


9–2 Chapter 9: Power Optimization
Power Dissipation
Power Dissipation
This section describes the sources of power dissipation in Stratix II and Cyclone II 
devices. You can refine techniques that reduce power consumption in your design by 
understanding the sources of power dissipation.

Figure 9–1 shows the power dissipation of Stratix II and Cyclone II devices in 
different designs. All designs were analyzed at a fixed clock rate of 200 MHz and 
exhibited varied logic resource utilization across available resources.

As shown in Figure 9–1, a significant amount of the total power is dissipated in 
routing for both Stratix II and Cyclone II devices, with the remaining power 
dissipated in logic, clock, and RAM blocks. 

In Stratix and Cyclone device families, a series of column and row interconnect wires 
of varying lengths provide signal interconnections between logic array blocks (LABs), 
memory block structures, and digital signal processing (DSP) blocks or multiplier 
blocks. These interconnects dissipate the largest component of device power.

FPGA combinational logic is another source of power consumption. The basic 
building block of logic in the latest Stratix series devices is the ALM, and in 
Cyclone III and Cyclone II devices, it is the logic element (LE). 

f For more information about ALMs and LEs in Stratix IV, Stratix III, Stratix II, 
Cyclone III and Cyclone II devices, refer to the respective device handbook.

Figure 9–1. Average Core Dynamic Power Dissipation

Notes to Figure 9–1:
(1) 112 different designs were used to obtain these results.
(2) 93 different designs were used to obtain these results.
(3) In designs using DSP blocks, DSPs consumed 5% of core dynamic power.
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Design Space Explorer
Memory and clock resources are other major consumers of power in FPGAs. Stratix II 
devices feature the TriMatrix memory architecture. TriMatrix memory includes 
512-bit M512 blocks, 4-Kbit M4K blocks, and 512-Kbit M-RAM blocks, which are each 
configurable to support many features. Stratix IV and Stratix III TriMatrix on-chip 
memory is an enhancement based upon the Stratix II FPGA TriMatrix memory and 
includes three sizes of memory blocks: MLAB blocks, M9K blocks, and M144K blocks. 
Cyclone II devices have 4-Kbit M4K memory blocks and Cyclone III devices have 
9-Kbit M9K memory blocks.

Design Space Explorer
The Design Space Explorer (DSE) is a simple, easy-to-use, design optimization utility 
that is included in the Quartus II software. The DSE explores and reports optimal 
Quartus II software options for your design, targeting either power optimization, 
design performance, or area utilization improvements. You can use the DSE to 
implement the techniques described in this chapter.

Figure 9–2 shows the DSE user interface. The Settings tab is divided into Project 
Settings and Exploration Settings. 

Figure 9–2. Design Space Explorer User Interface
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Power-Driven Compilation
The Search for Lowest Power option, under Exploration Settings, uses a predefined 
exploration space that targets overall design power improvements. This setting 
focuses on applying different options that specifically reduce total design thermal 
power. You can also set the Optimization Goal option for your design using the 
Advanced tab in the DSE window. You can select your design optimization goal, such 
as optimize for power, from the list of available settings in the Optimization Goal list. 
The DSE then uses the selection from the Optimization Goal list, along with the 
Search for Lowest Power selection, to determine the best compilation results. 

By default, the Quartus II PowerPlay Power Analyzer is run for every exploration 
performed by the DSE when the Search for Lowest Power option is selected. This 
helps you debug your design and determine trade-offs between power requirements 
and performance optimization.

f For more information about the DSE, refer to the Design Space Explorer chapter in 
volume 2 of the Quartus II Handbook.

Power-Driven Compilation
The standard Quartus II compilation flow consists of Analysis and Synthesis, Fitter, 
Assembler, and Timing Analysis. Power-driven compilation takes place at the 
analysis and synthesis and Fitter levels. Power-driven compilation settings are 
divided in the PowerPlay power optimization list on the Analysis & Synthesis 
Settings page, and PowerPlay power optimization on the Fitter Settings page. The 
following section describes these power optimization options at the analysis and 
synthesis and Fitter levels.

Power-Driven Synthesis
Synthesis netlist optimization occurs during the synthesis stage of the compilation 
flow. The optimization technique makes changes to the synthesis netlist to optimize 
your design according to the selection of area, speed, or power optimization. This 
section describes power optimization techniques at the synthesis level.

The Analysis & Synthesis Settings page allows you to specify logic synthesis 
options. The PowerPlay power optimization option is available for the Arria GX, 
Stratix and Cyclone families of devices, and MAX® II devices (Figure 9–3).

To perform power optimization at the synthesis level in the Quartus II software, 
perform the following steps:

1. On the Assignments menu, click Settings. The Settings dialog box appears.

2. In the Category list, select Analysis & Synthesis. The Analysis & Synthesis page 
appears.

3. In the PowerPlay power optimization list, select your preferred setting. This 
option determines how aggressively Analysis and Synthesis optimizes the design 
for power.
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Power-Driven Compilation
Table 9–1 shows the settings in the PowerPlay power optimization list. You can apply 
these settings on a project or entity level. 

The Normal compilation setting is turned on by default. This setting performs 
memory optimization and power-aware logic mapping during synthesis. 

Memory blocks can represent a large fraction of total design dynamic power as 
described in “Reducing Memory Power Consumption” on page 9–17. Minimizing the 
number of memory blocks accessed during each clock cycle can significantly reduce 
memory power. Memory optimization involves effective movement of user-defined 
read/write enable signals to associated read-and-write clock enable signals for all 
memory types (Figure 9–4). 

Figure 9–3. Analysis & Synthesis Settings Page

Table 9–1. Optimize Power During Synthesis Options 

Settings Description

Off No netlist, placement, or routing optimizations are performed to minimize 
power.

Normal compilation 
(Default)

Low compute effort algorithms are applied to minimize power through netlist 
optimizations as long as they are not expected to reduce design performance.

Extra effort High compute effort algorithms are applied to minimize power through netlist 
optimizations. Max performance might be impacted.
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