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CPU CORE VOLTAGE SWITCHING CIRCUIT 

FIELD OF THE INVENTION 

[0001] The present invention relates to a CPU (Central 
Processing Unit) core voltage switching circuit for reducing 
the poWer consumption of a CPU. 

BACKGROUND OF THE INVENTION 

[0002] Conventionally, a CPU core voltage sWitching cir 
cuit, to Which the present invention pertains, has been used 
primarily in reducing the poWer consumption of the CPU. 
With respect to such a CPU core voltage sWitching circuit, 
used recently in personal digital assistants (PDA), there is 
need to reduce poWer consumption in a terminal. 

SUMMARY OF THE DISCLOSURE 

[0003] Conventionally, the CPU core voltage sWitching 
circuit used in a personal digital terminal (or assistant) 
requires a constant CPU core voltage. 

[0004] HoWever, there are problems encountered in the 
course of investigations toWard the present invention. That 
is, the problems With the prior art reside in that, because the 
CPU core voltage (or the sWitching circuit thereof) requires 
a constant voltage, it is impossible to reduce poWer even 
When a sloW CPU CLK (CPU clock pulse) is used or the load 
is reduced. 

[0005] In vieW of the foregoing, it is an object of accord 
ing to an aspect of the present invention to provide a loW 
poWer-consumption CPU core voltage sWitching circuit. 

[0006] It is another object according to another aspect of 
the present invention to provide a novel improved personal 
digital terminal or assistant. According to the present inven 
tion the CPU core voltage sWitching circuit is con?gured as 
described beloW. 

[0007] According to a ?rst aspect of the present invention, 
there is provided a CPU core voltage sWitching circuit 
installed in a personal digital assistant Wherein, When the 
personal digital assistant is using (or performing) an appli 
cation softWare product, CPU clock frequency is reduced to 
a half of a frequency used When the personal digital assistant 
is in an initial start state or a memory data initialiZation state. 

[0008] According to a second aspect of the present inven 
tion, there is provided a CPU core voltage sWitching circuit 
Wherein the CPU clock frequency used When the personal 
digital assistant is using an application softWare product is 
reduced to the half of a frequency used When the personal 
digital assistant is in the initial start state or in the memory 
data initialiZation state to make a CPU core voltage used 
When the personal digital assistant is using the application 
softWare product loWer than a voltage used When the Per 
sonal digital assistant is in the initial start state or in the 
memory data initialiZation state. 

[0009] According to a third respect of the present inven 
tion, there is provided a CPU core voltage sWitching circuit 
Wherein the CPU clock frequency is 33 MHZ When the 
personal digital assistant is in the initial start state or in the 
memory data initialiZation state, and Wherein the CPU clock 
frequency is 16.5 MHZ When the personal digital assistant is 
using the application softWare product. 
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[0010] According to a fourth aspect of the present inven 
tion, there is provided a CPU core voltage sWitching circuit 
Wherein the CPU clock frequency is set to 33 MHZ to set the 
CPU core voltage to a ?rst voltage (e.g., 2.7 V) When the 
personal digital assistant is in the initial start state or in the 
memory data initialiZation state, and Wherein the CPU clock 
frequency is set to 16.5 MHZ to set the CPU core voltage to 
a second voltage (e.g., 2.0 V) Which is loWer than the ?rst 
voltage When the personal digital assistant is using the 
application softWare product. 
[0011] According to a ?fth aspect of the present invention, 
there is provided a CPU core voltage sWitching circuit, 
comprising a gate module outputting an input voltage as a 
CPU core voltage in response to a voltage control signal 
representing a high voltage; a voltage decreasing module 
decreasing an input voltage in response to a voltage control 
signal representing a loW voltage and outputting the input 
voltage as the CPU core voltage; and a voltage sWitching 
control module increasing the CPU clock frequency and 
outputting a voltage control signal representing the high 
voltage to the gate module if the control signal indicates that 
the personal digital assistant is in the initial start state or in 
the memory data initialiZation state and for decreasing the 
CPU clock frequency and outputting a voltage control signal 
representing the loW voltage to the voltage decreasing 
module if the control signal indicates that the personal 
digital assistant is using the application softWare product, 
the voltage control signal being responsive to the control 
signal input to the personal digital assistant from an eXternal 
unit. 

[0012] According to a siXth aspect of the present inven 
tion, there is provided a CPU core voltage sWitching circuit, 
Wherein a gate module is a ?eld effect transistor Which 
receives an input voltage at a source terminal (S), receives 
a voltage control signal representing a high voltage at a gate 
terminal (G), and outputs the CPU core voltage at a drain 
terminal 

[0013] According to a seventh aspect of the present inven 
tion, there is provided a CPU core voltage sWitching circuit 
as de?ned by claim 5 Wherein the voltage decreasing means 
is a regulator Which receives the input voltage at an input 
terminal, receives the voltage control signal representing the 
loW voltage at a control terminal, and outputs an output 
terminal voltage as the CPU core voltage at a drain terminal. 

[0014] According to an eighth aspect of the present inven 
tion, there is provided a CPU core voltage sWitching circuit, 
Wherein a voltage sWitching control module comprises a 
hybrid IC (Integrated Circuit) Which increases the CPU 
clock frequency if the control signal indicates that the 
personal digital assistant is in the initial start state or in the 
memory data initialiZation state and decreases the CPU 
clock frequency if the control signal indicates that the 
personal digital assistant is using the application softWare 
product; and an RS ?ip-?op and an OR circuit Which, in 
response to the CPU clock frequency, output a voltage 
control signal representing a high voltage to a gate module 
if the CPU clock frequency is high, and outputs a voltage 
control signal representing a loW voltage to the gate module 
if the CPU clock frequency is loW. 

[0015] According to a ninth aspect of the present inven 
tion, there is provided a CPU core voltage sWitching circuit, 
Wherein a hybrid IC comprises a CPU and a system con 
troller. 



US 2001/0004207 A1 

[0016] According to a tenth aspect of the present inven 
tion, there is provided a CPU core voltage switching circuit, 
Wherein a hybrid IC sets the CPU clock frequency to a high 
frequency (e.g., 33 MHZ) if the control signal indicates that 
the personal digital assistant is in the initial start state or in 
the memory data initialiZation state and sets the CPU clock 
frequency to a half of said high frequency (e.g., 16.5 MHZ) 
if the control signal indicates that the personal digital 
assistant is using the application softWare product. 

[0017] According to an eleventh aspect of the present 
invention, there is provided a CPU core voltage sWitching 
circuit, Wherein a gate module outputs a high input voltage 
as a CPU core voltage (e.g., of 2.7 V) in response to the 
voltage control signal representing the high voltage. 

[0018] According to a tWelfth aspect of the present inven 
tion, there is provided a CPU core voltage sWitching circuit, 
Wherein a voltage decreasing module decreases the input 
voltage in response to the voltage control signal representing 
a loW voltage and outputs loW input voltage as the CPU core 
voltage (eg of 2.0 V). 

[0019] According to a thirteenth aspect of the present 
invention, there is provided a personal digital assistant 
comprising the CPU core voltage sWitching circuit accord 
ing to the ?rst aspect. 

[0020] According to a fourteenth aspect of the present 
invention, there is provided a personal digital assistant 
comprising the CPU core voltage sWitching circuit accord 
ing to the ?fth aspect, or any of other aspects relating to the 
voltage sWitching circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a block diagram of an electric circuit 
representing an embodiment of the present invention. 

[0022] FIG. 2 is an electric circuit diagram shoWing the 
voltage circuit 1 and the alteration sWitch 3 shoWn in FIG. 
1. 

[0023] FIG. 3 is an electric circuit diagram shoWing the 
internal circuit of the voltage sWitching control circuit 2 
shoWn in FIG. 1. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0024] A CPU core voltage sWitching circuit according to 
the present invention drives an apparatus or terminal (such 
as a personal data assistant), in Which a circuit according to 
the present invention is installed, at a ?rst (high) CPU core 
voltage of 2.7 V When the apparatus or memory data is 
initialiZed, and at a second (loW) CPU core voltage of 2.0 V 
When an application softWare product is used. More speci? 
cally, the circuit according to the present invention uses a 
?rst (high) frequency of f=33 MHZ as a CPU CLK frequency 
to set the CPU core voltage to 2.7 V When an apparatus 
containing this circuit is initialiZed or memory data is 
initialiZed, a second (loW) of frequency and f/2=16.5 MHZ 
as a CPU CLK frequency to set the CPU core voltage to 2.0 
V When an application softWare product is executed. 

[0025] In a voltage sWitching control circuit 2, Which Will 
be decried later, a voltage sWitch trigger signal (control 
signal that Will be described later; SUSPEND signal) is 
control led in advance by a control signal entered from an 
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external sWitch, not shoWn in the ?gure, so that the state of 
that signal changes during a transitional period from the 
moment the apparatus is started or memory data is initialiZed 
to a moment an application screen is displayed. That is, 
immediately before start up of the application screen, the 
screen is once turned off and then turned on (this is equiva 
lent to the mode in Which poWer is turned off and then turned 
on via key operation), voltage sWitching is mechanically 
controlled by the external key described above. 

[0026] An embodiment of the present invention Will be 
described in more detail With reference to the attached 
draWings. 
[0027] FIG. 1 is a block diagram shoWing the embodi 
ment of the present invention. The embodiment comprises a 
voltage circuit 1 a voltage sWitching control circuit 2, and a 
change over sWitch 3 (Field Effect Transistor (FET) in this 
embodiment). 
[0028] As shoWn in FIGS. 1 and 2, the voltage circuit 1 
comprises a DC/DC converter 1-1 and a regulator 1-2. As 
shoWn in FIG. 3, the voltage sWitching control circuit 2 
comprises a hybrid IC 2-1 composed of a CPU 2-101 and a 
system controller 2-102, an RS ?ip-?op 2-2, and an OR 
circuit 2-3. 

[0029] The operation of the voltage circuit 1 and the 
change over sWitch 3 Will be described by referring to FIGS. 
2 and 3. When the input voltage (voltage of a battery 4) is 
applied to the (Step doWn) DC/DC converter 1-1 at the 
initial start of the apparatus (CPU CLK at f=33 MHZ), an 
output signal 107 (2.7 V) is output. At this time, the regulator 
1-2 is in the output stop (off) state and the change over 
sWitch 3 is on. Therefore, the output signal 107 is output 
directly as a CPU core voltage 108. 

[0030] Next, When the apparatus proceeds from the initial 
start state to the application screen display state, the state of 
a SUSPEND signal 102 changes in response to a control 
signal from an external sWitch not shoWn in the ?gure. With 
the SUSPEND signal as a trigger, the states of a SELECT1 
signal 104 and an output signal 100, Which are output from 
the RS ?ip-?op 22 (FIG. 3) of the voltage sWitching control 
circuit 2, change. At this time, because the change over 
sWitch 3 is off and the regulator 1-2 is in the output state 
(ON), the output voltage of the regulator 1-2 is output 
directly as the CPU core voltage 108. 

[0031] The operation of the voltage sWitching control 
circuit 2 Will be described by referring to FIG. 3. The 
voltage sWitching control circuit 2 comprises a hybrid IC 
(MCM: Phoenix-HB) 2-1 composed of the CPU 2-101 and 
the system controller 2-102 and the RS ?ip-?op (HC74) 2-2. 
The RS ?ip-?op 2-2 receives a VP3S signal 101, the 
SUSPEND signal 102 that is output from the hybrid IC 2-1, 
and a PHNXPWRGDl signal (reset signal) 103. 

[0032] The RS ?ip-?op 2-2 generates its output signals, 
SELECT1 signal 104 and SELECT2 signal 105, on a rising 
edge of the SUSPEND signal 102. 

[0033] The CPU core voltage sWitching signal in this 
embodiment, With the con?guration described above, may 
reduce poWer consumption. 

[0034] The present invention is not limited to the embodi 
ment described above but may be applied to any preferable 
applications. 
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[0035] The number, positions, and shapes of components 
are not limited to those of the embodiment described above 
but may be changed according to an application to Which the 
present invention is applied. 

[0036] In the drawings, the same reference numerals 
denote the same structural elements. 

[0037] The meritorious effects of the present invention are 
summariZed as folloWs. 

[0038] The present invention provides a loW poWer-con 
sumption CPU core voltage sWitching circuit con?gured as 
described above. 

[0039] It should be noted that other objects, features and 
aspects of the present invention Will become apparent in the 
entire disclosure and that modi?cations may be done Without 
departing the gist and scope of the present invention as 
disclosed herein and claimed as appended hereWith. 

[0040] Also it should be noted that any combination of the 
disclosed and/or claimed elements, matters and/or items 
may fall under the modi?cations aforementioned. 

What is claimed is: 
1. A Central Processing Unit, termed hereafter as “CPU”, 

core voltage sWitching circuit installed in a personal digital 
assistant 

Wherein, When the personal digital assistant is using an 
application softWare product, a CPU clock frequency is 
reduced to a half of a frequency used When the personal 
digital assistant is in an initial start state or a memory 
data initialiZation state. 

2. The CPU core voltage sWitching circuit as de?ned by 
claim 1 Wherein the CPU clock frequency used When the 
personal digital assistant is using the application softWare 
product is reduced to the half of the frequency used When the 
personal digital assistant is in the initial start state or in the 
memory data initialiZation state to set a CPU core voltage 
used When the personal digital assistant is using the appli 
cation softWare product to a loWer voltage than a voltage 
used When the personal digital assistant is in the initial start 
state or in the memory data initialiZation state. 

3. The CPU core voltage sWitching circuit as de?ned by 
claim 1 Wherein the CPU clock frequency is 33 MHZ When 
the personal digital assistant is in the initial start state or in 
the memory data initialiZation state and Wherein the CPU 
clock frequency is 16.5 MHZ When the personal digital 
assistant is using the application softWare product. 

4. The CPU core voltage sWitching circuit as de?ned by 
claim 1 Wherein the CPU clock frequency is set to 33 MHZ 
to set the CPU core voltage to 2.7 V When the personal 
digital assistant is in the initial start state or in the memory 
data initialiZation state, and 

Wherein the CPU clock frequency is set to 16.5 MHZ to 
set the CPU core voltage to 2.0 V When the personal 
digital assistant is using the application softWare prod 
uct. 

5. The CPU core voltage sWitching circuit as de?ned by 
claim 1, comprising: 

a gate circuit outputting an input voltage as the CPU core 
voltage in response to a voltage control signal repre 
senting a high voltage; 
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a voltage decreasing circuit decreasing the input voltage 
in response to the voltage control signal representing a 
loW voltage and outputting the input voltage as the 
CPU core voltage; and 

a voltage sWitching control circuit increasing the CPU 
clock frequency and outputting the voltage control 
signal representing the high voltage to said gate circuit 
if the control signal indicates that said personal digital 
assistant is in the initial start state or in the memory data 
initialiZation state, said voltage sWitching control cir 
cuit decreasing the CPU clock frequency and output 
ting the voltage control signal representing the loW 
voltage to said voltage decreasing circuit if the control 
signal indicates that said personal digital assistant is 
using the application softWare product, the voltage 
control signal being responsive to the control signal 
input to said personal digital assistant from an eXternal 
unit. 

6. The CPU core voltage sWitching circuit as de?ned by 
claim 5 Wherein said gate circuit is a ?eld effect transistor 
Which receives the input voltage at a source terminal (S), 
receives the voltage control signal representing the high 
voltage at a gate terminal (G), and outputs the CPU core 
voltage at a drain terminal 

7. The CPU core voltage sWitching circuit as de?ned by 
claim 5 Wherein said voltage decreasing circuit is a regulator 
Which receives the input voltage at an input terminal, 
receives the voltage control signal representing the loW 
voltage at a control terminal, and outputs an output terminal 
voltage as the CPU core voltage at a drain terminal. 

8. The CPU core voltage sWitching circuit as de?ned by 
claim 5 Wherein said voltage sWitching control circuit com 
prises: 

a hybrid Integrated Circuit, termed “IC” herein, Which 
increases the CPU clock frequency if the control signal 
indicates that said personal digital assistant is in the 
initial start state or in the memory data initialiZation 
state, and decreases the CPU clock frequency if the 
control signal indicates that said personal digital assis 
tant is using the application softWare product; and 

an Reset-Set, termed as “RS” herein, ?ip-?op and an OR 
circuit Which, in response to the CPU clock frequency, 
output a voltage control signal representing the high 
voltage to the gate circuit if the CPU clock frequency 
is high, and outputs a voltage control signal represent 
ing the loW voltage to the gate circuit if the CPU clock 
frequency is loW. 

9. The CPU core voltage sWitching circuit as de?ned by 
claim 5 Wherein said hybrid IC comprises a CPU and a 
system controller. 

10. The CPU core voltage sWitching circuit as de?ned by 
claim 5 Wherein said hybrid IC sets the CPU clock frequency 
to 33 MHZ if the control signal indicates that said personal 
digital assistant is in the initial start state or in the memory 
data initialiZation state, and sets the CPU clock frequency to 
16.5 MHZ if the control signal indicates that said personal 
digital assistant is using the application softWare product. 

11. The CPU core voltage sWitching circuit as de?ned by 
claim 10 Wherein the gate circuit outputs an input voltage as 
the CPU core voltage of 2.7 V in response to the voltage 
control signal representing the high voltage. 

12. The CPU core voltage sWitching circuit as de?ned by 
claim 10 Wherein the voltage decreasing circuit decreases 
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the input voltage in response to the voltage control signal 
representing the loW voltage, and outputs an input voltage of 
2.0 V as the CPU core voltage. 

13. Apersonal digital assistant comprising the CPU core 
voltage sWitching circuit as de?ned by claim 1. 

14. Apersonal digital assistant comprising the CPU core 
voltage sWitching circuit as de?ned by claim 5. 

15. A personal digital assistant comprising a CPU core 
voltage sWitching circuit, 

said CPU core voltage sWitching circuit outputting a ?rst 
CPU clock frequency When the personal digital assis 
tant is in an initial start state or a memory data 
initialiZation state and a second loWer CPU clock 
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frequency as compared to the ?rst frequency When the 
personal digital assistant is using an application soft 
Ware product. 

16. The personal digital assistant as de?ned by claim 15 
Wherein the second loWer CPU clock frequency is reduced 
to a half of the ?rst frequency. 

17. The personal digital assistant as de?ned by claim 15 
Wherein upon loWering the second frequency, said CPU core 
voltage sWitching circuit sets a CPU core voltage to a loWer 
voltage as compared to a ?rst CPU core voltage used When 
the ?rst CPU clock frequency is output. 


