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| nvent i owd @@4304 The present invention generally rel ates POTHPe2/€84%x i Ng of
sem conductor 5 nenory cells and nore particularly to an inproved nethod
and structure for stressing and testing contacts within sem conduct or
structures. Description of the Related Art [0002] A typi l m‘mmct or
static random access nenory (SRAM device includes word Imlmmml" r of
bit lines, and nmermory cells with cell latches and pass 10 deyjggs connected

at intersections between the word |ines and the pair of bit I|nes The
pass devices of the nenory cells are connected to the pair of bit |ines

through bitline cont a8 C;n?h@FIflﬁéN?rS Mpﬂbei-gg-ron these bitline
ents e

contacts allow the con nmenor e successfully read
fromor witten into the cell latch. Bltllne contacts that have too nuch
resi stance (resistive bitline contacts) wll not 15&3operly al l ow t he

menory cell to be read f r BAGKGROUN) OFTHE INMENTI m‘m \mcts
may occur as a result of nmechanical failures or non- condua m“m\“ al s
that are fornmed between the pass devices and the bitline, and*®wW8" hard to

detect since the pass devices g 6F ' BYehfibhesS resi stance (e.g.,
typically in the 10K ohm range) conpared to the resistive bitline contact.

20 [0003] Although bitline contacts may be tested with the testing of the
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then used I n the system under a slight ferent 16 JAN. 200
stressing and testing contacts within semiconductor structures.

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 bitlin_e 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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may then fail, rendering the corresponding nenmory cell inoperable. [OOOA??
.The $ix-transistor SRAM cel| shown in Fi gure 1 continues to be the

wor khor sevo ts/4w03da enbedded and st and-al one hi gh- per f or mangerapodbgyrs ays. In
S Figure 1, the wordline is represented by W, the bitline true and a .
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result" In a very edance arge path 006] Figure 2
shows M-rhymﬁeldaéfﬁarm tmmlsmmsu (NREDrdendoesaT 8 andoF4 dbenglatﬂenadecycbmd cel

during 2 T SRy B eerb®l ) ShGehal bk kb et o s ahrap 6F |
di SCh%@%ﬁhﬁ@%ﬂPh@ﬁ% Faid g«é %&%nﬁgr@gﬂpm debickb I TR of 791 eBs1e% 6iRP) . ,

bitline contact resi nce : device resjistance (RN (T5 in
Fi gur d@iff¢rentintioniangell podattbapwiouldiotherdiss be parialiyswiities torRmProxenatelyEi gur e

&) 1 AR PR BeShd 75 S e e g Fpcpg st ance
ggﬁgg\%esrlsgsgﬁar@ll Srgaew?‘ﬁed)io bee\g@ﬁﬂoﬂ\ﬁnl tﬁatlé :oﬁ%@flﬁéich hsull-adwh devidesdown
T3 and T4 to maintain cell stability, especially dunngg high voltage operation and
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 latoh 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 seties resistance of the wordline device and the latch 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 (STl). Above

the ST there is generally layer of silicon nitride that is used as an etch stop for the
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The contacts are drilled first through the dielectric, and then through the
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difficult to detect nmargi'nal, resistive and unre rtline. co cts.
Pr ot@seperingct sl shichaa ssituatigni fiti tsadifficult te deeatei the abkiabidondoetiom patlst

i i [ ' t he, SRAM.r ead ation.  Figure 3A
<hove. (HETGBRfAe otads  STRE neikpdpseiad ronieare -5t hen SRAYCCHAREr cnt
(20 RC ibiudingy thensbrftbct-is?6 h didlenalila 3wl Smb! | 6h ¥l P%@g@%ﬁg 10 i he
sense anplifier (SET) and the timng of the wordline pulse ). 0]
Even wPiginaheesigianse efcthe defgetivgeatack weas, ohalhgeomten oft mahy dhoGsdnds of0

O0oW ) -r}]ge signal loss at the sense-anplifier at the.tinme of setting is
only 3%’% "This is shown in Figure 3B where the signal |oss of 46 nV

(11mmv- 72M{0009% tTTaes) tRe relfiofshipebeMed tHe BRI BbAfct rESILEIRBCST kige Shown

at the time the, sense anplifier is set

devices series resistance makes it extremely difficult to detect marginal, resistive
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 (from5Wto

20 O00W), the si'gnal 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 (1 18mV-72mV) between

25 the different bitline contact resistances is shown at the time the sense ampilifier is set
(S8ET).  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



(SET). Thus, as shown, any significant increase in bitline-contact

resi stance caused by a defect will not disturb a read cycle to th‘bﬁdANrmﬂs
-of failure. Indeed, read cycles may only be effective in detecting and
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falling edge of the wordline is sped up by approximtely 400ps then the
wr ite of thi0I2]IOne eliewmativg that 1maw1@§ethermteota©dﬂy of iragistivégontadts ides
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wor-dl ingsal sRefering bacie e reod pif aMé dallingBde of tHeewdhdliiHe & g5ePp Byhe
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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 d'etecting 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 actual 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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restore-
. [0015] The invention includes an integrated memory structure having 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 state 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,



devi ces connected to the bitlines for charging the bitlines during 1r£jlm nd
wite operations, and a clock circuit connected to the wordlines. 0B,
‘test node the wordline decoders sinultaneously select nultiple wordlines
that the bitline restore 20 devices maintain in an active state and the
clock circuit maintains the nultiple wordlines and the bitline restore
devices in an active state for a period in excess of a nornmal read cycle.
The invention al so includes transistors which are connected to the nenory
cel I's. Theotd @&%nﬁm%smen&'vaﬁt%nbmw_de@ aCRBI Afols Mfﬁaeﬁﬁaf sibdsCRAM Qund ng
the test node. 25 [0016] The invention al so contains address generators
connect edSpeoifichldy, thisrtedtinmmlede detigred. to Thaximidrtbs strepe nlutyafagtos ofileadh ¢abichyuae
logic th Si mul t apeo ctivates,the mul.tiple wdlines, The address
gener at or S Rh B PRERTE by fier bt Rub i MR ARG Fren

addr esses si MuAécardingisd y¥nothdt a3pkett ©of ol prickedt inveMesH there Bedrecided anllidteg@hed

wor dl i nes adj acent to one another. The two adjacent 30 nenory cells share a
bitline CHANANSIRATERNAYING huilinin IeHomany said iiegralgd memory SUHHFEHE FYRPTRS:
memory cells whimbyakeRs;static random access nemory (SRAM cells. 16 JAN
2006 6 More specifically, the invention provides a test node to efficiently
stress SRAM cdiilliges arfpeeridiinesaiohyectedhiv said ewmompdalsi s desi gned to maxinmi ze

t he stress dut‘%rf act or é‘r eg%kelcc$L0I bl)fa? f ctdor I%ﬁ\eater than 10 000 when
conpared to conYants &HafeTs S SR ARRor di ng to anot her
aspect of the Hitli@s eestort Aot @Anddiey © sakl Wirles drdharyingndaeDbidliRe dulBhRay
structure having a huilt-in test portion, said integrated nenory structure
conpri si r?dgwrﬁﬁ%ﬁ?rﬁt‘%‘ﬁi |'s; bitlines and wordlines connected to said nenory
cell's; wordlifQodesRURCSneRAE tAdwbRIIReP i al i ty of said wordlines;
bitline restore devices connected to said bitlines for charging said
bit1ines duri rigansisiess comgcted ite said aemeryorells, whejbincieid Hrarsisters dotndcbidines o
sai d wordlj.pes; and transistors connected to said nenmory cells, wherein
said transistofs include bitlines contacts; wherein during a test nopde:

sai d wordl i ne wiegeddusnga mdl hadeously sel ect nultiple wordlines;

said wordline decoders simultaneously select multiple wordlines;

said bitline restore devices maintain said bitline restore devices in an 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.

According to still another aspect of the present invention there is provided a program
storage device readable by machine, tangibly embodying a 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

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

{RALIBPP]03519.doc:AVC



said bitline restore devices maintain said bitline restore devices in an
active state; said clock circuit maintains said mltiple wordlinegga Pﬂdﬁﬁﬁd
‘bitline restore devices in an active state for a period in excess o0

normal read cycle; and said bitline confacts are stressed during said test
node. According to still another aspect of the present invention there is
provided a .program storage device readabl e by nachine, tangibly
enbodyi ng a program of instructions executable by the machine to performa
met hod for testing an i BRAGFIHESCRIPTION 0TV DRAWISEKUCt ure, said

met hod conprising: simultaneously activating nmultiple wordlines;

mai ntai ning said wordlines in an active state for a test period exceeding a

normal read cyglBiaod: ive
State uni e o osanp aBEbALAMRRD ek Fr ERlE SR EEN SRR Ao S006
- 6a BRI Bke DES@ﬂnere:milddFdaddﬁpW\MNG@réfmed @fbgdinitgt(@N @f othb elhvaitijol Civih
aspects ang adv tfn ﬁ be better understood from the foll ow ng
detailed '§ eé%lff*g% 4 ra&fm%? Bir‘%lflék?red enbodi nent (s) of the invention with
reference to tHigurenava mmau@dmﬁaﬁ{bfsﬁd @asBtck IRAM ceghemati ¢ di agram of

Si x-transi stor_ SRAM cel | ; aglg ‘Mﬂi is a schematic diagramof a bitline and

SRAM cel | read ‘%)“&FF?- & frschem &n; ofg Gitkiee 3d iSRAMcoedlr read petli signplified r ead
cycle wavgodeprms with the different bitline contact resistances; Figure 3B
is a chart showing the difference in the bitline signal at the time the
sense- anplif |Fegur¢ 53155& awheih sbowingahs réwdviyely diafd érrant witleshs tEteas biihgur e
4 is a chc% {actsrem W, 0 the wite cycle wavefornms with different bitline
contact Tesrstances™ Fi gure 5 is a schematic diagram of structure for

i mproving the RilgtreGBl i91 obhrt @hdvﬁﬁ%fiﬂd differeRid Inl € bARKY SEhal aFUQ:LHrﬁ'e ﬁle'séns%- .

chart show n g% the wavefornms of the wite cycles to the test cell with
amplifier 1s set with contacts having different resistances;

Figure 4 is a chart showing the write cycle waveforms with different bitline contact

resistances;

Figure 5 is a schematic diagram of structure for improving the detection of a resistive

bitline contact;

Figure 6 is a chart showing the waveforms of the write cycles to the test cell with

different bitline contact resistances;

Figure 7 is a schematic diagram of a structure which implements excessive stress upon

the bitlines of the memory array; and

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

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE
INVENTION

[RALIBPP]03519.doc:AVC



~different bitline contact resistances; Figure 7 is a schematic di ag‘lr&m\pfzm
structure which inplenments excessive stress upon the bitlines of the
-menmory array; and Figure 8 is a chart showi ng the wavefornms of a test-read
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15 designed to 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
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" integrates a test cell whose electrical properties are expected to closely track the

properties of 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 theré 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.



main array is a placenent in the mddle of a 512-cell bitline, bet n
cells 255 and 256. This placenent separates the bitllne resi stancﬁeﬁa#\%éﬂﬂﬁ
.-between the test cell and 20 the two furthest cells, cell 1 and cell 512.
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1. Test flow for {etecttrgresrstive brtitime Tomtacts. Operationf 1) Bl anket
wite "0" cells 14512 2) Wite "1 "usingtesttmede!| 3) Read cells I and 2 and

test cell concurrgmttTy USITIg €51 mode ) Read test cellT: "0 H pass (test
cell successfully ove|4|)|FlRMrie§§/CQi|el 0s Paéﬁdteé)t C@y speerssiulbt eps| B4 wi th

next pair of celld ®) Repeat 1I- pos ta [0033] Figure 6 shows
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6) Repeat 1-5 with opposite data

[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

5 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 embodlment of the structure

15 used with the invention is illustrated. The invention produces excessive stress upon

a given bitline contact by activating multiple wordlines 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
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DC current path is established. [0035] Mre specifically, the structure
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[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



circuits 83, 84, 85. [0036] A stressing node ("test node") is enable})«rj
during a read cycle by asserting the TEST signal. Wite operations1 Mﬁﬂﬂs

-~unchanged. When TEST is 20 asserted during read cycles, 32 wordlines are

si mul t ane@uislogesee! ect ed by forcing both the true and conppergpédseast
significant bit (LSB) address inputs o the wordline decoders. This is _
shown by the TEST control input of the address true/conplenent generators.
TEST svardie foancbs HsltbhidpRogtabk thd Byaleq tihd rmorebefficiariti the, stréassandabbi ng
both true and conpl enent outputs of the generators. 25 [0037] The TEST

si gnalshamgo byr thi examplecithe rigventian mehieves alsubgsantialiyelonge tinedhan

conpl enent ﬁaenqrattﬁrgi a)r%f enabl es the active pulse width of the wordline to
be c&VER 596 RE V¥ Ral cl ock. The TEST si gnal prevents AND gate 82
from provigg t flekse ' f yactd ibAT st

out put 5. THO OB R L R e VRO e e SRRt eR B! aicpeen!

t hr Suglordlifieg avitiin Sthe §rouBof[ 823Biultiple-seatets iendlines: Bedéringt back 46l i ng

edge of the_clock can, be placed ath 13gns to ?rovi de a 1%?|nsé200n .

wor dl Fi@urachii & single yitline qantact s shated Sepueery twe erd geylsy m'ﬁ%Hgg

o r SRS WAL ndoad &) eRE toudl the otitle ConacFisinc et 8o Bla. 77 ©
t he 1QRefMNYPROFINOre T, GNSdy P CWLERO 84T 2rd botiwactive,nieceurrdret floaidghi gh

i R L T e A
cony eﬂrlérg%@é iﬂ“&@ﬁBﬂt éé(ﬁlhﬁpg%té %?&rr@t’i&o&@hohﬁ%ﬂ Fe%ﬁtﬂ(:}fcfe Wpig{gﬁobm\'&%' on is
adj ace wor d I'n the group o

thé selection 0 I'nes Wt

nul ti plecfromalaittise CERIALHbr GELL2Ref erring back to Figure 5, a single bitline

contact is shared between _two _adj acent cel

wor dl i nes, [0@40} 55@'Wuﬂ'ﬂ%!{E$'ﬁr%9@N s Qi?qlhsi‘??]gytﬂ'g%ﬁglélgng@d ?’ﬂjﬁgggg{ﬂie_
(- lcos AR 498 I Doy WSS YPEC bRl e ienRPLl BT, "
CELL2}he tshars afrresd diyeipsatallé® theccelhte distharge the bitbme dedoret sottihg ther r ent
of 1? ggaggjanqpelﬁ%r.c ﬁé %rec ié:rgevg)elvigesogrleykepq(%nfét?rmge{t}eht%rs,t %%Lcj'eltoocrreg'f‘EeLla' 2.
current path for all 32 cells that are simultaneously active and maintain a sufficiently
high voltage on the bitline. The read and write bitline resto;re devices are shown by
structures 72 énd 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 bitiines. |
[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 cbnventional 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



[0040] Finally, the TEST signal also enables bitline read and wite restore
devi ces during read cycles. Normally, these PFET devices are sw tcmfﬁdj,ﬂf ED o
prior to the start of read cycles to allow the cell to discharge the 06
bitline f etting the 15 sense-anplifier. The prech i.ces are
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Fi gurevérystn@snitlion Isif-inioyokes. pul sing and the activation of data-lines by
the SET lgagnal . The 32 active cells cause the bitline excursion (BLT) to be
muth TableZDutyrgycle WRIRYAMEALI read. This is because there are 32 cells

that are acti vely—I6—3AN2006 WO 037009304 PCT/ EPO271 08472 12 pulling the
bitline (BLT) |Idw as Dugp@yete t o | ust one cell Imggowadurld during a normal { |
read operation. {[{0044] The i nvent Conveatiorie|easMode nt gdrated i n high
density SRAM arrigys VFddioly gnal IRagdalpenalty. Thg invention is
‘i npl emented to ijnqprove the 5 efffi cimé{ of [bitline contlacts stressing
during burn-in. (A r. mt—of bt e §ERE/aCT| cur rent - st ressing
Is achieved with|a V‘B’L}(y-%%llé current penalyy (ﬁﬁﬁns
: Efficiency 900ps/200ns
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 wordlines selected



. Table 2). In conventional dense SRAMs, an individual cell only sees a
trivi al amount of cell switching current. For exanple, in an 18M 1R 2006
~each' cell is only stressed every 14.6 mllion burn-in cycles. 10 Table 2:

But y- cyce dsfmsmyenent . Duty Cycl el nproved Conventi onaMbdecraphpesyyz Read
- Cycle Burn inl98ns/ Duty-Cycle200ns Hfficiency900ps/200ns
Wordl i nel/ 51232/ 512 Sub-arrayl/ 641/ 64 Sel ection Data Typel/2.1 /2 Bitline

Cont agindheandedineisting datyt cydtatiend-adherintreasecinGeirrant airesging irom@e
Contact Avg. Current r%ﬁerG 591a62. 8na Cont act Nl%l i on Read
Ef fi cne}tmtm peaddes theoveseptt AB@‘PW'%N%MT%%JW OPﬁBr%a@é'ﬂ% éndThe
esign, for.t bilit ), S of
O o HABEH TR Hab P B3 N o8 T KGRy SR i
JAN 299ﬁy %836%@94 This allows those bitline contacts which are initially only
5 marginally acceptable (and which will probably become defective after some period
of use) to be immediately identified directly after manufacture. More specifically, 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.



PCT/ EPO2/ 08472 13 and the wordline-active duty cycle tine. The infrease in
current stressing-fromthe invention provides the wear-out nmechan §MAW02006 )
.either fully open a resistive (and defective) bitline contact or increase

i ts resigicimm@oild the point where it beconmes fully diagn S
allows those bitline contacts which ajye initially only 5 %@?é}%pﬁgpé@&

acceptable (and which w Il probably becone defective after sone period of
use) to be imediately identified diglegipg after nanufacture. Mre
specifically, the invention provides a test node to efficiently stress
SRAM cel | s.Whakisidlaiosdd ig; ' . this test npde is designed to naxim ze the
stress duty-factor of each cell by a factor greater than 10 000 when
conpared to conventional test nethods/structures. 10 [0046] Wile the

sic 11 dr”T n ARG RS DBRAsH oL Mhvila, B IE oty SR L SR o P80 i e
m)difh@@hbe}nsméﬂ]}@c@ﬂp@rigpbﬂt and scope of the appended claims. 16 JAN
2000 ' WD (03/009304 What is clained is: 14 CLAI M5 PCT/ EP02/ 08472 1. An

i nt 2gr at ed memorycelis;uct ure having a built-in test portion, said integrated
menory struygt.ure c rising. 5 rny. cells: bitlines and wordlines
connected t E'HQ%P&%@?FHI?QFQ8??%33‘%5&@#@%%6&"@ connected to a
plural i ty ajordithé depbdbisnasmineRidd 8 GBIy o shprvordianect ed to sai d
bitlines for charging s'lai d rl|tfé| nes Ij‘d"ﬁ?l’% read\’\gﬁﬂ wri'te operations; and

10 a cl ock hilline uiestare devicesl connesated! dwradiid roitiines Vibe chiangidgr said  bitlnest
node: said vvordlniﬁge. ecode{.s si mul t aneously select nmultiple wordlines; said
bi t d anghyi

| i AUNpEJeR PHENARSi#'Said bitline restore devices in an active

stgape; and a 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.



15.said clock circuit maintains said nmultiple wordlines and said bitline
restore devices in an active state for a period in excess of a read ﬁ:yA;NQggs
~2. The integrated nenory structure in claim1, further conprising

transi st ¢Wos/mosniected to said nmenory cells, wherein saidpch@ret/e8©5 S

- include bitline contacts, and 20 whergin said bitline contacts are stressed
during said test node. 3. The integrated nenory structure in claiml,
further conprising address generators connected to said wordline decoders,
wherein said address generators include |ogic that sinultaneously
activabes sdhe imégrated mamdry strectute imadainntle vherein twamdjacanturemayi n

claim 3, wherein sai.d address generators ,25 jngcluyde an OR circuit that
act i vacels pamnng ?&éﬂ'aﬁ&o@ |ﬁr%éﬂ’f'u %ﬂﬁ%’b’%%?fegﬁ?fﬂltaneously. i 5. The

integrated nenory structure in claim1, wherein said nmultiple wordlines
are adjacent to one another. 16 JA N 2006 WD 03/009304 PCT/ EP02/ 08472 15
6. The7i nt eghet édtegrited ymemargt strecture dhaclaind, 1 wiwherein Sefd adgrmogntcelienory
cells sharing a bitline contact are sinultaneously selected. 7. The

i nt egr 8OBWrsBEGIatiIANGeNM ABCESS @P@Wism}ﬁﬁ%-sai d memory cells

conpri ses static random access nenory (SRAM cells. 5 8. A nethod of
testing an integrated circuit nenory cell structure conprising:

si mukt gneoud| mettséd itastingan intayratetbeieduitnmemonpicell stmichuyre sonsbrigimgt! i nes i n
an active state for a test period exceeding a read cycle; and maintaining
bitline resstnuliaragusdsaciivatingdpuitiple wordlineghi | e sai d wordlines are 10

.active. 9. The t.hod_ J. irs " r ek i ti i ‘ L rglines
corpr i ses  MANTRNEcodf Rl ip 7 oEkVe 3afo RE' 4 4851 A6HdA eh@bRaty
(,f-urt heregdopslbsang i ndi vidual ly testing memory cells after said test

i od.
Perto 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.



15 11. The nmethod in claim8, wherein bitline contacts of said intq@r%’eﬂ]ﬂ
circuit nenory cell are stressed during said test node. 12. The neth b
.claim8, wherein said process of activating said wordlines is performed by
wordline decoders within said integrated.circuit nmenory cell structure. 13.
The nethod in claim8, wherein said process of maintaining bitline restore
20 devices in an active state is performed by logic circuitry within said

i nt egrat eij circui,it nmenory cell strycture. 14, The nethod in claim 8,
wherein t i ng‘grl dpteggated memary §W°tt‘(‘fﬁtll’éﬁ‘&g§é%’élé"“ teRiqrtions saidpiseigted JaemyQry
even V\henstmt@@mmgrpsﬁ{ -period so that a read function can be perfornmed on
all cells. 16 JA 20(%6 -16 15. An integrated nenory structure having a
built-in test pemeiyosllsisaid i ntegrated menory structure conprising: nenory
- cells; bitlin i:nes n ed.to said nenory cells; wordline
decoders conng@%@’gg?ﬁcl)&)\ggllgilﬁ%aﬁoﬁ%c?%ﬁggeélfiémv\nbomf?lﬁgs; bitline restore

devi ces connecvedlih®dsailets boridettee o 4 pluratingsOaiDwsdlided)i t 11 nes during read
and wite operatijons; a clock circujt connected to said wordlines; and
transistors cofABRETEHOTe sleispsrcanarted tocseld Qitlingm &resharedng epid pulbinss sugng read

i ncl ude biddwA@Dperafifiisact s; wherein during a test node: said wordline
decoders sinultaneously select nmultiple wordlines; said bitline restore
devi ces mai nt a4 dodagiuliconjestediestidmerdlimes;@ed in an active state; said

clock circuit i i i tiple wordlines and.said.hitl.ine,restore
devices in an ‘gﬁsﬁ{v‘@é g(?nﬂ%geegcgw!éhprg?lﬁ%w Cleﬁs’e&v esd Sc?fdsi'aﬁsds?ﬂ[ﬁlmﬁt‘]%edg‘i]?ﬁe;
and sai d duntdcispe contacts are stressed during said test node. 16. A program

st orage devi ce %eadggl.e b¥ mac(kili.ne, tangi bl y enbodyi ng a program of
i nstructions eXeEEPABIRE BIFSt MEYSrachine to performa method for testing an

integrated circuit said wordline decoders simultaneously select multiple wordlines;
said bitline restore devices maintain said bitline restore devices in an 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.

16. A program storage device readable by machine, tangibly embodying a 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

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

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

comprises activating adjacent wordlines.

18.  The program storage device in claim 16, wherein said method further comprises

individually testing memory cells after said test period.
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menory cell structure, said nmethod conprising: sinmultaneously acti 1/ﬁtJ|ANgZU[]6
mul tiple wordlines; maintaining said wordlines in an active state for a
‘test period exceeding a normal read cycle; and nmaintaining bitline restore
devices in an active state while said wpydlines are active. 17. The program
storage device in claim16, wherein said activating of said wordlines

conpri ses activating adjacent wordlines, 18. The program storage device in
claim 16, wherein said nethod further conprises individually testing
nenory celd.s affeeproganstorgt degick ol clabdR 16l WBRBRIDOBRES 8GactENf Gaid Bnrd Aidted006
-17 19. The program storage device in claim 16, wherein bitline contacts of
sai d i nt egjicaitarpmary celliare siessed Juring spidges madeessed during said test node.

20. The program storage device in claim 16, wherein said process of
activating said wordlines is perforned by wordline decoders within said

i nt egrat e2D.ci rthe progeamorsioragel devist inuclini €16, Addhercthaald p@cesd oft astpgenglemtce
in claim 16, .wherein_.sai rocess o intaining bitline restore devices
in an act‘fveféﬂlg?safsep?rgorﬁ‘@gf Hﬁ 468 cgs &‘V‘é‘hisgfiy‘“&ﬁg{%?% ey meniosy cstied
circuit dwmomry cell structure. 22. The program storage device in claiml6,
wherein timngs of a read bitswitch and sense anplifiers are preserved,
even when in said test period so that a read function can be perforned on

all cellsy; [ Ry ﬁB’EJaﬁl éoéég dgxggé V&aim 16, wherein said process of maintaining bitline

restore devices in an active state is performed by logic circuitry within said integrated circuit

memory cell structure.

22. The program storage device in claim 16, 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.
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