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ABSTRACT: Built-In Self-Test (BIST) of Field Pro-
grammable Gate Arrays (FPGAS) provides the ability of
in-system testing without area or performance penalty to
the intended system function. The primary problem is
the long testing time and memory storage requirements
associated with the large number of BIST configura-
tions typically needed for complete testing of the pro-
grammable resources in the FPGA. Some FPGA archi-
tectures support the ability to reprogram only the por-
tion of the FPGA that changes from one configuration
to the next. Some FPGAs also provide the ability to read
partial contents of the configuration memory for data
capture and verification purposes. These features can be
exploited to provide significant reductions in the
amount of memory for BIST configuration storage as
well as the total time needed to test of the FPGA."

1. INTRODUCTION

Built-In Self-Test (BIST) approaches have been devel-
oped for Field Programmable Gate Arrays (FPGAS)
where the FPGA logic and routing resources are repro-
grammed to allow the FPGA to test itself without the
need for external test equipment or dedicated circuitry
for BIST [1]. The basic idea is to program some of the
Programmable Logic Blocks (PLBs) as Test Pattern
Generators (TPGs) and Output Response Analyzers
(ORAS) to test the remaining programmable logic and
routing resources. If the FPGA is determined to be
faulty, the faulty resource(s) can be identified through
diagnostic procedures and the intended system function
can be reconfigured to avoid the faulty resource(s) for
fault-tolerant operation. One of the main drawbacks is
the large number of BIST configurations needed to
completely test the FPGA in conjunction with the time
required to download these BIST configurations into the
FPGA and to retrieve the test results at the end of the
BIST sequence [2]. This problem can be reduced by
exploiting partial reconfiguration capabilities provided
in FPGAs such as Xilinx Virtex and Spartan Il series
FPGASs [3]. In some cases, the total number of BIST
configurations required can also be reduced by using
more efficient ways of reading the test results.

In this paper, we investigate the impact of partial recon-
figuration and partial configuration memory read-back
on BIST for Virtex and Spartan Il FPGAs. We begin
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with an overview of prior work in BIST for FPGAs in
Section 2. The impact of partial reconfiguration and
partial configuration memory read-back on BIST for
PLBs, RAMs, and routing resources is discussed in Sec-
tions 3, 4, and 5, respectively. Experimental data is
given from implementations of the respective BIST ap-
proaches in actual Virtex and Spartan Il devices.

2. PRIORWORK INBIST FOR FPGAS

The most frequently used approach to testing the pro-
grammable logic resources in the FPGA is to program a
column (or row) of PLBs to function as two or more
identical TPGs (Figure 1) [1] [2] [4]. The TPGs drive
pseudo-exhaustive test patterns to alternating columns
(or rows) of identically configured programmable logic
blocks under test (BUTs). Comparison-based ORAS
(Figure 2) are located in columns (rows) between the
BUTSs such that they monitor the outputs of their adja-
cent BUTSs and latch any mismatches due to faults in the
BUTs. The BUTs are repeatedly reconfigured in their
various modes of operation until they are completely
tested, then the architecture is flipped about the vertical
(or horizontal) axis such that during the second test ses-
sion the PLBs that previously functioned as TPGs and
ORAs are now BUTSs and vice versa. The BIST archi-
tecture can be either row or column based. A row based
logic BIST architecture was used in [1] but it was ob-
served in [4] that dedicated carry logic and routing as
well as differences in vertical and horizontal routing
resources made a column based architecture more effec-
tive for some FPGAs.
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Figure 1. FPGA logic BIST architecture
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At the beginning of each BIST sequence, the BIST con-
figuration must be downloaded into the FPGA to con-
figure the logic resources in their respective TPG, ORA,
or BUT functions along with the routing resources to
form the interconnections between TPGs and BUTSs as
well as between BUTs and ORAs. Full configuration,
writing the entire configuration memory, of the FPGA
has been used in off-line testing [1] [4]. Partial recon-
figuration has been used in on-line testing to program
only the portion of the FPGA that is under test at any
given time with the remainder of the FPGA continues to
perform the intended system function [5]. Dynamic par-
tial reconfiguration via an embedded processor in a SoC
was used for logic BIST of the FPGA core of the SoC in
[6] with significant reduction in total test time. Due to
the regular structure of the logic BIST architecture (Fig-
ure 1), partial reconfiguration would require only those
portions of the FPGA that change from one BIST con-
figuration to the next to be reconfigured; in logic BIST
this would be the BUTs since the TPGs, ORAs and
routing would remain the same.

At the end of the BIST sequence, the contents of the
ORAs must be read to determine the faulty/fault-free
status of the programmable resources being tested. Sev-
eral approaches for retrieving the ORAs contents have
been investigated [7] but two approaches have been
most frequently used. In [1], the ORAs incorporate an
integrated scan chain to scan out the test results stored
in the ORAs (Figure 2). This approach requires addi-
tional logic resources for the multiplexer and routing
resources for the shift data and control to form the scan
chain. In [4], the additional logic and routing resources
required for the integrated ORA scan chain was found
to be prohibitive in that less resources could be tested in
any given BIST configuration such that more test con-
figurations would be required to completely test the
FPGA. As a result, full configuration memory read-back
was used in [4] to obtain the contents of the ORAs.
While this effectively doubled the test time since the
configuration memory must be written and read for each
BIST configuration, it reduced the total number of BIST
configurations needed to test the FPGA. In [8], dynamic
partial reconfiguration was used to convert the ORAS to
a shift register at the end of the BIST sequence to shift
out BIST results without the overhead of the integrated
scan chain in the ORA during the actual execution of
the BIST itself. In [6], the ORA contents were read, via
a reconfigured scan chain, at the end of a set of BIST
configurations with no loss in fault detection and very
little loss in diagnostic resolution. FPGAs with partial
configuration memory read-back capabilities would
facilitate reading only those portions of the configura-
tion memory that contain the ORA contents to help re-
duce the total test time without the expense of additional
logic resources and additional BIST configurations [2].

Recent FPGAs incorporate dedicated Random Access
Memories (RAMSs) to overcome the problem of using
many Look-Up Tables (LUTSs) that typically can func-
tion as small RAMs, to construct large RAMs. BIST for
these dedicated RAMs has been addressed in [8] and [9]
where PLBs are used to implement the TPG function
based on RAM test algorithms and comparison based
ORAs. The outputs of the RAMs under test are either
compared with other RAMs under test (Figure 3a) or
with expected output responses generated by the TPG
(Figure 3b). In both approaches, a scan chain was incor-
porated in the ORA for retrieval of BIST results.
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Two types of routing BIST approaches have proven to
be effective in testing the programmable interconnect
resources in FPGAs. The first is a comparison-based
approach in which the TPG drives exhaustive test pat-
terns over two sets of wires under test that are compared
at the other end by a comparison-based ORA [10]. The
second approach is parity-based where the TPG sources
exhaustive test patterns over a set of wires under test
and produces a parity-bit that is sent to the ORA [11].
The ORA generates parity over the data observed on the
wires under test and compares the generated parity-bit
with that sent by the TPG. While both approaches have
been shown to be effective in detecting faults, the com-
parison-based approach was extended to diagnosis of
faults in the programmable interconnect network [10].
The comparison-based approach was used in [4] and
[10] while a modified parity approach was used in [7].
Full configuration download of the BIST configurations
was used in [4] and [7] and partial configuration was
used in the on-line BIST approach in [10]. Configura-
tion memory read-back was used in [4] and an inte-
grated scan chain was used in [10] for retrieval of ORA
results. Dynamic partial reconfiguration from an em-
bedded processor was used in [7] to convert the ORAS
to a scan chain.

As can been seen from the discussion above, various
combinations of full and partial reconfiguration of the
FPGA have been used for BIST. Also various ap-
proaches for reading the contents of the ORAs at the
end of the BIST sequence have been implemented.
However, there has not been a detailed comparative
investigation of all combinations of partial reconfigura-
tion and partial configuration memory read-back versus
scan chain retrieval of BIST results. Such an investiga-



tion is the focus of this paper. Xilinx Virtex and Spartan
Il FPGAs are used as the target device in this investiga-
tion since they have identical architectures and support
both partial reconfiguration and partial configuration
memory read-back [3] [12] [13] [14] [15].

3. LocIcBIST

The architectures of Virtex and Spartan Il FPGA fami-
lies are essentially identical. The PLB consists of two
slices each containing two 4-input Look-Up Tables
(LUTs) and two flip-flops along with additional carry
and control logic [3] [12]. The PLB arrays range from
8x12 (i.e. 8 rows and 12 columns of PLBS) to 64x96 in
increments of 4x6. The LUTs can be also configured as
a shift register or small RAMs (to be discussed in the
next section). The flip-flops in the PLBs can also be
reconfigured as latches. Additional multiplexer logic
provided in the PLBs facilitates the formation of func-
tion generators capable of more than 4-inputs. The
PLBs contain dedicated carry logic for fast arithmetic
operations with carry chains oriented in columns of the
PLB array [3]. Since the configuration memory is parti-
tioned into frames which are also oriented along col-
umns of the array, a column-based BIST architecture
(Figure 1) will be the most efficient for partial recon-
figuration as well as partial configuration memory read-
back during logic BIST since only the columns with
ORAs need to be read at the end of the BIST sequence
and only the columns with BUTs need to be reconfig-
ured for the subsequent BIST configuration.

We have developed a set of seven BIST configurations
that completely test the logic resources of the PLB ex-
cluding the LUT-RAM modes of operation (to be dis-
cussed in the next section). Figure 4 shows the individ-
ual and cumulative single stuck-at gate-level fault cov-
erage obtained with the seven logic BIST configura-
tions. Therefore, seven reconfigurations of the FPGA
are required per test session.
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Figure 4. Logic BIST fault coverage

Excluding the arithmetic carry inputs and outputs, there
are 12 outputs of each PLB but only eight outputs can

be routed out of the PLB due to limitations in the output
multiplexer associated with the PLB. Furthermore, a
comparison-based ORA implemented in a single PLB
can monitor a maximum of six outputs from its two
adjacent BUTSs in the logic BIST architecture (Figure 1).
In this particular ORA design, three of the 4-input LUTs
are used as comparators while the fourth LUT is used in
conjunction with its associated flip-flops to logically
OR the outputs of the three comparators and the feed-
back from the flip-flop. Partial configuration memory
read-back would be required to retrieve the ORA con-
tents. This ORA requires that the set of seven BIST con-
figurations be applied twice to each BUT while the
ORA monitors a different set of six outputs in each
case. We refer to each application of the set of BIST
configurations to a given set of BUTS as a slice test set.
When implementing an integrated ORA scan chain
(similar to Figure 2), a maximum of only five outputs
can be monitored from each adjacent BUT since addi-
tional logic resources are needed for the multiplexer that
forms the scan chain. Therefore, the set of seven BIST
configurations must be applied three times (three slice
test sets are required) to completely test the BUTS.

Since the four flip-flops associated with each PLB in a
PLB column are mapped into four configuration data
frames, potentially there are M/2-1 frames, where M is
the total number of columns of PLBs that must be read
to retrieve the ORA results. However, by restricting the
actual flip-flops of the ORAs to the same flip-flop in the
same slice, only one frame per PLB column must be
read via partial configuration memory read-back. Due to
the number of bits per frames partial configuration
memory read-back requires about 40 times more clock
cycles than that required to retrieve the BIST results
using integrated ORA scan chain method. The advan-
tage is that partial configuration memory read-back does
not require any additional logic and routing resources
and, hence, the extra slice test set can be avoided.

Given that multiple slice test sets must be applied to the
BUTSs (either two or three depending on the ORA de-
sign and its associated results retrieval mechanism),
there are multiple approaches to partial reconfiguration
of the BUTs. Both slices of the BUTs can be reconfig-
ured during each BIST configuration while the outputs
of only one slice is monitored by the ORA which allows
two possible scenarios: 1) We can apply the seven BIST
configurations to both slices while monitoring the out-
puts of only one slice and then repeat the seven BIST
configurations while monitoring the outputs of the other
slice. 2) We can apply the first BIST configuration
twice with monitoring the outputs of one slice during
the first application and then monitor the outputs of the
other slice; this process is repeated for all seven BIST
configurations. Since the logic resources in each slice
are controlled by multiple configuration memory frames



and a different set of frames for each slice, partial re-
configuration is optimized by reconfiguring only one
slice at a time. Therefore, a third scenario would be to
reconfigure only the slice under test (for a given slice
test set) while maintaining the other slice (not under
test) in its original BIST configuration in order to mini-
mize the number of frames that must be reconfigured
during each subsequent BIST configuration. A final
consideration for partial reconfiguration is that given
seven BIST configurations, there may be a particular
order that minimizes the number of frames to be recon-
figured for the next BIST configuration.

The following methods were investigated in terms of
their effect on total test time and the total memory re-
quired to store the BIST configurations. While these
methods are applicable to RAM and routing BIST, we
focus primarily on logic BIST for their introduction.

Method 1: Full configuration of the FPGA for
downloading each BIST configuration and full
configuration memory read-back for retrieval of
BIST results from the ORAs at the conclusion of
each BIST configuration. This method requires
only two slice test sets and, as a result, requires
downloading a total of 28 BIST configurations to
completely test all PLBs in the FPGA (7 BIST
configurations x 2 slice test sets x 2 test sessions).
This method will represent the normalized total
test time and memory storage requirements as well
as the baseline for all other comparisons.

Method 2: Full configuration of the FPGA for
downloading each BIST configuration and scan
chain retrieval of BIST results from the ORAs at
the conclusion of each BIST configuration. This
method uses the integrated ORA scan chain and,
as a result, requires three slice test sets for a total
of 42 BIST configurations to completely test all
PLBs in the FPGA.

Method 3: Partial reconfiguration for downloading
each BIST configuration and scan chain retrieval
of BIST results from the ORAs at the conclusion of
each BIST configuration. This method uses the in-
tegrated ORA scan chain and, as a result, requires
three slice test sets for a total of 42 BIST configu-
rations. In this method, both slices of the BUTSs are
reconfigured but only one slice under test has its
outputs monitored by its associated ORAs for a
given slice test set.

Method 4: Partial reconfiguration for downloading
each BIST configuration and scan chain retrieval
of BIST results from the ORAs at the conclusion of
each BIST configuration. This method uses the in-
tegrated ORA scan chain and, as a result, requires
three slice test sets for a total of 42 BIST configu-

rations. In this method, only the slice under test in
the BUTSs is reconfigured for the next BIST con-
figuration, that being the slice which has its out-
puts monitored by the ORAs associated with it.

Method 5: Optimized order of partial reconfiguration
for downloading each BIST configuration and
scan chain retrieval of BIST results from the ORAs
at the conclusion of each BIST configuration. This
method also requires three slice test sets for a total
of 42 BIST configurations. This method is the
same as Method 4 with the exception that the order
of application of the seven BIST configurations
has been optimized such that the minimum number
of frames must be reconfigured as we move from
one BIST configuration to the next.

Method 6: Dynamic partial reconfiguration with opti-
mized ordering for downloading each BIST con-
figuration and scan chain retrieval of BIST results
from the ORAs at the conclusion of slice test set.
This method also requires three slice test sets for a
total of 42 BIST configurations. This method is the
same as Method 5 with the exception that the
BIST results are retrieved from the ORASs only af-
ter all seven BIST configurations have been ap-
plied for a given slice test set. This is possible by
using dynamic partial reconfiguration which does
not corrupt the contents of the flip-flops in the
ORA PLB:s.

Method 7: Dynamic partial reconfiguration with opti-
mized ordering for downloading each BIST con-
figuration and partial configuration memory read-
back retrieval of BIST results from the ORAs at the
conclusion of each BIST configuration. This
method requires one two slice test sets for a total
of 28 BIST configurations. This method is the
same as Method 5 with the exception that the
BIST results are retrieved from the ORAs via par-
tial configuration memory read-back.

Method 8: Dynamic partial reconfiguration with opti-
mized ordering for downloading each BIST con-
figuration and partial configuration memory read-
back retrieval of BIST results from the ORAs at the
conclusion of slice test set. This method also re-
quires one two slice test sets for a total of 28 BIST
configurations. This method is the same as Method
6 with the exception that the BIST results are re-
trieved from the ORAs via partial configuration
memory read-back.

These eight methods impact the total test time which
includes downloading the BIST configuration, execut-
ing the BIST sequence, and retrieval of the BIST results
from the ORAs. These eight methods also impact the
total memory required to store the BIST configurations.



The Boundary Scan interface (also known as the JTAG
interface) was used to access the FPGA. The results
include the overhead of all Boundary Scan instructions
and operations since partial reconfiguration and partial
configuration memory read-back require additional in-
structions and operations [13][14][15].

The normalized results obtained from actual implemen-
tation of the all eight methods on a Spartan 11 XC2S200
are given in Figure 5. As can be seen in Figure 5, a
speed-up in total test time by about a factor of three is
obtained by using partial configuration alone (Methods
4, 5, and 6) while the memory required to store the
BIST configurations is reduced only by a factor of two.
The speed-up in total test time increases to a factor of
about five using partial configuration memory read-back
while the memory required to store the BIST configura-
tions is reduced by a factor of greater than three. While
retrieving BIST results at the end of a slice test set has
greater impact on total test time, it should be noted that
diagnostic resolution is reduced to the faulty PLB as
opposed to the faulty mode of operation in the PLB
when results are retrieved after each BIST configura-
tion. It should also be noted that it takes more time to
retrieve results when via partial configuration memory
read-back as compared to a scan chain.
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Figure 5. Test time speed-up and reduction in mem-
ory storage requirements for different methods

The speed-up in total test time is also a function of the
device size. This is illustrated in Table 1 which gives
the speed-up for different size FPGAs in the
Virtex/Spartan |1 series using Method 5. As can be seen,
a speed-up of about a factor of three is obtained for
most devices. The larger speed-up for smaller FPGAS is
because the ratio of partial configuration data of PLBs
to full configuration data decreases, as the size of FPGA
increases due to the fixed number of frames associated
with the dedicated block RAMs in the Virtex/Spartan 1l
FPGAs. This trend of a slight reduction in test time
speed-up as the array size increases holds for all meth-
ods that use partial reconfiguration.

Table 1. Test time speed-up versus device size

FPGA Array size | Speed-up
XC2S15 (smallest) | 8 x 12 3.61
XC2S50/XCV50 16 x 24 3.18
XC2S200/XVC200| 28 x 42 3.02
XCV1000 (largest) | 64 x 96 2.86
4. RAMBIST

There are two kinds of memories in Virtex/Spartan Il
series FPGAs: 4K-bit dedicated block RAMs and dis-
tributed RAMSs where the LUTs are configured to oper-
ate in RAM mode. LUTs in a slice can be configured to
operate in three synchronous RAM modes: 16x2 single-
port, 32x1 single-port and 16x1 dual-port. The block
RAMs can operate in five different sizes in both single-
port and dual-port modes: 4Kx1-bit to 256x16-bit [3].
The number of BIST configurations required for testing
the RAMs and hence number of downloads into FPGA
is determined by the number of operational modes.

The architecture used for testing the LUT RAMSs is
similar to the one used for logic BIST (Figure 1). How-
ever, VHDL was used for designing the RAM BIST
architecture with placement of the TPGs, ORAs, and
RAMs under test controlled via a constraint file. Since
different RAM test algorithms were required in each of
the RAM BIST configurations as shown in Table 2, the
VHDL design flow resulted in a different routing struc-
ture (TPG to RAMs under test routing as well as RAMs
under test to ORA routing) for each of the BIST con-
figurations. As a result, partial reconfiguration does not
result in any significant savings in test time over full
reconfiguration since the majority of the frames must be
reconfigured. A total of three BIST configurations per
test session are required to test the LUT RAMSs in the
PLBs. Since there are at most four outputs from the
PLBs with RAMs under test that must be monitored by
the adjacent ORAs, the ORA design can include an in-
tegrated scan chain without any impact on the number
of BIST configurations that must be applied. In this
case, scan chain retrieval of the ORA results is more
efficient than partial configuration memory read-back.

In order to take advantage of partial reconfiguration,
RAM BIST routing must be controlled to be similar for
all RAM BIST configurations. Another approach that
can be adopted to decrease test time when utilizing par-
tial reconfiguration is to add redundant circuitry, taking
into account all modes of testing, so that transition to
next BIST configuration is smoother requiring recon-
figuration of a small number of frames. This approach
however assumes that there are sufficient logic and rout-
ing resources available for adding this redundant cir-
cuitry. This approach cannot be applied for LUT RAMs
because of lack of sufficient logic resources for imple-
menting redundancy. This approach can, however, be



used for testing block RAMs. Seven BIST configura-
tions are required for completely testing the block
RAMs (five single-port and two dual-port test algo-
rithms) [9]. March LR algorithm [17] is used for testing
in single-port modes and March s2pf and March d2pf
algorithms [18] are used for testing in dual-port mode.
While BIST execution times for the different RAM
BIST configurations are in the order of tens of micro-
seconds to hundreds of microseconds, the download
time for each of the configurations is in the order of a
few seconds.

Table 2. March algorithms for RAM BIST

Testing Resource March Test [BIST Time
(mode)
Block RAM March LR 170 us
(512x16 single-port)|(with BDS) [17] H
Block RAM March LR 84 U
(1024x8 single-port)| (w/o BDS) [17] H
Block RAM
(512x16 dual-port) [March s2pT [18]] 34 s
Block RAM
(512x16 dual-port) | V137N d2PT [18] 31 pis
LUT RAM
(16 x2 single-port) March Y [2] 13 ps
LUT RAM
(32 x1 single-port) March'Y [2] 25 ps
LUT RAM
(16 x1 dual-port) |MaCh DPR4]] - 27 s

The BIST execution times excluding the download time
but including the time taken to execute different march
algorithms and time taken to retrieve the BIST results
are listed in Table 2. Four of the five single-port tests
use the same march algorithm except that each of these
configurations traverse a different address space and use
different data widths. If an extra address register is
added which specifies the maximum address up to
which the march sequences have to be generated, all
four RAM modes can be tested with single full recon-
figuration of the FPGA. First, the single-port RAM
BIST configuration which tests in 512x8-bit mode is
downloaded and after running the BIST and retrieving
the BIST results, partial reconfiguration can be used to
test the 1Kx4-bit mode. The TPG has to be reconfigured
to count up to 1024 instead of 512 by modifying the
contents of the address register. The data width need not
be changed as the extra data bits that are generated by
the TPG do not affect the operation of the RAMSs. Also
since the ORA associated with each RAM now com-
pares 4 bits instead of 8 bits, half the bits have to be
ignored when retrieving the BIST results. Since the re-
maining modes and their associated RAM test algo-
rithms are dissimilar, the total number of full reconfigu-
rations to test the block RAMs is four for a test time
speed-up of less than a factor of two.

5. ROUTING BIST

The Virtex/Spartan 1l programmable interconnect archi-
tecture consists of local and global routing resources
consisting of various length wire segments and pro-
grammable interconnect points (PIPs). Four different
types of PIPs are found in the routing architecture:
break-point PIPs, cross-point PIPs, multiplexer PIPs and
switch-box PIPs. A group of switch-box PIPs is referred
to as a switch matrix that provides connectivity between
the adjacent and non-adjacent PLBs (Figure 6). There
are a total of 248 switch-box PIPs in the switch matrix.
There are 70 multiplexer PIPs which vary in number of
inputs from 4 to 24 for a total of 856 PIPs. Associated
with each PLB are a total of 96 Single lines that span 1
PLB, a set of 48 buffered Hex lines that span 6 PLBs,
and 12, Long lines that span the width and the length of
the PLB array [3]. Table 2 summarizes the total number
of routing BIST configurations required to test each
resource targeting specific faults.
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Figure 6. Routing Resources of Virtex FPGA

A comparison-based approach similar to [4] and [10]
was used to implement the routing BIST for this inves-
tigation. This will detect stuck-at faults as well as opens
and shorts at in the wire segments or the programmable
interconnect network. The PIPs are also tested for stuck-
off and stuck-on faults. Stuck-on PIP faults are sensi-
tized by applying opposite logic patterns at both ends of
the PIP while having different ORAs monitoring both
ends of the PIP [4][10].

Table 3. Summary of routing BIST configurations

Resource |#/PLB Faults Detected Configs
Single lines| 96 |stuck-at, shorts and opens| 24

Hex lines | 48 |stuck-at, shorts and opens| 12
Long lines | 12 |stuck-at, shorts and opens| 2
SwBox PIPs| 248 | stuck-on and stuck-off 20
MUXPIPs | 856 | stuck-on and stuck-off | 225

Routing BIST configurations were developed using the
Xilinx bitstream manipulation tool, JBits [16]. The par-




tial reconfiguration file is generated from a design net-
list file of the current routing BIST test phase and full
configuration bitstream of previous routing BIST con-
figuration. Thus, the generated partial configuration
bitstream contains the data frames differing between the
current configuration of the FPGA and the next configu-
ration to be downloaded. For the first routing BIST
configuration, a full reconfiguration of the FPGA is
required while, for subsequent BIST configurations,
only partial reconfiguration with respect to the preced-
ing BIST configuration is required. The regularity of the
routing BIST architecture results in a reduction of the
total amount of configuration data by as much as a fac-
tor of four for some routing BIST configurations when
using partial reconfiguration. It should be noted, how-
ever, that this does not include the overhead of addi-
tional Boundary Scan instructions and operations asso-
ciated with partial reconfiguration. Also, it should be
noted that due to the changes in TPG and ORA loca-
tions as well as the change in routing resource under
test, the reduction in the amount of configuration data
that changes and can be as low as a factor of two be-
tween many consecutive routing BIST configurations.
Therefore, the overall reduction in configuration data
that must be downloaded via partial reconfiguration for
all routing BIST configurations will be somewhere be-
tween a factor of two and four and can be expected to be
closer to a factor of two than four. This ambiguity is due
to the fact that only a portion of the 283 routing BIST
configurations have actually been implemented at this
point in time.

The use of partial configuration memory read-back is
more critical in routing BIST than in logic or RAM
BIST since the additional logic required for the inte-
grated scan chain reduces the number of wires under
test during any given configuration and, hence, in-
creases the total number of routing BIST configurations.
Furthermore, the additional routing resources required
for the scan chain and shift control often conflict with
the wires under test, making the development of the
routing BIST configurations more difficult and more
likely to result in a larger number of routing BIST con-
figurations. The number of BIST configurations given
in Table 2 is based on partial configuration memory
read-back and, as a result, the number of routing BIST
configurations required when using the integrated ORA
scan chain would be higher.

6. SUMMARY AND CONCLUSIONS

A speed-up in total test time can be achieved by using
partial reconfiguration and partial configuration read-
back. Partial reconfiguration requires that we store only
the differences between two consecutive BIST configu-
rations and, therefore, reduces the total memory re-
quired to store the BIST configuration. Proper ordering

of the sequence of BIST configurations allows partial
reconfiguration to achieve the optimal results in both
test time speed-up and reduction in memory storage
requirement. Therefore, it would be useful to have a
procedure to help determine the optimal order rather
than trying all combinations of sequences as was done
in our logic BIST investigation. Partial configuration
memory read-back requires more time to retrieve BIST
results from the ORAs than the integrated ORA scan
chain approach but eliminates the need for additional
BIST configurations due to logic and routing resource
restrictions imposed by the integrated ORA scan chain.

The test time speed-up for Virtex and Spartan Il FPGAs
obtained with partial reconfiguration and partial con-
figuration memory read-back is most pronounced in
logic BIST where the speed-up in test time was shown
to be a factor of five. A test time speed-up of factor of
two is obtained for RAM BIST and at least a factor of
two speed-up is expected for routing BIST. Given that
there are a total of 324 BIST configurations (28 for
logic BIST, 13 for RAM BIST, and 283 for routing
BIST), we can expect a total test time speed-up by a
factor of somewhere between two and three and a re-
duction in the total memory requirements to store the
BIST configurations by about the same amount. These
results are significant for both manufacturing and in-
system testing of FPGAs.
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