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MULTICHIP MODULE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a technique for 
checking quality of a Wiring. More particularly, the present 
invention relates to a technique for checking quality of 
Wirings connecting a plurality of chips Which are, for 
example, incorporated in a single package. 

[0003] 2. Description of the Background Art 

[0004] There is a case that a plurality of semiconductor 
integrated circuit chips (hereinafter, simply referred to as 
“chips”) are incorporated into a single package. This pack 
age is, for eXample, referred to as a multichip module. For 
eXample, the multichip module can realiZe a SIP (System In 
a Package). 

[0005] The multichip module has the Wiring connecting 
the chips in the package. If any defectiveness is present in 
the Wiring, the multichip module is a defective product 
regardless of quality of each chip. 

[0006] Defectiveness of the Wiring is detectable through a 
function test applied to all of the package. HoWever, making 
clear the mutual relationship betWeen function defectiveness 
and Wiring defectiveness is not alWays easy. Furthermore, in 
some cases, producing a signal pattern used for detecting the 
Wiring defectiveness may be dif?cult. 

[0007] In vieW of the above, there is a conventional 
technique proposed for detecting the Wiring defectiveness 
according to Which an arbitrary signal is input from an input 
terminal group to the Wiring and this signal is output via the 
Wiring to an output terminal group. This kind of conven 
tional technique is, for eXample, disclosed in the Japanese 
Patent Application Laid-open No. 2000-022072. 

[0008] HoWever, according to the technique disclosed in 
the above prior art document, transmission of the signal 
from the input terminal group to the output terminal group 
is parallel. Accordingly, numerous terminals are necessary to 
perform the quality test. 

SUMMARY OF THE INVENTION 

[0009] It is an object of the present invention to provide a 
technique for checking quality of a Wiring according to 
Which a serial test signal is used to decrease the number of 
terminals necessary for performing the Wiring quality check. 

[0010] The present invention provides a ?rst multichip 
module including a ?rst chip, a second chip, and a ?rst 
Wiring and a second Wiring each connecting the ?rst chip 
and the second chip. 

[0011] The ?rst chip includes an internal circuit and a 
selector. The internal circuit has an output terminal and an 
input terminal. The selector has a ?rst input terminal, a 
second input terminal connected to the output terminal of the 
internal circuit of the ?rst chip, and an output terminal 
selectively outputting a signal given to the ?rst input termi 
nal or a signal given to the second input terminal. 

[0012] The second chip includes an internal circuit and a 
selector. The internal circuit has an output terminal and an 
input terminal. The selector has a ?rst input terminal con 
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nected to the input terminal of the internal circuit of the 
second chip, a second input terminal connected to the output 
terminal of the internal circuit of the second chip, and an 
output terminal. 

[0013] The output terminal of the selector of the ?rst chip 
is connected via the ?rst Wiring to the input terminal of the 
internal circuit of the second chip. The output terminal of the 
selector of the second chip is connected via the second 
Wiring to the input terminal of the internal circuit of the ?rst 
chip. 

[0014] The selector of the second chip outputs the signal 
given to the ?rst input terminal thereof to the output terminal 
thereof When the selector of the ?rst chip outputs the signal 
given to the ?rst input terminal thereof to the output terminal 
thereof. The selector of the second chip outputs the signal 
given to the second input terminal thereof to the output 
terminal thereof When the selector of the ?rst chip outputs 
the signal given to the second input terminal thereof to the 
output terminal thereof. 

[0015] Each of the selectors of the ?rst and second chips 
outputs the signal given to their second input terminals to 
their output terminals, to transmit and receive the signals 
betWeen the ?rst chip and the second chip. On the other 
hand, each of the selectors of the ?rst and second chips can 
output the signal given to their ?rst input terminals to their 
output terminals. In the latter case, a test signal is given to 
the ?rst input terminal of the selector of the ?rst chip to 
measure a detection signal from the second Wiring in the ?rst 
chip, thereby enabling detection of breakage failure occur 
ring in the ?rst Wirings as Well as in the second Wirings. In 
this case, a serial signal can be used for performing the test 
and accordingly external connections necessary for the test 
signal is only tWo. 

[0016] The present invention provides a second multichip 
module including a ?rst chip, a second chip, and a plurality 
of Wirings each connecting the ?rst chip and the second chip. 

[0017] The ?rst chip includes an internal circuit and an 
input buffer and an output buffer. The internal circuit outputs 
an output signal group consisting of a plurality of output 
signals. The input buffer and the output buffer are provided 
for each of the plurality of Wirings. 

[0018] The second chip includes an input buffer and an 
output buffer provided for each of the plurality of Wirings. 

[0019] Each of respective output buffers of the ?rst chip, 
having an output terminal and an input terminal, operates 
under a poWer voltage obtained as a potential difference 
betWeen a ?rst poWer source and a second poWer source. The 
output terminal is connected to one end of a corresponding 
one of the plurality of Wirings. Either a corresponding one 
of the plurality of output signals or a test signal is given to 
the input terminal. Each of respective input buffers of the 
?rst chip has an input terminal connected to the one end of 
the corresponding one of the plurality of Wirings. 

[0020] Each of respective output buffers of the second 
chip, having an output terminal and an input terminal, 
operates under a poWer voltage obtained as a potential 
difference betWeen a third poWer source and a fourth poWer 
source. The output terminal connected to the other end of the 
corresponding one of the plurality of Wirings and brought 
into a condition insulated from the output buffer of the 



US 2004/0262747 A1 

second chip When the output buffer of the second chip is 
inactive. Each of respective input buffers of the second chip 
has an input terminal connected to the other end of the 
corresponding one of the plurality of Wirings. 

[0021] And, the logic of only one test signal is different 
from logics of other test signals. 

[0022] The output signal group is outputted from the 
output terminals of a plurality of output buffers of the ?rst 
chip, and is transmitted via a plurality of Wirings to a 
plurality of input buffers of the second chip. On the contrary, 
the signal can be transmitted from the output terminals of a 
plurality of output buffers of the second chip via a plurality 
of Wirings to a plurality of input buffers of the ?rst chip. 
Furthermore, a plurality of test signals can be outputted in 
parallel from the output terminals of the plurality of output 
buffers of the ?rst chip. In this case, unless the Wiring 
transrnitting one test signal is broken, an electric potential of 
the third poWer source or the fourth poWer source ?uctuates 
via a parasitic diode residing betWeen this Wiring and the 
third poWer source in response to bringing the output buffer 
of the second chip into an inactive condition. In an event that 
a short circuit is caused betWeen the Wiring transrnitting one 
test signal and a Wiring transrnitting another test signal, 
increased current Will ?oW betWeen the ?rst poWer source 
and the second poWer source. Therefore, it is possible to 
detect breakage failure or short-circuit failure in the plurality 
of Wirings. In this case, the logic of only one test signal is 
different from logics of other test signals. Hence, it becomes 
possible to reduce the number of external connections even 
in a case the test signals are entered from the outside. 

[0023] The present invention provides a third rnultichip 
rnodule including a ?rst chip, a second chip, a plurality of 
?rst Wirings, and a plurality of second Wirings. 

[0024] Signals are transmitted from the ?rst chip via the 
plurality of ?rst Wirings to the second chip. Signals are 
transmitted from the second chip via the plurality of second 
Wirings to the ?rst chip. 

[0025] The ?rst chip has an internal circuit, a ?rst Wiring 
group, a second Wiring group, a dernultipleXer, a selector, 
and a logic gate. An output of the internal circuit of the ?rst 
chip is given to the ?rst Wiring group. The dernultipleXer 
inputs a test signal and gives the test signal to any one Wiring 
of the second Wiring group of the ?rst chip based on a 
control signal. The selector outputs a signal given to the ?rst 
Wiring group of the ?rst chip or a signal given to the second 
Wiring group of the ?rst chip to the plurality of ?rst Wirings. 
The logic gate eXecutes a logical operation for the signals 
given to the plurality of second Wirings. 

[0026] The second chip has an internal circuit, a ?rst 
Wiring group, a second Wiring group, a dernultipleXer, a 
selector, and a logic gate. The logic gate eXecutes a logical 
operation for the signals given to the plurality of ?rst 
Wirings. An output of the internal circuit of the second chip 
is given to the ?rst Wiring group. The dernultipleXer inputs 
an output of the logic gate of the second chip and gives the 
output of the logic gate of the second chip to any one Wiring 
of the second Wiring group of the second chip based on the 
control signal. The selector outputs a signal given to the ?rst 
Wiring group of the second chip or a signal given to the 
second Wiring group of the second chip to the plurality of 
second Wirings. 
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[0027] The selector of the second chip outputs the signal 
given to the ?rst Wiring group of the second chip to the 
plurality of second Wirings When the selector of the ?rst chip 
outputs the signal given to the ?rst Wiring group of the ?rst 
chip to the plurality of ?rst Wirings. The selector of the 
second chip outputs the signal given to the second Wiring 
group of the second chip to the plurality of second Wirings 
When the selector of the ?rst chip outputs the signal given to 
the second Wiring group of the ?rst chip to the plurality of 
?rst Wirings. And, each of the logic gate of the ?rst chip and 
the logic gate of the second chip checks Whether or not their 
inputs agree With each other. 

[0028] The selector of the ?rst chip outputs the signal 
given to the ?rst Wiring group of the ?rst chip to the plurality 
of ?rst Wirings. The selector of the second chip outputs the 
signal given to the ?rst Wiring group of the second chip to 
the plurality of second Wirings. Accordingly, transmitting 
and receiving the signals betWeen the ?rst chip and the 
second chip is feasible. On the other hand, the selector of the 
?rst chip outputs the signal given to the second Wiring group 
of the ?rst chip to the plurality of ?rst Wirings. The selector 
of the second chip outputs the signal given to the second 
Wiring group of the second chip to the plurality of second 
Wirings. Accordingly, by comparing the output of the logic 
gate of the ?rst chip With the test signal, it becomes possible 
to detect breakage failure occurring in the ?rst Wirings as 
Well as in the second Wirings. In this case, a serial signal can 
be used for performing the test and accordingly eXternal 
connections necessary for the test signal is only tWo. 

[0029] The present invention provides a fourth rnultichip 
rnodule including a ?rst chip, a second chip, a plurality of 
?rst Wirings and a plurality of second Wirings. 

[0030] Signals are transmitted from the ?rst chip via the 
plurality of ?rst Wirings to the second chip. Signals are 
transmitted from the second chip via the plurality of second 
Wirings to the ?rst chip. 

[0031] The ?rst chip has an internal circuit, a ?rst Wiring 
group, a second Wiring group, a ?rst selector, and a second 
selector. An output of the internal circuit of the ?rst chip is 
given to the ?rst Wiring group. The second Wiring group 
consists of a plurality of Wirings to Which a test signal is 
given. 

[0032] The ?rst selector outputs a signal given to the ?rst 
Wiring group of the ?rst chip or a signal given to the second 
Wiring group of the ?rst chip to the plurality of ?rst Wirings. 
The second selector outputs any one of signals given to the 
plurality of second Wirings. 

[0033] The second chip has an internal circuit, a ?rst 
Wiring group, a second Wiring group, a ?rst selector, and a 
second selector. The ?rst selector outputs any one of signals 
given to the plurality of ?rst Wirings. An output of the 
internal circuit of the second chip is given to the ?rst Wiring 
group. The second Wiring group consists of a plurality of 
Wirings to Which the output of the selector of the second chip 
is given. The second selector outputs a signal given to the 
?rst Wiring group of the second chip or a signal given to the 
second Wiring group of the second chip to the plurality of 
second Wirings. 

[0034] The second selector of the second chip outputs the 
signal given to the ?rst Wiring group of the second chip to 
the plurality of second Wirings When the ?rst selector of the 
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?rst chip outputs the signal given to the ?rst Wiring group of 
the ?rst chip to the plurality of ?rst Wirings. The second 
selector of the second chip outputs the signal given to the 
second Wiring group of the second chip to the plurality of 
second Wirings When the ?rst selector of the ?rst chip 
outputs the signal given to the second Wiring group of the 
?rst chip to the plurality of ?rst Wirings. 

[0035] Accordingly, by letting the logic of the test signal 
make transition repetitively and comparing it With transition 
of the logic of the output of the second selector of the ?rst 
chip, it becomes possible to detect breakage failure occur 
ring in the ?rst Wirings as Well as in the second Wirings. 

[0036] These and other objects, features, aspects and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is a circuit diagram shoWing an eXample of 
test technique in accordance With a ?rst embodiment of the 
present invention. 

[0038] FIG. 2 is a circuit diagram shoWing an eXample of 
test technique in accordance With a second embodiment of 
the present invention. 

[0039] FIG. 3 is a circuit diagram showing an example of 
test technique in accordance With a third embodiment of the 
present invention. 

[0040] FIGS. 4 and 5 are circuit diagrams shoWing 
detailed arrangements of the third embodiment of the 
present invention. 

[0041] FIG. 6 is a circuit diagram shoWing an eXample of 
test technique in accordance With a fourth embodiment of 
the present invention. 

[0042] FIG. 7 is a circuit diagram shoWing an eXample of 
test technique in accordance With a ?fth embodiment of the 
present invention. 

[0043] FIG. 8 is a circuit diagram shoWing an eXample of 
test technique in accordance With a siXth embodiment of the 
present invention. 

[0044] FIGS. 9 through 12 are circuit diagrams shoWing 
practical arrangements of a shift register and a selector. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

[0045] FIG. 1 is a circuit diagram shoWing an eXample of 
test technique in accordance With a ?rst embodiment of the 
present invention. TWo chips 101 and 102 are provided in a 
module 100A. For eXample, the module 100A is realiZed as 
a single package. 

[0046] The module 100A has Wirings 31a to 316 and 32a 
to 326 provided betWeen tWo chips 101 and 102 for con 
necting these chips 101 and 102. More speci?cally, signals 
directed from the chip 101 to the chip 102 are transmitted via 
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the Wirings 31a to 316, While signals directed from the chip 
102 to the chip 101 are transmitted via the Wirings 32a to 
326. 

[0047] The chip 101 includes an internal logic circuit 11 
and selectors 12a to 126. The chip 102 includes an internal 
logic circuit 21 and selectors 22a to 226. 

[0048] The internal logic circuit 11 has signal output 
terminals 13a to 136 and signal input terminals 14a to 146. 
The internal logic circuit 21 has signal output terminals 23a 
to 236 and signal input terminals 24a to 246. 

[0049] The internal logic circuit 11 is connected to a 
poWer source Vdd1 giving a high electric potential and to a 
poWer source Vss1 giving a loW electric potential (e.g., a 
ground potential). The internal logic circuit 11 operates 
under a poWer voltage obtained as a potential difference 
betWeen these poWer sources Vdd1 and Vss1. On the other 
hand, the internal logic circuit 21 is connected to a poWer 
source Vdd2 giving a high electric potential and to a poWer 
source Vss2 giving a loW electric potential (e.g., a ground 
potential). The internal logic circuit 21 operates under a 
poWer voltage obtained as a potential difference betWeen 
these poWer sources Vdd2 and Vss2. 

[0050] Each of the selectors 12a to 126 and 22a to 226 has 
a ?rst input terminal A, a second input terminal B, an output 
terminal O, and a select terminal S. 

[0051] Each of the selectors 12a to 126 and 22a to 226 
selects a signal given to its input terminal Aor a signal given 
to its second input terminal B in accordance With activeness/ 
inactiveness of a signal given to its select terminal S and 
outputs the selected signal from its output terminal O. A test 
mode select signal TMS is commonly given to the select 
terminals S of respective selectors 12a to 126 and 22a to 226. 

[0052] Transmitting and receiving signals betWeen the 
chips 101 and 102 is executed via the Wirings 31a to 316 and 
32a to 326. In this signal transmitting and receiving opera 
tion, When the test mode select signal TMS is inactive, 
mutual input and output is feasible betWeen the internal 
logic circuits 11 and 12. When the test mode select signal 
TMS is active, the test signal TDI is transmitted and received 
betWeen the internal logic circuits 11 and 12 irrespective of 
input and output of the internal logic circuits 11 and 12. 

[0053] BetWeen the internal logic circuits 11 and 21, the 
selectors 12a to 126 and 22a to 226 are serially connected to 
corresponding Wirings 31a to 316 and 32a to 326 via their 
second input terminals B and their output terminals O. More 
speci?cally, the second input terminal B of the selector 12a 
is connected to the signal output terminal 13a and its output 
terminal O is connected via the Wiring 31a to the input 
terminal 24a. The second input terminal B of the selector 
22a is connected to the signal output terminal 23a and its 
output terminal O is connected via the Wiring 32a to the 
signal input terminal 14a. The second input terminal B of the 
selector 12b is connected to the signal output terminal 13b 
and its output terminal O is connected via the Wiring 31b to 
the input terminal 24b. The second input terminal B of the 
selector 22b is connected to the signal output terminal 23b 
and its output terminal O is connected via the Wiring 32b to 
the signal input terminal 14b. The second input terminal B 
of the selector 12c is connected to the signal output terminal 
13c and its output terminal O is connected via the Wiring 31c 
to the input terminal 24c. The second input terminal B of the 
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selector 22c is connected to the signal output terminal 23c 
and its output terminal O is connected via the Wiring 32c to 
the signal input terminal 14c. The second input terminal B 
of the selector 12d is connected to the signal output terminal 
13d and its output terminal O is connected via the Wiring 31a' 
to the input terminal 24d. The second input terminal B of the 
selector 22a' is connected to the signal output terminal 23d 
and its output terminal O is connected via the Wiring 32a' to 
the signal input terminal 14d. The second input terminal B 
of the selector 126 is connected to the signal output terminal 
136 and its output terminal O is connected via the Wiring 316 
to the input terminal 246. The second input terminal B of the 
selector 226 is connected to the signal output terminal 236 
and its output terminal O is connected via the Wiring 326 to 
the signal input terminal 146. 

[0054] The selectors 12a to 126 and 22a to 226 are serially 
connected With each other via their ?rst input terminals A 
and output terminals O. More speci?cally, the output termi 
nal O of the selector 12a is connected via the Wiring 31a to 
the ?rst input terminal A of the selector 22a. The output 
terminal O of the selector 22a is connected via the Wiring 
32a to the ?rst input terminal A of the selector 12b. The 
output terminal O of the selector 12b is connected via the 
Wiring 31b to the ?rst input terminal A of the selector 22b. 
The output terminal O of the selector 22b is connected via 
the Wiring 32b to the ?rst input terminal A of the selector 
12c. The output terminal O of the selector 12c is connected 
via the Wiring 31c to the ?rst input terminal A of the selector 
22c. The output terminal O of the selector 22c is connected 
via the Wiring 32c to the ?rst input terminal A of the selector 
12d. The output terminal O of the selector 12d is connected 
via the Wiring 31a' to the ?rst input terminal Aof the selector 
22d. The output terminal O of the selector 22a' is connected 
via the Wiring 32a' to the ?rst input terminal Aof the selector 
126. The output terminal O of the selector 126 is connected 
via the Wiring 316 to the ?rst input terminal A of the selector 
226. 

[0055] The test signal TDI is outputted from a driver 90 
and is given to the ?rst input terminal A of the selector 12a. 
The driver 90 can be provided outside the chip 101 or inside 
the chip 101. 

[0056] The module 100A, under the condition that the 
Wirings 31a to 316 and 32a to 326 are normal, successively 
transmits the test signal TDI to the Wirings 31a, 32a, 31b, - 
- - , 32d, 31c and 326 in this order When the test mode select 

signal TMS is activated. Accordingly, it becomes possible to 
detect breakage failure occurring in respective Wirings 31a 
to 316 and 32a to 326 by giving the serial test signal TDI to 
the chip 101 and measuring a detection signal TDO from the 
Wiring 326 in the chip 101. 

[0057] Accordingly, When the module 100A is connected 
to an external device via the ?rst input terminal A of the 
selector 12a and the output terminal O of the selector 226, 
it becomes possible to check the quality of a plurality of 
Wirings by using only tWo portions to be connected to the 
external device for the Wiring quality test. 

[0058] Furthermore, When the test mode select signal 
TMS is inactive, the signal output terminals 13a to 136 and 
23a to 236 can transmit signals via the Wirings 31a to 316 
and 32a to 32 to the signal input terminals 24a to 246 and 
14a to 146. 
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Second Embodiment 

[0059] FIG. 2 is a circuit diagram shoWing an eXample of 
test technique in accordance With a second embodiment of 
the present invention. A module 100B is different from the 
module 100A shoWn in the ?rst embodiment in that inverters 
40 to 49 are additionally provided immediately in front of 
the ?rst input terminals A of respective selectors 12a to 126 
and 22a to 226. 

[0060] The module 100B, under the condition that the 
Wirings 31a to 316 and 32a to 326 are normal, transmits an 
inverted signal TDI* of the test signal to the Wirings 31a to 
316 and transmits the test signal TDI to the Wirings 32a to 
326 When the test mode select signal TMS is activated. 

[0061] According to this embodiment, like the above 
described embodiment shoWn in FIG. 1, it is possible to 
detect breakage failure occurring in the Wirings 31a to 316 
and 32a to 326 by measuring the detection signal TDO. 

[0062] Furthermore, it is possible to detect short-circuit 
failure occurring betWeen the Wirings 31a to 316 and the 
Wirings 32a to 316 by detecting current consumed in the 
driver 90. When short circuit occurs betWeen these Wirings 
31a to 316 and 32a to 326, the current consumed in the 
driver 30 increases due to collision betWeen the test signal 
TDI and the inverted signal TDI*. 

[0063] A current measuring section 91 is an eXample of 
technique for measuring the current consumed in the driver 
90. When the driver 90 is incorporated in the chip 101, it 
may be preferable to detect variation of the consumed 
current ?oWing betWeen the poWer sources Vdd1 and Vss1. 

Third Embodiment 

[0064] FIG. 3 is a circuit diagram shoWing an eXample of 
test technique in accordance With a third embodiment of the 
present invention. TWo chips 101 and 102 are provided in a 
module 100C. For eXample, the module 100C is realiZed as 
a single package. 

[0065] The module 100C has Wirings 33a to 33d provided 
betWeen tWo chips 101 and 102 for connecting these chips 
101 and 102. Mutual transmitting and receiving signals 
betWeen the chip 101 and the chip 102 is performed via the 
Wirings 33a to 33d. 

[0066] The chip 101 includes an internal logic circuit 11, 
a shift register group 15, a selector 17, and input/output 
buffers 18a to 18d. The chip 102 includes an internal logic 
circuit 21 and input/output buffers 28a to 28d. The number 
of input/output buffers 18a to 18d is identical With the 
number of input/output buffers 28a to 28d. 

[0067] The internal logic circuit 11 is connected to a 
poWer source Vdd1 giving a high electric potential and to a 
poWer source Vss1 giving a loW electric potential (e.g., a 
ground potential). The internal logic circuit 11 operates 
under a poWer voltage obtained as a potential difference 
betWeen these poWer sources Vdd1 and Vss1. On the other 
hand, the internal logic circuit 21 is connected to a poWer 
source Vdd2 giving a high electric potential and to a poWer 
source Vss2 giving a loW electric potential (e.g., a ground 
potential). The internal logic circuit 21 operates under a 
poWer voltage obtained as a potential difference betWeen 
these poWer sources Vdd2 and Vss2. 
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[0068] FIG. 4 is a circuit diagram showing a detailed 
arrangement of the shift register group 15, the selector 17, 
and input/output buffers 18a to 18d and 28a to 28d. 

[0069] The shift register group 15 has shift registers 15a to 
15d Whose number (four, in this embodiment) is identical 
With the number of the input/output buffers 18a to 18d. The 
shift registers 15a to 15d are serially connected. The shift 
register 15a inputs the test signal TDI from the outside of the 
module 100C. The test signal TDI is successively transmit 
ted to the shift registers 15b, 15c, and 15d. 

[0070] For example, a logic “H” serving as the test signal 
TDI is once given to the shift register 15a, and then a logic 
“L” is given. In response to this test signal, only one of the 
logics outputted from the shift registers 15a to 15d becomes 
“H” and the remainder becomes “L.” More speci?cally, a set 
of outputs outputted from the shift registers 15a, 15b, 15c, 
and 15d changes successively into “HLLL”, “LHLL”, 
“LLHL”, and “LLLH.” 

[0071] The selector 17 inputs a parallel signal obtained 
from the shift registers 15a to 15d as one input and also 
inputs a parallel output signal group 16b from the internal 
logic circuit 11 as the other input. The selector 17 sWitches 
the one input and the other input and outputs them. A 
plurality of output signals constituting the parallel output 
signal group 16b is identical in number With the shift 
registers 15a to 15d. 

[0072] The input/output buffers 18a to 18d receive the 
parallel output from the selector 17 and transmit it to the 
corresponding Wirings 33a to 33d. 

[0073] On the contrary, When a parallel signal is transmit 
ted from the input/output buffers 28a to 28d via the Wirings 
33a to 33a' to the input/output buffers 18a to 18d, it is 
possible to output this signal as a parallel input signal group 
16c to the internal logic circuit 11. Input/output control for 
the input/output buffers 18a to 18d can be performed by 
using a control signal 16a (CNT) obtained from the internal 
logic circuit 11. 

[0074] The selector 17 includes selectors 171a to 171a' and 
172a to 172d Whose number is tWice the number of shift 
registers 15a to 15d, i.e., tWice the number of input/output 
buffers 18a to 18d. Each of the selectors 171a to 171a' and 
172a to 172d includes a ?rst input terminal A, a second input 
terminal B, an output terminal O, and a select terminal S. 

[0075] The outputs of shift registers 15a to 15d are given 
to the ?rst input terminals A of selectors 171a to 171d, 
respectively. The signals contained in the parallel output 
signal group 16b are given to their second input terminals B, 
respectively. 

[0076] The test mode select signal TMS is commonly 
given to the ?rst input terminals Aof selectors 172a to 172d. 
The control signal 16a is commonly given to their second 
input terminals B. The test mode select signal TMS is given 
to each select terminal S of the selectors 171a to 171a' and 
172a to 172d. 

[0077] Each of the selectors 171a to 171a' and 172a to 
172d selects a signal given to its ?rst input terminal A or a 
signal given to its second input terminal B in accordance 
With activeness/inactiveness of a signal given to its select 
terminal S and outputs a selected signal from its output 
terminal O. 
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[0078] Accordingly, When the test mode select signal TMS 
is active, the outputs of shift registers 15a to 15d are 
outputted from the output terminals O of selectors 171a to 
irrespective of the parallel output signal group 16b. The 
activated test mode select signal TMS is outputted from the 
output terminals O of selectors 172a to 172d irrespective of 
the control signal 16a. 

[0079] Furthermore, When the test mode select signal 
TMS is inactive, the parallel output signal group 16b is 
output from the output terminals O of selectors 171a to 
171dirrespective of the outputs of shift registers 15a to 15d. 
The control signal 16a is outputted from the output terminals 
O of selectors 172a to 172d. 

[0080] FIG. 5 is a circuit diagram shoWing a practical 
arrangement of the input/output buffers 18a and 28a. The 
input/output buffer 18a has an output buffer 181 and an input 
buffer 182. The input/output buffer 28a has an output buffer 
281 and an input buffer 282. The output buffer 181 is 
connected to poWer sources Vdd1 and Vss1 and operates 
under a poWer voltage obtained as a potential difference 
betWeen these poWer sources Vdd1 and Vss1. The output 
buffer 281 is connected to poWer sources Vdd2 and Vss2 and 
operates under a poWer voltage obtained as a potential 
difference betWeen these poWer sources Vdd2 and Vss2. 

[0081] The Wiring 33a has one end connected to the output 
terminal of output buffer 181 and also connected to the input 
terminal of input buffer 182 Which are both located in the 
input/output buffer 18a. The other end of Wiring 33a is 
connected to the output terminal of output buffer 281 and 
also connected to the input terminal of input buffer 282 
Which are both located in the input/output buffer 28a. 

[0082] Although not shoWn in the draWing, the input/ 
output buffers 18b to 18d are identical in arrangement With 
the input/output buffer 18a and the input/output buffers 28b 
to 28d are identical in arrangement With the input/output 
buffer 28a. Each of the Wirings 33b to 33d has one end 
connected to the output terminal of its output buffer and the 
input terminal of its input buffer Which are both located in 
each of the input/output buffers 18b to 18d and the other end 
connected to the output terminal of its output buffer and the 
input terminal of its input buffer Which are both located in 
each of the input/output buffers 28b to 28d. 

[0083] Parasitic diodes 183 and 184 are present in the 
output buffer 181. The parasitic diode 183 has an anode 
connected to the output terminal of output buffer 181 and a 
cathode connected to the poWer source Vdd1. The parasitic 
diode 184 has a cathode connected to the output terminal of 
output buffer 181 and an anode connected to the poWer 
source Vss1. 

[0084] Similarly, parasitic diodes 283 and 284 are present 
in the output buffer 281. The parasitic diode 283 has an 
anode connected to the output terminal of output buffer 281 
and a cathode connected to the poWer source Vdd2. The 
parasitic diode 284 has a cathode connected to the output 
terminal of output buffer 281 and an anode connected to the 
poWer source Vss2. 

[0085] An output obtained from the output terminal O of 
shift register 172a is employed as a signal determining 
Whether or not the output buffer 181 operates normally. An 
output obtained from the output terminal O of selector 171a 
is employed as an input to the output buffer 181. 
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[0086] When the test mode select signal TMS is active, the 
output of shift register 15a is outputted from the output 
terminal of output buffer 181. On the other hand, When the 
test mode select signal TMS is inactive and the control 
signal 16a is active, one of the parallel output signals 
constituting the parallel output signal group 16b and enter 
ing into the second input terminal B of selector 171a is 
outputted from the output terminal of output buffer 181. 
When both of the test mode select signal TMS and the 
control signal 16a are inactive, the output terminal of output 
buffer 181 is brought into an insulated condition (i.e., 
high-impedance condition) insulated from the output buffer 
181. 

[0087] Similarly, When the output buffer 281 is inactivated 
in response to a signal controlling activation/inactivation of 
output buffer 281 (i.e., a signal CNT given to the output 
buffer 281 in FIG. 5), the output terminal of output buffer 
281 is brought into a high-impedance condition. 

[0088] A test for checking quality of Wirings is performed 
by activating the test mode select signal TMS, inactivating 
the output buffer 281, and setting the electric potential given 
by the poWer source Vdd2 to be sufficiently loWer than the 
electric potential given by the poWer source Vdd1. For 
eXample, the latter is set to be higher than the former at least 
by a junction voltage of parasitic diode 283. For eXample, 
the electric potential given by the poWer source Vdd2 is 
equaliZed With the electric potential given by the poWer 
source Vss2. 

[0089] Under the above-described settings, When the test 
signal TDI having a logic “H” is transmitted to the shift 
register 15a, the parasitic diode 283 becomes conductive 
and alloWs a current to How in the direction shoWn by an 
arroW in FIG. 5 unless no breakage failure occurs in the 
Wiring 33a because the output terminal of output buffer 281 
has a very high impedance. Accordingly, measuring the 
electric potential of the poWer source Vdd2 makes it possible 
to detect the presence of breakage failure. When the electric 
potential of the poWer source Vdd2 shoWs rising, it is judged 
that no breakage failure is present. When the electric poten 
tial of the poWer source Vdd2 shoWs no rising, it is judged 
that a breakage failure is present. 

[0090] Furthermore, the logic “L” is transmitted to the 
Wirings 33b to 33d. Even When no breakage failure occurs 
in the Wirings 33b to 33d, large current will flow in the 
output buffer 181 if a short-circuit failure is present in the 
Wiring 33a. Accordingly, detecting Whether or not the cur 
rent flowing in the output buffer 181 shoWs rising makes it 
possible to detect the presence or the absence of short-circuit 
failure. 

[0091] For example, When the current flowing in the 
output buffer 181 increases, the current flowing from the 
outside of the module 100C to the poWer sources Vdd1 and 
Vss1 increases. Hence, it is possible to detect the short 
circuit failure by measuring the current of the poWer sources 
Vdd1 and Vss1. 

[0092] Similarly, When the test signal TDI having a logic 
“H” is transmitted to the shift registers 15b, 15c, and 15d 
under the above-described test settings, it is possible to 
detect breakage failure or short-circuit failure of respective 
Wirings 33b, 33c, and 33d. 
[0093] Contrary to the above-described embodiment, it is 
possible to once give a logic “L” serving as the test signal 
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TDI to the shift register 15a and later give “H.” In response 
to this test signal, only one of the logics outputted from the 
shift registers 15a to 15d becomes “L” and the remainder 
becomes “H.” 

[0094] In this case, the electric potential given by the 
poWer source Vss2 is set to be sufficiently higher than the 
electric potential given by the poWer source Vss1. For 
eXample, its difference is set to be not smaller than the 
junction voltage of the parasitic diode 284. According to this 
setting, When the Wiring 33a is normal, falling of the electric 
potential of poWer source Vss2 is measured. When breakage 
failure occurs in the Wiring 33a, no such falling is measured. 
Furthermore, the short-circuit failure occurring betWeen the 
Wiring 33a and the Wirings 33b to 33a' is also detectable by 
measuring the consumed current of the chip 101. 

[0095] Accordingly, When the module 100C is connect 
able from its outside via the input portion of shift register 
15a and the input portion for the test signal TDI, it becomes 
possible to check the breakage failure and short-circuit 
failure of a plurality of Wirings by using only tWo portions 
to be connected to the outside for the Wiring quality test. 

[0096] When the test mode select signal TMS is inacti 
vated and the electric potentials of the poWer sources Vdd1, 
Vdd2, Vss1 and Vss2 are set to predetermined values, it is 
possible to transmit and receive signals betWeen the chips 
101 and 102 via the Wirings 33a to 33d by using the 
input/output buffers 18a to 18d and 28a to 28d. 

Fourth Embodiment 

[0097] FIG. 6 is a circuit diagram shoWing an eXample of 
test technique in accordance With a fourth embodiment of 
the present invention. A module 100D is different from the 
module 100C shoWn in the third embodiment in that the shift 
register group 15 and the selector 17 are omitted. 

[0098] During the test of Wirings 33a to 33d, the internal 
logic circuit 11 changes the parallel output signals consti 
tuting the parallel output signal group 16b for the test. More 
speci?cally, one of the parallel output signals is brought into 
logic “H” and the remainder is brought into logic “L.” The 
parallel output signals are successively replaced as a signal 
having logic “H.” Alternatively, one of the parallel output 
signals is brought into logic “L” and the remainder is 
brought into logic “H.” The parallel output signals are 
successively replaced as a signal having logic “L.” 

[0099] In the fourth embodiment, like the third embodi 
ment, it is possible to detect breakage failure or short-circuit 
failure of the Wirings 33a to 33d by measuring the presence 
of electric potential variation of or consumed current 
increase betWeen the poWer sources Vdd1 and Vss1. 

[0100] Furthermore, according to this embodiment, it is 
unnecessary to input the test mode select signal TMS or the 
test signal TDI from the outside. It is accordingly unneces 
sary to increase the portions connected to the outside for the 
test. 

Fifth Embodiment 

[0101] FIG. 7 is a circuit diagram shoWing an eXample of 
test technique in accordance With a ?fth embodiment of the 
present invention. TWo chips 101 and 102 are provided in a 
module 100E. For eXample, the module 100E is realiZed as 
a single package. 
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[0102] The module 100E has Wirings 311 to 314 and 321 
to 323 provided between tWo chips 101 and 102 for con 
necting these chips 101 and 102. More speci?cally, signals 
directed from the chip 101 to the chip 102 are transmitted via 
the Wirings 311 to 314, While signals directed from the chip 
102 to the chip 101 are transmitted via the Wirings 321 to 
323. 

[0103] The chip 101 includes an internal logic circuit 11, 
a dernultipleXer 121, a selector 122, Wirings 151 to 154 and 
131 to 134, and an OR gate G1. The chip 102 includes an 
internal logic circuit 21, a dernultipleXer 221, a selector 222, 
and Wirings 251 to 253 and 231 to 233. 

[0104] The internal logic circuit 11 is connected to a 
poWer source Vdd1 giving a high electric potential and to a 
poWer source Vss1 giving a loW electric potential (e.g., a 
ground potential). The internal logic circuit 11 operates 
under a poWer voltage obtained as a potential difference 
betWeen these poWer sources Vdd1 and Vss1. On the other 
hand, the internal logic circuit 21 is connected to a poWer 
source Vdd2 giving a high electric potential and to a poWer 
source Vss2 giving a loW electric potential (e.g., a ground 
potential). The internal logic circuit 21 operates under a 
poWer voltage obtained as a potential difference betWeen 
these poWer sources Vdd2 and Vss2. 

[0105] The internal logic circuit 11 outputs signals to the 
Wirings 131 to 134 and inputs signals from the Wirings 321 
to 323. The internal logic circuit 21 outputs signals to the 
Wirings 231 to 233 and inputs signals from the Wirings 311 
to 314. The number of the Wirings 311 to 314 needs not be 
identical With the number of the Wirings 321 to 323. 

[0106] The dernultipleXer 121 transmits a test signal TDI 
to one of the Wirings 151 to 154. Choice among the Wirings 
151 to 154 is determined based on a control signal CTL 
given to the dernultipleXer 121. Signals given to the Wirings 
151 to 154 are entered as one input group to the selector 122. 
Signals given to the Wirings 131 to 134 are entered as the 
other input group to the selector 122. The selector 122 
selects either the one input group or the other input group 
and outputs the selected input group to the Wirings 311 to 
314. 

[0107] The dernultipleXer 221 transrnits an output of gate 
G2 to one of the Wirings 251 to 253. Choice among the 
Wirings 251 to 253 is determined based on the control signal 
CTL given to the dernultipleXer 221. Signals given to the 
Wirings 251 to 253 are entered as one input group to the 
selector 222. Signals given to the Wirings 231 to 233 are 
entered as the other input group to the selector 222. The 
selector 222 selects either the one input group or the other 
input group and outputs the selected input group to the 
Wirings 321 to 323. 

[0108] Choice betWeen a pair of input groups entered into 
each of the selectors 122 and 222 is determined based on a 
test mode select signal TMS. When the test mode select 
signal TMS is inactive, each of the selectors 122 and 222 
outputs the above-described other input group. Accordingly, 
the signals outputted from the internal logic circuit 11 to the 
Wirings 131 to 134 are entered into the internal logic circuit 
21 via the Wirings 311 to 314. The signals outputted from the 
internal logic circuit 21 to the Wirings 231 to 233 are entered 
into the internal logic circuit 11 via the Wirings 321 to 323. 
As described above, When the test mode select signal TMS 
is inactive, the chips 101 and 102 eXecute transmitting and 
receiving the signals. 
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[0109] Furthermore, When the test mode select signal 
TMS is active, each of the selectors 122 and 222 outputs the 
above-described one input group. Accordingly, the signals 
outputted from the dernultipleXer 121 to the Wirings 151 to 
154 are entered into the internal logic circuit 21 via the 
Wirings 311 to 314. The signals outputted from the dernul 
tipleXer 221 to the Wirings 251 to 253 are entered into the 
internal logic circuit 11 via the Wirings 321 to 323. As 
apparent from the foregoing description, When the test mode 
select signal TMS is active, the chips 101 and 102 eXecute 
transmitting and receiving the signals based on the test 
signal TDI irrespective of the input/output of internal logic 
circuits 11 and 12. 

[0110] The OR gate GI produces a logical sum of the 
signals given to the Wirings 321 to 323 to output a detection 
signal TDO. The OR gate G2 outputs a logical sum of the 
signals given to the Wirings 311 to 314 Which is entered into 
the dernultipleXer 221. 

[0111] When the test mode select signal TMS is active, the 
test signal TDI is set to be logic “H.” The dernultipleXer 121 
transmits the test signal TDI to only one Wiring, e.g., Wiring 
151, depending on the value of control signal CTL. In this 
case, logic “H” is given to the Wiring 151 and logic “L” is 
given to each of the Wirings 152 to 154. 

[0112] In a case that no breakage failure occurs in the 
Wiring 311, the signal outputted from the OR gate G2 
becornes logic “H” and the test signal TDI is transmitted to 
the dernultipleXer 221. HoWever, in a case that breakage 
failure is present in the Wiring 311, the signal outputted from 
the OR gate G2 becornes logic “L.” 

[0113] In response to change of control signal CTL, the 
Wiring through Which the dernultipleXer 121 transmits the 
test signal TDI is changed among the Wirings 151 to 154. 
Accordingly, if any breakage failure is present in one of the 
Wirings 311 to 314, the test signal TDI Will not be trans 
rnitted to the dernultipleXer 221 in case of selecting a certain 
control signal CTL. 

[0114] The dernultipleXer 221 transmits the output of OR 
gate G2 to only one Wiring, e.g., Wiring 251, depending on 
the value of control signal CTL. In this case, under the 
condition the output of OR gate G2 is logic “H”, logic “H” 
is given to the Wiring 251 and logic “L” is given to the 
Wirings 252 and 253. 

[0115] In a case that no breakage failure occurs in the 
Wiring 321, the signal outputted from the OR gate GI 
becornes logic “H.” Namely, the signal outputted from the 
OR gate G1 is obtained as the detection signal TDO Which 
has the same logic “H” as that of the test signal TDI. 

[0116] HoWever, When any breakage failure is present in 
the Wiring 321, the signal outputted from the OR gate GI 
becornes logic “L” even When the signal outputted from the 
OR gate G2 is logic “H.” 

[0117] In response to change of control signal CTL, the 
Wiring through Which the dernultipleXer 221 transmits the 
signal TDI outputted from the OR gate G2 is changed among 
the Wirings 251 to 253. Accordingly, in the condition that 
breakage failure is present in one of the Wirings 321 to 323, 
even if the signal outputted from the OR gate G2 is logic 
“H”, the detection signal TDO becornes logic “L” in case of 












