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(57) ABSTRACT 

An apparatus and method for poWer management of embed 
ded electronic subsystems. A poWer management control 
circuit for managing poWer to an embedded subsystem 
includes a subsystem poWer node connected to a ?rst section 
of the embedded electronic subsystem and a bias voltage 
node connected to a second section of the embedded elec 
tronic subsystem. A poWer switch is connected betWeen a 
poWer supply and the subsystem poWer node. By separating 
the poWer subsystem node from the bias voltage node, 
poWer can be removed from the subsystem, While still 
providing the necessary bias voltage to the electronic static 
discharge (ESD) diodes. This prevents the voltages applied 
to the system bus by the subsystem from causing bus 
contention or system bus lock-ups. A poWer removal and 
restoration procedure is also disclosed. 
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APPARATUS AND METHOD FOR POWER 
MANAGEMENT OF EMBEDDED SUBSYSTEMS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the ?eld of power 
management, and more particularly, to poWer management 
of embedded subsystems such as embedded modems. 

[0003] 2. Description of Related Art 

[0004] With the proliferation of portable, battery-poWered 
electronic devices, poWer management has become a critical 
issue for device performance. In order to eXtend the usable 
life of the battery poWer source, sophisticated poWer man 
agement techniques have been employed. In personal com 
puters, the system microprocessor (Intel) and operating 
system (Microsoft) Work together to conserve system poWer 
by controlling system resources. Various system devices 
may be monitored, and poWer use regulated by cutting or 
reducing poWer to inactive devices. For eXample, after a 
speci?ed period of inactivity, a timer in the operating system 
may trigger the system display monitor to enter a “sleep” 
mode to reduce poWer consumption. After another interval, 
the monitor may be completely shutdoWn, further reducing 
poWer consumption. Similarly, poWer to peripheral devices 
or plug-in cards can be controlled. These poWer manage 
ment techniques Work due to the Wide adoption of the 
Intel/Microsoft implemented solutions. 

[0005] In the embedded device market, hoWever, these 
solutions are inadequate since many different microproces 
sors and operating systems are used, each With a different 
poWer management scheme. With increased circuit integra 
tion, many manufacturers are producing a “system-on-a 
chip.” In other Words, many functions that used to be 
performed by separate circuitry, are noW performed on a 
single chip. For eXample, modems may noW be embedded 
into a device, Without being a separate peripheral. Unless 
poWer management techniques are utiliZed, the various 
embedded subsystems can severely drain the battery if they 
are poWered on, but are not used. In the case of a modem, 
poWer is continually being consumed even though the user 
may only access the modem 10% of the time. Since the 
modem is embedded, in cannot simply be removed Thus, the 
“stand-by” poWer consumption of the embedded systems is 
a signi?cant source of poWer drain. In fact, testing has 
shoWn that an embedded modem may draW 6-8 mA of 
current even in a “stop” mode. 

[0006] In many prior art attempts to manage poWer usage 
in an embedded subsystem, additional poWer management 
circuitry is used. This additional circuitry, hoWever, is itself 
a source of poWer drain. Also, merely cutting the poWer to 
the subsystem does not provide satisfactory results. As 
shoWn in FIG. 1, a modem subsystem 2 is connected to a 
poWer node 24. In order to disable poWer to the subsystem 
When the subsystem is no in use, poWer supplied through the 
poWer node 24 is simply cut-off. This may cause several 
problems, hoWever. First, since the signal applied to the 
system bus is indeterminate, the system bus may crash, 
thereby locking-up the system. The modem may also lock 
up or otherWise fail, Without special poWer doWn processing. 
Thus, there is a need for an improved poWer management 
system for embedded subsystems, such as modems. 
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SUMMARY OF THE INVENTION 

[0007] The present invention is an apparatus and method 
for poWer management of embedded electronic subsystems. 
ApoWer management control circuit for managing poWer to 
an embedded subsystem includes a subsystem poWer node 
connected to a ?rst section of the embedded electronic 
subsystem and a bias voltage node connected to a second 
section of the embedded electronic subsystem. A poWer 
sWitch is connected betWeen a poWer supply and the sub 
system poWer node. By separating the poWer subsystem 
node from the bias voltage node, poWer can be removed 
from the subsystem, While still providing the necessary bias 
voltage to the electronic static discharge (ESD) diodes. This 
prevents the signals applied to the system bus by the 
subsystem from causing bus contention or system bus lock 
ups. 

[0008] In order to take full advantage of the present 
invention, the poWer needs to be removed and restored in a 
speci?c order. In order to remove poWer from a subsystem, 
all system bus activities must ?rst be halted. The bias voltage 
to the bias voltage node is maintained. All subsystem 
activity is suspended and then the poWer sWitch is sWitched 
to remove poWer to the poWer subsystem node. All system 
bus activities may then be resumed after a suf?cient time 
interval to insure the subsystem discharge has stabiliZed. 

[0009] To restore poWer to the subsystem, all system bus 
and subsystem activities are halted. PoWer is restored to the 
subsystem poWer nodes and system bus activities are 
resumed after a su?icient time interval. The host system then 
resets the embedded subsystem. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The eXact nature of this invention, as Well as its 
objects and advantages, Will become readily apparent from 
consideration of the folloWing speci?cation as illustrated in 
the accompanying draWings, in Which like reference numer 
als designate like parts throughout the ?gures thereof, and 
Wherein: 

[0011] FIG. 1 is a schematic illustrating a prior art solu 
tion to poWer management; 

[0012] FIG. 2 is a schematic illustrating a poWer manage 
ment scheme according to the present invention; 

[0013] FIG. 3 is a high-level block diagram of a modem 
subsystem incorporating the present invention; 

[0014] FIG. 4 is a schematic illustrating the operation of 
a poWer sWitch according to the present invention; 

[0015] FIG. 5 is a ?oWchart of the poWer management 
procedure according to the present invention; 

[0016] FIG. 6 illustrates the steps of the poWer doWn 
procedure according to the present invention; and 

[0017] FIG. 7 illustrates the steps of the poWer on proce 
dure according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0018] The folloWing description is provided to enable any 
person skilled in the art to make and use the invention and 
sets forth the best modes contemplated by the inventor for 
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carrying out the invention. Various modi?cations, however, 
Will remain readily apparent to those skilled in the art, since 
the basic principles of the present invention have been 
de?ned herein speci?cally to provide an apparatus and 
method for poWer management, and more particularly, to 
poWer management of embedded subsystems such as 
embedded modems. 

[0019] A preferred embodiment of the present invention 
Will noW be described With reference to FIG. 2, illustrating 
a modem subsystem. As those skilled in the art Will recog 
niZe, hoWever, the present invention may be applied to any 
similar electronic embedded subsystem. The modem sub 
system 30 is divided into tWo separately poWered subsec 
tions 36, 38. The output section 36 is poWered via a modem 
subsystem poWer node 34, While the input section 38 is 
poWered via bias voltage node 32. In order to poWer doWn 
the modem subsystem, poWer is removed from the modem 
subsystem poWer node 34. The poWer to the bias voltage 
node 32 is held constant, hoWever. This prevents bus con 
tention on the system bus by maintaining the proper bias 
voltages to the electrical static discharge (ESD) diodes 14, 
16 in the input section 38. Notice that in the prior art circuit 
of FIG. 1, When poWer is removed from the modem sub 
system, the diodes are no longer biased. Thus, the present 
circuit removes poWer to non-essential circuitry of the 
embedded modem subsystem, While still maintaining the 
proper bias voltages required by the ESD diodes 14, 16. 

[0020] FIG. 3 is a high-level block diagram of a modem 
subsystem incorporating the present invention. The poWer to 
the modem subsystem 40 is controlled by a sWitch 42. The 
sWitch may be implemented using a single ?eld effect 
transistor As shoWn in FIG. 4, the FET sWitch 42 
may connect the modem subsystem 40 to either the host 
poWer supply, ground, or it may leave the node ?oating, as 
desired. The ESD diodes (not shoWn) are alWays connected 
to the bias voltage, Without interruption. Notice that the 
present invention can be implemented using only a single 
PET and one eXtra poWer node. With one additonal poWer 
control pin from the host microcontroller (to control the 
poWer sWitch 42), the poWer ON and poWer OFF procedures 
can easily be implemented in a variety of operating systems. 
Thus, the present invention does not require signi?cant 
additional poWer consuming poWer circuitry in order to 
provide poWer management capabilities. In addition, the 
present invention may be implemented With minimal cost. 

[0021] FIG. 5 is a How chart illustrating the subsystem 
poWer procedure according to the present invention. At step 
50, normal bus activity occurs and the subsystem poWer is 
on. At decision block 52, if the modem subsystem can be 
turned off (according to some predetermined inactivity 
parameters), the poWer doWn procedure is implemented at 
step 54. The poWer doWn procedure is illustrated in detail in 
FIG. 6. First, all system bus activities are halted to insure 
that there are no bus contention problems. All ESD bias 
voltages are held constant. Then, all subsystem activities are 
halted. The poWer to the subsystem poWer node is then 
removed (step 56). After a sufficient time interval to insure 
that the subsystem discharge has stabiliZed, the system bus 
activities may be restored. Since the ESD bias voltages to 
the subsystem have been held constant, there are no bus 
contention problems caused by ?oating nodes. 

[0022] At step 58, With the subsystem off, the system 
engages in normal bus activity. Once a poWer on request is 

Apr. 26, 2001 

detected, hoWever, the poWer on procedure (step 62) is 
performed. This poWer on procedure is illustrated in detail in 
FIG. 7. First, all the system bus activities are halted, and 
then all subsystem activities (if any) are halted. The poWer 
to the subsystem is then restored by applying poWer to the 
subsystem poWer node (step 64). The system bus and the 
subsystem activities are restored after a suf?cient time 
interval to alloW all voltage levels to stabiliZe. Finally, the 
subsystem functions are reset (by the host) to insure that the 
subsystem is in a knoWn operational state in order to prevent 
lock-ups. 
[0023] According to testing, implementation of the present 
invention can reduce the current drain of an embedded 
modem subsystem to approximately 0.1 pA in the poWered 
doWn state. As stated previously, prior art poWer manage 
ment techniques draW approximately 6-8 mA. Thus, the 
present invention provides a signi?cant improvement in 
poWer management for embedded subsystems. The present 
invention is also independent of any speci?c microcontroller 
or operating system, and may therefore be applied to many 
different con?gurations. 

[0024] The present invention has been described With 
reference to a preferred embodiment, speci?cally an embed 
ded modem subsystem. As those skilled in the art Will 
recogniZe, hoWever, the present invention may be applied to 
any similar electronic embedded subsystem Which has a 
similar tri-state output driver isolated gate FET connected to 
the interface bus. 

[0025] Those skilled in the art Will appreciate that various 
adaptations and modi?cations of the just-described preferred 
embodiments can be con?gured Without departing from the 
scope and spirit of the invention. Therefore, it is to be 
understood that Within the scope of the appended claims, the 
invention may be practiced other than as speci?cally 
described herein. 

What is claimed is: 
1. A poWer management control circuit for managing 

poWer of an embedded electronic subsystem, the circuit 
comprising: 

a subsystem poWer node connected to a ?rst section of the 
embedded electronic subsystem; 

a bias voltage node connected to a second section of the 
embedded electronic subsystem; and 

a poWer sWitch connected betWeen a poWer supply and 
the subsystem poWer node. 

2. The circuit of claim 1, Wherein the second section 
comprises at least one electronic static discharge (ESD) 
diode. 

3. The circuit of claim 1, Wherein the second section 
comprises tWo electronic static discharge (ESD) diodes. 

4. The circuit of claim 3, Wherein the bias voltage node is 
further connected to a bias voltage to bias the ESD diodes. 

5. The circuit of claim 4, Wherein the poWer sWitch is a 
?eld effect transistor 

6. The circuit of claim 5, Wherein the poWer sWitch is 
sWitched to remove poWer to the subsystem poWer node 
When the subsystem is not in use. 

7. The circuit of claim 6, Wherein the subsystem is a 
modem. 

8. The circuit of claim 6, Wherein the subsystem has a 
tri-state isolated gate transistor output driver. 
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9. A power management control method for removing 
poWer from an embedded electronic subsystem connected to 
a system bus, the subsystem comprising a subsystem poWer 
node, a bias poWer node, and a poWer sWitch, the method 
comprising the steps of: 

halting all system bus activities; 

maintaining a bias voltage to the bias poWer node; 

halting all subsystem activities; 

sWitching the poWer sWitch to remove poWer to the 
subsystem poWer node; and 

resuming system bus activities after a suf?cient time 
interval. 

10. A poWer management control method for restoring 
poWer to an embedded electronic subsystem connected to a 
system bus, the subsystem comprising a subsystem poWer 
node, a bias poWer node and a poWer sWitch, the method 
comprising the steps of: 

halting all system bus activities; 

halting all subsystem activities; 

sWitching the poWer sWitch to supply poWer to the sub 
system poWer node; 

resuming system bus activities after a suf?cient time 
interval; and 

resetting the embedded subsystem. 
11. The method of claim 9, Wherein the embedded sub 

system is a modem. 
12. The method of claim 10, Wherein the embedded 

subsystem is a modem. 
13. A poWer management method for managing poWer 

supplied to an embedded electronic subsystem connected to 
a system bus, the subsystem comprising: 

a subsystem poWer node connected to a ?rst section of the 
embedded electronic subsystem; 

a bias voltage node connected to a second section of the 
embedded electronic subsystem; and 
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a poWer sWitch connected betWeen a poWer supply and 
the subsystem poWer node; 

Wherein in order to remove poWer to the subsystem, the 
method comprises the steps of: 

halting all system bus activities; 

maintaining a bias voltage to the bias poWer node; 

halting all subsystem activities; 
sWitching the poWer sWitch to remove poWer to the 

subsystem poWer node; and 

resuming system bus activities after a sufficient time 
interval; and 

Wherein in order to restore poWer to the subsystem, the 
method comprises the steps of: 

halting all system bus activities; 

halting all subsystem activities; 
sWitching the poWer sWitch to supply poWer to the 

subsystem poWer node; 
resuming system bus activities after a sufficient time 

interval; and 

resetting the embedded subsystem. 
14. The method of claim 13, Wherein the second section 

comprises at least one electronic static discharge (ESD) 
diode. 

15. The method of claim 13, Wherein the second section 
comprises tWo electronic static discharge (ESD) diodes. 

16. The method of claim 15, Wherein the bias voltage 
node is further connected to a bias voltage to bias the ESD 
diodes. 

17. The method of claim 16, Wherein the poWer sWitch is 
a ?eld effect transistor 

18. The method of claim 13, Wherein the subsystem is a 
modem. 

19. The method of claim 13, Wherein the subsystem has 
a tri-state isolated gate transistor output driver. 

* * * * * 


