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Furthermore, the larger variation inherent in advancedmpensations [88], [89]. Alternately, large swing (e.g.,
technologies creates a greater spread in the SNM disatf or full \Vpp) bitlines can be used, but this comes at the
ibution. Read SNM rapidly becomes a serious limitercost of power and performance.
voltage and technology scaling [74], [75]. On aread, clocked sense amplifiers can be fired either
Write margin degrades in anglar fashion. Exacerbatfrom a clock edge or using a replica timing circuit. The
ed by large process variations, the write drivers and acoggca timing circuit mimics the delay of the actual bitline
transistors of cells with in8icient write margin cannot and tracks that delay over process and environmental
overpower the load inside the cell, preventing successéuiations [90], which is why it is the preferred method of
write operation. This effect gets worse at low voltage, aedse enable generation for high-performance SRAMs.
it can actually be the primary limitation to voltage scaliripwever, device variationsalaffect the replica circuit,
[75], [76]. further decreasing the read margin. The replica circuit can
In the short term, there are a number of techniqueslte made robust to variations by simply increasing the
extend the viability of the tdtional 6T SRAM cell to lower number of replica driver cells (and proportionally
supply voltages and newer teclogies. Almost all cuttingincreasing the replica load), but this requires a large
edge SRAMSs use a variety of voltage knobs to compemsatder of replica driver cells to achieve average-case
for variations. For example, lower bitline precharge voltagatching. Future replica circuits will require variability
[76], [78], boosted cell voltage [79]-[81], and write afteslerant driver cells or a way to configure the driver cells
read [78] improve or bypass read SNM. For write accessesh that they achieve average-case performance.
boosted wordline voltage [75], [81] or collapsed cell voltageDecoder design will also require a rethink in nanoscale
[75], [76], [80], [81] improve the write margin. An adprocesses. Previous highfpenance designs used pulse-
ditional complicating factor in cell design is the printabilitjode self-resetting logic for high-speed and low-power
of subdesign rul&ushefl cell layouts, which further [90]. However, these logic styles often relied on race con-
constrains viable cell sizings and topologies (see Sectiatitigns and had numerous timing constraints. With in-
However, in the long term, whether the 6T cell is thereasing variability, these ilogtyles become increasingly
optimal cell topology choice in nanoscale processes isdifficult to design in a robust and manufacturable way.
an open question. Other options, such as using alternatils®, high-performance decoders have usedlasvices
bitcells [77] or dual-port bitcells with read buffers [75fpr better performance, but leakage in these devices will
[81], can eliminate the read SNM problem. There areantribute significantly to leakage power.
number of attractive alternate cell topologies that, while To combat these trends, future designs will likely use
they do require more area and/or devices per cell, rhégher degrees of bitline segmentation to decrease the
achieve higher overall bit dgty because they require lessumber of cells on a bitline, larger swing signaling to
peripheral circuitry. Using alternate or emerging technatcount for the decreased bitline differential voltages, and
ogies offers some promising solutions as well. For exang@aerally more conservative circuit design given the ero-
process variations are less severe in SOI than in ksitin of previously held assumptions about cell, device, and
CMOS [59], and FinFET-based SRAM cells can offath matching. Bit density and performance will likely not
improved characteristics [83]. scale as quickly as in past generations, given the more
conservative approach to design.
C. Operating Margins
In addition to the stability of a single cell decreasing, Robustness and Reliability
the operating margins of the memory as a whole are deWith scaling, hard and soft errors in SRAM will
creasing due to scaling effects on the cell arrays amease in frequency and scope, so that a single error
peripheral circuits. Variability in the cells decreases #nent is more likely to cause multiple bit failures within a
minimum expected,,. Leakage and variability increasgingle word and across multiple words [91]. There are a
the bitline leakage of the unsetled cells, further reducingnumber of causes of soft errors including energetic particle
the bitline differential voltage. Designers have develogtiikes, signal or power-supploise coupling, and erratic
ways to reduce thBoff[ cell leakage onto the bitlinesdevice behavior [84]—[86], 8. In today’s technologies,
which include using lonly or highVt devices, read bit- the vast majority of soft error events will result in only a
lines precharged to less thesy, leakage cancelling bit-single cell’s being disturbed, but as we scale into the nano-
cells, and active leakage compensation [82]. Variabilityneter regime, single event multibit errors will become
the peripheral circuits also decreases the operating mangame and more likely [91]. While the failures-in-time (FIT)
by affecting the sense amplifiers, control signal generatrate of an individual SRAM cell will remain approximately
and decoders. constant across process technology due to the propor-
Variability is causing sense amplifiers to have latigmate shrinking of the ceQ.; and collection area, the
input-referred offsets. The sense amplifier offset candwerall chip FIT rate will increase due to the increasing
reduced in a number of ways, including using larger dember of SRAM cells on a die [91]. Additionally, the
vices, shaping the sense enable signal, or active offsetber of SRAM cells that fall under the footprint of a
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