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Figure 3.1 SRAM cell circuit with drivers
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Figure 3.3 Simplified 6T SRAM cell

Table 3.1 Voltages selection

Operation Supply Voltage Voltage

Type (In our simulation) Name
WRITE 1.2V V1
READ 09V V2
HOLD 0.4V V3

3.2 Cacti Simulation

After voltages are selected, we deploy Cacti simulator [11] to systematically evaluate the
performance of cache after switching the power supplies. Cacti is an integrated cache and
memory leakage, and dynamic power model. Since the voltage and current of MOSFET

of original version of Cacti are fixed, we measure the current of nMOS and pMOS at the
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different voltage supplies in Cadence and then use polynomial curve fitting function in
Matlab to build the polynomial equation to express current using the power supply
voltage (Appendix A). After we get the equation, we use it to substitute the fixed current
module in the original code. Now, we could sweep the voltage supply to get the power

consumption of SRAM using Cacti and the result is shown in Figure 3.4 and Figure 3.5.
For TAG RAM:

1) As voltage decreases from 1.2 V to 0.9 V (Figure 3.4):
+ Dynamic power consumption reduces > 40%
 Leakage power consumption reduces > 60%

2) As voltage decreases from 1.2 VV to 0.4 V (Figure 3.5):
 Leakage power consumption reduces > 90%

For DATA RAM:

1) As voltage decreases from 1.2 VV to 0.9 V (Figure 3.4):
+ Dynamic power consumption reduces > 30%
* Leakage power consumption reduces > 50%
2) As voltage decreases from 1.2 VV to 0.4 V (Figure 3.5):
» Leakage power consumption reduces > 90%
Based on Figure 3.4 and 3.5, we get the estimated power saving ratios listed in Table 3.2

for the different power supplies we select in Table 3.1.
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Figure 3.4 Power consumption vs voltage supply of TAG RAM (Cacti)
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Figure 3.5 Power consumption vs voltage supply of DATA RAM (Cacti)

Table 3.2 Power saving ratio at different voltage to V1

0 = A B YA DA A RA
PP
Pyna eakage Dyna eakage
V1 0% 0% 0% 0%
V2 40% 60% 30% 50%
V3 == 90% == 90%
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3.3 Static Noise Margin

Since static noise margin (SNM) is an important evaluation of the SRAM cell stability,
we design circuits to measure the SNMs of SRAM cell after we select the voltages for

write/read/hold and get the power saving ratio for each power supply.

There are three types of SNM of SRAM cell which are hold SNM, read SNM and write
SNM and which reflects three phases of SRAM cell. The circuits that we used to measure
these noise margins are shown in Figure 3.6 to Figure 3.9. These are traditional circuits
used to draw the well-known butterfly curves that plot the voltage transfer characteristics
(VTC) of the circuit’s feed-forward and feed-back inverters on a single plot. To measure
the SNMs of SRAM, we need to breakdown the cross-coupled invertors and then sweep
the voltage from Gnd to Vdd at the input end and measure the voltage at the output end of
the invertor. After putting the two VTC curve together, we got the butterfly curves and

then we could measure the SNMs by their definitions.

In the circuit shown in Figure 3.6 to Figure 3.9, the power supply in blue is the input of
the invertors of SRAM cell after the cross-couple is broken. To get the VTC curve, we
need to sweep its voltage from Gnd to VVdd as mentioned above. Then we could get the
VTC curve at Q and Q end. The parts marked in red in these circuits indicate the state of
BL, BL and WL during the SNM measuring process. Since during the data hold stage, the
word line of SRAM cell is de-activated, we apply 0 (Gnd) to word line which is shown in
Figure 3.6 when measure the hold SNM. Therefore, the access transistors (M5, M6) are
off, which isolates the cross-coupled invertors with BL and BL. Thus, the voltage level
on BL and BL has litter effect on the hold noise margin. However, during the read and

write operation, the access transistors are on. As a result, we apply 1 (Vdd) to WL when
16



we measure the write/read noise margin which are shown in Figure 3.7 to Figure 3.9.
Since during the read operation, both BL and BL are pre-charged to 1 (Vdd), while one of
BL and BL is driven to 1 (Vdd) and another is driven to 0 (Gnd) by write-driver during
the write operation, the difference between the circuits of measuring read and write noise
margin is that, in the circuit of measuring read noise margin, both BL and BL are applied
to 1 (Vdd), which is shown in Figure 3.7, while one of BL and BL is applied 1 (Vdd) and
another is applied to 0 (Gnd) for measuring the write noise margin, which are shown in
Figure 3.8 and Figure 3.9. Since we use ideal symmetric invertors in the SRAM cell in
our simulation, the noise margin of read/write 0 and 1 are the same. In addition, since
there are several types of SRAM write noise margin, we use the one presented in
[12,13,14,15]. In this method, the write SNM might be greater than the read SNM

because write SNM reflects the difficulty to invert the cross-coupled invertors.

Figure 3.10~3.12 shows the results of hold, read, write static noise margin of SRAM cell

we measured when power supply is equal to 1.2 V.

Hold SNM

R

Figure 3.6 Circuit to measure the SRAM hold Static Noise Margin
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Figure 3.7 Circuit to measure the SRAM read Static Noise Margin
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Figure 3.8 Circuit to measure the SRAM write Static Noise Margin (Write 0)
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Figure 3.9 Circuit to measure the SRAM write Static Noise Margin (Write 1)
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By using the circuit in Figure 3.6 to 3.9, we measure the static noise margin of SRAM
cell at different supply voltages which is shown in Figure 3.13. The curve in Figure 3.13
shows that as the supply voltage decreases from 1.2 V to 0.9 V, the read noise margin is
nearly unchanged (Reduces less than 0.04 V) compare to the steep reduction of write
noise margin. Therefore, switching voltage from 1.2 V to 0.9 V is safe for SRAM read
operation. Furthermore, when the supply voltage drops to 0.4 V, the hold noise margin is
almost equal to the read noise margin at supply voltage at 1.2 V, which implies that lower

the voltage supply to 0.4 for SRAM to hold its data is realistic.
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Figure 3.13 Static noise margin vs power supply

3.4 Inverter Ring Simulation
In order to study the whole system, we also build fanout of 4 (FO4) inverter ring [16,17]

in cadence to estimate the dynamic and leakage power of the core. The FO4 inverter
delay is a standard technology benchmark used to predict delay of more complex circuits.

In our experiment, we use FO4 inverter ring to simulate the behavior of core and estimate
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its nominal dynamic and leakage power. Figure 3.14 shows the circuit of a five phase
FO4 invertor ring we build in cadence. It turns out it is worth to study invertor ring to

evaluate the power consumption trend of the digital logic from our simulation result.

Inverter Ring Simulation

Figure 3.14 circuit for invertor ring simulation

The simulation result of the relationship between normalized power consumption value
and supply voltage by invertor ring simulation is shown in Figure 3.15. It presents a

similar result as Cacti simulation (especially the result of TAG RAM):

1) As voltage decreases from 1.2 V to 0.9 V (Figure 3.12):
» Dynamic power consumption reduces > 40%
» Leakage power consumption reduces > 60%
2) As voltage decreases from 1.2 VV to 0.4 V (Figure 3.13):
 Leakage power consumption reduces > 90%
Besides of five phases inverter ring, the three phases and seven phases invertor rings are
simulated too and their results show the similar trends as the Figure 3.15 and Figure 3.16.

Therefore, the result of invertor rings further verifies the correctness of our proposed
idea.
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