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BACKGROUND OF THE I NVENTION Field of the Invention [0001] The present

i nventi onrwganeorabdy relates to the testing of sem conduct @CT/EPowessozy cell s
and nore particularly to an inproved rfethod and structure for stressing
and testing contacts within sem conductor structures. Description of the
Rel ated Art [0002] A typical sem conductor static random access nenory
(SRAM device includes word |lines, a pair of bit lines, and nenory cells
with cell latches and pass 10 devices connected at intersections between
the word lines and the pair of bit lines. The pass devices of the nenory
cells are connected to the pair of bit lines through bitline contacts.
During a read or wite DYFYaCYCLE-EFBRIENT SRAM CELRTESR! | ow the
contents of the nenory cell to be successfully read fromor witten into
the cell latch. Bitline contacts that have too nuch resistance (resistive
bitline contacts) wll not I mty cell to be read
fromor witten into. Rem'éi‘hgéﬁﬁﬁ'}'ﬁﬁ‘l"ﬁmﬁ‘wﬁ g yNoccur as a result of
mechani cal failures or non-conductive materials that are forned between

t he pass devices and the bitline, and are hard to detect since the pass
devi ces have a | arge series resifgekdhottheelnyentioypi cally in the 10K ohm
range) conpared to the resistive bitline contact. 20 [0003] Although
bitline contacts may be tested with the testing of the menory cell or

bi tlines, nospoeH ”H{@FFéébhﬂﬁwbﬂﬁbﬁ d@ﬁ\é@a@d refdi€sitd ther%%ﬂﬁg'o%'seau@owc@&r' | ne
resistive bitline contact and gener pass the |1 ne contact and
menor§ Remory ieds amk merd Jrarieulaily Itonanctmpmedl methed arsddstiucturee fayst em

under a _slightl i fferent 03/.009304 [EPO2/ 08472 2 vol tage and/ or
t enper atsﬁ'?@,%ng fr’é‘d&@{"&’ FoRtag St‘f"I:%(ﬁ'Q %?@WP%ST?’?QSISV%%H@% . rendering the
correspondi ng nenory cell inoperable. [0004] The six-transistor SRAM cel |

shown in Figure 1 continues to be the
Description of the Related Art

[0002] A typical semiconductor static random-access memory (SRAM) device

includes word lines, a pair of bit lines, and memory cells with cell latches and pass

10 devices connected at intersections between the word lines and the pair of bit lines.

The pass devices of the memory cells are connected to the pair of bit lines through

bitline contacts. During a read or write operation, these bitline contacts allow the

contents of the memory cell to be successfully read from or written into the cell latch.

Bitline contacts that have too much resistance (resistive bitline contacts) will not

15 properly allow the memory cell to be read from or written into. Resistive bitline

contacts may occur as a result of mechanical failures or non-conductive materials

that are formed between the pass devices and the bitline, and are hard to detect

since the pass devices have a large series resistance (e.g., typically in the 10K ohm
range) compared to the resistive bitline contact.

20 [0003] Although bitline contacts may be tested with the testing of the memory

cell or bitlines, most manufacturing tests have difficulty recognizing a borderline

resistive bitline contact and will generally pass the bitline contact and memory cell.

When the resistive bitline contact is then used in the system under a slightly different
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I S gener ayer G SI| Icon as an etch stop for the
burn-in. The latch pull-down devices are designed to supply enough read current

(with wordline devices in series) to discharge 100mV from a VDD- precharged bitline
20 in 700ps. Such device characteristics result in a very high impedance bitline
discharge path.

[0006] Figure 2 shows an equivalent schematic representation of the bitline
and cell during a read cycle. Prior to the start of a read cycle, a distributed bitline
capacitance (CBL) is precharged to VDD. A bitline is then discharged through the

25 following components: bitline resistance (RB), bitline contact resistance (RC),
wordline device resistance (RW) (T5 in Figure 1), and finally latch pull-down device
resistance (RD) (T3 in Figure 1). Typical resistances for all components are also
shown. The resistance of a good bitline contact (RC) normally ranges from 2W-5W
while the combined series resistance of the wordline device and the laich pull-down

30 device is approximately 15KW, as shown in Figure 2.

[0007] The source/drain structures are commonly used by adjacent memory
cells and are isolated from each other with Shallow Trench Isolation (STI). Above

the STI there is generally layer of silicon nitride that is used as an etch stop for the
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through the dielectric, and then through the nitride, exposing the .
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and unreliable bitline contacts. Process defects can cause significant increases in
the bitline contact resistance with little or no impact on the SRAM read operation.
Figure 3A shows the waveforms of a read cycle with bitline contacts having different

20 RC (RC = 5W and RC = 20KW) as well as the timing of the setting of the sense
amplifier (SET) and the timing of the wordline pulse (WL).
[0010] Even when the resistance is changed a very large amount (from 5W to
20 000W), the signal loss at the sense-amplifier at the time of setting is only 39%.
This is shown in Figure 3B where the signal loss of 46 mV (118mV-72mV) between
25 the different bitline contact resistances is shown at the time the sense amplifier is set
(SET).  Thus, as shown, any significant increase in bitline-contact resistance
caused by a defect will not disturb a read cycle to the point of failure. Indeed, read
cycles may only be effective in detecting and screening resistive bitline contacts with
resistances greater than 40KW.
30 [0011] To the contrary, resistive bitline contacts are far more critical during a
write operation because a differential write driver must overcome the cell latch
nodes through wordline devices T5 or T6 and bitline contact resistance RC. The

amount of signal excursion that must occur at the cell nodes has to be greater than



resi stances greater than 40KW 30 [0011] To the contrary, resistive bitline
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st andarghy oximately 400ps then the write of the cell with an RC of 10KW does not occur
since the cell nodes are not switched before the wordline device is disabled. The ‘
effectiveness of this approach, however, is very limited since the pulse width of the
20 wordline must be long enough to provide robust write margins across the process
window and voltage/temperature variations.

[0013] Therefore, there is a need for a structure and method of identifying
when the bitline contact resistance is even marginally above the optimum standard.
Present technologies have great difficulty detecting slightly elevated bitline contact

25 resistances because the read and write actions to and from the memory cells can
initially be performed even with extremely high bitline contact resistance values. As
these elevated bitline contact resistant devices are used by the consumer, they
suffer additional thermal cycles, shock cycles, etc., and their resistance tends to
increase, which causes the devices to fail. Therefore, the initial testing done

30 immediately after manufacturing may not detect defects which will arise only after
the devices have seen some period of aciual consumer use. The invention
described below overcomes these problems by providing a structure and method

that supplies a large amount of stress upon the bitline contacts. This allows those
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pl uralitg o]j the wordlines, bitline restore VI ces’ connec
bi t | i nd82PBACEHEr gi ng the bitlines during read and wite operations, and a

clock circuifpo§8NeHee thveRitibh SindRidL! 48 Sihte%#ége%lg maer%grsyt strFBgt%ret hhe::lving a
15 built-in test portion, memory cells, bitlines and wordlines connected to the memory
cells, wordline decoders connected to a plurality of the wordlines, bitline restore
devices connected to the bitlines for charging the bitlines during read and write
operations, and a clock circuit connected to the wordlines. During a test mode the
wordline decoders simultaneously select multiple wordlines that the bitline restore

20 devices maintain in an active staté and the clock circuit maintains the multiple
wordlines and the bitline restore devices in an active state for a period in excess of a
normal read cycle. The invention also includes transistors which are connected to
the memory cells. The transistors include bitline contacts which are stressed during
the test mode.

25 [0016] The invention also contains address generators connected to the
wordline decoders. The address generators also include logic that simultaneously
activates the multiple wordlines. The address generators have an OR circuit that
activates both true and compliment addresses simultaneously. In addition, the
invention selects multiple wordlines adjacent to one another. The two adjacent

30 memory cells share a bitline contact which are simultaneously selected. The

invention has memory cells which are static random access memory (SRAM) cells.
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whiclp are static randoBRIEFCDESORIPTYONSBRMHE ®RAWINGS 3/ 009304
PCT/ EP02/ 08472 6 More specifically, the invention provides a test node to

efficiently stress SRAMcells. Specifically, this test node is designed to
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different bitline contact resistances;
[0021] Figure 3B is a chart showing the difference in the bitline signal at the
15 time the sense-amplifier is set with contacts having different resistances;
[0022] Figure 4 is a chart showing the write cycle waveforms with different
bitline contact resistances;
[0023] Figure 5 is a schematic diagram of structure for improving the
detection of a resistive bitline contact;
20 [0024] Figure 6 is a chart showing the waveforms of the write cycles to the
test cell with different bit line contact resistances;
[0025] Figure 7 is a schematic diagram of a structure which implements
excessive stress upon the bitlines of the memory array; and

[0026] Figure 8 is a chart showing the waveforms of a test-read cycle.

25 DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION



[0022] Figure 4 is a chart showing the wite cycle waveforns with different
bitline contact resistances; [0023] Figure 5 is a schematic di agram of
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stress duty-factor of each |1 by a factor greater than 10 000 wh

conpar be Im%@&tﬁéwtd&mlﬁedtdé@pﬂwﬁﬂﬁbﬂﬁrﬁtfa%t’%r More [spgsticatiy g '%V%W@e SRAM
cores Baveids ¥55¥% mdYed5UrhiGertly SHisS SHUM! defis2Specifically, this test mode is

15 designed o maximize the stress duty-factor of each cell by a factor greater than 10
000 when compared to conventional test methods/structures.

[0029] Today's dense SRAM cores have a very low degree of stressability as
a result of the large number of words. For example, in a 16Mb SRAM, each cell is
stressed during only one of 14.6M cycles. This very low duty factor inhibits efficient

20 stressing and as a result, SRAM reliability has been greatly impacted. Weak cells
that are virtually undetectable with any test means exist and will fail in the field
unless they can be stressed and screened prior to customer shipments. The
invention provides the means to perform a useful stress prior to factory screening by
significantly increasing the duty factor. This improvement can be obtained with a

25 very small increase in active current and a less than 1% chip area increase
(depending on the efficiency target).

[0030] The invention shown in Figure 7 and discussed in detail below is
primarily directed toward producing stress upon the bitline contact of the transistor of
the SRAM cell. The invention cannot directly determine the viability of the operation

30 of each memory cell and the associated contacts. Therefore, the invention uses a
conventional structure/method, such as that shown in Figure 5 to test the individual
memory cells and detect defective bitlines. However, the invention is not limited to

the structure shown in Figure 5, but instead can be used with any conventional



a result of the | arge nunber of words. For exanple, in a 16Mo SRAM each
cell is stressed during only one of 14.6Mcycles. This very |ow duty
factor i rwDBe93esficient 20 stressing and as a result, SRAVIEPetdsali | ity
has been greatly inpacted. Wak cells8 that are virtually undetectable with
any test nmeans exist and will fail in the field unless they can b

st r esstegtingdnecharismiephnigre: Figu Snillustsiep ik gtracturg sisedrigamrrgue gpﬁvi des

t he means f.o perfaorm a ful. L QJ: : '

Si an 1 90ERIY o rRER A s Bnllp YiahReblih Ukal AR ILRAS e
Wit h ac@® 5Yer(Whidhainl inEYpbRABE Hefein®yi ieferevicent and a | ess than 1% chip
area increase (depending on the efficiency target). [0030] Ther}il‘rjg\{eﬁntion

shown in Fi [03d] Anagenvsirdionek SIRAM arsays, | tweeverically asiacanti moma &d

t owar d produci. stress on the.bi.tlin t [ th
SRAM c¥/147® Ef’hl%'ﬂﬁ?v@%%%ug@ﬁnr&suﬁ? r'éc%l@uég{ie?‘%eﬁcem?@g%ﬁ%w: tslill{ég)}w{)he ©
oper at 8ryIip@s0dt %Cﬂvd“%@mc\é"?%dja@?ﬂ ddiie EwFivg ateline wunadtsareTlgiczllpr e,
the invention uses a conventional structure/ method, such as that shown in
Fi gur ecantralledeshy t IsigriahdWLTGST thehoegtivaless thad twet cadiagete cwpidines

bitlines. Howe , L the | ti. ' | i . . '
Fi gur cSuEREo Ry Wi I SReSagshtiles ny e SRR whRTinG S HSaHpE 598" ' "
PCT/ EPR241Q846MowrBirt Fijure ®. moehan betH hWestidiiare atipusied Simbltarsdouslysshe
structure used to inprove the detection of bitline contact resistance and

i s 0 stvssellsi aregrasaessedidn aparallel, weswltisg P08 By 20garRRed Nnrasidan¢R ot ed

) aconBnEoionias o and itk SR HRIRC T, FERA Buti 10 PRHES. he >
denser hiREP 6N dtadesistAficd VRC, Walcdhidiemede W/ixible o ‘seribs cabtdlinaedplacieat

cells sharing a bitline contact are |ogicall controlled Si | WLTEST
hat * araSsianes RWe anddatalh RUbAoWRURSISSRaS RET. e HHE8B AL ARAGIS e

i al de. The mul tinl. S i i
F gur et Egnell Woons RETH WAk £ RS IEIER? & TrhRTysRHhohg, RoRgsBly ™ "

celhs ﬂfeedaré_@mmg dfrodrventibsdl, reaeisor it obbratiods Isle ke dEieisi methesi alsance of
wordline device T

" helntegielene teshoalwhass slaaHise RIOPHEES TS MReoieA 4 idses teck e O °
wor dli BFop%?t\{ésC Bt the main array cells. An example of the test cell integration into the
main array is a placement in the middle of a 512-cell bitline, between cells 255 and
256. This placement separates the bitline resistance in half between the test cell and
20 the two furthest cells, cell 1 and cell 512. The test cell is designed to be
approximately 90% of the strength of two cells combined. The test cell is also
designed with multiple bitline contacts to ensure there is no additional contact

resistance when impacted with a manufacturing defect in one of the contacts.

[0032] Table 1 shows the test flow used in detecting resistive bitline contacts.
25 The detection method works as follows: 1) cells 1 and 2 are written with a "0" (see
Figure 5); 2) test cell is written with a "1"; 3) the test cell is selected concurrently with
cells 1 and 2. Cells 1 and 2 form a parallel cell structure with 2x the strength of one
cell. Since the test cell is 10% smaller than the combination of cells 1 and 2, its data
is overwritten by cells 1 and 2, unless there is enough bitline contact resistance to
30 prevent the write of the test cell. The test cell data is not overwritten by cells 1 and 2
if there is sufficient bitline contact resistance from cells 1 and 2 to the test cell. This

test is repeated with opposite data written to the two cells.



resi stance RW and |l atch pull-down resistance RD. The values of RWand RD

are

2X.

decreased by one half of what
i ncr easeswOd3nbssodel ectability of conventi onal
This nmethod al so
are expected to closely track the

integrates a tedt cell whose electrical

Is shown in Figure 2. This system al one,
read or w iPC@&/EPPEOSATL ons by
properties

roperties of the main array cells.

An

exanpl #able 1ntestlowdor detegting sesistivehitlineeontagli®: array is a placement in

the m ddle of a 51 , . S

pl acenent separatep the bitline resi sbance.i n half between the st cell
and 20 the two furfhest cells, cell 1 RGNAN | 512, The test celf is
designed to be ap | 9 Conbi ned.
The test cell is also designed pihkikstitei"D 8l 11512 contacts tp ensure
there is no additipnal contact  resistance when inpacted with a

manuf act uri ng def ept—rmone—of—the tontacts.— {0032 Table I shons the test
flow used in detecling resistive ) Write&1'cloriesktedl 25 The detefc}i on net hod
works as follows: L) cells 1 and 2 are witten with a "0" (see |Figure 5);
2) test cell is wltten wih "1 the test cell 1| | ected
concurrently with |cell Sgyllﬁ%ﬁcgl_jfs b@l”%)sz gni%ﬁge{l&p&cgrr%gﬁgl Lel| kel |
structure with 2x fhe strength of one: l,hce the test cel]fjis 10%
smal l er than the cpobinati Og of cel pgln'g%g%{dmlgbl ts data s ovefrIritten by
cells 1 and 2, unlpss tgeﬁgai!%sqragw.g;qub_j!%éégq&e&%ﬁagkcéwuw ancg] to 30
prevent the wite p —_ ' VErwritten
by cells 1 and 2 |f there is sgjdrigienbydellsiingnggpt act resistphce from
cells 1 and 2 to tpe—+test—eeH—TFhts—test—+s—repeated—wtiroppppite data
witten to the two|cells. XYREP6AMISHS2RWHIEREOY BGTelld Tabl e i Test flow
for detecting resiptrvebrtHme—contacts—Operattom 1) Brankef{wite "0"
cells 1-512 2) Wile "1" to t6sRepeht 1B weapposité¢ date and 2 and| fest cell
concurrently usinptEestTode 4l Read Tesr cell- - = nass (feast cell

successfully overridden by cells 1 and 2)

[0033] Figure 6 shows the waveforms of the test cell being written with
contact resistances of 5W, 500W and 1KW. The write of the test cell fails to occur
when the contact resistance is between 500W and 1KW. This is approximately a 20x
improvement from the conventional write test described in the previous section. One
advantage of this method is that it does not rely on narrow wordline pulses. The
pulse width of WLTEST is designed to be wide enough to allow the write to the test
cell across the process window, voltage and temperature variations, and RC=5W,
10 given the expected tracking of electrical parameters between the test cell and main
array cells. The method tests the DC strength ratio between the test cell and the two
combined cells under test. The bitline contact resistance, RC is the primary arbiter
that allows or prevents the write from occurring.

[0034] Referring now to Figure 7, a preferred embodiment of the structure
15 used with the invention is illustrated. The invention produces excessive stress upon
a given bitline contact by activating multiple wordiines during a read test, maintaining
the wordlines in an active state for an extended period of time and, at the same time,

allowing the bitline precharge devices to remain active. By this means, a path for



5) Repeat steps 24 with next pair of cells 6) Repeat 1-5 with opposite
data [0033] Figure 6 shows the waveforns of the test cell being witten
with comwaos/oessd st ances of 5W 500Wand 1 KW The w it ePofi/RPoazossest cel |
fails to occur 5 when the contact re#i stance is between 500Wand 1 KW

This is approximately a 20x. i.pprovenent fromthe conventional wjte test
descri b@HPrgﬂt W%MPSU@%Q@W@)HQ“@%'S %f&\‘/@‘?fja%’ gnablingbatprwerdling andat it
does no : Loe T ; wjdtrh of WLTEST is

desi gnegréﬁiaﬁ%‘g\?\naggéelﬁw&tg étggélg’l??v?{%ﬁ@e\r}\}%g |?%Efcﬁ>é|§‘?§é.t cell across the
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[0034] Rejuee 7, tige inwentive Strustuze Thcladgs efreimiest efnthesland wonybletneat atidkeysur e
15 used with the invention is jllustrated. The invention produces excessive

stress GBBAAIAISHA8%Wsllas Werdipriaracdsys 4t ifashi afghenyardine deeeerrsnelsis
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ext ended perio I e an at t sane Ul ne,

prechar g¢ bking cmsinecteebmid? actrdlires ﬁach,hﬁg mmﬂdgsbelt dtnp&mhbi/wné/\ﬁrdlaéﬁ@9303
PCT/ EP02/ 08472 10 current to flow through the bitline contact is provided.
By eﬁgbﬁ@ﬁ%d Bbihe adaivemihis disclosues rmgRupRenst wordlinesasube gonaesieddar r ent
path is | : r SN . '
Fi gure $§§f I%(lF))\l/t\H/éé wglfrﬁjgé%\%r I ?ﬁégﬁ@ggb@sr{ %u'el %éﬁé@éﬁg&gi‘??\% S?é(;ur' an
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duri t ' ration._As shown in Figure. 7, the inventiyve structure

Poe] g REBDR, SB5EEh 74t e CabaRdin iR aRyo B e o
dli . r: . o N . ? ced e o 32

wor I | nSUSIREHR! Bertiod 8¢ off 76 R REHBHIEARATE Tuchhte 2 fRERCP

bei n@5 coeemsec beplifier 32 iteor 318 ard thachriteadriveuisditbm K8owEably afntheoaddressi | y

ggnﬁgic!c lg%r%ré?org% %rc}uo%isviﬁ\r}e}tgriss8éj,l851?|A%Brlggicacri] cuﬁé‘,J %B?%G?%?}Aglggléﬁﬁggigan be
circuits 83, 84, 85.
[0036] A stressing mode (“test mode”) is enabled during a read cycle by
asserting the TEST signal. Write operations remain unchanged. When TEST is

20 asserted during read cycles, 32 wordlines are simultaneously selected by forcing
both the true and complement least significant bit (LSB) address inputs to the
wordline decoders. This is shown by the TEST control input of the address
true/complement generators. TEST signed forces both NOR gates 83 and 84 to be
active, thus enabling both true and complement outputs of the generators.

25 [0037] The TEST signal also breaks the self-restore path of all wordline true
and complement generators and enables the active pulse width of the wordline to be
controlled by the external clock. The TEST signal prevents AND gate 82 from
providing the self-resetting function for true and complement outputs. The clock's
falling edge resets true and complement outputs through AND gates 86, 87.

30 [0038] In a 200ns burn-in cycle, the falling edge of the clock can be placed at
198ns to provide a 198ns/200ns wordline-active duty-factor. This is compared to the
self-resetting conventional wordline-active time of 900ps out of the 200ns burn-in

cycle. One read cycle occurs every 200ns (at burn-in). The longest possible that the



each of the wordline decoders, depending upon the specific structure being
tested. The inventive structure also includes read and wite bitline
restore dwoiosee3¥L, 73 and NOR | ogic devices 74, 75 wi thPCeawp2/08332 and
wite control inputs. The read bitswitch is identified as item 76 and the

wite bitswitch is identified as item77. The 15 sense anplifier is item78
and t havordiine cani berheld higlemur of theceydg, theemade rafideny e siiess @n;a@ as

i ncl udes inverters 80 1, ., AND | ogi L L cul . : | g0

ci'r cu ehon, B sXampias ey muiePtch; AEN ¥ SpasBiuafilionet (e, e
duri ng cany&Rsbriay sh&ihBY syafesRs.t i ng the TEST signal. Wite operations remain
unchanged. When TEST is” 20 asserted during read cycles, 32 wordljnes are

si mul t aneou$0§33k eciieer keyfieabiragobdhe inventiqruds dﬁ@ selpplienmait afisgent

significant bit (LS dd i t st ' d s b Std
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TEST si £ 04 %ﬁ%lé"?ﬁthné\'%n%‘t ¢S sRaredNBetifecnoivite adiaetht eelld. IBisenaldliig ng
both trug and co ement outputs of the generators. 25 [0037] The TEST

si gnal asljacenbmeatinas;dhe e¢dd ceent brgughther bitline castactisinareated iwerfold.

e comaBGathpicipe St Trer dFband 2y ierBafCadhve, e eushBdld o5
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out put s. e clock's falling edge resets true and conpl enent outputs
t hr diglincBsgin esrrest campacal jootheajurrent £f 2ouersnal iead ichicleywhish wetdd oAy i ng

edge of the cl.ock e d at 198ns to provide a 198ns/200ns

wor dl i #&-Q‘&mi%}@’e&ﬁ@ﬂrﬁ% §ﬁ?§h| s is conpared to the self-resetting
convent i Onagom}jﬁﬁhﬂyﬁ@ﬁé VIEST gl A8 Rnapls bitliid eeP@ingl Writen réstoresycl e.
One read cycle occurs every 200ns (at burn-in). The |ongest possible that

the WO dSidesod0inPardPpdesshzamaliyl thesel RRRT gavices aie svitlghgd Qliprief iq he

cycle, ,the re efficient, th t d,. h t R h

vent 188 SR ity eed sl K Aled 18 e episBiagd bR, Beftr BN E nd g

sy st @NsenkBR3RPINPOTRE ré@arhe devicesairetkept bA\RItingaheitest imededb exsatera of

adjacent 5 wordlines within'the grouR of 32 nultiple-selected u\?ﬁr'dl I nes.
a

Ref er r iaugreh piath tor all 32 cells that are simu ciently
high voltage on the bitline. The read and write bitline restore devices are shown by

neously active and maintain a s

structures 72 and 73 of Figure 7.
[0041] The restore devices 72, 73 are somewhat larger than conventional
20 restore devices because they must apply sufficient voltage to simultaneously
maintain 32 cells in a read condition. A small chip area increase results from the
larger PFET devices in the bitline restore circuitry 72, 73 that are necessary to
maintain the bitline voltage with 32 cells active. Typically, a 2x increase would
provide sufficient voltage with 32 cells active. However, a 3x increase will improve
25 the stressing by providing an even higher voltage on the bitlines.
[0042] Figure 8 shows the waveforms of a test-read cycle with the invention.
As shown, the wordline (WL) active time is much longer than a conventional read
cycle, but the bit-switch 76, 77 and sense-amplifier 78 timings (SET) are as would
be expected in conventional read cycles. This allows the common data in the 32
30 cells to be read by the tester.
[0043] Figure 8 shows the SET signal pulsing and the activation of data-lines
by the SET signal. The 32 active cells cause the bitline excursion (BLT) to be much

greater than a conventional read. This is because there are 32 cells that are actively



Figure 5, a single bitline contact is shared between two adjacent cells. By
enabling adjacent wordlines, the read current through the bitline contact
is increawod3nmsefold. Referring to Figure 5, whenever WPCTAwd2/W422 ar e
both active, the current flowng thrtugh the bitline contact is fromtwo
cells (CELL1 and 'CELL21I_, thus providing a 2x 10 increase in . current

conpar eulling thacidiner(BhiT) dewaseppesed waiist papCalihASIPGRYTE JUERY P NYENRl om
either CELL1 or. CELL2. [0040] Finally, the TEST signal also enables bitline
read aftPWPPPELCBst ore devices during read cycles. Normally, these PFET

devi ces ar ejgau4ichrsl iffdntidin €dn be eadly intayrhteef i Righ dynditysSRAMldm@yst he
cell to discharde the bitline before setting the 15 sense-anplifier, The

prechamiity dely eesmale arent penalyurThey inventiassts nwementade 4 dMProve - thent

path _for.all 32 1s that .are si ml GACt v ' '

suf f PcPHIRFIEY R gﬁh%lq"é‘g%dﬁn&f%?m bﬁﬂﬁ@tﬁ#ﬁéﬁr e}g‘dga%é&g(wrmﬁp%l t rﬁlnoef

r est or gty icoRtack RInEMMreBYingSkratHisveRswith @nery 3nefil Eirgentepehalfyo@es] The
restore devices 72, 73 are sonewhat |arger than conventional ,Iiéo restore

devi ceJablea)iskn corpientional densieySBAMS, @ndndividiad gk only eg9s A {iiRl Amaeynt

Cntain 3 | . i on. | . y 't
From ¢ Rboof shgenngrbr oty FosEXp, dRiarl | TR SRAMN RAERTRIIERGSBER | 2
are ne@qgﬁmyﬁt@i"id‘fpﬂ)@ﬁrﬁhrbyu&_ bitline voltage with 32 cells active.

Typically,” a 2x increase would provide sufficient voltage with 32 cells
act ilve Taklev Butywysle imprev@mwent. | inprove 25 the stressing by providing

an even hi gher voRtage—en—thebitHhes—100421—Frgure—8-—ghows the wavef orns
of a test-read cyp[e ity Gfge ! nvention. As|sheprovdche (wordline (W)
active tinme is nmuch |onger than al conventiorndl rEBrdie cydlie, but the
bit-switch 76, 77 @and SF&&SF&”"' ifijer 78ghim ngs (SET) gne as would be
expected in conveptional read cyc| es. é]és all ows the cqmmon data in the 32
30 cells to be repg—bythe—tester—0043++i ;urc1“ ai/uvv: t he SET si gnal
pul sing and the agtivat PHH'BY dath-1ines by[the %‘IS sidnal . The 32 active
cell's cause the bj}!i deuldxeY#ei on gBLT) to be mR¥NSyredier than a
conventional read|| Thi Efficiensycausp90@e$/80@p% |32 cells tHdt are actively WO
03/ 009304 PCT/ EPOR| 08472 12
Wordline 1/512 32/512
Sub-array 1/64 1/64
Selection
Data Type 1/2 1/2
Bitline Contact - 65la/96la
DC Current Scale
Factor
Active Cells per 1 2
Bitline Contact
Avg. Current per 6.591a 62.8ma
Contact per
Million Read
Cycles
Efficiency 1x 9 533x
Improvement
Active Current Oma 19ma
Increase

[0045] The design for testability (DFT) described above, improves

stressability of single bitline contacts by increasing the number of wordiines selected



pulling the bitline (BLT) | ow as opposed to just one cell, as occurs during
a normal read operation. [0044] The invention can be easily integrated in
hi gh denswoy386M arrays wth only a small area penal ty. PCREPONOSML i On i S
i npl enented to inprove the 5 efficiebtty of bitline contacts stressing
during burn-in. A 9 533x inprovenent of bitline contact current-strﬁ‘sesi ng

is achiamefdmjwugordliaemiyem cyelgrien: HnKicrgases Kecurigly) ressing flom
i , YR SR A% . f
ol o eiong BTN e R inebfiiont 16 (ol G b, bl tasidtvet BRI ©

str eSS%fecﬁW@B)Jbiﬂiﬁe Gonitadti OMinkysasd Ns agsistmcelfd Trabbeint:witkreyit bedomes
i nprovenent. ty Cycle Inproved Conventiona Mdde Factors cle

Bur n i fulhosfisgnosabls.- oy/idiie 2ioves these i bitliste yconbagis/ WO %rﬁ}iﬁ%ﬁ@dfﬁ 2
%55 ParaRalssbidble Yad L G pFObeRR) BecoRe defatns, affer e BEIGET 201
Avg. Curieel tdBe ibnidthatefZid8ntfiedCanteamt ateer mihufdotureRevdre Spyedifically, the
invention provides a test mode to efficiently stress SRAM cells. Specifically, this test
mode is designed to maximize the stress duty-factor of each cell by a factor greater
than 10 000 when compared to conventional test methods/structures.
10 [0046] While the invention has been described in terms of preferred
embodiments, those skilled in the art will recognize that the invention can be

practiced with modification within the spirit and scope of the appended claims.



Efficiency 1x 9 533x Inprovenent Active Current Ora 19ma | ncrease [0045]
The design for testability (DFT) described above, inproves stressability
of singl ewbioBlodases cont acts by increasing the nunber of worPdirirrexoset ect ed
WO 03/ 009304 PCT/ EPO2/ 08472 13 and the wordline-active duty cycle tine.
The increase in current stressing fromthe invention provides the wear-out
mechanismto either fully open a reCbAIM® (and defective) bitline contact
or increase jts .resistance to the point where it becones fully

di agnosabl e Wh&{ii8 CIM§HdSt hose bitline contacts which are initially only 5
mar gi nal |y acceptable (and which will probably becone defective after sone
period of use) to be imediately identified directly after manufacture.
More speci f iAmaintegratdtemenmrgretiumtuneriwinig 2 buittds ttestoption, edifli igiegiaieg
stress SRAM cel |l s. Specifically, this test node is designed to nmaxim ze
the st MAYBOYSUHARE QMRHSIBGch cel | by a factor greater than 10 000 when
conpared to jjenal test nethods/structures. 10 [0046] Wile the
inve%ti on hggé}ﬁé@zééagécri bed in terms of preferred enbodinents, those
skilled in bitines andwidrdliressocprireetechtn saidenémoeaneeltsy can be practiced with

nodi fication within the spirit and scope of the appended clains. WO
03/ 009304 PHArERAe SCQHF@E*RB&BE‘H@E&"RYQ? E‘T"Qi"ﬁ‘gfgﬁ’ﬂ'i‘%?" 1. An integrated
Merory Strughiting rBé%'ré'gie%iééé Lbnhdctb8Sth B! biflhesSRIr CHtyRgr shiadbitirRisnr y
structure conprising: menory cells; bitlines and wordl irnes connected to
sai d nelming read bhad writerapleratiorde@nder s connected to a plurality of said
wordlines; bitline restore de j(ces conﬁFct ed to said bitlines for charging
sai dObi t | i n@clock circuit connected to said wordlines,
wherein during a test mode:
said wordline decoders simultaneously select multiple wordlines;
said bitline restore devices maintain said bitline restore devices in an
active state; and
15 said clock circuit maintains said multiple wordlines and said bitline

restore devices in an active state for a period in excess of a read cycle.

2. The integrated memory structure in claim 1, further comprising transistors

connected to said memory cells,
wherein said transistors include bitline contacts, and

20 wherein said bitline contacts are stressed during said test mode.

3. The integrated memory structure in claim 1, further comprising address
generators connected to said wordline decoders, wherein said address generators

include logic that simultaneously activates said multiple wordlines.

4. The integrated memory structure in claim 3, wherein said address generators
25 include an OR circuit that activates both true and compliment addresses

simultaneously.

5. The integrated memory structure in claim 1, wherein said multiple wordlines

are adjacent to one another.



during read and wite operations; and 10 a clock circuit connected to said
wordlines, wherein during a test node: said wordline decoders

si mul t anewoIBposed ect multiple wordlines; said bitline rePComEPodassTzes
maintain said bitline restore deviceslin an active state; and 15 said
clock circuit maintains said multiple wordlines and said bitline restore
devices in an active state for a period in excess of a read cycle. 2. The

i nt d vy structure in claiml furt i sing,. -
connect&d t ol BaiidtepiERyMedany sebire  Ghimy SRR e Hiie AR e
cont aCtéellsaég\‘ér%% FBRIR BorpBLlar diflukBnEaMIRGbRcRIE Stressed during said

test node e Integrated nenory structure in claim1, further
conprising address generators connected to said wordline decoders, wherein

id ad t include,|l ogic that.sinpult I i i d
i £ pl & wor BTG HBE0ratedrmemADG STHERS BrDR sty NHAIEE Shtk 1ar o SRS, oi
sai d adﬁ(frﬁﬁ@s&e&%f'éﬁ'é’ﬁéom%cbgfHgﬁo@nﬁm\fﬂ) gepd.t that activates both true

I ent a (J sly

and conp resses simultaneo 5. The integrated nmenory
structure in claim1, wherein said nmultiple wordlines are adjacent to one

anot her, WD 03/009304  PCT/ EP02/ 08472, 15 .6. The integrate tructure
eI B 1. AesiBeA G oSty 2. eSintan Fycumenssy all SRS gt ot
are sinul { angiibnodBbsHckidatiry mUlple Wthiéeed memory structure in claim 1,
wherein said nenory cells con%ri ses static random access nenory (SRAM

cells. 5 8. rhairgainiy shid esrdlinpsain antasjivat atec forcaitestpeded exebedivgract ure
conpri si n%ﬁwciﬁl‘-\% aneously activating nultiple wordlines; nmaintaining said

wor dl i n&& ive state for a test period exceeding a read cycle; and
maintaining bitline restore devices in an active state while said wordlines are
10 active.
9. The method in claim 8, wherein said activating of said wordlines comprises

activating adjacent wordlines.

10. The method in claim 8, further comprising individually testing memory cells

after said test period.

15 11. The method in claim 8, wherein bitline contacts of said integrated circuit

memory cell are stressed during said test mode.

12.  The method in claim 8, wherein said process of activating said wordlines is

performed by wordline decoders within said integrated circuit memory cell structure.

13. The method in claim 8, wherein said process of maintaining bitline restore
20 devices in an active state is performed by logic circuitry within said integrated circuit

memory cell structure.

14. The method in claim 8, wherein timings of a read bitswitch and sense
amplifiers are preserved, even when in said test period so that a read function can

be performed on all cells.



mai ntaining bitline restore devices in an active state while said wordlines
are 10 active. 9. The nethod in claim8, wherein said activating of said
wor dl i neswomaped3ses activating adjacent wordlines. 10. Tir€TrrPoierd7i n cl ai m
8, further conprising individually testing nenory cells after said test
period. 15 11. The nethod in claim8, wherein bitline contacts of said
integrated circuit nenory cell are stressed during said test node. 12. The

thod j | ai m 8, wherei id ._of tivati id dl i '
per for ikl byAmHegrated deeBaBt St Radade PHited epklodion. srid Risellder
struct %Smor}%tru%l?rg%%iﬁ% claim 8, wherein said process of naintaining
evi ces |

bitline restore an active state is perfornmed by |logic
circuitry wrhemongaels;i ntegrated circuit nenory cell structure. 14. The

met hod in claim 8, erej.n timngs of a read bitswtch and sense
anpl iXiers dMENGEAOGWRY ,"”%%Qﬂnwgﬁ-;tﬁgit?lsgg MeMLY CEESsi od so that a read

functi on_canyolfinB@eb8IRGAMeRId Fh biurallp f 3RO93RABET/ EP02/ 08472 16

15. An integrated nmenory structure having In test portion, said

i nt egrated bitinerrestdreudévices conpeckeidnty saehbitinexefdrscharging Isaitk bitlimes

wor dl i nes, connected to said nmenory cells; wordline decoders connected to a
pl ur al iqufingsreadiandyFith PRPRIGUORS: | i ne restore devices connected to said

bi t1i nes f o, glagk girait 88hAedtbliho B8R wHkiIhag; aigad and write operations; a

clock circuit connecte 0o sard wordlines; and 10 transistors connected to

sai diovenor y tearidistorsrbenméaied do dsaid amsmnetyocalls, wdiardim saidt transistorsiraduds

wher ei rlg_(iluri n(ﬁ a test node: said wordline decoders sinultaneously select
|t fagds:

mul ti plBUHRE P,

wherein during a test mode:
said wordline decoders simultaneously select multiple wordlines;
said bitline restore devices maintain said bitline restore devices in an
15 active state;
said clock circuit maintains said multiple wordlines and said bitline
restore devices in an active state for a period in excess of a normal read cycle; and

said bitline contacts are stressed during said test mode.

15. A program storage device readable by machine, tangibly embodying a
20 program of instructions executable by the machine to perform a method for testing
an integrated circuit memory cell structure, said method comprising:
simultaneously activating multiple wordlines;
maintaining said wordlines in an active state for a test period exceeding a
normal read cycle; and

25 maintaining bitline restore devices in an active state while said wordlines are

active.

16. The program storage device in claim 15, wherein said activating of said

wordlines comprises activating adjacent wordlines.

17. The program storage device in claim 15, wherein said method further

30 comprises individually testing memory cells after said test period.



said bitline restore devices maintain said bitline restore devices in an
15 active state; said clock circuit nmaintains said nultiple wordlines and
sai d bitIwo®3/0098t ore devices in an active state for a pePCodEPInosERLess of
a normal read cycle; and said bitlin& contacts are stressed during said
test node. 15. A program storage device readabl e by nmachine, tangibly
enbodying a 20 program of instructions executable by the nachine to

ot metod Hommrpala bl r8RebbrBhRh: T gk, RS tofihly Bhagia e
mai nt aiiﬁie@@a’@aidiircwrrdéﬂnﬁgﬁcélnamwé?ésie\dedmm§ai<ﬁ@ést&nb@é.t period exceeding a

normal read cycle; and 25 maintaining bitline restore devices in an active
state while said wordlines are active. 16. The program storage device in

claim ei.n [.d ' [ f ' | i . .C ' ' i ng
adj acen '\AD\AA:@F(? Ré@gh?@%@g%{%&a{ %I?@.'ll’ g&é%&?k‘gg%ﬁi @@%ﬁ?%ga%\ﬁg%ﬁ@ n
sai d mdi@dvérdiiheris peHaHAEY byesworiiingi decdders twithih nenideifggratesl Chcait t er
said test period. WO 03/009304 PCT/ EP02/ 08472 17 18. The program storage
devi e mamenarel sBuctiffRerein bitline contacts of said integrated circuit
menory cell are stressed during said test node. 19. The program storage
device in claim15, wherein said process of activating said wordlines is
per f or eyl byrwwpfﬂogram steengtedsvive imchimal 5] windrer sdidchrobésaiof matamimy y
cell structure. 2 The program storage device in claim15, wherein said

pr ocesPiine restaraidavieps i aniasiive sieier is pedowead by lgaicagifeuiisy it said
perfor Qg .. Cl [ i.thin said integrated circuit nenory cell
struct Hﬁ%gp%tfb #Jﬁgltgb%régb}néés{ll%ﬁ%@e‘%devi ce in claim15, wherein timngs of a

read bitswitch 10 and sense anplifiers are preserved, even when in said

test period so that a read function can be perforped on all cells..
21.  The program storage device in claim 15, wherein timings of a read bitswitch

10 and sense amplifiers are preserved, even when in said test period so that a read

function can be performed on all cells.



