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Power-On Behavior in Embedded PC Systems

We are all familiar with the behavior of a desktop PC running Windows® XP with respect to applying power to and shutting
down the system. Modern desktop PCs use an ATX compatible power supply which applies intelligence to the power-on/off
behavior: These systems have essentially two power control switches. The power supply itself has a master switch that controls
whether the power supply itself is on or off. Yet the power supply can also be controlled with software. When you execute
a shut-down from Windows XP the operating system sends a command to the power supply to shut off. The power supply’s
power switch remains in the on-position. The system is then turned back on by pressing a “power-on” button, usually on the
front of the system. Pressing the power button tells the system to send a command to the power supply to turn on and the

system boots.

For the purposes of this discussion, sev-
eral terms will be defined below.

* The switch on the power supply itself
will be called the main power switch.

* The button on the front of the sys-
tem that is usually used to turn the
system on will be called the power
button.

* When the main power supply is on,
but the system is off (which occurs
after an OS-initiated shut down),
the system is in a mode we shall call
standby. In this mode, the power
supply provides a small amount of
current to power a portion of the
system to be able to respond to the
power button when it is pressed.

* A shut down executed in the op-
erating system will be called a soft
off. Note that a soft off can also be
achieved by holding the power but-
ton down for at least four seconds. A
soft off is only attainable with an ATX
style power supply. With an Al-style
power supply, the OS may shut down,
but the power supply itself remains
on. The OS may display information
that it has completed its shutdown
sequence and that it is OK to remove
power to the system by turning off
the main power switch on the supply
itself.

* A shut down executed by turning off
the main power switch or unplugging
the power supply from the wall will
be called a hard off. In this event, the

main power switch must be turned
on or plugged into the wall before
the power button can be used to
turn on the system to boot.

Power-on behavior comes into ques-
tion when the system is initiated from
a hard off state. There are essentially
two choices. When the master power
switch isturned on (orin the event of no
master power switch, when the power
cord is plugged into the wall), does the
system boot immediately or does the
system enter standby state and wait for
the power button to be pressed? There
appears to be no standard with respect
to this behavior. A recent sampling of
a dozen or so desktop systems from a
variety of manufacturers demonstrated
both sets of behavior:

How does all this apply in an embed-
ded system?! Many embedded systems
are on 24/7 and never turned off. In
this case, this behavior is only impor
tant the first time the system is turned
on, or in the event of a power failure.
Many other embedded systems have
no tolerance for the multiple power
switch methodology familiar in desk-
top PCs. These systems want a single,
simple ON/OFF switch.  Setting the
switch to ON boots the system. Set-
ting the switch to OFF turns the system
off. The concept of soft off does not
apply. Other embedded systems may
want to utilize the soft off feature and
operate in a manner similar to desktop
or laptop PCs.

An example of how this applies in em-
bedded systems is an information kiosk
in a hotel lobby. The screen displayed
the dialog box with the familiar Win-
dows shutdown options (Log Off, Re-
start and Shutdown). Yet there is no
power button accessible outside the
enclosure. [f this system were to shut-
down, there is no way to turn it back on
from the outside of the enclosure. A
service call would be required to have
a service technician open the enclosure
and restart the system. In the event of
a power failure, this unattended system
would not boot and would require a
service call to start system operation.

The three potential models for embed-
ded system power-on behavior and the
requirements placed on the system are
defined in the table on page two.

In a robust system environment, the be-
havior of the first two models should
operate correctly whether an Al-style
or ATX-style power supply is utilized.
In the third model, an ATX-style power
supply is required to support the soft
off mode.

In the second model, the operating sys-
tem software will need to be robust
enough to recover from a shut down in
any stage of operation or provide guid-
ance to the user regarding when it is
OK to turn off the power.

In the third model, the operating system
software will need to offer the user the
option to shut down the system and



Condition

Initial Power Up

Always On

Boot when

Simple ON/OFF

Boot when single
power switch is
turned on

PC-style ON/OFF

Either boot immediately
or enter standby when
master power switch

or power up power cord is
following power  plugged into the
failure wall

turned to ON, or if no
master power switch,
when power cord is
plugged into wall. If
entering standby, wait for
power button press to
boot system. Consistent
behavior is essential

Soft Shut Down  N/A; soft
shutdown
would leave no
way to turn the
system back on

again

N/A; Soft shut
down would leave
the system off with
the power switch in
the on position and
no way to reboot

Enter standby

the system without
turning the power
switch off and then

on

Hard Shut N/A
Down

Remove all power
when single switch
set to OFF

Remove all power when
master power switch set
to OFF

Power up after N/A N/A

Soft Shut Down

Boot when power button
is pressed

Power Up after ~ N/A
Hard Shut

Boot system when
single switch set to
down ON

Turn on master power
switch; press power
button

Three potential models for embedded system power on behavior and the requirements.

provide the drivers necessary to con-
trol the power supply.

In order to support models number |
and number 2 with both AT-style and
ATX-style power supplies and to sup-
port the option for either immediate
boot or to enter standby on initial pow-
er on for model number 3, it is impera-
tive that the system BIOS be able to
configure the hardware for either im-
mediate boot or for entering standby.

Ampro is adding such a setup param-
eter to its embedded BIOS for its single
board computers and embedded mod-

ules. The default factory setting for this
parameter in all cases is to boot imme-
diately. This setting allows model num-
ber | and model number 2 to work
correctly with either an Al-style or
ATX-style power supply.

Note that different boards may behave
differently the very first time power is
applied—which usually occurs dur-
ing production test. Ampro has found
that boards implemented with the Via
Twister T chipset will enter standby
when they are first powered on. Boards
implemented with the Intel® 855GME
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chipset will boot when they are first
powered on. After the initial power on,
the behavior is completely controlled
by the BIOS setting.

Once the CMOS settings take hold, the
system will follow the parameters set
into the BIOS. Ampro’s battery free
boot feature in its embedded BIOS as-
sure that the setting will not be lost in
the event of a battery failure. The sys-
tem will continue to behave properly.

For systems which wish to follow mod-
el number 3 behavior, designers simply
need to change the CMOS setting in
BIOS setup to indicate that the system
should enter standby on power up.

Ampro’s BIOS implementation pro-
vides complete flexibility to the embed-
ded developer to control the power-on
behavior of his/her systems design. This
represents another example of how
embedded systems differ from our
desktop and laptop systems and how
specific features are necessary to make
embedded PC boards and modules
meet the needs of the embedded mar
ketplace.

22 Years of Technological
Leadership

Ampro is the inventor of the PC/104
and EBX form factors, author of the
PC/104 standard and is a leading ISO
9001:2001 certified manufacturer of
single board computers, Computer
on-Module (COM) products, software,
and accessories. All of Ampro products
enable manufacturers of a wide range
of products to integrate standards-
based embedded computing solutions
into their products all while minimizing
product size and cutting time to rev-
enue, design costs and development
risks. Visit www.Ampro.com for more
information.
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