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(57) ABSTRACT 
This invention provides a testing circuit for a semiconductor 
device comprising a plurality of external terminals; a plu 
rality of external terminal Wires, each of Which is connected 
to one of the external terminals; a testing external terminal; 
a testing Wire connected to the testing external terminal; a 
plurality of switches placed betWeen the testing Wire and the 
external terminal Wires; and a control circuit for selecting 
one of the sWitches to bring it into conduct, in response to 
a test signal. According to this invention, connection states 
of poWer and GND terminals can be conveniently tested and 
a highly reliable semiconductor device can be provided. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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APPARATUS FOR TESTING A SEMICONDUCTOR 
AND PROCESS FOR THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a testing circuit/method 
for a semiconductor device. 

[0003] 2. Description of the Related Art 

[0004] There is a testing circuit/method called a boundary 
scan for testing connection of a semiconductor device With 
an external equipment or another semiconductor device. The 
boundary scan is a testing circuit/method for a semiconduc 
tor device provided in the IEEE Standard 1149.1. 

[0005] The boundary scan testing circuit has the folloWing 
control terminals; a clock terminal for the boundary scan 
testing, a terminal of a control register for controlling state 
transition in a test, serial data input terminals for individual 
data registers, an initialiZation terminal for the control 
register and serial data output terminals from individual data 
registers. 
[0006] An exclusive buffer for the boundary scan testing 
circuit has a function of disconnecting With an internal 
circuit by the control register to present an output to the data 
register, or receiving the data set in the data register to output 
them to an external equipment. The exclusive buffer also 
has, besides data input/output, a function of forming a high 
impedance state. 

[0007] The data register of the boundary scan testing 
circuit has a function of retaining data from the exclusive 
buffer register or data to the exclusive buffer by the control 
resister. Also, individual data registers are connected in 
serial to each other to transmit their data to a subsequent data 
register. 
[0008] The control register of the boundary scan testing 
circuit controls the exclusive buffer and the data register for 
achieving a predetermined test mode. 

[0009] A boundary-scan testing method using such a test 
ing circuit sets measured data in a data register of a semi 
conductor device Which is placed upstream of a tested 
semiconductor device and then performs observation With 
the data register of the tested semiconductor device for 
ensuring that correct data are transmitted. 

[0010] The test method has the folloWing states; 

[0011] EXTEST mode for testing connection betWeen 
semiconductor devices, 

[0012] SAMPLE mode for measuring output data from a 
tested semiconductor device, 

[0013] BYPASS mode for setting a test mode or data for 
the data register, skipping a given semiconductor device, and 

[0014] CLAMPIO mode for setting all output terminals of 
a semiconductor device to a high impedance state. 

[0015] HoWever, in the testing circuit of the prior art, an 
exclusive buffer and a data register are placed betWeen an 
internal circuit of a tested semiconductor device and an 
external terminal. It can, therefore, test only signal termi 
nals, but not Whether poWer and GND terminals essential for 
operating the semiconductor device are correctly connected. 
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SUMMARY OF THE INVENTION 

[0016] An objective of this invention is to provide a 
testing circuit/process for a semiconductor device, Which 
can conveniently test connection states of poWer and GND 
terminals to improve reliability of the device. 

[0017] This invention provides a testing circuit for a 
semiconductor device comprising a plurality of external 
terminals; a plurality of external terminal Wires, each of 
Which is connected to one of the external terminals; a testing 
external terminal; a testing Wire connected to the testing 
external terminal; a plurality of sWitches placed betWeen the 
testing Wire and the external terminal Wires; and a control 
circuit for selecting one of the sWitches to bring it into 
conduct, in response to a test signal. 

[0018] This invention also provides a semiconductor 
device into Which the above testing circuit is built. 

[0019] This invention also provides a testing process for a 
semiconductor device into Which the above testing circuit is 
built, comprising, When testing a poWer terminal as the 
external terminal, the steps of applying a loWer voltage to 
the testing external terminal than that to the poWer terminal 
and bringing a selected sWitch corresponding the tested 
poWer terminal into conduct by the control circuit While 
measuring a potential of the tested external terminal, Which 
are repeated for individual poWer terminals; and, When 
testing a GND terminal as the external terminal, the steps of 
applying a voltage to the testing external terminal and 
bringing a selected sWitch corresponding the tested GND 
terminal into conduct by the control circuit While measuring 
a potential of the tested external terminal, Which are repeated 
for individual GND terminals. 

[0020] This invention alloWs one to test Whether poWer 
terminals of a semiconductor device are correctly connected. 
It is because a poWer Wire is divided into parts correspond 
ing to individual poWer terminals to permit a poWer terminal 
separated from an internal circuit to be freely selected and a 
potential of the tested external terminal may be measured to 
readily determine correctly and incorrectly connected ter 
minals. 

[0021] This invention also alloWs one to test Whether 
GND terminals of the semiconductor device are correctly 
connected. It is because the GND Wire is divided into parts 
corresponding to individual GND terminals to permit a 
GND terminal separated from an internal circuit to be freely 
selected and a potential of the tested external terminal may 
be measured to readily determine correctly and incorrectly 
connected terminals. 

[0022] This invention also alloWs one to individually test 
and determine connection states for poWer or GND termi 
nals. It is because the poWer or GND terminals Which are 
usually connected through a common poWer or GND Wire 
are separated to independently test each terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is an explanatory draWing for a testing 
circuit for a semiconductor device according to this inven 
tion. 

[0024] FIG. 2 is an explanatory draWing for a testing 
circuit for a semiconductor device according to this inven 
tion. 
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[0025] FIG. 3 is an explanatory drawing for a testing 
circuit for a semiconductor device according to this inven 
tion. 

[0026] FIG. 4 is an explanatory draWing for a testing 
circuit for a semiconductor device according to this inven 
tion and a testing procedure With it. 

[0027] FIG. 5 is an explanatory draWing for another 
testing circuit for a semiconductor device according to this 
invention and a testing procedure With it. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] In an embodiment, this invention provides a testing 
circuit for a semiconductor device comprising a plurality of 
poWer terminals; a plurality of poWer Wires, each of Which 
is connected to one of the poWer terminals; a testing external 
terminal; a testing Wire connected to the testing external 
terminal; a plurality of sWitches placed betWeen the testing 
Wire and the poWer Wires; and a control circuit for selecting 
one of the sWitches to bring it into conduct, in response to 
a test signal. 

[0029] In another embodiment, this invention provides a 
testing circuit for a semiconductor device comprising a 
plurality of GND terminals; a plurality of GND Wires, each 
of Which is connected to one of the GND terminals; a testing 
external terminal; a testing Wire connected to the testing 
external terminal; a plurality of sWitches placed betWeen the 
testing Wire and the GND Wires; and a control circuit for 
selecting one of the sWitches to bring it into conduct, in 
response to a test signal. 

[0030] In a further embodiment, this invention provides a 
testing circuit for a semiconductor device comprising a 
plurality of poWer terminals; a plurality of poWer Wires, each 
of Which is connected to one of the poWer terminals; a 
plurality of GND terminals; a plurality of GND Wires, each 
of Which is connected to one of the GND terminals; a testing 
external terminal; a testing Wire connected to the testing 
external terminal; a plurality of sWitches placed betWeen the 
testing Wire and at least either of the poWer Wires or the 
GND Wires; and a control circuit for selecting one of the 
sWitches to bring it into conduct, in response to a test signal. 

[0031] With reference to the draWings, this invention Will 
be described in detail. 

[0032] As shoWn in FIG. 1, poWer Wires 1 and GND Wires 
2 placed on a semiconductor device are appropriately 
divided. The separated poWer Wires 1 and GND Wires 2 are 
connected to poWer terminals 3 and GND terminals 4, 
respectively. It alloWs tested poWer and GND terminals to be 
appropriately separated. In this ?gure, the symbol 5 repre 
sents a normal signal terminal. 

[0033] Furthermore, as shoWn in FIG. 2, a testing Wire 6 
is placed near the poWer Wires 1 and the GND Wires 2. The 
testing Wire 6 is connected to an external equipment through 
a testing external terminal 7. 

[0034] The testing Wire 6 is, as shoWn in FIG. 3, con 
nected to a separated poWer Wire 1 and GND 2 through 
sWitches 8a and 8b, respectively. The sWitches are con 
trolled by an internal control circuit. The internal control 
circuit (semiconductor circuit) for controlling the sWitches is 
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designed to permit both of the separated poWer Wire 1 and 
GND Wire 2 to be Well controlled. 

[0035] Operation of the testing circuit in this embodiment 
Will be described. 

[0036] When a Tested Terminal is a PoWer Terminal; 

[0037] A grounded capacitor is connected to the testing 
external terminal 7. The sWitch 8a betWeen the tested poWer 
Wire 1 and the testing Wire 6 is turned ON for making a short 
circuit. The sWitches except one for the poWer Wire 1 
connected to the tested poWer terminal 3 are OFF not to 
affect measurement. A potential of the testing external 
terminal is measured. When the poWer terminal 3 to be 
tested is correctly connected, a voltage of the tested terminal 
indicates a value after subtracting a voltage drop due to the 
semiconductor device itself. When incorrectly connected, a 
voltage observed is at the GND level (see FIG. 4). 

[0038] When a Tested Terminal is a GND Terminal; 

[0039] A given voltage is applied to the testing external 
terminal 7. The sWitch 8b betWeen the tested GND Wire 2 
and the testing Wire 6 is turned ON for making a short 
circuit. The sWitches except one for the tested GND Wire 2 
are OFF not to affect measurement. 

[0040] A potential of the testing external terminal is mea 
sured. When the GND terminal 4 to be tested is correctly 
connected, a voltage of the tested terminal is at the GND 
level. When incorrectly connected, an indicated voltage is 
equal to the applied voltage (see FIG. 5). 

EXAMPLE 

[0041] The folloWing examples Will speci?cally illustrate 
this invention. 

Example 1 

[0042] In a semiconductor device, the numbers of poWer, 
GND and signal terminals are N, M and L, respectively. The 
operation voltage of the semiconductor device is 3.3 V. 

[0043] The poWer ring is divided into N parts, each of 
Which Will drive L/N signal terminals, in a manner that any 
part retains a suf?cient poWer to drive assigned terminals. 
The GND ring is divided into M parts, each of Which Will 
drive L/M signal terminals, in a manner that any part retains 
a suf?cient poWer to drive assigned terminals. These are also 
divided, taking the physical arrangement of the poWer and 
the GND terminals into account. 

[0044] Then, a testing ring is placed inside from the poWer 
and the GND rings, and connected to the rings through 
sWitches. The sWitches are controlled by a control circuit 
provided in the semiconductor device. 

[0045] The control circuit has a circuitry Which may 
serially turn N+M control signals ON, and has a control 
terminal for its operation. 

[0046] The testing external terminal may be alternatively 
connected to an external capacitor grounded to GND or the 
poWer terminal. When testing a poWer terminal, the testing 
external terminal is connected to the grounded capacitor to 
alloW a potential of the testing external terminal to be 
determined. When testing a GND terminal, the testing 
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external terminal is connected to the power terminal to allow 
a potential of the testing external terminal to be determined. 

[0047] Next, operation of the testing circuit of this 
example Will be described. 

[0048] Testing PoWer Terminals 

[0049] The testing external terminal is connected to the 
grounded capacitor, adjusting the setting to permit the 
control circuit to be operated. Thus, the sWitch connecting 
the testing ring With the tested poWer ring is turned ON by 
a signal from the control circuit to make a short circuit. 
Then, a potential of the testing external terminal is deter 
mined With a voltmeter. 

[0050] When the sWitch is OFF, no voltage is applied to 
the testing ring. An indicated voltage is, therefore, one 
generated in the grounded capacitor, Which is substantially 
at the GND level. 

[0051] When the sWitch is ON and the tested poWer 
terminal is correctly connected, the testing ring makes a 
short circuit With the poWer terminal and a voltage applied 
to the testing external terminal is equal to that applied to the 
poWer terminal. 

[0052] When the sWitch is ON and the tested poWer 
terminal is incorrectly connected, the status is the same as 
that When the sWitch is OFF. A substantially GND level of 
voltage is, therefore, indicated. 

[0053] The above procedure may be repeated N times to 
test all the poWer terminals corresponding to the poWer 
Wires divided into N parts. 

[0054] Testing GND Terminals 

[0055] The testing external terminal is connected With the 
capacitor connected With the poWer terminal, adjusting the 
setting to permit the control circuit to be operated. Thus, the 
sWitch connecting the testing ring With the tested GND ring 
is turned ON by a signal from the control circuit to make a 
short circuit. Then, a potential of the testing external termi 
nal is determined With a voltmeter. 

[0056] When the sWitch is OFF, the testing ring is applied 
a voltage equal to that to the poWer terminal, indicating a 
value substantially equal to the applied voltage. 

[0057] When the sWitch is ON and the tested GND ter 
minal is correctly connected, the testing ring makes a short 
circuit With the GND terminal and a voltage applied to the 
testing external terminal is substantially equal to that applied 
to the GND terminal. 

[0058] When the sWitch is ON and the tested GND ter 
minal is incorrectly connected, the status is the same as that 
When the sWitch is OFF. Avoltage substantially equal to that 
of the poWer terminal is, therefore, indicated. 

[0059] The above procedure may be repeated M times to 
test all the GND terminals corresponding to the poWer Wires 
divided into M parts. 

Example 2 

[0060] In a semiconductor device, the numbers of poWer, 
GND and signal terminals are N, M and L, respectively. The 
operation voltage of the semiconductor device is 3.3 V. 
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[0061] The poWer ring is divided into N parts, each of 
Which Will drive L/N signal terminals, in a manner that any 
part retains a sufficient poWer to drive assigned terminals. 
The GND ring is divided into M parts, each of Which Will 
drive L/M signal terminals, in a manner that any part retains 
a sufficient poWer to drive assigned terminals. These are also 
divided, taking the physical arrangement of the poWer and 
the GND terminals into account. 

[0062] Then, a testing ring is placed inside from the poWer 
and the GND rings, and connected to the rings through 
sWitches. The sWitches are controlled by an internal circuit 
having a circuitry by Which N+M control signals are serially 
turned ON as described in Example 1. 

[0063] The testing external terminal is connected to a 
poWer source Which may generate a given voltage. When 
testing a poWer terminal, a voltage applied to the testing 
external terminal is loWer than that of the poWer terminal to 
determine a potential of the testing external terminal. When 
testing a GND terminal, a voltage applied to the testing 
external terminal is in the vicinity of the potential of the 
poWer terminal, to determine a potential of the testing 
external terminal. 

[0064] Subsequently, the poWer and the GND terminals 
are separately tested as described in Example 1. 

[0065] For testing a poWer terminal, When the sWitch is 
OFF, no voltage is applied to the testing ring, and therefore 
the given loW voltage of the testing poWer source is mea 
sured. When the sWitch is ON and the tested poWer terminal 
is correctly connected, the testing ring makes a short circuit 
With the poWer terminal and a voltage applied to the testing 
external terminal is equal to that applied to the poWer 
terminal. When the sWitch is ON and the tested poWer 
terminal is incorrectly connected, the status is the same as 
that When the sWitch is OFF. An indicated voltage is, 
therefore, substantially equal to the given loW voltage. 

[0066] For testing a GND terminal, When the sWitch is 
OFF, the testing ring is applied the voltage of the testing 
poWer source, to indicate a value in the vicinity of the 
voltage of the poWer terminal. When the sWitch is ON and 
the tested GND terminal is correctly connected, the testing 
ring makes a short circuit With the GND terminal and a 
voltage applied to the testing external terminal is substan 
tially equal to that applied to the GND terminal. When the 
sWitch is ON and the tested GND terminal is incorrectly 
connected, the status is the same as that When the sWitch is 
OFF, to indicate a value in the vicinity of the voltage of the 
poWer terminal. 

What is claimed is: 
1. Atesting circuit for a semiconductor device comprising 

a plurality of external terminals; a plurality of external 
terminal Wires, each of Which is connected to one of the 
external terminals; a testing external terminal; a testing Wire 
connected to the testing external terminal; a plurality of 
sWitches placed betWeen the testing Wire and the external 
terminal Wires; and a control circuit for selecting one of the 
sWitches to bring it into conduct, in response to a test signal. 

2. Atesting circuit for a semiconductor device comprising 
a plurality of poWer terminals; a plurality of poWer Wires, 
each of Which is connected to one of the poWer terminals; a 
testing external terminal; a testing Wire connected to the 
testing external terminal; a plurality of sWitches placed 



US 2002/0011866 A1 

between the testing wire and the power wires; and a control 
circuit for selecting one of the switches to bring it into 
conduct, in response to a test signal. 

3. Atesting circuit for a semiconductor device comprising 
a plurality of GND terminals; a plurality of GND wires, each 
of which is connected to one of the GND terrninals; a testing 
external terminal; a testing wire connected to the testing 
external terminal; a plurality of switches placed between the 
testing wire and the GND wires; and a control circuit for 
selecting one of the switches to bring it into conduct, in 
response to a test signal. 

4. Atesting circuit for a semiconductor device comprising 
a plurality of power terrninals; a plurality of power wires, 
each of which is connected to one of the power terrninals; a 
plurality of GND terrninals; a plurality of GND wires, each 
of which is connected to one of the GND terrninals; a testing 
external terminal; a testing wire connected to the testing 
external terminal; a plurality of switches placed between the 
testing wire and at least either of the power wires or the 
GND wires; and a control circuit for selecting one of the 
switches to bring it into conduct, in response to a test signal. 

5. A semiconductor device into which a testing circuit 
according to claim 1 is built. 

6. A semiconductor device into which a testing circuit 
according to claim 2 is built. 
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7. A semiconductor device into which a testing circuit 
according to claim 3 is built. 

8. A semiconductor device into which a testing circuit 
according to claim 4 is built. 

9. Atesting process for a semiconductor device into which 
a testing circuit according to claim 1 is built, cornprising, 

when testing a power terminal as the external terminal, the 
steps of applying a lower voltage to the testing external 
terrninal than that to the power terminal and bringing a 
selected switch corresponding the tested power termi 
nal into conduct by the control circuit while measuring 
a potential of the tested external terminal, which are 
repeated for individual power terminals; and 

when testing a GND terminal as the external terminal, the 
steps of applying a voltage to the testing external 
terminal and bringing a selected switch corresponding 
the tested GND terrninal into conduct by the control 
circuit while measuring a potential of the tested exter 
nal terminal, which are repeated for individual GND 
terrninals. 


