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[ nvent ion relates generally to integrated circuit nenories{f;s q@pd nore
particularly to a nethod and apparatus for testing a static random
access nenory (SRAM . Background of the Invention
10 Static random access nenories (SRAMs) are generally used

in applications requiring high speed, such s a cache nenor\SCO2024A dat a
processi ng system A SRAMis usually inplenented as an array of menory
cells organized in rows and colums. Each SRAM1 5 cell stores one bit of
data and is inplenented as a pair of I nverters having their inputs and
out puts cross-coupl ed at | {f {] e The SRAM cel |l is
“bistable", that is, it SMﬂét@bﬁE’éﬁ &iieeéggt#@&Yble | ogi ¢ | evel s.
The logic state of the cell is determ ned by whichever of the two

I nverter outputs 20 is a logic hj a i de to change states by
applying a vol t age of sufficﬁmgﬂéﬁ&m duration to the
appropriate cell input. FIG 1 illustrates in schematic

diagram forgn A inventibh2PRRS TqdTRETRY ‘fqgﬂmé@atgdae&epﬁ the

prior art. ansi s con oad
resistors 11 and mede 1partishiprky é%a@rféﬁth‘i?dar?s'ldsla@ﬂérqt@'s OIGtGSféé‘ﬁl 8tor 11

has a i 1 Sfaticerafidisth S606RC heshbPy ISP, Suppl y vol tage terni nal
| abel ed "VDD', and a second termnal. 'Resistor 12 has a first t er m nal

connected to VDD, and a second term nal. N-channel
Background of the Invention

10
Static random access memories (SRAMs) are generally used

in applications requiring high speed, such as a cache memory in a
‘data processing system. A SRAM is usually implemented as an
array of memory cells organized in rows and columns. Each SRAM

15 cell stores one bit of data and is implemented as a pair of
inverters having their inputs and outputs cross-coupled at
differential storage nodes. The SRAM cell is "bistable", that is, it
is stable at one of two possible logic levels. The logic state of
the cell is determined by whichever of the two inverter outputs

20 is a logic high, and can be made to change states by applying a
voltage of sufficient magnitude and duration to the appropriate
cell input.

FIG. 1 illustrates in schematic diagram form, four

transistor memory cell 10 in accordance with the prior art. Four

25 transistor memory cell 10 includes polysilicon load resistors 11
and 12, and N-channel transistors 13 - 16. Resistor 11 has a
first terminal connected to a power supply voltage terminal
labeled "Vpp", and a second terminal. Resistor 12 has a first
terminal connected to Vpp, and a second terminal. N-channel

30 transistor 13 has a drain connected to the second terminal of
resistor 11 at storage node 101, a gate connected to the second
terminal of resistor 12, and a source connected to a power supply
voltage terminal labeled "Vgs". N-channel transistor 14 has a
drain connected to the second terminal of resistor 12 and storage



30 tramsistor 13 has a drain connected to the second term nal of
resistor 11 at storage node 101, a gate connected to the second
term nal of resistor 12, and a source connected to a power supply

voltage term nal | abeled "Vss". N-channel transistor 14 has a drain
connected to the second termnal of resistor 12 and storage

2 node 102, a gate connected to the second term nal of resistor 11,
and a source connected to Vss. N-channel tfansistor 15 has a first
drain/source termnal connected to a bit line |abeled "BL", a second
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Wi t h) a logic hg@{g&gmré%&e?ggﬁéi?ﬁghtegﬁﬁqoﬁée.@lrlai%glfrgqmﬁégeltgg afl 1681 5 to
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cel | 10. Bit |9igaapior ingrianingdthes samedgiaengily lacking dhe agtedsl Bi'd 1ine
BL* is provided as ol wfite d @ty Bit 36® c&lie10, word line WL is provided
with a logic high voltage, causing coupling transistors 15 and 16
15 to be conductive. A logic high voltage is typically equal to about
the power supply voltage and a logic low voltage is equal to zero
volts. The data bit stored in cell 10 is over-written by applying a
differential voltage to bit line pair BL/BL* that is sufficiently
large to cause storage nodes 101 and 102 to change logic states
20 if necessary. Assume, for example, that a logic one is to be
written into cell 10. Bit line BL is provided as a logic high
voltage and bit line BL* is provided as a logic low voltage. The
logic high voltage of bit line BL is provided to the drain of pull
down transistor 13 at node 101, and to the gate of pull down
25 transistor 14. The logic low voltage of bit line BL* is provided to
the drain of pull down transistor 14 and to the gate of pull-down
transistor 13. Pull down transistor 14 is conductive, causing
storage node 102 to be coupled to Vgs. Pull down transistor 13 is
substantially non-conductive, causing storage node 101 to be at a
30 logic high voltage. The logic high voitage at storage node 101
keeps the gate of pull down transistor 14 at a logic high voltage,
thus latching cell 10 in a relatively stable state until over-
written during another write cycle.
To read cell 10, bit line pair BL/BL* is precharged and
35 equalized to a voltage approximately equal to Vpp, or as low as
Vpp minus a threshold voltage (VT) by bit line loads (not shown).



| ogic high voltage of bit line BL is provided to the drain of pull
down tfansistor 13 at node 101, and to the gate of pull down 25 transistor

14. "The logic | ow voltage of bit line BL* is provided to the drain of
pull down transistor 14 and to the gate of pull-down transi stor 13.
Pul | down transistor 14 is conductive, causing storage node 102 to be
coupled to Vss. Pull down transistor 13 is substantially

non- conducti ve, causing storage node 101 t@ be at a 30 1ogic high voltage.
The logic high vol tage at storage node 101 keeps the gate of puII down
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such as when cglled in cell 10 may be inadvertently changed, such as when cell
10 is accessed for a read operation.

15 The stability of cell 10 may be described in terms of three
stability modes: a storage mode; an active mode; and a transition
mode. A SRAM cell is operating in the storage mode when it is
not being accessed during a read or a write cycle. Conversely, a
cell is operating in the active mode when it is being accessed

20 during a read or a write cycle. A cell is operating in the
transition mode when it is transitioning from the active mode to
the storage mode, or from the storage mode to the active mode.
There are static noise margins associated with each of these
operating modes that determine the stability of the cell.

25 When cell 10 is in the storage mode, the voltage on word
fine WL is a logic low, so that coupling transistors 15 and 16 are
substantially non-conductive, which isolates storage nodes 101
and 102 from the influence of bit line pair BL/BL*. The static
noise margin during the storage mode varies depending on the

30 power supply voltage, the threshold voltage (V1) variation
between pull down transistors 13 and 14, and the variation in
resistance between polysilicon load resistors 11 and 12. Also,
the storage mode static noise margin can degrade over time fif,
for example, the cell has defects that cause an excessive leakage

35 current in the cell.



10 is gecessed for a read operation. 1 5 The stability of cell 10

may .be described in ternms of three stability nodes: a storage node; an
active node; and a transition node. A SRAM cell is operating in the
storage node when it is not being accessed during a read or a wite
cycle. Conversely, a cell is operating in the active node when it is
bei ng accessed 20 during a read or a wite cycle. Acell is operating in
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the amount of mismatch between the V1 and conductance of pull
down transistors 13 and 14, where the amount of mismatch is
15 controlled by process and layout considerations.

When cell 10 is transitioning between the storage mode and
the active mode, the word line voltage is greater than Vsg, but
less than Vpp. As the word line voltage increases, the static
noise margin associated with the storage mode degrades. As the

20 word line voltage continues to increase, the storage mode static
noise margin starts to become negative. As the storage mode
static noise margin becomes negative, the active mode static
noise margin should be positive to prevent the cell from becoming
unstable and inadvertently changing logic states. In other words,

25 the active mode static noise margin should “overlap" the storage
mode static noise margin. Typically, the storage mode static
noise margin should remain positive with word line voltages less
than or equal to 3.0 volts, assuming a power supply voitage that
is approximately equal to 5.0 volts. There should be sufficient

30 static noise margin in each mode to allow for process variations
such as misalignment, V1 variation, Wggp and effective channel
length (LerF) limits, and for all design power supply strapping
positions.

During fabrication, SRAM cells are commonly tested by

35 writing a predetermined pattern of data, and then reading the
data. If the predetermined pattern has changed, the memory has



margi n _during the active node is a function of the power supply

vol tage, the conductance ratio of coupling transistor 15 and pul | down
transistor 13 with a nmaxi rum gate voltage of pull down transi stor 13
bei ng set by the VT of coupling transistor 15, the 10 conductance ratio of
coupling transistor 16 to pull down transistor 14 with the maxi num
gate voltage of pull down transi stor 14 being set by the VT of
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15 memory array, waiting for a certain amount of time, and then
detecting if the predetermined pattern has changed. However, a
waiting period of as long as 30 seconds may be required. A probe
test procedure that requires a 30 second waiting period may
substantially increase the time required to test the memory.

20 Some soft defects may appear only during the transition
mode of operation, that is, when the word line voltage is at an
intermediate voltage between Vgg and Vpp. For example, during
normal operation of a memory, the address signals may become
skewed due to incorrect timing, high speed operation, or both. |If

25 certain row address signals become skewed, internal row address
signals may overlap, which may cause low amplitude "pulses" to
appear on some of the word lines. These low amplitude pulses
may effectively cause the cells to be in the transition mode for a
relatively long period of time. Weak or defective cells that

30 function correctly in the active mode operation and in the storage
mode of operation may fail in the transition mode due to address
signal skewing. These types of defects are difficult and time
consuming to detect using standard probe testing procedures.

35 Summary of the Invention




5 ~defective cells. Probe testers are conmonly used for testing the

memgry array for defective cells. Defects such as opens or shorts in
the cell are relatively easy to detect. However, sone defects do not
cause easily detectable failures when using 5 standard testing

techni ques. These defects are sonetines called "soft defects". So
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35 logic state of Sivemglaja dbit tinedetecéed i tondetermine if it has

changed to a logic state that is different than the second logic

state. In another form, an apparatus for testing a static random

20 access memory is provided. These and other features and
advantages will be more clearly understood from the following
detailed description taken in conjunction with the accompanying

drawings.

25 Brief Description of the Drawings

FIG. 1 illustrates in schematic diagram form an SRAM cell
in accordance with the prior art.

FIG. 2 illustrates in schematic diagram form an SRAM cell

30 in accordance with the present invention.

FIG. 3 illustrates in block diagram form a memory in
accordance with the present invention.

FIG. 4 illustrates in schematic diagram form an embodiment
of the word line voltage control circuit of FiG. 3.



6 ) Accordingly, there is provided, in one form a nmethod for

testing a static random access nenory array for defective menory
cells. Each nenory cell of the array being tested is coupled to a bit
line pair and to a word Iine. The word line 5 conducts a word |ine voltage
when accessing a nenory cell. Each menory cell is also coupled to a
power supply voltage term nal. A first power supply voltage is

provi ded to the power supply voltage tlerminal. A data bit having a
first logic state is witten into a nenory cell of the array. A second
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wi th the second po S age. a ' ‘ vi ded
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potential & taba ward loeeiriwrppirguit oft e mamery of FiGgiBc state of the
data bit is detected to determne if it has changed to a logic state
that is different than the second | ogi ¢ state. I n another form an
apparatus for testing a stld@SEIRUQMGF agPrefestag Epbe tprovi ded. These

and ot her features and advant ages will be nmore clearly understood from
the foll ow ng tion taken i.n _conj nctl nwith the

ai e escri
acconpanyi ng dgﬁ\n %él?uaé%tes n schematic d'agr%?"l el ption of the
Drawi ngs 10 transistofFimtembry| tel$t2@tias acooxddreatwith dhegpsesdndr m an SRAM

. N ageardance BhhP dAGsiBldCméhbry cell 20 includes polysilicon
load resistors 21 and 22, and N-channel transistors 23 - 26.
Resistor 21 has a first terminal connected to a memory array
supply voltage labeled "VARRAY", and a second terminal. Resistor

15 22 has a first terminal connected to VARRAY, and a second
terminal. N-channel transistor 23 has a drain connected to the
second terminal of resistor 21 at node 103, a gate connected to
the second terminal of resistor 22, and a source connected to Vss.
N-channel transistor 24 has a drain connected to the second

20 terminal of resistor 22 and node 104, a gate connected to the
second terminal of resistor 21, and a source connected to Vgs. N-
channel transistor 25 has a first drain/source terminal connected
to a bit line labeled "BL", a second drain/source terminal
connected to the second terminal of resistor 21 at node 103, and

25 a gate connected to a word line labeled "WL". Word line WL
receives a word line voltage labeled "VwL". N-channel transistor
26 has a first drain/source terminal connected to a bit line
labeled "BL*", a second drain/source terminal connected to the
second terminal of resistor 22 at node 104, and a gate connected

30 to word line WL.

During normal read and write operations, memory cell 20
operates like prior art memory cell 10, with VARray and Vw both
having a voltage potential equal to about Vpp. However, during
probe testing of memory 30, the word line and memory array

35 supply voltages are provided to the memory array by the probe
tester, and can be varied without affecting the operation of




FIG 2.dllustrates in schematic diagramforman SRAM cell 30 in accordance

with the present invention. FIG 3 illustrates in block diagram
forma menory in accordance with the present invention.

FIG 4 illustrates in schematic diagramform an enbodi nent of the word
| i ne voltage control circuit of FIG 3.

7 FIG 5 illustrates in schematic diagramform an enbodi nent

of the menory array supply voltage control 8&ircuit of the nenory of
FIG 3. FIG 6 illustrates in schematic diagramform an

embodi ment 5 p@ﬁgﬁel’&lr@irblm%/.dr MY feripghéral dirddigy TRINI¥eSf addfess3.
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connect ed 1t Mieveld\Hto simulate undesirable address signal skewing to detect
defects that cause insufficient transition mode static noise
margin.
| FIG. 3 illustrates in block diagram form memory 30 in
accordance with the present invention. Memory 30 includes
15 memory array 31, column decoders/sense amplifiers 34, data
input/output circuit 36, row decoders 38, word line drivers 40,
word line voltage control circuit 42, and memory array supply
voltage control circuit 46. Memory cells are located at
intersections of word lines and bit line pairs. Representative
20 memory cell 20 (FIG. 2) is illustrated coupled'to a word line
labeled "WL", and to a bit line pair, with one bit line labeled "BL"
and the other bit line labeled "BL*". Row decoders 38 receive a
row address, and in response, provide a row select signal to
select a word line of memory array 31. Word line drivers 40
25 includes a plurality of word line driver circuits, each of the word
line driver circuits including a first input terminal for receiving
a row select signal from row decoders 38, and a second input
terminal for receiving a word line supply voltage labeled "Vw".
An embodiment of a word line driver circuit is illustrated in FIG.
30 6 and will be discussed later. Column decoders/sense amplifier
34 receives a plurality of column address signals labeled
"COLUMN ADDRESS", and in response selects a bit line pair for
reading data from the selected bit line pair during a read
operation of memory 30, or for writing data to the selected bit
35 line pair during a write operation of memory 30. When reading
data from memory 30, the sense amplifiers of column



channel. transistor 25 has a first drain/source term nal connected to a
bitvline | abel ed "BL", a second drain/source term nal connected to the
second term nal of resistor 21 at node 103, and 25 a gate connected to a
word line |abeled "W.". Word |line W receives a word |ine voltage

| abel ed "V[err]". N-channel transistor 26 has a first drain/source
term nal connected to a bit |ine | abel ed "BL*", a second drai n/source
term nal connected to the second term%al of resistor 22 at node 104,
and a gate connected 30 to word line W. Buring normal read and

wite operatiogacodepds¥nse! larrﬁﬂmers 39P8EAES bhbeaﬁf IPleslike Memory cell
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probe tester, gr eat er exr b eved during
required for t Bt Aifte rﬁ@"r'@d@(ﬂé@!’m bodienerlsr aded, or reduced, vol t age

e “.Sfr’nwg*?m@ Fonssecgontr dieom ke g fAINAY, |
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e o0, o AR o loghWRY. ROt T tabolgg i K51 ' Boei iy
il lustrates invpltage tarayjramlabeledEéVpoy Bo racelvmg a power supply
voltage, and an output terminal for providing word line supply
voltage Vwr. Memory array supply voltage control circuit 46
15 includes a first input terminal coupled to test pad 47 for
receiving a second control signal labeled "V1esT2", a second input
terminal coupled to fest pad 48 for receiving a second voltage
fabeled "V|n2", power supply voltage terminal Vpp, for receiving
the power supply voltage, and an output terminal for providing
20 memory array supply voltage VARRAY-

During the fabrication process, memory 30 is tested for
defective cells using a probe tester. Probe testing is commonly
done at "wafer level" during the fabrication of integrated circuit
memories. The purpose of wafer level probe testing is to

25 determine, as early as possible in the fabrication process,
whether each individual “die" has defective cells. The earlier a
defective die is detected, the less time and money wasted on
further processing. The presently available probe test equipment
contacts bonding pads on each individual die on the wafer using a

30 separate probe needie for each pad on the die. Test pads 43, 44,
47, and 48 are contacted during probe testing of memory 30 along
with the other test pads of memory 30 (not shown). Word line
voltage control circuit 42 is used during the probe test to supply
a variable voltage to the word lines of memory 30. The voltage

35 provided to the word lines may be varied as required by the
particular test step. Likewise, memory array supply voltage



accordance with the present invention. Menory 30 includes 1 5 nenory array

31, columm decoders/sense anplifiers 34, data | nput/output circuit 36,
row decoders 38, word |ine drivers 40, word |ine voltage control
circuit 42, and nmenory array supply vol tage control circuit 46. Menory
cells are located at intersections of word lines and bit |ine pairs.
Representative 20 nenory cell 20 (FIG 2) is illustrated coupled to a word
li ne | abeled "W.", and to a bit line niﬂr, with one bit line |abeled
"BL" ~ and the other bit line |abeled "BL*". Row decoders 38 receive a
row address, agshtrél chenrnae. .spneéad&uﬁngomo%l ?@étl%%aﬂarc{ sel ect a
word |ine of nmenpry arra | 1ne drivers udes a plurality
of word |ine dY&h 'ecﬁPEéWt yoltagento,memeny@ay 31. |ine driver circuits
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circuits (not ¥hawd apwosimately equairouvoltage adidries Yoltaged¥podisig and/ or

predecodi ng PESiRAdES Y tHPWraBE Odstcr P 1880 pad 44. When contro! signal
VTEST?2 is equal to a logic low voltage, array supply voltage VARRAY

15 is equal to approximately the power supply voltage being provided
to power supply voltage terminal Vpp. When control signal VTesT2
is provided as a logic high voltage, array supply voltage VARRAY is
equal to voltage ViN2. Voltage Vin2 is provided by the probe
tester to test pad 48.

20 To test memory array 31 according to a preferred
embodiment of the present invention, control signals VtesT1 and
VTEsT2 are provided as logic low voltages, causing normal voltage
levels to be provided to the word lines and to the array. A first
predetermined logic state is written into each memory cell of

25 memory array 31 with control signals VtesT1 and VtesT2 at the
logic low voltage. The first predetermined logic state may be a
test pattern comprising all logic "ones", or all logic "zeros", or
any combination thereof. After the first predetermined logic
state is written into each cell of memory array 31 with the array

30 and the word lines at normal voltage levels, control signal VTesT?2
is provided as a logic high, and a voltage V|n2 is provided to test
pad 48. Voltage V|Nn2 is a reduced, or intermediate voltage,
relative to Vpp. Each cell of memory array 31 is then rewritten
with a second predetermined logic state while voltage VN2 is at

35 the intermediate voltage level. The second predetermined logic
state is the opposite of the first predetermined logic state.



col um «decoders/sense anplifiers 34 is not significant and may be

different in other enbodi nents. Wrd |ine voltage control

circuit 42 includes a first input term nal coupled to test pad 43 for
receiving a first control 10 signal |abeled "V[err]", a second input

term nal coupled to test pad 44 for receiving a first voltage | abel ed
"V[err]", a power supply vol tage termnal | abeled "V[ferr]" for
receiving a power supply vol tage, and f output term nal for providing
word |ine supply voltage V[err]. Menory array supply voltage control

circuit 46 15 i\ [ ),; I t e 47 -for
receiving a Seggﬂgﬂdggﬁﬁpél \,31{ 3 5‘5{)?;@%? gﬁ"@?@r%f%{) kg&ge@ghd%!ﬁéﬁ%
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power supply voltage a,[nd an outgHI termnal far providing 2 nory array
suppl y vol tagep(ﬁ‘@a??.a an-intermedigle, o rleﬁé'cfeab\’&é%ﬂ? ﬁ"%‘ro ' Gelory 30
i s teslted for of menehpcdrray Iklid la'eadi while wrs]ltzim%amﬁrand?r\q]}gg_a?sai n? LIS
comonl y y r el ~ t abri catl of In e
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determ ne, as tefurgedstopdaegicblaw i voltaged,athus qirowidipg ovesd, line drivdrst herd
each individuahn"gdhs" e [ al 5. har defective die
i s detected, thg ?Hégsm?mr?a%ﬁggo%g W@asafseséjﬁgﬁl %hgbgu?gHae“r t%r ocessing. The
present|y avai RRBrexipradsly t\e3n. egarfrmpmory celk ghiraemonydrdng Ipisdseath each
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Vo tage 35 provi defOL0enIME, S PieRREd 2y 8 imhotieE, 8 PREEES “Che
particul ar tesvokage levekein oedemtonsimudateathe upgugedolor adegraded, word
15 line voltage that may occur as a result of address signal skewing.
Voltage Vin2 is at a reduced level relative to Vpp in order to
reduce time to failure by maintaining degraded voltage levels in
each cell of the array. As a result, the time required to test the
array for defective cells is reduced. Reading the contents of the
20 array with word line voltage VwL at the intermediate voltage
level makes it more likely for cells having soft defects to fail
due to insufficient transition mode static noise margin.
During normal operation of memory 30, test pads 43, 44, 47,
and 48 are not used, and memory 30 functions as a conventional
25 static random access memory having write cycles and read
cycles.
FIG. 4 illustrates in schematic diagram form an embodiment
of the word line supply voltage control circuit of FIG. 3. Word
line supply voltage control circuit 42 includes test pads 43 and
30 44, P-channel transistor 51, and resistor 52. P-channei
transistor 51 has a source connected to Vpp, a gate connected to
test pad 43 for receiving first control signal VresTty, and a drain
connected to test pad 44 for providing voitage Vin1. Resistor 52
has a first terminal connected to the control electrode of P-
35 channel transistor 51, and a second terminal connected to Vss.




10 - control circuit 46 is used during probe testing to provide a
var|abl e supply voltage to nenory array 31. After the wafer is
positioned on the probe tester, test probes contact the test pads on
the die. The test pads provide the 5 address signals, control signals, and
data required for testing, and include test pads 43, 44, 47, and 48.
Control signals VTEST1 and VTEST2 are provided to test pads 43 and 47
by the probe tester. Wen control sigi® VTEST1 is a logic |ow, word
l'ine voltage VW is equal to approximately the power supply voltage 1

0 being provided towHaer %tﬂ@'lbvv\/@bhﬁfgﬁvbﬁépbnﬁlrgg[r?rl‘s] prcIIII‘@éu\AXE tesgontrol
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I ogi c of FIG. 3. Memory array supply voltage control circuit 46 includes

test pads 47 and 48, P-channel transistor 55, and resistor 56. P-

20 channel transistor 55 has a source connected to Vpp, a gate
connected to test pad 47 for receiving second control signal
VTEST2, and a drain connected to test pad 48 for providing voltage
Vin2. Resistor 56 has a first terminal connected to the control
electrode of P-channel transistor 55, and a second terminal

25 connected to Vss.

When a logic low control voltage VTesT2 is provided to test
pad 47, P-channel transistor 55 of memory array supply voltage
control circuit 46 is conductive. Test pad 48 is left floating,
therefore, the power supply voltage provided at power supply

30 voltage terminal Vpp is provided as memory array supply voltage
VaARRAY. When control signal VtesT2 is a logic high voltage, P-
channel transistor 55 is substantially non-conductive. Array
supply voltage VARRAY is equal to voltage ViN2. Resistor 56
ensures that P-channel transistor 55 is always conductive when

35 test pads 47 and 48 are left unterminated after testing is
complete. Note that voltage VNt and voltage VN2 are provided by



state i-s the opposite of the first predetermined | ogic state.

Control signal V[err] is then provided as a |ogic high voltage. When
control signal V[err]is a logic high, voltage V[err] is provi ded to
test pad 44 by the probe tester. Voltage V[err] is provided at an
i nternmedi ate, or reduced voltage |evel. Each cell 5 of nenory array 31 is
read while voltages V[err] and V[err] are at the internedi ate | evel.
Control signals VTEST1 and VTEST2 are then 13 returned to logic low
vol tages, thus providing word |ine drivers 40 and nmenory array 31 with
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cycl es. receiving an address signal labeled "BS*". Inverter 63 has an

input terminal connected to the drain of P-channel transistor 61,

and an output terminal for providing word line voltage Vwi.

15 Inverter 63 includes P-channel transistor 64 and N-channel
transistor 65. P-channel transistor 64 has a source connected to
the drain of P-channel transistor 51 of word line voltage control
circuit 42 (FIG. 4), a gate connected to the drain of P-channel
transistor 61, and a drain for providing word line voltage VwL. N-

20 channel transistor 65 has a drain connected to the drain of P-
channel transistor 64, a gate connected to the gate of P-channel
transistor 64, and a source connected to Vgs.

Word line driver circuit 60 receives row select signal RS
from a row address predecoder (not shown), a block select

25 address signal BS*, and provides word line voltage Vwi. The
potential of word line voltage Vw| depends on voltage VN1 from
word line voltage control circuit 42 (FIG. 4). During a probe test
of memory 30, row select signal RS and address signal BS* is
provided to word line driver circuit 60 when the word line

30 connected to word line driver circuit 60 is selected. Note that in
a preferred embodiment, address signal BS* is a block select
signal and is used to select a block, or section of memory array
31 to be accessed. The memory cells connected to word line WL
are accessed when word line voitage Vwi is equal to a logic high

35 voltage, thus causing the access transistors of the cell to be
conductive. In operation, P-channel transistor 61 is conductive



FIG 4-illustrates in schematic diagramform an enbodi nent of the word

| ine supply voltage control circuit of FIG 3. Wrd line supply
voltage control circuit 42 includes test pads 43 and 30 44, P-channel
transi stor 51, and resistor 52. P-channel transi stor 51 has a source
connected to V[err], a gate connected to test pad 43 for receiving
first control signal VTEST1l, and a drain connected to test pad 44 for
provi ding voltage V[err]. Resistor 52 tas a first termnal connected
to the control electrode of P- 35 channel transi stor 51, and a second
termnal conneglith 8 Yale-source voltage (Vgs) is greater than a threshold

12 led to test

It prov
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Vol tage V[err] Js t rovid river circuit 60 (FIG
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conpl eting prohﬁyléeﬁ hn%ge%bﬁdbbfa@lce of NQiHa&Qm%IC@Qﬁél@iorCB!ernwng%@%r' S no
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array supply vie agercdimerol ci rcwt 46 of nmenory 30 of FIG 3. Menory
array supply vol t agRsC@RE(Sed Ve, 4%erfde Bf%Sw amplitude pulses on the

word line can be interpreted by the cell as an intermediate DC

15 voltage level, where the intermediate DC voltage level may cause
the cell to effectively operate in transition mode. A low
amplitude pulse can be generated at the output terminal of
inverter 63 by momentarily providing a logic high row select
signal RS and a logic low address signal BS*. As can be seen,

20 these low amplitude pulses can occur during normal operation of
memory 30 if row select signal RS and address signal BS* are
inadvertently skewed. Providing voltage Vw at the reduced, or
intermediate voltage level can be used to simulate address signal
skewing, and make it more likely for cells having soft defects to

25 fail due to insufficient transition mode static noise margin.

In summary, the array supply voltage and the word line
voltage is provided at reduced levels relative to Vpp during probe
testing. The reduced voltages degrade the static noise margins of
the memory cells, causing cells having soft defects to be more

30 likely to fail during testing. Also, by using a reduced word line
voltage relative to Vpp and a reduced supply voltage relative to
Vpp, the time required for testing is reduced, since degraded
levels are written and maintained in the cells. Also, the waiting
period associated with standard probe testing techniques for

35 detecting soft defects is reduced. In addition, word line supply
voltage Vw| and array supply voltage VARRAY can be varied



test pads 47 and 48, P-channel transistor 55, and resistor 56. P- 20

channel transistor 55 has a source connected to VDD, a gate connect ed
to test pad 47 for receiving second control signal VTEST2, and a drain
connected to test pad 48 for providing voltage V[err]. Resistor 56 has
a first termnal connected to the control el ectrode of P-channel

transi stor 55, and a second termnal 25 connected to Vss. When
a logic low control voltage V[err] is provithd to test pad 47,
P-channel transistor 55 of menory array supply voltage control circuit
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claims to cover all modifications of the invention which fall
within the true spirit and scope of the invention.

to



10 has a drain connected to the drain of P-channel transistor 61, a

gate for receiving a row select signal |abeled "RS', and drain for
receiving an address signal |abeled "BS*". Inverter 63 has an I nput
term nal connected to the drain of P-channel transistor 61, and an
output termnal for providing word line voltage V[err]. 15 | nverter
63 i ncludes P-channel transistor 64 and N-channel transi stor 65.
P-channel transistor 64 has a source connect&d to the drain of
P-channel transistor 51 of word |ine voltage control circuit 42 (FIG
4), a gate connected to the drain of P—g@gﬂﬁgl transistor 61, and a

drain for providing word |ine voltage : chann [l ' EII has
a drain connected to the drain of P- channel transf Ilmmn muﬂua”t I
connected to tNghghntie cMinfedhannel transi stor 64, afd & sourice® *
connected to Vss. Wrd line driver circuit 60 receives row

sel ect signal RS froma row address predecoder (not shown), a bl ock

sel ect 25 adddess i gnathe@Sty (80¥ havinvg des anayd (B1)nef \atktiagandparr]. The
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bl ock, or section o{20jkbeinyg aoupled to ai‘}ﬂoW@r @ ply:e@ﬁlage t’éhmlmtiragw ¥/[ g(ralri S
connect ed, o vor . gk for 15:1% RECHTET, IR TRBRYEY: RERe VLT )
of the cell to be comprisingchieveteps adperation, P-channel transistor 61 is
conductive providing a first power supply voltage to tHé' power
10 supply voltage terminal;
writing a data bit having a first logic state into a
memory cell (20);
providing a second power supply voltage to the power
supply voltage terminal, the second power
i5 supply voltage having a lower potential than the
first power supply voltage;
writing a data bit having a second logic state into the
memory cell (20) while the memory array (31) is
being supplied with the second power supply
20 voltage;
providing the word line voltage to the word line, the
word line voltage having a potential lower than
the potential of the first power supply voltage;
and
25 detecting if the logic state of the data bit has changed
to a logic state that is different than the second
logic state.

2. In a memory (30) having an array (31) of static random

30 access memory cells (20), each memory cell (20) of the
array (31) coupled to a bit line pair and to a word line, the
word line for conducting a word line voltage to access the



when its gate-source voltage (V[err]) is greater than a threshold

voltage (V[err]), or about 1.0 volt. Wen row select signal RSis a

| ogi ¢ high voltage, and address signal BS* is a | ogic | owvettage— . _the
VGS of N-channel transistor 62 is greater than V[err], caygi N maiDy
channel transistor 62 to be conductive. The channel w dt hrmum”m,"@!wu,’
channel transistor 62 is larger than the channel wdth of P- ¢ @

transi stor 61. Therefore, when row select diZgnal RS is a | ogi ¢ hi gh,
t he conductance of N-channel transistor 62 is |arger t han the

duct f P- i . Thy 0 i
Coltage o be provi neyrery BRASER B RhichlH i EAURY, fardd adPhhémely .
| ogi ¢ high word |ineeldRPhdeeingyrceuplsd tar @n @t supply voltageoterminak.

As di scussed above, aametho@sfopf tdstingatid idridle (BY) S0P Pefetlife memdy d line
can be interpreted b an interngdiate DC 1 5 voltage l'evel,
I

t he cel.l. as ]
where the inter rnedi‘?;t%llés SCTRIPiAge e \RIFPRag cause the cell to
effectivel b operate in tpravidingoa fisiesupgplyovoltage tanttie tardgy mumsycan be
generated at the output ter m\ﬂﬂt é)g ter ini nverter 63 by nonentarily
providing a logic high row se cd by RS and a | ogic | ow address
signal BS*. As can be sewrtingoa fiiekeredetampnedudesipyattesncintoodber duri ng

nor mal operation of me Ny Yaw0 :%gf .row sel ect signal RS and address
signal BS* are i nadvertcﬁntig g g\’/ved. Providing voltage V[err] at the
reduced, or i nt er mERAOYIANG of 1$RFONe SHPPYaNOKRIR SO0 the asTaisHPeladdr ess

si gnal 10 skewi ng, and makesdifageonerrhingd| Yhé cdecerid Supply Roisefd defects
to 25 fail due to insuffici %.transli tion r’r})é}ﬁ'aatﬁu C Hoifse mar;gi n.

In summary, the array supply f't8g2 'Qf¢f" RE afe the firg) YRR i s
provi ded at reduced |evels realatage; to VDD during probe testing. The -
reduced vol t ages degr ade,,i: statj i ] cells,
causing cells having so?‘%’hﬂﬁge%t éég%ﬁ](geﬁ%odrégé%m%ld?&ee?ty,ptagte?gi {mgﬁ{r}?/en
testing. Also, by using a red&ad (Wd) avhiledhe arrayo(3Hgis being i previded/DD

and a redyged supply vol tage \igh ahevV8eténd suppllVéltagd;he time required for
testing i s reduced, since de ded vel's are wr?t’ten and nai nt ai ned

q(;ira % ‘,e
in the cells. Also, the RIQVIJIRG the wasd, ling valtags 10 LAGH WOrSk HRBartBepr obe
testing techniques for 35 dayed iing voftagdehadhg hspotghtzgdowdritadi tion,

word | ine supply  vol t aggnyl ghfdn ok PRIy L RESe VARG can be
varie ’
detecting if the second predetermined pattern has
20 changed.

3. The method of claim 2, wherein the step of providing the
word line voltage further comprises accessing the array
(31) for a read cycle with the word line at the lower
25 potential.

4. The method of claim 2, wherein the second predetermined
pattern is the logical complement of the first
predetermined pattern.

30

5. An integrated circuit memory (30) having a plurality of
memory cells (31) coupled to bit lines and to word lines,
comprising:

a power supply voltage terminal for providing an
35 operating voltage to the memory (30);



15 - W thout affecting the operation of the peripheral circuits of the

menpry. Al so, in other enbodinents, word |ine supply voltage V[err]
and array supply voltage V[err] may be provided at a voltage havi ng a
magni tude greater than V[err] for use in reliability testing. 5
VWhil e the invention has been described in the context of a preferred
enbodi nent, it will be apparent to those skilled in the art that the
present invention nay be nodified in nunmerol& ways and may assunme many
enbodi_ rrents of her than that specifically set out and descri bed above.
NOafiaftay ShpplyOvohs é’rt%%"ﬁal' e koRBirngarA! so be
n rH I la estin ac a u5| ext er nal
- paRiaynSYpRly dyelt %qwra'w PE MEMAYed by
t he appended cI a| s to cwug @1); m)dificatlons of the invention which
fall wWithin the tru an GORE t he invention
16 & @Br(ﬁ fine s%pé Rf age termmgfq% Q:rlogfqmg Bs-
5 word line supply voltage to the word lines;

a plurality of word line driver circuits (40), coupled
to the word lines, to the word line supply
voltage terminal, and to the power supply
voltage terminal, the word line driver circuit

10 (40) for providing a word line voltage to the
word lines in response to receiving an address
signal;

a supply voltage control circuit (46) for coupling one
of the array supply voltage terminal and the

15 power supply voltage terminal to the plurality
of memory cells (31) in response to receiving a
first control signal; and

a word line drive voltage control circuit (42) for
coupling one of the word line supply voltage

20 terminal and the power supply voltage terminal
in response to receiving a second control signal.

6. The memory of claim 5, wherein the array supply voltage
terminal and word line supply voltage terminal are each

25 test pads (44, 48) accessible to a probe tester.
7. The memory of claim 5, wherein the plurality of memory

cells (31) comprises a plurality of static random access
memory cells (31).
30
8. The memory of claim 5, wherein the array supply voltage
and the word line supply voltage are provided at a lower
potential than the operating voltage of the memory.



1. In.a nenory (30) having an array (31) of static random

access nenory cells (20), each nenory cell (20) being coupled to
abit line pair and to a word line, the word |ine for conducting
a word line voltage for accessing the 5 menory cell (20) to which
It is coupled, each nenory cell (20) being coupled to a power
supply voltage termnal, a nmet hod for testing the array for
defective nenory cells conprising the steps of :

providing a first povver supply voltage to the power

supply voltagesgter a .t B a first
Jogi st at e Iﬁ? nl\”& tic random access meﬁﬁw né’%) lhgetr%o%n 2Py 8¢

provi ding a second memarysogiis (3¥hl eagle memary @@MZO) coupled to a word

supply voltage ter PN e 1nie supply
vol t age having a IE)]“\/\r/{ek?1 &?t r(i:hntblﬁaﬁﬁ dpé%PWEde ]rﬁemory comprising: first power

supply vol t age; a power S\Mpipﬂy eltaogaterminal Haviregeing & mRPWeYi ¢
state | ntosthe g s R
suppl y 20 a flrs\tm(':qrétécél cu'cuﬂ ?H&D having M oMt e[rmén

line voltage to the word |ineouphed to the memory array, a \f\mstdmpute vol tage

having a potential |ower tha . ti t he
first power supply vol tage: terminal coupled to the goﬁy@gisﬁ?ﬁ;ﬂ{) Vétagl

detecting if the Iogic state terming, dassecond inputctermyeal for receiving a
to a logiggstate that is di fffﬁé?”ﬁes‘th@@ltéﬁé Sh@Offtst control circuit (46).

| ogi c state. 2. In a nmenp aving a arr of static
random.30—— -access nrenmpifo¥ 'XQ QOPOW&EC P)@MDY?‘ %@élo(m of the

array (m‘lﬁm“mnmu bi t Imemopgi arra?d(:in i wespohs@eo thfirst control
word i n lc' IR @ WOsrlgc;jné\l B&ing'ih 28 Ssids? I%ﬁ?cess?atteheand providing
the first test voltage to the memory array (31)
15 in response to the first control signal being in a

second logic state;

a word line driver circuit (40) for providing a word
line voltage to the word line in response to
receiving an address signal; and

20 a second control circuit (42), having an output
terminal coupled to the word line driver circuit
(40), a first input terminal coupled to the power
supply voltage terminal, a second input terminal
for receiving a second test voltage, the second

25 control circuit for providing the power supply
voltage to the word line driver circuit (42) in
response to a second control signal being in the
first logic state, and providing the second test
voltage to the word line driver circuit (40) in

30 response to the second control signal being in
the second logic state.

10. The memory of claim 9, further comprising test pads (43,

44, 47, 48), coupled to the first and second control circuits
35 (46, 42), for receiving the first and second test voltages
(48, 44) and the first and second control signals (47, 43).



17 menory cell (20) to which it is coupled, and each nmenory

cel| (20) being coupled to an array supply voltage ternlnal a
method for testing the array (31) for defective menory cells
conprising the steps of: 5 providing a first supply voltage
to the array supply vol tage term na
witing a first predeterm ned test pattern into the
array (31); providing a se2®nd supply voltage to the array
supply 10 voltage term nal, the second supply voltage
having a | ower potential than the first supply
vol t age; writing a second predeterm ned test pattern into
t he array (31) while the array (31) is being provided
15 wi th the second supply voltage;
providing the word line voltage to each word line, the
word |ine voltage having a potential |ower than t he
potential of the first sup@BTATICtRANDOM ACCESS MEMORY detecting if
the second redeterm ned pattern has 20 changed.

The hod of claim2, wherein the step of providing the
mord li ne voltage further conprAbstragtcekdhagDiselosurery (31) for
a read cycle with the word Iine at the | ower 25 potential 4,

T et e, ot Lo malhBHF AR A BER0 0P BRI SRR BAMinsiuded 3 L,
5.  An integratard inecvoliage reantrgl3ciycuiivi4?) anwamaarray sipply voitage
gggwsfﬁldlé (BdhtroPUlt&s: t@shi t 1hi RPN tO MREihgNESHirst control
signal from a tester, the word line voltage control circuit (42) is
used to provide a word line voltage to each word line of the
memory array (31). The array supply voltage contro! circuit (46)
provides a supply voltage to the array (31) in response to
15 receiving a second control signal from the tester. During testing
of memory 30, the array supply voltage and the word line voltage
are supplied independently of the memory power supply voltage
Vpp in order to quickly detect memory cells that are defective
due to soft defects.
20
FIG. 3 accompanies this abstract.



a power supply voltage term na
operating voltage to the nenory (30);

18 an array supply voltage tern na
supply voltage to the plurality of menory

for providing an 35

for provi

ding an array
cells

(31); a word line supply voltage term nal for providing
a 5 word line supply voltage to the word |ines;
a plurality of word line driver circuit#3(40), coupled
to the word lines, to the word line supply vol t age
termnal, and to the power supply vol t age
termnal, the word |ie driver circuit 10 (40) for
provi ding a word |i ne—vottage—to—the word lines in
response to receiving an addfess si gnal ;
a supply voltage control cirpuit (46) fgi coupllng gne
of the array supply vBLiage [ er m nal th BLx power
supply voltage termnal [to the pl rality of nmenory
cells (31) in response {o refeivijng. a first
control signal; and I a3 wold ne drive|vol tage control
circuit (42) for couping gne off the word |ine
supply vol tage 20 15 term nal| and {thg power supply
vol t age term nal e in rgspo to|receiving a second
control signal. p [y o i , lein the array
supply vol tage ted@nal an rd 1|12 supply voltage term na
are each 25 test pads (44, 4 cceggsSible to a|probe tester.
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7. The nenory of claimb5, wherein the plurality of nenory
cel]s (31) conprises a plurality of static random access

menory cells (31). 30 8. The nenory of claimb5, wherein the
array supply voltage and the word line supply voltage are
provi ded at a | ower potential than the operating voltage of
the nmenory. 19 9.
A static random access nenory (30) havi nd/dan array of menory
cells (31), each nenory cell (20) coupled to a word line and a
bi't line pair, the nenory conprising: a poder supply

vol tage termnal for receiving a power 5 0 Hpply

vol t age; a first control circuit (46) havEﬁg gi out put

t erm nal coupled to the nenory arr i rst input

term nal coupled to the power supply voltage
termnal, a second input termnal for receiving a 10 E;
first test voltage, the first control circuit (46)
provi ding the power supply voltage to the nenory array (gj
a first control signal being in a first logic state, and¥

the first test voltage to the nenory array (31) 15 \\ in
response to the first control signal being in a
second |l ogic state; a word |line driaer g 40) for
providing a word l'ine voItagé?bg_L line in
response to recei ving an address di nd
o
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20 “ a second control circuit (42), having an output
termnal coupled to the word line driver circuit

(40), a first input term nal coupled to the power

supply voltage termnal, a second input term na

for receiving a second test voltage, the second 25

control circuit for providing the power supply

voltage to the word line driver circuit @ﬁ?) in

response to a second cont%gl signal being iIn the

first logic state, and pr vra?\g t he second test V

voltage to the word line driver circuit (40) in

response to the second contpa@3 signal being i51 t he
second |l ogic state. Vv Eéﬁo. The nory of im9, further conprising
test pads (43, TESTH 4, 47, 48], couplég o the first and second

control circuits 35 (46, 42)) for receiying the first and second
test vol tages (48, 44) ang the firstjand second contro
signals (47, 43). .
J ( ) Vin g‘r —s ~ VN
44 > 52
Vss
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