings.

Fig. 1 shows a part of a support with a bus and two ICs, connected to
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Fig. 2C shows the voltage level on the test point for various test patterns
in the presence of the connection error.
Fig. 3 shows an IC for providing test data on the outputs by way of
multiplexers.
10 Fig. 4 is a detailed representation of a multiplexer of the IC.

Fig. 5 shows an IC comprising logic AND-gates for the observation data
Corresponding reference numerals in the Figures denote similar elements.

15 - ‘Fig. 1 shows a part of a support (2) with a bus (4) which in this case
comprises three connections (6), (8) and (10). Connected to the bus are a number of ICs,
two of which are shown: an IC (12) which applies data to the bus viz outputs (14), (16) and
(18), and an IC (20) which reads data from the bus vig inputs (22), (24) and (26). The
connections in the bus are connected to pull-up resistors (28), (30) and (32) which are

20 connected, to the supi)ly voltage (36), via a test resistor (34). The pull-up resistors are also
connected to a test point (38) which is used during testing.

* Both ICs of the embodiment shown in Fig. | are provided with test
logic. This enables-both types of test described hereinafter to be executed. The description of

the.types of test will state which IC must be provided with test logic. The ICs of the

P35 preferred embodiment are provided with Boundary Scan Test (BST) logic, but other forms of

test logic are a_}éo feasible and will be described later. The ICs (12) and (20) are arranged to

€xecute a test according to the BST method. To this end they comprise: a TAP controller and

further means, symbolized by a block (40), for controlling the test and for applying test data
to the correct locations vig a concatenation (42) of BST cells containing a value for each pin,
and a test attachment (44) for receiving test control data and teSt data and for passing on this
data, if necessary. A detailed specification of the BST test logic is given in the BST standard
(IEEE Std. 1149.1-1990).
' The set-up shown in Fig. 1 is suitable for carrying out two types of test.
According to the first type, the IC (12) applies test data to the bus via the BST cells, after
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5 should be provided with test logic.

Fig. 2A shows the same circuit as Fig. 1, be it that now a short-circuit
(46), for example caused by a droplet of solder spilled during the assembly process, exists
between the connections (8) and (10). Also indicated is a connection error (60), involving
incorrect connection of the pull-up resistor (32). A test concerning the situation mvolvmg

10 exclusively the short-circuit (46) will now be described. The first step of the test consists in

'setting the IC (12) to the test mode by way of given control signals on the test attachment
(44). Subsequently, a test pattern is applied to the bus a humber of timfes by forming a given ‘
logic value on the outputs (14), (16) and (18) vig the test attachment (44), followed by
measurement of the voltage on the test point (38). The voltage on the test point (38) is the
' 15 resultant of the supply voltage, via the test resistor (34), and the voltages on the connections
(6), (8) and (10) via the pull-up resistors (28), (30) and (32). The application of test data to
the IC (12) and the measurement of the voltage on the test point (38) will preferably be
executed by one tester in a coordinated fashion.
For the circuit shown in Fig. 2A, Fig. 2B shows the voltage measured on
20 the test point (38) for four pa_tterns; The BST cells of the outputs (14), (16) and (18)

' successivelx have -the values "111" (48), "011" (50), "001" (52) and "000" (54). The voitage %
i measured on the test point is represented by a line (56). For the pattern (50) the measured
voltage deviates from the anticipated voltage (58); this is due to the short-circuit (46) .
between the connections (8) and (10). Alternative patterns are feasible and the patterns may
25 also be presented in a different sequence. In practice test patterns are determined on the basis 25

of the relevant circuit and the test strategy to be followed. _
~  Now the situation of Fig. 2A will be considered which involves only the
connection error (60) and not the short-circuit. The test is the same as described above and.
the voltage measured on the test point is shown in Fig. 2C. In this case the voltage measured
30 for the pattern (54) deviates from the anticipated value (62). This is due to the fact that the
resistor (32) does not apply the logic "0" on the connection (10) to the test point (38). For

this test it again holds that alternative patterns can be used and that the patterns can also be

presented in a different sequence.

The connection error (60) in Fig. 2A can also be found by means of a
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voltage, preferably via the tester. As a result, the connections (6) and (8) receive a logic "0",

10 whereas the connection (10) is undefined again, because the low voltage is not passed on
because of the error (60). The pattern "001" will then be read in the BST cells, so that it can
be concluded that the pull-up connection for the connection (10) is faulty.

In another embodiment of the invention the second type of test can be
executed by the same IC as that executing the first type of test. This is the IC (12) in the

5 1S Figs. 1 and 2A. To this end, the outputs (14), (16) and (18) and their BST cells are then

arranged to despatch test data as well as to write test data. The possibility of such a

bidirectional BST cell is described in the BST standard and is used in practice in a number of

types of IC.
on For the determination of the value of the test resistor (34) two different
20 conditions must be sa.tisﬁed. The value should on the one hand be sufficiently small to kesp
1ge - mutual influencing of the signals on the connections whose pull-up resistors are connected to0
= the same test resistor sufficiently small. Such influencing arises in that a variation of a signal
’ on a connection caltses a small voltage variation on the test point (38). This variation may
y not be so large that it changes the logic value of signals on the other connections. On the
@siS 25 other hand, the value of the test resistor should be as large as possible so as to limit the
current flowing-through the test resistor at the instant at which the test point is pulled down.
' the The current must be so small that the power dissipated in the test resistor remains limited, so
nd . that a regular low-power resistor can be used as the test resistor. The actual value of the test
sured | resistor should be determined for each circuit individually and is then also dependent on the
the technology which inrer alia determines the voltage levels of the logic values and the number
50" of connections vig which voltage is applied to the test resistor.
o be A major advantage of the invention resides in the reduction of the
_‘FSt points. Each connection of each bus thus far requires its own test point,
ofa
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logic, TTL implementations and ECL implementations. The present embodiment concemns
the situation in which the buses, when relevant, are supplied with a suitably defined value by
way of pull-up resistors. Ev1dently, the invention can also be used when the buses are

10 provided with pull-down resistors. This means a reversal of the test patterns for the tests.

In order to carry out the invention, for the first type of test the IC (12)
should be capable-of transmitting test data via the connection and for the second type of test
the IC (20) should be capable of receiving test data from the connection. In addition to the
described BST method, various alternatives exist for the transmission and reception of test

15 data. Fig. 3 shows an alternative for a transmitter and Fig. 5 shows an alternative for a
receiver.

Fig. 3 shows an IC (66) in which the input signals (68) are presented to
the core logic (70) as well as to test inputs of the respective multiplexers (72). The control
signal (74) determines whether the multiplexers apply the values on the test inputs or the

20 wvalues on the other, functional inputs to the outputs (76). Fig. 4 is a detailed representation

| of a multiplexer. The control signal (74) selectively determines that either the test signal (78)
or the functional signal (80) appears as the output signal (82) of the multiplexer. Thus, via
the control sxgnal (74) data can be applied directly from inputs (68) 0 outputs (76). The test
data is applied to "the connections in this manner.

25 o Fig. 5 shows an IC (84) which comprises connected to its inputs a tree of
logic AND-gates (AND-tree). An input, for example input (86), is connected to_the core
logic (88) as‘;a;ell as to an input (90) of an AND-gate (92). The other input (94) of the AND-
gate is connected to the output of the preceding AND-gate (96) in the tree. One input of the
first AND-gate (98) carries a logic "1°. The output of the last AND-gate (100) carries the

30 ° result of the preceding AND-operations on all connected inputs and this result is output via
the connection (102). If all connected inputs receive a logic "1", a logic "1" will be present
on the output (102). If at least one of the inputs receives a logic "0", a logic "0" will be
present on the output. The state of the connections can be determined by application of test

pattems to the connections (104) and by reading each time the output (102).
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1. A device which comprises an electronic circuit, a {irst conneciion with a
first pulling resistor, and a second connection with a second puiling resistor, a first output of
the circuit being connected to the first connection and a second output of the circuit being

connected to the second connectior. characterized in that a test resistor is connected berween

(¥

a supply terminal and a test point, the first pulling resistor being connected between the test
point and the first connection, the second pulling resistor being connected between the test
. point and the second connection, the electronic circuit comprising a test attachment and being
arranged to perform a test, under the control of predeterrr}ined' signals on the test attachment,
on the connections in a test session comprising: an initialization step and a number of follow-
§ 10 up steps, each of which includes the transfer of a unique combination of test data to the

' connections, via the outputs, in order to form a response on the test point.

) 2. A device as claimed in Claim 1, characterized in that for the testing of

the connections the circuit is arranged to execute a test according to the Boundary Scan Test

method.
1 15 3. A device which comprises an electronic circuit, a first connection with a
1 o . . .
8) first pulling resistor and a second connection with a second pulling resistor, a first input of

the circuit being connected to the first connection and a second input of the circuit being

st connected to the sacond connection, characterized in that a test resistor is connected between
a supply terminal and a test point, the first pulling resistor being connected between the test
e of point and the first connection, the second pulling resistor being connected between the test
point and the s:cond connection, the electronic circuit comprising a test atmchm:nt and being
ND’_ arranged to perform a test, under the control of predete'rmined signals on the test attachment,
the on the connections in a test session comprising: (1) an initialization step, (2) application of _
e 1est data to the connections by way of a voltage on the test point, (3) reception of result data
sia from the connections, via the inputs, in the circuit, and application of the result data to the
ent | test attachment.
: 4. A device as claimed in Claim 3, characterized in that the voltage on the
test

est-point in the step (2) is formed by the supply voltage.

A device as claimed in Claim 3 or 4, characterized in that for the testing
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point and the first connection, the second pulling resistor being connected_between the test
point and the second connection, the electronic circuit being arranged tontput known data,
10 via the outputs, to the connections in order to form a response on the test point.
7. A device as claimed in any one of the Claims 1 to 6, characterized in
that the resistance of the test resistor is small relative to the resistance of a parallel

connection of the pulling resistors.
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éxi sts between the connections (8) and (10). Also indicated is a connection
error (60), involvi WP%neewrect connection of the pull -up resistor (B2Y/IBIAD0411
test concerning the situation involving exclusively the short-circuit (46)
wi Ll now be described. The first- step of the test consists in setting the
1C (12) to the test node by way of given-controly sgignals on the test
connection (44). Subsequently, a test pattern |;é3pl ied to the bus a

nunber of tines-by formng a gien logic value on the outputs (14), (16)

and (18) via the test donnection (44), followed by measurenent of thes .==
vol tage on the test p0|nT‘T3ﬁ); The voltage on the tjest point (38) is The
resul tant of the supply |voltage, vep the test residtior (34),. a t he

vol tages on the connectijons (6),( and (10) via thelpull{up redistors

(28), (30) and (32). Thg appllication of test data to|the IC (12) and the
measur enent of the voltage omn theitest gglnt (38) willl preferably be

executed by one testerain alcooktinat fashi on. -+ Eor the
circuit shown in Fig. 2A, Fig. 2B shows the voltage neasured on theitest

point (38) for four pattlerns. The BST (cells of the oytputs (14), (1B6) and 62
(18) successively have tthe val ues "111“—t48), "011" £50), "001" (52}—ard”

"000" (54). The , _ ),
. ;( : ; : 1‘7 . ’( ! 1 ! !
111 011 001 000 111 ' ' '
2 2 o« N 1& o:.i 00\1 oo\o
-' 48 0 52 5 8- 50 2 5

FI16.2B FI16.2C

70

Been RTlaced

“\\ii\\\\\\\\\\\\\\\\\ !



r

N .
PO

vol tage neasured on the test point is represented by a line (56). For t he
pattern (5ﬁ1b§5h§sg§easured vol t age devi ates fromthe antici P3 [q9¢e
(98); this is due to the short- circuit (46) between the connections (8)
and (10). Alternative patterns are feasible and the patterns may al so be

“priesented in a different sequence. In practice test patterns are determnined

on the basis of the relevant circuit a?cy;ghe test strategy to be followed.
Now the situation of Fg. 2Awll be c dered which involves only the
connection error (:60) and not the short.-circuit-.The test-is-the--sane as.c
dekscri bed above - 721 - -
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5_’Tand t he vol t age measur ed on tr{@?‘&t {Lgoi n

El ..... E
cdse the voltage neasured for the R?lgoéern (5 jzr ? t’é"? ‘f? ?onaée
anticipated value (62). This is due t he Sk het Paég %?
does not apply the logic "0" on the connectlo er)awts(%)hepﬁgéé """

(38). For this test it again holds that alter mb.stqaatteﬁrﬁ%ﬁeéaﬂ Qa&FQed

and that the patterns can al so be presdnted a different seqtg?,agm
The connection error (60) in Fig. 2A can al so| bepATEnOFBEGBENS.. G mal-: " .
second t yPeviee forctesting/eannectiong provided withcpulin {20) 1S set to the test
mode and test data is applied to the connections of the bus via a voltage
on the test point (38). Subsequently, the signals on the bus are witten
into the BST cells of the inputs (22), (24) and (26) and applied to the
test connection (64) for observation. During a first read step, the test
point (38) is not externally driven and the connections (6) and (8) wll
receive a logic "1" because of the pull-up resistors and the connection
(10) will remain :

The invention relates to a device which comprises an electronic circuit, a
first connection with a first pulling resistor and a second connection with a second
pulling resistor, a first output of the circuit being cofinected to the first connection and a
second output of the circuit being connected to the second connection.

| Logic circuits often utilize connections which are not actively used all the
time. An example of such a connection is a bus which transports the bits of one word
from a transmitting IC to a receiving IC. There are often various transmitting ICs which
exclusively utilize the bus for a given period of time. If the bus is not required by any
transmitting IC at a given instant and during the switching-over from one transmitting
IC to another transmitting IC"‘, the bus temporarily does not receive signals. In order to
prevent floating connections in such a case, causing a receiving IC connected to the bus
to process non-defined values, each connection is provided with a pull-up resistor. This
resistor is arranged between the connection and the supply voltage and pulls the
connection to a fixed value at instants at which it is not driven by a transmitting IC.

After assembly of such a circuit, a test is performed so as to check
whether all components have been correctly connected to the desired connections. In
order to carry out such a test, each connection in a bus should thus far have its own test
point for connection of a measuring instrument, for example vig a measuring pin. It is
then tested whether the pull-up resistor is correctly connected to the test point and the
supply voltage. |

Logic circuits uuhze ICs which are provided increasingly with Boundary
Scan Test (BST) logic. These ICs enable testing of the interconnection function of the
circ_:uit support in conformity with the BST method. In this respéct see the pages 1 to 17
of the book "Boundary-Scan Test, A Practical Approach”, Harry Bleeker, Peter van den
Eijnden and Frans de Jong, Kluwer Academic Publishers, Boston, US, 1993, ISBN 0-
7923-9296-5 for a description of testing according to the BST method. |

For complete testing of a connection all connection points should be

connected to ICs provided with BST logic or other loglc capable of generating or
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undefined. Assuming that in this inplenentation a floating connection

- becones "1", the BST cells of the inputs (22), (24) and (26) wll contain
the pattern "111". During a second step the test point receives a | ow

~voltage, preferably via the tester. As a result, the connections (6) and

(8) receive a logic "0", whereas the connection (10) is wundefined again,

because the |ow voltage is not passed on2because of the error (60). The

pattern "001" will then be read in the BST cells, so that it can be

concl uded analyzing ttést dptal Thispmeansrthatt the cofinectiom comprisiog tai pull-gp Msister daanovt: v.

I n anot he ofdi menf. of the inventipon the second type of .test ran be

execut ed %W@%ﬁhﬂ:@?ﬁrﬁmﬁ% 3 Tesistons agt‘%?%‘é‘l’{}?e ?eégﬁ).g‘cThi sis’

the 1C (12) in the ﬁ'igweﬂaﬁé‘ﬂn%ﬁject-refﬁx@'igv&'ﬁ%télﬂ&t%éb!ﬁlécﬁohﬁ)com?ﬁ%}elFand

(18) and their BST cells are then arranged to despatch test data a | as
to wite thespulbtap aesistors ip busdstinl sucly aghanner thad nbilonges at testrpaintis Tequited for

of 1e - eash pulfup resisies” THRtoRy on arentisnin i Rcapar e F iYRHoR tiere 1 PO
resi stor pAbiddd'® deVitd WhRhl confiitiles af Rfectific dituit 4 fivst @finection with ¥ firsthoul d
on the oné hand be sufficiently small .to
pulling resistor, and a second connection with a second pulling resistor, a first output of
the circuit being connected to the first connection and a second output of the circuit
being connected to the second connection, characterized in that a test resistor is
connected between a supply terminal and a test point, the first pulling resistor being
connected between the test point and the first connection, the second pulling resistor
being connected between the test point and the second connection, the electronic circuit
comprising a test connection and being arranged to perform a test, under the control of
predetermined signals on the test connection, on the connections in a test séssion
comprising: an initialization step and a number of follow-up steps, each of which
includes the transfer of a unique combination of test data, to the connections vig the |
outputs, in order to form a response on the test point. A further advantage of the
invention resides in the fact that the testing of the connections with pull-up resistors is
more compatible with the testing of the other connections.
A first version is characterized in that for the testing of the connections
the cireuit is arranged to execute a test according to the Boundary Scan Test method.
In another embodiment of the invention there is provided a device which
comprises an electronic circuit, a first connection with a first pulling resistor, and a
second connection with a second pulling resistor, a first input of the circuit being
connected to the first connection and a second input of the' circuit being connected to the
second connection, characterized in that a test resistor is connected between a supply
terminal and a test point, the first pulling resistor being connected between the test point
and the first connection, the second pulling resistor being connected between the test
~ point and the second connection, the electronic circuit comprising a test connection and
being arranged to perform a test, under the control of predetermined signals on the test
connection, on the connections in a test session comprising:
(1) an initialization step, (2) application of test data to the connections by way of a

voltage on the test point, (3) reception of result data from the connections, vig the
This is the replacement sheet
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keep mutual influencing of the signals on the connections whose pul |l -up
resistors are connected to the sane test resistor sufficiently small. Such
influencing arises in-that a variation of a signal on a connection causes a
smal | voltage variation on the test point (38). This variation may not be
so large that i.t changes the | ogic value of signals on the other
connections. On the other hand, the val Je of the test .resistor should be as

| arge as possible so as to linit the current flow ng through the test
resi stor mputshm thextizenit and application of the result data to the test connection.

A preferred embodiment of the invention will be described in detail
hereinafter with reference to the accompanying drawings. |

Fig. 1 shows a part of a support with a bus and two ICs, connected to the
bus. _

‘Fig. 2A shows a part of a support with a bus and two ICs connected to
the bus i in the presence of a short-circuit and a connection error.

Fig. 2B shows the voltage level on the test point for different test patterns
in the presence of the short-circuit. |

Fig. 2C shows the voltage level on the test point for v various test patterns
in the presence of the connection error.

| Fig. 3 shows an IC for providing test data on the outputs by way of

multiplexers. |

Fig. 4 is a detailed representation of a multiplexer of the IC.

Fig. 5 shows an IC comprising logic AND-gateé for the observation data
on the inputs. ' .
Corresponding reference numerals in the Figures denote similar elements.
Fig. 1 shows a part of a support (2) with a bus (4) which in this case
comprises three connections (6), (8) and (10). Connected to the bus are 2 number of
ICs, two of which are shown: an IC (12) which applies data to the bus vig outputs (14),
(16) and (18), and an IC (20) which reads data from the bus via inputs (22), (24) and
(26). The connections in the bus are connected to pull-up resistors (28), (30) and (32)
§vhich are connected, to the supply voltage (36), via a test resistor (34). The pull-up
resistors are also connected to a test point (38) which is used during testing.

Both ICs of the embodiment shown in Fig. 1 are provided with test logic.
This enables both types of test described hereinafter to be executed. The description of
the types of test will state which IC must be provided with test logic. The ICs of the
preferred embodiment are provided with Boundary Scan Test (BST) logic, but other
-forms-of test logic are also feasible and will be described later. The ICs (12) and (20)
are arranged to execute a test according to the BST method. To this end they comprise:
a TAP controller and further means, symbolized by a block (40), for controlling the test
and for applying test data to the correct locations via a concatenation (42) of BST cells

containing a value for each pin, and a test connection (44) for receiving test control data
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6 which the test point is pulled down. The current nust be so small that
tthe power dissipated in the test resistor remains limted, so that a
regul ar | ow power resistor can be used as the test resistor. The actual
value of the test resistor should be determned for each circuit

i ndividually and is then al so dependent ,on the technol ogy which inter alia
determ nes the voltage |evels of the Ioéic val ues and t he nunber of

connections via which voltage is applied to the test resisgor,.
A naj or é&déﬁtég@w&w%mﬂaﬁda@s;fmmt A dotatied S0esHIc3H0R RE teurber

o o™ AT RER Frarechussolafan) i Sl oty o2 L3 o e
per bus. In a recefThepetup shiown i Figatliiosuitdble fori calryingoouti vt typessofjest|
Dt i nt od cAGEOTHEE o e ISE 8 it Corl S PBlIs e Gk fo TE.LORSHA BoRFT Sale (s
b AL AL Sl BRFodtl oo B85 ol T8y 8 e 1 o
measured. For this first type of test the IC (12) should be provided with test logic.
According to the second type of test, a voltage is applied to the test point (38) and vig
the BST cells of the IC (20) the effects thereof on the connections are determined. For
this second type of test the IC (20) should be provided with test logic.
Fig. 2A shows the same circuit as Fig. 1, be it that now a short-circuit
(46), for example caused by a droplet of solder spilled during the assembly process,
exists between the connections (8) and (10). Also indicated is a connection error (60),
involving incorrect connection of the pull-up resistor (32). A test concerning the
situation involving exclusively the short-circuit (46) will now be described. The first
step of the test consists in setting the IC (12) to the test mode by way of given control
signals on the test connection (44). Subsequently, a test pattern is applied to the bus a
number of times by forming a given logic value dn the outputs (14), (16) and (18) via
the test connection (44), followed by measurement of the voltage on the iest point (38).
The voltage on the test point (38) is the resultant of the supply voltage, via the test
resistor (34), and the voltages on the connections (6), (8) and (10) via the pull-up
resistors (28), (30) and (32). The application of test data to the IC (12) and the
measurement of the voltage on the test point (38) will preferably be executed by one
tester in a coordinated fashion. '
, For the circuit shown in Fig. 2A, Fig. 2B shows the voltage measured on
the test point (38) for four patterns. The BST cells of the outputs (14), (16) and (18)
successively have the values "111" (48), 011" (50), "001" (52) and "000" (54). The
voltage measured on the test point is represented by a line (56). For the pattern (50) the
measured voltage deviates from the anticipated voltage (58); this is due to the short-
circuit (46) between the connections (8) and (10). Alternative patterns are feasible and
the patterns may also be presehted in a different sequence. In practice test patterns are'
determined on the basis of the relevant circuit and the test strategy to be followed.
Now the situation of Fig. 2A will be considered which involves only the

connection error (60) and not the short-circuit. The test is the same as described above
. This is tee replasement sheet
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The field of application of the invention is not restricted to a given type
of logic or inplenentation thereof. Exanples of applications are: bival ent
logic, trivalent logic, TTL inplenentations and ECL inplenentations. The
present enbodi nent concerns the situation in which the buses, when

rel evant, are supplied with a suitably defined value by way of pull-up
resistors. Evidently, the invention can &l so be used when the buses are
provided with pull-down resistors. This neans a reversal of the test
patterns #&md thehwltags imeasured on the test point i3 showarin (Rig.c2C In this cdskd¢he woleagei on,

tost  dat ampasared B e paten (h4XoRyTets Bomcite aataaied Jalis CPLaTHiS Fudiecto(the)
o the dofif HRDHe fyslol (3ded roPahply Hhé'iopic 0 AE URARARELAMNVIO) b dlea! O
t ransm sspaint ¢38). Ferthis testrit again dwldscthatoalteFnative patitmecan be aised amhthat thef or a
transmtter and Figq. shows an alternative for a receiver. ,
Fig. 3 shmcqncfﬂ%% P}'eﬁe‘WFtha CERLEaINCEnal s (68) are presented to
trmhlet Icglr gXL?gI €7(2 ;Q)W&ﬁoﬁ%&& (605 in F@lﬁ&@wﬁi alkd'Be TORRIELY nélns of a
second type of test. According to this test, the IC (20) is set to the test mode and test
data is applied to the connections of the bus via a voltage on the test point (38).
Subsequently, the signals on the bus are written into the BST cells of the inputs (22),
(24) and (26) and applied to the test connection (64) for observation. During a first read
step, the test point (38) is not externally driven and the connections (6) and (8) will
receive a logic "1" because of the pull-up resistors and the connection (10) will remain
undefined. Assuming that in this implementation a floating connection becomes "1", the
BST cells of the inputs (22), (24) and (26) will contain the pattern "111". During a
second step the test point receives a low voltage, preferably vig the tester. As a result,
the connections (6) and (8) receive a‘logic "0", whereas the connection (10) is
undefined again, because the low voltage is not passed on because of the error (60).
The pattern "001" will then be read in the BST cells, so that it can be concluded that
the pull-up connection for the connection (10) is faulty.
In another embodiment of the invention the second type of test can be
executed by the same IC as that executing the first type of test. This is the IC (12) in
the Figs. 1 and 2A. To this end, the outputs (14), (16) and (18) and their BST cells are
then arranged to despatch test data as well as to write test data. The possibility of such
a bidirectional BST cell is described in the BST standard and is used in practice in a
number of types of IC.
For the determination of the value of the test resistor (34) two different
conditions must be satisfied. The value should on the one hand be sufficiently small to
keep mutual influencing of the signals on the connections whose pull-up resistors are
connected to the same test resistor sufficiently small. Such influencing arises in that a
~ variation of a signal on a connection causes a small voltage variation on the test point
(38). This variation may not be so large that it changes the logic value of signals on the
other connections. On the other hand, the value of the test resistor should be as large as

possible so as to limit the current flowing through the test resistor at the instant at
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control signal (74) determ nes whether the nultiplexers apply the values on
t'he test inputs or the values on the other, functional inputs to the
outputs (76). Fig. 4 is a detailed representation of a multiplexer. The
control signal (74) selectively determ nes that either the test signal (78)
or the functional signal (80) appears as the output signal (82) of the
mul ti pl exer. Thus, via the control signal (74) data can be applied directly

which the test point is pulled down. The current must be so small that the power
dissipated in the test resistor remains limited, so that a regular low-power resistor can
be used as the test resistor. The actual value of the test resistor should be determined
for each circuit individually and is then also dependent on the technology which inter
alia determines the voltage levels of the logic values and the number of connections via
which voltage is applied to the test resistor. _

_ A major advantage of the invention resides in the reduction of the number
of test points. Each connection of each bus thus far requires its own test point, whereas
according to the invention only one test point is required per bus. In a recent practical
situation, in which two digital signal processors and their buses were mounted twice on
a support in the form of a printed circuit board, a saving of 58 test points was achieved.
This is particularly important because such a board already has a high density of
components and connections.

The field of application of the invention is not restricted to a given type of
logic or implementation thereof. Examples of applications are: bivalent logic, trivalent
logic, TTL implementations and ECL implementations. The present embodiment
concerns the situation in which the buses, when relevant, are supplied with a suitably
defined value by way of puil-up resistors. Evidently, the invention can also be used
when the buses are provided with pull-down resistors. This means a reversal of the test
patterns for the tests.

In order to carry out the invention, for the first type of test the IC (12)
should be capable of transmitting test data vig the connection and for the second type of
test the IC (20) should be capable of receiving test data from the connection. In addition
to the described BST method, various alternatives exist for the transmission and
reception of test data. Fig. 3 shows an alternative for a transmitter and Fig. 5 shows an
alternative for a receiver. ' '

Fig. 3 shows an IC (66) in which the input signals (68) are presented to
the core logic (70) as well as to test inputs of the respecﬁve multiplexers (72). The
control signal (74) determines whether the multiplexers apply the values on the test
inputs or the values on the other, functional inputs to the outputs (76). Fig. 4 isa
detailed representation of a multiplexer. The control signal (74) selectively determines
that either the test signal (78) or the functional signal (80) appears as the output signal
(82) of the multiplexer. Thus, via the control signal (74) data can be applied directly
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7 frominputs (68) to outputs (76). The test data is applied to the
eonnections in this manner. Fig. 5 shows an IC (84) which is
connected to the inputs and which conprises a tree of |ogic AND gates
(AND-tree). An input, for exanple input (86), is connected to the core
logic (88) as well as to an input (90) of an AND-gate (92). The other input
(94) of the AND-gate is connected to the output of the precedi ng AND gate
(96) in the tree. One input of the first7AND-gate (98) carries a logic "1".
The output of "‘the last AND-gate (100) carries the result of the preceding
AND- oper atfrom énputs ¢68) ta outpatst (F6).i Theutest datalist dpiplied ¢ thet congectionpin thiss t he
connection (102). If all connected inputs receive a logic "1", a logic "1"
will be p ft on the output (102). If at |east one of the inputs receives

Gonnecti ons’ can be. BB o o pn X QLA Hbdnifuift L te Inpals ahd Bkt 11

connect i ogomptises)a treel oﬁ}oglemmgabggmmel Hen mpupdiop exzmple input (86), is
connected to the core logic (83) as well as to an input (S0) of an AND-gate (92). The
other input (94) of the AND-gate is connected to the output of the preceding AND-gate
(96) in the tree. One input of the first AND-gate (98) carries a logic "1". The output of
the last AND-gate (100) carries the result of the preceding AND-operations on all
connected inputs and this result is output vig the connection (102). If all connected
inputs receive a logic "1", a logic "1" will be present on the output (102). If at least
one of the inputs receives a logic "0", a logic "0" will be present on the output. The
state of the connections can be determined by application of test patterns to the
connections (104) and by reading each time the output (102).
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8 CLAIVE:

RU T

CLAIMS:

1. A device which comprises an electronic circuit, a first connection with a
first pulling resistor, and a second connection with a second pulling resistor, a first
output,ef the circuit being connected to the first connection and a second output of the
circuit being connected to the second connection, characterized in that a test resistor is
connected between a supply terminal and a test point, the first pulling resistor being
connected between the test point and the first connection, the second pulling resistor
being connected between the test j)oint and the second connection, the electronic circuit
comprising a test connection and being arranged to perform a test, under the control of
predetermined signals on the test connection, on the connections in a test session
comprising: an initialization step and a number of follow-up steps, each of which
includes the transfet of a unique combination of test data to the connections, via the

outputs, in order to form a response on the test point.

2. A device as claimed in Claim 1, characterized in that for the testing of the
connections the circuit is arranged to execute a test according to the Boundary Scan Test
method. _

3. A device which comprises an electronic circuit, a first connection with a

 first pulling resistor and a second connection with a second pulling resistor, a first input
| of the circuit being connected to the first connection and a 'secend input of the circuit
being connected to the second connection, characterized in that a test resistor is
connected between a supply terminal and a test point, the first pulling resistor being
connected between the test point and the first connection, the second pulling resistor
being connected between the test point and the second connection, the electronic circuit
comprising a test connection and being arranged to perform a test, under the control of

, predetermined signals on the test connection, on the connections in a test session
comprising: (1) an initialization step, (2) application of test data to the connections by
way of a voltage on the test point, (3) reception of result data from the connections, via
the inputs, in the circuit, and application of the result data to the test connection.

4. A device as claimed in Claim 3, characterized in that the voltage on the
This is the replassment sheet
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1. A devi ce which conprises an electronic circuit, a first

connecti on vmth a ulling resistor, and a second connection wth a

second puI a first output of the circuit bei ng connected to
the first- QWH econd output of the circuit being connected to
t he second conﬁec cterlzed in that a test resistor is connected

between a supply term nal *and a test point, the first pulling resistor

bei ng connected between the test point %nd the first connection, the
second pulling resistor being connected between the test point and t he
second coitstpeinbin therstep(2) ds farmed byt the supply voltage.sing a test connection and

o gnal & of-Che t ost AeIsMIcE chfien 1 i, 3 07 40 AigaBleriia. i HEE Frod e

conpri si ngf tiggednnedtions ithatirauit RleRnged ticiHBer a Bist Actording o tied Biindagach of
which includes the transfer of a unique conbination of test data to the

connect i ofgan Fegt method.out puts, in order to forma response on the test .
PO 26 g of ArdeMiclHER oBiipfbal dFdedbnfd Bidlil-2 ARREARISAAS Wik ' "
first pulling resistor and a second connection with a second pulling resistor, a first
output of the circuit being connected to the first connection and a second output of the
" circuit being connected to the second connection, characterized in that a test resistor is
connected between a supply terminal and a test point, the first pulling resistor being
connected between the test point and the first connection, the second pulling resistor
being connected between the test point and the second connection, the electronic circuit
being arranged to output known data, vig the outputs, to the connections in order to
form a response on the test point.
7. A device as claimed in any one of the Claims 1 to 6, characterized in that

the resistance of the test resistor is small relative to the resistance of a parallel

connection of the pulling resistors.
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connections the circuit is arranged to execute a test according to the
Boundary Scan Test nethod. 3. o) “A-devi.ce which conprises an

el ectronic circuit, a first connectlon with a first pulling resistor and a
second connection with a second pulling resistor, a first input of the
circuit being connected to the first connection and a second input of the
circuit being connected to the second connection, characterized in that a
test resistor is connected between a suﬂbly termnal and a test point, the
first pulling resistor being connected between the test point and the
first connﬁEEIBAgﬂkhe second pul ling resistor being connected between the

test point C circuit conprising a
t est conn&&?%nfogﬁﬁ%gg%ﬁgnéﬁgﬁﬁ "?‘{%%ﬁ\"%ﬁ% under the control of
predeterm ned signals on the test connection, on the connections in a test
session conprising: (1) an initialization step, (2) application of test
data to the connections by way of a voltage on the test point, (3)

reception of result data fromthe connections, via the inputs, in the
circuit, and application of the result data to the test connection. 4.

A device as cl ai medAl devidenisrdescribedawitich eomprisesi an électrorid eirouit ambat leastt he
two connections, each of which is connected to a separate output of the circuit and to a
separate pulling resistor. The device is characterized in that a test resistor is connected
between a fixed supply voltage and a test point, the pulling resistors being connected to
said test point and the electronic circuit being arranged to test the connections by
application of test data to the connections so that a given response is formed on the test
point.

FIGURE 1
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9 test point in the step (2) is formed by the supply voltage. 5.

A device as claimed in Caim3 or 4.*chatacterized in that for the testing
of the connections the circuit is arranged to carry out a test according to
t he Boundary Scan Test net hod.
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6. A device which conprises an electronic circuit, a first
connection which a first pulling resistor and a second connectlon wth a
second pulling resistor, a first output of the circuit being connected to
the first cennection and a second output of the circuit being connected to
t he second connection, characterized in that a test resistor is connected
between a supply termnal and a testa,point, the first pulling resistor
bei ng connected between the test poidt and the first connection, the second
pul I'i ng resi,stor being connected between the test point and the second
connection, jthe electronic circuit being rranged to output known data, via
the outputs,TT0 (}he connections in order TO Tgrma response on the test
point. 7. v A deggce as clained i g pny dne of e Clainms 1 to 6,
characterizgd in {that e resistance of the teast _re tor is small relative

to the resi §tancd of a parallel connectiop of the fdulling resistors.
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