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Abstract- Voltage slack analysis[1] helps us avoid any unforeseen failures at later stages due to voltage variations.
Voltage Slack Analysis[1] indicates the impact of average voltage shift on the negative as well as positive side even
when voltage shift due to IR-Analysis is not available. Usefulness of VSA comes from the fact that it doesn’'t need
any extra data to be included for calculating voltage shifts. The data from VSA can be utilized to approximate the
most voltage critical paths during the initial phase of the design itself and if it needs fixing, VSA also prints the
V_sensit data, which the change in cell delay with -10mv change in voltage. VSA also helps you verify the accuracy
using a correlation plot of the actual versus the calculated voltage slack. We did this analysis using Primetime from
Synopsys.

1. INTRODUCTION
A. Voltage Sensitivity

The voltage at which the slack of a passing timing path is zero is referred to as the voltage slack of the path.
Voltage slack analysis computes and returns the voltage value where the voltage slack becomes zero, representing
the deviation from nominal operating voltage. The magnitude of the voltage slack determines the sensitivity of the
path to voltage change.
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Figure 1: Voltage Slack impa.ct on senstivity

Paths with small voltage slack are considered voltage critical. This is because such paths, especially those with small
timing slack, can cause failures due voltage variations, caused by the voltage variability, power drop etc.
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Figure 2: voltage sensitivity reported in path report
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In the above reports actual cell names have been removed to preserve the data secrecy. But you can see every cell
has voltage sensitivity information attached to it.

B. Voltage Variability

Tradeoffs are made when designing SoC’s to better meet design specifications based on Power, Performance and
Area (PPA) goals and all three impact the cost of the implementation/Signoff. High power and performance may
require more resources for power, signal integrity and managing noise. Area drives the costs up, more metal layers
can be used to reduce die sizes but wafer cost can increase. Managing voltage variability is tricky task and no one
solution can manage all types of voltage variations.
Power distribution network designing involves analyzing the distribution of current down to the power distribution
of the cells containing the transistors. If the current demand is too high the voltage will drop. voltage across the
supply pins of the cells can change based on the activity and current demand. Voltages are not constant and instead
fluctuate/drop based on power/IR demands.
It’s entirely possible for a usable voltage to appear across a cell’s VDD and VSS pins one moment and then due to
activity, either momentarily or for long duration across some distance from the cell for that voltage to drop and
fluctuate. One such dominant factor in lower technologies is the dynamic voltage drop. As highlighted in the below
snippet of timing report with dvd integrated gives an idea of how much voltage varies (Delta_V) due to unforeseen
issues
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Figure 3: Changes in voltage due to dvd

C: Accounting Voltage Variability

Voltage variability is unavoidable in design flow, it comes with the design and stays there. Motivation behind
including VSA as part of Timing Analysis in primetime is that Voltage slack analysis (VSA) computes and returns
the voltage value where the voltage slack becomes zero, which is the delta from the nominal operating voltage. The
magnitude of the voltage slack determines the sensitivity of the path to voltage change. Paths with small voltage
slack are considered voltage critical. This is because such paths, especially those with small timing slack, can cause
failures due voltage variations.

This is the first time that a study has been conducted on voltage slack analysis as part of Timing Analysis. Through
VSA we were able to not only calculate the voltage slack of the path, but we were able to calculate the change in
voltage slack with shift in each Smv change in voltage across the total range voltage scaled.

D: Voltage Slack Analysis flow:

Following is the flow process that needs to be followed to get the full voltage slack analysis integrated in Static
Timing Analysis. The design must have voltage scaling enabled for interpolation. By default, VSA is performed
within the +/- 0.1V of Nominal voltage range. Therefore:

. The dynamic scaling library group (DSLG) range should sufficiently cover for the +/-0.1V of Voltage
range.
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. For cells in the path with different DSLG ranges, the overlap of these ranges will determine the valid range
for the analysis.

Enable prime shield license

l

Assign slack target

l

Define library scaling groups

Create a collection of slack
paths based in slack target
and voltage sweep

Report design variation

l

Report timing with vdd slack
on collection created on
above step

Report path robustness

+
Fix eco robustness with
voltage slack
Figure 4: VSA flow

Scaling library group has to be defined with triple pvt pair.

define scaling lib_group -exact match only {pvtl.lib pvt2.lib pvt3.lib} where pvt2.1ib is the nominal pvt,
pvtl.lib = pvt2.1ib -10% and pvt3.lib= pvt2.lib +10%. For estimating the slack for paths while the voltage across the
cell changes by delta %, these scaling lib groups will be used.

set path sweep [get timing path -delay type min -path type full clock expanded -pba mode path -
vdd_slack lesser than 0.01 -voltage sweep {-0.05 0.09 0.005}] = This will sweep the voltage slack from -0.05V
delta shift in voltage to 0.09V delta shift in voltage, and reports slack for every Smv change in voltage delta.

report_timing $path_sweep -vdd_slack > reports voltage slack sweep in tablular form for full voltage delta
range
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voltage shift voltage th sla

-0.040000 0.680000
-0.035000 0.685000
-0.030000 0.690000
-0.025000 0.695000
-0.020000 0.700000
-0.015000 0.705000
-0.010000 0.710000
-0.005000 0.715000
-0.000000 0.720000
0.005000 0.725000
0.010000 0.730000
0.015000 0.735000
0.020000 0.740000
0.025000 0.745000
0.030000 0.750000
0.035000 0.755000

Figure 5: voltage slack sweep table
This voltage slack sweep data is used to avoid slack surprises when a cell is sensitive to voltage change. If the
voltage slack is small, that path can be considered as voltage critical.
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Figure 6: Slack vs Voltage Shift from Nominal

E: ECO Fixing

The report generated by the report_voltage robustness command displays a list of cells that exhibit large delay
changes for a given voltage drop fix_eco robustness -type voltage shift can be used to fix these cells. There is a
VSA eco file generated at the end to be used in physical data, that helped some voltage sensitive critical paths to
move to less voltage sensitive paths. VSA can reduce the eco effort and design problems that are faced by designers
during down stream flows by fixing them at the initial stages itself.

F: Resource Impact

F.1: Extra License : Primeshield license needs to be invoked. So extra cost involved

F.2: Extra CPUs: We have seen a runtime impact of 200% while invoking voltage slack analysis. Advisable to run
voltage slack analysis only for those paths where voltage sensitivity is high.

F.3: TAT: May impact TAT, if invoked on a large set of paths
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