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POWER SUPPLY DEVICE AND INFORMATION 
PROCESSING APPARATUS HAVING THE POWER 

SUPPLY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2000-178160, ?led Jun. 14, 2000, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a poWer supply 
device and an information processing apparatus and, more 
particularly, to a poWer supply device for generating a 
predetermined poWer supply voltage and an information 
processing apparatus having this poWer supply device. 

[0003] The recent spread of information processing appa 
ratus is remarkable in every ?eld. In particular, portable 
information processing apparatus such as portable comput 
ers and personal digital assistants are used in a Wide variety 
of ?elds as their capabilities have improved. 

[0004] Batteries are often used as poWer supplies of such 
information processing apparatus. Since these information 
processing apparatus are presently used more frequently 
than before, it is desired by the users to reduce the con 
sumption poWer and prolong the driving time of the infor 
mation processing apparatus. 

[0005] To this end, it is being attempted to reduce the 
operating poWer supply voltage of an MPU (Micro Proces 
sor Unit) as one constituent semiconductor device of an 
information processing apparatus. 

[0006] On the other hand, as the semiconductor device 
fabrication technologies have improved in recent years, 
micropatterning of the structures of semiconductor devices 
such as an MPU is in progress. In micropatterned semicon 
ductor devices, the voltage of an operating poWer supply is 
loWered to prevent dielectric breakdown. That is, the oper 
ating poWer supply voltages of semiconductor devices such 
as an MPU in information processing apparatus are increas 
ingly loWering. 

[0007] Also, for the sake of energy saving, technologies 
Which dynamically change the operating frequency and 
operating voltage of an MPU have been developed. In an 
information processing apparatus using this type of an MPU, 
control of a poWer supply voltage to be supplied to the MPU 
must also be taken into consideration. 

[0008] The arrangement of a conventional poWer supply 
device Will be described beloW With reference to an accom 
panying draWing. 

[0009] FIG. 1 is a circuit diagram shoWing the arrange 
ment of this conventional poWer supply device. A poWer 
input terminal 601 inputs poWer to be converted into output 
poWer. A poWer output terminal 602 outputs poWer con 
verted by a DC/DC converter IC 603 to be described later. 
The DC/DC converter IC 603 is an IC Which controls the 
conversion of the input poWer from the poWer input terminal 
601 into poWer to be output to the poWer output terminal 
602. 
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[0010] An MPU 600 eXecutes processing of an informa 
tion processing apparatus incorporating this poWer supply 
device. This MPU 600 also sets the value of an output poWer 
supply voltage from this poWer supply device into the 
DC/DC converter IC 603. 

[0011] The MPU 600 sets this value by setting a 5-bit D/A 
code (digital/analog code) in the DC/DC converter IC 603. 
The set value is re?ected on the value of a reference voltage 
in the DC/DC converter IC 603. A voltage range thus 
settable by the MPU 600 is called an adjustment range. 

[0012] A converter circuit is formed by the DC/DC con 
verter IC 603, a capacitor 604, a coil 605, a PET 606, and 
a recti?er 607. The capacitor 604 and the coil 605 function 
as an output ?lter. The FET 606 serves as a sWitch. The 
output poWer supply voltage from the poWer output terminal 
602 can be adjusted by controlling sWitching of this FET 606 
by the DC/DC converter IC 603. 

[0013] A feedback terminal 608 of the DC/DC converter 
IC 603 feeds the converted voltage from the converter 
circuit back to the DC/DC converter IC 603. 

[0014] Upon receiving this feedback, the DC/DC con 
verter IC 603 checks Whether voltage conversion is appro 
priately performed. This check is done by comparing the 
feedback value With the above-mentioned value of the 
reference voltage corresponding to the setting by the MPU 
600. 

[0015] If there is a large difference betWeen the feedback 
voltage value and the value of the reference voltage, the 
DC/DC converter IC 603 controls sWitching of the FET 606, 
thereby appropriately performing voltage conversion. 

[0016] With this arrangement, the DC/DC converter IC 
603 monitors the voltage fed back to its feedback terminal 
and controls the operation of the sWitch, thereby varying the 
output voltage Within the adjustment range settable by the 
MPU 600. 

[0017] For a voltage exceeding the adjustment range, 
hoWever, the DC/DC converter IC 603 cannot perform any 
setting exceeding this range, so this poWer supply device 
cannot control the voltage. In particular, a DC/DC converter 
having a narroW adjustment range is highly likely to be 
unable to control a voltage required by an MPU, if the 
driving voltage of the MPU dynamically changes. 

[0018] Even When the adjustment range is Wide, accuracy 
often loWers near the upper and loWer limits of the range. If 
the accuracy of voltage control loWers, it becomes difficult 
to drive a semiconductor device, such as an MPU, having 
strict conditions on the accuracy of operating voltage. 

[0019] The above conventional technology cannot vary 
the output voltage outside the adjustment range set by a D/A 
converter or the like. If this adjustment range is narroW and 
the poWer supply voltage required by an MPU dynamically 
changes to the outside of the adjustment range, this voltage 
eXceeds the possible output range of a DC/DC converter. 
This makes the conventional DC/DC converter unable to 
supply poWer to the objective MPU. 

BRIEF SUMMARY OF THE INVENTION 

[0020] The present invention has been made to solve the 
above problem, and has as its object to provide a poWer 
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supply device capable of stably supplying poWer even to an 
MPU Whose necessary poWer supply voltage dynamically 
changes, and an information processing apparatus having 
this poWer supply device. 

[0021] To achieve the above object, according to the ?rst 
aspect of the present invention, there is provided a poWer 
supply device comprising 

[0022] a poWer input terminal Which inputs a DC voltage; 
a DC/DC converter, having a feedback terminal, Which 
converts the input DC voltage from the poWer input termi 
nal; 
[0023] a poWer output terminal Which outputs the DC 
voltage converted by the DC/DC converter; 

[0024] 
[0025] a resistor connected betWeen the poWer output 
terminal and the voltage generator, Wherein the feedback 
terminal is connected betWeen the register and voltage 
generator. 

[0026] In the poWer supply device having this arrange 
ment, the input voltage to the feedback terminal is made to 
have a value different from the output voltage from the 
poWer output terminal, by the resistor connecting the poWer 
output terminal and the voltage generator. Accordingly, a 
loWer voltage can be supplied. 

a voltage generator Which supplies a voltage; and 

[0027] According to the second aspect of the present 
invention, there is provided a poWer supply device compris 
ing 

[0028] 
[0029] a DC/DC converter, having a feedback terminal, 
Which converts the input DC voltage from the poWer input 
terminal; 
[0030] a poWer output terminal Which outputs the DC 
voltage converted by the DC/DC converter; 

[0031] a current source Which supplies a predetermined 
current; and 

[0032] a resistor connected betWeen the poWer output 
terminal and the voltage generator, Wherein the feedback 
terminal is connected betWeen the register and current 
source. 

[0033] In the poWer supply device having this arrange 
ment, the input voltage to the feedback terminal is made to 
have a value different from the output voltage from the 
poWer output terminal, by the resistor connecting the poWer 
output terminal and the current source. Accordingly, a loWer 
voltage can be supplied. 

a poWer input terminal Which inputs a DC voltage; 

[0034] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0035] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
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presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to explain the principles of the invention. 

[0036] FIG. 1 is a circuit diagram shoWing the arrange 
ment of a conventional poWer supply device; 

[0037] FIG. 2 is a block diagram shoWing the arrange 
ment of an information processing apparatus using a poWer 
supply device according to the ?rst embodiment of the 
present invention; 

[0038] FIG. 3 is a circuit diagram shoWing the arrange 
ment of the poWer supply device according to the ?rst 
embodiment of the present invention; 

[0039] FIG. 4 is a schematic vieW shoWing the operation 
of the poWer supply device according to the ?rst embodi 
ment of the present invention; 

[0040] FIG. 5 is a circuit diagram shoWing the arrange 
ment of a poWer supply device according to the second 
embodiment of the present invention; and 

[0041] FIG. 6 is a circuit diagram shoWing the arrange 
ment of a poWer supply device according to an embodiment 
in Which a synchronous recti?cation system is introduced to 
the ?rst embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] Each embodiment of the present invention Will be 
described beloW With reference to the accompanying draW 
ings. 
[0043] The ?rst embodiment Will be described ?rst With 
reference to FIG. 2. FIG. 2 is a block diagram shoWing the 
arrangement of an information processing apparatus accord 
ing to the ?rst embodiment of the present invention. An 
MPU 1 controls this information processing apparatus and 
performs information processing. This MPU 1 also performs 
settings for a poWer supply device 8 to be described later. A 
North bridge 2 is a bridge device for connecting the MPU 1 
to a PCI bus and a memory 3. The memory 3 is a storage 
device for expanding programs to be executed by this 
information processing apparatus and expanding data. A 
South bridge 4 is a bridge device for connecting the PCI bus 
and an LPC bus. An HDD (Hard Disk Drive) 5 is a 
nonvolatile storage device for storing softWare and the like 
to be used by this information processing apparatus. 

[0044] An EC (Embedded Controller) 6 is an interface 
betWeen a poWer controller and the system. A BIOS (Basic 
I/O System) 7 stores programs for controlling the operation 
When this information processing apparatus is activated and 
stores basic I/O programs. 

[0045] The poWer supply device 8 converts poWer from an 
AC poWer supply or a battery (neither is shoWn) into driving 
poWer suited to this information processing apparatus and 
supplies the poWer (poWer lines are not shoWn). As Will be 
described later With reference to FIG. 3, this poWer supply 
device 8 contains a DC/DC converter IC 103 and a reference 
voltage generator 109. A poWer controller 9 controls the 
poWer supply device 8 by exchanging information With the 
EC 6. This information exchange betWeen the EC 6 and the 
poWer controller 9 is performed using an I2C bus. The poWer 
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controller 9 monitors the temperature of the power supply 
device and the like and thereby can perform ?ne poWer 
control. 

[0046] The poWer supply device 8 of the present invention 
Will be described beloW With reference to FIG. 3. A poWer 
input terminal 101 inputs poWer to be converted into output 
poWer. A poWer output terminal 102 outputs poWer con 
verted by the DC/DC converter IC 103 to be described later. 
This DC/DC converter IC 103 is an IC for controlling the 
conversion of the input poWer from the poWer input terminal 
101 into poWer to be output to the poWer output terminal 
102. 

[0047] As described above, the MPU 1 sets the value of an 
output poWer supply voltage from this poWer supply device 
into the DC/DC converter IC 103. The MPU 1 sets this value 
by setting a 5-bit D/A code (digital/ analog code) in the 
DC/DC converter IC 103. The set value is re?ected on the 
value of a reference voltage in the DC/DC converter IC 103. 

[0048] A converter circuit is formed by the DC/DC con 
verter IC 103, a capacitor 104, a coil 105, a PET 106, and 
a diode 107. The capacitor 104 and the coil 104 function as 
a ?lter. The FET 106 serves as a sWitch. The output poWer 
supply voltage from the poWer output terminal 102 can be 
adjusted by controlling sWitching of this FET 106 by the 
DC/DC converter IC 103. 

[0049] A feedback terminal 108 of the DC/DC converter 
IC 103 feeds the converted voltage from the converter 
circuit back to the DC/DC converter IC 103. Upon receiving 
this feedback, the DC/DC converter IC 103 checks Whether 
voltage conversion is appropriately performed. This check is 
done by comparing the feedback value With the above 
mentioned value of the reference voltage corresponding to 
the setting by the MPU 1. If there is a large difference 
betWeen the feedback voltage value and the value of the 
reference voltage, the DC/DC converter IC 103 controls 
sWitching of the FET 106, thereby appropriately performing 
voltage conversion. 

[0050] A reference voltage generator 109 generates a 
reference voltage for obtaining a predetermined poWer sup 
ply output from a reference voltage output 110. 

[0051] In the present invention, the reference voltage 
output 110 from the reference voltage generator 109 and the 
poWer output terminal 102 are connected by ?rst and second 
resistors 111 and 112, and the midpoint betWeen these ?rst 
and second resistors 111 and 112 is connected to the feed 
back terminal 108. This permits control of a voltage range 
required by the MPU even if this voltage range is outside the 
range of the DC/DC converter IC 103. In this embodiment, 
the number of resistors is tWo, and the midpoint betWeen 
them is taken as the feedback terminal 108. HoWever, 
resistors can be further added. Especially When systems are 
used in different environments, it is convenient to add small 
resistors since the resistance values can be ?nely adjusted. 
Also, When this information processing apparatus is actually 
operated, a voltage margin must be ensured for a stable 
operation. Adding resistors for this purpose is useful. 

[0052] Details of the operation of the present invention 
Will be described beloW With reference to FIG. 4. FIG. 4 is 
a schematic vieW shoWing a portion of FIG. 3 in detail to 
give a supplementary note to the voltage relationship. To 
simplify this voltage relationship, the arrangement is partly 

Dec. 20, 2001 

changed from FIG. 3. HoWever, the same reference numer 
als denote the same parts as in FIG. 3. FIG. 4 also shoWs 
the internal arrangement of the DC/DC converter IC 103. 

[0053] The DC/DC converter IC 103 contains a sWitching 
controller 103a, a digital-to-analog converter 103b, a feed 
back reference voltage generator 103c, and a comparator 
103d. The digital-to-analog converter 103b converts the 
value set by the MPU 1. The feedback reference voltage 
generator 103c in the DC/DC converter IC 103 generates a 
voltage corresponding to the converted value. 

[0054] This feedback reference voltage generated by the 
feedback reference voltage generator 103c is compared With 
the value of an input voltage (to be referred to as Vfb 
hereinafter) from the feedback terminal 108 of the DC/DC 
converter IC 103. In accordance With the comparison result, 
the controller 103a in the DC/DC converter IC 103 controls 
sWitching of the FET 106. 

[0055] For an explanation purpose, let Vout denote the 
voltage of the poWer output terminal 102 and Vref the 
voltage generated by the reference voltage generator 109. 

[0056] In the conventional poWer supply device, the input 
voltage Vfb from the feedback terminal 108 and the voltage 
Vout of the poWer output terminal 102 are equal. In the 
present invention, this voltage relationship can be changed 
by using the reference voltage generator 109 and the ?rst and 
second resistors 111 and 112. Let R1 denote the resistance 
value of the ?rst resistor and R2 the resistance value of the 
second resistor. 

[0057] First, the value of a current Ic ?oWing through the 
?rst and second resistors 111 and 112 Will be explained. Ic 
is obtained by dividing the difference betWeen Vref and Vout 
by the sum of R1 and R2; Ic=(Vref—Vout)/(R1+R2). 

[0058] In the present invention, the feedback terminal 108 
of the DC/DC converter IC 103 is connected betWeen the 
?rst and second resistors 111 and 112. Therefore, Vfb is the 
sum of Vout and a voltage drop generated by the current Ic 
in the ?rst resistor 111. Letting Vc be the magnitude of the 
voltage drop generated in the ?rst resistor 111, this Vc is 
represented by the product of Ic and R1; Vc=Ic><R1. 

[0059] When this Ic is used, Vfb is represented by the sum 
of Vout and Vc; Vfb=Vout+Vc. From this relationship, Vout 
is obtained by subtracting Vc from Vfb. That is, in the 
present invention, the actual voltage of the poWer supply 
output can be made loWer than the voltage of the feedback 
terminal 108 of the DC/DC converter IC 103 by using the 
voltage drop generated by the reference voltage generator 
109 and the ?rst resistor 111. 

[0060] In effect, the DC/DC converter IC 103 processes 
the voltage Vfb at its feedback terminal, and the poWer 
output terminal 102 of the poWer supply device can generate 
Vout, a stable accurate loW-voltage poWer. In practice, When 
the control range of the DC/DC converter IC is 1.25 to 
200V, the voltage can be further loWered by 0.15V. 

[0061] The second embodiment of the present invention 
Will be described beloW With reference to an accompanying 
draWing. This second embodiment uses a constant-current 
source instead of the reference voltage generator 109 in the 
?rst embodiment. FIG. 5 is a circuit diagram shoWing the 
arrangement of a poWer supply device according to the 
second embodiment of the present invention. When con 
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nected to a second resistor 112, a constant-current source 
150 can be used in place of the reference voltage generator 
109 in the ?rst embodiment. 

[0062] The second embodiment stabilizes the voltage gen 
erated in the second resistor more than the ?rst embodiment 
and can output voltage With higher accuracy over a broader 
range than in the ?rst embodiment. That is, in the ?rst 
embodiment the reference voltage generated by the refer 
ence voltage generator alWays takes a constant value. Hence, 
even When a neW value is to be set for Vout, the current value 
Ic changes and the voltage drop Vc also changes because the 
value of Vref remains constant. To obtain higher accuracy 
for a desired output voltage, therefore, the feedback refer 
ence voltage of the DC/DC converter IC 103 must be set by 
taking account of the change in the voltage drop Vc. 

[0063] In contrast, the second embodiment is advanta 
geous in increasing the accuracy of control since variations 
in the value of the voltage drop are prevented by supplying 
a constant current to a resistor. 

[0064] As another embodiment of the present invention, 
the reference voltage generator in the ?rst embodiment can 
also be a poWer supply of another device operating in the 
information processing apparatus. For eXample, a poWer 
supply of the HDD can be used as the reference voltage 
generator. In the information processing apparatus of this 
embodiment, the poWer supply voltage of the HDD is 5V, 
and this value is generally loWer than a poWer supply voltage 
(15V) before conversion. 

[0065] When the voltage generated by the reference volt 
age generator is SV, for eXample, energy is taken by, e.g., 
heat generated by an electric current in the conversion from 
15V into 5V. With the arrangement of this embodiment, the 
poWer conversion loss When the reference voltage is gener 
ated can be reduced. This can prolong the battery driving 
time. 

[0066] ApoWer supply of a CD drive or a poWer supply of 
a DVD drive can also be used as the reference voltage 
generator, instead of the poWer supply of the HDD. When 
the HDD is accessed frequently and so the supply of 
operating poWer to the HDD may become unstable, a poWer 
supply of a CD drive or a poWer supply of a DVD drive can 
be used as the reference voltage generator. 

[0067] Each of the above embodiments can also be prac 
ticed by a synchronous recti?cation system, as shoWn in 
FIG. 6, in Which an NMOSFET 160 is connected in parallel 
With the diode 107. In this synchronous recti?cation system, 
high-ef?ciency conversion can be performed since the 
DC/DC converter IC 103 operates the NMOSFET 160 and 
the FET 106 in synchronism With each other. Energy saving 
is accomplished by this highly ef?cient conversion. 

[0068] These embodiments can be selectively used in 
accordance With the arrangement of the information pro 
cessing apparatus. 

[0069] As has been described above, the present invention 
alloWs stable poWer supply even When a necessary poWer 
supply voltage dynamically changes. 

[0070] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
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described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

What is claimed is: 
1. A poWer supply device comprising: 

a poWer input terminal Which inputs a DC voltage; 

a DC/DC converter, having a feedback terminal, Which 
converts the input DC voltage from said poWer input 
terminal; 

a poWer output terminal Which outputs the DC voltage 
converted by said DC/DC converter; 

a voltage generator Which supplies a voltage; and 

a resistor connected betWeen said poWer output terminal 
and said voltage generator, Wherein the feedback ter 
minal is connected betWeen the register and voltage 
generator. 

2. A device according to claim 1, Wherein said DC/DC 
converter converts the DC voltage in accordance With exter 
nal setting. 

3. A device according to claim 1, Wherein said DC/DC 
converter comprises: 

a control signal output unit Which outputs a control signal 
for converting the input DC voltage from said poWer 
input terminal into a predetermined voltage, on the 
basis of an externally input value and an input feedback 
voltage from said feedback terminal; and 

a sWitching element Which converts the input DC voltage 
from said poWer input terminal, on the basis of the 
output control signal from said control signal output 
unit. 

4. A device according to claim 3, Wherein said sWitching 
element is a PET. 

5. A device according to claim 3, Wherein said DC/DC 
converter is inserted betWeen said sWitching element and 
said poWer output terminal, and further comprises a ?ltering 
element Which ?lters the DC voltage converted by said 
sWitching element. 

6. A device according to claim 1, Wherein the output 
converted DC voltage from said poWer output terminal is 
different from the input voltage to said feedback terminal. 

7. A poWer supply device comprising: 

a poWer input terminal Which inputs a DC voltage; 

a DC/DC converter, having a feedback terminal, Which 
converts the input DC voltage from said poWer input 
terminal; 

a poWer output terminal Which outputs the DC voltage 
converted by said DC/DC converter; 

a current source Which supplies a predetermined current; 
and 

a resistor connected betWeen said poWer output terminal 
and said voltage generator, Wherein the feedback ter 
minal is connected betWeen the register and current 
source. 

8. A device according to claim 7, Wherein said DC/DC 
converter converts the DC voltage in accordance With exter 
nal setting. 



US 2001/0052762 A1 

9. A device according to claim 7, wherein said DC/DC 
converter comprises: 

a control signal output unit Which outputs a control signal 
for converting the input DC voltage from said poWer 
input terminal into a predetermined voltage, on the 
basis of an externally input value and an input feedback 
voltage from said feedback terminal; and 

a sWitching element Which converts the input DC voltage 
from said poWer input terminal, on the basis of the 
output control signal from said control signal output 
unit. 

10. Adevice according to claim 9, Wherein said sWitching 
element is a PET. 

11. A device according to claim 9, Wherein said DC/DC 
converter is inserted betWeen said sWitching element and 
said poWer output terminal, and further comprises a ?ltering 
element Which ?lters the DC voltage converted by said 
sWitching element. 

12. A device according to claim 7, Wherein the output 
converted DC voltage from said poWer output terminal is 
different from the input voltage to said feedback terminal. 

13. An information processing apparatus comprising: 

a processor Which outputs a control signal for converting 
voltage; 

a poWer input terminal Which inputs a DC voltage; 

a DC/DC converter, having a feedback terminal, Which 
converts the input DC voltage from said poWer input 
terminal; 
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a poWer output terminal Which outputs the DC voltage 
converted by said DC/DC converter; 

a voltage generator Which supplies a voltage; and 

a register connected betWeen said poWer output terminal 
and said voltage generator, Wherein the feedback ter 
minal is connected betWeen the register and voltage 
generator. 

14. An information processing apparatus comprising: 

a processor Which outputs a control signal for converting 
voltage; 

a poWer input terminal Which inputs a DC voltage; 

a DC/DC converter, having a feedback terminal; Which 
converts the input DC voltage from said poWer input 
terminal; 

a poWer output terminal Which outputs the DC voltage 
converted by said DC/DC converter; 

a current source Which supplies a current; and 

a register connected betWeen said poWer output terminal 
and said voltage generator, Wherein the feedback ter 
minal is connected betWeen the register and current 
source. 


