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The following sections are a quick description of how to add the driver to Linux and make use of it.
Further information can be found in (./Documentation/hwmon/ltc2978).

For the testing done for this application note, kernels 3.12 and 3.10 were used. The instructions on
Rocketboards for building a kernel from GIT provided the guidelines to follow while completing the steps
to add the driver to Linux.

Related Information
Getting Started Using Git Trees

Compiling the Driver

After setting up your environment to include a path to the Linaro ARM GCC compiler as is mentioned in
the “Linux Kernel” instructions, follow the instructions until after you’ve completed “make ARCH=ARM
socfpga_defconfig” step. This step creates a kernel with the default configuration for the “socfpga” (Altera’s
SoC FPGA) devices.

1. Run “make ARCH=ARM menuconfig” and select:

Device Drivers --->

Followed by ENTER.
2. In the “Device Drivers” section look for:

<> Hardware Monitoring support --->

Note: Use the space bar to toggle the <> from disabled <> to enabled <*>. Setting it to <M> adds it as a
module, which was not tested.

Hit ENTER to enter go into the “Hardware Monitoring support” section. Browse to: <*> PMBus
support --->

3. Set the <> to <*> and hit ENTER to go to the PMBus support section.

In this section, find <> Linear Technologies LTC2974, LTC2978, LTC3880, and LTC3883.
4. Change the <> to <*> to enable the LTC2978A Hardware Monitoring Driver.
5. Follow the instructions on Rocketboards to build the kernel.
6. Make ARCH=arm uImage LOADADDR=0x8000.
7. Copy the resulting zImage from ./arch/arm/boot to the FAT partition of your SD Card and boot

Linux.

Using the Driver

1. Boot the Linux just compiled. From the prompt, add a “new device” to the “sysfs” representation of data
from LTC2978A family devices.

Command format: echo ltc2978 <i2c addr> > /sys/bus/i2c/devices/i2c-<n>/new_device

Where “i2c addr” is the address of the device on the I2C/PMBus bus and “<n>” is the number of the
bus where it resides. Standard I2C utilities can be used to probe the buses.

2. Add the two LTC2978A devices, using the following commands:

• HPS Power Monitor: echo ltc2978 0x5c > /sys/bus/i2c/devices/i2c-0/new_device
• FPGA Power Monitor: echo ltc2978 0x5e > /sys/bus/i2c/devices/i2c-0/new_device

3. Once the devices are added successfully, files are created in the “sysfs” filesystem for input and output
voltages, temperatures and more. Please refer to the LTC2978A datasheet and the kernel documenta‐
tion mentioned in the "HPS Method: USB Power Management" section for further information on
what this driver has provided and how to make use of the data.
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Alternately, you can use raw I2C commands to get at the same information, although this driver does some
of the number conversions for you.

Related Information

• LTC2978 Dtatsheet
• HPS Method 6: USB Power Management on page 5

Power Measurement Results on Cyclone V SoC Development Kit
Once you have your preferred power measurement set configured and running, you can take power
measurements of the Cyclone V SoC device. The table below shows results across four different boards in
four different lab locations.

Table 4: Linux Idle Power Measurement on Cyclone V SoC Development Kit

Power Rail (V) Board 1 Rev A
Dev Kit

Measured (W)

Board 2 Rev C
Dev Kit

Measured (W)

Board 3 Rev C
Dev Kit

Measured (W)

Board 4 Rev C
Dev Kit

Measured (W)

Average (W)

HPS 1.1 0.390 0.40 0.39 0.39 0.393
HPS 1.5 0.081 0.08 0.08 0.08 0.080
HPS 2.5 0.488 0.62 0.47 0.59 0.542
HPS 3.3 0.106 0.06 0.09 0.08 0.084

FPGA 2.5 0.039 0.03 0.05 0.02 0.035
FPGA 1.5 0.007 0.003 0.007 0.01 0.007
FPGA 1.1 0.059 0.13 0.08 0.15 0.105

Total Power 1.170 1.32 1.17 1.31 1.246

Measurements were taken at room temperature running Linux idle. The FPGA portion of the SoC is
programmed with the Golden Hardware Reference Design (GHRD) which is included standard with the
development kit.

Because a (3mΩ) sense resistor is used on both the HPS 1.5V and the FPGA 1.5V rails, measurements
from the board should be divided by 3 on those rails. The results above show the divided by 3 values.

Figure 8: Sense Resistors
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The board revision can be found on the back of the Cyclone V SoC Development Kit board with Rev A
being the initial engineering sample version. The latest production version have upgraded to the Enpirion
power supply solution.

The results are fairly consistent across the different boards with some minor variance in different rails.
Once your equipment is set up, these results can be used to verify your measurement techniques are being
done properly.

Related Information
Power Reference Designs
Save time with Power-Optimized FPGA Reference Designs.

Document Revision History

Table 5: Document Revision History

Date Version Changes

Feburary 2015 2015.02.09 Initial release.

20 Document Revision History
AN-734

2015.02.09

Altera Corporation Cyclone V SoC Power Optimization

Send Feedback

http://www.altera.com/devices/power/enpirion/reference-designs/power-ref-designs.jsp
mailto:FPGAtechdocfeedback@intel.com?subject=Feedback%20on%20Cyclone%20V%20SoC%20Power%20Optimization%20(AN-734%202015.02.09)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

