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(57) ABSTRACT 
A plurality of primary power supplies convert a primary 
power supply voltage into intermediate voltages. Secondary 
power supplies convert the intermediate voltages converted 
by the primary power supplies into supply voltages and out 
put the same. A timing adjuster is inputted thereto plural sorts 
of power converted into the intermediate voltages from the 
plural primary power supplies to perform timing adjustment 
to absorb a difference in start timing between the plural pri 
mary power supplies, and causes the secondary power sup 
plies to output the supply voltages. When the power is sup 
plied from the plural power supplies to the load elements, 
stable power can be supplied to the load elements even if a 
difference in start time generates between the plural power 
supplies. 

16 Claims, 14 Drawing Sheets 
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POWER SUPPLY APPARATUS AND 
ELECTRONIC APPARATUS 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to a technique for supplying 

power of a plurality of bus poWer supplies in, for example, an 
IBA (Intermediate Bus Architecture) poWer supply system. 

(2) Description of Related Art 
Recent trend toWard voltage reduction/ large current con 

sumption of elements (load elements) causes ?uctuations in 
voltage due to voltage drop in Wiring. To suppress such the 
?uctuations in voltage, a poWer supply in POL (Point Of 
Load) system (hereinafter, referred to as POL poWer supply) 
tends to be used, in Which the poWer supply is arranged very 
close to the elements, as noted in patent document 1 beloW. 

To directly pull the poWer-feeding poWer supply on the 
primary side in the POL poWer supply prevents a reduction in 
siZe of the POL poWer supply and makes it dif?cult to secure 
insulation inside the apparatus. A knoWn technique having 
overcome this problem is IBA (Intermediate Bus Architec 
ture) poWer-feeding poWer supply, in Which an insulated 
poWer supply for converting the voltage of the primary 
poWer-feeding poWer supply into a voltage (intermediate 
voltage, intermediate potential) loWer than that of the primary 
poWer-feeding poWer supply is arranged in the preceding 
stage of a small-siZed non-insulated poWer supply (POL con 
verter), and a loW-voltage poWer generated by this insulated 
poWer supply is supplied to the non-insulated poWer supply to 
decrease the insulation Withstand voltage inside the appara 
tus. 

In such an IBA poWer-feeding poWer supply con?guration, 
the capacity of the insulated poWer supply for supplying the 
poWer to the non-insulated poWer supply is increased With an 
increase in electric poWer of the apparatus. For reasons that 
use of an insulated poWer supply having a loWer height and a 
small-to-middle capacity agreeing With the height of outer 
dimensions of the load element can materialize a compact 
apparatus, and that combined use of the same type of the 
insulated poWer supply can realiZe improved economy rather 
than many types of the apparatus are manufactured, each in a 
small quantity, according to the load capacity, recent trend is 
combined use of a plurality of insulated poWer supplies hav 
ing about 50 to 200 Watt output capacity, as the insulated 
poWer supply. 

FIG. 11 is a diagram schematically shoWing an example of 
con?guration of a poWer supply apparatus having a knoWn 
IBA poWer-feeding poWer supply con?guration. 

In the example shoWn in FIG. 11, non-insulated poWer 
supplies DCDC13 to DCDC17 are arranged near load ele 
ments LOAD11 and LOAD12, a plurality (tWo in the example 
shoWn in FIG. 11) of insulated poWer supplies DCDC11 and 
DCDC12 are arranged in the preceding stage (in the 
upstream) of the non-insulated poWer supplies DCDC13 to 
DCDC17, Wherein the poWer is fed from the insulated poWer 
supply 11 to the non-insulated poWer supply 13 and 14 and 
from the insulated poWer supply DCDC 12 to the non-insu 
lated poWer supplies DCDC15 to DCDC17. 

Generally, the load elements LOAD11 and LOAD12 
require a plurality of poWer supplies such as a core poWer 
supply, an I/O poWer supply and the like. In the example 
shoWn in FIG. 11, the poWer is fed from the non-insulated 
poWer supply DCDC13 to a V1 terminal of the load element 
LOAD11 and from the non-insulatedpoWer supply DCDC 14 
to a V2 terminal of the load element load11, While the poWer 
is fed from the non-insulated poWer supply DCDC 15 to a V1 
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2 
terminal of the load element LOAD12 and from the non 
insulated poWer supply DCDC16 to a V2 terminal of the load 
element LOAD12, and further the poWer is fed from the 
non-insulated poWer supply DCDC 17 to a V3 terminal of 
each of the load elements LOAD11 and LOAD12. 
When the poWer consumption at the V3 terminals of the 

load elements LOAD11 and LOAD12 is small, it is general to 
supply the poWer from one non-insulated poWer supply 
DCDC17 to both the load elements LOAD11 and LOAD12. 

[Patent Document 1] Japanese Patent Application Laid 
Open Publication No. 2007-49822 

HoWever, When a plurality of the insulated poWer supplies 
DCDC11 and DCDC12 are used in combination in a poWer 
supply apparatus having such a knoWn IBA feeding poWer 
supply con?guration, it is unavoidable that variation in start 
up of these plural insulated poWer supplies DCDC11 and 
DCDC12 occurs. 

FIGS. 12(a) through 12(h) are a timing chart shoWing 
states of the voltages in the knoWn poWer supply apparatus 
shoWn in FIG. 11. FIG. 12(a) is a diagram shoWing an inter 
mediate voltage Vi11 outputted from the insulated poWer 
supply DCDC11. FIG. 12(b) is a diagram shoWing an inter 
mediate voltage Vi12 outputted from the insulated poWer 
supply DCDC12. FIG. 12(c) is a diagram shoWing a signal 
inputted to the V1 terminal of the load element LOAD11. 
FIG. 12(d) is a diagram shoWing a signal inputted to the V2 
terminal of the load element LOADl. FIG. 12(e) is a diagram 
shoWing a signal inputted to the V3 terminal of the load 
element LOAD11. FIG. 12(f) is a diagram shoWing a signal 
inputted to the V1 terminal of the load element LOAD12. 
FIG. 12(g) is a diagram shoWing a signal inputted to the V2 
terminal of the load element LOAD12. FIG. 12(h) is a dia 
gram shoWing a signal inputted to the V3 terminal of the load 
element LOAD12. 

In the case Where the load elements LOAD11 and LOAD12 
are both load elements that cannot normally operate unless 
the poWer sources V1 to V3 are simultaneously applied, if the 
insulated poWer supply DCDC11 (time T11; refer to point A 
in FIG. 12(a)) starts earlier than the insulated poWer supply 
DCDC12 (time T12; refer to point B in FIG. 12(b)), poWer 
supply from the insulated poWer supply DCDC11 to the non 
insulated poWer supply DCDC13 and DCDC14 Would be 
done earlier than poWer supply from the insulated poWer 
supply DCDC12 to the non-insulated poWer supplies 
DCDC15 to DCDC17, hence, in the load element LOAD11, 
a voltage is applied to the terminal V3 later than the terminal 
V1 (refer to point C in FIG. 12(0)) and the terminal V2 (refer 
to point D in FIG. 12(d)), Which Would prevent the load 
element LOAD11 from being able to operate normally. 

In other Words, in a load element requiring a plurality of 
poWer sources, if the plural poWer sources are not applied 
simultaneously or in the de?ned order, the load element 
Would not operate normally. 

Further, if inter-element signals are not transmitted simul 
taneously or in the predetermined order to the plural load 
elements, hangup or error Would occur. 

For these reasons, there has been proposed a method of 
connecting outputs of the plural insulated poWer supplies 
DCDC11 and DCDC12 in parallel to simultaneously supply 
the poWer to the non-insulated poWer supplies DCDC13 to 
DCDC17 in the folloWing stage thereof. 

FIG. 13 is a diagram schematically shoWing another 
example of con?guration of the knoWn poWer supply appa 
ratus. FIGS. 14(a) and 14(b) are a timing chart shoWing states 
of voltages in the knoWn poWer supply con?guration shoWn 
in FIG. 13. FIG. 14(a) is a diagram shoWing a voltage Vi11 
outputted from an insulated poWer supply DCDC11. FIG. 
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14(1)) is a diagram showing a voltage Vi12 outputted from an 
insulated power source DCDC12. 

In the known power supply apparatus shown in FIG. 13, 
outputs from +Vout terminals of the plural insulated power 
supplies DCDC11 and DCDC12 are connected inparallel and 
inputted to +Vin terminals of non-insulated power supplies 
DCDC13 to DCDC17 in the following stage. Whereby, the 
power is simultaneously supplied from the plural insulated 
power supplies DCDC11 and DCDC12 to the non-insulated 
power supplies DCDC13 to DCDC17 in the following stage. 

However, the known method shown in FIG. 13 has a risk 
that when either one (the insulated power supply DCDC11 in 
the example shown in FIGS. 14(a) and 14(b)) of the insulated 
power supplies DCDC11 and DCDC12 starts earlier (refer to 
a time T11 in FIG. 14(a)), all the loads of the non-insulated 
power supplies DCDC13 to DCDC17 concentrate on the 
insulated power supply DCDC11 before the insulated power 
supply DCDC12 starts (refer to a time T12 in FIG. 14(b)), as 
a result, the insulated power supply DCDC11 goes down. 

SUMMARY OF THE INVENTION 

An object of the present invention is to supply stable power 
to load elements even if a difference in start time generates 
between a plurality of power supplies when the power is 
supplied from the plural power supplies to the load elements. 

For this purpose, the present invention provides a power 
supply apparatus converting a primary power supply voltage 
of electric power supplied from a primary power source into 
supply voltages and outputting the electric power with each of 
the supply voltages, comprising a plurality of primary power 
supplies converting the primary power supply voltage into 
intermediate voltages, a secondary power supply converting 
the intermediate voltages converted by the primary power 
supply into the supply voltages and outputting the supply 
voltages, and a timing adjuster inputted thereto the power 
converted into the intermediate voltages from the plural pri 
mary power supplies to perform timing adjustment to absorb 
a difference in start timing between the plural primary power 
supplies, and causing the secondary power supply to output 
the supply voltages. 

The present invention further provides an electronic appa 
ratus comprising a plurality of load elements operating at 
supply voltages, a plurality of primary power supplies con 
verting a primary power supply voltage supplied from a pri 
mary power source into intermediate voltages, a secondary 
power supply converting the intermediate voltages converted 
by the primary power supplies to the supply voltages, and a 
timing adjuster inputted thereto power converted into the 
intermediate voltages from the plural primary power supplies 
to perform timing adjustment to absorb a difference in start 
timing between the plural primary power supplies, and caus 
ing the secondary power supply to output the supply voltages. 

The timing adjuster may comprise a plurality of timing 
signal output sections provided so as to correspond to the 
plural primary power supplies, respectively, each of the tim 
ing signal output sections being able to output a timing signal 
on the basis of the power inputted from one of the primary 
power supplies corresponding to itself, and each of the plural 
timing signal output sections may be supplied driving power 
from another one of the primary power supplies different 
from the corresponding primary power supply to operate. 

Further, each of the plural timing signal output sections 
may comprise a combining section combining plural driving 
power supplied from the plural primary power supplies, the 
timing signal output section being supplied the driving power 
combined by the combining section. 
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4 
Alternatively, the timing adjuster may comprise a plurality 

of timing signal output sections provided so as to correspond 
to the plural primary power supplies, respectively, each of the 
timing signal output sections being able to output a timing 
signal on the basis of the power inputted from one of the plural 
primary power supplies corresponding to itself, a plurality of 
delay sections, provided correspondingly one to each of the 
plural timing signal output sections, each of the plural delay 
sections delaying the timing signal input from the corre 
sponding timing signal output section for a time period longer 
than an output power rise delay time of at least one of the 
remaining primary power supplies except the primary power 
supply associated with the corresponding timing signal out 
put section, and an AND section ANDing the timing signals 
outputted from the plural delay sections. 

Each of the timing signal output sections may comprise a 
voltage comparator comparing an output voltage of a primary 
power supply corresponding to its own timing signal output 
section with a reference voltage to output an inhibit signal 
being able to inhibit the secondary power supply from per 
forming an output operation when the voltage comparator is 
not conducted. 

The apparatus disclosed herein can provide at least any one 
of the following working effects or advantages: 

(1) Even when part of a plurality of the primary power 
supplies ?rst starts, a plurality of the secondary power sup 
plies can output the supply power, simultaneously or almost 
simultaneously, which enables stable power supply. 

(2) Even when part of a plurality of the primary power 
supplies starts, it is possible to keep the stopping state of 
secondary power supplies that correspond a primary power 
supply not yet started. This can avoid power supply at an 
uncertain supply voltage, leading to improvement of the reli 
ability. 

(3) Since the timing signal output section has a voltage 
comparator for comparing an output voltage of a primary 
power supply corresponding to this timing signal output sec 
tion with a reference voltage, it is possible to certainly stop a 
secondary power supply corresponding to a primary power 
supply not yet started by outputting an inhibit signal that can 
prevent the secondary power supply from performing the 
outputting operation when this voltage comparator is not 
conducted. 

(4) Since the secondary power supply has a control signal 
input section for inputting a signal to control start and stop of 
the secondary power supply and the timing adjuster inputs the 
timing signal to the control signal input section to cause the 
secondary power supply to output the supply voltage, it is 
possible to certainly control the operation of the secondary 
power supply, which improves the reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram schematically showing con?guration of 
a power supply apparatus according to a ?rst embodiment of 
this invention; 

FIG. 2 is a diagram concretely showing circuit con?gura 
tion of a timing adjuster of the power supply apparatus 
according to the ?rst embodiment of this invention; 

FIGS. 3(a) through 3(k) are a timing chart showing states of 
voltage in sections in the power supply apparatus according to 
the ?rst embodiment of this invention; 

FIG. 4 is a diagram schematically showing con?guration of 
a power supply apparatus according to a second embodiment 
of this invention; 
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FIG. 5 is a diagram concretely showing circuit con?gura 
tion of a timing adjuster of the power supply apparatus 
according to the second embodiment of this invention; 

FIGS. 6(a) through 6(m) are a timing chart shoWing states 
of voltage at sections in the poWer supply apparatus according 
to the second embodiment of this invention; 

FIG. 7 is a diagram schematically shoWing con?guration of 
a poWer supply apparatus according to a third embodiment of 
this invention; 

FIGS. 8(a) through 8(k) are a timing chart shoWing states of 
voltage at sections in the poWer supply apparatus according to 
the third embodiment of this invention; 

FIG. 9 is a diagram shoWing an example of concrete con 
?guration of a timing adjuster of the poWer supply apparatus 
according to the third embodiment of this invention; 

FIGS. 10(a) through 10(m) are a timing chart shoWing 
states of voltage at sections in the poWer supply apparatus 
according to the third embodiment of this invention; 

FIG. 11 is a diagram schematically shoWing an example of 
con?guration of a poWer supply apparatus having a knoWn 
IBA feeding poWer supply con?guration; 

FIGS. 12(a) through 12(h) are a timing chart shoWing 
states of voltage at sections in the knoWn poWer supply appa 
ratus in FIG. 11; 

FIG. 13 is a diagram schematically shoWing an example of 
another con?guration of the knoWn poWer supply; and 

FIGS. 14(a) and 14(b) are a timing chart shoWing states of 
voltage at sections in the knoWn poWer supply con?guration 
in FIG. 13. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, embodiments of the present invention Will be 
described With reference to the accompanying draWings. 

(A) First Embodiment 

FIG. 1 is a diagram schematically shoWing con?guration of 
a poWer supply apparatus 100a according to a ?rst embodi 
ment of the present invention. 

The poWer supply apparatus 100a according to the ?rst 
embodiment is provided as a poWer supply unit of an elec 
tronic apparatus 1 such as a computer, for example. The 
poWer supply apparatus 100a converts poWer at a primary 
poWer supply voltage (Vi) supplied from a primary poWer 
source 10 into supply voltages (V01, V02, V03, V04 and Vo5), 
and outputs (supplies) the supply voltages to load elements 
LOAD1 and LOAD2 of the electronic apparatus 1. As shoWn 
in FIG. 1, the poWer supply apparatus 10011 has insulated 
poWer supplies DCDC1 and DCDC2, non-insulated poWer 
supplies DCDC3 to DCDC7 and a timing adjuster 20a. 

Both the load elements LOAD1 and LOAD2 are elements 
(load elements) Which are supplied electric poWer by the 
poWer supply apparatus 10011 to operate, thereby accomplish 
ing any function in the electronic apparatus 1. In the example 
shoWn in FIG. 1, each of the load elements LOAD1 and 
LOAD2 has a V1 terminal, a V2 terminal, a V3 terminal and 
an SG terminal. 

In the ?rst embodiment, poWer has to be applied almost 
simultaneously to all the terminals V1, the terminals V2 and 
the terminals V3 of the load elements LOAD1 and LOAD2 in 
order to normally operate these load elements LOAD1 and 
LOAD2. 

The primary poWer source 10 is a direct current input 
poWer source for supplying poWer to the poWer supply appa 
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6 
ratus 100a, supplying the poWer at a predetermined voltage 
(primary poWer supply voltage: Vi) to the poWer supply appa 
ratus 100a. 

Each of the insulated poWer supply DCDC1 and the insu 
lated poWer supply DCDC2 is a converter poWer supply (pri 
mary poWer supply) for converting the voltage Vi of the poWer 
inputted from the primary poWer source 10 to an intermediate 
voltage (intermediate electric potential) loWer than the pri 
mary poWer supply voltage Vi, Which is con?gured as an 
insulated poWer supply. 
The insulated poWer supply DCDC1 and the insulated 

poWer supply DCDC2 each has a +Vin terminal, a —Vin 
terminal, a +Vout terminal and a —Vout terminal. The primary 
poWer source 10 is connected to the +Vin terminals and the 
—Vin terminals of the insulated poWer supply DCDC1 and the 
insulated poWer supply DCDC2 to input the poWer at the 
primary poWer supply voltage Vi from the primary poWer 
source 10. 

In the ?rst embodiment, the insulated poWer supply 
DCDC1 converts the voltage Vi of the poWer inputted from 
the primary poWer source 10 to an intermediate voltage Vi1, 
While the insulated poWer supply DCDC2 converts the volt 
age Vi of the poWer inputted from the primary poWer source 
10 to an intermediate voltage Vi2. 
The +Vout terminal of the insulated poWer supply DCDC1 

is connected to the +Vin terminal of each of the non-insulated 
poWer supplies DCDC3 and DCDC4, Whereby the insulated 
poWer supply DCDC1 supplies (feeds) the poWer at the gen 
erated intermediate voltage Vi1 to the +Vin terminals of the 
non-insulated poWer supplies DCDC3 and DCDC4. Simi 
larly, the +Vout terminal of the insulated poWer supply 
DCDC2 is connected to the +Vin terminal of each of the 
non-insulated poWer supplies DCDCS, DCDC6 and DCDC7 
to be described later, Whereby the insulated poWer supply 
DCDC2 supplies (feeds) the poWer at the generated interme 
diate voltage Vi2 to the +Vin terminals of the non-insulated 
poWer supplies DCDCS, DCDC6 and DCDC7. Incidentally, 
the +Vout terminal of each of the insulated poWer supplies 
DCDC1 and DCDC2 is grounded. 
Note that the insulated poWer supplies DCDC1 and 

DCDC2 can be accomplished by various knoWn techniques, 
explanation of their practical circuit con?guration, etc. is thus 
omitted here. 
The timing adjuster 20a to be described later is connected 

in the folloWing stage of the insulated poWer supply DCDC1, 
that is, connected to the +Vout terminal and the —Vout termi 
nal Which are output terminals of the insulated poWer supply 
DCDC1, and in the folloWing stage of the DCDC2, that is, 
connected to the +Vout terminal and the —Vout terminal 
Which are output terminals of the insulated poWer supply 
DCDC2. 
The non-insulated poWer supplies DCDC3, DCDC4, 

DCDCS, DCDC6 and DCDC7 are a converter poWer supply 
(secondary poWer supply) converting the voltages (interme 
diate voltages) of the poWer inputted from the insulated poWer 
supply DCDC1 and the insulated poWer supply DCDC2 into 
supply voltages (supply electric potentials) loWer than the 
intermediate voltages, each of Which is con?gured as a non 
insulated poWer supply. 

Concretely, the non-insulated poWer supply DCDC3 con 
ver‘ts the poWer at the intermediate voltage Vi1 supplied from 
the insulatedpoWer supply DCDC1 into a supply voltageVo1. 
Similarly, the non-insulated poWer supply DCDC4 converts 
the poWer at the intermediate voltage Vi1 supplied from the 
insulated poWer supply DCDC1 into a supply voltage Vo2, the 
non-insulated poWer supply DCDCS converts the poWer at 
the intermediate voltage Vi2 supplied from the insulated 
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power supply DCDC2 into a supply voltage Vo3, the non 
insulated power supply DCDC6 converts the power at the 
intermediate voltage V12 supplied from the insulated power 
supply DCDC2 into a supply voltage Vo4, and the non-insu 
lated power supply DCDC7 converts the power at the inter 
mediate voltage Vi2 supplied from the insulated power supply 
DCDC2 into a supply voltage Vo5. 

Each of the non-insulated power supply DCDC3 to 
DCDC7 has a +V1n terminal, a —V1n terminal, an RC terminal, 
a +Vout terminal and a —Vout terminal, as shown in FIG. 1. 
The +Vout terminal of the insulated power supply DCDC1 is 
connected to the +Vin terminal of each of the non-insulated 
power supplies DCDC3 and DCDC4, the power at the inter 
mediate voltage Vi1 outputted from the +Vout terminal of the 
insulated power supply DCDC1 is thereby inputted to the 
+V1n terminals of the non-insulated power supplies DCDC3 
and DCDC4. 

Similarly, the +Vout terminal of the insulated power supply 
DCDC2 is connected to the +Vin terminal of each of the 
non-insulated power supplies DCDCS to DCDC7, and the 
power at the intermediate voltage Vi2 outputted from the 
+Vout terminal of the insulated power supply DCDC2 is 
inputted to the +Vin terminals of the non-insulated power 
supplies DCDCS to DCDC7. The —Vin terminal of each of the 
non-insulated power supplies DCDC3 to DCDC7 is 
grounded. 

The power at the supply voltage Vo1 converted (generated) 
by the non-insulated power supply DCDC3 is supplied to the 
V1 terminal of the load element LOAD1, while the power at 
the supply voltage Vo2 generated by the non-insulated power 
supply DCDC4 is supplied to the V2 terminal of the load 
element LOAD1. Similarly, the power at the supplied voltage 
Vo3 generated by the non-insulated power supply DCDCS is 
supplied to the V1 terminal of the load element LOAD2, the 
power at the supplied voltage Vo4 generated by the non 
insulated power supply DCDC6 is supplied to the V2 terminal 
of the load element LOAD2, and the power at the supply 
voltage Vo5 generated by the non-insulated power supply 
DCDC7 is supplied to the V3 terminal of the load element 
LOAD1 and LOAD2. 

To the RC terminal of each of the non-insulated power 
supplies DCDC3 to DCDC7, inputted is a timing signal out 
putted from a corresponding monitoring circuit (timing signal 
output section) 20-1 and 20-2 in the timing adjuster 20a to be 
described later. 

The RC terminal is a terminal (control signal input section) 
to which a signal for controlling start/stop of its own non 
insulated power supply DCDC3, DCDC4, . . . and DCDC7 is 

inputted. When a “Low” signal is inputted to the RC terminal, 
the non-insulated power supply DCDC3, DCDC4, . . . or 

DCDC7 stops its operation. When a “High” signal is inputted 
to the RC terminal, the non-insulated power supply DCDC3, 
DCDC4, . . . or DCDC7 starts and outputs the power. 

Namely, when a “High” signal is inputted as a timing signal 
to the RC terminal from the monitoring circuit 20-1 or 20-2, 
each of the non-insulated power supplies DCDC3 to DCDC7 
outputs the power at the supply voltage V01, V02, . . . or Vo5. 

The control performed by inputting the timing signals to 
such the RC terminal enables secure control on the operations 
of the non-insulated power supplies DCDC3 to DCDC7. 

In this embodiment, the power consumption of the power 
inputted to each of the V3 terminals of the load elements 
LOAD1 and LOAD2 is small and at the same voltage. In the 
example shown in FIG. 1, the power at the supply voltage Vo5 
generated by the non-insulated power supply DCDC7 is sup 
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8 
plied to both the V3 terminal of the load element LOAD1 and 
the V3 terminal of the load element LOAD2, which improves 
the economy. 

The non-insulated power supplies DCDC3, DCDC4 and 
DCDC7 are arranged in the vicinity of the load element 
LOAD1. Similarly, the non-insulating power supplies 
DCDCS to DCDC7 are arranged in the vicinity of the load 
element LOAD2. 

Namely, the power supply apparatus 100a according to the 
?rst embodiment is con?gured as the POL (Point of Load) 
system with the non-insulated power supplies DCDC3 to 
DCDC7 arranged in the vicinity of the load elements LOAD1 
and LOAD2, where the non-insulated power supplies 
DCDC3 to DCDC7 correspond to the POL power supply 
(POL converter). And, the power supply apparatus 100a 
according to the ?rst embodiment is con?gured as an IBA 
(Intermediate Bus Architecture) power-feeding power supply 
that converts the power from the primary power source 10 to 
the lower intermediate voltages Vi1 and V12 by means of the 
insulated power supplies DCDC1 and DCDC2. Employment 
of such a decentraliZed power supply system makes it pos 
sible to decrease the insulation withstand voltage inside the 
power supply apparatus 1 00a and decrease the manufacturing 
cost of the power supply apparatus 10011. 
The timing adjuster (timing signal output section) 2011 is 

disposed in the following stage of the insulated power sup 
plies DCDC1 and DCDC2. The timing adjuster 20a is input 
ted thereto power converted into the intermediate voltages 
Vi1 andVi2 from the plural insulated power supplies DCDC1 
and DCDC2, and performs timing adjustment to absorb a 
difference in start-up timing between these plural insulated 
power supplies DCDC1 and DCDC2, causing the non-insu 
lated power supplies (secondary power supplies) DCDC3 to 
DCDC7 to output generated supply voltages. The timing 
adjuster 2011 has the monitoring circuit 20-1 and the monitor 
ing circuit 20-2. 

In the following stage of these power supplies DCDC1 and 
DCDC2, the monitoring circuits 20-1 and 20-2 monitor 
power inputted from the insulated power supplies DCDC1 
and DCDC2. In the example shown in FIG. 1, the monitoring 
circuit 20-1 is provided in the following stage of the insulated 
power supply DCDC1 so as to correspond thereto, while the 
monitoring circuit 20-2 is provided in the following stage of 
the insulated power supply DCDC2 so as to correspond 
thereto. Each of the monitoring circuits 20-1 and 20-2 outputs 
a timing signal on the basis of power inputted from a corre 
sponding insulated power supply DCDC1 or DCDC2. 
The monitoring circuit 20-1 has a comparator (voltage 

comparator) IC1 that compares a voltage (intermediate volt 
age) Vi1 outputted from the +Vout terminal of the insulated 
power supply DCDC1 with a predetermined reference volt 
age Vr1, and outputs a “High” signal (1) when the interme 
diate voltage V11 is higher than the reference voltage Vr1. The 
output from the comparator IC1 is wired-ORed with the out 
put from the comparator IC2 of the monitoring circuit 20-2 to 
be described later, and inputted as a timing signal to the RC 
terminal of each of the non-insulated power supplies DCDC3 
to DCDC7. 
The monitoring circuit 20-2 has a comparator (voltage 

comparator) IC2 that compares a voltage (intermediate volt 
age) Vi2 of the power outputted from the insulated power 
supply DCDC2 with a predetermined reference voltage Vr2, 
and outputs a “High” signal (1) when the intermediate voltage 
Vi2 is higher than the reference voltage Vr2. The output from 
the comparator IC2 is wired-ORed with the output from the 
comparator IC1 of the above-mentioned monitoring circuit 
20-2. 
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When both the signals outputted from the comparators IC1 
and IC2 are “High” in these monitoring circuits 20-1 and 
20-2, “High” (timing signal) is inputted to the RC terminal of 
each of the non-insulated power supplies DCDC3 to DCDC7 
to start these non-insulated poWer supplies DCDC3 to 
DCDC7. 

In the poWer supply apparatus 10011 of this embodiment, 
one, for example, 20-1 of the monitoring circuits 20-1 and 
20-2 corresponding to the insulated poWer supply DCDC1 is 
supplied poWer from the insulated poWer supply DCDC2 
corresponding to the monitoring circuit 20-2 different from 
the corresponding insulated poWer supply DCDC1 to Which 
the monitoring circuit 20-1 is provided (corresponds) to oper 
ate, and vice versa. 

Concretely, the poWer outputted from the insulated poWer 
supply DCDC1 is supplied as driving poWer to the compara 
tor IC2 of the monitoring circuit 20-2, While the poWer out 
putted from the insulated poWer supply DCDC2 is supplied as 
driving poWer to the comparator IC1 of the monitoring circuit 
20-1. 

In the poWer supply apparatus 100a according to the ?rst 
embodiment, it can be prevented to sent out an unstable signal 
Which results from that a time lag (start-up lag) of the insu 
lated poWer supply DCDC1 behind start-up of the insulated 
poWer supply DCDC2 prevents the comparator IC1 from 
being able to operate. Conversely, it can be prevented to sent 
out an unstable signal Which results from that a time lag of 
start-up (start-up lag) of the insulated poWer supply DCDC2 
behind start-up of the insulated poWer supply DCDC1 pre 
vents the comparator IC2 from being able to operate. 

For example, even When the start-up of the insulated poWer 
supply DCDC2 delays, the comparator IC2 normally oper 
ates because the poWer is supplied to the comparator IC2 from 
the insulated poWer supply DCDC1. Until the insulated 
poWer supply DCDC2 starts, a stop signal (LoW) is certainly 
set out from the comparator IC2 and inputted to the RC 
terminals of the non-insulated poWer supplies DCDCS to 
DCDC7. Therefore, start signals (High) are certainly sent out 
from the comparators IC1 and IC2 to the non-insulated poWer 
supplies DCDC3 to DCDC7 after both the insulated poWer 
supplies DCDC1 and DCDC2 start. 

In the poWer supply apparatus 100a according to the ?rst 
embodiment, the poWer outputted from the +Vout terminal of 
the insulated poWer supply DCDC1 and to be inputted to the 
non-insulated poWer supplies DCDC3 and DCDC4 is 
branched and inputted to a poWer supply terminal on the plus 
side (plus-side poWer supply terminal) of the comparator IC2 
of the monitoring circuit 20-2, While the poWer outputted 
from the +Vout terminal of the insulated poWer supply 
DCDC2 and to be inputted to the non-insulated poWer sup 
plies DCDCS to DCDC7 is branched and inputted to a plus 
side poWer supply terminal of the comparator IC1 of the 
monitoring circuit 20-1. Incidentally, a poWer supply termi 
nal on the minus side (minus-side poWer supply terminal) of 
the comparator IC1 of the monitoring circuit 20-1 and a 
minus-side poWer supply terminal of the comparator IC2 of 
the monitoring circuit 20-2 are grounded. 

FIG. 2 is a diagram concretely shoWing circuit con?gura 
tion of the timing adjuster 20a of the poWer supply apparatus 
100a according to the ?rst embodiment of this invention. 

In the example shoWn in FIG. 2, the monitoring circuit 20-1 
has voltage dividing resistors R1 and R2 for dividing the 
output voltage of the insulated poWer supply DCDC1. Resis 
tance values of the voltage dividing resistors R1 and R2 are 
beforehand set. 

In the monitoring circuit 20-1, the comparator IC1 outputs 
a LoW (0) signal (LoW output) as a timing signal When the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
divided voltage value of the insulated poWer supply DCDC1 
divided by these voltage dividing resistors R1 and R2 is loWer 
than the reference voltage Vr1, While outputting a High signal 
(1) When the divided voltage value is higher than the reference 
voltage Vr1. 

Similarly, the monitoring circuit 20-2 has voltage dividing 
resistors R3 and R4 for dividing the output voltage of the 
insulated poWer supply DCDC2, and resistance values of 
these voltage dividing resistors R3 and R4 are beforehand set. 

In the monitoring circuit 20-2, the comparator IC2 outputs 
a LoW signal as a timing signal When a divided voltage value 
of the insulated poWer supply DCDC2 divided by these volt 
age dividing resistors R3 and R4 is loWer than the reference 
voltage Vr2, While outputting a High signal (High output) 
When the divided voltage value is higher than the reference 
voltage Vr2. 

In other Words, When the divided voltage value of the 
output voltage from the insulated poWer supplies DCDC1 or 
DCDC2 becomes higher than the reference voltage Vr1 or 
Vr2, each of the comparators IC1 and IC2 determines that the 
output voltage of the insulated poWer supply DCDC1 or 
DCDC2 is activated, thereby changing the timing signal to be 
outputted from “LoW” to “High”. 

In the monitoring circuits 20-1 and 20-2, each of the com 
parators IC1 and IC2 outputs “LoW” (inhibit signal) When not 
conducted. Each of the non-insulatedpoWer supplies DCDC3 
to DCDC7 stops the poWer outputting operation While the 
LoW output is inputted to its RC terminal. 

Since the outputs of the comparators IC1 and IC2 are 
connected to each other (Wired-ORed), the RC terminals of 
the non-insulated poWer supplies DCDC3 to DCDC7 are 
“LoW” When one of the outputs of the comparators IC1 and 
IC2 is LoW, that is, When the divided voltage value of the 
output voltage does not satisfy the reference voltage. 
Whereby, the non-insulated poWer supplies DCDC3 to 
DCDC7 keep their stopping state. On the other hand, When 
the outputs of both the comparators IC1 and IC2 are “High”, 
that is, When the divided voltage values of the output voltages 
of both the insulated poWer supplies DCDC1 and DCDC2 
exceed the reference values, the RC terminals of the non 
insulated poWer supplies DCDC3 to DCDC7 are “High”. 
Whereby, the non-insulated poWer supplies DCDC3 to 
DCDC7 simultaneously start. 

Next, states of the voltages at the respective sections in the 
poWer supply apparatus 10011 With the above con?guration 
according to the ?rst embodiment of this invention Will be 
described With reference to a timing chart shoWn in FIGS. 

3(a) to 3(k). 
FIG. 3(a) is a draWing shoWing an intermediate voltage Vi1 

outputted from the insulated poWer supply DCDC1. FIG. 3(b) 
is a diagram shoWing an intermediate voltage V12 outputted 
from the insulated poWer supply DCDC2. FIG. 3(c) is a 
diagram shoWing a timing signal outputted from the monitor 
ing circuit 20-1. FIG. 3(d) is a diagram shoWing a timing 
signal outputted from the monitoring circuit 20-2. FIG. 3 (e) is 
a diagram shoWing a sum of the timing signal outputted from 
the monitoring circuit 20-1 in FIG. 3(c) and the timing signal 
outputted from the monitoring circuit 20-2 in FIG. 3(d). FIG. 
3(}‘) is a diagram shoWing a signal inputted to the V1 terminal 
of the load element LOAD1. FIG. 3(g) is a diagram shoWing 
a signal inputted to the V2 terminal of the load element 
LOAD1. FIG. 3(h) is a diagram shoWing a signal inputted to 
the V3 terminal of the load element LOAD1. FIG. 3(i) is a 
diagram shoWing a signal inputted to the V1 terminal of the 
load element LOAD2. FIG. 3(]') is a diagram shoWing a signal 




















