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To shorten the time to market (TTM), mega-gate ASIC
designers have the opportunity to use predeveloped
functional modules, today available on the market, called
Intelligent Properties (IPs). This technique can be
compared to the design of a MCM (Multi Chip Module)
and a PBA (Printed Board Assembly), from now on
called a board. Here the predeveloped functional modules
are catalog ICs, in combination with PLD
(programmable modules) and ASIC (customized
modules).
This paper proposes a versatile DFT architecture [4] [11]
to support complete self test of mega-gate ASICs and
boards. The DFT architecture involves an automatic and
independent two step implementation procedure:

• Implementation of the DFT hardware structure (as
part of the functional development).

• Generation of the test vectors.

The DFT architecture proposed can be utilized as part of
a system test architecture [3] [7].

���72�+$1'/(�7+(�*52:,1*�&203/(;,7<

Test of ASICs with full or partial Scan (virtual needles)
have been used for a long time. With ASIC designs in the
size of several mega-gates, will it still be possible to use
Scan as the number one method for test ? The answer is
no ! The use of Scan is based on development at the gate
level. But the complex mega-gate ASICs designs must
use a mixture of IPs and customized ASICs (to handle
the complexity and the time to market demand).
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IPs are normally the property of the creator and the logic
structure of IPs can be foreseen to be unknown by the
user. One reason to use IPs is to save time. Maximum
time saved is gained if IPs are designed for testability,
preferably in the form of BIST. Then the user does not
care about the physical realisation.
Mega-gate ASICs comprising IPs are becoming very
similar to boards. So the question is if it is possible to use
the same method for test of mega-gate ASICs as for
boards ? The answer is yes, so we propose a DFT
architecture that can be used for boards, mega-gate
ASICs and IPs.
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Why are Scan and BST so popular ? One reason is that
the implementation can be done in two independent
steps. 6WHS����GHVLJQ�LQGHSHQGHQW�� The physical test
structure can be inserted for any type of digital design, as
long as a few basic design rules are followed. 6WHS��
�GHVLJQ�GHSHQGHQW�� Test vectors are created
concurrently with the design work.
The proposed test structure support this two step
implementation procedure. It supports total and
hierarchical BIST, performed with the ETP. Complete
BIST makes it possible to reuse the test at any time
during the life cycle time. It is combination of already
known test methods and technologies, it is how the parts
are combined that opens the door for a test method as
”one type fits all levels”.
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It divides the design, from test point of view, into an area
of interconnections and a number of functional blocks
and it is composed of the following main parts as (also
see fig. 1):

• An embedded tester which can be supplied in form of
an IP module (with its own BIST).

• One standard 1149.1 [1] [9] Boundary Scan (BSN)
chain around the boundary of the design. The BSN
chain is connected to the embedded tester.

• One or more internal Boundary Scan (IBS) chain(s)
connected to the ETP in the embedded tester.



All these parts are inserted as part of a synthesis
operation. Both the BSN and IBS chains are composed of
1149.1 BST cells.

The embedded tester is composed of the following main
parts as:

• One Boundary Scan Interface (BSI) including the
1149.1 TAP controller, the bypass register, the
instruction register, the data registers and the
multiplexer for the output TDO.

• One Embedded Test Processor (ETP). It carries out
all test stimulus used for test of interconnections and
performs all test analyses. It is a compact µPr [8]
optimised for embedded usage.

First after the development of the design is ready, the
program for the ETP is created. The program defines the
test operations in the same way as the test vectors when
an external tester is used. The program can be created in
a similar way as ATPG.

The functional blocks can be a mixture of IPs and user
specific. To keep the size of the test program in the ETP
as small as possible, each block of logic shall have its
own BIST implemented. The internal BSN chains can
only be accessed through the ETP.

Figure 1 shows an example of the DFT architecture when
four functional blocks and two IBS chains are used.

 = BSIB

BB

BB

B

 = ETPE

E

 = BST cell

 = TMUXM

 = block of user logic

Area with four functional blocks and
two IBS chains.

Area with the Embedded tester.

The BSN chain.

Fig. 1. The DFT architecture.

One or more of the four functional blocks can itself
consist of a DFT architecture as shown in figure 1. This
implies that the DFT architecture can be hierarchical
with for example two or more ETPs.
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Fig. 2. The embedded tester.
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It is composed of the following main parts as (see fig. 3):

• One multiplexer (TMUX) which is incorporated into
the 1149.1 BSN chain.

• A BSN interface for the BSN chain.
• IBS interfaces for all the IBS chains.
• A compact µPr [8].
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Fig. 3. The ETP.

The TMUX is a standard 2 to 1 multiplexer. The
multiplexer is connected into the BSN chain as described
in figure 3. This multiplexer is the only part of the DFT
architecture that introduce a small modification, in terms
of logic, of the standard 1149.1 BST architecture.

The TMUX makes it possible for the ETP to carry out
test of all the interconnections between the BSN chain,
surrounding the boundary of the total design, and the IBS
chain(s). As long as the ETP is not carrying out any test,
the 1149.1 input TDI is connected to the output of the
TMUX (select=0). As long as the ETP is carrying out test
of the interconnections (select=1), the ETP can force test
patterns into and read the responses from the BSN chain.

The ETP has the capability to:



• Test the interconnections between blocks and between
blocks and pads. The fault types tested for are opens,
bridges and stuck-at.

• Activate BIST function(s) embedded in the functional
blocks and read back the test result(s) or the final
signature(s).

• For functional blocks without BIST. It is possible to
use the ETP to perform a total test of such blocks, the
number of such functional block should be limited.

We have chosen that the ETP uses pseudorandom test
vectors [2] [6] [10] and some repetitive deterministic test
vectors to test the interconnections.

It is important to keep the total size of the ETP small.
This implies that the total size of the program for the µPr
should be limited to a few kwords. For this reason, the
BSN interface and the IBS interfaces are introduced to:

• Keep the total size of the µPr program within an
acceptable number of kwords, this without losing the
flexibility of the DFT architecture.

• Enable concurrent test activities (with just one µPr).

The IBS interfaces includes both setable LFSRs/MISRs
and small controllers to handle the different TAP
controllers in each BSI in the IBS chains. With the small
controllers, the handing of the TAP controllers, placed in
the IBS chains, are reduced into 8 instructions in the µPr.
Several of the sequences carried out on demand by the 8
instructions are very similar to each other or simple. The
eight different sequences, where the first three points
cover six of the eight sequences, are:

• Change state from ”Run_test Idle” to ”Shift-DR(IR)”,
perform the number of shifts defined and after all
shifts carried out continues to state ”Pause-DR(IR)”.

• Change state from ”Pause-DR(IR)” to ”Shift-
DR(IR)”, perform the number of shifts defined and
after all shifts carried out continues to state ”Pause-
DR(IR)”.

• Change state from ”Pause-DR(IR)” to ”Shift-
DR(IR)”.

• Change state from ”Test-Logic Reset” to ”Run_test
Idle”.

• Set the TAP controller in the home state ”Test-Logic
Reset”.

The small controllers in the IBS interfaces must also
have a setable count down counter, this counter is used to
keep track of the number of bits to shift when in state ”
Shift-DR(IR)”. The counter is loaded by the µPr as part
of the setup before activating four of the eight
commands.

A setable LFSR/MISR is also needed in each IBS
interface. It is used, when in state ” Shift-DR(IR)”, to
define the sequence of patterns shifted into a IBS chain.
The function of the LFSR/MISR is defined by the µPr as
part of the setup before activating four of the eight
commands. When used as a pattern generator: The

parameters set by the µPr are the start vector and the
algorithm to use. The algorithm set can create a pseudo-
random pattern or a deterministic pattern as for example
”000...”, ”111...”, ”1010...” or ”1100...” a.s.o. To
improve the handling of random pattern resistant faults,
bit flipping capability can be built in [5]. When used as a
signature generator: The parameter set by the µPr is the
start value. By using the IBS interface in the ETP: To
define each operation to carry out at a IBS chain, it is
only necessary to save a maximum of 4 words as part of
the program for the µPr.

The BSN interface, it is designed and used in the same
way as an IBS interface. It always consists of only one
channel.
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Lets use the design in figure 1 to describe one (of many)
possible test procedure to program the ETP to carry out.
A test procedure can consist of 5 points executed in the
order as follows. For each test point executed, the ETP
ends the test by saving the test result (as a signature) in a
readable register in the IBS interface (part of the ETP).

1. Command from external: Through the BSI interface
in the ETP, set up a 1149.1 RUNBIST command to
the BIST logic in the ETP. The ETP tests itself, after
ready it waits for next possible command.

2. Command from external: Through the BSI interface
in the ETP, set up another 1149.1 RUNBIST
command that activates the ETP to test the entire
design. The ETP translates the received command for
BIST into a set of software controlled test activities
and test commands. The tests carried out are as
follows.

3. The ETP tests that the BSN and IBS chains all are
operational. if so continue to next point, else halt.

4. By using the BSN and IBS chains: The ETP tests all
the interconnections between the IBS chains and
between the IBS chains and the BSN chain. This test
can use a mixture of pseudorandom and deterministic
test patterns. If no faults are detected, continue to
next point.

5. Time to test all the functional blocks. For the
functional blocks with BIST: The program in the ETP
defines when the different  BISTs shall be carried out
and how many BISTs that shall be activated to run in
parallel. Each BIST is activated with a RUNBIST
command through the IBS chains. After the BIST
finished, the ETP reads back the result of each test, by
using the IBS chains.
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The procedure to implement the total DFT architecture
can be divided into two main steps:

1. Step 1: Implementation of the hardware structure. It
is design independent, ie. it is generic. The operation



can be compared with the insertion of scan chains
when using full scan.

2. Step 2: Creation of the test vectors and scheduling of
how the tests are carried out. It is design dependent. It
can be compared to ATPG when using an external
tester.

Step 1 is both performed before step 2 and independently
of step 2.

Step 1: It is performed as part of the design work. For
each user created functional block, surround it with a
BST chain (to be part of a IBS chain) and a BSI.
Normally should also an embedded BIST be created for
the functional block. For IPs used, they should already
have the BST architecture around the boundary and an
embedded BIST. For certain types of regular functional
blocks as memories and datapaths, the ETP can be used
instead of an embedded BIST. Define the number of IBS
chains to use, the number of functional blocks in each
chain and the order the functional blocks are inserted in
each IBS chain. The ETP is instansiated in the design as
a firm IP.

Step 2: It is performed after the design work is ready.
Now is the order of test operations scheduled. After some
setup data has been filled in by the person running the
tools used, the program for the µPr, in the ETP, is
created automatically. In the case where the ETP shall
carry out the BIST for one or more functional blocks. It
may be necessary to write this part(s) of the test program
by hand.

Since ”step 2” only affects the contents in a ROM, it is
possible to wait after the layout is ready, before creating
the final version of the part of the test program used to
carry out the test of all the interconnections. The
opportunity to take the final layout into consideration
makes it possible to sometimes improve the level of fault
coverage.

Compared to normal operation, execution of a test
normally creates much higher activities (logical
switching) in the design tested [2]. Scheduling of the
Power dissipation must be a part of the ”step 2” creation
of the test program to be used by the ETP, this to avoid
hot spots and other possible damages and problems
during the test execution.
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Test the DFT architecture on a design,
this to investigate how it performs. Implement setable
pseudorandom generators and response analysers, this to
investigate the area overhead needed to incorporate such
functions into an ETP.
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The article has proposed a self test approach based on a
systematic DFT architecture which uses an ETP as a
master. The DFT architecture is created with the purpose

to be useful to test mega gate ASIC designs and boards.
The DFT architecture supports both production test and
maintenance test. The proposed DFT architecture only
introduce a small modification, in terms of logic, of the
1149.1 boundary scan standard. The hardware part of the
DFT architecture can be implemented before the software
part is defined. The hardware part can be implemented as
part of the normal synthesis. The software part, which
defines the behaviour of the ETP, it only affects the
contents in a ROM. This implies that the number and
order of test operations and also the pseudorandom
stimuli generation algorithms, which all are software
controlled, can be defined without affecting the hardware
part of the DFT architecture.
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