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(57) ABSTRACT 
A power unit having a built-in battery to Supply Voltage from 
the battery over a long period of time by utilizing fully the 
capabilities of the built-in battery. The power unit Supplies 
electric power to a load even when a battery with a higher 
battery Voltage than the external power Source Voltage is 
used by charging the battery from an external power Source 
even when the external power Source Voltage is lower than 
the battery voltage. By charging the battery when electric 
power is Supplied to a load from an external power Source, 
the power unit Supplies electric power to the load from the 
battery when the Supply of electricity from an external 
power Source is cut off. The power unit includes a having 
converter to boost output voltage from the battery and to 
Supply the Voltage to the load when the battery is discharged 
and the external power Source Voltage is higher than the 
battery voltage. Alternatively, the power unit includes a 
converter to boost the external power Source Voltage and to 
charge the battery when using the battery with a voltage 
lower than the external power Source Voltage. 
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POWER UNIT 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a power unit hav 
ing a built-in battery and which is suitable for use with small 
electronic instruments. More particularly, the present inven 
tion relates to a power unit to Supply electric power to a load 
and having a built-in battery, wherein the power unit charges 
the battery even when electric power is being Supplied to the 
load from an external power Source at an external power 
Source Voltage lower than the battery Voltage. 
0003 2. Description of the Related Art 
0004 Conventional power units used in personal com 
puters and other Small electronic instruments have built-in 
batteries and Supply electric power to a load by connecting 
an AC adapter that converts commercial alternating current 
power into a specified direct current Voltage. When the 
power unit is not connected to the AC adapter, the power 
unit Supplies electric power to the load from the built-in 
battery. The conventional power units include a battery 
charger that uses external electric power to charge the 
built-in battery when connected to an external power Source. 
0005 FIGS. 9A-9C illustrate a conventional type of 
power unit and its operation. More specifically, FIG. 9A 
illustrates a conventional power circuit; FIG.9B is a timing 
diagram illustrating the Switching action of a transistor Q1 
of the power circuit shown in FIG. 9A; and FIG. 9C is a 
diagram illustrating the operation of the circuit shown in 
FIG 9A. 

0006. As shown in FIG. 9A, an AC adapter connecting 
member 110 is connected to an AC adapter and receives a 
Supply of electric power. A load 111 is Supplied electric 
power from a battery 112 when electric power is not being 
Supplied to the AC adapter connecting member 110 from an 
external power Source. A charge/discharge control circuit 
113 controls the charging of the battery 112 by Switching the 
transistor Q1. A charge/discharge monitor circuit 114 moni 
tors whether the battery 112 is charging or discharging, and, 
if the battery 112 is charging, the charge/discharge monitor 
circuit 114 monitors the State of the charge and controls 
Switching of the transistor Q1. A battery protection Switch 
115 connected to the battery 112 shuts off when the battery 
112 reaches a discharge final voltage (Vdead) So that the 
battery 112 does not discharge. 
0007. The power circuit includes capacitors C1, C2, an 
inductor L1, and a diode D1. During the time that the 
transistor Q1 is off, the diode D1 sends a flywheel electric 
current to the circuit L1-C1-D1. A diode D2 prevents electric 
current from flowing from the battery 112 to the AC adapter 
connecting member 110. A diode D3 is connected across the 
Switching transistor Q1, and is a parasitic diode for the 
Switching transistor Q1. 
0008. The Switching action of the transistor Q1 controls 
the voltage applied to the battery 112. FIG.9B illustrates the 
Switching cycle of the transistor Q1. As shown in FIG. 9B, 
the Switching period of the transistor Q1 is Ts; the on period 
of the transistor Q1 is Ton; and the off period of the transistor 
Q1 is Toff. FIG. 9C illustrates a relation between an external 
power Source Voltage Vin, a battery Voltage Vbat, a dis 
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charge final Voltage Vdead, a range of Voltage Vop that 
operates the load 111, and a minimum Voltage which oper 
ates the load Vop (min) (i.e., the minimum operating volt 
age) for the operation of the circuit shown in FIG. 9A. 
0009. The circuit shown in FIG. 9A operates as 
described below. The battery protection switch 115 remains 
on while the battery 112 has not yet reached the discharge 
final voltage Vdead. When the power unit is connected to the 
AC adapter, the external power Source Voltage Vin is greater 
than the battery voltage Vbat, and the power unit reduces the 
external power Source Voltage Vin and charges the battery 
112. When the AC adapter connecting member 110 is 
connected to the AC adapter, the electric power input to the 
AC adapter connecting member 110 is Supplied to the load 
111 via the diode D2. The charge/discharge monitor circuit 
114 monitors the condition of the AC adapter connecting 
member 110 connection and the status of the charge on the 
battery 112. The charge/discharge monitor circuit 114 relays 
the Status of the charge on the battery 112 to the charge/ 
discharge control circuit 113. If the battery 112 is fully 
charged, the charge/discharge control circuit 113 turns off 
the transistor Q1 and, in general, adjusts the period of time 
the transistor Q1 is Switched on depending on the Status of 
the charge on the battery 112. At this time, the relation 
between the voltage Vbat of the battery 112, the externally 
input Voltage Vin, the Switching time Ts of the transistor Q1, 
and the on time Ton of transistor Q1 is given by the 
following equation: 

0010. Therefore, by adjusting the length of time Ton 
depending on the Status of the charge on the battery 112, the 
reduction of the external power Source Voltage Vin is 
adjusted and the charging of the battery 112 can be con 
trolled. 

0011. The charge/discharge monitor circuit 114 detects 
when no electric power is being Supplied from an external 
Source because of various causes, Such as the AC adapter 
connecting member 110 not being connected to the AC 
adapter, and relays the detected information to the charge/ 
discharge control circuit 113. The charge/discharge control 
circuit 113 turns transistor Q1 on and Supplies electric power 
from the battery 112 to the load 111. At this time, electric 
current is prevented from flowing from the battery 112 to the 
AC adapter connecting member 110 by the diode D2, thus 
preventing unnecessary consumption of the battery 112. 

0012 FIG. 9C illustrates a relation between the charge/ 
discharge of the battery 112 and the load voltage both when 
electric power is being Supplied from an external power 
Source and when electric power is not being Supplied from 
an external power source. More particularly, FIG. 9C illus 
trates a relationship between the externally Supplied Voltage 
Vin; the terminal voltage Vbat of the battery 112; the 
operating Voltage of the load Vop, which is the Voltage range 
that operates the load 111; the minimum operating Voltage 
Vop (min) of the load 111; and the discharge final voltage 
Vdead, which is the minimum battery voltage permitted by 
the battery 112. 

0013 As shown in FIG. 9C, the period AB is the length 
of time spent charging the battery 112 (Tchg). The period BC 
is the length of time the battery 112 is fully charged. The 
time at which the external power Source (AC adapter) is 
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disconnected is represented by C. The period AC is the 
length of time the battery 112 is connected to an external 
power source. The time at which the battery voltage Vbat 
reaches the minimum load operating Voltage Vop is repre 
sented by D. The period CD is the length of battery 112 
discharge time (Tdis). The time at which the battery voltage 
Vbat reaches the discharge final voltage (Vdead) is repre 
sented by E. 
0.014. During the time period AB, the transistor Switch 
Q1 is adjusted and the battery 112 is charged. During the 
time period BC, the battery 112 is fully charged and tran 
sistor Q1 is Switched off. At time C, the external power 
Source (AC adapter) is disconnected and transistor Switch 
Q1 is switched on to supply electric power from the battery 
112 to the load 111. During the time period CD, the battery 
112 discharges. The battery protection switch 115 is turned 
off and voltage Supply to the load 111 is halted when the 
battery voltage Vbat reaches the minimum operating Voltage 
of the load Vop (min) at time D. At this time however, even 
when the supply of electric power to the load 111 from the 
battery 112 is halted at the point in time D, there still remains 
Some power left in the battery 112 before it reaches the 
discharge final voltage Vdead. Therefore, use of the battery 
112 is halted before the battery 112 is completely drained. 
0.015. In the above-described manner, the conventional 
power unit with a built-in battery halts discharge from the 
battery 112 to the load 111 even though some power remains 
in the battery. For this reason, the battery's potential has not 
been fully utilized. 
0016 Furthermore, conventional power units always 
require the external power Voltage Vin to be higher than the 
battery voltage Vbat. Moreover, because the battery voltage 
Vbat is an unstabilized power Source, it can not directly 
Supply loads which require that Voltage be Supplied at a 
Specified Voltage, Such as logic circuits. Therefore, in accor 
dance with the conventional power units, a Specified-Voltage 
power Source, Such as a DC/DC converter, has to be con 
nected, adding more parts and leading to increased costs. 
Also, the conventional power units require a battery protec 
tion Switch to prevent overdischarge of the battery. 

SUMMARY OF THE INVENTION 

0.017. It is an object of the present invention to provide a 
power unit having a built-in battery that can provide Voltage 
from the battery for a longer period of time by fully utilizing 
the potential of the battery built into the power unit. 
0.018. It is another object of the present invention to 
provide a power unit that can charge a battery even when 
electric power is being Supplied to a load from an external 
power Source at an external power Source Voltage that is 
lower than the battery Voltage by fully increasing the battery 
Voltage and Supplying electric power from the battery to the 
load at a Sufficiently high Voltage. 
0.019 Object and advantages of the present invention are 
achieved with a power unit that charges a battery power 
Source when Supplying electric power to a load from an 
external power Source and Supplies electric power to the 
load from the battery power Source when the Supply of 
electric power from the external power Source is cut off, 
wherein the power unit includes a converter to boost the 
output voltage from the battery power Source and to Supply 
the output Voltage to the load when the battery power Source 
discharges. 
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0020 Objects and advantages of the present invention are 
achieved with a power unit that charges a battery power 
Source when Supplying electric power to a load from an 
external power Source and Supplies electric power to the 
load from the battery power Source when the Supply of 
electric power from the external power Source is cut off, 
wherein the power unit includes a converter to boost the 
input Voltage from the battery power Source and to charge 
the battery power Source when the battery power Source is 
charged. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 Objects and advantages of the invention will 
become apparent and more readily appreciated from the 
following description of the preferred embodiments, taken 
in conjunction with the accompanying drawings of which: 
0022 FIG. 1 illustrates a power unit in accordance with 
a first embodiment of the present invention. 
0023 FIG. 2 illustrates a power unit in accordance with 
a Second embodiment of the present invention. 
0024 FIG. 3 illustrates a power unit in accordance with 
a third embodiment of the present invention. 
0025 FIGS. 4A-4D are diagrams explaining the opera 
tion of the third embodiment of the present invention. 
0026 FIG. 5 illustrates a power unit in accordance with 
a fourth embodiment of the present invention. 
0027 FIG. 6 illustrates a power unit in accordance with 
a fifth embodiment of the present invention. 
0028 FIGS. 7A-7C are diagrams explaining the opera 
tion of the fifth embodiment of the present invention. 
0029 FIG. 8 illustrates a power unit in accordance with 
a sixth embodiment of the present invention. 
0030 FIGS. 9A-9C are diagrams illustrating a conven 
tional power unit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0031 Reference will now be made in detail to the pre 
ferred embodiments of the present invention, examples of 
which are illustrated in the accompanying drawings, 
wherein like reference numerals refer to the Same or Similar 
elements throughout. 
0032 FIG. 1 illustrates a power unit in accordance with 
a first preferred embodiment of the present invention. In 
accordance with the first embodiment the present invention 
shown in FIG. 1, the power unit enables a battery to be used 
for a long period of time by utilizing the battery's potential 
to the fullest in the event that an external power Source 
Voltage is higher than the battery Voltage. 
0033. As shown in FIG. 1, an external power source 
input member 1 inputs external DC voltage at input voltage 
Vin. A load 2 is connected to the external power Source input 
member 1. Abattery 3 supplies a battery voltage Vbat, where 
VindVbat. A converter 4 reduces the voltage when the 
battery 3 is charged from the external power Source input 
member 1 and boosts the battery voltage when electric 
power is supplied from the battery 3 to the load 2. The 
converter 4 includes a first Switch (No. 1 Switch element) 
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and a second switch (No. 2 switch element). The Switching 
action of the respective first and Second Switches is con 
trolled to reduce or boost the battery voltage. More specifi 
cally, the first Switching element is between the external 
power Source and the battery 3 and the Second Switching 
element is between the battery 3 and ground. By controlling 
the first and Second Switching elements, the converter 4 
boosts the output voltage from the battery 3 to supply the 
output Voltage to the load 2 when the battery 3 discharges 
and reduces the output Voltage of the external power Source 
when the battery 3 is charged. A voltage reduction/boost 
controller 5 controls the converter 4. A charge/discharge 
monitor 6 is connected to the Voltage reduction/voltage 
boost controller 5. 

0034. The operation of the power unit in accordance with 
the first embodiment of the present invention shown in FIG. 
1 will now be described below. 

0035. When supplying electric power to the load 2 from 
the external power Source input member 1, the charge/ 
discharge monitor 6 detects the charging of the battery 3 and 
relays that information to the Voltage reduction/boost con 
troller 5. The voltage reduction/boost controller operates the 
converter 4 to reduce the Voltage of the external power 
Source input member 1. 
0.036 The converter 4 reduces the voltage of the external 
power Source input member 1 and charges the battery 3. 
0037. When electric power is supplied from the battery 3 
to the load 2, the charge/discharge monitor 6 detects the need 
to supply electric power from the battery 3 to the load 2 and 
relays that information to the Voltage reduction/boost con 
troller 5. The voltage reduction/boost controller 5 operates 
the converter 4 to boost the voltage of the battery 3. The 
converter 4 boosts the voltage of the battery 3 and supplies 
the Voltage to the load 2. At this point, the power unit 
monitors the battery Voltage and Supplies the battery voltage 
to the load 2 without boosting the battery voltage or reducing 
the battery voltage if the battery voltage is above the 
minimum load operating voltage Vop (min). The power unit 
can be configured to boost the battery Voltage when the 
battery voltage reaches the discharge final Voltage (Vdead). 
0.038. In accordance with the first embodiment of the 
present invention shown in FIG. 1, the power unit can be 
operated because the battery voltage is boosted to above the 
operating Voltage of the load Vop, even when the battery 
Voltage drops below the minimum load operating Voltage 
Vop (min). Thus, the power unit can be operated until the 
battery 3 reaches the discharge final Voltage Vdead and the 
length of time the power unit can be operated by battery 
power can be increased. 
0.039 FIG. 2 illustrates a power unit in accordance with 
a Second preferred embodiment of the present invention. In 
accordance with the Second embodiment of the present 
invention shown in FIG. 2, the Supply of electric power to 
a load 12 from a battery 13 over long periods of time is 
performed by raising the battery Voltage to a Sufficiently 
high level. Further, in accordance with the Second embodi 
ment of the present invention, the charging of the battery 13 
is performed while Supplying electric power to the load 12 
from an external power Source, even when the external 
power Source Voltage is lower than the battery 13 power 
SOCC. 
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0040. As shown in FIG. 2, an external power source 
input member 11 having input Voltage Vin is connected to 
the load 12. A battery 13 Supplies a battery voltage Vbat, 
where VinkVbat. A converter 14 boosts the voltage when 
charging the battery 13 from the external power Source input 
member 11 and reduces the Voltage when Supplying electric 
power from the battery 13 to the load 12. The converter 14 
includes a first Switching element between the external 
power source input member 11 and the battery 13 and a 
Second Switching element between the external power 
Source input member 11 and ground. The converter 14 
boosts the output Voltage from the battery 13 and Supplies 
the output voltage to the load 12 when the battery 13 is 
charged, and the converter 14 reduces the output voltage of 
the battery 13 when the battery 13 discharges. A voltage 
reduction/boost controller 15 controls the converter 14. A 
charge/discharge monitor 16 monitors the battery 13. 
0041. The operation of the power unit in accordance with 
the Second embodiment of the present invention shown in 
FIG. 2 will now be described below. 

0042. When electric power is supplied to the load 12 
from the external power Source input member 11, the 
charge/discharge monitor 16 detects the Supply of electric 
power from the external power Source input member 11 and 
relays that information to the Voltage reduction/boost con 
troller 15. The voltage reduction/boost controller 15 oper 
ates the converter 14 to boost the voltage. The converter 14 
boosts the Voltage of the external power Source input mem 
ber 11 and charges the battery 13. 
0043. When electric power is supplied to the load 12 
from the battery 13, the charge/discharge monitor 16 detects 
whether there is no input from the external power Source 
input member 11 or whether the voltage of the external 
power source input member 11 is abnormally low. The 
charge/discharge monitor 16 then detects the need to Supply 
electric power from the battery 13 to the load 12 and relays 
that information to the voltage reduction/boost controller 15. 
The voltage reduction/boost controller 15 operates the con 
verter 14 to reduce the voltage of the battery 13. The 
converter 14 reduces the voltage of the battery 13 and 
Supplies the battery Voltage to the load 12. 
0044) At this point, the power unit monitors the battery 
Voltage and can either reduce the battery Voltage if it is 
above the maximum voltage at which the load 12 can 
operate (the maximum load operating voltage Vop (max)) 
and Supply the battery Voltage to the load, or apply the 
battery voltage to the load 12 without reduction if the battery 
Voltage is below the maximum load operating Voltage Vop 
(max). Furthermore, if the discharge final voltage of the 
battery 13 is higher than the minimum load operating 
voltage Vop (min), then the power unit applies the battery 
Voltage to the load 12 without reduction until discharge final 
Voltage. However, if the discharge final Voltage is lower than 
the minimum load operating Voltage Vop (min), then the 
power unit halts discharge at the point at which the battery 
voltage reaches minimum load operating Voltage Vop (min). 
0045. In accordance with the second embodiment of the 
present invention shown in FIG. 2, the battery voltage can 
be fully increased and electric power can be Supplied to the 
load 12 at a high battery Voltage. For this reason, Voltage can 
be supplied from the battery 13 to the load 12 at a stable rate 
and the length of time during which the battery 13 is used 
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can be greatly increased. Furthermore, the external power 
Source Voltage is boosted and Supplied to the battery 13, So 
the battery 13 can be charged from the external power Source 
even if the externally Supplied Voltage is lower than the 
battery voltage. 
0.046 FIG. 3 illustrates a power unit in accordance with 
a third embodiment of the present invention. As shown in 
FIG. 3, an external power source input member 21 provides 
an input voltage Vin, and a battery 23 Supplies a battery 
Voltage Vbat to a load 22. A charge/discharge monitor circuit 
24 corresponds to the charge/discharge monitor circuit 6 
shown in FIG. 1. A charge/discharge control circuit 25 
corresponds to the Voltage reduction/boost controller 5 
shown in FIG. 1. 

0047 The converter 4 includes a transistor Switch Q1 
which reduces the voltage supplied from the battery 23 to the 
load 22 by its Switching action, a transistor Switch Q2 which 
boosts the external power Source input member 21 Voltage 
Vin by its Switching action, capacitorS C1 and C2, an 
inductor L1, a diode D1 which sends a flywheel current 
through the circuit L1-C1-D1 when the transistor Q1 and the 
transistor Q2 are both Switched off (using a Small reduced 
voltage from the parasitic diode of transistor Q1), a reverse 
current preventer diode D2, a transistor Q1 parasitic diode 
D3, and a transistor Q2 parasitic diode D4. 
0048. The operation of the third embodiment of the 
present invention will now be described below with refer 
ence to FIGS 4A-4D. 

0049 FIG. 4A illustrates the Switching relation between 
the transistor Q1 and the transistor Q2 during a Synchronous 
rectification mode. As shown in FIG. 4A, Switching is 
accomplished during an inversion phase (i.e., when transis 
tor Q1 is on transistor O2 is turned off, and when transistor 
Q1 is off transistor Q2 is turned on). Toff is the period of 
time during which transistor Q2 is off, Ton is the period of 
time during which transistor Q2 is on, and TS is the Switch 
ing cycle, where TS=Toff--Ton. 
0050. The synchronous rectification reduces the voltage 
when charging the battery 23 from the external power Source 
input member 21 so that Vbat=VinxVon/TS, in a manner 
similar to Switching transistor Q1 with transistor Q2 off. 
Furthermore, Synchronous rectification boosts the Voltage 
when Supplying electric power from the battery 23 to the 
load 22, such that Vop=VbatxTS/Toff (where Vop is the load 
operating Voltage). 
0051 FIG. 4B is a timing diagram illustrating a relation 
between transistors Q1 and Q2 when boosting the battery 
Voltage without relying on Synchronous rectification. The 
action of the transistors Q1 and Q2 occurs when discharging 
to supply electric power from the battery 23 to the load 22 
and involves boosting the battery voltage Vbat and Supply 
ing the Voltage to the load 22 without Synchronous rectifi 
cation. As shown in FIG. 4B, the transistor O2 is Switched 
while the transistor Q1 off. The period of time during which 
transistor Q2 is off is Toff, the period of time during which 
transistor Q2 is on is Ton, and the Switching cycle TS=Toff 
Ton. When the battery voltage is boosted without relying on 
synchronous rectification, Vop=VbatxTS/Toff, in the same 
manner as with Synchronous rectification (where Vop is the 
load operating Voltage). 
0.052 FIG. 4C is a table showing the relation between 
operation mode and Switching of transistorS Q1, Q2 in 
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accordance with the third embodiment of the present inven 
tion. FIG. 4D is a diagram explaining operation of the third 
embodiment of the present invention wherein, as shown in 
FIG. 4-D, Vin is the externally supplied voltage; Vbat is the 
battery voltage; Vop is the load operating Voltage; Vop (max) 
is the maximum load operating voltage; Vop (min) is the 
discharge final Voltage of the load; and Vdead is the dis 
charge final Voltage of the battery and is the minimum 
battery voltage permitted by the battery 23. 

0053) The operation of the third embodiment of the 
invention will now be described below with reference to 
FIGS. 3, 4C and 4D. As shown in FIG. 3, electric power is 
Supplied from an external power Source Via the external 
power source input member 21 to the load 22. The external 
power Source Voltage is reduced by the Switching of the 
transistor Q1 and the battery 23 is charged. Voltage is 
supplied to the load 22 from the battery 23 whenever the 
external power Source input member 21 is not connected to 
an external power Source. At Such times, the battery Voltage 
is boosted by the Switching of the transistor Q2 and Supplied 
to the load 22. 

0054. In accordance with the third embodiment of the 
invention, there are two modes for charging the battery 23. 
0055 1. In a first mode of charging the battery 23, the 
transistor O2 is off and the transistor Q1 is Switched. 

0056 2. In a second mode of charging the battery 23, 
transistorS Q1 and Q2 are Switched during the inversion 
phase (i.e., Synchronous rectification). In either case, Voltage 
is reduced and, as previously noted, Vbat=VinxVon/Ts. 
0057 There are three modes for discharging the battery 
23. 

0058 1. In a first mode of discharging the battery 23, the 
transistor Q1 is left on and the transistor O2 is left off, 
applying the Voltage of the battery 23 to the load 22. 
0059 2. In a second mode of discharging the battery 23, 
the transistor Q1 is left off and the transistor O2 is Switched 
boosting the battery Voltage and applying it to the load 22. 
In accordance with the first and Second modes, the Voltage 
created by the energy Stored in the inductor L1 due to the 
Switching operation is applied to the battery Voltage Vbat 
Stored in capacitor C2, and the Voltage is boosted So that it 
is higher than Vbat and supplied to the load 22. Further, the 
relation between the load operating Voltage Vop and Vbat is 
Vop=VbatxTS/Toff. 

0060. 3. In a third mode of discharging the battery 23, the 
transistorS Q1 and Q2 are Switched during the inversion 
phase (Synchronous rectification). The third mode of dis 
charging the battery 23 is similar to the Second mode of 
discharging the battery 23, and the Voltage created by the 
energy built up in the inductor L1 by the Switching of the 
transistor Q2 is applied to the battery voltage Vbat stored in 
capacitor C2, boosted and Supplied to the load 22. At this 
time, the relation between load operating Voltage Vop and 
Vbat is Vop=VbatxTS/Toff. 

0061 The overall operation of the third embodiment of 
the invention shown in FIG. 3 will now be described below 
with reference to FIG. 4D. Synchronous rectification begins 
when the power unit initially detects the voltage of the 
external power Source input member 21 and determines that 
if the Voltage of the external power Source input member 21 
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is at a specified Voltage as an external power Source, then 
transistor Q1 is turned on. If the external power Source is not 
at the Specified Voltage, and electric power is Supplied from 
the battery 23 to the load 22 right from the start, then this 
Sort of necessity does not exist. 

0062) When external power is supplied to the external 
power Source input member 21, as during the time period 
AC in FIG. 4D, the power unit detects the input of external 
power Source Voltage and relays that information to the 
charge/discharge control circuit 25. The charge/discharge 
control circuit 25 then switches transistors Q1 and Q2 during 
the inversion phase and executes Synchronous rectification. 
The charge/discharge control circuit 25 then reduces the 
external power Source Voltage and Supplies the Voltage to the 
battery 23. Alternatively, the charge/discharge control circuit 
25 turns transistor Q2 off, and by Switching Q1 alone 
reduces the Voltage and charges the battery 23. At this time, 
the charge/discharge monitor circuit 24 monitors the Status 
of the charge on the battery 23 and relays that information 
to the charge/discharge control circuit 25. The charge/ 
discharge control circuit 25 controls the charging of the 
battery 23 by adjusting the length of time Switching is on 
depending on the Status of the charge on the battery 23. 
When the battery 23 is fully charged, as at the point in time 
B in FIG. 4D, the charging of the battery 23 is halted. 

0.063. When the charge/discharge monitor circuit 24 
detects either that no external power is being Supplied to the 
external power Source input member 21 or that it is neces 
sary to supply power to the load 22 from the battery 23 
because the external power that is being Supplied is not at a 
specified voltage, etc., as at point in time C in FIG. 4D, the 
charge/discharge monitor circuit 24 then relays that infor 
mation to the charge/discharge control circuit 25. The 
charge/discharge monitor circuit 24 then determines whether 
the battery voltage Vbat is higher than or lower than the 
minimum load operating Voltage Vop (min) and relays that 
information to the charge/discharge control circuit 25. The 
charge/discharge control circuit 25 leaves the transistor Q1 
on and the transistor Q2 off when the battery voltage Vbat 
is higher than the minimum load operating Voltage Vop 
(min), as during the time period CD in FIG. 4, and supplies 
the battery voltage Vbat to the load 22. In this case, 
Vop=Vbat. Alternatively, provided the voltage boost does 
not exceed the maximum operating Voltage of the load Vop 
(max), the power unit can boost the battery voltage either by 
leaving transistor Q1 off and Switching transistor Q2 or by 
Synchronous rectification, and then Supply the battery Volt 
age to the load 22. In this case, Vop is shown as Vop1 in FIG. 
4D. 

0064. In the event that the battery voltage Vbat is lower 
than the minimum operating Voltage of the load Vop (min), 
as during the time period DE in FIG. 4D, the charge/ 
discharge control circuit 25 leaves transistor Q1 off and 
Switches transistor Q2 to boost the battery voltage Vbat and 
Supply the battery Voltage to the load 22. Alternatively, the 
charge/discharge control circuit 25 Switches transistorS Q1 
and Q2 in the inversion phase and executes Synchronous 
rectification to boost the battery Voltage and Supply the 
battery Voltage to the load 22. In this case, Vop is shown as 
Vop2 in FIG. 4D. 

0065 FIG. 5 illustrates a power unit in accordance with 
a fourth embodiment of the present invention. Like elements 
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in the third and fourth embodiments are referred to by like 
reference numerals, and a detailed description of the like 
elements will not be repeated here. The fourth embodiment 
of the present invention shown in FIG. 5 differs from the 
third embodiment of the present invention shown in FIG. 3 
in that the determination of whether to charge or discharge 
the battery is made based upon by the flow of the current 
through a current direction detection circuit 26 inserted in 
series between the battery 23 and the external power source 
input member 21. 

0066. In operation of the fourth embodiment of the 
present invention shown in FIG. 5, the 5 charge/discharge 
monitor circuit 24 initially determines whether the external 
power Source input member 21 is at a specified Voltage. If 
the external power Source input member 21 is at the Speci 
fied Voltage, then the power unit begins operation by turning 
transistor Q1 on. 

0067. Initially, if the external power source voltage Vin is 
at or above the Specified Voltage, then transistors Q1 and Q2 
are set to charge mode, either by commencing Synchronous 
rectification with transistor Q1 on, or by Switching transistor 
Q1 with transistor Q2 off. Thereafter, when the Supply of 
external power from the external power Source input mem 
ber 21 ceases, or when the Voltage drops due to Some 
malfunction or other reason, current flows from the battery 
23 in the direction of the load 22. This changes the direction 
of the current flowing through the current direction detection 
circuit 26, and the current direction detection circuit 26 
Sends a signal to the charge/discharge monitor circuit 24 
indicating that current is flowing from the battery 23 toward 
the load 22. The charge/discharge monitor circuit 24 Sets the 
operation mode at time of discharge at Q1 and Q2 according 
to the battery Voltage at that time. 

0068 If the voltage at the external power source input 
member 21 is below a specified Voltage when Starting up the 
power unit, current flows from the battery 23 toward the load 
22. At that point, the charge/discharge monitor circuit 24 
monitors the battery Voltage, and leaves transistor Q1 on and 
transistor Q2 off if the battery voltage is higher than Vdead 
and applies the battery voltage to the load 22. The battery 
Voltage can also be boosted as long as boosting the battery 
Voltage does not exceed the maximum load operating Volt 
age. The charge/discharge monitor circuit 24 boosts the 
battery voltage and Supplies the battery Voltage to the load 
22 if the battery voltage is lower than Vdead. This can be 
done either by Synchronous rectification or by turning tran 
sistor Q1 off and Switching transistor Q2. Thereafter, as the 
external power Source input member 21 is connected to an 
external power Source and electric power is Supplied from 
the external power Source, the direction of the current 
flowing through the current direction detection circuit 26 
changes. The current direction detection circuit 26, having 
detected the change in direction of current, sends a signal to 
the charge/discharge monitor circuit 24 indicating that cur 
rent is flowing from an external power Source toward the 
battery 23. The charge/discharge monitor circuit 24 deter 
mines the Status of the charge on the battery 23 and relayS 
that information to the charge/discharge control circuit 25. 
The charge/discharge control circuit 25 then Sets the charge 
mode at transistors Q1 and Q2 according to the State of the 
charge on the battery 23. 
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0069. The respective operation modes of the fourth 
embodiment of the invention shown in FIG. 5 are the same 
as those described for the third embodiment of the invention 
shown in FIG. 3. 

0070 FIG. 6 illustrates a power unit in accordance with 
a fifth embodiment of the present invention. The embodi 
ment shown in FIG. 6 is similar to the embodiment shown 
in FIG. 2. 

0071. The power unit in accordance with the fifth 
embodiment of the present invention shown in FIG. 6 is 
applicable to Small electronic devices with a built-in battery 
power Source, which typically use an AC adapter as their 
external power Source and a built-in battery with a voltage 
lower than that of the external power Source. However, a 
built-in battery with a high Voltage can extend the length of 
time the device can be used on battery power. Moreover, at 
times, the electronic device is used with an external power 
Source having a Voltage that is lower than that obtained via 
an AC adapter. For example, if the load voltage is 3V and the 
external power is 3V or 5V at the time, the built-in battery 
power unit of the present invention would be 7V. In accor 
dance with the present invention, the voltage of 3V or 5V 
supplied from an external power source is boosted to 7V 
when connected to the external power Source and charges 
the battery. Then, when electric power is Supplied to the load 
from the power unit of the present invention, the Voltage of 
the built-in battery is reduced from 7V to 3V or 5V and 
Supplied to the load 22. 

0072. As shown in FIG. 6, a converter 14 is connected 
between the external power Source input member 21 having 
an input voltage Vin and the load 22. A battery 23 provides 
a battery Voltage Vbat. A charge/discharge monitor circuit 
24 corresponds to the charge/discharge monitor circuit 16 
shown in FIG. 2. A charge/discharge control circuit 25 
corresponds to the charge/discharge control circuit shown in 
FIG. 2. 

0073. The converter 14 includes a transistor Switch Q1 
which reduces the voltage supplied to the load 22 from the 
battery 23 by its Switching action, a transistor Switch Q2 
which boosts the Voltage Vin at the external power Source 
input member 21 by its Switching action, capacitorS C1 and 
C2, an inductor L1, a diode D1 which sends a flywheel 
current through the circuit L1-C1-D1 when both transistors 
Q1 and Q2 are off, a reverse-current preventer diode D2, a 
transistor Q1 parasitic diode D3 and a transistor Q2 parasitic 
diode D4. 

0.074 The operation of the power unit in accordance with 
the fifth embodiment of the present invention shown in FIG. 
6 will now be described below with reference to FIGS. 
7A-7C. FIG. 7A illustrates a relationship between the 
Switching of the transistor Q1 and the transistor Q2 during 
Synchronous rectification. Switching is preformed during the 
inversion phase, with the transistor Q2 off when the tran 
sistor Q1 is on and with the transistor O2 on when the 
transistor Q1 is off. As shown in FIG. 7A, Toff is the period 
of time during which transistor Q2 is off, Ton is the period 
of time during which transistor Q2 is on, and TS is the 
Switching cycle, where TS=Toff--Ton. 
0075. By performing synchronous rectification, when 
charging the battery 23 from the external power Source input 
member 21, the power unit boosts the Voltage So that 
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Vbat=VinxTS/Toff (in the same manner as when turning 
transistor Q1 off and switching transistor Q2). Similarly, 
when Supplying electric power from the battery 23 to the 
load 22, the power unit reduces the Voltage So that Vop= 
VbatxTon/Ts (Vop is the load operating voltage). 
0076 FIG. 7B is a diagram illustrating operation of the 
power unit in accordance with the fifth embodiment of the 
present invention. More particularly, FIG. 7B illustrates the 
operation of the power unit when the battery discharge final 
voltage (Vdead) is higher than the minimum load operating 
voltage (Vop (min)). As shown in FIG. 7B, Vin is an 
externally Supplied Voltage, Vbat is a battery Voltage, Vop is 
a load operating Voltage which is the Voltage range within 
which the load operates; Vop (min) is a minimum load 
operating Voltage, Vdead is the discharge final Voltage of the 
battery and is the minimum battery Voltage permitted by the 
battery 23. 
0077. As shown in FIG. 7B, period of time during which 
the power unit is connected to an external power Source is 
represented by the time period AC. The period of time 
during which the battery 23 is being charged (Tchg) is 
represented by the time period AB. The period of time 
during which the battery 23 is fully charged is represented 
by the time period BC. The point in time C is a point at 
which the external power Source is disconnected. The period 
of time during which the battery 23 discharges (Tdis) is 
represented by the time period CD. 
0078. The operation of the power unit in accordance with 
the fifth embodiment of the invention shown in FIG. 6 will 
now be described below with reference to FIG. 7C. In 
accordance with the embodiment shown in FIG. 6, electric 
power from an external power Source is Supplied to the load 
22 from the external power source input member 21. The 
external power Source Voltage is boosted by the Switching 
action of the transistor Q1 and charges the battery 23. When 
the external power Source input member 21 is not connected 
to an external power Source, power is Supplied to the load 22 
from the battery 23. At this time, the transistor Q2 is 
Switched, and the battery Voltage is reduced and Supplied to 
the load 22. Initially, the power unit Starts by determining the 
Voltage on the external power Source input member 21 and, 
if the Voltage is a Voltage specified for when connected to an 
external power Source, the transistor Q2 is turned off and the 
transistor Q1 is turned on to boost the voltage. The power 
unit starts with the transistor Q1 on if there is no specified 
external power Source Voltage because the power unit is not 
connected to an external power Source, or for Some other 
CaSO. 

0079. In accordance with the fifth embodiment of the 
present invention, there are two modes for charging the 
battery. In accordance with a first mode, the transistor Q1 is 
off and the transistor Q2 is Switched (i.e., Voltage boost 
mode). In accordance with a second mode, the transistors Q1 
and Q2 are Switched during the inversion phase (i.e., voltage 
boost mode Via Synchronous rectification). In either case, the 
voltage is boosted and as previously noted, Vbat=VinxVs/ 
TOff. 

0080. In accordance with the fifth embodiment of the 
invention, there are three modes for discharging the battery. 
In accordance with a first mode, the transistor Q1 is on and 
the transistor Q2 is left off. At this time, the voltage of the 
battery 23 will be applied to the load 22. In accordance with 
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a second mode, the transistor O2 is off and the transistor Q1 
is Switched. At this time, the Voltage that has been reduced 
to a voltage lower than the battery voltage Vbat by the 
Switching action of the transistor Q1 is Supplied to the load 
22, and the relation between the load operating Voltage Vop 
and Vbat is Vop=VbatxTon Ts. In accordance with a third 
mode, the transistorS Q1 and Q2 are Switched during the 
inversion phase (i.e., Synchronous rectification). At this 
time, a Voltage lower than the battery Voltage Vbat is 
Supplied to the load 22 by the action of Switching transistors 
Q1 and Q2 during the inversion phase. The relation between 
the load operating Voltage Vop and the battery Voltage Vbat 
is Vop=VbatxTS/Toff. 

0081. The entire operation of the power unit in accor 
dance with the fifth embodiment of the invention shown in 
FIG. 6 is described below. When external power is supplied 
to the external power Source input member 21, the power 
unit detects an external power Voltage input and relays that 
information to the charge/discharge control circuit 25. The 
charge/discharge control circuit 25 Switches the transistors 
Q2 and Q1 during inversion phase and executes Synchro 
nous rectification. The external power is then boosted and 
supplied to the battery 23. Alternatively, the transistor Q1 is 
turned off and only the transistor Q2 is switched, thus 
boosting the Voltage and charging the battery 23. At this 
time, the charge/discharge monitor circuit 24 monitors the 
Status of the charge on the battery and relays that informa 
tion to the charge/discharge control circuit 25. The charge/ 
discharge control circuit 25 controls the charging of the 
battery 23 by adjusting the length of time the Switching is on 
depending on the State of the charge on the battery 23. 

0082) When the charge/discharge monitor circuit 24 
detects either that no external power is being Supplied to the 
external power Source input member 21 or that it is neces 
sary to supply power to the load 22 from the battery 23 
because the external power that is being Supplied is not of 
the Specified Voltage, etc., it then relays that information to 
the charge/discharge control circuit 25. The charge/dis 
charge control circuit 25 then leaves transistor Q2 off and 
Switches transistor Q1 to reduce the battery Voltage and 
Supply the battery Voltage to the load 22. Alternatively, the 
battery voltage Vbat is reduced and supplied to the load 22 
by Switching transistorS Q1 and Q2 during the inversion 
phase to execute Synchronous rectification. 

0083) If the battery power voltage is lower than the 
maximum operating Voltage of the load Vop when the 
battery voltage is reduced and Supplied to the load 22, then 
transistor Q1 can be turned on and transistor O2 turned off 
and the battery Voltage can be Supplied to the load 23 
without reduction. Furthermore, if the battery discharge final 
voltage (Vdead) is higher than the minimum load operating 
voltage Vop (min), then transistor switch Q1 is turned off 
when the battery Voltage reaches the discharge final Voltage 
(Vdead) and discharge from the battery is completed. Alter 
natively, if the minimum load operating voltage Vop (min) 
is higher than the discharge final voltage (Vdead), then 
transistor Q2 is turned off when the battery voltage reaches 
the minimum load operating voltage Vop (min), thus stop 
ping battery discharge. 

0084. Moreover, in accordance with the fifth embodiment 
of the invention shown in FIG. 6, a voltage can be applied 
to the load 22 at a battery Voltage higher than the operating 
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Voltage of the load 22, So that even at the battery discharge 
final Voltage Vdead a battery voltage higher than the oper 
ating Voltage of the load Vop can be used, thus lengthening 
the amount of time the power unit can be operated using the 
battery 22. 

0085 FIG. 7C is a table summarizing the relation 
between the operation of the power unit shown in FIG. 6 and 
the Switching operations of the transistorS Q1 and Q2. 

0086 FIG. 8 illustrates a power unit in accordance with 
a sixth embodiment of the present invention. The embodi 
ment shown in FIG. 8 is similar to the embodiment shown 
in FIG. 2. Furthermore, the embodiment of the invention 
shown in FIG. 8 differs from the embodiment of the present 
invention shown in FIG. 6 only in that the determination of 
whether to charge or discharge the battery is determined by 
the flow of the current through a current direction detection 
circuit 26 inserted in series between the battery 23 and the 
external power Source input member 21. Elements shown in 
FIG. 8 which are the same as those shown in FIG. 6 are 
referred to by the same reference numerals and a detailed 
description of the like elements will not be repeated here. 

0087 As shown in FIG. 8, the current direction detection 
circuit 26 detects whether or not there is a current flowing 
from the external power source input member 21 toward the 
battery 23, or conversely, whether or not there is a current 
flowing from the battery 23 toward the load 22. The charge/ 
discharge monitor circuit 24 initially determines whether the 
external power Source input member 21 is connected to an 
external power Source or, if the external power Source input 
member 21 is connected to an external power Source, 
whether Voltage is being input properly. 

0088. Initially, the power unit determines the voltage on 
the external power Source input member 21. If the Voltage is 
of the Specified external power Voltage due to connection to 
an external power Source, etc., then the power unit Starts up 
by boosting the Voltage by turning the transistor Q2 off and 
the transistor Q1 on. If there is no specified external power 
Source Voltage because the power unit is not connected to an 
external power Source, etc., then the power unit begins by 
turning transistor Q1 on. 
0089. Initially, if power voltage Vin is at or above the 
Specified value, then transistorS Q1 and Q2 are Set to a 
charge mode. Thereafter, when the Supply of external power 
from the external power Source input member 21 ceases, or 
when the Voltage drops due to Some malfunction, current 
flows from the battery 23 in the direction of the load 22. The 
direction of the current flowing through the current direction 
detection circuit 26 is thereby changed, and the current 
direction detection circuit 26 Sends a signal to the charge/ 
discharge monitor circuit 24 indicating that the current is 
flowing from the battery 23 toward the load 22. The charge/ 
discharge monitor circuit 24 then Sets the operation mode at 
time of discharge at Q1 and Q2 according to the battery 
Voltage at the time. 
0090. If the voltage at the external power source input 
member 21 is below the Specified Voltage when Starting up 
the power unit, the charge/discharge monitor circuit 24 
relays that information to the charge/discharge control cir 
cuit 25 which then sets the disposition of transistors Q1 and 
Q2 for the battery 23 discharge mode. Thereafter the charge/ 
discharge monitor circuit 24 detects the Supply of external 
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power from the external power Source input member 21. 
Moreover, if the Supply of electric power from an external 
power Source to the external power Source input member 21 
Stops, the direction of the flow of the current changes, and 
the current flows from the battery 23 to the load 22. The 
current direction detection circuit 26, having detected the 
change in the direction of current flow, Sends a signal to the 
charge/discharge monitor circuit 24. The charge/discharge 
control circuit 25 then sets the transistors Q1 and O2 to the 
discharge mode. 
0.091 The operations of the respective charge and dis 
charge modes of the embodiment of the invention shown in 
FIG. 8 are the same as for the embodiment of the invention 
shown in FIG. 6. 

0092. In accordance with embodiments of the present, the 
power unit can be operated because the battery Voltage is 
boosted to above the voltage Vop, even when the battery 
Voltage drops below the load minimum operating Voltage 
Vop (min), so the power unit can be operated until the 
battery reaches a discharge final Voltage Vdead and the 
length of time the power unit can be operated by battery 
power can be increased. 
0093. Furthermore, in accordance with embodiments of 
the present invention, the battery Voltage can be fully 
increased and electric power can be Supplied to the load at 
a high battery Voltage. Accordingly, Voltage can be Supplied 
from the battery to the load at a stable rate and the length of 
time during which the battery is used can be greatly 
increased. Furthermore, the external power Source Voltage is 
boosted and Supplied to the battery, and the battery can be 
charged from the external power Source even if the exter 
nally Supplied Voltage is lower than the battery Voltage. 
0094. Although a few preferred embodiments of the 
present invention have been shown and described, it would 
be appreciated by those skilled in the art that changes may 
be made in these embodiments without departing from the 
principles and Spirit of the invention, the Scope of which is 
defined in the claims and their equivalents. 
What is claimed is: 

1. A power unit to charge a battery when electric power is 
Supplied to a load from an external power Source and to 
Supply electric power to the load from the battery when 
electric power from the external power Source is cut off, 
comprising: 

a converter to boost the output voltage from the battery 
and to Supply the output Voltage to the load when the 
battery discharges. 

2. The power unit as recited in claim 1, wherein the 
converter includes a first Switching element between the 
external power Source and the battery and a Second Switch 
ing element between the battery and ground. 

3. The power unit as recited in claim 2, wherein the first 
Switching element is turned off and the Second Switching 
element is turned on and off when the battery discharges. 
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4. The power unit as recited in claim 2, wherein the first 
and Second Switching elements are turned on and off alter 
nately when the battery discharges. 

5. The power unit as recited in claim 1, wherein the 
converter reduces the output Voltage of the external power 
Source when the battery is charged. 

6. The power unit as recited in claim 4, wherein the 
converter reduces the output Voltage of the external power 
Source when the battery is charged. 

7. The power unit as recited in claim 6, wherein the first 
and Second Switching elements are turned on and off alter 
nately when the battery is charged. 

8. The power unit as recited in claim 6, wherein the first 
Switching element is turned on and off and the Second 
Switching element is turned off when the battery is charged. 

9. A power unit to charge a battery when electric power is 
Supplied to a load from an external power Source and to 
Supply electric power to the load from the battery when 
electric power from the external power Source is cut off, 
comprising: 

a converter to boost the input voltage from the battery and 
to Supply the output Voltage to the battery when the 
battery is charged. 

10. The power unit as recited in claim 9, wherein the 
converter includes a first Switching element between the 
external power Source input member and the battery and a 
Second Switching element between the external power 
Source input member and the ground. 

11. The power unit as recited in claim 10, wherein the first 
and Second Switching elements are turned on and off alter 
nately when the battery is charged. 

12. The power unit as recited in claim 10, wherein the first 
Switching element is turned on and the Second Switching 
element is turned on and off when the battery is charged. 

13. The power unit as recited in claim 9, wherein the 
converter reduces the output of the battery when the battery 
discharges. 

14. The power unit as recited in claim 12, wherein the 
converter reduces the output voltage of the battery when the 
battery discharges. 

15. The power unit as recited in claim 14, wherein the first 
Switching element is turned on and off and the Second 
Switching element is turned off. 

16. The power unit as recited in claim 14, wherein the first 
and Second Switching elements are turned on and off alter 
nately when the battery discharges. 

17. The power unit as recited in claim 10, wherein the first 
Switching element is turned on and the Second Switching 
element is turned off alternately when the battery discharges. 

18. The power unit as recited in claim 2, wherein the first 
Switching element and the Second Switching element are 
field effect transistors. 

19. The power unit as recited in claim 10, wherein the first 
Switching element and the Second Switching element are 
field effect transistors. 
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