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Testing Types lind Algori tllllls 

Testing Types 

• Exhaustive testing 

Exhaustive testing can be lime consuming since it needs 10 test aJI2N logic 

values ifthe devi(;e has N inputs. The benefit of exhaustive testing is Ihat it is 

capable of discovering all detectable faults since all possible combinations of the 

input stimulus arc applied. On the other hlll1d, it is not practical 10 conduct 

exhaustive testing ifN is a large number (>20) due to the enormous test vcctors 

and the matter orthe lengthy lestlimc. 

• Pscudo-exhaustive testing 

The bellcfit of the pseudo-exhaustive testing is Ihal it uses fewer test 

pattems 10 achieve exhaustive testing rc!iul ls. The overhead is lower than 

exhaUSlive tesllng. 

• Pseudorandom testing 

Tes! patterns are less than 2N. or arc partial of exhaustive testing. The 

characlenslic Ofpsclldorandom is lhe mixture ofrandom and deterministic. 

Linear reedback shift registers (LFSRs) are used to generate the test patterns. 

Testing Algorithms 

March Tests 

March test is when a set of test instruction steps (normally is generated by LFSRs) 

are performed to test each ccll ormcmory amlY in order. It is not critical as 10 when: Ihe 

test is starling, at the bonom or at the beginning ortile memory array, as long as a 
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complete test is conducted for each cell before moving to the next 0111:. The lest usually 

takes 4 to 17 os to finish per cell [81$T of Memory]. The March test is commonly used 

to detect stuck-at faults in both RAM and address decoders on top of all transition faults 

and some coupling fau lts [Otterstedt98]. 

Neighborhood Pal!cm Sensitive Tests CNPSf): 

"A NPSF tests evcry cell of the memory in relation \0 iu sct of 5 or 9 neighboring 

cells (including the base cell)", This test takes 195 os 10 be completed [BIST of 

Memory). longer than the march teSI. 

81 $T Applicationl 

815T is widely applied ill variolls memory circuitries: SRAMs [Tehranipour2000], 

DRAM, Dash [Yeh2002]. and emhedded memories . 

Using mST in SRAM testing was approved effective in Tellranipour and 

Zavabi's paper. They implemented a so called "length 9N test algorithm" 10 conduct 

March testing on SRAM. Their testing method was able to utilize the existing hardware 

and software and the resulLS showed an achievement of 100",", fault coverage without 

increasing any overhead [rehr .. nipour2(02). 

Using BIST for testing embedded memories also showed great advantages simply 

because the memory is very compacted, consequently, the BIST overhead is small in 

comparison to the overall memory cin;uil [Burgess2(00). 

Figure 12 shows the block diagram of memory with BIST. The BIST circuitry is 

enlarged for explanation purpose. Once a failure is flagged, its address will be $Canned 

out for diagnosis [Burgess2000]. 
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-
Figure 12 Memory wuh BIST block diagr.un (Ref: [Burgess2000]) 

81ST Oesll:D CanterOJ 

~ are many dIfferent designs to whi..::h to condUCt a BIST. The followmg are 

• Faults: We WOliId like to know w~ faults Wiest should detect. In Otlmitodt md 

Niggc:rmcya'l paper.lhey used modified man:.h lCSllo ddcd address (au11S, 

stuck-a( Caults,coupltng (auIlS. and tralWUOO &ults (OUcnlcdr98). The fI.'PSF can 

(auIl$, wluc:h 1IIC:ludllll Sluck-a! faults and all C:OUPIina trmslllonaJ raull5~ [BIST 

ofMcmoryJ. 

• Time: Timing is ah.-a)'S a big issue: because 1M gNl is 10 reduee the: 1(:51 tUIlC 10:1 

mirumum. ~ boItom line ia how mIlCh more IIITIC 15 allowed before it $Iows 

down the device: significantly. 
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• Area: How much area should we sacrifice 10 gain the BIST benefits? For instance. 

the small memory iIITll)'S normally do not justify the benefits oflhe IllST because 

their liigh pereentage of area usage can decrease core cireuit's performanee_ The 

sizes of the B[5T arc varied depending on Ihe purpose ofthc design. 

• Overhead: There are at least two issues we need to consider for minimizing 

overhead when designing II 8 IST. First orall, the nced to determine which 

method is required in order \0 keep the ovcrkead low, and secondly, wnat type of 

memory is suitable for adding BIST circuit. 

• Cost: Since testing expenditure is part of overall product cost, it is critical to 

design II Icst method that is economic but has high performance. Consequently, 

the trade ofTs between Ihe testing time, the faull coverage, testing method 

oomplc~ily of each test methods and their COSIS are need to he considered as well 

althe designing stage. 

• Others; More advanced techniques, such as Automatic Buill-in Self-Test (ABIST) 

has been developed based on IEEE Std 1149.1 and its extensions. The goal for 

testing in the ncar future is to apply Electronic Systems Test Automation (EST A) 

when design a Hierarchical and Integrated BIST (HIBIST) where it is possible \0 

test the chips all the way to the systelIU. 
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SUMMARY 

The intent for thu paper is 10 introduce various testing COllCc:pIS and 10 dISCUSS 

some oftbc cum:nt testing techniques and Ihcir set orlnde ofTs. In .dd\uon. some oftbc 

design concma are addnssed In order 10 deal with dilTcn:nlle$ting nc:aIs.. 

Tbere are !TIm)' ldvan1ap of using the boUIJdivy scan ICStltlg technique. TIle 

bound2rytcan mableclle$l1n&!he: same device It differmtlevcls 1flC1udm&: c:omponenu. 

PCB,- and 1)'Ilenu. Further. LIus metbod i5 a1so able 10 m!wJcc: and suppon other tcstIn& 

fcatwes and makes !he ttlling more cfflClelil However, Ihc: D\-cdIead can become the 

lurutmg (KIDI'. In seoenl. the design goal is to d«rease!he O\'erbead and ~..... e clup 

\I$I.F:Ita while mainLun high faull IXwcnge.. 

1000 ICSt sho1o'cd Its unique 1d'-.ntageS-detea some oftbe defec:ts, while the 

volaae b&$ICd ~ method docs DOllu.vc Ihc: same capabthl)'. n.c wmWKJa 

,,'hm ~II& IIQ) is that anydyrwnic: c:in:uil will reduce the c;krec;:t detection sensltlvuy 

Sma: 10IlQ lc:It is dc:I.gncd for CMOS cunni only. it beoomes u.seh::$S .. 'ben IIOI1-CMOS 

c:in:uJls exia In the DlJfs. 

U11n& 81ST Iw; becft pro,'en bencliciallll embedded memorycircuiu.llIgh 

density DRAM and other Jarse memory circuits. Moreover, BIST reduces the usc of 

cxpensi\'e: external ATE. Ilowever, when 81ST is 1'101 dcsigoc:d properly, especially, In 

the ama.ll memory CIn::uIL the advantages di!i3ppl2r. "The problem IS that un O\'erhead 

causes eomplaily. as T'e$uill'C$uhmg in low yield. lben:fon:. I BIST dcslgn thai C<IIl 

achieve mUlmum fault covenge, minimum overhead. and more nuibllity are stmngly 

preferred. 
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