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charges its rechargeable batteries by using a charger circuit 
when driving the apparatus by using an external power 
source, including ?rst detecting unit for detecting a differen 
tial value between a maximum permissible charging current 
allowed by the rechargeable batteries and a charging current 
?owing to the rechargeable batteries; second detecting unit 
for detecting a maximum usable current by detecting a dif 
ferential value between a maximum supplyable current 
allowed by the external power source and the current con 
sumption of the apparatus; third detecting unit for detecting 
a differential value between a maximum useable current and 
the charging current ?owing to the rechargeable batteries; 
and control unit for controlling the system in accordance 
with the differential values detected by the ?rst and third 
detecting units so that the charger circuit generates the maxi 
mum charging current within the range where the charging 
current ?owing to the rechargeable batteries does not exceed 
either of the permissible charging current and the maximum 
useable current. 
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CONTROL SYSTEM FOR CHARGING 
BATTERIES AND ELECTRONIC APPARATUS 

USING SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a reissue of US. application Ser No. 
08/578,805, now US. Pat. No. 5,739,667. More than one 
reissue application has been ?led for the reissue of US. Pat. 
No. 5, 739,667. The reissue applications are Ser. No. 10/383, 
068 and the instant application Ser No. 09/548,213. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a control system for 

charging which enables ef?cient charging of rechargeable 
batteries, a control system for charging which enables accu 
rate charging of the rechargeable batteries, and an electronic 
apparatus which enables measurement of the charging/ 
discharging current of the rechargeable batteries by a simple 
con?guration. 

2. Description of the Related Art 
A portable electronic apparatus such as a notebook com 

puter carries batteries as the power supply for the apparatus. 
Generally, rechargeable batteries (rechargeable batteries) 
such as NiCd, NiMH (nickel metal hydride), or Li+ batteries 
are mounted due to the operating costs of the apparatus, the 
desire for an instantaneously dischargable current capacity, 
etc. Also, there are many examples in which a charger is 
built in so as to enable easy charging of the rechargeable 
batteries mounted inside the apparatus by just connecting an 
AC adapter etc. to the apparatus. 

In such a portable electronic apparatus, usually the inter 
nal rechargeable batteries are used as the power supply of the 
apparatus, but when operating the apparatus on a desk etc., 
the apparatus is also operated while drawing power from an 
external power source through an AC adapter. 

If the power which can be supplied from the AC adapter 
connected to the apparatus is su?iciently larger than the 
maximum power used by the apparatus and the maximum 
power necessary for the charging of the rechargeable 
batteries, it is possible to simultaneously operate the appara 
tus and charge the internal rechargeable batteries. However, 
where the capability of the AC adapter is smaller than this, 
supply of power for both of the operation of the apparatus 
and the charging of the internal batteries becomes impos 
sible. Therefore, just one of them is performed in accordance 
with the status of use of the apparatus. AC adapters actually 
used for such apparatuses are limited in the amount of power 
which they can supply due to cost and siZe factors. In 
general, it is a rare that both operations are simultaneously 
carried out 

Usually, so as to minimize the cost and siZe of the AC 
adapter, generally the capability of the AC adapter is set to 
the larger of the poorer necessary for the charging of the 
internal rechargeable batteries and the maximum power to 
be used by the apparatus. Also, in an apparatus designed to 
operate on the batteries, generally the power for charging the 
internal rechargeable batteries is larger than the maximum 
power consumption of the apparatus. This is because if the 
reverse were true, then the time during which the apparatus 
could be operated on the batteries would become shorter 
than the time required for charging the batteries. This would 
not be practical for a commercial apparatus. 
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2 
In view of this situation, up until now the method has been 

adopted of having the charger which is mounted inside the 
apparatus constantly monitor the status of the apparatus and 
charge the rechargeable batteries when the power switch of 
the apparatus is turned OFF, stop the charging to the 
rechargeable batteries when the power switch of the appara 
tus has been turned ON, and restart the charging when the 
power switch of the apparatus is returned to the OFF posi 
tion. Namely, in this con?guration, the charging to the 
rechargeable batteries was earned out when the apparatus 
was not being operated and the charging to the rechargeable 
batteries was stopped when the apparatus was being oper 
ated. 

With this setup, however, when there is excess capability 
of the AC adapter, ef?cient charging cannot be performed. 
Therefore, recently, the method has been adopted wherein, 
where the capability of the AC adapter is larger by a certain 
extent than the maximum power to be used by the apparatus, 
when the power switch of the apparatus is turned ON, the 
current for charging the rechargeable batteries is lowered 
and the charging is continued, and when the power switch of 
the apparatus is turned OFF, the charging is carried out by 
the original charging current. Namely, in this con?guration, 
when the apparatus is not being operated, a large charging 
current is generated for charging the rechargeable batteries, 
while when the apparatus is being operated, a small charging 
current is generated for charging the rechargeable batteries. 

In a conventional charging system having such a 
con?guration, as will be explained in detail later with refer 
ence to the drawings, usually the completion of the charging 
is detected by using the “history control technique”, that is, 
monitoring the elapse of time, and “maximum temperature 
control technique”, that is, monitoring the maximum tem 
perature. Between these two, the most widely used tech 
nique has been the detection of the completion of charging 
by monitoring the elapse of time from the start of the charg 
ing. 

Further, there are sometimes demands for measurement of 
the discharging current of the rechargeable batteries as well 
in such charging processing. Conventionally, such demands 
have been met by the technique of preparing, separately 
from a ?rst sense resistor for detecting the charging current 
of the rechargeable batteries, a second sense resistor for 
detecting the charging current of the rechargeable batteries 
and detecting the discharging current of the rechargeable 
batteries using this second sense resistor. 

However, there was a problem in that ef?cient charging 
was not possible when, as in the related art, a larger of two 
levels of charging current was generated for charging the 
rechargeable batteries when the power switch of the appara 
tus is turned OFF and a smaller of two levels of charging 
current was generated for charging the rechargeable batter 
ies when the power switch of the apparatus is turned ON. 

Namely, according to this related art the magnitude of the 
charging current must be set irrespective of the magnitude of 
the current consumed by the apparatus, so the charging cur 
rent when the power switch of the apparatus is turned ON 
must be set to the lowest level, that is, the one for when the 
current consumption becomes the greatest. Due to this, there 
was a problem in mat the charging was not performed using 
the capability of the external power source such as the AC 
adapter to the fullest extent. 

Also, when the power switch of the apparatus was left in 
the ON position, irrespective of whether or not the apparatus 
was actually being operated, the rechargeable batteries were 
charged with a small charging current. Therefore, there was 
a problem that ef?cient charging was not performed. 
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If a method of detecting the completion of charging of the 
rechargeable batteries by monitoring the elapse of time from 
the start of the charging is adopted as in the related art Where 
the charging current generated by the charger dynamically 
changes, there Was a problem that the completion of charg 
ing of the rechargeable batteries could not be accurately 
detected. 

Further, if the method is adopted of preparing a sense 
resistor for detecting the charging current of the recharge 
able batteries and a separate sense resistor for detecting the 
discharging current of the rechargeable batteries as in the 
related art, there Was a problem mat tWo sense resistors 
became necessary and therefore the charging/discharging 
current of the rechargeable batteries could not be measured 
by a simple con?guration. 

SUMMARY OF THE INVENTION 

The present invention Was made in consideration With this 
situation and has as its object to provide a novel control 
system for charging Which enables ef?cient charging of 
rechargeable batteries, to provide a novel control system for 
charging Which enables accurate charging of the recharge 
able batteries, and to provide a novel electronic apparatus 
Which enables the charging/discharging current of the 
rechargeable batteries to be measured by a simple con?gura 
tion. 

To attain the above object the present invention provides a 
control system for charging in an electronic apparatus Which 
charges its rechargeable batteries by using a charger circuit 
When driving the apparatus by using an external poWer 
source, including a ?rst detecting means for detecting a dif 
ferential value betWeen a maximum permissible charging 
current alloWed by the rechargeable batteries and a charging 
current ?oWing to the rechargeable batteries; a second 
detecting means for detecting a maximum usable current by 
detecting a differential value betWeen a maximum supply 
able current alloWed by the external poWer source and the 
current consumption of the apparatus; a third detecting 
means for detecting a differential value betWeen a maximum 
useable current and the charging current ?oWing to the 
rechargeable batteries; and a control means for controlling 
the system in accordance With the differential values 
detected by the ?rst and third detecting means so that the 
charger circuit generates the maximum charging current 
Within the range Where, the purging current ?oWing to the 
rechargeable batteries does not exceed either of the maxi 
mum permissible charging current and the maximum use 
able current 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above object and features of the present invention Will 
be mare apparent from the folloWing description of the pre 
ferred embodiments With reference to the accompanying 
draWings, Wherein: 

FIG. 1 is a vieW of the con?guration of a ?rst embodiment 
of the present invention; 

FIG. 2 is a vieW of the con?guration of a second embodi 
ment of the present invention; 

FIGS. 3A and 3B are vieWs of the con?gurations of third 
and fourth embodiments of the present invention; 

FIG. 4 shoWs a concrete example of the present invention; 
FIG. 5 shoWs a concrete example of a control circuit; 
FIG. 6 shoWs a concrete example of a PWM comparator; 

FIGS. 7A and 7B are vieWs for explaining the operation of 
the PWM comparator; 
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FIG. 8 shoWs a concrete example of a current measuring 

circuit; 
FIGS. 9A and 9B shoW the How of processing to be 

executed by a microcontroller; 
FIG. 10 is a graph of the characteristics of anAC adapter; 
FIG. 11 shoWs a ?fth embodiment of the present inven 

tion; 
FIG. 12 shoWs another concrete example of the control 

circuit; 
FIG. 13 is a vieW for explaining the related art; and 
FIG. 14 is another vieW for explaining the related art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Before describing the preferred embodiments of the 
present invention, the related art and the disadvantages 
therein Will be described With reference to the related draW 
ings. 
A conventional con?guration is illustrated in FIG. 13. 
In the ?gure, the rechargeable batteries are constituted by 

series-connected battery cells. The DC connector is a con 
nector for receiving poWer from the outside When operating 
the apparatus on an external poWer source such as an AC 
adapter or charging the rechargeable batteries mounted 
inside the apparatus by the external poWer source such as an 
AC adapter. The DC/DC converter is the poWer supply cir 
cuit for the apparatus Which receives poWer from the exter 
nal poWer source supplied via the DC connector or the 
rechargeable batteries and produces the voltage required by 
the apparatus. 
The charger is a constant current source for producing the 

poWer necessary for charging the rechargeable batteries 
When poWer is supplied from the outside via the DC connec 
tor. The charging control portion is a control mechanism for 
controlling the start of the charging of the rechargeable bat 
teries or end of the charging in accordance With the state of 
the poWer supply from the DC connector or the operation of 
the apparatus and, at the same time, for controlling the mag 
nitude of the charging current Which is generated by the 
charger. 

D1 and D4 are protection diodes for preventing reverse 
current Which prevent the How of poWer from the recharge 
able batteries to the outside When the AC adapter is not 
operating due to the fact no AC poWer is being supplied to 
the AC adapter etc. D2 is a protection diode for supplying 
poWer from the rechargeable batteries to the DC/DC con 
ver‘ter When poWer is not being supplied from the outside 
and, at the same time, preventing the supply of any voltage 
supplied from the outside via the DC connector to the 
rechargeable batteries. 
The charger is a DC-DC circuit Which operates under a 

FWM control mode. It is constituted by an ON°OFF con 
trolled main transistor Trl for sWitching, a choke coil L1, a 
?y-Wheel diode D3, a smoothing capacitor C1, resistors R0, 
R1, R2, R3, and R4 for controlling the current, and a DC/DC 
control portion for handling constant current control pro 
cessing. The resistor R0 is a sense resistor for measuring the 
current charged to the rechargeable batteries. The voltage 
drop caused by this current is divided by the resistor R1 and 
the resistor R2 and, at the same time, divided by the resistor 
R3 and resistor R4 and input to the DC-DC control portion. 
The resistor R5 is a voltage-dividing resistor for controlling 
the sense potential of the charging current measured by the 
resistor R0 and sWitches the magnitude of the current Which 
is generated by changing the resistance value of the resistor 
R4 Which is connected in parallel. 
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This charger operates so as to generate arbitrarily deter 
mined currents by the resistance values of the resistors R0, 
R1, R2, R3, and R4. It operates under tWo current modes in 
accordance With the valid or invalid state of the resistor R5 
indicated by the charging control portion. This constant cur 
rent operation is the same as that of a regulator of a sWitch 
ing mode. Here, When the microcontroller side of the resistor 
R5 is in the open state and loW level state, the resistor R5 
becomes valid and invalid, respectively. 
When the system is constituted in this Way, When poWer is 

supplied from the outside by connection of the AC adapter or 
the like to a DC connector, the external poWer is supplied to 
the DC/DC converter via the diode D1. The DC/ DC con 
verter produces the voltage required by the apparatus in 
accordance With this. At this time, the external poWer is 
blocked by the diode D2 from being applied to the recharge 
able batteries. 

On the other hand, When poWer is supplied from the 
outside, the poWer is supplied to the rechargeable batteries 
and the charging carried out only When charging has been 
instructed and the charger is operating. When the charger 
stops, the circuit is cut by the main transistor Trl and no 
poWer is supplied to the rechargeable batteries. If the supply 
of poWer from the outside is interrupted, the poWer of the 
rechargeable batteries is supplied to the DC/DC converter 
via the diode D2, and the DC/DC converter produces the 
voltage required by the apparatus in accordance With it. At 
this time, the poWer is blocked by the diodes D 1 and D4 from 
?oWing to the outside. 
When the charger operates by the supply of poWer from 

the outside, the poWer produced by the charger is given to 
the rechargeable batteries via the diode D4, Whereby the 
rechargeable batteries are charged. At this time, the diode D2 
is in a backWard biasing state since the voltage Which is 
input from the DC connector is higher than the voltage of the 
charger. Therefore, the charging current of the rechargeable 
batteries Will not leak to the DC/ DC converter side. 

During this charging processing, the charging control por 
tion controls the ON°OFF state of the charger and controls 
the sWitching of the charging current by constantly monitor 
ing the presence/absence of supply of poWer from the DC 
connector and the ON°OFF state of the poWer sWitch of the 
apparatus. Namely, When poWer is supplied from the outside 
via the DC connector, When the poWer sWitch of the appara 
tus is in the OFF state and thereby the apparatus is not being 
operated, it controls the voltage on the microcontroller side 
of the resistor R5 so as to generate a larger of tWo levels of 
charging currents and charge the rechargeable batteries, 
While When the poWer sWitch of the apparatus is in the ON 
state and thereby the apparatus is being operated, it controls 
the voltage on the microcontroller side of the resistor R5 to 
generate the smaller of the tWo levels of charging currents 
and charge the rechargeable batteries. 

With such charging processing, if the charging is not ter 
minated by accurately grasping the completion of the 
charging, there Would be a problem of an adverse effect 
exerted upon the rechargeable batteries, Which Would lead to 
a reduction of the service life of the batteries. For example, if 
there is insuf?cient charging, this means that the full capac 
ity of the batteries could not be draWn upon and the operat 
ing time of the apparatus on the batteries Would be reduced. 
Also, in rechargeable batteries such as NiCd, NiMH, and 
Li+ batteries, the only problem With insuf?cient charging 
Would be that the rated capacity could not be obtained, but in 
rechargeable batteries such as lead-acid batteries, insu?i 
cient charging Would cause actual deterioration of the batter 
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6 
ies. Also, conversely, When the charging is excessively 
increased so as to try to fully utiliZe the capacity of the 
batteries, the batteries became overcharged, Which is a cause 
of deterioration of batteries. 
As a means for determing When the rechargeable batteries 

are adequately charged, there are the method of monitoring 
the elapse of time from the start of the charging, the method 
of monitoring When the voltage of the rechargeable batteries 
reaches the maximum voltage value, the method of monitor 
ing When the temperature of the rechargeable batteries 
reaches a maximum temperature value, the method of moni 
toring When the rate of temperature change of the recharge 
able batteries reaches a maximum rate of temperature 
change, and the method of using the characteristic that the 
voltage of the rechargeable batteries slightly drops When 
charging is completed (so-called —AV characteristic). 
HoWever, When charging over a long time, that is, charging 
With a small charging current in comparison With the charge 
capacity, control by monitoring the maximum voltage, con 
trol by monitoring the maximum rate of temperature change, 
and control by monitoring the —AV characteristic are not 
possible. 

In vieW of this, conventionally, as previously mentioned, 
usually there is adopted the method of detecting the comple 
tion of charging by using the “history control technique” and 
the “maximum temperature control technique”. BetWeen 
these tWo, the former, that is, the technique of detecting the 
completion of charging by monitoring the elapse of time 
from the start of charging has been particularly Widely used. 

Also, as previously mentioned, there are sometimes 
demands for measurement of the discharging current of the 
rechargeable batteries as Well in such charging processing. 
Conventionally, as shoWn in FIG. 14, such demands have 
been met by the technique of preparing, separately from the 
sense resistor R0 for detecting the charging current of the 
rechargeable batteries, a sense resistor R,C for detecting the 
discharging current of the rechargeable batteries and detect 
ing the discharging current of the rechargeable batteries 
using this sense resistor Rx. 

The above conventional con?gurations, hoWever, suffered 
from the problems mentioned above. 
The present invention provides a novel control system for 

charging Which enables e?icient charging of rechargeable 
batteries, a novel control system for charging Which enables 
accurate charging of the rechargeable batteries, and a novel 
electronic apparatus Which enables the charging/discharging 
current of the rechargeable batteries to be measured by a 
simple con?guration. 
The basic con?gurations of the embodiments of the 

present invention Will be illustrated in FIG. 1 through FIG. 
3A and 3B. 

In the ?gures, 1 is an electronic apparatus provided With 
the present invention. It is provided With a load circuit 2 for 
executing the signal processing, a rechargeable battery 3 for 
supplying poWer to the load circuit 2, and a charger circuit 4 
for generating a charging current for the rechargeable battery 
3 by using poWer from an external poWer source. 
The electronic apparatus 1 illustrated in FIG. 1 is provided 

With a charging current detecting means 10 for detecting the 
charging current ?oWing to the rechargeable battery 3; a 
current consumption detecting means 11 for detecting the 
current consumed by the load circuit 2; a ?rst detecting 
means 12 for detecting a differential value betWeen a maxi 
mum permissible charging current alloWed by the recharge 
able battery 3 and the charging current Which is detected by 
the charging current detecting means 10; a second detecting 




























