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DATA RETENTION IN A SEMICONDUCTOR 
MEMORY 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] This invention relates to the ?eld of data processing 
systems. More particularly, this invention relates to the ?eld 
of semiconductor memories. 

[0003] 2. Description of the Prior Art 

[0004] In many circuits, particularly those that run off 
remote poWer supplies such as batteries, it is important to 
keep the poWer consumption of the circuits loW. As Well as 
addressing the issue of operational circuit ef?ciency atten 
tion is also being turned to reducing static poWer loss, i.e. 
poWer loss due to currents occurring While a circuit is not 
performing operations. One solution to this issue is to simply 
turn off the supply to a portion of the design that is not 
currently being used. This serves to save static poWer, but 
there are signi?cant dynamic poWer costs associated With 
restoring the state of the system When poWer is once again 
supplied to that portion of the design. Furthermore, there are 
additional drawbacks associated With a lag in response time 
associated With this restoration of state. This may not be 
acceptable in some systems. 

1. Field of the Invention 

[0005] To address these issues there are proposals for 
building retention ?ops to retain the state of the logic While 
a portion of it is poWered doWn. Such a mode of operation 
alloWs the stored signal values to be securely held in a small 
portion of the circuitry Whilst the remainder of the circuitry 
is poWered doWn for poWer leakage reduction purposes. 
When poWer is resumed, the saved signal value is restored 
and operation continues. 

[0006] HoWever, much of the state of a system may 
typically be contained in other semiconductor memory 
devices such as SRAM array structures. These SRAM arrays 
due to their siZe contribute a large percentage of the total 
static poWer consumption in a typical SoC. Traditional 
techniques used to combat this static poWer consumption in 
the arrays result in signi?cant performance hits to the read 
and Write timing. 

[0007] “A read-static-margin-free SRAM cell for loW-Vdd 
and high-speed applications” by Takeda et al from ISSCC 
2005, Session 26, static memory 26.3 pages 478 and 479 
looks at improving data retention and increasing the speed of 
data access. It proposes the reduction of the voltage level 
supplied to a six transistor cell of the SRAM during Write to 
ensure that the Write signal is able to sWitch the state of the 
cell. It does not address the problem of reducing poWer 
consumption. 

SUMMARY OF THE INVENTION 

[0008] VieWed from one aspect the present invention 
provides a semiconductor memory storage device compris 
ing: a data retention portion comprising latches; a peripheral 
portion comprising read and Write logic; and a poWer 
sWitching device Wherein said peripheral portion is operable 
to be poWered by a periphery voltage difference; said data 
retention portion is operable to be poWered by a data 
retention voltage difference said data retention voltage dif 
ference being different to said periphery voltage difference; 
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and in response to a Write request signal to Write to at least 
one of said latches output from said peripheral portion to 
said data retention portion by said Write logic, said poWer 
sWitching device is operable to reduce a voltage difference 
across said at least one of said latches such that a data signal 
output from said peripheral portion and having a voltage 
level determined by said periphery voltage difference is able 
to Write to said at least one of said latches. 

[0009] The present invention recognises the problem of 
poWer loss Within SRAMS and provides a solution that has 
only a very loW impact on the performance, area, and poWer 
of the array While still providing for a loW leakage retention 
mode. It addresses the problem by providing tWo voltage 
domains, such that the retention portion is in one and all the 
rest of the periphery circuits are in another voltage domain. 
The periphery logic is then poWered doWn during the 
retention state, While the retention portion retains poWer. 
The use of tWo voltage domains has the advantage that an 
appropriate voltage domain suitable for data retention and 
loW static poWer loss can be applied to the data retention 
portion, While a different voltage domain appropriate to the 
logic Within the peripheral portion can be applied to that 
portion of the circuit. A potential problem With tWo voltage 
domains is that it may be di?icult for a signal from one 
voltage domain (the peripheral portion) to sWitch the state of 
a latch in a different voltage domain. HoWever, this problem 
is addressed by reducing the voltage difference across the 
latch during the Write procedure, such that a signal from the 
peripheral portion is able to sWitch the state of that latch. 

[0010] In some embodiments said data retention voltage 
difference is greater than said periphery voltage difference. 

[0011] Having a retention portion that operates in a higher 
voltage domain than the peripheral portion enables loW 
leakage devices to be utiliZed to form the latches While 
retaining reasonable performance. Alternatively, the reten 
tion portion performance can be improved by using leakier 
devices for the latches and over-voltaging them. In any case, 
the ability to reduce the voltage across the latches during 
Write enables the state to be sWitched by a voltage signal 
from a loWer voltage domain. Thus, the advantages of a high 
voltage state Within the data retention portion can be attained 
Without the normal attendant disadvantages of dif?culty in 
state sWitching. 

[0012] Although the peripheral and data retention portions 
may have different loW and/or high voltage levels, in pre 
ferred embodiments said peripheral portion and said data 
retention portion have a common loW voltage supply level, 
said data retention having a higher high voltage supply level 
than said peripheral portion, said data signal having a 
voltage level that is less than or equal to said high voltage 
level of said peripheral portion. 

[0013] In some embodiments, said peripheral portion is 
operable to generate a Write assist signal and a data transfer 
enable signal in response to said Write request signal, said 
Write assist signal being generated during a time said data 
transfer enable signal is active, Wherein said poWer sWitch 
ing device is operable to reduce a voltage difference across 
said at least one of said latches in response to detection of 
said Write assist signal. 

[0014] The reduction in the voltage level across the at least 
one latch can be controlled by a Write assist signal Which can 
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be activated When it is desired to switch the state, i.e. Write 
to the latch. It is desirable to control this signal to be active 
only during the time the data transfer enable signal is active 
and only for a short time, such that capacitively held state in 
any latch not being Written to is not lost. This issue could be 
eliminated if the Write assist signal Were only used to turn off 
the supply to the target latches. 

[0015] In some embodiments, each of said latches com 
prises a data port for inputting and outputting data, a data 
storage portion and a data transfer enable input device, said 
data transfer enable input device being operable to selec 
tively isolate said data storage portion from said data port in 
response to one value of said data transfer enable signal 
received at said data transfer enable input device and to 
provide a loW impedance path betWeen said data port and 
said storage portion of said latch in response to a different 
value of said data transfer enable signal received at said data 
transfer enable input device. 

[0016] In order to be able to Write data to the device in 
some states and retain data in others, the device can be 
controlled using the data transfer enable signal such that the 
device that can selectively isolate the storage device from 
the data input in response to this signal. 

[0017] In some embodiments, said latches are arranged in 
at least one group to form a Word, said latches Within said 
Word being connected together by said data transfer enable 
inputs such that a data transfer enable signal is operable to 
be received at all of said data transfer enable inputs, said 
latches Within said at least one group being each operable to 
provide a loW impedance path betWeen said data port and 
said data storage portion of said latch in response to said data 
transfer enable signal; and said poWer sWitching device is 
operable to reduce a voltage difference across said latches 
Within said at least one group in response to said Write assist 
signal. 

[0018] In some embodiments, it is found to be advanta 
geous to Write to a plurality of latches that form a Word at 
the same time. This provides access to a collection of data 
at one time rather than to a single bit. Furthermore, With this 
Word based Write assist signal, the Write is controlled on a 
Word basis, such that the latches not in the Word that that 
aren’t being Written to aren’t left to capacitively hold their 
state. This is advantageous as When a latch is capacitively 
holding state it is much more susceptible to lose state from 
a Whole host of failure mechanisms. 

[0019] In some embodiments, the semiconductor memory 
storage device comprises a plurality of groups of latches and 
a corresponding plurality of poWer sWitching devices. 

[0020] In some embodiments, said poWer sWitching 
device comprises a transistor arranged betWeen said latches 
and one of tWo voltage sources generating said data reten 
tion voltage difference. 

[0021] A simple yet effective Way of producing a tempo 
rary voltage reduction to enable state to be sWitched is by the 
provision of a transistor betWeen the latches and voltage 
sources. 

[0022] In some embodiments, said plurality of poWer 
sWitching means each comprise a transistor arranged 
betWeen a group of said latches and their poWer supply. 
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[0023] In some embodiments said poWer sWitching device 
is operable to reduce a voltage difference across all of said 
latches in a group for a duration suf?ciently short such that 
any latches not being Written to do not lose data. 

[0024] Although the reduction in the poWer across the 
latches is helpful in alloWing the state to be sWitched, care 
should be taken that it is not done for too long or the 
capacitively stored data in latches not being sWitched may 
be lost. 

[0025] In some embodiments, said semiconductor 
memory storage device further comprises a voltage level 
clamping device operable to clamp said data transfer enable 
input of said latches to a predetermined value, such that said 
data port of said latches is isolated from said data storage 
portion; Wherein in response to a sleep mode signal said 
peripheral portion is operable to be poWered doWn and said 
voltage level clamping device is operable to clamp said data 
transfer enable input of said plurality of latches to said 
predetermined value. 

[0026] By clamping the data transfer enable input of the 
latches to a predetermined value the data port to the latches 
can be isolated and data can thus, be retained during loW 
poWer mode. 

[0027] In some embodiments, said latches are arranged in 
at least one group to form a Word, said latches Within said 
Word being connected together such that a data transfer 
enable signal is operable to be received at all of said data 
transfer enable inputs Within said Word, said latches Within 
said Word being each operable to isolate said data port from 
said data storage portion of said latch in response to a 
predetermined value of said data transfer enable signal; and 
said semiconductor memory storage device further com 
prises a plurality of voltage level clamping devices each one 
operable to clamp a respective data transfer enable input to 
said predetermined value. 

[0028] Rather than having a single clamping device for 
each latch it has been found advantageous to clamp all of the 
data transfer enable inputs of a Word together. This reduces 
the number of clamping devices required. Furthermore, as in 
many embodiments the latches of a Word are Written to or 
read from together, their data transfer enable inputs must be 
of the same value. 

[0029] In some embodiments said voltage clamping 
device comprises a NFET transistor. 

[0030] An NFET transistor makes a simple yet effective 
clamping device. 

[0031] In some embodiments, said semiconductor 
memory storage device comprises an SRAM, and each of 
said latches comprising a 6T cell. 

[0032] SRAMs comprising 6T cells bene?t from the 
arrangement of embodiments of the present invention. 

[0033] A further aspect of the present invention provides 
a semiconductor means for storing data comprising: a means 
for retaining data comprising latching means; a peripheral 
means comprising means for reading data and means for 
Writing data; and a poWer sWitching means for controlling 
poWer supplied to a portion of said means for storing data 
Wherein said peripheral means is operable to be poWered by 
a periphery voltage difference; said means for retaining data 
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is operable to be powered by a data retention voltage 
difference said data retention voltage difference being dif 
ferent to said periphery voltage difference; and in response 
to a Write request signal to Write to at least one of said 
latching means output from said peripheral means to said 
means for retaining data by said Write logic, said poWer 
switching means is operable to reduce a voltage difference 
across said at least one of said latching means such that a 
data signal output from said peripheral means and having a 
voltage level determined by said periphery voltage differ 
ence is able to Write to said at least one of said latching 
means. 

[0034] A yet further aspect of the present invention pro 
vides a method of storing data Within a semiconductor 
memory comprising: supplying a periphery voltage differ 
ence to a peripheral portion comprising read and Write logic 
of said semiconductor memory; supplying a data retention 
voltage difference that is different to said periphery voltage 
difference to a data retention portion comprising latches of 
said semiconductor memory; outputting a Write request 
signal to Write to at least one of said latches from said 
peripheral portion to said data retention portion; in response 
to said Write request signal, reducing a voltage difference 
across said at least one of said latches; outputting a data 
signal having a voltage level determined by said periphery 
voltage difference from said peripheral portion; and Writing 
to said at least one of said latches With said data signal. 

[0035] The above, and other objects, features and advan 
tages of this invention Will be apparent from the folloWing 
detailed description of illustrative embodiments Which is to 
be read in connection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 shoWs a structural illustration of an SRAM; 

[0037] FIG. 2 shoWs the SRAM of FIG. 1 in more detail; 

[0038] FIG. 3 shoWs a timing diagram of the operation of 
the SRAM of FIGS. 1 and 2; 

[0039] FIG. 4 shoWs a latch of an SRAM according to an 
embodiment of the invention; 

[0040] FIG. 5 shoWs the transistors Within a latch of an 
SRAM according to an embodiment of the invention; and 

[0041] FIG. 6 shoWs an SRAM With a Word line data 
transfer enable signal clamping device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] FIG. 1 shoWs a simpli?ed diagram ofa SRAM 10. 
The SRAM 10 comprises a data retention portion 20, the 
data retention portion 20 comprising an array of 6T-cells. 
These are conventional data retention cells formed from six 
transistors (see FIG. 3). There is also a peripheral portion 
comprising precharge and Write logic 32, sense ampli?ers 
34, decoders and Word line drivers 36 and address latches 
and miscellaneous logic 38. SRAM circuits 10 are knoWn 
and traditionally the entire circuit is in a single voltage 
domain. In embodiments of the invention, by contrast, the 
data retention portion 20 is formed in a different voltage 
domain to the peripheral portion. 

[0043] In order to save poWer, the circuit may operate in 
a sleep mode, Wherein during inactive periods, poWer can be 
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reduced to portions of the circuit to reduce poWer consump 
tion. To avoid a loss of state it is advantageous to retain 
poWer to the data retention portion 20, hoWever the periph 
eral portions may be turned off. It is in sleep mode that the 
advantage of having the data retention portion 20 in a 
different voltage domain can be seen. This is because, as this 
portion is continuously poWered, it is important in order to 
reduce static poWer loss to build as much of this portion as 
possible from loW leakage devices. Having the data reten 
tion portion 20 in for example, a higher voltage domain 
helps in this respect. The higher voltage domain enables the 
data retention portion to be built from higher threshold, 
loWer leakage devices While retaining reasonable perfor 
mance. Alternatively, if performance is more important than 
reducing static poWer loss, array performance can be 
enhanced by using leakier devices for the 6T cells and 
over-voltaging them. 

[0044] One problem With traditional SRAM arrays is that 
it can be dif?cult to sWitch the state of the 6T cells forming 
the data retention portion 20. Increasing the voltage level in 
the data retention portion compared to the peripheral data 
Writing portion can exasperate this problem. One possible 
solution could be to provide level shifters betWeen the 
peripheral portion and the data retention portion such that 
the voltage level of a Write signal is ampli?ed prior to 
reaching the data retention portion. A disadvantage of this is 
that it degrades the performance of the circuit. In embodi 
ments of the present invention this problem is addressed by 
reducing the voltage across the 6T cells during a data Write. 
This procedure is described beloW. 

[0045] FIG. 2 shoWs the device of FIG. 1 in more detail. 
This device comprises a data retention portion 20 compris 
ing an array of 6T cells 22. These are arranged in roWs 
comprising a Word Which share a Word line (W1), and in 
columns Which share a pair of bit lines (bl). The cells are 
accessed in roWs, i.e. as Words, in response to an address 
Which is input on bus 50 and decoded by decode logic 42. 
In response to a decoded address indicating that a particular 
Word line is to be accessed, a control signal is sent to a 
particular AND gate 46. The AND gate outputs a data 
transfer enable signal (Word line) Which acts to sWitch 
devices Which selectively isolate the latches from the data 
input/output of the device and cause them to provide a loW 
impedance path betWeen each latch 22 on the Word line and 
the data input output (60) to the device (bit line pairs). This 
is described in more detail With respect to FIGS. 4 and 5. 
Once the latches 22 are no longer isolated from the data 
input/output ports 60, then data can be read from or Written 
to the latches. 

[0046] In order to read from a latch, the bit line should be 
?oating, the Word line be active, and a sense ampli?er needs 
to be enabled to detect the data held in the latch, thus, a sense 
enable signal is used that is timed With respect to the data 
transfer enable signal, this timing is shoWn in more detail 
With respect to FIG. 3. 

[0047] In order to Write to a latch, a Write request signal is 
generated Which translates to the Word line being active and 
the bit line driven. Apotential problem is that the data signal 
at input port 60 is from a loWer voltage domain to that of the 
storage latch 22 that it is trying to overWrite. In order to 
ensure that the data is Written correctly to the latch a Write 
assist signal is used to reduce the voltage difference across 
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the latch for a time su?icient to allow the latch to be 
overwritten. This Write assist signal is input to a power 
transistor located betWeen one of the voltage rails and the 
transistors in the latch and serves to temporarily cut poWer 
to the latch. This is shoWn in more detail in FIGS. 4 and 5. 

[0048] FIG. 3 shoWs a timing diagram of hoW the clock 
signal and the other control signals operate to control both 
reading and Writing to the 6T cell array 20. 

[0049] The basic operation is on the rising edge of an input 
clock, and in response to this the decoded address, enable, 
read/Write control, and input data bus are latched. The Word 
lines selected in response to the decoded address signal goes 
high shortly after the clock rising edge and While the clock 
signal is high, the read or Write is performed. Whether it is 
to be a read or Write is determined from the read/Write 
control signal. 

[0050] If the read/Write control signal 65 indicates a read 
is to be performed a single Word line goes active as Well as 
a matched dummy path. The Word line going active, results 
in a roW of 6T cells developing a small signal differential on 
their associated bit lines. A dummy path then generates a 
sense amp enable signal delayed such that su?icient bit line 
differential is present to reliably amplify the differential into 
a full rail signal. The dummy path can be delayed an 
additional amount of time after Which it is used to pre-charge 
the array in preparation for the next clock edge. Altema 
tively, it is possible to use the clock as the control to 
precharge the bit-lines. This pre-charge operation typically 
deactivates the Word lines, pre-charges the bit lines and 
sense amps, and latches the sense amp outputs. During read 
the bit lines are ?oating so that any signal generated on these 
lines can be read out. During Write the bit lines are driven. 
From the 6T cells point of vieW, this is the only difference 
betWeen a read and Write operation in a traditional SRAM 
design. 

[0051] When the read/Write control signal indicates a Write 
is to be performed a single Word line goes active and the 
value latched from the input data bus is driven onto the bit 
lines based on the rising edge of the clock. This has the effect 
of setting the state of all the selected 6T cells to match the 
input data bus 60. The falling edge of the clock naturally 
turns off the Word lines and the Write drivers. The falling 
edge of the clock also activates the pre-charging of the 
bit-lines. As the peripheral logic holding the read/Write logic 
44 is in a different loWer voltage domain to the 6T cell array, 
it is hard to ?ip the state of the 6T cells being Written to. To 
address this problem, a poWer sWitch is introduced to the 6T 
cell array Which has the ability in response to a Write assist 
signal to disconnect either the VSS or VDD supply to the 
array. The read and Write operation of the array remains 
unchanged except that during a Write, poWer is severed to 
the 6T cells. This ensures that if the periphery Were at a 
loWer voltage the state of the 6T cells can still be over 
Written. 

[0052] Thus, a dummy path is needed to turn off the VSS 
or VDD to the 6T cells long enough to ensure the state of the 
cells can be ?ipped if the periphery is at a loWer voltage than 
the 6T array. This is required because the Write margins are 
already very thin and a loWer than full rail voltage from the 
bit cells point of vieW Will not reliably ?ip the state of the 
bit cell. It is also important to note the poWer sWitch can not 
be off too long or the capacitively held state in the unWritten 
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6T cells Will bleed off. In some embodiments, this problem 
is addressed by not turning power off to the Whole array, but 
only to the roW (Word) of the array that is being Written. Note 
that the relative timing of Word-line and the poWer sWitch 
isn’t critical. The only critical factors are the amount of time 
these signals are overlapped and that the poWer sWitch isn’t 
left off too long in the case of the Whole array being switched 
off. 

[0053] If the voltage domains are the same or if the 
periphery domain is at a higher voltage the Write margin Will 
simply be improved using this technique. It should be noted 
that during Write the sense ampli?ers do not need to be 
enabled, thus, the sense enable signal is not used for a Write, 
rather a Write assist signal is used instead to cut the poWer 
to the 6T cell for the appropriate amount of time. 

[0054] With regard to read, having the periphery domain 
at a loWer voltage than the 6T array domain does not unduly 
affect it. The Word-lines Will not reach full rail from the 6T 
cell point of vieW, but as long as the voltage on the Word line 
is su?iciently above the threshold voltage of the 6T cell pass 
gates a bit line differential Will still begin to be generated. 
This Will have the effect of degrading the rate of bit line 
development, but the rest of the read path timing to this point 
Will be unaltered. Since the pre-charge logic is also in the 
loWer voltage domain the bit lines Will pre-charge to the 
loWer VDD level. This should have no adverse effect on the 
6T cell pulling one bit-line loW While the other bit-line ?oats. 
If anything enough differential in the voltage domains could 
actually result in the ?oating bit-line being driven upWard 
increasing the rate of bit-line differential development. 
Therefore, the rate of bit line development from the loWer 
voltage Word-line is the only negative impact on the read 
timing. Additionally, With the Write margins being improved 
by the Write assist logic the 6T cell design can be altered to 
favour the read timing more than is possible for 6T cells that 
don’t have Write assistance. This can more than compensate 
for the loWer Word line voltages impact on the rate of bit line 
differential. 

[0055] If in an alternative embodiment the periphery 
domain is at a higher voltage than the 6T-cell domain then 
the Word line driver Will over-drive the pass transistors 
enhancing the rate of bit line development. The bit lines Will 
be pre-charged higher than the VDD rail in the 6T cell, but 
the read operation Will still function correctly as long as this 
increased voltage doesn’t result in a read disturbance. This 
may require an alteration of the 6T cell design to insure safe 
operation under this set of voltage conditions. Once again 
though the Write assist logic can alloW the 6T cell to be better 
designed to cope With this circumstance and still enable safe 
Write operation. 

[0056] FIG. 4 schematically shoWs a 6T cell 22 according 
to an embodiment of the present invention. The 6T cell 
comprises a latch portion 24 comprising tWo inverters 
arranged in a loop. A sWitching device, in this embodiment 
transistor 26 is coupled to these inverters to cut the poWer to 
them in response to the Write assist signal and thereby enable 
them to be sWitched by a Write signal having a loWer voltage 
than the higher level of the voltage domain of the inverters. 
Transistors 23 act to selectively isolate the latch from the bit 
lines and therefore the data input/output ports. A data 
transfer enable signal on the Word line can sWitch the 
transistors enabling data to be read into the latch or Written 
from it. 
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[0057] FIG. 5 shows the 6T cell 22 in transistor form. As 
can be seen a single extra transistor 26, in this embodiment 
an NFET transistor betWeen the loWer voltage rail Vss and 
the transistors of the latch can be used to temporarily cut the 
poWer supply to the latch thereby enabling it to sWitch state 
in response to a signal on its bit line BL. In alternative 
embodiments a PFET transistor could be placed betWeen the 
high voltage rail Vdd and the transistors of the latch 24. 

[0058] Although in FIGS. 4 and 5 a poWer sWitch tran 
sistor is shoWn for each cell, in embodiments of the inven 
tion there may be a single transistor for an array, or prefer 
ably one for each Word line. 

[0059] FIG. 6 shoWs a further embodiment of the inven 
tion, Where static poWer consumption is addressed by sup 
porting a sleep mode. This sleep mode is enabled by 
providing a clamping transistor 85 for each Word line and the 
ability to power off the periphery logic. Embodiments of the 
invention are able to reduce the SRAM leakage of the 6T 
cells by alloWing them to be formed from loWer leakage 
transistors that are typically associated With high voltage 
supplies. Any leakage associated With the periphery is 
addressed by providing poWer sWitches to interrupt the 
supply to these typically much leakier devices. HoWever, 
during data retention or sleep mode the Word lines into the 
6T cell arrays Would noW be ?oating. In functional (as 
opposed to sleep) mode the latches in a Word line are Written 
to or read from together and this is controlled by the data 
transfer enable signal, Which alloWs the latches of the Word 
line to be accessed via their bit lines, or to be isolated from 
them. During the data retention mode, the latches should be 
isolated to prevent or at least inhibit data leakage. Thus, a 
clamping transistor 85 can be used for each Word line to hold 
the latches Within that Word line in their isolated states. Note 
that it isn’t an issue if the bit-lines are alloWed to ?oat as 
long as the Word lines are inactive. Embodiments of the 
invention address this problem by the addition of a single 
transistor 85, preferably an NFET device, to each Word line. 
This transistor 85 should be the same type of device as those 
used to form the 6T cells and can be small in Width as it only 
has to actively hold the Word line loW in the presence of no 
sWitching and minimal leakage. The drain is attached to the 
Word line (Wl), the gate to a retention or sleep signal (pdn), 
and the source to VSS. To ensure there is no DC path 
betWeen this device and the Word line driver a simple 
protocol can be adopted. If the clock to the SRAM is stopped 
inactive, then the Word line is guaranteed to be inactive or 
become inactive shortly thereafter depending on the degree 
of self-timing used in the SRAM design. Thus, asserting the 
retention signal With the clock stopped loW ensures no DC 
paths. Coming out of retention the poWer sWitch is turned on 
and then the retention signal turned off before any clocks are 
alloWed to become active. 

[0060] In summary the concept of embodiments of the 
invention is particularly useful for developing a loW leakage 
retention RAM. In the case of having a RAM formed by a 
triple gate process then the 6T cells can be built using the 
higher voltage (thicker) With much loWer leakage logic 
oxide. These devices are much sloWer for forming logical 
functions, but they result in 6T cells that aren’t signi?cantly 
sloWer in terms of developing an acceptable amount of bit 
line differential if used at their native voltage levels. In the 
case of devices not formed from triple gate oxide it is still 
possible to produce loWer leakage SRAM’s With very good 
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performance by using the highest threshold devices avail 
able in the 6T cells and running these cells at a over-voltage 
relative to the rest of the design to maintain performance. 
Notice that in both of these cases the rest of the array is free 
to use more aggressive devices to maintain performance. 

[0061] Clearly just moving to thicker oxide logic devices 
or high threshold voltage devices in the 6T cells Will reduce 
the static poWer consumption of the array, While retaining 
state. State retention requires the 6T cells to alWays remain 
fully poWered Which is Why it is important to reduce their 
leakage levels. ApoWer sWitch for the periphery can be used 
to throttle the leakage of the periphery to that of the poWer 
sWitch. This device can be integrated into the SRAM or it 
can be external such that the SRAM periphery is on a shared 
sWitched supply With the rest of the design. Alternatively, the 
poWer sWitch can be moved external to the entire chip if the 
domain is being controlled by an off chip voltage regulator. 

[0062] In summary an SRAM that has reasonably high 
performance in the presence of the periphery being in one 
voltage domain While the 6T cell array is in another is 
provided. These separate domains alloW for a very loW 
leakage retention state to be created With very little addi 
tional logic. As long as static poWer remains a concern, this 
feature should prove to be very valuable. 

[0063] Although illustrative embodiments of the invention 
have been described in detail herein With reference to the 
accompanying draWings, it is to be understood that the 
invention is not limited to those precise embodiments, and 
that various changes and modi?cations can be effected 
therein by one skilled in the art Without departing from the 
scope and spirit of the invention as de?ned by the appended 
claims. 

I claim: 
1. A semiconductor memory storage device comprising: 

a data retention portion comprising latches; 

a peripheral portion comprising read and Write logic; and 

a poWer sWitching device Wherein 

said peripheral portion is operable to be poWered by a 
periphery voltage difference; 

said data retention portion is operable to be poWered by a 
data retention voltage difference said data retention 
voltage difference being different to said periphery 
voltage difference; and 

in response to a Write request signal to Write to at least one 
of said latches output from said peripheral portion to 
said data retention portion by said Write logic, said 
poWer sWitching device is operable to reduce a voltage 
difference across said at least one of said latches such 
that a data signal output from said peripheral portion 
and having a voltage level determined by said periph 
ery voltage difference is able to Write to said at least one 
of said latches. 

2. A semiconductor memory storage device according to 
claim 1, Wherein said data retention voltage difference is 
greater than said periphery voltage difference. 

3. A semiconductor memory storage device according to 
claim 2, Wherein said peripheral portion and said data 
retention portion have a common loW voltage supply level, 
said data retention having a higher high voltage supply level 
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than said peripheral portion, said data signal having a 
voltage level that is less than or equal to said high voltage 
level of said peripheral portion. 

4. A semiconductor memory storage device according to 
claim 1, Wherein said peripheral portion is operable to 
generate a Write assist signal and a data transfer enable 
signal in response to said Write request signal, said Write 
assist signal being generated during a time said data transfer 
enable signal is active, Wherein said poWer sWitching device 
is operable to reduce a voltage difference across said at least 
one of said latches in response to detection of said Write 
assist signal. 

5. A semiconductor memory storage device according to 
claim 4, Wherein 

each of said latches comprises a data port for inputting 
and outputting data, a data storage portion and a data 
transfer enable input device, said data transfer enable 
input device being operable to selectively isolate said 
data storage portion from said data port in response to 
one value of said data transfer enable signal received at 
said data transfer enable input device and to provide a 
loW impedance path betWeen said data port and said 
storage portion of said latch in response to a different 
value of said data transfer enable signal received at said 
data transfer enable input device. 

6. A semiconductor memory storage device according to 
claim 5, Wherein 

said latches are arranged in at least one group to form a 
Word, said latches Within said Word being connected 
together such that a data transfer enable signal is 
operable to be received at all of said data transfer 
enable inputs, said latches Within said at least one group 
being each operable to provide a loW impedance path 
betWeen said data ports and said data storage portion of 
said latch in response to said data transfer enable 
signal; and 

said poWer sWitching device is operable to reduce a 
voltage difference across said latches Within said at 
least one group in response to said Write assist signal. 

7. A semiconductor memory storage device according to 
claim 6, comprising a plurality of groups of latches and a 
corresponding plurality of poWer sWitching devices. 

8. A semiconductor memory storage device according to 
claim 1, Wherein said poWer sWitching device comprises a 
transistor arranged betWeen said latches and one of tWo 
voltage sources generating said data retention voltage dif 
ference. 

9. A semiconductor memory storage device according to 
claim 7, Wherein said plurality of poWer sWitching means 
each comprise a transistor arranged betWeen a group of said 
latches and their poWer supply. 

10. A semiconductor memory storage device according to 
claim 1, Wherein said poWer sWitching device is operable to 
reduce a voltage difference across all of said latches for a 
duration suf?ciently short such that any latches not being 
Written to do not lose data. 

11. A semiconductor memory storage device according to 
claim 5, Wherein 

said semiconductor memory storage device further com 
prises a voltage level clamping device operable to 
clamp said data transfer enable input of said latches to 
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a predetermined value, such that said data port of said 
latches is isolated from said data storage portion; 
Wherein 

in response to a sleep mode signal said peripheral portion 
is operable to be poWered doWn and said voltage level 
clamping device is operable to clamp said data transfer 
enable input of said plurality of latches to said prede 
termined value. 

12. A semiconductor memory storage device according to 
claim 11, Wherein 

said latches are arranged in at least one group to form a 
Word, said latches Within said Word being connected 
together such that a data transfer enable signal is 
operable to be received at all of said data transfer 
enable inputs Within said Word, said latches Within said 
Word being each operable to isolate said data port from 
said data storage portion of said latch in response to a 
predetermined value of said data transfer enable signal; 
and 

said semiconductor memory storage device further com 
prises a plurality of voltage level clamping devices 
each one operable to clamp a respective data transfer 
enable input to said predetermined value. 

13. A semiconductor memory storage device according to 
claim 11, Wherein said voltage clamping device comprises a 
NFET transistor. 

14. A semiconductor memory storage device according to 
claim 1, said semiconductor memory storage device com 
prising an SRAM, and each of said latches comprising a 6T 
cell. 

15. A semiconductor means for storing data comprising: 

a means for retaining data comprising latching means; 

a peripheral means comprising means for reading data and 
means for Writing data; and 

a poWer sWitching means for controlling poWer supplied 
to a portion of said means for storing data Wherein 

said peripheral means is operable to be poWered by a 
periphery voltage difference; 

said means for retaining data is operable to be poWered by 
a data retention voltage difference said data retention 
voltage difference being different to said periphery 
voltage difference; and 

in response to a Write request signal to Write to at least one 
of said latching means output from said peripheral 
means to said means for retaining data by said Write 
logic, said poWer sWitching means is operable to reduce 
a voltage difference across said at least one of said 
latching means such that a data signal output from said 
peripheral means and having a voltage level determined 
by said periphery voltage difference is able to Write to 
said at least one of said latching means. 

16. A method of storing data Within a semiconductor 
memory comprising: 

supplying a periphery voltage difference to a peripheral 
portion comprising read and Write logic of said semi 
conductor memory; 
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supplying a data retention Voltage difference that is dif 

ferent to said periphery Voltage difference to a data 

retention portion comprising latches of said semicon 

ductor memory; 

outputting a Write request signal to Write to at least one of 

said latches from said peripheral portion to said data 

retention portion; 
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in response to said Write request signal, reducing a Voltage 
difference across said at least one of said latches; 

outputting a data signal having a Voltage level determined 
by said periphery Voltage difference from said periph 
eral portion; and 

Writing to said at least one of said latches With said data 
signal. 


