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VALIDATION AND TEST TIME REDUCTION APPROACH FOR BUILT-
IN-SELF-TEST AND REPAIR OF MEMORIES VIA A SHARED
INTERFACE

A memory built-in self-test and repair (MBISTR) is a key component in improving a
system-on chip (SoC) yield under daily raising new challenges in IC industry where
memories very often make up the bulk of a SoC. Once a given SoC has a huge number of
memories, it iS convenient to test them via a common test network. Meantime, some
designs do not allow to insert this network into an already existing functional design via
adding new nodes in the existing paths but do allow to add it to the design via already
existing functional connection interfaces instead. For example, a shared interface for
connecting a central processing unit (CPU) and cache memories in SoCs is already used for
testing these memories via special MBISTR engines connected to this shared interface.
These MBISTR engines have specific features which may impact essentially the validation
and test time.

A way for validation and test time reduction is proposed in this paper for the multi-
port memories connected to MBISTR engine via a shared interface.

Keywords: memory BIST, test and repair, multi-port memory testing, shared bus
architecture, test and validation time reduction, system-on-chip, parallel testing.

Introduction. The experience of several decades shows that the Built-in
self-test (BIST) solutions keep up the IC reliability and yield [1]. Once up to 80%
of a system-on-chip (SoC) may consist of memories [1] which in that case have a
high impact on the SoC yield, one of the possible solutions could be the use of the
memory BIST (MBIST) infrastructure [2,3]. This infrastructure has multiple
advantages and some of them are listed below:

¢ A unified interface with MBIST engine (processor) which wraps memory
peculiarities via a special component of the infrastructure named “wrapper” (Fig. 1)
and allows to use the same processor instructions for essentially differing memories.
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Fig. 1. MBIST processor

e A possibility of merging different processing components of the
infrastructure which in the SoC are located sufficiently far from each other in one
common test network via a special component named “server”. Moreover, it
becomes possible to build a hierarchy of test levels within the network and
combine parallel and sequential test of sub-networks inside the network.

¢ A possibility of merging the test of memories, logic BIST and the test for
analog and mixed signal IPs in one network.

e A simultaneous use of different test algorithms within the same test network.

Meantime, the insertion of this infrastructure into a functional design of the
given SoC might not be desirable for some customers due to an impact on the
reliability and yield of the SoC. In such cases it is preferable to perform built-in test
via an interface shared between the functional design and MBISTR [4, 5].

The usage of shared interface has some limits and the deep validation of it
must be applied. Testing memories through shared interface takes a relatively long
time compared with SMS where the user can test all the memories in parallel. In its
turn, the test time has a direct impact on the validation time.

In this paper the memory testing and validation methods are discussed for
shared interface architecture. The first paragraph describes the structure of SoC
with shared interface. The second and third paragraphs are related to algorithm
execution on this architecture. Hence, the validation steps are pointed out. In the
last chapter an optimization method is suggested which reduces the validation and
test time for multi-port memories.

1. Shared interface architecture. Testing memories can be applied using
the functional connections existing in SoC. In this architecture SoC consists of
shared interface and the memories. As shown in Fig. 2, there are functional connections
between that interface and the memories. The main question is how to test these
memories using the existing connections.
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To test these memories, information about memory locations is required [6].
Using that information, it is possible to apply test algorithms under considering the
limits of the functional connections. In general, the mentioned information should
contain the shared interface and memory related descriptions in some specified

format.
Mem Mem
Shared P2 P2
Mem
Interface Memory P
P1 Mem Mem
P2 P2
Mem Mem Mem Mem Mem Mem
P2 P2 IP3 IP3 IP3 IP3
Mem Mem
P2 P2 Memory IP 4
System on Chip

Fig.2. SoC with memories

2. Test algorithm limitations. The architecture specific limitations may
exist in the SoCs with shared interface. Some memory ports can be unreachable to
that interface or have indirect connections which might change the algorithm
execution sequence. Thus, the definition of test algorithms for the case should take
into account the peculiarities of the considered architecture.

Application of test operations inside a given algorithm for the considered
case also has some specifics.

3. Test operations. The operations used in test algorithm are applied
through the shared interface. To implement single read and write operations the
corresponding connections should be present in SoC (Table 1, Fig. 3).

Usually the chip-select control for multiple memory instances is implemented
via the address bus bits. The “i” in the third line of Table 1 is the corresponding
address bit on the shared interface.

Table 1
The bus to memory connections
Bus Memory Port Operation
WE 1 WE Write
RE 1 RE Read
ADDR 1]i] CS Chip-select
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If the memory has multiple read and write ports, all read and write ports
should be connected to some of the interface outputs. If the memory has two read
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Fig. 4, otherwise the memory test is forced to work with the memory as with a
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4. Validation. Once the MBISTR engine is created, it should be validated:
whether the memories in the SoC are tested properly. The validation of such
systems includes the generation of the SoC, MBISTR engine, and specific steps of
simulation for test algorithms and test environment. From this point of view the
SoC generation should create memories with corresponding connections to the
shared interface. Next, the MBISTR engine generation step should create a
corresponding controller or processor which applies test algorithms to the SoC

Fig. 3. The bus to the memory connection for a single port memory
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Fig. 4. A multi-port memory connection

memories, i.e., should execute these algorithms.
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The validation flow has also other steps such as logic synthesis and post
synthesis simulation steps which do not impact the considerations in this paper and
are not discussed here.

5. A proposed solution. For increasing the scope of validation of the MBIST
processor, the SoC generation scenarios must sensitize a large number of different
cases, particularly, covering an important branch of testing multi-port memories.

In general, the multi-port memories require more than one driver on the
shared interface. For example, if there are two dual-port memory instances which
have 64-bit data port (Fig. 5), the shared interface must have two 64-bit data buses.

The simplest way of testing multi-port memories is to apply test algorithms
on each memory port for each memory instance located in the SoC. As it was
noticed above some of the MBISTR engine buses are factually unused during the
validation of test functionality which leads to additional test time and, thus, test
time wise is not efficient.

ADDR_A[6]
l A
ADDR_A[5:0] ADDR_A[5:0] ADDR_A[6:0]
! i DATA_A[63:0]
—» DB ADDRA CSA CSA ADDRA DA
L—— | WEA WEA WE_A
Mem 64x64 Mem 64x64 WE B MBIST
— | WEB WEB = Controller
—> DA ADDRB CsB csB ADDRBI DB SATA BI630]
ADDR_B[5:0] ADDR_B[5:0]
ADDR_B[6:0]
I B
ADDR_B[6]

Fig. 5. Two dual-port memories with MBIST controller

On the other hand, there are algorithms that use different ports of one
memory instance simultaneously during the memory stress test when the MBISTR
engine buses are used for. Nevertheless, it is possible to optimize validation time
for the cases, where only one of the memory ports is used.

Let’s suppose that an algorithm’s execution time is Ta for one port. It is
evident that the test time of this algorithm for two dual-port memories is 4T when
each port is tested separately. This time can be reduced if different memory ports
of different instances are tested at the same time. To perform this, an additional
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switching logic should be added to the MBIST processor. This switching
mechanism decides whether the access sharing between multiple memory instances
is possible. For the described case, the simulation time is twice reduced by setting
different chip select (CSA,CSB) values on the memories. As a result, the test
sequence will be executed in this order.

e Run test algorithm with CSAO := 1, CSA1 :=0; CSBO := 0, CSB1 = 1.

e Run test algorithm with CSAO := 0, CSA1 :=1; CSBO := 1, CSB1 :=0.

Finally, if there are N=pk memory instances (k is a natural number) with p > 1
ports, the test time will be reduced by p times.

In fact, the switching unit in the MBIST processor controls the chip select
sharing mechanism. It distributes memory chip select signals if the algorithm does
not require multiple port access.

Without loss of generality, further considerations will be carried out for
three-port memories. The conventional and proposed approaches for testing these
memories through A,B and C ports are presented below (Fig. 6, Table 2).

ADDR_C
ADDR_B
ADDR_A . )
L B L B L B
A c ||A C A C
Memory 1 fe— Memory 2 f— Memory 3
Fig. 6. Connection of three port memories
Table 2
Test Sequence Execution
Step Access Port Access Port
Conventional Method Proposed Method
1 Al (A port, first memory) A1,B2,C3 (3 different memories)
2 B1 (B port, first memory) A2,B3,C1 (3 different memories)
3 C1 (C port, first memory) A3,B1,C2 (3 different memories)
4 A2 (C port, second memory) -
5 B2(C port, second memory) -
6 C2(C port, second memory) -
7 A3(C port, third memory) -
8 B3(C port, third memory) -
9 C3(C port, third memory) -

Via this approach, the number of test sequence executions is reduced from 9
to 3. If there are 6 three-port memories, the number of iterations is reduced from 18
to 6. To activate these A, B and C ports, the corresponding chip-select values should be
applied in such a way (Table 3).
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Table 3
Testing three-port memories

STEP Chip Select Memory 1 Memory 2 Memory 3
CSA Active Inactive Inactive
1 CSB Inactive Active Inactive
CSC Inactive Inactive Active
CSA Inactive Active Inactive
2 CSB Inactive Inactive Active
CSC Active Inactive Inactive
CSA Inactive Inactive Active
3 CSB Active Inactive Inactive
CSC Inactive Active Inactive

Actually, the shortening of the validation time reduces on-chip test time too.
The switching unit allows the memories to be tested in parallel. Thus, the additional
hardware which makes the validation faster does not affect actual memory testing
but improves it.

Note that this approach is not applicable for the test algorithms which require
access to few memory ports simultaneously, e.g., for testing the memory under
stress conditions when an initial approach to the test should be used.

Let us consider an example when there are 10 test algorithms and 2 of them
have simultaneous operations on multiple ports (Fig. 7). For the rest - 8 test
algorithms, only one port is used during the test run. We consider a memory with
1024 words; each operation takes one cycle on each word. In the initial case where
no support is present, each algorithm spends Ta; time. Using the proposed
approach, the 8 algorithms will be run two times faster than the initial algorithms.
The overall test time is reduced by 37.72%.

Test time for different algorithms (cycles)
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Fig. 7. Test time reduction for dual-port memories
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This solution is not applicable for the flows where there are no test algorithms
accessing only one of the memory ports.

Conclusion. For multi-port memories tested via a shared interface a
corresponding MBISTR engine validation method is suggested for test algorithms
that do not deal simultaneously with multiple ports. This method requires some
minor changes in the MBISTR engine and reduces the validation time p times as
well as the on-chip test time where p is the number of memory access ports.
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U.4. fFULUBUL

CUXZULNRC TUNNRPAY, UPUSYUD 2PTNN, UULLECE LEMYUNNP8YUD
PBUSUYINrUUL zUUTYU AP JUIEIUSUTL G £6USUYNCUTUL
dUUUTLUYDh U KUSUUL UNSE3NRU

Zhonn uwpptph tkipjuemigws phunuynpdwi b Jepwinpnquut hwdwlupgp
(MBISTR) Ywplnp pununphs E pnipkinh kjph winfnup pupdpugibint hwdwp' hinkgpu-
1uyhtt upubdwttph wpynibwpbpmpjut tnputinp ywpunwhpuygbpibph yuydwtubponud, np-
wbn hhpnn uwwppbpp ghpwlphe dwu &b juqdnd Bi: Zudwupgnid wnju puqduphy
hhpnn vwpptpp hwupdwp £ uinnigh) pinhwinip phunuwnpdw guugh dhengny: Uhlitinyu
dudwtwy, npnowilh twhiwgstpnid sh poyjunpynid wybjugul)] wju phutnnwynpnn gugp
tnp Upwgmulipny, thnjuupbip’ wowewnltim] oqunugnpéty wnljw $nillghniury Uhugnid-
ubkpny htnbpdbjuubtpp: Ophtuly, YEtnpnbiwlub dpwljdwt hwiqnygp (CPU) b php hhonnni-
pintuttinp hpwp dhwgunn punhwinip juwninht b juwnin dhwugyws hwwnnity MBISTR
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hwdwlwpgbpt wppkb hull oginugnpdynid ku uwyn hhonnnipniuubpp phunwynpbint hw-
dwp: Uju MBISTR hwdwlupglpt niubkt npnowlhh wnwdtwhwwnlnipniuttp, npnup Ju-
nnn ku qquph YEpwny wqpt] Juytpugdwt b phunwynpdut dudwiwlh Jpu:

Unwownyynud k pinhwnip juwninnit dhwgdus puquuuynpun hhonnnipniutbpp
ptunwynpnn hwdwlwpgh Juykpugdut b phunwdnpdwt dudwbwlh Ypdundwi Un-
wnbgnid:

Unwbagpuyhl punkp. hhpnnmpnibibph phutnudnpnud, phunwynpnid b Jkpuitin-
pngnud, puquuwnpun hhonnnipinitiibph phunwynpnud, puinhwinip juwyninny gwpiwpu-
whnnpntl, phunwynpiut b Jutpugdut dudwtwlh Ypwnnid, hwdwlwpg ponuptnh
Ypuw, qniquhtin phutnuynpnid:

A.B. BABASIH

MOAXO0/ K COKPAIIIEHUIO BPEMEHU ITIPOBEPKU U
TECTUPOBAHUS 1151 BCTPOEHHOM CUCTEMBbI
CAMOTECTHUPOBAHUSA U BOCCTAHOBJIEHUS NAMSTU YEPE3
OB UHTEP®ENC

Berpoennas cucrema camortectupoBaHus u BocctaHoBieHus nmamsata (MBISTR) sB-
JSeTCA KIFOYEeBBIM KOMIIOHEHTOM B ITOBBIIICHWH MPOWU3BOAUTEIEHOCTH CHCTEMBI Ha KPHC-
taiwie (SoC) B yCIIOBHSX MOSBIICHHUS HOBBIX 337a4 B IIPOMBIIIICHHOCTH WHTETPATIBHBIX CXEM,
TJIe TaMSTh OYCHb YaCTO COCTABISIET OCHOBHYIO YacTh KpucTauia. Korma y naHHOTO KprcTania
OTPOMHOE KOJIMYECTBO MaMATH, yJIOOHO TECTHPOBAaTh UX 4Yepe3 OOIIyI0 TECTOBYIO CETb.
Me)K;[y TEM HCKOTOPBLIC MPOCKTHI HE MO3BOJIAIOT BCTABUTH 3TY TECTOBYIO M BOCCTAHOBU-
TEJBHYIO CETh B YK€ CYIIECTBYIOIMINN (DYHKIIMOHAIBHBIA IPOCKT IMyTeM JH00aBICHUS HOBBIX
Y3JIOB B CYIIECTBYIOIME, HO BMECTO 3TOMY IMO3BOJISIOT 100aBUTh €€ B IIPOEKT Yepe3 yxKe
CylIeCcTBYIOIINE (yHKIMOHAIBHBIE COeIMHeHns ¢ uHTepdericom. Hanpumep, oOuwmii nurep-
detic ans moakmoueHUs IeHTpanbHoro mporeccopa (CPU) u K3II-namMsaTH B KpHUCTaLIe
YK€ HCIIONB3YeTCs IS TECTHPOBAHHS ATOM MaMSATH dYepe3 CHelHalbHbIE MEXaHU3MBI
MBISTR, mogxiroueHHsle k obmemy uHTepdeiicy. Otu Mexanmsmsl MBISTR umeror om-
peneneHHble (PYHKIUH, KOTOPbIE MOTYT CYIIIECTBEHHO TIOBIIMATh HA BPEMs TIPOBEPKH M TECTH-
poBaHUs.

[pemmaraercst cioco0 COKpaIIeHUs] BPeMEHH IPOBEPKU U TECTUPOBAHKS MHOTOIIOP-
TOBO# AMSATH, TTOAKIFOUeHHOM K MexaHm3mMy MBISTR uepe3 obmumii naTEpdeiic.

Kniouesnle cnoea: BCTpOEGHHOE CaMOTECTHPOBAHUE MAMSTH, TECTUPOBAHHE U BOCCTa-
HOBJICHHE, TCCTUPOBAHHE MHOT'OIOPTOBOM MaMsTH, apXUTEKTypa ¢ 00muM uHTepdericom,
COKpAIlIeHHEe BPEMEHH NPOBEPKH M TECTHPOBAHUSA, CHCTEMa Ha KPUCTAJUIE, MapauIeIbHOe
TECTHPOBAHUE.
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