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STATIC RANDOM ACCESS MEMORY 

Field of the Invention 

5 This invention relates generally to integrated circuit memories 

and. more particularly to a method and apparatus for testing a 

static random access memory (SRAM). 

10 

Background of the Invention 

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 SAAM 

1 5 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 SAAM 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 

2 0 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 

2 5 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 "Voo 11
, and a second terminal. Resistor 12 has a first 

terminal connected to Voo, and a second terminal. N-channel 

3 0 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 "Vss". N-channel transistor 14 has a 

drain connected to the second terminal of resistor 12 and storage 
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node 102, a gate connected to the second terminal of resistor 11, 

and a source connected to Vss. N-channel transistor 15 has a 

first drain/source terminal connected to a bit line labeled "BL", a 

second drain/source terminal connected to the second terminal of 

5 resistor 11 at storage node 101, and a gate connected to a word 

line labeled "WL11
• N-channel transistor 16 has a first 

drain/source terminal connected to a bit line labeled 11 BL*", a 
second drain/source terminal connected to the second terminal of 

resistor 12 at storage node 102, and a gate connected to word 

1 0 line WL (Note that an asterisk "*" after a signal or line name 

indicates that the signal or line is a logical complement of a 

signal or line having the same name but lacking the asterisk "*".) 

To write a data bit into cell 10, word line WL is provided 
with a logic high voltage, causing coupling transistors 15 and 16 

1 5 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 

2 0 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 

2 5 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 V ss. Pull down transistor 13 is 
substantially non-conductive, causing storage node 101 to be at a 

3 0 logic high voltage. The logic high voltage at storage node 101 
keeps the gate of pull down transistor 14 at a logic high voltage, 
thus latching cell 1 O in a relatively stable state until over­
written during another write cycle. 

To read cell 10, bit line pair BUBL * is precharged and 

35 equalized to a voltage approximately equal to Voo. or as low as 

Voo minus a threshold voltage (Vr) by bit line loads (not shown). 
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Word line WL is at a logic high voltage. When word line WL is a 

logic high voltage, coupling transistors 15 and 16 are conductive, 

which causes storage nodes 101 and 102 to be coupled to bit line 

pair BUBL *. In the case where storage node 101 is a logic high 

5 voltage and storage node 102 is a logic low voltage, bit line BL 

remains at a logic high voltage, and bit line BL* is pulled low 

through coupling transistor 16, causing a small differential 

voltage corresponding to a logic one to be read from cell 10. 
SRAM cell 10 should be sufficiently stable to prevent the 

1 O logic state of the stored data bit from changing during a read 

operation of cell 10, or while cell 10 is in the storage mode. If 

the cell has inadequate noise margins, the logic state that is 

stored in cell 10 may be inadvertently changed, such as when cell 

1 O is accessed for a read operation. 
1 5 The stability of cell 1 O 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 

2 O 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. 

2 5 When cell 10 is in the storage mode, the voltage on word 
line 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 (VT) 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 if, 
for example, the cell has defects that cause an excessive leakage 

3 5 current in the cell. 
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When cell 10 is in the active mode, the word line voltage is 

a logic high, causing coupling transistors 15 and 16 to be 

conductive. Storage nodes 101 and 102 are coupled to bit lines, 
BL and BL*, respectively, and SRAM cell 10 will either be 

5 undergoing a read operation or a write operation. The static noise 
margin during the active mode is a function of the power supply 

voltage, the conductance ratio of coupling transistor 15 and pull 

down transistor 13 with a maximum gate voltage of pull down 

transistor 13 being set by the Vr of coupling transistor 15, the 
1 0 conductance ratio of coupling transistor 16 to pull down 

transistor 14 with the maximum gate voltage of pull down 

transistor 14 being set by the VT of coupling transistor 16, and 
the amount of mismatch between the VT and conductance of pull 

down transistors 13 and 14, where the amount of mismatch is 
1 5 controlled by process and layout considerations. 

When cell 1 O is transitioning between the storage mode and 

the active mode, the word line voltage is greater than Vss, but 

less than Voo. As the word line voltage increases, the static 
noise margin associated with the storage mode degrades. As the 

2 0 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, 

2 5 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 voltage that 

is approximately equal to 5.0 volts. There should be sufficient 
3 O static noise margin in each mode to allow for process variations 

such as misalignment, VT variation, WEFF and effective channel 
length (LEFF) limits, and for all design power supply strapping 

positions. 
During fabrication, SRAM cells are commonly tested by 

3 5 writing a predetermined pattern of data, and then reading the 
data. If the predetermined pattern has changed, the memory has 



5 

defective cells. Probe testers are commonly used for testing the 

memory array for defective cells. Defects such as opens or 

shorts in the cell are relatively easy to detect. However, some 

defects do not cause easily detectable failures when using 

5 standard testing techniques. These defects are sometimes called 
11soft defects". So called soft defects are difficult to detect 

because they may not lead to failure of the cell, and _may only 
appear during certain conditions. In addition, the conditions that 

cause failures due to soft defects may be difficult to recreate 

I 0 during testing. For example, a soft defect may cause a leakage 

current to flow through the cell. This leakage current may cause 
the cell to fail if the- cell has been in storage mode for a certain 

length of time. In the past, this type of soft defect has been 
detected by first writing a predetermined pattern into the 

1 5 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. 
2 O 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 Vss and Voo. For example, during 
normal operation of a memory, the address signals may become 

skewed due to incorrect timing, high speed operation, or both. If 
2 5 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 

3 0 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 
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Accordingly, there is provided, in one form, a method for 

testing a static random access memory array for defective 

memory cells. Each memory cell of the array being tested is 
coupled to a bit line pair and to a word line. The word line 

5 conducts a word line voltage when accessing a memory cell. Each 

memory cell is also coupled to a power supply voltage terminal. 

A first power supply voltage is provided to the power supply 
voltage terminal. A data bit having a first logic state is written 

into a memory cell of the array. A second power supply voltage is 
1 0 provided to the power supply voltage terminal, where the second 

power supply voltage has a lower potential than the first power 

supply voltage. A data bit having a second logic state is written 

into the memory cell while the memory array is being supplied 

with the second power supply voltage. The word line voltage is 

1 5 provided to the word line. The word line voltage has a potential 
lower than the potential of the first power supply voltage. The 

logic state of the data bit is detected to determine 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 

2 0 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. 
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FIG. 5 illustrates in schematic diagram form an embodiment 

of the memory array supply voltage control circuit of the memory 

of FIG. 3. 
FIG. 6 illustrates in schematic diagram form an embodiment 

5 of a word line driver circuit of the memory of FIG. 3. 

Description of a Preferred Embodiment 

FIG. 2 illustrates in schematic diagram form, four 

1 O transistor memory cell 20 in accordance with the present 

invention. Four transistor memory 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 "V ARRA y", and a second terminal. Resistor 

1 5 22 has a first terminal connected to VAR RA v, 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 

2 O terminal of resistor 22 and node 104, a gate connected to the 

second terminal of resistor 21, and a source connected to Vss. N­
channel transistor 25 has a first drain/source terminal connected 

to a bit line labeled 11 8L 11
, a second drain/source terminal 

connected to the second terminal of resistor 21 at node 103, and 
2 5 a gate connected to a word line labeled "WL 11

• 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 
3 0 to word line WL. 

During normal read and write operations, memory cell 20 

operates like prior art memory cell 10, with VAR RAY and VwL both 
having a voltage potential equal to about Voo. However, during 
probe testing of memory 30, the word line and memory array 

3 5 supply voltages are provided to the memory array by the probe 
tester, and can be varied without affecting the operation of 
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peripheral circuitry. The peripheral circuitry includes address 

buffers, address decoders, and data input and output circuits. By 
independently supplying the array and word line voltages with the 

probe tester, greater flexibility is achieved during testing. The 

5 time required for testing is reduced because degraded, or reduced, 

voltage levels may be used. By utilizing degraded voltage levels 

during testing, the waiting period required for detecting 

defective cells caused by soft errors is reduced. In addition, 
word line voltage VwL may provided at reduced, or degraded 

1 O levels to 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 

1 5 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 fines and bit line pairs. Representative 

2 O memory cell 20 (FIG. 2) is illustrated coupled to a word line 
labeled 11WL 11

, and to a bit line pair, with one bit line labeled "BL11 

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 
2 5 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 "VwL" · 

An embodiment of a word line driver circuit is illustrated in FIG. 

3 O 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 

3 5 line pair during a write operation of memory 30. When reading 

data from memory 30, the sense amplifiers of column 
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decoders/sense amplifiers 34 detects and amplifies the 

relatively small differential signals from a selected bit line pair. 

Also included in memory 30 are bit l_ine equalization and 

precharge circuits (not shown). Note that the amount of address 

5 decoding and/or predecoding performed by row decoders 38 and 

column decoders/sense amplifiers 34 is not significant and may 

be different in other embodiments. 

Word line voltage control circuit 42 includes a first input 
terminal coupled to test pad 43 for receiving a first control 

1 0 signal labeled 11 VTEST1 ", a second input terminal coupled to test 
pad 44 for receiving a first voltage labeled "V1N1 • ., a power supply 

voltage terminal labeled "Voo 11 for receiving a power supply 

voltage, and an output terminal for providing word line supply 

voltage VwL· Memory array supply voltage control circuit 46 
1 5 includes a first input terminal coupled to test pad 47 for 

receiving a second control signal labeled "VTEST2", a second input 
terminal coupled to test pad 48 for receiving a second voltage 

labeled "V1N2", power supply voltage terminal Voo. 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 

3 0 separate probe needle 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 

3 5 provided to the word lines may be varied as required by the 
particular test step. Likewise, memory array supply voltage 
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control circuit 46 is used during probe testing to provide a 
variable supply voltage to memory 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 VrEST2 are provided to test pads 43 and 47 by the probe 
tester. When control signal VTEST1 is a logic low, word line 
voltage VwL is equal to approximately the power supply voltage 

1 O being provided to power supply voltage terminal Voo. When 

control signal VrEST1 is a logic high voltage, word line voltage 

VwL is approximately equal to voltage V1N1. Voltage V1N1 is 

provided by the probe tester to test pad 44. When control signal 

VrEST2 is equal to a logic low voltage, array supply voltage VAR RA y 

1 5 is equal to approximately the power supply voltage being provided 

to power supply voltage terminal Voo. When control signal VTEST2 

is provided as a logic high voltage, array supply voltage VARRAY is 
equal to voltage V1N2- Voltage V1N2 is provided by the probe 
tester to test pad 48. 

2 O To test memory array 31 according to a preferred 

embodiment of the present invention, control signals VrEST1 and 

VrEST2 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 

2 5 memory array 31 with control signals VrEST1 and VrEST2 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 

3 O and the word lines at normal voltage levels, control signal VrEST2 

is provided as a logic high, and a voltage V1 N2 is provided to test 
pad 48. Voltage V1N2 is a reduced, or intermediate voltage, 
relative to Voo. Each cell of memory array 31 is then rewritten 
with a second predetermined logic state while voltage V1N2 is at 

3 5 the intermediate voltage level. The second predetermined logic 

state is the opposite of the first predetermined logic state. 
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Control signal VTEST1 is then provided as a logic high voltage. 

When control signal VrEST1 is a logic high, voltage V1N1 is 
provided to test pad 44 by the probe tester. Voltage V1N1 is 
provided at an intermediate, or reduced voltage level. Each cell 

5 of memory array 31 is read while voltages V1N1 and V1N2 are at 

the intermediate level. Control signals VrEST1 and VTEST2 are then 
returned to logic low voltages, thus providing word line drivers 

40 and memory array 31 with a supply voltage equal to 
approximately Voo. Each memory cell of memory array 31 is read 

1 0 a second time to detect if the second predetermined logic pattern 

has changed. If the second predetermined pattern has changed, 

there are defective cells in memory array 31. 

Voltage V1N1 is provided at an intermediate, or reduced 

voltage level, in order to simulate the reduced, or degraded, word 

1 5 line voltage that may occur as a result of address signal skewing. 
Voltage V1N2 is at a reduced level relative to Voo 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 

2 0 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 

2 5 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 

3 0 44, P-channel transistor 51, and resistor 52. P-channel 

transistor 51 has a source connected to Voo, a gate connected to 

test pad 43 for receiving first control signal VrEST1, and a drain 
connected to test pad 44 for providing voltage V1N1. Resistor 52 
has a first terminal connected to the control electrode of P-

3 5 channel transistor 51, and a second terminal connected to Vss. 
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When a logic low control voltage VrEST1 is provided to test 
pad 43, P-channel transistor 51 of word line supply voltage 
control circuit 42 is conductive. Test pad 44 is left floating, 
therefore, the power supply voltage provided at power supply 

5 voltage terminal Voo is provided as voltage V1N1. When control 
signal VrEST1 is a logic high voltage, P-channel transistor 51 is 
substantially non-conductive. Voltage V1N1 is equal to a voltage 
provided by the probe tester. Voltage V1N1 is then provided to 
word line driver circuit 60 (FIG. 6). Test pads 43 and 44 are only 

1 0 used during probe test. After completing probe testing, word line 
voltage control circuit 42 is no longer used. Test pads 43 and 44 
therefore remain unterminated. Resistor 52 is provided to ensure 
that P-channel transistor 51 remains conductive in order to 
supply word line drivers 40 with a voltage equal to approximately 

1 5 V oo during normal operation of memory 30. 
FIG. 5 illustrates in schematic diagram form an embodiment 

of memory array supply voltage control circuit 46 of memory 30 
of FIG. 3. Memory array supply voltage control circuit 46 includes 
test pads 47 and 48, P-channel transistor 55, and resistor 56. P-

2 0 channel transistor 55 has a source connected to Voo, a gate 
connected to test pad 47 for receiving second control signal 
VrEST2, and a drain connected to test pad 48 for providing voltage 
V1N2- 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 Voo is provided as memory array supply voltage 
VARRAY· 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 V1N2- Resistor 56 
ensures that P-channel transistor 55 is always conductive when 

3 5 test pads 47 and 48 are left unterminated after testing is 
complete. Note that voltage V1N1 and voltage V1N2 are provided by 
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the probe tester, and can be any voltage. However, in a preferred 
embodiment, voltage V1N1 is chosen to be an intermediate voltage 
equal to about 2.9 to 3.1 volts for a power supply voltage of about 
5.0 volts. 

5 FIG. 6 illustrates in schematic diagram form an embodiment 
of a word line driver circuit 60. Word line driver circuit 60 
includes P-channel transistor 61, N-channel transistor 62, and 
inverter 63. P-channel transistor 61 has a source connected to 
Voo. a gate connected to Vss, and a drain. N-channel transistor 62 

1 0 has a drain connected to the drain of P-channel transistor 61, a 
gate for receiving a row select signal labeled 11 RS 11

, and drain for 
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 VwL· 

1 5 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-

2 0 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 Vss. 

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

2 5 address signal BS*, and provides word line voltage VwL. The 
potential of word line voltage VwL depends on voltage V1N1 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 

3 O 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 voltage VwL is equal to a logic high 

3 5 voltage, thus causing the access transistors of the cell to be 
conductive. In operation, P-channel transistor 61 is conductive 
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when its gate-source voltage (VGs) is greater than a threshold 
voltage (VT), or about 1.0 volt. When row select signal RS is a 
logic high voltage, and address signal BS* is a logic low voltage, 
the VGs of N-channel transistor 62 is greater than Vr, causing N-

5 channel transistor 62 to be conductive. The channel width of N­
channel transistor 62 is larger than the channel width of P­
channel transistor 61. Therefore, when row select signal RS is a 
logic high, the conductance of N-channel transistor 62 is larger 
than the conductance of P-channel transistor 61. This causes a 

1 0 logic low voltage to be provided to the input terminal of inverter 
63, causing a logic high word line voltage VwL to be provided to 
the word line. 

As discussed above, a series of low amplitude pulses on the 
word line can be interpreted by the cell as an intermediate DC 

1 5 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, 

2 0 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 VwL 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 

2 5 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 Voo during probe 
testing. The reduced voltages degrade the static noise margins of 
the memory cells, causing cells having soft defects to be more 

3 0 likely to fail during testing. Also, by using a reduced word line 
voltage relative to Voo and a reduced supply voltage relative to 
Voo. 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 

3 5 detecting soft defects is reduced. In addition, word line supply 
voltage VwL and array supply voltage VARRAY can be varied 
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without affecting the operation of the peripheral circuits of the 
memory. Also, in other embodiments, word line supply voltage 
VwL and array supply voltage VARRAY may be provided at a voltage 
having a magnitude greater than Voo for use in reliability testing. 

5 While the invention has been described in the context of a 
preferred embodiment, it will be apparent to those skilled in the 
art that the present invention may be modified in numerous ways 
and may assume many embodiments other than that specifically 
set out and described above. For example, the testing method of 

1 0 the present invention may also be implemented during final 
testing after packaging by using external pins rather than test 
pads on the die. Accordingly, it is intended by the appended 
claims to cover all modifications of the invention which fall 
within the true spirit and scope of the invention. 
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Claims 

tlllllll;lllllt'lllft lllit· 11· 1111 
What is claimed is: * C L M S * 

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

access memory cells (20), each memory cell (20) being 

coupled to a bit line pair and to a word line, the word line 
for conducting a word line voltage for accessing the 

5 memory cell (20) to which it is coupled, each memory cell 

{20) being coupled to a power supply voltage terminal, a 

method for testing the array for defective memory cells 

comprising the steps of: 

1 0 

15 

20 

25 

2. 
30 

providing a first power supply voltage to the power 
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 

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 
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 

detecting if the logic state of the data bit has changed 

to a logic state that is different than the second 

logic state. 

In a memory (30) having an array (31) of static random 
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 
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memory cell (20) to which it is coupled, and each memory 

cell (20) being coupled to an array supply voltage terminal, 

a method for testing the array (31) for defective memory 

cells comprising the steps of: 

5 providing a first supply voltage to the array supply 

10 

1 5 

20 

25 

30 

35 

3. 

4. 

voltage terminal; 

writing a first predetermined test pattern into the 

array (31 ); 

providing a second supply voltage to the array supply 

voltage terminal, the second supply voltage 

having a lower potential than the first supply 

voltage; 

writing a second predetermined test pattern into the 

array (31) while the array (31) is being provided 

with the second supply voltage; 

providing the word line voltage to each word line, the 

word line voltage having a potential lower than 

the potential of the first supply voltage; and 

detecting if the second predetermined pattern has 
changed. 

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 

potential. 

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

predetermined pattern. 

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 

operating voltage to the memory (30); 
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an array supply voltage terminal for providing an 

array supply voltage to the plurality of memory 

cells (31 ); 
* C L H S * 
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6. 

7. 

a word line supply voltage terminal for providing a 

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 

(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 

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 
terminal and the power supply voltage terminal 

in response to receiving a second control signal. 

The memory of claim 5, wherein the array supply voltage 

terminal and word line supply voltage terminal are each 
test pads (44, 48) accessible to a probe tester. 

The memory of claim 5, wherein the plurality of memory 
cells (31) comprises a plurality of static random access 
memory cells {31 ). 

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. 
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9. A static random access memory (30) having an array of 

memory cells (31 ), each memory cell (20) coupled to a word 

line and a bit line pair, the memory comprising: 

a power supply voltage terminal for receiving a power 

supply voltage; 
a first control circuit (46) having an output terminal 

coupled to the memory array, a first input 

terminal coupled to the power supply voltage 
terminal, a second input terminal for receiving a 

first test voltage, the first control circuit (46) 

~-.. -------···---- providing the power supply voltage to the 

memory array (31) in response to a first control 
signal being in a first logic state, and providing Hll\llt ll\lll 1111\ 111\11\ llll 
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the first test voltage to the memory array (31) 

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 
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 
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 

3 0 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 

3 5 (46, 42), for receiving the first and second test voltages 
(48, 44) and the first and second control signals (47, 43). 


