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Abstract
A novel approach for testing embedded memories in com-
plex systems-on-a-chip (SOCs) is presented. The proposed
solution aims to balance the usage of the existing on-
chip resources and dedicated design for test (DFT) hard-
ware such that the functional power constraints are not ex-
ceeded during test while trading-off the testing time against
DFT area and performance overhead. The suitability of
software-centric and hardware-centric approaches for em-
bedded memory testing is examined and to combine the ad-
vantages of both directions, a new built-in self-test (BIST)-
based method, calledhardware/software co-testing, is in-
troduced. The proposed solution is programmable, scalable
and guarantees low routing overhead.

1 Introduction

It is anticipated that embedded memories will account for
95% of the silicon area in complex SOCs by 2016 [7].
Low cost/high quality testing of these heterogeneous SOCs,
comprising a large number of embedded memories, poses
a great challenge to the test community. The emerg-
ing solutions should address limited bandwidth, at-speed
test for performance validation, long testing times, on-chip
DFT area overhead and performance penalty, and excessive
power dissipation, which may cause manufacturing yield
and reliability concerns [10].

There are two main approaches for testing embedded
memories: direct access and BIST [4]. On the one hand, di-
rect access of the embedded memory cores from the limited
number of I/O pins needs a high-performance automatic test
equipment (ATE), as well as very long testing time. Thus,
direct access is infeasible, in particular for complex SOC
devices where transistor to pin ratio is high. On the other
hand, memory BIST (MBIST) provides at-speed and high-
bandwidth access to the embedded memory cores, and it
only needs a low cost ATE to initialize the tests and to in-
spect the final results. However, although BIST is state-
of-the-art technology for embedded memory testing, unless
carefully designed, it may induce excessive power, in addi-
tion to performance and area overhead.

1.1 Motivation for New Approaches for Power-
Conscious Hardware/Software Co-testing

The embedded memory cores in an SOC can be divided into
two groups: bus-connected memories (BCMs) and non-bus-
connected memories (NBCMs). Although all the embedded
memory cores can be tested by adding dedicated memory
BIST wrappers, the high area overhead of BIST circuitry,
as well as the performance penalty caused by intrusive DFT
hardware, may prove to be the main drawback of this ap-
proach. Therefore, since a complex SOC usually contains
one or more processing elements (e.g., microprocessors),
which use on-chip system busses to communicate with the
memory cores, reusing the existing on-chip resources for
testing the embedded memories can lower the overhead as-
sociated with a high number of dedicated MBIST wrappers.
In [12], a test methodology for testing SOCs using a mi-
croprocessor core was presented. Asoftware-centricem-
bedded memory testing approach(i.e., memory testing is
undertaken by an on-chip processing element which reuses
the given functional resources and interconnect topology),
eliminates the overhead caused by BIST wrappers, however
it requires a significantly longer testing time than the ex-
isting hardware-centricapproaches(i.e., memory testing is
done using dedicated DFT, e.g., BIST hardware and inter-
connect resources)[1, 9, 18], which can add to the overall
cost of SOC test. The main purpose of this research is to
develop an SOC test solution, which maintains the benefits
of bothsoftware-centricandhardware-centricapproaches,
while satisfying the power constraints during test. The im-
portance of power dissipation during test and its relation-
ship to test cost parameters such as testing time and DFT
area overhead are discussed next.

Power dissipation is becoming a key challenge for the
deep submicron complementary metal-oxide semiconduc-
tor (CMOS) digital integrated circuits. Placing more and
more functions on a silicon die has resulted in higher
power/heat densities, which impose stringent constraints on
packaging and thermal management in order to preserve
performance and reliability. While low power design tech-
niques have been employed for more than two decades, the
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latestInternationalTechnologyRoadmapfor Semiconduc-
tors(ITRS) [7] anticipatesthatpower will be limited more
by systemlevel coolingandtestconstraintsthanpackaging.
This is because,if packagingandthermalmanagementpa-
rameters(e.g.,heatsinks)aredeterminedonly basedon the
functionaloperatingconditions,thehighactivity duringtest
will affectbothmanufacturingyield andreliability [10].

On the onehand,whentestingbus-connectedmemories
in an SOCthe power constraintsareeasilysatisfied,how-
ever themaindrawbacklies into theserializationof thetest
schedulewhich leadsto excessive testingtime. To address
this problem,a processor-programmablesolutionwaspro-
posedin [14], wherea BIST circuit was insertedbetween
the processorandthe systembus. Although it reducesthe
testingtime, this solutioncanaffect the overall SOCper-
formance,sincethe BIST circuitry may increasethe delay
on thecritical path. Therefore,new approachesneedto be
soughtto addressthe problemsassociatedwith software-
centricapproaches.Ontheotherhand,sincenotall theem-
beddedmemoriesin anSOCareconnectedto abussystem,
hardware-centricmemoryBIST approachesare necessary
for all the non-bus-connectedmemories. While the pre-
vious hardware-centricapproaches[1,9,18] have tackled
the core-level aspectsof memoryBIST, to further reduce
the overheadat the system-level as well as to reducethe
test control complexity associatedwith complex and het-
erogeneousSOCs,distributedsolutionsarenecessary. For
example,a distributed MBIST architecturewas proposed
in [3]. This architecturehasrelatively low areaoverhead,
however its main drawbacklies in the control mechanism,
which configuresall thememorywrappersto run identical
testcommandsin eachtestsession.This impliesthatmem-
oriesrunningdifferenttestalgorithms(e.g.,heterogeneous
memories)cannotbetestedsimultaneously, thusdecreasing
testcontrolflexibility andincreasingtestingtime. Further-
more,thetestingtime for eachtestsessionis dominatedby
the largestmemory, which may lead to prohibitively long
testingtime underpower constraints. To addresspower-
constrainedembeddedmemorytesting,oneeffective solu-
tion is to limit the numberof concurrentmemoryblocks
using test schedulingunderpower constraints.The BIST
architectureproposedin [3], canbeadaptedto thissolution,
howeverit will leadto prohibitively long testingtimeunder
powerconstraintswhenthelargememoryblocksdominate
thetimespentfor eachtestsession[3]. Hence,new flexible
BIST architecturesneedto beinvestigated,whichwill guar-
anteebothlow areaandcontrolcomplexity, aswell ashigh
testconcurrency undergivenpowerconstraints.To achieve
this,acontrolmechanismmustbeprovidedto convertnon-
partitionedtesting[3]to partitionedtestingwith runto com-
pletion [5], aswell asto lower both the areaoverheadand
the routing congestionassociatedwith the testcontrol for
non-bus-connectedmemories.
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Figure 1. New Memory BIST Architecture
To test all the memoriesin an SOC, a mixture of

software-centricandhardware-centricself-testapproaches
is researchedin this paper. By balancing the test ac-
cess/functionsfor bus-connectedmemoriesbetweenfunc-
tional resourcesanddedicatedDFT hardware,onecaneas-
ily explorevarioustestconfigurationswith differenttesting
time andareaoverheadunderthe givenpower constraints.
This testability trade-off exploration is achieved by a test
schedulingengine,whichis commonto bothbus-connected
and non-bus-connectedmemories. In summarythe pro-
posedsolutioncomprisesthefollowing features:

(i). ReusableIP corefor hardware/softwareco-testing;

(ii). Applied to bothbus-connectedmemories(BCMs) and
non-bus-connectedmemories(NBCMs);

(iii). High flexibility for power-constrainedtestscheduling;

(iv). SharedBIST controllerfor heterogeneousmemories;

(v). Serialwrappercontrolfor low routingoverhead;

The remainderof this paper is organizedas follows.
Theproposedpower-constrainedprogrammableMBIST ar-
chitecture,facilitating hardware/software co-testingis de-
scribedin Section2. Section3 detailsthe softwarestruc-
tureandtestscheduleorganization.A new testscheduling
algorithmis describedin Section4. Section5 givestheex-
perimentalresultsandSection6 concludesthepaper.

2 ProposedMBIST Ar chitecture for
Hardware/Software Co-testing

This sectiondetailsa new MBIST architecturefor hard-
ware/software co-testing, which canbe definedas thepro-
cessof consciouslypartitioning the test access,test ap-
plication and test control functionsfor embeddedmemo-
ries betweendedicatedDFT hardware and the available
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Figure 2. Memory BIST Controller

on-chip functional resources. The proposedMBIST ar-
chitecture(seeFigure1) consistsof two components:the
programmableMBIST controllerandtheMBIST wrappers
(detailedin the following two subsections).Therearetwo
typesof wrappers:wrappersconnectedto thesystembusto
testBCMs (canbesharedby all thememorieson thesame
bus),andindividualwrappersfor eachNBCM (or clusterof
identicalNBCMs).

To testBCMs, unlike the approachreportedin [14], the
proposedsolution usesthe standardbus interface to ex-
changedatabetweenthecentralprocessingunit (CPU)and
theMBIST controller, andhenceit canaffect only the bus
performance.Furthermore,if thecritical pathof anSOCis
not on thesystembus(which is a realisticcasein practice),
the presentedsolution will not influencethe SOC perfor-
mance. In addition,by usinga standardbus interface,the
proposedMBIST modulecanbereusedasansoft IP core.

WhentestingNBCMs, to overcomethe disadvantageof
supportingonly non-partitionedtest scheduling,as in [3],
the proposedMBIST controllerhasfull controllability for
eachwrapper. Thisnew MBIST architecturesupportsparti-
tionedtestingwith run to completion[5],which givesmore
flexibility to power-constrainedtestscheduling.In addition,
by runningmostof thenon-time-consumingtasks,suchas
fetchanddecodeof testcommands,in the processingunit
usingsoftware,theBIST areaoverheadof theMBIST con-
troller will bereduced.

2.1 Novel ProgrammableMBIST Controller
Oneof the distinctive featuresof the proposedsolution is
a sharedBIST controllerfor heterogeneousmemories.As
shown in Figure2, to communicatewith CPUor ATE, the
MBIST controllerhasa bus slave interfaceto the on-chip
CPUandaserialinterfaceto theoff-chipATE.If onewishes
to testmemoriesusingthe ATE, the controllercansimply
bypassthe testdatato (from) the serialscanchain,which
links all thememorywrapperstogether. To testBCMs, the
MBIST controllerpassesparallelcommandsto (from) the
BCM wrapperthroughtheparallelinterfacebetweenthem.
To testall the otherNBCMs, the MBIST controllerhasto
doparallel/serialconversion,sendcommandsto eachwrap-
per, andthendoserial/parallelconversionfor theresultsre-
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ceived from NBCM wrappersbeforepassingthem to the
CPU.Anotherkey featureof theproposedMBIST architec-
ture is the interconnectmechanismbetweenthememories,
wrappersandcontroller. Due to its simple, yet powerful,
interface,by programmingthe BIST controller, any hard-
ware/softwareco-testingschedulecanbeimplemented.

2.2 MBIST Wrappers
Both BCM andNBCM wrappers(asshown in Figure3

and4) have a full hardwareimplementationto run March-
basedmemorytestingalgorithms[15]. This includes:ad-
dressgenerator, backgroundpatterngenerator, responsean-
alyzer, anda finite statemachine(FSM) to interpretcom-
mandsreceived from the MBIST controller and generate
appropriatecontrolsequenceto performmemorytesting.

For NBCMs, eachembeddedmemorymustbe wrapped
with dedicatedDFT hardware (Figure 3). To reducethe
wire delay and routing congestion,the wrappermust be
placedcloseto the memorycore. To control all NBCM
wrappersin an SOCwith lessrouting overhead,the inter-
connectbetweenthe MBIST controllerandNBCM wrap-
persis IEEE P1500-like [11], since it hassharedcontrol
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linesfor all thewrappersandaserialscanchainfor sending
commands(receiving results)to (from) the MBIST wrap-
pers.All thetestcommandsandtestresponsesarescanned
in andout usingtheWSI andWSOports.Thewrapperin-
structionregister(WIR) [11] storesthecommandreceived
from the MBIST controller and using WClock and Up-
dateWIRthe new commandis updated. The ScanResult
signalcontrolsthescanchainto scanin WIR commandsor
scanout test results. The comparatorchecksthe memory
outputdatafor any mismatch.If anerroroccurs,thenBIST
will stopandwill settheerror register. Thecontrollercan
thenscanout theerroneousaddressandbackgroundpattern
for diagnosis. Using this control mechanism,the MBIST
controller can control eachwrapperseparately. This im-
pliesthatdifferenttestalgorithmscanrunsimultaneouslyin
separatewrappers.Therefore,heterogeneousmemoriescan
beconnectedandtestedconcurrentlyusingthesameBIST
controller. To further reducewrapperandcontrollerarea,
identicalmemoryblocksarewrappedasa memorycluster.
All the memoryblocksin onecluster(up to 31) sharethe
samewrapper. Thetestprogramfirst enablesall themem-
ory blocksin the clusterand,only if an error occurs,after
the controller hasfinishedall the test schedulingtasks,it
will testeachmemoryblock individually to spotthe exact
faultymemory.

TheBCM wrapper, on theotherhand,usesthebusinter-
faceto testall thememoriesconnectedto thebus.Sincethe
testingprocessis serializeddueto thecommontestaccess
resource(functionalbus),we needa singleBCM wrapper,
which hasa parallel connectionto the MBIST controller
(seeFigure 4). Note, both BCM and NBCM wrappers
canrundifferentMarchelementsreceivedfrom theMBIST
controller, which implies that they canrun differentMarch
algorithms. This is very useful for diagnosispurposesas
describedin the next section. To further reducethe com-
plexity of manufacturingtest,eachwrapperis built-in with
a default Marchalgorithm,which canbe activatedusinga
singlecommand.

3 Software Implementation
The BIST architecturedescribedin the previous section
canfacilitatehardware/softwareco-testingfor a given test
schedule,as describedin Section4. This sectiondetails
the software implementationnecessaryto handlethe test
control flow. First, the testcommandsaregeneratedusing
power-constrainedtestschedulingalgorithm(seeSection4)
andloadedto a testmemory(e.g.,I-cache)which waspre-
testedusingATE. The testsoftwarethenreadscommands
from the test memoryand sendsdata(readresponses)to
(from) the MBIST controller. Since the time-consuming
tasks(i.e.,on-chipgenerationof Marchtests)areconducted
by dedicatedBIST hardware,software functionsareused
only for testcontrolwhichinsignificantlyaffectstheoverall
testingtime. In thefollowing thepseudo-codeis given.

Memory TestingSoftware

1. TestCPUandBus;
2. TestCachememoriesandRegisterfiles usingATE;
3. Load Testprogramto I-Cache,testdatato D-Cache;
6. Do

�
7. Readcommandsfrom testmemory;
8. Sendcommandsto MBIST controller;
9. Wait for response;
10. if errorthen break;
11. � Until all thescheduledtestcommandsarecompleted;

Thesoftwareimplementationsupportstwo modesof oper-
ation: manufacturingtestmodeandbuilt-in self-diagnosis
(BISD) mode. In the manufacturingtest mode,only one
self-testcommandis neededfor eachwrapper, which will
automaticallyrun the embeddeddefault March algorithm
andset the fail/passbits after completingthe testingpro-
cess.Whenin the diagnosismode,the CPU cansendany
March elementsupportedby the wrapperto run different
Marchalgorithmsandreadbacktheresults(address,back-
groundpattern)for furtherdiagnosispurposes.In addition
to aiding fault diagnosis,this is a very suitablemechanism
to find the bestMarch algorithmfor a new technologyor
to increasethe testquality whenthecurrentdefault March
algorithmcannotachievethetargeteddefectcoverage.

4 TestScheduling
In thissection,thetestschedulingengine,whichisalsoused
to exploredifferenthardware/softwareco-testingconfigura-
tionsis introduced.SincetheSOCbusarchitecturewill af-
fect thewayhow theBCMs areaccessedduringtest,it will
alsoaffect thetestscheduleandultimatelythetestingtime.
If only one bus mastercan accessthe bus, all the BCMs
mustto betestedsequentially. If theSOChasseveral large
BCMs, this SOCbus architecturewill adverselyaffect the
testingtime. To addressthisdrawback,onecanusealterna-
tivebusarchitectures,suchasmulti-layeredAMBA bus[2],
towhichseveralbusmasterscanbeattachedandnon-shared
slave componentscanbeaccessedconcurrently. By adding
oneor moreBCM wrappers(masters),thisarchitecturesup-
portsmoreflexible testscheduling,thusreducingthetesting
time. However, if no multi-layeredSOCbus architectures
arepresentfor thenative modeof execution,anothersolu-
tion would be to wrap someBCMs, which have a critical
impact on testingtime, with dedicatedwrappersand test
themasNBCMs. Dueto our practicalvalidationsetup,for
the testschedulingalgorithmpresentedin this sectionand
in our experimentalresults,we have consideredthesecond
option (i.e., to boosttest concurrency we transformsome
BCMs to NBCMs), however, note, the sametrade-off ex-
plorationenginecanbe usedif multi-layeredSOCbus ar-
chitecturesareemployed.
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4.1 ProblemFormulation
Recentlya testschedulingformulationandalgorithmhave
beenreportedin [16] only for NBCM. Thetestscheduling
problemfor theproposedarchitectureis ageneralizationof
the onepresentedin [16], sincein our casewe have both
BCMs and NBCMs. For NBCMs the constraintsare the
sameasin [16]. However, to accountfor the specifictest
featuresof BCMs, eachmemoryconnectedto a bus will
have differentresourceconflict relationshipandvaluesfor
testingtime: onewhenit is wrappedwith dedicatedwrap-
per(i.e.,whenit is transformedto a NBCM to increasetest
concurrency) andonewhenit time-sharesthewrappercon-
nectedasa masterport to the SOCbus architecture.The
schedulingalgorithm automaticallychooseswhich BCM
will be transformedto NBCM, thusexploring varioustest
configurationswith differenttestingtimeandareaoverhead.

Theparametersusedin thealgorithmarelistedbelow:
Pmax powerconstraintduringtest;
nm total numberof BCMs andNBCMs;
nb totalnumberof busses;

for i � 1, 2, ..., nm

pi maximumpowerdissipationfor memoryi;
lwi testingtime for memoryi whenwrapped;
luwi testingtime for memoryi whenunwrapped;
si scheduledteststarttime for memoryi;
l i scheduledtestingtime for memoryi;
Formulation:
Objective: Minimize Tmax � MAX � si � l i �
Subjectto: ∑ pi � Pmax where i are the memoriescur-

rentlyundertest;

4.2 TestSchedulingAlgorithm
Sincetestschedulingis provento beanNP-completeprob-
lem[5], in thissectionweproposeagreedyheuristicto deal
with complex SOCscomprisinghundredsof memories.

TheAlgorithm Mem Scheduletakesthetestparametersof
eachmemory(pi � lwi � luwi ) andthepowerconstraint(Pmax)
asinputs,andit outputsthe testscheduleTschedule andthe
testmethodfor eachmemorycoreMtest (i.e., wrappedor
unwrapped).Note, this algorithmalso increasesthe num-
berof unwrappedBCMs,withoutaffectingthetestingtime.
Thetestof eachmemoryis representedasarectanglewhose
width is the testing time and whoseheight is power dis-
sipation. For BCMs two rectangleswith different testing
time are necessary(one for eachtest method),while for
NBCMs one rectanglerepresentationis sufficient. If two
BCMs on thesamesingle-masterbusareunwrapped,then
they cannotbetestedatthesametimedueto buscontention,
and we call thesetwo memoriesincompatible. The pro-
posedalgorithmis basedontherectanglepackingalgorithm
TAM schedule optimizerproposedin [8] for SOCtesting.

Thealgorithmstartsby initializing eachmemorywrapper
test methodMi

test : all memoriesare treatedas wrapped
except thoseexplicitly specifiedasunwrapped. Then the

testingtime T i
time of eachmemory is computedbasedon

its test method (line 2). The currently available power
constraintPavl is initialized to Pmax and the number of
unscheduledmemoriesis initialized to the total number
of embeddedmemories(line 3). As long as there is an
unscheduledmemory, thealgorithmfirst findsacompatible
memorymi with maximumtestingtime maxtat , which does
notexceedthepowerdissipationconstraint(line 6). If such
a memorymi exists, it will be scheduledandthe available
power dissipationconstraintwill be updated(line 8, 9). If
nocompatiblememoriesmeetthepowerconstraint,wewill
recordtheidle power dissipationPidle, updatetheavailable
power dissipationPavl � 0 (line 11) andbranchto the end
of thescheduleof thememorywith theminimumendtime
minend. Afterward we updatethe new scheduleinforma-
tion, including the new schedulebegin time, the number
of unscheduledmemoriesNunscheduled andavailablepower
dissipationPavl (line 12-15). If thereis still someidle test
time,we will look for thealreadyscheduledmemoriesand
checkwhetherwe canunwrapthemwithout affecting the
testingtime (line 16, 17). Thealgorithmexits whenall the
memorieshave finishedtheir schedule.Although the pro-
posedtestschedulingalgorithmsupportspartitionedtesting
with run to completion[5], it caneasilybeadaptedto non-
partitionedtestingusedby otherMBIST architectures[3]
(in line 12 we mustfinish thescheduleof mj with maxend).

Memory ScheduleAlgorithm Mem Schedule

INPUT : M, Pmax

OUTPUT: Tschedule, Mtest

1. Initialize Mi
test ;

2. ComputeT i
time;

3. Initialize Pavl � Pmax; Nunscheduled � Nmemories

4. while � Nunscheduled! � 0� �
5. if (Pavl 	 0)

�
6. find compatiblemi with maxtat andPi 
 Pavl;
7. if (found)

�
8. schedulemi ;
9. Pavl � � Pmi ;
10. � else

�
11. Pidle � Pavl; Pavl � 0;
. �
. � else

�
12. Finish scheduleof mj with minend;
13. Updateschedulebegin time;
14. Nunscheduled- -;
15. Pavl �
� Pmj ; Pavl ��� Pidle

16. if (idle time exists)
�

17. unWrap scheduledmemsif not incompatible;
. �����
18.done
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Table 1. MBIST Area Overhead for LEON SOC
BCM NBCM Total

Memory(µm2) 4,100,930 2,698,855 6,799,785

Wrapper(µm2) 14,449 109,248 123,697

Controller(µm2) 9,684

BIST AreaOverhead(%) 0.35 4.04 1.96

5 Experimental Results
To prove the correctness and the effectiveness of
the proposedMBIST architecture,that facilitates hard-
ware/softwareco-testing,we have implementedandfabri-
catedan SOCplatform basedon LEON [6]. LEON is an
opensourcecorefor embeddedapplicationsandit hasan
IEEE-1754(SPARC V8) [13] compatibleintegerunit with
8 registerwindows,1k I-Cache,1k D-Cache,anda full im-
plementationof theAMBA-2.0 bus[2].

To estimateandcomparedifferenttestparameters(e.g.,
BIST area overhead,testing time, performancepenalty,
power dissipation)of the proposedsolution, a set of ex-
perimentshave beenperformedusinghigh-densityembed-
dedSRAMscompiledfor 0.18µ CMOStechnology. In our
LEON-basedSOC platform, the NBCMs are a clusterof
four 512x16 SRAMs, one 1kx32 SRAM and one 4kx32
SRAM, while the BCMs are one 4kx32 SRAM and one
16kx32SRAM. Thewrappershave beenconfiguredto im-
plement9 March elements: (w), (r), (rw), (rwr), (rww),
(rwww),(rwrwr), (rwrwrw), (wwrww), whicharethebuild-
ing blocks for most of the known March test algorithms
[15,18]. The last March element(wwrww) is usedto run
the word-orientedMarch C- test (March-CWproposedin
[17]). All wrappersalsoimplementMarch-CWalgorithm
as the default memorytest algorithm. Table 1 shows the
BIST areaoverheadfor theLEON SOC.By addinga very
low areaMBIST controller(0.14%in this case),the CPU
cancontrol self testingfor most of the embeddedmemo-
ries (note, cachememoriesand the registerfile are tested
usingATE asoutlinedin Section3). TheMBIST areaover-
head(control + wrappers)of this LEON SOCis lessthan
2%. Timing analysisindicatesthatthecritical pathis in the
CPU core,which meansthat our approachdoesnot intro-
duceperformancedegradation.However, theNBCM wrap-
persdoaffect thememoryaccessspeed.

Table 2 shows the comparisonof three different
approaches(software-centric,hardware-centric,and pro-
grammableBIST coreattachedto the bus to be usedwith
hardware/softwareco-testing)for busconnectedmemories
usingtheLEON platform[6] andapplyingtheMarch-CW
algorithm[17]. As shown in the table,the proposedsolu-
tion combinesthe benefitsof the othertwo approaches.It
requireslow areaoverhead,it mayaffect only thebusper-
formance,and it maintainsthe flexibility of the software-
centricapproach,while it reducesthe testingtime signif-
icantly, bringing it closeto the bestpossibletestingtimes

Table 2. Different Approach for Testing BCMs.
Software Programmable Hardware

Centric BIST Core Centric

TestingTime 7.0 1.4 1.0

BIST Area 0 Low High

Performance 0 Affect busspeed Affectmem.speed

Flexibility Any March Most March Fixed

givenby thehardware-centricapproach.
Using the proposedMBIST architectureandthe greedy

heuristicfor testschedulingdescribedin Section4, Table
3 givesa comparisonbetweenpartitionedtestwith run to
completionandnon-partitionedtestschedulingalgorithms
underpower constraints. The memorycoresincluded in
this experimentare of different sizeswith the numberof
addresslinesrangingfrom 7 to 16 andtheword sizerang-
ing from 8 to 32. The power dissipationfor thesecores
rangesfrom 3.5 mW to 50 mW for 100 MHz clock fre-
quency. On theonehand,it canbeseenthat themaximum
testingtimeof non-partitionedtestingis alwaysgreaterthan
(or at leastequalto) thepartitionedtestingwith run to com-
pletion.Thedifferencebetweenthetwo testingtimesvaries
basedon themaximumpower constraintandmemorycon-
figurations.For example,themorewerelaxtheconstraints,
i.e.,highertestconcurrency canbeachieved,thedifference
in testingtime increases,unlessthemaximumconcurrency
hasbeenachievedby bothalgorithms.Onetheotherhand,
becausethereis moreidle time in non-partitionedtesting,
more BCMs can be unwrappedand testedserially using
the on-chip bus. This meansthat for non-partitionedtest
schedulingwe may increasethe testingtime at the benefit
of lower BIST areaoverhead. It shouldbe notedthat the
proposedgreedyheuristicis very fast(e.g.,for 300memo-
riesit takeslessthan1 second).

Finally, the trade-off betweenBIST areaoverheadand
testingtime is shown in Table4. Item ”BCM as NBCM”
meansthe BCM has a dedicatedwrapperand it will be
testedasNBCM. To decreaseBIST areaoverhead,i.e., all
BCMs are unwrapped,the testingtime will be increased.
Similarly, to reducethe testing time, most of the BCMs
haveto bewrappedthusincreasingtheBIST areaoverhead.
Usingthetestschedulingengine,asa trade-off exploration
tool, is beneficialespeciallywhenthe testingtime for the
entireSOCis dominatedby thescantestingtimeof embed-
dedlogic cores.In this case,we canexploredifferenthard-
ware/softwareco-testingconfigurationsuntil we matchthe
logic cores’testingtime with thelowestDFT arearequired
by dedicatedMBIST wrappers.

6 Conclusion
Thispaperhasshown thatfor SOCscomprisingtensto hun-
dredsof embeddedmemories,a new solutioncalledhard-
ware/software co-testingcan reducethe testing time and
area/performanceoverheadunderpowerconstraints.
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Table 3. Testing Time (cc) and Wrapped Memories for Different Power Constraints and Test Schedules
MemoryCores 3 7 10 30 50 70 100 150 200 250 300

MaximumPowerDissipation= 250mW
Partitioned 147456 147456 156672 986112 1299456 1612800 2082816 3382272 4165632 5465088 7944192

Non-Partitioned 184320 147456 156672 1004544 1317888 1631232 2101248 3400704 4184064 5497344 7976448

Difference(%) 20.00 0.00 0.00 1.83 1.40 1.13 0.88 0.54 0.44 0.59 0.40

Unwrapped(part.) 0 0 1 0 0 0 2 3 5 6 7

Unwrapped(non-part.) 0 0 1 2 4 6 9 14 19 23 25

MaximumPowerDissipation= 500mW
Partitioned 147456 82944 73728 589824 663552 737280 893952 1419264 1704960 2276352 3428352

Non-Partitioned 147456 101376 82944 764928 903168 1032192 1248768 1672704 2022912 2916864 3700224

Difference(%) 0.00 18.18 11.11 22.89 26.53 28.57 28.41 15.15 15.72 21.96 7.35

Unwrapped(part.) 0 0 1 1 1 0 2 0 0 4 1

Unwrapped(non-part.) 0 0 1 3 5 7 10 15 20 25 19

MaximumPowerDissipation= 1000mW
Partitioned 147456 82944 73728 589824 589824 589824 589824 829440 1105920 1382400 1972224

Non-Partitioned 147456 101376 73728 700416 829440 958464 1124352 1437696 1732608 2045952 2654208

Difference(%) 0.00 18.18 0.00 15.79 28.89 38.46 47.54 42.31 36.17 32.43 25.69

Unwrapped(part.) 0 0 1 0 1 0 0 0 0 2 0

Unwrapped(non-part.) 0 0 1 5 7 9 12 16 21 25 26
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