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The present

invention is related to integrated circuit (1C technol ogy and

nore particularly related to defect analysis of static random access nenory
(SRAM) circuits, particularly when suchlcircuits are enployed in the
characterization of new CMOS manufacturing processes. Wth each
successi ve generation of |1C technol ogy, the feature sizes becone smaller by
a factor of approximately 70% During the devel opnent of a new generation
of I1C technology, it is inportant to be able to identify and anal yze
process-induced defects, especially those that cause electrical circuit
failures. Corrective neasures can then be taken in the devel opi ng process
to remedy the defects. It is combn to use SRAM circuits to do this

debuggi ng,

since an electrical signal of a defect can be traced to a
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BACKGROUND OF THE INVENTION

The present invention is related to integrated circuit

(iC) technology and more particularly related to defect

analysis of static random access memory (SRAM) circuits,

particularly when such circuits are employed in the

characterization of new CMOS manufacturing processes.

With each successive generation of IC technology, the

feature sizes become smaller by a factor of approximately

70%. During the development of a new generation of IC

technology, it is important to be able to identify and

analyze process-induced defects, especially those that cause

electrical circuit failures. Corrective measures can then

be taken in the developing process to remedy the defects.

It is common to use SRAM circuits to do this debugging,

since an electrical signal of a defect can be traced to a

particular physicalllocation. Historically, the smallest

unit of SRAM, a bit cell, consisting of six particular

transistors disposed in a small area of the IC wafer

surface, is located and physically analyzed by removing



par t:i cul ar physical location. Historically, the smallest unit of SRAM a
bit cell, consisting of six particular transistors disposed in a snmall area
of the I1C wafer surface, is |located and physically anhal yzed by renovi ng
suceessi ve | ayers of processed sem condétor material or nmetalization to

| ook for physical defects. Wth the advance of technol ogy, the area of the
bit cell has becone so small ‘that nany defects are no | onger detectable
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Representative wafers from the lot are selected for analys1s
based on the defectivity rates or development areas which
are of interest. MAnalysis proceeds with visual inspection
of the defective cells using an optical microscope.
Suspicious locations are further evaluated using a scanning
electron microscope (SEM), if needed. The wafers are then
deprocessed using wet chemical or plasma etch sequences to
expose successively lower structural levels and another
inspection is performed. This cycle continues until all
defects have been characterized or the wafer is deprocessed
completely to bare silicon. It may also be instructive,
along with imaging defects with an SEM, to undertake cursory
elemental analysis using Energy Dispersive Spectral
Analysis(EbS) to obtain an understandingof the elemental
composition of the defects detected.

Typically, a large percentage of failures falls into
the category of "non-visible defect" (NVD) - meaning that no
defect could be found. If this is a limiting category, a
laborious benchtest characterization of like failures in
this or other wafers in the lot is undertaken. The
electrical defect types can be identified and subsequently
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It has

static gatepaﬂdrdielﬁﬂp@lh&gbhﬁmrtenground, as conventlonally shown.
An N-channel MOS transistor 109 couples the latch to one bit
line BIT and an N-channel MOS transistor 111 couples the
*latch to a second bit line BIT*,which in normal operation
provides binary complement data to data found on the BIT
line. The gate of both transistors 109 and 111 are coupled

to a word line WL.

It has been shown that defects within such a bit cell
can be identified by isolating the bit cell from the power

supply, the power supply return (ground), and the remainder

of the circuits on the wafer and then supplying controlled

power and bias to selected nodes by way of microprobes

contacting these nodes at the IC surface. In US Patent No.

4,835,458, static gate and drain voltage/current

characteristics are shown to be measured for selected

transistors. Comparisons of characteristics between

defective and good transistors can be used to detect the

failure mechanism of failed bit cells. As noted before,

however, microprobe analysis is a laborious and expensive

process for repeated analysis.



characteristics are shown to be neasured for selected transistors.
Conparisons of characteristics between defective and good transistors can
be used to detect the failure nechanismof failed bit cells. As noted

bef 6re, however, microprobe analysis is 4 |aborious and expensive process

for repeated anal ysis. 4 Col um
and row sel ect d@SQQinﬁgaﬁhgﬁbht Q@eﬁ%vﬁe%@lzﬁe g Heky Hé\ﬁe FE’éérhCW ar
addr ess space uied g t he g that ig, single-bit,” four-bi Pét or
the |ike da®8VeFBREANGST EREhPAgdAHLaZS § FRAE use set

of bit cel IshéﬂO;sloelngmenbd.ted foarebitpn eBJngta-rhitBI Br Itlmasl:.l(é’héata

asterisk fo r.al I S_US | te a
signal). ﬁ%ﬂ)ggggcel P%cglr goggguelésgg % "‘g’l ec |Er%'g’aa%r ovfico ??I ne ?ﬁ}_‘[ or
word |ine Vmgebl]: ceidds) 18Ad é@]@r'oppmnee;t@d drensommen; [RET \farncl SITbde, the

transm ssi opjgages (2Ré QB@e%QékaEE%J.%Wth‘gd f@o&ﬁ%ldQS.r{eeq_é?QléEH‘St@y VR
and WR* |[ines to the colums and data D he one or re bit cells is

witten i nt8eFhERBFe BeFPrmByeReRE] tség&raﬂ-\)er Wlleoﬁ’r'}d: 9P B*®l um and -
coupled to adaeeBdsé'dabg skdectingeae rowBl(Wodd Ndne WRaadr medel dlimwwni)e

data contai b I ed J a ] SSi on
gates 201 a%g'gZéBag hé’%%k’ rr%gg ?gﬁ' li:52"O¥i\‘yﬁm %ﬁaq.'raeg Ergju&a%'l y assi gned
t o each col thansmhsshondgaskescld mde20t3her|§| Braid egl Fox ithe dgsitedl at ed

fromthe VWééfuﬁﬁéVSS(SWﬁoénanﬁRt*hQJ.%%%S%oﬁ‘@?{e 28 unfrld e adthe @.L Tegpd
BIT* lines are 8rechar

avotage for, _exanpl e VDD, wa
transmi ssi off'gaPBe ?69%858 bit cs &écélset”&'tlet%’céé@q ithe %rfe ‘%/erla]nsl?ﬂs%l on
gates 209 aﬁﬂl‘eé ldatieeen20iSedoayda ipr ealady @2 Lrs iagithlcoapd ed o arhpd eBEDL

PC*, which 2Ls ggner g;ngg_eﬁ%gl c%lIlg)ée%r om.t he, oer‘]:l\ée.n;noo alalrlec%g \Igt_rljt e gﬁ%

address circurtry * g\ﬂn exanple
5, 034, 923, q:mtaauedt ional bisncedll ftogbe mupﬂedac!uredlam mmm@q he BIT

?P(rjre B;I’; !['hg§§ré¥4ln%gsﬂgﬁ‘ Fa2R42281CaR 235 ¥ dle FNHord WHs S ASS DYPT
which are usually assigned to each column. In the
deselected mode, the BIT and BIT* lines are isolated from
the write drivers 205 and the sense amps 207. Further, the
BIT and BIT* lines are precharged to a voltage, for example
Vpp, by way of transmission gates 209 and 211 to accelerate
access time. The transmission gates 209 and 211 are enabled
by a precharge PC signal and its complement, PC*, which are
generated logically from the conventional read/write and

address circuitry.

It has been shown, for example in US Patent No.
5,034,923, that additional control logic may be added to
exercise the BIT and BIT* lines with non-standard
combinations of binary logic states over time and the logic
state of the BIT or BIT* determined by independent sense
amps for the BIT and BIT* lines. 1In this way, soft defects
characteristic of undesired open circuits may be detected
from an improper logic level appearing on one of the BIT or
BIT* lines. Such detection does not allow characterization
of the transistors comprising a latch circuit at other than



state of the BIT or BIT* determ ned by independent sense anps for the BIT
and BIT* lines. In this way, soft defects characteristic of undesired open
circuits may be detected froman inproper |ogic |evel appearing on one of
thesBIT or BIT* lines. Such detection d&s not allow characterization of
the transistors conprising a latch circuit at other than

5 the defined logic |evels. Thus the gpportunity for detection and
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circuit andm%BSﬁPOVide flexibility in the measurenent of circuit
characteristics. SUMVARY OF THE | NVENTI ON . An integrated circuit has
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cell. Afi rQE\ Rt dleis'3%r€% YR ol lptddes il @e £88P5 elot Bet he at

| east one bit cell. \ first precharge swi tch is.coug%eﬂBto t he tLrstdbit
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first test gwi pebvade Retietimay tie flie medsurément anf aifeust external
contact pad gnd t he tirs&ztest switch and the first precharge switch are
arranged soSPREASHFFT INES i rst test switch is in a conducting state the
first precharge switch is in a nonconducting state. A second.test switch
coupl es bet GO e miiErton | ne and a second external contact pad
and the sec rtch and tne second precharge switch are arranged so
that when the second test switch is jn a conducting Eta&e tggsgeggnd
precharge swi t ch A% inFegrahRd hrdihy Raggxternat test ac

individual bit cells and includes at least one bit cell. A

first bit line and a complement bit line are coupled to the
at least one bit cell. A first precharge switch is coupled
to the first bit line and a second precharge switch is
coupled to the complement bit line. A first test switch
couples between the first bit line and a first external
contact pad and the first test switch and the first
precharge switch are arranged so that when the first test
swifch is in a conducting state the first precharge switch
is in -a nonconducting state. A second test switch couples
between the complement bit line and a second external
contact pad and the second test switch and the second
précharge switch are arranged so that when the second test
switch is in a conducting state the second precharge switch

is in a nonconducting state.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conventional schematic diagram of a bit cell for
a memory circuit.



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a conventional schematic
diagramof a bit cell for a nenory circuit.

6 FIG 2 is a schematic diagramof a colum or bit cells including
precharge and read/wite circuitry. FI&@ 3 is a schematic di agram of the
bit cell off¥dG21ismwwehematicddiprarapupéeacgrPlemns ofr PLth@SddiSed. FI G

4 is a scheiply cafl Rirde CRhUMPeli/REE eellis oWk yRr echar ge,”
read/wmitesﬂgﬁgﬁ?€%€g%g§% %f?%u?try_e F(G. 5is act%nigg di agramrel ati ng
test node and read/wite select and precharge control signals. FIG 6 is a

bl ock di agrEhf i |3 uberat sebenatier diagrap efcehesbhsycrdlefe M- doditact
pads. — Fl Gypfi &9 &éc3f£'§ﬁ}'§oﬂi:g?rgﬂgfgn€st aze TRdE ca@@iac bl ock.  FIG 8 is

a voltage versus current grap It cell latch transistor. FIG 9 is a
vol tage versus current graph of a defective bit cell latch transistor. FIG
10 is a volEEGe 4etsud schematisi diiparamnodr apkolumng off bifelgells gtith

transi stor ' vagi punt, . qf r eSus DETAI LED
tagt mBdeCeiT ANty .

DESCRIPTICﬁ#%%?§?$§%FE£$£§y§ﬁE2gﬂNéﬂﬁ En SR&NICIrC it design that

enabl es vari ous process defects to be anal yzed w t hout |aborious

m cropr obi IRLGnd> is a timing diagram relating test mode and read/write

select and precharge control signals.

FIG. 6 is a block diagram illustrating an array of bit cells

having external contact pads.

FIG. 7 is a schematic diagram of a test mode logic block.

FIG. 8 is a voltage versus current graph of a bit cell latch
transistor.

FIG. 9 is a voltage versus current graph of a defective bit
ceil latch transistor. . _

FIG. 10 is a voltage versus current simulation graph for a
bit cell latch transistor having a variable amount of source

resistance.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

An SRAM circuit design that enables various process
defects to be analyzed without laborious microprobing and
that provides flexibility in the measuremént of circuit
characteristics for defect analysis is encompassed in the
present invention. Measurement of the DC characteristics of
a portion of an IC memory device, or bit cell, allows the
evaluation of individual transistors in the bit cell. The
details of the measurements that can be made can best be

appreciated from the circuit of FIG. 3. FIG. 3 is an



that provides flexibility in the nmeasurenent of circuit characteristics for
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t he N-channel transistor 107 and the P- channfl trgns{;stgr 101 are biased
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of transistfe $d% anthddie Cre rend eSlbadel applBed* tosbibeinéf BLUr Lent
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and bit line BIT* , N-channel transistor 107 ]
line BIT to ground and one at the Eit line BIT* to Vpp.

Specifically, since the N-channel transistor 107 and the P-
channel transistor 101 are biased off, the current from bit
line BIT to ground is the off current to I N2 of transistor
107 and the current on bit line BIT* is the off current
I.s¢eP1 of transistor 101. If the bit line voltages are
reversed and the Vpp rail voltage is applied to bit line BIT*
and ground potential is appliéd to bit line BIT the off
current of P-channel transistor 105 I.¢P2 may be measured at
the bit line BIT to ground for and the off current of N-
channel transistor 103 I.eN1 may be measured at the bit line
BIT* to Vpp. If supply voltage Vpp is applied to both bit
line BIT and bit line BIT* , N-channel transistor 107 is
biased on and the drain to source current IygN2 may be
measured by measuring the current from bit line BIT to
ground. The N~channel transistor 103 is also biased on and
the drain/source current IgsN1 may be measured by measuring
the current from bit line BIT* to ground. When both bit

lines are forced to ground potential, the P-channel
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saturation |Mwrent for|Ground ToeeN2 ToeePl trans?stor leakage for
transi stor9._107 and 108 around Gr ound Erznaissors 104, and07
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transistors 101, 103, 105 and 107 can be determined by
measurements at the bit line BIT and the bit line BIT*.
ground. Furthermore, the saturation current for transistors
101, 103, 105, and 107 may also be measured at the bit
lines. It should be noted that the coupling transistors 108

vol t age drop

and 111 provide a small voltage drop source-drain and _
thereby prevent a true measurement of saturation current but
the effect is slight and characterization of improperly
operating transistors can be established in spite of the

lack of full saturation.

Failure mechanisms of the particular transistors of a
bit cell can be determined from deviations in the off
current and the drain/source current which is measured at
the bit lines. It is a feature of the present invention that
evolution of bit cell transistors is made from readily.
available contact pads, thereby negating the need for

microprobing the IC. The circuitry needed to facilitate
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are disconnggggdsagggh are caused to be conducting. In this state, the
transmission gates 401 and 403 conduct a signal placed on
the FB or FB* to the BIT or BIT* bitlines. Alternatively, a
measurement of the BIT and BIT* bit lines. As shpwn in the
timing diagram of FIG. 5, the interaction of thé control
signals TEST, TEST*, WR, WR*,PC and PC* is arranged in the
preferred embodiment so that one or more columns of bit
cells may be isolated from the standard precharge and :
read/write functions of a memory circuit. The sense amp 207
and the write driver 205, which are normally associated with
the normal operation of the bit cells, are disconnected from
the BIT lines by the select switch transmission gates 201
and 203. Further, to disconnect the bit cell column from the
_precharge circuit, gates 209 and 211 are caused to be in the
nonconducting state. Individual bit cells of a column are
selectable by activation of the word line, WL, control line.
When the control signal for the TEST line 501 is energized
(at 503) and when the control signal for the TEST* line 505

is complementarily energized (at 507), the select read/write



the BIT lines by the select switch transm ssion gates 201 and 203. Further,
to disconnect the bit cell colum fromthe precharge circuit, gates 209 and
211 are caused to be in the nonconducting state. Individual bit cells of a
colum are selectable by activation of 1@e word line, W, control line.
When the control signal for the TEST line 501 is energized (at 503) and

when the C(miré&n@t@naiufx@rsableamlfsérﬁeIpﬁecﬁ%gespcoabhe&emt afiinky 5daner gi zed
(at 507), the select readq/ wi 10 WR

control | i RESIALBAIRG p?Ecﬁa?@%n?€9b6ﬁ?rBFaF?ne £915818kaPnt ai ned at a

deener gi ZeghSf uldP Eﬂ;eﬁém ﬂ@ftewiaatbbﬁ cehé ber thwalvoatl 0Aneend sof
the word lines is energized. shogn I S enarglzed dualng t he
energlzatHﬂPQﬁgqﬁﬁﬁ‘anﬂsTﬁﬁﬂwnl?ﬁe ?aIW§031§nﬂn85§}z§ HEEDEh&PRat ch

circuit trapdsgPistPbnbot eeET 4R PESTAVRihab! Q‘atOSDBeaEB a0g)FBb | i nes.
Signal s placed on external contact pads ines are

f the _F
coupl ed tC)?Wﬁ?t?@ﬁs*%?%hsch°B+F |13 ?Ps&®855§ aéyng EESﬁPQSPEﬁ gates 401

and 403 angiiidbnestd thanepBhdd. FwonlﬂegctlsaghemsoialtabedTEST and TEST*
lines and word line W[err t he nEnDFKQCIrCUIt FB% @ns to norma

operation. §¥-eradhi FaRteashPads £AE FhaniBsesds FRegePFe160UPHES be

eval uat ed hyo eftes Ot ZangisberdESE Bont £€111 108 bt waobfakeahBaits3bh
control line (at 517 and then energizing the morg ine Wlerr] (at 519).

More than SFRE®F 14 Q%I?néoﬁgﬁnaEGS ylb%eﬁrﬁéﬂgéa i RLA™si H§PB bit, four

bit, eight dddctsvatesn 6Et ther TBET hAd mst*gmmésoanmwaﬁ:aduciaeawmatal I el
menory structure. In the preferred enbodi nent an elght bit wide grouping is

enployed1%ﬁh%UW%W%ﬁ¥ 5+FCB§FerSFuﬁBﬁDF9 PAFBRAPPER2EFRPs alPafgenent is
shown in FlGGmbraA £25RLoR] @thErQh§1§€bksCQEUBE§ €402, 1405 magn®eA05")

are representative nenbers of the eight bit colums. Each bit cell colum
405, 405 @RlestedsbyoaperaiedngeshecTESE eRnErpal 1dsat det pddd e@odh- 606

in the prefg eflzgfm{ébﬂe%i 1 9n¥hicgh sw)F@nw 8RefNdnkl§icenR MR IRl

are nmade ava1§ able for eaiy connecti on
line WL, (at 519).

More than one bit cell column 405 may be arranged in a
single bit, four bit, eight bit, sixteen bit, or similar
configuration to produce a parallel memory structure. 1In
the preferred embodiment an eight bit wide grouping is
employed for an eight bit byte of memory information. This
‘arrangement is shown in FIG. 6. A total of eight bit cell
columns (405, 405’, and 405”) are representative members of
the eight bit columns. Each bit cell column 405, 405’ and
405” is coupled to respective external contact pads (601-606
in the preferfed embodiment) to which the FB line and its
complement FB* are made available for easy connection to ,
off-chip components. An external contact pad for the TEST,
CE, and WE signals 607, 608, and 610 respectively, are also
made available for external, off-chip connection. The ¥
signal is generated as a result of inputs to the column

decoder circuitry.



of f-chip conmponents. An external contact pad for the TEST, CE, and WE
signals 607, 608, and 610 respectively, are also nade avail able for
external, off-chip connection. The Y signal is generated as a result of
inputs to the colum decoder circuitry.11 The preferred
enbodi ment provides logic control of the bit cell control lines with

circuitry place 1% +&e&_h ﬁ@ﬁﬁ%r@%ﬁ@’é) 15?% b%n%%\le%tﬂ Rl |y

generated fromt I ne t he” TEST signa t he co | enent
TEST S|gnmbxﬁep%bhp¢@@t¥©1ehéhe§lVl§blFlgépéﬁﬁYbylﬂﬁ§doPnI6§ﬁt nef&or s

609, 611, wpﬁﬂémv\éh tbﬁzﬁfe enﬁg Eggedh%ahohhug Cgaﬁaéal:@al T rORNRMHAL OF S

t hat provi nal s used during
the test mRFESD Q@l%ﬂd bOth thﬁeTﬁ§Ee§§9P?lcéﬁﬂr§helFﬁ@?lﬁméﬁﬁtﬁgsﬂbglc

ener at or n r t cheiBinhC 7 1in
ahlch ena&%?gﬁﬁf?éré éo@é?e& Eosgg&@ S?g B@é?CSS 'y ar?g gaggoco t?%l

Test, Read,gemexatornsd6®danfby, nends6dB sackhscpzeferred emhodmem

i mpor t ant e el te?]ﬂé@é F0gRLCgbhBEafER! ehatCpblTabathe! WR BgaCHeR tO the

| ogi ¢ sho red I ment current reading Is

avai | abl e aerltgralmeam thecP€i and. PCHesignalsi ngedudpuingr Shet W@SItogno@e
generator(%ﬁ% éﬁﬁo or 613 is coupled to their respective bit cells 405,
405', and 4 can be seen that precharge control PC and PC* are not
enabl ed when either the test enable TE or the WE |ines are activated as
directed by OR ¢ehre negessarycepPnhiodeldpes| ifxem henhogipe gpRgEaZOTSve to

obtain a TEyo RePfl aRg 3\53(258 EﬁéQﬁCEhV%hQOQEthEE'EE): B'ifa%‘éfama% RiyRy.at es
t hrough AND gates 705, 707 e chip enab line enabl es al

or a predet®rin neick| enabde a;npsms §§|,| yE@nTﬁheanﬁlt ¥graeedogicedily by
providing apn, Q8" £t éohe?ésh &'QséNDRQQHESWZ:QEe 7QAd Sthndad mBh%s B&bl e

Il illustrates the applicable truth’ for "6gi ¢ generator 609, 611
each selected column. It is important to note that enable

line CE provides the last rising edge to the logic shown for
the preferred embodiment. A wvalid current reading is
available after the CE line rises. The resulting output
frdm the logic generator 609, 611, or 613 is coupled to
their respective bit cells 405, 405’, and 405”7, It can be
seen that precharge control PC'and.PC* are not enabled when
either the test enable TE or the WE lines are activated as _
directed by OR gate 703. The column select line, Y, must be
made active to obtain a TEST, Read, or WR (and respective
complement) output and operates through AND gates 705,707,
and 709. The chip enable line, CE, enables all or a
predetermined selection of bit cells on the integrated
circuit by providing an appropriate level to AND gates 705,
707, 711, and 713. Table II illustrates the applicable
truth for logic generator 609,611,or 613.



12 . CE WE TE MODE 1 1 1

TEST 1 1 0 WRI TE 1 0 X
READ X X | STBY TABLE |
(Yis selected in all cases) Retérning nowto FIG 6, it can be

seen that an externally positioned voltage source 615 can be connected in
series wwth an external mcroaneter 617 to neasure the | eakage and I[err].
currents descri bed above. Likew se an external nicroaneter 619 may be

coupl ed bdt weercgr oun andvuppropriatemnxteﬂnal COMOREt pads |to neasure the
af orenent i 4Am4fnts. A—gi-eat-er—Hange of

measur enerfts and subsﬂantia?ly gre¢ater=circyit fai?ﬁ? anal ygi s can be
achieved il a mare cofplicajed test Tr1gture|lIs COWRFFEtO ong or nore of
the external_contact pads This fesL_iLxL¢w4LJA;_dLagLannaLLcaIIy shown as
box 621. Such altest flixtur8 in {he pXeferred enbBBRARent, id4 a DC

par anet ri g—armat yer sych asyan HPFI56Agaval ifaol € 1ggppyiew et - Packard Co.
or equivallent. 1t can be used tolprovide curve tracing and other variable
vol t age/ vari abl e current neasurenents A conventional voltage versus
current relationshipis g raph the

vol tage applied to Bi t | isfr% ?"Ts:a;]?f%%{%&in% jof %‘ésgndpt he
current on the bit line BIT is neasured and di spl ayed as trace 801. In FIG

8 the relationship shows the distinctive characteristics of ‘a good

N :
channel trans'ﬁggarnlégsnowl g FIG. 6, it can be seen that an

externally positioned voltage source 615 can be connected in
series with an external microameter 617 to measure the
leakage and Igs currents described above. Likewise an '
external microameter 619 may be coupled between ground and
appropriate external contact pads to measure the

aforementioned leakage and I4¢ currents.

A greater range of measurements and substantially
greater circuit failure analysis can be achieved if a more
complicated test fixture is couplea to one or more of the
external contact pads. This test fixture is
diagrammaticélly shown as box 621. Such a test fixture, in
the preferred embodiment, is a DC parametric analyzer such
as an HP4156A available from Hewlett-Packard Co. or
equivalent. It can be used to provide curve tracing and
other variable voltage/variable current measurements. A
conventional voltage versus current relationship is shown in
the graph of FIG. 8. In this graph the voltage applied to
bit line BIT is wvaried from 0 to 3.0 volts and the current
on the bit line BIT is measured and displayed as trace 801.
In FIG. 8 the relationship shows the distinctive |
characteristics of a good N-channel transistor. A similar

variable voltage versus current graph is shown in FIG. 9.



varipabl e voltage versus current graph is shown in FIG 9.

13 In the exanple of FIG 9, the voltage/current characteristics of a
defective N-channel transistor is shown. A failure node is detected. The
characteristics displayed in the defectlidve current versus voltage trace

I ndicates that the bit ceII flips to an opposite state making a transition,

at 903, to a negative ren it line BIT., Additional analysis is
needed to deter ?m?%?? % ﬁ%%ha fsﬁPeSVﬂggagﬁ /€RFEPRE connecti-on has

been made remiiﬂacwe/ﬁétabd:s SEtd ddfeoPpPeCRtthAnALlt BReapsesedl iiBvention,

nore power ful anal ytjc ool s exanpl e test fj tur 621)can be
connegted t Sy QW?TRGA f%%é é%@ eotStARtEBLEAd F eIFﬁ@§a8 gre&&tSFode

feature. dlsp‘rl@m aim tﬂﬁ@&ﬂéﬁetdﬂﬁéi thgabhenvetspeoeessadefl eghte
particularly those which are nore reg%iltlve SPI CE nndellng of the defect
e

i s made. Thé tes JfhahetRei kit o foiP8akR ABfGEPOPLtReftatR a def ect

nmodel |i bramaKitig falttken€0EDER | S4ON9d9, agbual ndgheets. chhirBner atakak
defects are_det cted b an aut onnt ed t est i nstrument, mh ch obtains

enpirical d&i i i AP REoRRE caRalyRdse A i peedpd dEPadF§eFWéHe a

conpared to fyEAY |r@é<§hé@ﬂ§hﬁdsiﬁéé”&ﬁ skeeedalNcbhfedBEBh hikbr 8k¥n
correl ation |s deter f a_defect nechanismis identified. As one
eeac‘i e"i‘nY?H

exanpl e of a1 oHipRoEBESPBAECAFLORPE HBRORSEFENEs an

i nappr opr i atlexdeaiﬂ:lfbrﬂ P gpowdrthe ARdELtacaer t8s16¢Ebst anaRplas thaen
inserted at the N-channel transistor 107 source, the_series resistance was

vari ed over Nt 180k &0 b qenneetednto 5Re Phb hbBeFeBYVBRYagE &PSI i ed

gate to growsl ams wlﬂhéé oahd €8s MOUbSse¥baBed series resistance
greater than about 4,000 ohns was introduced into the SPICE nodel a

si gni ficant chan%g?lool | S observed, in the V-1 curves. This characteristic
response is sinilR WEIIRPFeThHEe hdepelEhprELRI OfeRsaF8RENECEECESYi co

per f or mance gafrtfildal el henksoWieder devenopedripenitheesasbiiet ABALYSOS
of the defect is made. The results of the spice model for
each defect is kept in a defect model library for future
comparision to actual defects. Chip or wafer defects are
detected by an automated test instrument, which obtains.
empirical data characterizing the defect. The empirical
data is then compared to appropriate modeled results stored
in the model library, correlation is determined, and a
defect mechanism is identified. As one example of the
defect identification process, one bit cell demonstrates an
- inappropriate latch flipping. 1In the model a series
resistance has been inserted at the N-channel transistor 107
source, the series resistance was varied over values from
500 to 10,000 ohms, and the modeled voltage applied gate to
ground was varied from 0 to 3 volts. When a series
resistance greater than about 4,000 ohms was introduced into
the SPICE model a significant change 1001 is observed in the
V-I curves. This characteristic response is similar to that
found in the empirical measurement of device performance of

FIG. 9. The knowledge developed from the earlier analyses



14 . and saved in the defect library, a nechanismof failure in the
praocessing is quickly extrapolated fromthe SPICE nodel. In the exanple
consi dered here, the anomal ous behavior is determ ned to be due to a
faidure nechanismin the ground contact14f N-channel transistor 107. The
ground contact structure of the device process can therefore be nodified to
elimnate the problemin future manufacture of the eval uated version of

| Cs. n ldpd tedd h of ABHRIoE NESDSLYE @RAl YSiS
can be per?g(ranééqutﬁ g%at%ﬂga}%/fﬁ}:si%gku%g a(t)hnéé&%ésent ionvent ion in SRAM .
desi gns. Abheypirocefs sims dre diitlahtextorpRNna trd frompstRanSPEGH Pededpi d

detection g REACESP!Ssha db | Nen SRMma ol theRabhyr pEOVi di ng
external |y available Contact pads wth test node capabilities dramatically
reduces t hdesesminest Hathe dum d&insia Lainanne meekarismnin nteeogresad

Teas ur Nk st Rl 13 N ranalo & AR S bl & GRAV ISl 85iSund conbgce! ai m

15 CLAI n integrated circuit having external test access to
i ndi vi dual sbicucgsides aforive slewjice process |eantthprefpre cee| mpdpfied to

eliminate the problem in future manufacture of the evaluated

version of ICs.

Many of the limitations and much of the labor intensive
analysis can be performed automatically by including the
present invention in SRAM designs. Analysis of measured
currents on the bit lines can lead to rapid detection of
process related problems in the SRAM. Additionally,
providing externally available contact pads with test mode
capabilities dramatically reduces the amount of labor
intensive and time consuming microprobe measurements
required to analyze nonvisible SRAM defects.

We claim:



a fi.arst bit line (BIT) and a conplenent bit line (BIT*) coupled to said at
| east one bit cell (100); a first precharge switch (209) coupled to
said first bit line (BIT) and a second precharge swi.tch 211 cou ed to
said conplement bit line (BIT*); and 15 a fir “ﬂlﬁm ﬂm

coupling between said first bit line (BIT) and a f tact pad
(FB) and a second test switch (403) coupling between sald conp enent bit
line (BIT*) and a second external contact pad (FB*), said first test switch
(401) and s&IAIMS st precharge switch (209) arranged so that when said
first test SWI tch (éﬁﬂ)mﬁegﬁ@ccmchtﬁiﬂmglaﬁﬁtge adiakddY ste Pt esboege to

switch (209) |n a.n con state and said second test switch
(403) and s& %Pe ?ﬁﬂ%ﬂ arranged so that when said
second test sw tch (403) isin a conduct| ng state said second precharge
switch (211) is iat deamt coreldrit raplst atldo) ; 2. An integrated circuit

in accordance with claiml further conprising a first select switch (201)

coup ed to sald fJ Il (hid NG AP @I’!‘éynea[rfépya Tditiedidr Ui @ 118! 0B F

| evel nmay be presented to sa| I rst and a second se
switch (203Fdplfieda sald Rt dffEmane Rit Iqehlé- 0B whereby a data bit
of alogic level that is a conplenment logic level to said first logic |evel
ow toh (201) and SHAET] e TRARTL TAIPH 4000 SHRASE 5 11 FEFSEa o
first test ouditt dJir(eflO(]aIT)s dnd @ crewhred ipnecitatge swiidkdh r 6215kl ecupbedt ch
g\?\noth:hl ?263) an salcdjm ecdéegﬂ;t %@gﬁﬁ%ﬁ(%ﬁ& arr an;ghdszegﬁgd aﬁleﬁcgai d
a first test switch (401) coupling between said first
bit line (BIT) and a first external contact pad (FB) and a
second test switch (403) coupling between said complement
bit line (BIT*) and a second external contact pad (FB*),
said first test switch (401) and said first precharge switch
(209) arranged so that when said first test switch (401) is
in a conducting state said first precharge switch (209) is
in a non-conducting state, and said second test switch (403)
and said second precharge switch (211) arranged so that when |
said second test switch (403) is in a conducting state said
second precharge switch (211).is in a non-conducting state.

2. An integrated circuit in accordance with claim 1
further comprising-a first select switch (201) coupled to
said first bit line (BIT) whereby a data bit of a first
logic level may be presented ‘to said first bit line (BIT)
and a second select switch (203) coupled to said complement
bit line (BIT*) whereby a data bit of a logic level that is
a complement logic level to said first logic level may be
presented to said complement bit line (BIT*), said first
select switch (201) and said first test switch (401)
arranged so that when said first test switch (401) is in a
conducting state said first select switch (201) is in a non-



second test swtch (403) is in a conducting state said second select swtch
(Zﬁwluﬂummﬂmonducti ng state. 3. Anethod for testing an

i n cuit having at |least one bit cell (100) coupled to a
first bit' 1i"e®(BFT) and a conplenent bl& line (BIT*), conprising the steps

of : applying power supply voltage and return to the a ast qne bit
cel | (100); conducting,gtiate ., ¥id SaidbFecand Fekerf St i Lﬁé’g’f?? t
ext ernal coghadt seadndRBesto swidkdh rs103)i tadrareyddBlskh tehoat ewladoh | gid second

Lest s toh L4000 cuull |0 o oY) T S CONARLARCLLEES) oL0q (e

conpl enment Bt coupli'ng one of éxterna sour ced

vol t age andsegptadngeleatomwidel ef20F) tis deartp gromganduetingxseaheal
contact pad (FB) and said second external contact pad (FB*); and

measuring the current into said first, external Contac ad (FB) anpd into
sai d second externa® @GRS LR FEsSnduin e‘tf&t%ﬁlraatrﬁéméwg F&ht nmay be

detected. havingdatAlJeidwodne HocateddncEl 00 )t kedupEl ebttwda oficsailbit in
whi ch the bi el i1 first : P-ch tr |

(101, 105) a%@in ir(lthILFa{n rédgcsaor#d’r lc%ﬂ‘n%ﬁbcwghlsﬂlegt r's ()1’035, ?@?;iﬁ'ﬁ% F%?ch
confi-gur at i sttepsaiof :coupl i ng step further conprising the steps of coupling
externally sourced voltage to said first external Contact pad (FB) and

coupling externally sourced return to said second, external contact pad
(FB*), and said ﬁ@@&ﬁﬁqﬁ;ﬁﬂﬂﬁf supply voltage and return to the at

least one bit cell (100);

enabling a first test switch (401) coupling a first
external contact pad (FB) to the first bit line (BIT) and
enabling a second test switch (403) coupling a second
external contact pad (FB*) to the complement bit line
(BIT*);

coupling one of externally sourced voltage and
externally sourced return to each of said first external
contact pad (FB) and said second external contact pad (FB*);
and

measuring the current into said first external Contact
pad (FB) and into said second external contact pad (FB*)
whereby an anomalous current may be detected.

4. A method in accordance with the method of claim 3 in
which the bit cell utilizes first and second P-channel
transistors (101,105) and first and second N-channel
transistors (103,107) in a latch configuration, said
coupling step further comprising the steps of coupling
externally sourced voltage to said first external Contact
pad (FB) and coupling externally sourced return to said
second external contact pad (FB*), and said measuring step



17 further conprising the steps of neasuring Herri—of sard second

N-channel transistor (107) into said first extern ) and
measuring l[err] of said first P—channel tran5| st glllmmnmﬂl!ﬂsumﬁ second
ext.ernal cont act pad (FB*). 5. fret hod in accdordanc® with*the

met hod of claim3 in which the bit ceII utilizes first and second: P-channel
transistors (101, 105) and first and second N-channel transistors (103, 107)

in a | at ch finrfhemradnpni s fag dchoupt¢ps of apedsnried Eotpadfis®dd he steps
of coupllrwggagﬁﬁrﬁﬂéﬂaéﬁ {C@Paﬂgiéegf 290$ﬁlﬁn§@CQ§ﬂdefiegeaéxﬁeahamt pad

(FB*) and c externa sourced return to said fi st externa ont act

pad (FB), @ m@%st$hga%@é%e$%¥¥h%g ForfpOifsiSid < uring

I[err] of S@&&h§§§@@ﬂ Ptohpnigtot sa0ai séednd 18oteinad eandaétrpadexterna
Cont act pad Ff? and neasuring I[err] of said first N-channel transistor
(103) into d second external contact pad (FB*). 6. A nethod in
accordance with the nethod of claim3 in which the bit cell utilizes first

and second P-Chaémgi) &éé‘ﬂéasif?r%cé&Q?'la&Qé)wﬁeﬁ Ehesaeaﬁedss@oe@ama@ael

transistors (10371 con uration, sai R p further
conpri si ng wihkcht he b#tcéﬁbllH§1§¥¥%Fn§+F§ts%G?c§ﬂc9B$tEg@ gB“? d first
and second gxdgENgtoeonNiaol, pedy &h8, EBEst and sacdndeasuhangestep further

conprising the steps of i d. I

ol o109 {hcskeRseS! (TRSHbIML  eriheel sahgisgegetly ShaEnel |
I[err] of se¢dpiingtstbphﬁuneherranmpsisinglﬁB¢ shepssafdcoupdingext er nal
contact padm% g?%%ybf?u utIFQQ QQ?&rgé@Sﬁd“bk@eEHﬁl”EbﬂQQch

claln)S in and second P-channel .
tranS|storsp#dOl?@bB)aaﬁdcﬂppé%nanﬁx§ééﬁﬁélw-Eﬂaﬁﬁéﬁ return to said

first external contact pad (FB), and said measuring step
further comprising the steps of measuring Iofs of said
second P-channel transistor (105) into said first external
Contact pad (FB) and measuring Iqfs of said first N-channel
transistor (103) into said second external contact pad
(FB*) .

6. A method in accordance with the method of claim 3 in
which the bit cell utilizes first and second P-channel
transistors (101,105) and first and second N-channel
transistors (103,107) in a latch configuration, said
coupling step further comprising the steps of coupling
externally sourced voltage to said first and second external
contact pads (FB,FB*), and said measuring step further
comprising the steps of measuring Igs of said second N-
channel transistor (107) into said first external Contact
pad (FB) and measuring Igs of said first N-channel
transistor (103) into said second external contact pad
(FB*) .

7. A method in accordance with the method of claim 3
in which the bit cell utilizes first and second P-channel
transistors (101,105) and first and second N-channel



18 ot I ,107) in a latch configuration, said coupling step
furlﬁmm@uwﬂu g!ﬁhe steps of coupling externally sourced return to said
fir L ernal contact pads (FB,FB*), and said neasuring step

further conprising the steps of nmeasurtéhg I[err] of said second P-

channel transd é%ﬁééfgn(%divfb eﬂ(hfér$§t§$tgg£€ﬂ%§;%%fﬁ§'ig?gd(FB) and

measuring l[err sald first P-channel  transi nto said second
ext ernal cofCaRlifkH stgmfurther comprisingtthel $teRe cof deeerlimgh t he

met hod gf C:ceadt'élr:hdclblw fwuféga)rﬁt@&d}gll the §dﬁdl)si(fji)fs"1ctand se%@ﬂ&ié@tégﬂal
magni t ude of_vqltage of s ernal |y sourced vo]tage; a

megsuri ng tﬁ@‘%?rcrqigarﬁa %t@g’a&ﬁr)ﬂ ras'ié e%&lecrrf%ﬁ’a%bﬂ%%ts £ E‘FBJSh%E a
function of cemiptirsgry thhe sfepldageadusmg Bd erhaldid sedgored Bﬁgl t age,
and neasuri o : d | e con *) as a
function of %gﬁ%%%ﬁﬁ&eéﬁpvgﬂggéﬁg}aﬁﬁ efk. er%a%é&g%%f?g%'qg%? age
wher eby a c®acenifRiolandydaneagutingh shisp oifs sedas friastf Frobaginedf said first

and second exeigidtdOntEael) pads (R FFdcond extethaP SBLHOL: i a@ccor dance
Wwth the mt(g,%g_)of claim8 in which the bit cell utilizes first and second
i

P-channel tr stors (101, 105) and first and second N-channel transistors
(103,107) in a latch configuration, said coupling step further conprising

the steps of coupi ext Y i d valt to sai.d first exterpal
Cont act pad (FB) I%Ja'nz'\g cou@eglﬁgirlexatczcroolr%ﬁ%c%%lr@ggﬂ%eet%a%h?% ? i?i_f%JeIBoﬂd
external codtEdheradqERd)singithenst®ns mfstep further conprising the
steps of neasuring off current of said second N-channel transistor (107)

into said first varying the magnitude of voltage of said externally

sourced voltage; and

measuring the current into said first external Contact
pad (FB) as a function of said magnitude of voltage of said
externally sourced voltage, and measuring the current into
said second external contact pad (FB*) as a function of said
magnitude of voltage of said externally sourced voltage
whereby a current/voltage relationship is. measured for each
of said first and second external contact pads-(FB,FB*).

9. A method in accordance with the method of claim 8 in
which the bit cell utilizes first and Second P-channel
transistors (101,105) and first and second N-channel
transistors (103,107) in a latch configuration, said
coupling step further comprising the steps of coupling
externally sourced voltage to said first external Contact
pad (FB) and coupling externally sourced return to said
second external contact pad (FB*), said measuring step
further comprising the steps of measuring off current of
said second N-channel transistor (107) into said first
external Contact pad (FB) and measuring off. current of said
-first P-channel transistor (101) into said second external



external Contact pad (FB) and neasuring off current of said first P-channel
transistor (101) into said second external

19 contact pad (FB*), and further cqurising the step of conmparing said
measured off current/voltage relationshi$s to a plurality of predeternined
current/vol tage rel ati onshi ps corresponding to known failures, whereby a
failure nmechanismfor the tested integrated SRAM circuit can be

est abl i shed.qcontact AFBENOG B ACEORERANESmMES BihberHEL ofgclaim8 in
whi ch t he tﬂﬁoﬁmﬁ?,Lﬁ§?i£€§%?lr%t and_second Fﬁ%ﬁgﬁﬁéltgga%gggtéfs

(101, 105) arftPPRISINGRRELBRIS N ehathkl CYFERREAYBIE2g2 0821k  onghapsaten
confi gurati an,plaatal Coypbf ngredepeinind@rceprent srovtahe sbepsishstawr! i ng

externally s e i ' te Cont act ., pad _(EB)_, and

coupl i ng exfg¥%%%ﬂ§¥§%%¢€e%§8%$$%§e£%%fé5§%'séggkab%x?efﬁéEuESnWS%PaBé&m
(FB*), and &A@ thestestedsivpesratedrSRAMpeistugtt hansbepssbabiiabed.ng
drai n/source current of said second N-channel transistor (107) into said

first external t d (FB) and neasuring drajn/source current of said
first N—channelC?ﬂiﬂéi%$€?°%1%%)3??ﬁ£§%%ﬁ% %gEBth%x?%Fhaﬁ ebéncdeimpfdin
(FB*), and fwiritdtertivonipit scabl tivei 51 2@s oficovpandngesand FeoRHnAEdl

drai n/ sour cq Cid AL YO Eﬁ@f,i@iftér?&‘sf‘i £ O &d%&ééﬁ@tz\f-é?ﬂaﬂﬁégﬁterm ned
current/vol tage rel at1 onshi respondr ng 3% khowA al | Gres, ereby a

)
failure necfkﬁﬁ%ﬁﬁﬁ%ﬁrﬁhéngei%H)ih@e@rb@%@hSF@mﬁtguc%tionanSbéd

establ i shed.coupling step further comprising the steps of coupling
externally sourced voltage to said first external Contact
pad (FB) and coupling externally sourced voltage to said
second external contact pad (FB*), and said measuring step
further comprising the steps of measuring drain/source
current of said second N-channel transistor (107) into said
first external Contact pad (FB) and measuring drain/source
current of said first N-channel transistor (103) into said
second external contact pad (FB*), and further comprising
the step of comparing said measured drain/source
current/voltage relationship to a plurality of predetermined
current/voltage relationships corresponding to known
failures, whereby a failure mechanism for the tested
integrated SRAM circuit can be established.



