A DFT architecture for total BIST of mega-gate designs
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are called intelligent property (IP). During 1995, about

ABSTRACT 11% of the bigger ASIC circuits comprise blocks of type
This document propose and motivate a systematic IE. Dataquest has predicted tr_\at dgring 1997 this v_aIue
DFT architecture that can be useful in very large will increase to about_ 21%. With this trlend, the design of
ASIC or MCM designs to handle total BIST. The c_omplex integrated C.IrCUItS are becoming more and more
architecture uses BIST for test of the internal logic, similar to todays design of MCMs, where IP at the ASIC
boundary scan based pseudorandom BIST for test of level can be compared to bare dies at the MCM level.
the interconnections and an Embedded Test Processor | N€ conclusion is that the use of IPs is increasing

(ETP) to manage all the different test operations. because it is a way to shorten the implementation part of
the design workHow will the use of IPs affect the

1. INTRODUCTION verification and test creation part of the design work ?
At ITC 1996 the vision "year 2001 will digital ASIC It is very time consuming to functionally correct a design
designs be of the size 26 million transistors” was developed by other persons. Since it can be expected that

presented. We propose a systematic DFT architecture the producer and the user of an IP normally is not the
useful for test such mega-gate design by a self test same person, the logical function of an IP must be fully
approach. The DFT architecture is composed of alreadyverified already when being implemented.
known DFT methods and has an architecture similar toaa : T o

iming verification is dependent on accurate timing

boundary scan (BSN) based MCM. It uses an embeddem]:?rmation. The size of the silicon processes, used at

test processor (ETP) [4] as a test master. The ETP is use . . !
to translate an external command for BIST into a set of production, are decreasing all the time and today a lot of

software defined test commands and test operations. T foduction is performed in the process size (35
P ' qready at this process size, most of the timing is defined

test program is saved in an embedded ROM. To keep the " . o
hysical size of the ETP small, the size of the ROM musb[y the mterconnecn.onls ar_ld not by the logic itself. T.O be
physic : able to extract the timing information needed to verify
be limited. To be able to keep the ROM small, a few o . . L
. . : . .the timing for deep submicron designs, it é&cessary to
basic design rules are introduced. We describe the design .
. . . erform a layout. It takes a lot of computational power to
rules and also discuss and motivate why the design rules S
are introduced perform a complete Ia_ygut of a mega-gate design, i.e. it is
. ' . a time consuming activity. A guard band must also be
Finally we also show that the proposed DFT architecture . O .
introduced if the extracted timing information, from the
also can be used to fully test MCMs. : . .
physical layout, has an uncertainty. The size of the guard
2. MOTIVATION pand is (_jependent on the accuracy of the extracted timing
. ) ) ] information. To get maximum possible performance (i.e.
verification and test creation. Implementation signifies 4t |east minimised. A way to avoid the time consuming
the work to create the logical functions as stated in a  |ayouts and minimise the size of a guard band, is to use
specification. Verification signifies the work to verify |ps that has predefined layouts (hard macros). IPs with
that the implemented logic fulfils the specification in  predefined layouts have the drawback that they must be
terms of functionality and timing. Test creation signifies created specifically for each process used and they will
test vectors. shapes are available for IPs with predefined layout, the

An ASIC circuit of the size 26 million transistor has a  €xtra physical area introduced is reduced. The advantage
complexity similar to a MCM. To be able to fulfil the with using IPs with predefined shapes are: 1) High level
demand "time to market”, such an ASIC design needs tgimulation models for the IPs, can also be used during
contain a certain amount of already designed logical ~ timing verification of the design (much shorter

modules. This type of logical module already exists and Simulation times). 2) The extraction of the timing



information is only needed for the interconnections and ETP as small as possible, each block of logic shall have

the user created logical blocks. Thiswill speed up the its own BIST implemented. The internal BSN chains can
layout work, thissince all the IPswith a predefined only be accessed through the ETP.

layout can be handled as empty black boxes. The O _

advantages with a predefined layout seems to over ride = user logic

the drawbacks. =ETP =TMUX (Test MUX)

Who can be responsible for test creation of IPs ? For an

IP that has a predefined layout, the producer must be . =BSl O =BSN cel

responsible for the test creation. No matter if the layout is
predefined or not, a description of the implementation
itself is probably not public information. If an IP without B
a predefined layout is used and the user has thetimeto
do thetest creation, thereis always arisk that the desired

fault coverage isn't reached. Only if the producer himself 1149.1 BSN BSN with ETP
does the test creation, the level of fault coverage and
performance can be optimised. a) b)

But what DFT method should be used for IPs ? BIST has  Fig. 1. Standard 1149.1 BSN and BSN with ETP.

the advantage that the external interaction needed, to . . .
; L o he ETP is connected between the internal BSN chains
execute the test, is very limited. The drawback is that thgnd the BSI. To activate BIST in the blocks of logic, the

IP’s own BIST only test the logic within the logical block ETP uses the internal BSN chains. To test the

but not the interconnections between blocks. SCAN has. ) .
the advantage, if used for all the logical blocks, that it interconnections, the ETP uses all the BSN chains. The

tests both the logical blocks and the interconnections ETP is activated, through the BSI, by sending a 1149.1

between the blocks. SCAN can’t be used for high densit SN compatible BIST command to the BSI.‘ The ETP
logical blocks [2] such as memories and also has the ranslates the external command for BIST into a set of

drawback that the external interaction needed, to exec W rf]t_vvsrte ctontrolled t;“St ac(;|V|t|t§§t§ndt;]esfzc_:rol:r)‘nrﬂalr:ds.
the test, is high. A mega-gate design would probably Ich test commands and activities the shall carry

include some high density logical blocks. For a mega- out can be defined after the layout of the design is ready.
gate design: A DFT architecture that use BIST for test ofigure 2 shows an example of a design using the DFT

logic and boundary scan based BIST for test of architecture and a "user logic” area consisting of four
interconnections seems possible to use. logical blocks and two internal BSN chains.

3. THE DFT ARCHITECTURE =ETP =TMUX

The DFT architecture consist of a hardware part (as . =BS O =BSN cell

shown in figure 2 and a software part. The software part
is the program that controls the ETP. The DFT
architecture divides the design, from test point of view,
into an area of interconnections and a number of blocks
of logic. The DFT architecture is composed of the
following main parts as:

e Astandard 1149.1 [1] Boundary Scan (BSN) around
the border of the design as indicated in fig 1a.

» One multiplexer (TMUX) which is incorporated into
the 1149.1 BSN chain as indicated in fig 1b.

» One Embedded Test Processor (ETP) [4] which is
included as indicated in figure 1b.

» One or more internal BSN chains connected to the
ETP as indicated in figure 2.

The BSN interface (BSI) includes the TAP controller, the
bypass register, the instruction register, data registers and
the multiplexer for the output TDO.

B
blocks of logic and the interconnections between the  Fig. 2. The DFT architecture with BSN and ETP.

The area "user logic” in fig. 1, consists of a number of

blocks. The blocks of logic can be a mixture of IPs and

user specific. To keep the size of the test program in thérhe ETP has the capability to:



» Tedt theinterconnections between blocks and between
blocks and pads. The fault types tested for are opens,
shorts and stuck-at.

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

We have chosen that the ETP uses pseudorandom test
vectors to test the interconnections. One or more of the
four blocks shown in figure 2 can itself consist of a DFT
architecture as shown in figure 2. Thisimpliesthat the
DFT architecture can be hierarchical with for example
two ETPs as shown in figure 3 where ETP E1 is a master
over E2.

If the DFT architecture shall be used in an MCM: We
propose that the ETP, BSI and TMUX are merged into
one |C placed on the substrate. We al so propose that the
BSN cells, as small integrated circuits, are placed in
conjunction with all the bonding pads around the border
of the substrate. The BSN cell circuits should be placed
on the substrate or, if possible, embedded into the
substrate. The blocks of logic shall be designed in the
same way as when used in a mega-gate ASIC design.

The DFT architecture can be connected to a hierarchical
test architecture as[3] or [7].

*_ _user logic ’

..... - -

------ ﬂéTo/from inter-

select nal BSN chains
TMUX ETP
Tothe ! From the
BSN BSI BSN chain
chan ‘l
TDI TCK TMS TDO

Fig. 4. The connection of the TMUX.

The TMUX isintroduced to make it possible for the ETP
to perform test of all interconnections between the 1149.1
BSN chain, surrounding the border of the design, and the
internal BSN chains. Aslong asthe ETPisnot carrying
out test of interconnections, the input TDI is connected
to the output of the TMUX (select=0). Aslong asthe
ETPiscarrying out test of interconnections (select=1),
the ETP can force test patternsinto the 1149.1 BSN
chain.

3.2. The ETP

To minimise the area overhead for the ETP, it should be
a compact pUPr optimised for embedded use. The ETP
should also be easy to test through the BSI. There exists
already, on the market, uPrs optimised for embedded
usage. An example of such a uPr isthe uRISC [8] from
Nordic VLS| AS. The uRISC isdesigned as 4 hit dices,
where a dlice can be used to create a 4, 8, 12 or 16 bit
UPr. The uRISC has a Harvard architecture and has a
total of 31 instructions where most of the instructions
execute in one clock cycle. The different blocksin the
MRISC has embedded BIST functions. The uRISC is
designed to work with an operation frequency in the
range 0 to 40 MHz. Thetotal number of general purpose
registers are 16 and it can use 64 /O addresses. The
MRISC with an 8 bit ALU coreand in a 1 um process has
the physical size as defined in the table to follow. The
width of the ROM is 16 hits and the width of the RAM is
8 hits.

Fig. 3. The DFT architecture with two ETPs, E1 and E2.

3.1. The TMUX

It isastandard 2 to 1 multiplexer. The multiplexer is
connected into the standard 1149.1 BSN chain and
connected to the ETP as described in figure 4. This
multiplexer isthe only part of the DFT architecture that
introduce a small modification, in terms of logic, of the
standard 1149.1 BSN architecture.

ROM (words) RAM (bytes) | Area(mm?
1024 64 3.3
2048 128 4.4
4096 192 6.2

Table. 1. Sizes of a uRISC with different ROM and
RAM sizes

Compared to a standard uPr, the ETP should also have
the following functions:

» TAPinterface(s) for theinternal BSN chain(s).

e Generate pseudorandom test patterns.

» Both compact the test responses into one or more
signatures and analyse the generated signatures.



To minimise the time needed to execute the total BIST of
the design, the ETP should have one TAP interface for
each internal BSN chain and each TAP interface should
include one pseudorandom generator. Each TAP
interface can be setup with the parameters:

» Thelength of the test operation, thisin number of
clock cycles on itsown TCK.

e The start pattern in the pseudorandom generator.

e Thealgorithm to use in the pseudorandom generator.

The ETP fetches al parametersrequired from the
internal ROM. After all settings are ready: Without any
interaction from the ETP, the TAP interface carries out
the set operation.

At end of areset, the ETP automatically testsits own
functionality. Theresult from the test isa signature. This
signature can be read from through the BSI.

3.3. The internal BSN chains

Theinternal BSN chains are composed of chains of
1149.1 BSN cells. They do not include pads for bonding.
The standard 1149.1 is selected due to that it isan
existing standard that use a serial interface (low area
overhead) and it is optimised for test of interconnections.

Independently of the number of internal BSN chains and
the number of ETPs, each BSN chains shall always be
connected to one ETP.

3.4. The blocks of logic

The stack-at fault model is optimised for single errors.
The presence of multiple faultsin atest may reduce the
total fault coverage of the test program [2]. Since each
block of logic hasits own BIST function, the probability
for multiple faults are reduced. The BIST implemented
in each blocks of logic, it can be a SCAN based BIST [5]
[6] or any type of BIST. All blocks of logic shall be
connected to one of theinternal BSN chains, as shown in
figure 2. Each block of logic shall have a BSI and be
surrounded by a chain of BSN cells. During test, the
chain of BSN cells are used to isolate the block of logic
from the rest of the design. The BIST shall be possible to
activate through the BSI and the test result, or created
signature, shall be possible to read through the BSI. The
test carried out by the implemented BIST, shall cover
everything surrounded by its own chain of BSN cells. To
be able to do this, during the execution the implemented
BIST function must useits own BSN chain.

4. FUTURE WORK

Test the DFT architecture on a design, thisto investigate
how it performs. Implement setable pseudorandom
generators and response analysers, thisto investigate the
area overhead needed to incorporate such functionsinto
an ETP.

5. SUMMARY

The article has proposed a self test approach based on a
systematic DFT architecture which uses an embedded test
processor as a master. The DFT architectureis created
with the purpose to be used to test mega gate ASIC
designs and MCMs. 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 embedded test processor, only affects the contents
in a ROM. Thisimplies 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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