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Testing for the Programming Circuit of SRAM-Based
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SUMMARY
The programming circuit of SRAM-based FPGAs consists of two shift registers, a control circuit and a configuration memory (SRAM) cell array. Because the configuration
memory cell array can be easily tested by conventional test methods for RAMs, we focus on testing for the shift registers. We first
derive test procedures for the shift registers, which can be done
by using only the faculties of the programming circuit, without
using additional hardware. Next, we show the validness of the
test procedures. Finally, we show an application of the test procedures to test Xilinx XC4025.
key words: fault detection, LUT-based FPGA, SRAM-based
FPGA, functional fault, configuration

1.

Introduction

Field programmable gate arrays (FPGAs) are modern logic devices to implement logic circuits in various ﬁelds [1]–[3]. Various FPGAs with diﬀerent architectures driven by diﬀerent programming technologies exist. The most popular one is a class of FPGAs
with SRAM-based architecture, also called look-up table
based FPGAs [1]–[4]. In this paper, we consider such a
class of FPGAs and call it FPGA for short. The hardware of FPGAs consists of a programmable logic part
and a programming circuit part.
Some researchers [5], [6] have proposed testing for
programmed FPGAs, on which logic circuits are implemented. But, the testing is not applicable to unprogrammed FPGAs at manufacturing time. In order to
solve such a problem, we developed testing for unprogrammed FPGAs, and proposed testing for the logic
part [7]–[16]. However, we have not yet discussed test
for the programming circuit.
This paper considers testing for the programming
circuit which consists of four components: a conﬁguration memory cell array, a data shift register (DSR), an
address shift register (ASR), and a control circuit. We
can test the conﬁguration memory cell array by means
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of conventional test methods for random access memories when the other components of the programming
circuit have no fault. We will therefore focus our attention on testing for the DSR and the ASR under the
assumption that both the control circuit and the conﬁguration memory cell array are fault free.
When we use an FPGA, we ﬁrst program it by
loading a conﬁguration bit-stream into the conﬁguration memory cell array, and check the correctness of the
loading by reading out its contents [1]–[3]. The former
and the latter faculties are referred to simply as conﬁguration and readback, respectively [4]. If we can chose
the conﬁguration bit-streams so that test sequences for
the DSR and the ASR can be produced, and that the
responses for them can be observed at the output of
FPGA, we can test the DSR and the ASR eﬃciently
by using conﬁguration and readback. On such a strategy, we consider testing for DSRs and ASRs.
In this paper, we ﬁrst describe the architecture of
the programming circuit and functional fault models of
the DSR and the ASR. We next describe the test procedures with the conﬁguration bit-streams derived on
the strategy mentioned above. Also, we show the validness of the test procedures. Each of the test procedures
requires only one loading and one reading. Finally, we
show an application of the test procedures.
2.

Programming Circuit and Fault Models

2.1 Programming Circuit
The programming circuit of the FPGA considered in
this paper is illustrated in Fig. 1. It consists of a conﬁguration memory cell array, a data shift register (DSR),
an address shift register (ASR) and a control circuit
(not shown in Fig. 1). The size of the conﬁguration
memory cell array is F × W (Mij is the ij-th cell of
the array). The DSR and the ASR are constructed by
cascading W pieces of modules DSRi (1 ≤ i ≤ W ) and
F pieces of modules ASRj (1 ≤ j ≤ F ), respectively.
Din is an input of the DSR to which a conﬁguration
bit-stream is applied in conﬁguration process and Dout
is an output of the DSR from which the contents of
conﬁguration memory cells are read out in readback
process. Figures 2 and 3 show the structures of DSRi
and ASRj , respectively. G, S, and P are control signals
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Fig. 1

Fig. 2

Structure of a DSR module (DSRi ).

Fig. 3

Structure of an ASR module (ASRj ).

Construction of programming circuit of FPGA.

for conﬁguration and readback. DCLK and ACLK are
clock signals to the DSR and the ASR, respectively.
In conﬁguration process, a conﬁguration bitstream of length F × W bits is applied to Din
continuously and shifted bit by bit through multiplexers M U1 , M U2 , · · · , M UW and D-type latchs
DD1 , DD2 , · · · , DDW (See Fig. 2). Every W -th shift of
the bit-stream, W bits of the bit-stream (sub-stream)
are stored in DD1 , DD2 , · · · , DDW . Then, the content of DDi is transmitted instantaneously through bi
called bitline driven by 3-state buﬀer T Bi to conﬁguration memory cell Mij speciﬁed by an activated wj
called wordline (See Fig. 3). In this way, W bits of
the bit-stream are loaded into W conﬁguration memj
. Hereafter, the W conﬁgory cells, M1j , M2j , · · · , MW
uration memory cells speciﬁed by wj are referred to
as j-th frame. Activations of wordlines are performed
exclusively in the ascending order of j by the ASR operating as a modulo W shift counter, consisting of F
ASRj s (W Dj shows an AND-gate). In order to realize the activations mentioned above, the seed sequence
(100 · · · 0) is applied to the input of AD1 , after all the
D-type latches ADj s in the ASR is reset by the control
circuit. The repetition rate of the shift clock ACLK is
1/W of that of the shift clock DCLK. Thus, the F ×W
memory cell array is programmed by the conﬁguration
bit-stream.
In readback process, the contents of all the conﬁguration memory cells are read out frame by frame
through the DSR under the control of the ASR in the
same order as that in conﬁguration process. In particular, the precharge gate P Ci s precharge bi s before every
activation of wj , so that the contents of Mij s are surely
loaded to DDi s in parallel.
2.2 Fault Models
The objective of the test is to detect faults that exist
in the DSR or the ASR. We introduce the following
assumptions:

(A1) Every function block of the programming circuit
except the DSR and the ASR is correct.
(A2) In at most one module of the DSR or the ASR
(DSRi or ASRj ), multiple faults may exist.
In the succeeding discussion, we consider the following fault models:
[Functional faults in D-type latch (DDi , ADj )]
Any of the faults transforms the D-type latch into
one of other sequential circuits where the number of
states is less than or equal to two. It may cause loss of
the reset function used in the beginnings of conﬁguration and readback processes.
[Functional faults in other components (M Ui , T Bi ,
P Ci , W Dj )]
Any of the faults transforms the corresponding
component into one of other combinational circuits.
In order to simplify the testing under the assumptions and the fault models mentioned above, we further introduce two assumptions about logical values on
bitlines as follows:
(A3) If there exists a fault which causes P Ci not
to charge bi in readback process, then the value 0 is
latched in DDi every DCLK, independently of the content of the conﬁguration memory cell Mij speciﬁed by
wj .
[Validness of (A3)] First, suppose that the content of
Mij is 0. When wj =1 in readback process, there exists
a path from bi to the grand (GND) (See Fig. 4). Next,
suppose that the content of Mij is 1. When wj = 1 in
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Fig. 5

Fig. 4

Circuit structure of a configuration memory cell.

readback process, Mij tries to charge bi , but can not
charge it enough to set DDi by the following reason [4]:
(1) The capacitance C shown in Fig. 4 is not
precharged before wj = 1 due to the fault described
in the assumption (A3).
(2) If the content of Mij is 1, the conductance of
the pass-transistor T rij shown in Fig. 4 is too small to
charge C from Mij during the period that wj = 1.
Thus, the assumption (A3) is valid.
(A4) If the function of P Ci is correct and the content
of Mij is 1, the charge on bi which has been precharged
by P Ci for the purpose of reading out the content of
Mij is maintained for at least one cycle of DCLK after
it sets DDi .
[Validness of (A4)] As soon as wj changes 1 to 0 after
setting DDi , bi is ﬂoating and the leakage conductance
between bi and GND becomes very small. Thus, the
assumption (A4) is valid.
3.

Test Procedure for Data Shift Register

The data input and the outputs of the DSR in conﬁguration process are Din and bi s as seen from Fig. 1.
While a conﬁguration bit-stream applied to Din from
the external environment is directly controllable, the
values on bi s are not observable directly. On the other
hand, the data inputs and the output in readback process are bi s and Dout , respectively. The inputs are not
controllable directly, while the output is observable directly. Taking into such situations, we will test DSRs
under the assumptions described in 2.2 by the following
procedure.
[TP-D:Test Procedure for DSRs]
(1) Conﬁgure FPGA by loading the conﬁguration
bit-stream shown in Fig. 5.
The 1st sub-stream of W bits (11· · ·1) shown in Fig. 5
is the contents to be loaded into the 1st frame of the

Configuration bit-stream of TP-D.

conﬁguration memory cell array. The 2nd sub-stream
(00· · ·0) is those into the 2nd frame. In the same way,
the j-th sub-stream is those into the j-th frame. Each
of I1 and I2 included in the 5th sub-stream is one of
the 6 length characteristic (input) sequences [17] for Dtype latch, and A is an arbitrary bit sequence of W −12
length.
(2) Read out the contents of the conﬁguration
memory cell array and observe a bit-stream appearing
✷
on Dout .
In the test of the DSR, we can consider, from the
assumptions (A1) and (A2), that every function block
of the programming circuit except the DSR is correct
and there exist some faults in at most one module of the
DSR. It is apparent that if there exists no faulty module
in the DSR, the observed bit-stream agrees with that of
Fig. 5. On the contrary, if the same bit-stream as that
of Fig. 5 is observed in the procedure (2), it is assured
that there exists no fault except a special case that the
correct outputs are observed in spite of contrary faults
existing both in DDi and M Ui or both in T Bi and
M Ui , where a contrary fault in each component is such
a fault that causes the the component to produce the
complements of the correct output values. This can be
proved as follows.
[Lemma 1] If the outcome of TP-D is correct, then
DSRi for ∀ i operates correctly during any frame data
shifting in both conﬁguration and readback processes.
[Proof] We assume that there exists some fault in
DSRi for ∃ i. Then, the input can be applied correctly
from DSRi−1 in the procedures (1) and (2), and the
response of DSRi can be observed correctly at Dout in
the procedure (2), because DSRh for ∀ h (h = i) has no
fault from the assumption (A2).
i) The case of 1 ≤ i ≤ W − 6.
Suppose that the outcome of TP-D is correct. At the
beginning of the procedure (1), the ﬁrst W 1s of the
conﬁguration bit-stream appear on the output of DDi .
During this time the value of bi never change, because
any wj is not activated and inputs of both T Bi and
P Ci are kept constant independently of the presence of
faults in DSRi . The output of M Ui is therefore kept
at a constant logic value v1 . In the same way, it is
kept at a constant logic value v0 during the next frame
data shifting in which W 0s appear on the output of
DDi . In addition, the output of M Ui during the 3rd
(4th) frame data shifting in the procedure (1) becomes
logic values v2 and v3 by turns corresponding to the
input values 0 and 1 from DSRi−1 , respectively. Thus,
it is assured that the input sequence v0 v0 v3 v1 v1 v2
which corresponds to the characteristic input sequence
(I1 ) can be applied to DDi during the 5th frame data

IEICE TRANS. INF. & SYST., VOL.E82–D, NO.6 JUNE 1999

1054

shiftings. The state transition diagram of DDi , therefore, can be written by the use of v0 , v1 , v2 and v3 as
shown in Fig. 6, where s0 (s1 ) is a label of the internal
state in which DDi produces the logical value 0 (1). v0 ,
v1 , v2 and v3 correspond to values 0,1,0 and 1 of the
data input of DSRi from their deﬁnitions, respectively.
This means that if the data input of DSRi is 0 (1), the
next value of the output of DSRi become 0 (1) independently of the values, v0 , v1 , v2 and v4 during frame
data shifting in conﬁguration process. In the same way,
we can prove that DSRi operates correctly during any
frame data shifting also in readback process. Hence,
Lemma 1 holds.
ii) The case of W − 5 ≤ i ≤ W .
The proof for this case can be easily given by replacing
the procedure (1) and I1 with the procedure (2) and
I2 , respectively, on the way of the process of the proof
for the case i).
✷
Hereafter, we assume that DSRi for ∀ i operates
correctly while any frame data is shifting in both conﬁguration and readback processes.
[Lemma 2] Assume that the outcome of TP-D is correct. T Bi for ∀ i operates correctly, if G = 0 and the
output value of DDi is 0.
[Proof] Assume that the outcome of TP-D is correct.
The hardware of the programming circuit is designed
so that the logical value 0 is forcibly supplied to the
input of the DSR on the way of shifting out the contents of frame data in the procedure (2). The input of
T Bi maintains 0 during the period from the end of a
frame reading to the start of the next frame reading,
because the shifting function of the DSR is valid from
Lemma 1. And the control signals G and P are held
0 on the way of the shifting mentioned above. Thus,
if the output of T Bi is not at high-impedance state by
any fault, the value on bi is ﬁxed to a certain constant
voltage independently of the presence of fault in P Ci
and regardless of the value stored in Mij . This means
the same values are read out from Mi1 , Mi2 , · · · , MiF in
the procedure (2). This is contradiction.
✷
Hereafter, we assume that T Bi for ∀ i operates correctly, if G = 0 and the output value of DDi is 0.
[Lemma 3] If the outcome of TP-D is correct, then
P Ci for ∀ i has no fault.
[Proof] If there exists a fault which causes P Ci to
charge bi when P = 0, the value on bi is ﬁxed to 1
regardless of the content of Mij . Thus, the fault can be
detected by TP-D. So, we assume that when P = 0,
P Ci never charges bi . If there exists a fault which
causes P Ci to never charge bi when P = 1, the value 1
stored in Mij can never been transmitted to DDi from
the assumption (A3). Hence, Lemma 3 holds.
✷
Hereafter, we further assume that P Ci for ∀ i has
no fault.
[Lemma 4] If the outcome of TP-D is correct, then
DDi for ∀ i has no fault or a contrary fault either.
[Proof] Suppose that the output of T Bi is at high-

Fig. 6

State transition diagram of DDi .

impedance state when G = 0 and the output value of
DDi is 1. It is apparent from the argument for the
proof of Lemma 1 that v0 = v2 . Even if T Bi has some
fault, we can also derive from the assumption (A4) and
the argument for the proof of Lemma 1 that v0 = v2
or v1 = v3 . Thus, we can obtain that v0 = v1 in either
of the cases, because it is apparent that v0 = v3 and
v1 = v2 . If v0 equals to 0 and 1, the state transition
diagram in Fig. 6 is identical with that of D-type latch
with no fault and a contrary fault, respectively. Hence,
Lemma 4 holds.
✷
Hereafter, we assume that DDi for ∀ i either has
no fault or a contrary fault.
[Lemma 5] If the outcome of TP-D is correct, then
M Ui for ∀ i either has no fault or a contrary fault.
[Proof] Suppose that there exists some fault in M Ui .
It is assured from the assumption (A4) and Lemmas 2
∼ 4 that all the possible input patterns can be applied
to M Ui on the way of the execution of TP-D. From
Lemma 4, the responses of M Ui for such input patterns are transmitted to the output of DDi by the next
DCLK, as true values or their complements. Hence,
the lemma holds.
✷
[Lemma 6] Assume that the outcome of TP-D is correct. If G = 1, then T Bi for ∀ i operates correctly.
[Proof] This can be easily proved from Lemmas 2 ∼
5.
✷
It is clear from Lemmas 2 ∼ 6 that TP-D can detect
all the faults except contrary ones which exist in DSR
modules under the conditions described in 2.2. Then,
the following theorem holds.
[Theorem 1] TP-D detects all the faults in the DSR
except contrary ones which are redundant.
✷
4.

Test Procedure for Address Shift Register

It is apparent from Figs. 1 and 3 that the inputs of the
ASR are not controllable directly and the outputs of
the ASR, wordlines, are not observable directly. For
these restrictions, we will apply all the possible input
patterns to ASR through the control circuit in conﬁguration and readback processes, and test the outputs
of the ASR by observing the bit sequence appearing on
Dout . We should select a conﬁguration bit-stream so
that it never mask wrong outputs of the ASR. A test
procedure for ASRs is shown as follows.
[TP-A:Test Procedure for ASRs]
(1) Conﬁgure FPGA by loading a conﬁguration
bit-stream which satisﬁes the following condition.
[Condition] Let f dj (1 ≤ j ≤ F ) be the sub-stream
to be loaded into j-th frame. For ∀ j1 , ∀ j2 (1 ≤
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j1 , j2 ≤ F, j1 = j2 ), f dj1 and f dj2 never have any ordered relation [18], [19], that is, neither f dj1 ≤ f dj2 nor
f dj1 ≥ f dj2 holds.
(2) Read out the contents of the conﬁguration
memory cell array and observe a bit-stream appearing
✷
on Dout .
In the test of the ASR, we can consider from the
assumptions (A1) and (A2) that every function block
of the programming circuit except the ASR is correct
and there exist some faults in at most one module of
the ASR. If we observe the correct bit-stream in the
procedure (2), then there exist no fault in the ASR
except redundant ones. This can be proved as follows.
[Lemma 7] If the outcome of TP-A is correct, then
ADj for ∀ j (1 ≤ j ≤ F − 1) either has no fault or a
redundant one.
[Proof] Suppose that there exists some fault in ADj
for ∃ j (1 ≤ j ≤ F − 1). From the assumption (A2),
ASRh for ∀ h (1 ≤ h ≤ F , h = j) has no fault. Thus,
· · · 0) can be applied to
the input sequence(00
· · · 0 1 00
 
 
j−1

F −j

ADj on the way of the executions of TP-A. If the fault
is not redundant, the output sequence of ADj is one of
the following ﬁve cases. Note that the output sequence
of ADF −1 is one of the ﬁrst four cases.
(A) The j1 -th bit is 1 for ∃ j1 (1 ≤ j1 ≤ j − 2).
(B) The j1 -th bit is 0 for ∀ j1 (1 ≤ j1 ≤ j − 2) and the
j − 1-th bit is 1.
(C) The j1 -th bit is 0 for ∀ j1 (1 ≤ j1 ≤ j − 1) and the
j-th bit is 0.
(D) The j1 -th bit is 0 for ∀ j1 (1 ≤ j1 ≤ j − 1), the j-th
bit is 1 and the j2 -th bit is 1 for ∃ j2 (j +1 ≤ j2 ≤ F −1).
(E) The j1 -th bit is 0 for ∀ j1 (1 ≤ j1 ≤ j − 1), the j-th
bit is 1, the j2 -th bit is 0 for ∀ j2 (j + 1 ≤ j2 ≤ F − 1)
and the F -th bit is 1.
In the case (A), the outputs of both ADj1 and ADj
are 1s at the j1 -th cycle of ACLK on the way of the
executions of the procedures (1) and (2). So, at least
two outputs wj1 +1 and wj+1 which are produced from
ASRj1 +1 and ASRj+1 are activated simultaneously at
the next clock cycle . Thus, plural frames are selected
simultaneously. In the same way, the output sequence
of ADj in the case (D) has at least two 1s, so that plural
frames are selected simultaneously.
In the cases (B) and (E), if W Dj has such a fault
that causes it to produce 0 no matter when its input
from ADj is 1, no frames are selected at j-th ACLK.
If otherwise, however, plural frames are selected at that
time.
In the case (C), if W Dj has such a fault that causes
it to produce 1 no matter when its input from ADj is 0,
plural frames are selected at j-th ACLK. If otherwise,
however, no frame is selected at that time in the case
(C).
Next, we will show that both plural frame selection
and no frame selection can be detected by TP-A.

If the ASR selects no frame at j-th ACLK in the
procedure (2), a wrong frame data 11 · · · 1 (= f dj ) is
read out, because the charges on bi s are not lost. If it
selects plural frames at j-th ACLK in the procedure
(2), the bitwise-AND of their contents is read out to
Din because of the structure of conﬁguration memory
cell array [4]. If at least one of the contents diﬀers from
the others, the bitwise-AND becomes a wrong frame
data (= f dj ), otherwise, there exists at least one frame
data which is never read out [20]. Thus, we can detect
all the faults mentioned above.
✷
Thus, we assume that ADj for for ∀ j (1 ≤ j ≤
F − 1) has no fault, hereafter.
[Lemma 8] If the outcome of TP-A is correct, then
W Dj for ∀ j (1 ≤ j ≤ F − 1) has no fault.
[Proof] It is assured from Lemma 7 that all the possible input patterns can be applied correctly to W Dj
for ∀ j (1 ≤ j ≤ F − 1) on the way of the execution of
TP-A. Suppose that there exists some fault in W Dj for
∃
j (1 ≤ j ≤ F − 1). Thus, the fault makes some W Dj ’s
responses corresponding to the input patterns wrong.
We will therefore show that the fault can be detected
by TP-A as follows.
If the input pattern to activate wj fails due to the
fault, fdj is nonexistent in j-th frame at the procedure
(2). Thus, it can be considered that the input pattern never fail to activate wj , because the fault can
be detected by TP-A. If the input pattern to activate
wordline other than wj activates wj due to the fault,
plural frames are selected simultaneously in the procedure (2). Thus, the fault can be detected by TP-A.
It can be therefore considered that the input pattern
never activate wj . If one of the input patterns not
to activate any wordline activates wj due to the fault
(The input patterns occur only the period that wj for
∀
j (1 ≤ j ≤ F ) should be 0), the content of j-th frame
become 11· · ·1 in the procedure (2), because wj is activated while P Ci s precharge bi s. It is clear that the
fault can be detected by TP-A. Hence, Lemma 8 holds.
✷
[Lemma 9] If the outcome of TP-A is correct, then
ADF and W DF either have no fault or redundant ones.
[Proof] This can be easily proved from Lemmas 7
and 8.
✷
From Lemmas 7 ∼ 9, the following theorem holds.
[Theorem 2] TP-A detects all the faults except redundant ones in the ASR.
✷
5.

Case Study

In this section, we try to apply the test procedures presented in the previous sections to XC4025 of the Xilinx
XC4000 family. In this family, the repetition rate of
DCLK is 1 MHz. The time required to execute one
time of loading (reading) is 1 µs × the number of the
conﬁguration memory cells [4]. Since XC4025 has 346 ×
1220 conﬁguration memory cells (F = 346, W = 1220),
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it takes about 0.8 seconds to test the DSR (ASR) of
XC4025 by TP-D (TP-A). In a word, even if the test
procedures are applied to such FPGAs with high logic
density as XC4025, the time required to execute them
is short.
6.

Conclusion

In this paper, we considered testing for the DSR and
the ASR in the programming circuit of FPGAs, under
the assumption that at most one module included the
DSR or the ASR may have fault. We also derived the
test procedures for DSRs and ASRs. Each of them
requires only one loading and one reading.
One of our future works is to consider more eﬃcient
testing for FPGAs, by combining the test procedures
for all components each other.
References
[1] S.D. Brown, R.J. Francis, J. Rose, and Z.G. Vranesic,
“Field-programmable gate arrays,” Kluwer Academic Publishers, 1992.
[2] S.M. Trimberger, “Field-programmable gate array technology,” Kluwer Academic Publishers, 1994.
[3] J.V. Oldfield and R.C. Dorf, “Field-programmable gate array technology,” John Wiley & Sons, Inc., 1995.
[4] “The Programmable Logic Data Book,” Xilinx Inc., 1994.
[5] I. Pomeranz and S.M. Reddy, “Testability considerations
in technology mapping,” Proc. ATS ’94, pp.151–156, Nov.
1994.
[6] H. Tsuboi, H. Nakada, and T. Miyazaki, “Testing for circuits realized as FPGAs using register insertion method,”
IEICE Technical Report, FTS94-53, Oct. 1994.
[7] T. Inoue, H. Fujiwara, H. Michinishi, T. Yokohira, and T.
Okamoto, “Universal test complexity of field-programmable
gate arrays,” Proc. ATS ’95, pp.259–265, Nov. 1995.
[8] F. Lombardi, D. Ashen, X.T. Chen, and W.K. Huang, “Diagnosing programmable interconnect systems for FPGAs,”
Proc. FPGA ’96, pp.100–106, Feb. 1996.
[9] W.K. Huang, X.T. Chen, and F. Lombardi, “On the diagnosis of programmable interconnect systems: Theory and
application,” Proc. VTS ’96, pp.204–209, April 1996.
[10] W.K. Huang and F. Lombardi, “An approach for testing programmable/configurable field programmable gate
arrays,” Proc. VTS ’96, pp.450–455, April 1996.
[11] H. Michinishi, T. Yokohira, T. Okamoto, T. Inoue, and
H. Fujiwara, “A test methodology for interconnect structures of LUT-based FPGAs,” Proc. ATS ’96, pp.68–74,
Nov. 1996.
[12] H. Michinishi, T. Yokohira, T. Okamoto, T. Inoue, and H.
Fujiwara, “A test methodology for configurable logic blocks
of look-up table based FPGAs,” IEICE Trans.,vol.J79-D-I,
no.12, pp.1141–1150, Dec. 1996.
[13] M. Renovell, J.M. Portal, J. Figueras, and Y. Zorian, “Test
of RAM-based FPGA: Methodology and application to the
interconnect,” Proc. VTS ’97, pp.230–237, April 1997.
[14] W.K. Huang, M.Y. Zhang, F.J. Meyer, and F. Lombardi,
“A XOR-tree based technique for constant testability of
configurable FPGAs,” Proc. ATS ’97, pp.248–253, Nov.
1997.
[15] M. Renovell, J.M. Portal, J. Figueras, and Y. Zorian, “Test
pattern and test configuration generation methodology for

[16]

[17]

[18]
[19]

[20]

the logic of RAM-based FPGA,” Proc. ATS ’97, pp.254–
259, Nov. 1997.
T. Inoue, S. Miyazaki, and H. Fujiwara, “On the complexity
of universal fault diagnosis for look-up table FPGAs,” Proc.
ATS ’97, pp.276–281, Nov. 1997.
D.E. Farmer, “Algorithms for designing fault-detection experiments for sequential machines,” IEEE Trans. Comput.,
vol.C-22, no.2, pp.159–167, Feb. 1973.
J.M. Berger, “A note on error detecting codes for asymmetric channels,” Inf. Control, vol.4, pp.68–73, March 1961.
C.V. Frieman, “Optimal error detection codes for completely asymmetric binary channel,” Inf. Control, vol.5,
pp.64–71, March 1962.
W.K. Fuchs and J.A. Abraham, “A unified approach to concurrent error detection in highly structured logic arrays,”
Proc. FTCS-14, pp.4–9, June 1984.

Hiroyuki Michinishi
received the
B.E., M.E. and Dr. Eng. degrees in
electronics from Okayama University,
Okayama, Japan, in 1989, 1991 and 1994,
respectively. He was with with Okayama
University from 1994 to 1998, and joined
Okayama University of Science, Okayama,
Japan, in 1998. Presently he is a lecturer at the Department of Electric Engineering. His research interests include
fault tolerant and computer architecture.
Dr.Michinishi is a member of the IPSJ.

Tokumi Yokohira
received the B.E.,
M.E. and Ph.D. degrees in information
and computer sciences from Osaka University, Osaka, Japan, in 1984, 1986 and
1989, respectively. Since 1989, he has
been with the Faculty of Engineering,
Okayama university, Okayama, Japan.
Presently he is an assistant professor at
the Department of Information Technology. His research interests include fault
tolerant and performance evaluation of
computer communication networks. Dr. Yokohira is a member of
the IEEE and IPSJ.

Takuji Okamoto
received the B.E.
degree in communication engineering and
the Ph.D. degree in electronics engineering from Osaka University, Osaka, Japan,
in 1958 and 1972, respectively. He worked
in Kawasaki Heavy Industries LTD., from
1958 to 1960 and in Mitsui Shipbuilding
& Engineering Co., LTD., from 1960 to
1967. Since 1967, he has been with the
Faculty of Engineering, Okayama University, Okayama, Japan, and is presently
a professor at the Department of Information Technology.
His research interests include logic design and fault tolerant.
Dr.Okamoto is a member of the IEEE and IPSJ.

MICHINISHI et al: TESTING FOR THE PROGRAMMING CIRCUIT OF SRAM-BASED FPGAS

1057

Tomoo Inoue
received the B.E.
degree in electronics and communication
engineering, the M.E. degree in electrical engineering and the Ph.D. degree in
computer science from Meiji University,
Kawasaki, Japan in 1988, 1990 and 1997,
respectively.
From 1990 to 1992, he
was engaged in research and development
of microprocessors at Matsushita Electric
Industrial Co., Ltd., Osaka, Japan. Since
1993 he has been an Instructor at the
Graduate School of Information Science, Nara Institute of Science
and Technology, Japan. His research interests include test generation, synthesis for testability and parallel processing. Dr.Inoue
is a member of the IEEE and IPSJ.

Hideo Fujiwara
received the B.E.,
M.E., and Ph.D. degrees in electronic engineering from Osaka University, Osaka,
Japan, in 1969, 1971, and 1974, respectively. He was with Osaka University from
1974 to 1985 and Meiji University from
1985 to 1993, and joined Nara Institute of
Science and Technology in 1993. In 1981
he was a Visiting Research Assistant Professor at the University of Waterloo, and
in 1984 he was a Visiting Associate Professor at McGill University, Canada. Presently he is a Professor
at the Graduate School of Information Science, Nara Institute of
Science and Technology, Nara, Japan. His research interests are
logic design, digital systems design and test, VLSI CAD and fault
tolerant computing, including high-level/logic synthesis for testability, test synthesis, design for testability, built-in self-test, test
pattern generation, parallel processing, and computational complexity. He is the author of Logic Testing and Design for Testability (MIT Press, 1985). He received the IECE Young Engineer
Award in 1977, IEEE Computer Society Certificate of Appreciation Award in 1991, Okawa Prize for Publication in 1994, and
IEEE Computer Society Meritorious Service Award in 1996. He
is an advisory member of IEICE Trans. on Information and Systems and an editor of IEEE Trans. on Computers, J. Electronic
Testing, J. Circuits, Systems and Computers, J. VLSI Design and
others. Dr. Fujiwara is a fellow of the IEEE and a Golden Core
member of the IEEE Computer Society as well as a member of
the IPSJ.

