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118 7 Sub-thresheld Memaories

hecomes very large and amplify it to full voltage values. Sense amps are used
primarily to speed up the read process or to avoid the energy overhead of fully

discharging the large capacitance of the bitlines.

When the bitcell is holding data, its wordline is low, so My and Mz are off.
In order to hold its data properly, the back-to-back inverters must maintain
hi-stable operating points, The best measnre of the ability of these inverters
(o maintain their state is the bitcell's Static Noise Margin (SNM) [135]. The
SNM 15 the maximmm amount of voltage noise that can be introduced at the
outputs of the two inverters such that the cell retains its data. SNM quantifies
the amount of voltage noise required at the internal nodes of a biteell to flip
the cell's contents.
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Fig. 7.18. Schematic for 6T hiteell showing voltage noise sources [or fnding
SNM [135]. (© 2005 TEEE)

Figure 7.18 shows a conceptual setup for modeling SNM [135]. Noise
sources having value Vi are introduced at each of the internal nodes in the
bitcell. As Vi increases, the stability of the cell changes. Figure 7.19 shows
the most common way of representing the SNM graphically for a bitcell hold-
ing data. The figure plots the VITC of Inverter 2 from Figure 7.18 and the
inverse VI'C from Inverter 1. The resulting two-lobed curve is called a “but-
terfly curve” and is nsed to determine the SNM. The SNM is defined as the
length of the s

ide of the largest square that can be embedded inside the lobes
of the butterfly curve [135]. To understand why this definition holds, consider
the case when the valie of Vi increases from 0. On the plot, this causes the
VTC™! for Inverter 1 in the figure to move downward and the VTC for In-
verter 2 to move to the right. As Vi increases, the metastable point moves
closer to one of the stable points in the plot (the lower-right point in this
example). Once both curves move by the SNM value, the metastable point
becomes coineldent with one stable point, and the curves meet at only two
points. Any further noise flips the cell.
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Fig. 7.19. The length of the side of the largest embedded square in the butter-

fly curve is the SNM. When hoth curves move by roore than this amount (e.z.
Viw=5NM]}, then the bitcell is mono-stable, losing its data.
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Fig. 7.20. Schematic of the 67 bitcell at the onset of a read access. WL has just
gone high, and hoth BLs arc precharged to V. The voltage dividing effect across
My and A5 pulls up node Q@ g, which should he 0V, and degrades the SNM.

Although the SNM is certainly important during hold, cell stability during
active operation represeits a more significant limitation to SRAM operation.
Specifically, at the onset of a read access, the wordline is ‘1’ and the bitlines
are still precharged to ‘17 as Figure 7.20 illustrates. The internal node of the
bitcell that represents a zero gets pulled upward through the access tran
due to the voltage dividing effect across the access transistor (Ma, M) and
drive transistor (M, M), This increase in voltage severely degrades the SNM
during the read operation (read SNM). Figure 7.21 shows example butterfly

istor
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