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u_U3_10
u1_u3_9
ui_uz 8
u_u3 7
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U3_4
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ur 3
ul_2
ur_u3 10
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5,751,737

EXPECTED
VALUE
DATA
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HLHHHLLLH
HULLHHHLH
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LLHLHLHLH
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0 OR 1 INDICATES OUTPUT FROM BOUNDARY SCAN CELL;
L OR H INDICATES INPUT INTO BOUNDARY SCAN CELL
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1
BOUNDARY SCAN TESTING DEVICE

FIELD OF THE INVENTION

The present invention relates generally to the field of
boundary scan testing of integrated circuits. and more par-
ticularly to a boundary scan testing device which may
perform a boundary scan test on a boundary scan device
based on boundary scan test vectors generated by a separate
boundary scan test vector generator.

BACKGROUND OF THE INVENTION

VLSI circuit technology is rapidly changing due to
increases in VLSI circuit complexity. coupled with higher
performance and smaller sizing requirements. Increasing
importance of improving manufacturing testing techniques
at all levels of VLSI integration is emerging due to newer
technology. pressures for higher production yield
requirements. and tighter time-to-market schedules. Bound-
ary scan testing methodology is known in the art. Generally.
boundary scan testing is a technique used to map a sequen-
tial circuit test generation problem into a combinational
circuit test generation problem. Circuits must be pre-
designed to include scanpath test hardware, which may
include isolated or integrated scan or shadow registers.

FIG. 1 is a block diagram of a conventional boundary scan
testing device, shown generally at 10. As shown in FIG. 1,
the boundary scan testing device 10 includes a boundary
scan test vector generator 12. The boundary scan test vector
generator 12 receives as input a boundary scan description
language (BSDL) file 2 and computer aided design (CAD)
data 4. The BSDL file 2 contains a description of the
boundary scan cell structures of a boundary scan device,
shown at 30, and commands for shifting to various boundary
scan modes. The CAD data 4 includes circuit diagram
information. including device boundary scan cell numbers,
connecting pin numbers and connecting pin signal names.
The boundary scan test vector generator 12 produces bound-
ary scan test vectors based on the BSDL file 2 and CAD data
4. The boundary scan testing device 10 may be set up to test
the boundary scan device 30 under various test conditions
via a test condition controller 14. The boundary scan testing
device 10 includes a test execution data generator 16 which
receives the boundary scan test vectors from the boundary
scan test vector generator 12 and test condition data from the
test condition controller 14. and produces test execution
data.

The conventional boundary scan testing device 10 of FIG.
1 also includes a test executor 20. The test executor 20
includes a test controller 21 which controls the overall
execution of the boundary scan test on the basis of test
execution data received from the test execution data gen-
erator 16. The test executor 20 may also include a fault
analyzer 22 which analyzes the causes of faults and loca-
tions of faults occurring when the boundary scan test is
executed. A test signal processor 26 may also be provided in
the test executor 20 for inputting and outputting boundary
scan test signals to and from the test controller 21. The test
executor 20 may further include a result data recorder 24
which records result data from the boundary scan test into a
data records file 25.

The boundary scan testing device 10 may be used to test
combinational logic within a boundary scan device. The
boundary scan device 30 shown in FIG. 1 includes. for
illustration purposes. three boundary scan cells 31-33. As
known in the art, a boundary scan device may include any
number of boundary scan cells. As shown in FIG. 1. each of
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the boundary scan cells 31-33 comprise boundary scan test
signal terminals including the terminals test data in (TDI).
test data out (TDO). test clock (TCK) and test mode select
(TMS). The test signal processor 26 also includes boundary
scan test signal terminals TDI. TDO. TCK and TMS. In the
embodiment shown in FIG. 1. the TCK and TMS terminals
of the boundary scan cells 31-33 and the test signal pro-
cessor 26 are tied together such that each of the boundary
scan cells 31-33 receive the same test clock and test mode
select signals at the same time. As also shown in the
embodiment of FIG. 1, the TDO terminal of the test signal
processor 26 is electrically connected to the TDI terminal of
the boundary scan cell 31. the TDO terminal of the boundary
scan cell 31 is electrically connected to the TDI of the
boundary scan cell 32, the TDO terminal of the boundary
scan cell 32 is electrically connected to the TDI of the
boundary scan cell 33, and the TDO terminal of the bound-
ary scan cell 33 is electrically connected to the TDI terminal
of the test signal processor 26. In addition. the boundary
scan test output terminals Al and A2 of the boundary scan
cell 31 are electrically connected to the boundary scan test
input terminals B1 and B2 of the boundary scan cell 32. The
terminal A1 of the boundary scan cell 31 and the terminal B1
of the boundary scan cell 32 are also electrically connected
to a first terminal of a connector 36. and the terminal A2 of
the boundary scan cell 31 and the terminal B2 of the
boundary scan cell 32 are connected to a second terminal of
the connector 36. Additionally, the boundary scan test output
terminals C1 and C2 of the boundary scan cell 32 are
electrically connected to the boundary scan test input ter-
minals D1 and D2 of the boundary scan cell 33. A digital
input-output (I/0) controller 23 in the test executor 20 of the
boundary scan testing device 10 inputs and outputs addi-
tional digital signals besides the boundary scan test signals
TDL TDO. TCK and TMS, which are used for the testing of
the boundary scan device 30. The boundary scan device 30
shown in FIG. 1 also includes an inverter 34 and a buffer 35.
The output of the buffer 35 is electrically connected to the
input of the inverter 34. The output of the inverter 34 is
electrically connected to the boundary scan test input ter-
minal G of the boundary scan cell 33. Both the output of the
buffer 35 and the input of the inverter 34 are connected to the
output terminal of the digital YO controller 23.

The boundary scan testing device 10 operates as follows.
First, the BSDL file 2, which contains BSDL files for the
boundary scan cells 31-33 of the boundary scan device 30,
and the CAD data 4. which includes circuit diagram infor-
mation for the boundary scan device 30 are supplied to the
boundary scan test vector generator 12 of the boundary scan
testing device 10. Accordingly. the boundary scan test vector
generator 12 extracts the circuit that is to be subjected to
boundary scan testing from the CAD data 4. and produces
boundary scan test vectors corresponding to the boundary
scan device 30 on the basis of a descriptive format known as
vector control language (VCL) while referring to the BSDL
file 2. in which the boundary scan cell structures of the
boundary scan cells 31-33 and commands for shifting to
various boundary scan modes are described. The boundary
scan test vectors thus produced are transferred to the test
execution data generator 16 from the boundary scan test
vector generator 12. Test conditions for the test may be set
via the test condition controller 14, which are transferred to
the test execution data generator 16 from the test condition
controller 14. The test execution data generator 16 then
corrects the boundary scan test vectors of the boundary scan
device 30 in accordance with these test conditions, and
produces test execution data. A boundary scan test is then
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performed by the test executor 20 on the basis of the test
execution data thus produced.

The test controller 21 controls the overall execution of the
boundary scan test according to the test execution data. The
test controller 21 sends a command to the test signal
processor 26 indicating that boundary scan test signals are to
be sent out in accordance with the test execution data. The
test signal processor 26. acting in accordance with the
aforementioned command. outputs test clock TCK and test
mode select TMS boundary scan test signals to all of the
boundary scan cells 31-33 of the boundary scan device 30
on the basis of the test execution data, and shifts a TDO
boundary scan test signal through the boundary scan cells
31-33 via the TDI terminal of the boundary scan cell 31 of
the boundary scan device 30. Afterward. the boundary scan
test signals are output as latch output to the boundary scan
test output terminals Al and A2 and boundary scan test
output terminals C1 and C2. The boundary scan test result
signals are then read into the boundary scan test input
terminals B1. B2, D1 and D2. The signals at the boundary
scan test input terminals and output terminals Al, A2. B1.
B2. C1, C2. D1 and D2 are then shifted through the
boundary scan cells 31-33 and are input into the TDI
terminal of the test signal processor 26 via the TDO terminal
of the boundary scan cell 33. The series of signal flows just
described is the series of signal flows that occurs when one
boundary scan test pattern vector, or hereinafter “packet”. is
tested. FIG. 2 illustrates the series of signal flows. As shown
in FIG. 2. the series of signal flows which occur when a
single packet is tested on the boundary scan device includes
aboundary scan test signal shift 201 followed by a boundary
scan test signal latch output 202 followed by a boundary
scan test result signal read-in 203 followed by a boundary
scan test result signal shift 204.

At the same time that this boundary scan test is being
executed, the digital I/0 controller 23 operates so that logic
signals of *1” or “0” continue to be output from the output
terminal of the digital /O controller 23 to both the output of
the buffer 35 and the input terminal of the inverter 34 in the
boundary scan device 30 only during the interval extending
from the boundary scan test signal latch output 202 to the
boundary scan test result signal read-in 203 in FIG. 2.
Accordingly. in the case of output from the inverter 34 in
response to these signals, signals which are input into the
boundary scan test input terminal G of the boundary scan
cell 33 are taken into the boundary scan test input terminal
G of the boundary scan cell 33 during the boundary scan test
result signal read-in 203 shown in FIG. 2. and are shifted
according to the timing of the boundary scan test result
signal shift 204 and input into the TDI terminal of the test
signal processor 26 together with the signals at the boundary
scan test input terminals and output terminals A1, A2. B1.
B2, C1, C2, D1, and D2.

The test signal processor 26 performs a comparison to
determine whether or not the data of the boundary scan test
result signals shifted back to the TDI terminal of the test
signal processor 26 agrees with the expected-value data
predicted from the boundary scan test signals in accordance
with the test execution data. The expected-value data is
produced at the same time that the boundary scan test
vectors are produced from the BSDL file 2 and CAD data file
7 by the boundary scan test vector generator 12. However.
the expected-value data cannot be expressed within the
boundary scan test vectors, which are expressed in the
aforementioned VCL descriptive format. Accordingly, for
convenience. the expected-value data is expressed together
with the circuit information, including device boundary scan

wavw.lastio.com

15

20

25

30

35

45

55

65

4

cell numbers, connecting pin numbers and connecting pin
signal names. in the comment portion located at the end of
the boundary scan test vector data as a reference which can
be used when a person views and interprets the boundary
scan test vectors.

FIG. 3 shows a portion of an example boundary scan test
vector comment portion. The upper part of FIG. 3 corre-
sponds to the boundary scan test vector data portion. while
the lower part of FIG. 3 is the comment portion which is
located at the end of the boundary scan vector data portion
and which indicates the expected-value data and circuit
information. The comment portion in FIG. 3 which indicates
expected-value data and circuit information shows (from left
to right) bit numbers within the packet. boundary scan cell
numbers of devices, device names and connecting pin num-
bers of said devices, device connecting pin signal names,
and expected-value data. The data of the nine bits in the
horizontal direction seen in each line of expected-value data
indicates data corresponding to nine packets. Among the
expected-value data, the data expressed in terms of 0 or 1 is
output data from the boundary scan cells, while the data
expressed in terms of L or H is input data for the boundary
scan cells. In cases where the connecting pin signal names
of devices are the same (for example. in FIG. 3. U1_U3_IO
is the same in three places). this indicates that the connecting
pins of these devices are linked together. Accordingly, when
the respective nine-packet portions of expected-value data in
these three places are compared in terms of input and output,
the values are the same.

Since the data expressed in the boundary scan test vector
comment portion shown in FIG. 6. however. cannot be
expressed as meaningful data in the VCL descriptive format.
it cannot be interpreted by the test execution data generator
16. Accordingly. the test signal processor 26 reads in an
expected-value data file. an example of which is shown in
FIG. 4. which is produced at the same time that boundary
scan test vectors are produced from the BSDL file 2 and
CAD data 4 by the boundary scan vector producing part 12.
Referring to FIG. 4, the head portion indicates that the
connection of boundary scan cells is a connection of U1, U2,
U3 ..., U8, and that the total number of boundary scan cells
of UL, U2, U3, ... U8 is 188. The expected values at bit
numbers corresponding to boundary scan cells 1 through
188 in each packet are expressed as 0 or 1 when the
boundary scan cell is output. as H or L when the boundary
scan cell is input, and as * in the case of indeterminate
values.

If the boundary scan device 30 is normal, the data of the
boundary scan test result signals show agreement with the
expected-value data. However. if there is a fault in the
boundary scan device 30, the data of the boundary scan test
result signals differs from the expected-value data. When the
test signal processor 26 performs a comparison of the
boundary scan test result signals with the expected-value
data. it signals either agreement via an agreement signal OK
or disagreement via a disagreement signal NG. The OK/NG
results for the boundary scan device 30 are returned to the
test controller 21 from the test signal processor 26. If the
results are OK, the test controller 21 sends an instruction to
the result data recorder 24 indicating that the results should
be recorded, and the result data recorder 24 records the OK
results in the data records file 25. On the other hand. in cases
where the results are NG, the test controller 21 sends an
instruction to the fault analyzer 22 so that the boundary scan
test result signal data which has returned to the test signal
processor 26 and the expected-value data predicted from the
test signals in accordance with the test execution data are
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