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Abstract  This paper summarizes the utility of 
some low-power design (LPD) methods based on 
architectural and implementation modifications, for 
FPGA based systems. Power consumption is becom-
ing one of the mayor design trade-off in today elec-
tronic. In this work, the contribution of spurious 
transitions to the overall consumption is evidenced 
and main strategies for its reduction are analyzed. 
Empirical results are present in order to show the 
effectiveness of pipelining and sequentialization as 
low-power design methodologies. The possibilities of 
power management techniques are explained and 
quantified. Algorithm level and Finite State Ma-
chines alternatives are also discussed and measured 
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I. INTRODUCTION 
This work explores several end-user low power design 
methods. Power consumption is one of the major design 
tradeoff in current FPGAs (Shang et al, 2002; Mohanty 
and Prasanna, 2000; Sutter, 2005), the power dissipated 
can reach values of several watts. According to Shang et 
al (2002) , a normal design has an average consumption 
of 1.5 W/ MHz/Slice in a Virtex II. Thus, a modest 
design of 8000 slices (2000 CLBs) running at 100 MHz 
can consume 1.2 W. However, this type of rule-of-
thumb metrics do not take into account details like the 
logic depth, or the amount of glitches. For example, a 
32-bits non-restoring divider with 576-slices and 32-
LUTs logic depth exhibits a figure of 610 

W/MHz/Slice in a Virtex. Dividing at 5 MHz can take 
more than 1.75 W (Sutter et al, 2004a).  

FPGA users can only optimize the dynamic power 
component. That is, the part of the power that depends 
on the value of the capacitance, effective switching fre-
quency, and power supply voltage of each circuit node. 
Setting aside VDD manipulations, the power consumption 
can be modified by varying: the topology (that influ-
ences al the variables); the data (that vary effective fre-
quency); and finally, the interconnection network, 
which affect both the capacitance and the effective fre-
quency of each node.  

A large fraction of the FPGA power consumption is 
caused by glitches. For example, a simulation of a fully 
combination 32-bit shift & add multiplier shows that 
glitches represent more than 80% of the activity. 
Glitches can be reduced in several ways:  

Path equalization (Wong, 1992; Boemo et al,
1995a): Equalize of all the delays inside each path of 
the circuit. The idea also leads to the wave pipeline 
technique. The main drawback is that it must be done 
manually on FPGA. 
Dense LUT partitioning (Boemo et al, 1995b): A
dense technology mapping allows the designer to 
eliminate net count, and path unbalances. An inten-
sive use of the LUT capability can lead to wiring 
congestion.
Pipelining (Lemnios and Gabriel, 1994; Chandraka-
san et al, 1992; Noll, 1992): Glitches can be blocked 
by pipeline registers. The snow-ball effect of glitches 
is thus neutralized. The latency of the circuit is in-
creased.
Asynchronous barriers: A line of latches can be in-
troduced to stop glitches. There are controlled by 
asynchronous signal whose delay is matched with 
the longest delay of the path. Asynchronous delays 
depend on temperature, power supply voltage, and 
fabrication technology.   
Registering output pads (Sutter, 2005): Glitches at 
the output pad increase power by a double-effect: 
higher power-supply voltage at the pad rings; and 
second, higher off-chip capacitances to be driven. 
And extra effect is the increase of latency.   

Although glitches strongly increase datapath power, 
other sources of dynamic consumption must be taken 
into account. Current FPGA models (Q1 2006) include 
up to 200K user flip-flops that can be commuting fol-
lowing the primary system clock. This lead to an impor-
tant increment of the clock power or the energy per cy-
cle involved in the synchronization of the circuit. Fi-
nally, off-chip power, the fraction dissipated at output 
pads (where the capacitances are several times larger 
than those for conventional microelectronics) can not be 
neglected.  

The knowledge of the relationship between these 
components for a given FPGA technology is fundamen-
tal: It allows the effectiveness of any particular power 
reduction method to be determined a priori. A method 
to measure the power components of FPGA systems is 
based on the decomposition of the total power in four 
components (Todorovich et al, 2000):  

Dynamic Power: To calculate it, the total power is 
measured and then the static, off-chip and synchroni-
zation power is deducted. 
Static power: The chip is configured but neither 
stimulus nor clocking is applied. The pull-up resis-  


