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Schematic and Layout of the Bitline 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Bitline Layout.  The layout of the 
bitline column is shown above, including the 
precharge PMOS circuitry, the Write signal 
NMOS transistors, and the Data transistors at the 
bottom. A 64-cell column extends above, but is 
not shown for clarity. 

Figure 3: Bitline Read (Q=1) Simulation.  The Precharge signal (red) 
causes BL (dotted blue) and ~BL (purple) to precharge to about ¾VDD 
= 0.9V.  As the WL (yellow) goes high, we stop precharging and let 
~BL discharge through the memory cell.  The sense amplifier starts 
once the Read signal (peach) goes high, causing Output (violet) to 
remain high and ~Output  (solid blue) to fall. ~Output has a delay of 
2.98ns and a fall time of 190ps.  The Q (light blue) and ~Q (green) 
nodes retain their value after the read, proving readability. 

Figure 4: Bitline Write (Q: 1  0) Simulation.  The Precharge 
signal (red) causes BL (dotted blue) and ~BL (purple) to 
precharge to 0.9V. Since we are writing a 0, BL is discharged 
while ~BL remains roughly constant after WL (yellow) goes 
high. At about 3ns, Q (light blue) drops from VDD to 0 while 
~Q (green) rises from 0 to VDD, proving writability. 

Figure 1: Bitline Schematic. BL and BLbar from the SRAM column extend downward 
to connect to the precharge PMOS transistors and to the gate of the NMOS transistors 
of the Sense Amplifier. 



Sense Amp 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Design Methodology 
 We used a positive-feedback cross-coupled inverter pair sense amplifier, as shown in the 
schematic in Fig. 5. Assuming we are reading a 0, BL gets discharged from its precharge value of 0.5V. 
This results in an overdrive voltage of less than 0.1V (since Vt = 0.4V), which we found to pump 
insufficient current. As a result, we increased the VDD in our cells to 1.2V from our Phase 1 value of 1V 
and the precharge value from 0.5V to 0.9V. This gave us sufficient overdrive voltage to discharge the 
capacitances at Out. In order to further increase the current, the widths of transistors gated to BL and 
BLbar was increased. 
 In order to meet the requirement of a 200ps rise/fall time with the addition of a 20fF capacitor, we 
used 2 inverters as a buffer for Out. Since the precharge value of 0.9V keeps Out and ~Out both at 0.9V 
initially (a logical high), we only need to be concerned for the low-to-high transistion for the first inverter 
and the high-to-low transistion for the second inverter. This design is inspired by dynamic logic; both our 
Output and ~Output stay at VDD initially, and only one discharges selectively, allowing us to size the 
inverters to favor this transition. Doing this yielded significant performance improvements during reads, 
giving us a read time of 2.98ns and a fall time of 190ps. 
 For the write operation to proceed quickly, we sized up the transistors gated to Write, Data, and 
~Data, allowing for faster discharge of one of the bitlines. This sizing allowed us to perform the write 
operation within 3ns. 

Figure 6: Sense Amplifier Read (Q=0) Simulation.  
This graph was generated by attaching capacitors onto 
BL (red) and ~BL (peach) and forcing BL to leak after 
WL (yellow) goes high, thus simulating the reading of 
a 0. Since the VDD of the cross-coupled inverters in 
the Sense Amp is 1.5V, we see Out (green) go to 0 
while ~Out (blue) goes to 1.5V. A higher VDD was 
used to speed up sensing and increase the slope of the 
output signal. The output buffer restores this signal to a 
VDD of 1.2V, generating an Output (purple) that goes 
to 0 and a ~Output (violet) that stays at 1.2V. 

Figure 5: Sense Amplifier Schematic. In 
order to drive a 20fF capacitance at the 
Output, we used a two-stage buffer that sped 
up the read time significantly. Although it is 
not needed, the additional ~Output two-stage 
buffer is also shown since it was used in our 
simulations to generate the correct 
complementary outputs. 


