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(57) ABSTRACT 

In a method for adjusting the power consumption of a 
communication device (1), at least a first operating voltage 
(V, V) is generated for the communication device (1), 
and the communication device (1) contains at least one 
processor (MPU, DSP) which is used to execute program 
commands of one or more applications. The execution rate 
of at least one processor (MPU, DSP) in the communication 
device is set with a clock signal (CLK) which is generated 
by a device (17) for generating a clock signal (CLK). The 
operating voltage for the device (17) for generating a clock 
Signal (CLK) is provided by a second operating voltage 
(V). A performance requirement is specified for the 
applications, wherein at least the first operating Voltage 
(V) of the communication device (1) is adjusted on the 
basis of the performance requirement of one or more appli 
cations which are being executed at a given time. 

17 Claims, 2 Drawing Sheets 
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METHOD FOR ADJUSTING POWER 
CONSUMPTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for adjusting the 
power consumption of an communication device, in which 
method at least one operating Voltage is generated for the 
communication device containing at least one processor 
which is used to execute program commands of one or more 
applications. The invention also relates to a communication 
device whose power consumption is arranged to be con 
trolled. 

2. Description of Prior Developments 
The features in wireleSS communication devices, Such as 

mobile phones, are constantly increasing, and they typically 
include functions for Storing e.g. telephone numbers of 
people and firms. AS is well known, there are also devices 
available which contain two different user interfaces, for 
example the user interfaces of a wireleSS communication 
device and a PDA device. One Such device is the Nokia 9000 
Communicator. In this specification, the term communica 
tion device will be used for such a device. By means of the 
PDA user interface of Such a communication device, it is 
possible to Store various data in the device, to have a 
wireleSS connection to the Internet network, and to receive 
for example telecopy messages, and by means of the CMT 
user interface (Cellular Mobile Telephone) of the same it is 
possible to perform conventional mobile phone functions 
Such as receiving a call and Selecting a telephone number. 
The above-described communication device typically com 
prises Separate keypads and displays for the different user 
interfaces. 

For Storing various information, there are known devices 
available, Such as notebook microcomputers, Small hand 
held computers, or PDA devices (Personal Digital 
Assistant). In this specification, PDA devices refer to 
devices similar to the ones described above. In these 
devices, it is possible to Store for example calendar data, 
notes, address data, telephone numbers or corresponding 
information entered by the user. This information can be 
reviewed by means of the display of the device. The data is 
typically entered in these devices by means of a keypad, but 
it is known that there are also devices available which are 
equipped with a touch Screen So that the functions of the 
device can be controlled by touch. The performance of the 
PDA devices is constantly enhanced, and they already 
contain many features known from PC devices (Personal 
Computer). 

In this Specification, the aforementioned different func 
tions will be called applications (calendar application, note 
book application, Video call application, etc). 
Correspondingly, in this Specification, the aforementioned 
notebook microcomputers, PDA devices, wireleSS commu 
nication devices among which also a communication device 
can be classified, etc., will be called electronic devices. The 
applications are composed of program commands executed 
by one or more processors of the electronic device. 
Furthermore, the applications are typically Supplemented 
with data Sections, Such as different Set parameters. The 
execution of the applications is advantageously controlled 
by means of a So-called operating System. The operating 
System is composed of the program commands of the 
processor as well. The operating System is used to provide 
the applications under execution with execution time, and to 
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2 
control information transmission between the application 
and the functional parts of the communication device, for 
example reading the keypad and writing out on the display 
device. In this specification, the performance requirement of 
the application refers particularly to the rate in which the 
application executeS program commands, i.e. its processing 
capacity. Other factors that affect the performance of the 
application can include for example the memory capacity 
required in the performance of the application. 

Different applications used in connection with Such an 
electronic device often have different performance require 
ments. For example, a Video call conducted with a commu 
nication device requires a considerably greater capacity than 
the use of a calendar application. The Video call can be 
implemented in Such a way that a data call of two time slots 
is Set up in the communication device, which for example in 
the GSM mobile communication network with channel 
coding of 14.4 kbit/s means a data transmission rate of 28.8 
kbit/s. Furthermore, the communication device has to be 
capable of executing a Video conference System application 
when necessary. A conventional audio call does not require 
as great a performance as the Video call but, however, a 
greater performance than the calendar application. There are 
also known wireleSS telephones in which applications with 
different performance requirements are available, Such as 
games, a calendar and a Speech call. 

In practical applications, for example in a communication 
device, one or more processors, part of the digital logics and 
a large part of the memory are integrated together in a single 
application specific integrated circuit (ASIC). The power 
consumption of Such an ASIC circuit can be described by 
means of the following simplified model: 

P-V.C.F (1) 

in which 

V=operating Voltage, 
C=capacitance, 
F=clock frequency, 
The capacitance of the internal couplings in the ASIC 

circuit is determined according to the technology used in the 
implementation of the ASIC circuit, and this capacitance 
cannot be influenced during the use of the communication 
device. In a communication device of prior art, the operating 
Voltage and the clock frequency of the ASIC circuit are Set 
in Such a way at the designing Stage that the application 
requiring the highest performance will function Sufficiently 
fast. This has the result that the use of applications requiring 
leSS performance will also consume as much power as the 
use of an application requiring great performance. The 
operating Voltage and the clock frequency are connected 
with each other in Such a way that a high clock frequency 
requires the use of a higher operating Voltage than lower 
clock frequency. On the basis of the aforementioned 
formula, the power consumption increases as a Square of the 
operating Voltage, and thus enhancing the performance by 
increasing the clock frequency and, respectively, the oper 
ating Voltage, considerably increases the power consump 
tion of the ASIC circuit. 
The performance requirement of the application can uSu 

ally be estimated at the Stage of designing the application. 
The use of the application can affect the performance 
required. For example real-time applications, Such as calls of 
different types and the transmission of Video information, 
require that certain operations are performed within Set time 
limits. However, non-real-time applications, Such as reading Maxell, Ltd.
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and writing a calendar, a notebook, or e-mails of a commu 
nication device, are not critical in View of the time of 
execution, but during the use of Such applications, the 
processor of the communication device is waiting for the 
actions of the user for the most of the time. 

Solutions have been developed in which at least part of 
the function of the ASIC circuit can be set in a so-called 
Standby condition or inactive State when there are no appli 
cations to be executed. With this solution, it is possible to 
reduce the power consumption of the communication device 
at least to a certain extent, but the power consumption is 
Substantially increased into the maximum when the user 
Starts up an application, Such as a calendar application or a 
notebook application. 

In Some mobile communication Systems, Such as GSM, 
the wireleSS communication devices must use only one 
reference oscillator from which all necessary frequences are 
generated. Therefore, in prior art communication devices it 
has not been possible to change the clock frequency of the 
processors to adjust the power consumption of the commu 
nication device. 

SUMMARY OF THE INVENTION 

The purpose of the present invention is to provide a 
method for adjusting the power consumption of a commu 
nication device dynamically on the basis of the performance 
requirements of the applications used in the communication 
device at a given time, as well as a communication device 
in which it is possible to adjust power consumption dynami 
cally. The invention is based on the idea that in the com 
munication device, the operating Voltage and the clock 
frequency are adjusted Simultaneously on the basis of the 
performance required by the application used at a given 
time. The method according to the present invention is a 
method for adjusting the power consumption of a commu 
nication device, in which method at least a first operating 
Voltage (Vce, V2) is generated for the communication 
device, the communication device contains at least one 
processor (MPU, DSP) which is used to execute program 
commands of one or more applications, the execution rate of 
at least one processor (MPU, DSP) in the communication 
device is set with a clock signal (CLK) which is generated 
by means for generating a clock signal (CLK), and the 
operating Voltage for the means for generating a clock signal 
(CLK) that is provided by a second operating voltage 
(V), characterized in that a performance requirement is 
Specified for the applications, wherein at least the first 
operating voltage (V) of the communication device is 
adjusted on the basis of the performance requirement of one 
or more applications which are being executed at a time, and 
that the Second operating voltage (V) is kept Substan 
tially constant during the change of at least the first operating 
voltage (V). Whereas the communication device accord 
ing to the present invention comprises means for generating 
a first operating Voltage (Vce), one or more processors 
(MPU, DSP) for executing the program commands of 
applications, means for generating a clock signal (CLK) for 
the processor, and means for generating a Second operating 
Voltage (V2) for the means for generating a clock signal 
(CLK), characterized in that a performance requirement is 
Specified for the applications, that the communication device 
also comprises means (MPU, DSP) for examining the per 
formance requirement of the application and means (CTRL, 
22) for adjusting at least the first operating voltage (V), 
wherein the first operating voltage (V) is arranged to be 
adjusted on the basis of the performance requirement of one 
or more applications under execution at a given time, and 
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4 
that the Second operating voltage (V) is arranged to be 
kept Substantially constant during the change of at least the 
first operating Voltage (Vce). 
With the present invention, considerable advantages are 

achieved when compared with solutions of prior art. With 
the method according to the invention, it is possible to 
considerably reduce the power consumption of a commu 
nication device in comparison with communication devices 
of prior art, especially when using applications which 
require leSS performance. Reducing the power consumption 
does not, however, affect the functionality of the applica 
tions in the communication device. In addition to the 
increased operating time of the communication device, the 
Smaller power consumption also entails the advantage that 
the generation of heat in the communication device is 
Smaller than in communication devices of prior art. This 
reduces the failure probability. The life of the battery is also 
extended because the need to charge the battery is decreased 
with the smaller power consumption. With the method 
according to the invention, it is also possible to keep the 
processors in operation during the change of operating 
Voltages. With the present invention it is possible to change 
the operating Voltages in a very large Scale and it is also 
possible to Set the operating Voltages into many different 
values. Further, the change of the operating Voltages is 
preferably conducted by Software of a processor of the 
communication device. In the communication device 
according to the invention there are means for generating an 
adjustable clock signal from one oscillator. Further, it is 
possible to adjust the operating Voltages and clock signal 
frequencies almost independently from each other and to use 
many different Voltage-frequency combinations in the com 
munication device according to the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, the invention will be described in more 
detail with reference to the appended drawings, in which 

FIG. 1 shows a communication device according to a 
preferred embodiment of the invention in a reduced block 
diagram, and 

FIG. 2 is a skeleton diagram illustrating the control of the 
operating Voltage according to a preferred embodiment of 
the invention in a skeleton diagram. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a reduced block diagram illustrating a commu 
nication device 1 according to a preferred embodiment of 
the invention, in this example a communication device 
which comprises data processing functions and mobile Sta 
tion functions. It is obvious that the invention can also be 
applied in other wireleSS communication devices, Such as 
mobile phones. Furthermore, the invention can also be 
applied in other communication devices which contain com 
ponents whose operating Voltage is adjustable. 
Advantageously, the invention can be applied in portable 
communication devices, in which the power Source is a 
battery. 
Most of the functions of the communication device 1 are 

implemented in a first ASIC circuit 2. This first ASIC circuit 
2 comprises, for instance, a first processor MPU which is 
advantageously a universally applicable So-called RISC 
processor, i.e. a reduced instruction Set computer. 
Furthermore, the first ASIC circuit comprises a second 
processor DSP, i.e. a digital signal processor, in which Signal 
processing functions are typically implemented. 
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Furthermore, the first ASIC circuit 2 comprises memory 
means MEM which can be partly shared by the first pro 
cessor MPU and the second processor DSP, logic couplings 
LOGIC and an interface I/O. The couplings between these 
different blocks of the ASIC circuit are not shown in FIG. 1, 
because they are prior art known as Such by anyone skilled 
in the art, and have no significance in View of understanding 
this invention. Furthermore, in the electronic device 1, the 
internal memory means of the first ASIC circuit 2 can be 
replaced by or Supplemented with external memory means 
3 

The first ASIC circuit 2 is provided with a first keyboard 
4, which in this preferred embodiment is a keyboard used 
primarily in connection with data processing functions, 
advantageously a so-called QWERTY keyboard. This first 
ASIC circuit also includes a second keyboard 5, used 
primarily for mobile station functions. Furthermore, in this 
embodiment, the electronic device 1 comprises two display 
devices 6, 7, of which the first display device 6 is used 
primarily in connection with data processing functions, and 
the Second display device 7 is used primarily in connection 
with mobile station functions. It is obvious that when 
necessary, Said first keyboard 4 and Second keyboard 5 and 
first display device 6 and second display device 7 can be 
used in connection with both mobile Station functions and 
data processing functions. A microphone 8 and a receiver 9 
are coupled to the first ASIC circuit 2 via an audio block 10. 
This audio block 10 contains a codec by means of which, for 
example during an audio call, a microphone signal is con 
verted to a digital Signal and a digital Speech Signal is 
converted to an analog signal to be transmitted to the 
receiver 9. Furthermore, the electronic device 1 comprises 
advantageously a Speaker 11 to which the audio signal is 
advantageously transmitted via an audio amplifier 12. The 
Speaker 11 is used primarily in cases when the electronic 
device 1 is e.g. placed on a table in a position which enables 
using data processing functions. Thus, Sounds are transmit 
ted advantageously also from mobile Station functions to this 
Speaker 11. 

The electronic device 1 in FIG. 1 also comprises a high 
frequency part 13 (RF, Radio Frequency), by means of 
which calls are transmitted between the electronic device 1 
and the mobile communication network in a way known as 
Such. 

The electronic device 1 also comprises a power Supply 
circuit 14, which in this embodiment is also implemented as 
an ASIC circuit. This power Supply circuit 14 comprises 
means for generating operating Voltages V, V-2 from a 
Supply voltage V. The function of means REG for gener 
ating the voltage is controlled with a control block CTRL, 
which comprises for example a So-called control register 20 
(FIG. 2). The Supply Voltage V is advantageously gener 
ated with a battery 15, which is charged with a charging 
device 16 when necessary. 

In the following, the function of a method according to a 
preferred embodiment of the invention will be described in 
this electronic device 1 according to FIG. 1. In this 
embodiment, the first operating Voltage V is arranged to 
be controlled within the range of certain minimum and 
maximum values, which are determined on the basis of the 
technology used in the application in question. The mini 
mum of the first operating Voltage is marked with V, and 
the maximum with V. Thus, when coupling the Supply 
voltage to the electronic device 1 with a Switch SW, the 
block REG for generating the Voltage in the power Supply 
circuit 14 sets the first operating voltage VCC1 to an initial 
Voltage rating which is between the minimum V, and the 
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6 
maximum V, for example close to the mean of these 
ratings. AS was presented above in connection with Formula 
1, the operating Voltage and the clock frequency are linked 
to each other, and therefore the frequency of the clock signal 
in the first ASIC circuit 2 has to be set according to the initial 
rating of this first operating Voltage V. So that the internal 
blocks of the first ASIC circuit 2 are operating. For the first 
ASIC circuit 2, the clock Signal is transmitted to a pin CLK. 
The clock signal is generated for example with a phase 
locked loop 17 (PLL). 

Correspondingly, the Second operating Voltage V is Set 
to a certain operating Voltage rating, for example 1.8 V. In 
this embodiment, it is assumed that this Second operating 
Voltage V is constant and intended for instance for 
supplying voltages of the I/O interfaces of the first ASIC 
circuit. This constant Second operating Voltage V is 
necessary in applications in which the external blocks of the 
first ASIC circuit 2 require a constant operating Voltage to be 
able to function. It is obvious that there can be several 
operating Voltages different from the Second operating Volt 
age V2 presented in this example. 
The Second operating Voltage V is also intended for 

Supplying the operating Voltage of the phase locked loop 17. 
It is necessary to use a constant operating Voltage for the 
phase locked loop 17 during the change of frequency of the 
phase locked loop 17. Otherwise the operation of the phase 
locked loop 17 could be hampered and the output signal of 
the phase locked loop 17 would be unstable. Due to possible 
differences between the operating Voltages of the phase 
locked loop 17 and the first ASIC circuit 2 it is necessary to 
have means to change the level of the clock signal of the 
phase locked loop 17. Such means are e.g. a level shifter 25 
which is connected between the output of the phase locked 
loop 17 and the clock input CLK of the first ASIC circuit 2. 

It is also possible that the phase locked loop 17 is 
implemented in the first ASIC circuit 2. In such an embodi 
ment the operating Voltage for the phase locked loop 17 is 
provided from a different operating Voltage Source than the 
first operating Voltage V. So that the operating Voltage for 
the phase locked loop 17 can be kept fixed during the change 
of the first operating Voltage V. Also the level shifter 25 
is advantageously implemented inside the first ASIC circuit 
2. 

The first operating Voltage V is intended for the Supply 
of the operating voltage of the processors MPU, DSP, i.e. 
So-called core, of the first ASIC circuit. On the other hand, 
this first operating Voltage V can also be used to Supply 
the operating voltages of the memory means MEM of the 
first ASIC circuit 2 and the logic couplings LOGIC, pro 
Vided that they are functioning within the entire control 
range of the first operating Voltage V. It is obvious that 
when Solutions that enable a wide operating Voltage range 
are used outside the first ASIC circuit 2 as well, the control 
of the operating Voltage can also be implemented for these 
components located outside the first ASIC circuit 2. 

After turning on the operating Voltages with the initial 
Voltage rating, e.g. 1.5 V, Set for the first operating Voltage 
V, it is possible to advantageously use applications 
requiring less performance and a low clock frequency, for 
example below 100 MHz for the first processor MPU and for 
the second processor DSP. It is obvious that the voltage and 
frequency ratings presented in this Specification are only 
illustrative, not restrictive examples. The information on the 
Voltage rating Set in the first operating Voltage line V can 
also be transmitted to the first processor MPU. This can be 
done for example in such a way that the first processor MPU 

Maxell, Ltd.
Ex. 2016

IPR2025-01309
6 of 9



US 6,484,041 B1 
7 

reads the rating in the control register of the power Supply 
circuit 14. This reading procedure can be advantageously 
implemented via a Voltage control bus 18, which is advan 
tageously a Serial bus, but a parallel bus is also feasible. In 
practical applications, the operating Voltage ratings for the 
Start-up are known by the Software of the first processor 
MPU, wherein it is not necessary to read said control register 
and the first processor MPU controls the change of the 
operating Voltages. 

It the user wants to activate an application which requires 
the performance of a higher operating Voltage and clock 
frequency, a rating is Set in the control register of the 
operating Voltage, which rating is used to Set the first 
operating Voltage V into a new, higher rating. Such an 
application is for example a Video call. The Software of the 
processor MPU, DSP can also detect a need to change the 
operating Voltage, for example in the case of an incoming 
call. After terminating an application requiring higher 
performance, the first operating Voltage is advantageously 
Set in a rating with which the application of the running 
applications which requires the highest performance func 
tions in a sufficiently efficient way. If there are no active 
applications, the first operating Voltage V is advanta 
geously Set into the lowest rating permitted, for example into 
1.O. V. 

FIG. 2 presents a preferred Structure of the power Supply 
circuit 14 in. a reduced block diagram. In this preferred 
embodiment, the control of the first operating Voltage V 
is implemented in the following way. When the first pro 
cessor MPU detects or is informed of a need to change the 
operating Voltage, the first processSor MPU Writes a rating 
for the control bus 18 of the operating Voltage, which rating 
corresponds to the desired new operating Voltage rating. 
This rating, which is transferred in a Series mode via the 
control bus 18 to the power supply circuit, is converted with 
a serial to parallel converter 19 to a parallel mode and 
transferred to the control register 20. When the operating 
Voltage information transmitted from the Serial bus is con 
verted to the parallel mode, the serial to parallel converter 19 
generates advantageously a trigger Signal RDY, by means of 
which the rating in the output of the Serial to parallel 
converter 19 is transferred to the control register 20, which 
is e.g. a register composed of So-called D-type flip-flop 
circuits, but it is also possible to use other Solutions known 
as Such. On the basis of this rating written in the control 
register 20, a reference Voltage is generated in a digital/ 
analog converter 21 and Supplied to a reference Voltage 
input V, in a first voltage regulator 22. The conversion of 
the digital/analog converter 21 is advantageously Started up 
with a signal which is to be conducted into a starting line 
START and is for example a short-duration impulse, which 
is known as Such. It is obvious for anyone skilled in the art 
that the reference Voltage can also be generated in another 
way, for example with a resistor divider and Switches (not 
shown), which are used to Select the reference voltage rating 
desired at a given time. 

The first voltage regulator 22 is Supplied with a Supply 
Voltage, for example from the battery 15 to an input Voltage 
pin V. The first Voltage regulator 22 generates in an output 
Voltage line V, an output voltage corresponding to the 
reference Voltage. However, the Voltage of the output Volt 
age line V does not change immediately after it has been 
written in the control register 20, but it takes some time to 
alter the Voltage. This conversion time depends, for 
example, on the extent of the change and on the implemen 
tation of the power Supply circuit 14 used at a given time. To 
monitor this conversion time, the first processor MPU starts 
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8 
up for example a timer (not shown) at the moment of 
programming a new Voltage value. When the timer indicates 
that the set time has expired, the first processor MPU knows 
that the first operating voltage V is set correctly. It is 
obvious that when necessary, it is possible to use an analog/ 
digital converter to detect the Voltage rating of the first 
operating Voltage V, but this increases the power con 
Sumption of the electronic device to a certain extent. 

Furthermore, the power Supply circuit 14 comprises 
another Voltage regulator 23, which is arranged to generate 
the Second operating voltage V. It is obvious that in 
practical applications it may be necessary to arrange Several 
different operating Voltages besides the two operating Volt 
ages V, V2 presented in this context. 
When the first operating Voltage V is Set to a Substan 

tially new set rating, the first processor MPU can program 
the phase locked loop 17 into a new frequency. This can be 
done for example in such a way that the first processor MPU 
writes a binary value corresponding to the desired frequency 
into the control register (not shown) of a Voltage controlled 
oscillator 24. Consequently, the frequency of the Voltage 
controlled oscillator 24 changes respectively. This signal 
generated by the Voltage controlled oscillator is conducted to 
the input PLL of a phase locked loop, which causes the 
output frequency of the phase locked loop to change, and the 
clock frequencies of the processors MPU, DSP change 
correspondingly. When the phase locked loop 17 is set on the 
new frequency, the processors MPU, DSP operate at the new 
clock frequency, wherein it is possible to Start up the 
application. 

In another advantageous embodiment of the present 
invention it is also possible to change the operating Voltage 
for the phase locked loop 17, when the phase locked loop 17 
is Set on the new frequency. In Such an embodiment there is 
provided at least two adjustable Voltage Sources. 

Table 1 compares the power Saving of an electronic device 
1 according to a preferred embodiment of the invention in 
different applications. A device of prior art is designed in 
View of the most requiring application, being in this table the 
column representing the Video call application. It is assumed 
that the Video call application requires a clock frequency of 
approximately 150 MHZ and an operating Voltage of 
approximately 1.8 V for the processors MPU, DSP. Thus, the 
power consumption in the device of prior art and in the 
electronic device according to the invention is Substantially 
equal. in the audio call application, the clock frequency of 
the processors MPU, DSP is set into approximately 100 
MHz, wherein a voltage rating in the order of 1.5–1.3 V is 
sufficient for the operating voltage. On the basis of Formula 
1, the power saving achieved is from 30% to 48%. In a low 
performance application, the clock frequency of the proces 
sors MPU, DSP is set e.g. below 50 MHz and the operating 
voltage at approximately 1.0 V. Thus, on the basis of 
Formula 1, a power Saving up to 70% can be achieved, 
which is quite a significant Saving. 

TABLE 1. 

Low performance 
Video call Audio call application 

Clock frequency of the 150 1OO SO 
processor (MHz) 
Operating voltage (V) 18 1.5-1.3 1.O 
Power saving 30%-48% 70% 

The performance requirements of the applications used in 
the electronic device 1 can be determined for example in Maxell, Ltd.
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Such a way that the applications are classified into a few 
performance classes, the classification data being Stored in 
connection with the application, for example in the Starting 
parameters of the application, which is known as Such. The 
program (operating System) starting the application in the 
electronic device 1 reads this classification data and Sets the 
first operating Voltage V, as described above in this 
Specification. An example that can be mentioned is an 
electronic device 1 in which the minimum for the first 
operating voltage V is 1.0 V, and the maximum 1.8 V. 
The performance classification comprises for example 9 
levels, wherein the adjustment of the operating Voltage is 
made in steps of 0.1 V. If there are applications for which a 
performance class has not been defined, it is possible to 
advantageously use a default rating in connection with Such 
an application, for example a class requiring the highest 
performance, wherein it is Secured that the application is 
functioning Sufficiently fast. 

Even though in the above-presented embodiment the 
control of the first operating Voltage V was implemented 
with a control algorithm generated in the application Soft 
ware of the first processor MPU by means of the program 
commands of the first processor MPU, it is obvious that if 
necessary, the adjustment can also be implemented in the 
application software of another processor DSP possibly 
included in the electronic device. The adjustment can even 
be implemented with a logic without processing the proces 
sors MPU, DSP 

The invention can also be implemented by arranging two 
or more operating Voltages V, V to be controlled. The 
first operating voltage V is used for example as an 
operating Voltage for the processors, and the Second and 
possible other operating Voltages are used as operating 
voltages for other Such circuits which make the control of 
the operating Voltage possible but whose operating Voltage 
deviates from the control range of the first operating Voltage 
V. This can be applied for example in Such Systems 
comprising a number of processors (multiprocessor 
Systems), in which the operating voltages of the different 
processors can be controlled irrespective of each other, for 
example in Such communication devices in which the first 
processor MPU and the second processor DSP are on 
Separate circuits. Such an adjustment can also be applied for 
example in the control of the operating Voltages of external 
memories when the processor is controlled with a low clock 
frequency. Yet another example that can be mentioned is an 
application in which the ASIC circuit 2 comprises Separate 
operating Voltage lines for the internal processors MPU, 
DSP, wherein the operating Voltages of these processors 
MPU, DSP are adjusted by different means for generating 
Voltage. Thus, for example during an audio call, the first 
processor MPU is driven by a low clock frequency (e.g. ca 
26 MHz) and by a low operating voltage (e.g. ca 1 V), while 
at the same time it might be necessary to drive the Second 
processor DSP by a higher clock frequency (e.g. ca 100 
MHz) and with a higher operating voltage (e.g. between 1.3 
V and 1.5 V). Such operations require implementing level 
shifters to be integrated in the ASIC circuit 2, to make the 
logic levels of the different operating Voltages to correspond 
to each other. This, however, is prior art implemented for 
instance between the core (processors MPU, DSP) of the 
ASIC circuit 2 and the interface (I/O). 

The present invention is not restricted solely to the 
embodiment presented above, but it can be modified within 
the Scope of the appended claims. 
What is claimed is: 
1. A method for adjusting the power consumption of a 

communication device, in which method at least a first 
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10 
operating Voltage (Vc, Vcca) is generated for the com 
munication device, the communication device containing at 
least one processor (MPU, DSP) which is used to execute 
program commands of one or more applications, the execu 
tion rate of at least one processor (MPU, DSP) in the 
communication device being Set with a clock signal (CLK) 
which is generated by means for generating a clock signal 
(CLK), and the operating voltage for the means for gener 
ating a clock signal (CLK) is provided by a Second operating 
voltage (V), wherein a performance requirement is 
Specified for the application, Such that at least Said first 
operating voltage (V) of the communication device is 
adjusted on the basis of the performance requirement of one 
or more applications which are being executed at a time, and 
that the Second operating Voltage (V) is kept Substan 
tially constant during the change of at least the first operating 
Voltage (Vce). 

2. The method according to claim 1, wherein Said perfor 
mance requirement is defined as an execution rate for Said 
program commands of Said application. 

3. The method according to claim 2, wherein at least Said 
first operating voltage (V) of the communication device 
is adjusted from Said applications under execution at a given 
time on the basis of Said performance requirement of Said 
application requiring the highest execution rate. 

4. The method according to claim 1, wherein Said first 
operating voltage (V) is increased when said perfor 
mance requirement is increased, and, correspondingly, Said 
first operating voltage (V) is decreased when said per 
formance requirement is reduced. 

5. The method according to claim 1, wherein the fre 
quency of Said clock signal (CLK) is increased when 
increasing Said first operating Voltage, and, correspondingly, 
the frequency of Said clock signal (CLK) is decreased when 
decreasing Said first operating Voltage, and that Said Second 
operating voltage (V) is kept Substantially constant dur 
ing the change of the frequency of Said clock signal (CLK). 

6. The method according to claim 5, wherein Said means 
for generating a clock signal (CLK) is a phase locked loop. 

7. A communication device which comprises means for 
generating a first operating Voltage (Vce), one or more 
processors (MPU, DSP) for executing the program com 
mands of applications, means for generating a clock signal 
(CLK) for the processor, and means for generating a second 
operating Voltage (Vce) for Said means for generating a 
clock signal (CLK), wherein a performance requirement is 
Specified for the applications, that the communication device 
also comprises means (MPU, DSP) for examining the per 
formance requirement of the application and means (CTRL, 
22) for adjusting at least the first operating voltage (V), 
wherein the first operating Voltage (V) is arranged to be 
adjusted on the basis of the performance requirement of one 
or more applications under execution at a given time, and 
that the Second operating voltage (V) is arranged to be 
kept Substantially constant during the change of at least the 
first operating Voltage (V). 

8. The communication device according to claim 7, 
wherein Said performance requirement is arranged to be 
defined as an execution rate for Said program commands of 
Said application. 

9. The communication device according to claim 7, 
wherein said first operating voltage (V) of said commu 
nication device is arranged to be adjusted from applications 
under execution on the basis of Said performance require 
ment of Said application requiring the highest execution rate. 

10. The communication device according to claim 7, 
wherein said means (CTRL, 22) for adjusting at least Said Maxell, Ltd.
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first operating voltage (V) comprise means for storing a 
Set rating for said first operating voltage (V), means for 
generating a reference Voltage proportional to Said Set rating, 
and means for generating at least Said first operating Voltage 
(V) on the basis of Said reference voltage. 

11. The communication device according to claim 7, 
wherein the device comprises at least one application spe 
cific integrated circuit whose at least one operating Voltage 
(V) is arranged to be adjusted. 

12. The communication device according to claim 11, 
wherein Said application specific integrated circuit com 
prises a core containing at least one said processor (MPU, 
DSP), and that the operating Voltage (V) of the core is 
arranged to be adjusted. 

13. The communication device according to claim 11, 
wherein Said application Specific programmable integrated 
circuit comprises at least one said processor (MPU, DSP) in 
which said first operating Voltage (V), which is arranged 
to be adjusted, is Set to be used as an operating Voltage, and 
that Said communication device also comprises means 
(MPU) for changing the frequency of said clock signal 

1O 

15 

12 
(CLK) on the basis of the change in Said first operating 
Voltage (V), and that Said Second operating Voltage 
(V) is arranged to be kept Substantially constant during 
the change of the frequency of said clock signal (CLK). 

14. The communication device according to claim 13, 
wherein said means for generating a clock signal (CLK) is 
a phase locked loop. 

15. The communication device according to claim 7, 
wherein Said device it is a wireleSS communication device. 

16. The communication device according to claim 15 
wherein Said wireleSS communication device is a commu 
nicator. 

17. The communication device according to claim 7, 
wherein said control of Said first operating voltage (V), 
which is arranged to be adjusted, is implemented with a 
control algorithm generated in the application Software of at 
least one of said processor (MPU, DSP) by means of the 
program commands of at least one of said processor (MPU, 
DSP). 
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