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Device for testing connections provided with pulling resistors. 
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..[] Description : paged .gJ .. t~ paged .~.... -:S Claim(s) : paged .V ... to paged.~~ ... . 
~ Drawing(s) : paged .... ~ .. to paged ... ~!.~ .. . 
jZj Abstract : paged ... Y.t.. to paged ... '.~!. .. . 

The invention reiates to a device which compnses an electronic c1rcu1t, 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. 

5 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 

10 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. 
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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 m~uring instrument, for example via 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 utilize ICs which are provided incr.easingly with Boundary 
.. 

Scan Test (BS:{?~logic. These ICs enable testing of the interconnection function of the circuit 

suppon in conformity with the SST method. In this respect see the pages l to 17 of the book 

"Boundary-Scan Test, A Practical Approach", Harry Bleeker, Peter van den Eijnden and 

Frans de fong, 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. 



' 

-

i 
j 
I 
I 

W09S/17682 PCTJIB94/00411 

It. is inrer aiia an object of the invention to test the connections 

comprising th_~ pull-~f> .resistors in. buses in such a mann.er_ that no longe: a· te~l QOif!t is 
. 

required for each pull-up resistor. Therefore, in accordance with one aspect of the invention 

there is provided a device which comprises an electronic circuit, a first connection with a 

5 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 tfie 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 

I 0 point and the second connection, the electronic circuit comprising a test attachment and being 1 

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-

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. A further 

15 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 circuit 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 

L 

20 comprises an electronic circuit, a first connection with a first pulling resistor, and a second 20 

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 

~5 second pulling resistor being connected between the test point and the second connection, the 25 

electronic c!z:cuit 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 

30 on the test point, (3) reception of result data from the connections, via the inputs, in the 30 

: circuit and application of the result data to the test connection. 
•": . : 

! 1 A preferred embodiment of the invention will be described in detail 

11 . hereinafter with reference to the accompanying drawings. 

; 1 . . Fig. l shows a part of a support with a bus and two !Cs, connected to 

. , · tt11111m11nr 



- < < 

W095/l7682 PCI'/IB94/00411 

3 

the bus. 

-fig. 2A show.s a part of a support .witjl a bus and t.\l!O res ~niiected to _-
• ..... • .. - :r 

the bus in the presence of a short-circuit and a connection error. 

Fig. 2B shows the voitage level on the test point for different test 

5 patterns in the presence of the short-circuit. 

10 
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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. 

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 

on the inputs. 

Corresponding reference numerals in the Figures denote similar elements. 

Fig. l 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 via outputs (14), (16) and 

(18), and an IC (20) which reads data from the bus via inputs (22), (24) and (26). The 

l connections in the bus are connected to pull-up resistors (28), (30) and (32) which are 

20 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 .. l are provided with test 

logic. This enables~oth 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. Tne ICs of the 

the 5 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 

funher 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, 

O 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. 

l to According to the first type, the IC ( 12) applies test data to the bus via the BST cells, after 
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which the voltage level produced on the test point (38) by the test data is measured. For this 

first type-0f test .the1:C_ (12) should be provided. wi.th test logic. According .to the second type . - - . . . . .. - . .. . - .. """:"' - - ... 
of test. a voltage is applied to the test point (38) and via the BST cells of the IC cio) the _-. -, 

effects thereof on the connections are determined. For this second type of test the IC (20) 

5 should be provided with test logic. 

Fig. 2A shows· the same circuit as Fig. 1, be it that now a shon-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 

10 exclusively the shon-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 number of tinfes by forming a given 

logic value on the outputs (14), (16) and (18) via the test attachment (44), followed by 

measurement of ~e 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 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 

alS9 be presented 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 shon-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 "O" 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 

10 
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nd type of test. According to thi_s test, the IC (20) is set to the test mode and test data is 

~ft apPt~ed- co-the _conn~tions of the bus via a voltage on the ~est point (38)._ Su~-~u~ntly, the_ -: 

-· ·signals on the bus are written into the BST cells of the inputs ('.21). (24) and-(26) and appliCd 

to the test attachment (64) for observation. During a first read step, the test point (38) is not 

5 externally driven and the connections (6) and (8) will receive a logic '' l" 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 via the tester. As a result, the connections (6) and {8) receive a logic "O", 

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 

15 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. 

20 

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 

~ 

25 

·· 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 callses 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 corinections. On the 

other hand, the value of the test resistor should be as large as possible so as to limit the 

current flowint.through the test resistor at the instant at 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 

.·· ~f connections via which voltage is applied to the test resistor. 
. ·=.;;·, ._ 

A major advantage of the invention resides in the reduction of the 

t -~t points. Each connection of each bus thus far requires its own test point, 

. ~i~g to the invention only one test point is required per bus. In a recent 
· .. ·~. 
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practical situation, in which two digital.signal processors and their buses were mounted twice 

on .a -support in the form of a printed cjrcuit board, a saving _of 58 test points was _achieved. _ 
.. - . . - .. . -.. - .. 

This is panicularly important because such a board already has a high densicy of componeri~- · 

and connectio.ns. 

5 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 suitabl~ defined value by 
.. /' . ... .. 

way of pull-up resistors. Evidently, 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 central 

signal (74) determines whether the multiplexers apply the values on the test inputs or the 

5 

10 

20 values on the other, functional inputs to the outputs (76). Fig. 4 is a detailed representation 15 

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 from inputs (68) to outputs (76). The test . 
data is applied to the connections in this manner. 

t 

25 Fig. 5 shows an IC (84) which comprises connected to its inputs a tree of 20 

logic AND-gates (AND-tree). An input,. for example 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 preceding AND-gate (96) in the tree. One input of the 

first AND-gate (98) carries a logic "l ". 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 25 

the connection (102). If all connected inputs receive a logic "1 ", a logic "l" will be present 

on the output (102). If at least one of the inputs receives a logic "O", a logic "O" 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). 

Thi1ti~ 11ii1t1r 
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CLAIMS: 111111~ 1111~ 11~/ lll{l II IJll 

1. A device which comprises an electronic circ:.iic. a first connection with a 

first pulling resistor, and a second connec:ion 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 connection. ..:haracterized in that a test resistor is connected between 

5 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 

poinc and the second connection, the electronic circuit comprising a test attachment and being 

arranged to perform a test, under the control of predete~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. 

15 3. A device which comprises an electronic circuic. a first connection with a 

'8) first pulling resistor and a second connectjon with a second puJling resistor, a first input of 

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

poi~t 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 tesc, under the control of predetermined signals on the test attachment, 

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 attachment. 

4· A device as claimed in Claim 3, characterized in that the voltage on the 

test ··point in the step (2) is formed by the supply voltage. 
5. A device as claimed in Claim 3 or 4, characterized in that for the testing 
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· of the connections the· circuit is arranged to carry out a test according to the Boundary Scan 

·Test me~od. .... -:- ~ -

6. A device which comprises an electronic circuit. a first cdnnection which 

a first pulling resistor and a second connection with a second pulling resistor, a first output 

5 of the circuit being connected to the first connection and a second output of the circuit being 

connected co 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 pu!Hng resistor being connected .. between the test 
~-· 

point and the second connection, the electronic circuit being arranged to output 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 l 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. 

Jitmii1if m1r . 
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