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Abstract— As we know the time to market in VLSI industry is reducing and design are becoming complex in terms of 
corners and mode, we have proposed a flow which will reduce the leakage power, number of iterations of fixing timing in 
different corners and which is cost efficient in terms of cost of libraries and cost of license provided by tools for leakage 
recovery. 
 
 
I. INTRODUCTION 
 
Due to technology scaling and complex scenarios 
with various PVT corners, Fixing timing and 
reducing leakage power has become a difficult job for 
designers. Now a day the designs are becoming 
complex and time to market is also reduced, so to 
remain in competition we need to design the design 
which is faster and optimized. Today’s market the 
gadgets are becoming smaller and demanding the 
designs which are will work on higher frequencies. 
At the same time these gadgets runs on the battery, 
the technology in battery industries in not developed 
much, so the leakage power of the design must be 
lower so that the gadgets can work for the long time. 
Below 45 nm we are facing the problem of 
temperature inversion where, the effect of 
temperature is more on overdrive voltage than that of 
mobility. Previously worst corner for timing delays 
and leakage power was higher temperature and due to 
temperature inversion effect the worst corners have 
been changed i.e. worst corner for timing delays is 
low temperature, slow process and low supply 
voltage and worst corner for leakage power for 
leakage power is high temperature, fast process and 
high supply voltage, so we need to design in such 
way that it should work at any temperature range in 
which we will optimize the design and the leakage 
power also low. In physical design there is 
conventional flow in which design goes through all 
stages and then it is optimized for the various corners 
sequentially one by one, it is time consuming. As 
well as there is a problem of convergence for fixing 
setup and hold and another drawback is when we 
optimize the timing for slow corner; leakage power is 
getting affected and when we optimize the same 
design for leakage power for the fast corner; timing is 
getting affected. , hence to optimize the design for 
both the design we need to use MCMM (Multi corner 
multi-mode) optimization. In the MCMM, now the 
design is optimized for both the corners 
simultaneously. We can optimize the design for 
timing closure and leakage power optimization 
simultaneously and compare the results for a better 
conclusion. 

In this paper we are proposing A flow for physical 
design, with multi corner synthesized netlist is input 
for physical design tool i.e. IC Compiler by Synopsis. 
In phase one, we have understand the conventional 
flow and used the multi corner multimode flow for 
our design. In phase two we developed flow for 
leakage recovery and retaining fixed timing in 
previous steps, tool used for leakage phase two is 
Prime Time by Synopsis. 
 
II. PREVIOUS WORK DONE TO REDUCE THE 
LEAKAGE POWER 
 
A. Leakage Reduction by Input Vector Control 
Leakage power of circuit is depends on the input 
combination provided. According to inputs the 
leakage power and switching power and accordingly 
total power of circuit changes. So the leakage power 
is depend on number of off transistors and number of 
off transistors. Authors have provided a way to find 
maximum leakage by providing the different input 
combination. Using this method can be used to find 
minimum leakage vector and can further reduce 
leakage by inserting transistors in leaky sections of 
circuit. This approach is impractical on large circuits. 
Authors used methods to reduce the number of 
simulations necessary. And this approach can be used 
while circuit is in standby mode. It requires additional 
circuitry of multiplexers and power reduction is 
achieved only by using long sleep periods. 
 
B. Leakage Reduction by Increasing the Threshold 
Voltages 
In this paper I found a method to reduce the leakage 
power, increasing threshold voltage. There are many 
ways to increase threshold voltage which will need 
technology modification. Author used a way which 
uses high-threshold voltage devices on non-critical 
paths so as to reduce the leakage power while using 
low-threshold devices on critical paths so that the 
circuit performance is maintained. So the algorithm 
searches for the gates which can be replaced with 
higher threshold voltage. Author used dynamic 
threshold MOS, In this method Vth is raised during 
the standby mode by making the substrate voltage 
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either higher than Vdd (for P transistors) or lower 
than ground (for N transistors). This technique needs 
one more power supply. Using this method there is 
performance penalty due to the time required to 
return to normal mode by removing the substrate 
voltage. 
 
C. Leakage Reduction by Gating the Supply Voltage 
The basic idea is to shut down the power supply so 
the idle units do not consume any power. This can be 
done using some high threshold transistors called 
sleep transistors. Another possibility is to use 
Multiple-Threshold Voltage CMOS (MTCMOS). In 
MTCMOS, a high threshold device is inserted in 
series with low threshold transistors creating a sleep 
transistor. This creates virtual supply and ground rails 
whose voltage levels are very close to the real supply 
and ground lines because of the very small on-
resistance of the inserted high-Vth transistors. In 
practice, only one virtual rail (usually the virtual 
ground) is used. Normally, one sleep transistor per 
gate is used, but larger granularities are possible, 
which require fewer transistors. The problems with 
this technique are reduced performance and noise 
immunity. 
 
III. WORK DONE 
 
A. MCMM: Multi corner multi-mode 
It is a utility provided by CAD tools for optimizing 
the design for various corners and modes 
simultaneously. Problem with different corners and 
modes have been solved traditionally by using 
methods such as adding design margins during 
implementation and performing precise STA across 
all corners and modes , to verify the margins 
introduced are of enough pessimism to create clean 
design. Without MCMM designers used to the 
following approaches 
 Start using sequential approach for designing i.e. 

complete placement and routing in only one 
corner and then optimize for remaining corners 
sequentially. This approach suffers from 
convergence issues, it oscillates between fixing 
setup in one corner affecting hold or setup in 
another corner and vice versa. 

 Another approach was to complete place and 
route for a single corner, perform signoff STA 
across all the corners and modes, and then use 
timing ECOs to fix the delta. This approach also 
suffered from issues of convergence, similar to 
the sequential approach. 

 As the corners and modes continue to increase, 
designers have tried solutions such as merging 
corners or design constraints to create a super 
corner or mode with enough margins built-in to 
cover all corners and modes. But cutting corners 
and merging constraints introduces inaccuracies. 

Design costs impact each other. For example, the 
worst leakage corner is typically not the worst timing 

corner. Consider the effect of temperature inversion 
when dealing with multi-threshold libraries for 
leakage optimization. The different multi-threshold 
cells can vary in opposite directions with respect to 
temperature, resulting in path delays varying 
differently depending on the threshold composition. 
There is no unique worst case corner. All objectives 
have to be optimized concurrently to avoid oscillating 
between costs such as DRC, timing, SI, leakage and 
area. They also need to be optimized across all 
corners and modes. 
 
B. Physical Design Flow for MCMM 
 
 

 
 
Algorithm uses MCMM utility provided by tool. 
Design two scenarios in such way that one has 
libraries and PVT condition which are worst for 
timing delays i.e. the scenario will be critical for 
timing closure, and other scenario with libraries and 
PVT conditions are worst for leakage power, i.e. the 
scenario will be critical for reducing leakage power. 
Experiment 1 : Completed placement both the 
scenario are loaded in the designs and did area 
recovery after completed placement by avoiding cells 
with higher drive strength because higher drive 
strength cell will be more leaky. After placement we 
did CTS (clock tree synthesis) with only slow corner 
because to build a good clock tree it should be 
optimized only in terms of timing so that chip should 
not fail. Complete routing with both the corners and 
optimized it with respect to power. 
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Experiment No 2: Completed placement, CTS, 
routing with loading only one single corner i.e. slow 
corner (timing closure critical) and optimized it with 
respect to power. 
 

PVT for different corner: Table 1 

 

 
 
a. Results after Routing: 

 
Table 2 

 
 
C. Leakage Recovery Flow: 
After completing placement and routing, we seen 
good results in leakage power reduction and timing 
i.e. slack is not degraded. Now, for leakage power 
recovery we have proposed a way without using the 
utility provided by tool, because that utility needs a 
license which is too costlier. 
This method purposefully creates timing violations by 
sizing the lower threshold voltage cells to higher 
threshold voltage. To choose which cell is to be sized 
it checks for the positive slack on the path and picks 
cells from that path. After creating timing violations 
fix the timing with blocking cells with higher leakage 
power. So that the timing will be fixed and leakage 
power is reduced. 
 

 

a. Results after leakage recovery: 
 

Table 3 

 
 

CONCLUSION 
 
In this paper we introduced algorithm which 
significantly reduce timing violations in large 
industrial designs under MCMM scenarios. We 
proposed physical design flow using MCMM; 
followed by leakage recovery algorithm, we are able 
to reduce the leakage power by 16% than that of 
traditional flow. The setback of the leakage recovery 
algorithm used is its run time; it has a large run time 
but it need to run only once. 
Using MCMM at all the stages of physical design 
reduces number of iterations for fixing timing and 
leakage in different corners. 
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