as United States

a2 Reissued Patent
Matsuda et al.

(10) Patent Number:
(45) Date of Reissued Patent:

USOORE43911E

US RE43,911 E
Jan. 8, 2013

(54) CONTROL SYSTEM FOR CHARGING
BATTERIES AND ELECTRONIC APPARATUS

USING SAME

Inventors: Kouichi Matsuda, Kawasaki (JP);
Mitsuo Saeki, Kawasaki (JP); Nobuo
Tanaka, Kawasaki (JP); Hidekiyo
Ozawa, Kawasaki (JP)

(735)

(73) Assignee: Fujitsu Semiconductor Limited,

Yokohama (JP)
10/383,068

Mar. 7, 2003
Related U.S. Patent Documents

@
(22)

Appl. No.:
Filed:

Reissue of:

(64) Patent No.:
Issued:
Appl. No.:
Filed:

U.S. Applications:

(63) Continuation of application No. 11/757,991, filed on
Jun. 4, 2007, and a continuation of application No.
09/548,213, filed on Apr. 12, 2000, now Pat. No. Re.

5,739,667
Apr. 14, 1998
08/578,805
Dec. 26, 1995

5/1983 Crick et al.
6/1984 Koenck

(Continued)

4,384,214 A
4,455,523 A

FOREIGN PATENT DOCUMENTS
57-211945 12/1982
(Continued)

OTHER PUBLICATIONS

“1996 Linear Databook vol. V”, Linear Technology, 1996, pp. 1-37,
1-1-1-6, 2-1 and 4-370-4-387 (with index).

(Continued)

Primary Examiner — Richard V Muralidar
(74) Attorney, Agent, or Firm — Staas & Halsey LLP

(57) ABSTRACT

A control system for charging enabling efficient charging of
rechargeable batteries 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 first detecting unit for detecting a differen-
tial value between a maximum permissible charging current

42,114. allowed by the rechargeable batteries and a charging current
(30) Foreign Application Priority Data flowing to the rechgrgeable batteries; second detegting ur}it
for detecting a maximum usable current by detecting a dif-
Dec. 26,1994 (JP) ceeveneerieninecec e 6-321970 ferential value between a maximum supplyable current
allowed by the external power source and the current con-
(51) Int. CL sumption of the apparatus; third detecting unit for detecting a
p pp 2 2
HO2J 7724 (2006.01) differential value between a maximum useable current and
H02J 7/04 (2006.01) the charging current flowing to the rechargeable batteries; and
(52) US.CL .o 320/164; 320/162 control unit for controlling the system in accordance with the
(58) Field of Classification Search .................... 320/32, differential values detected by the first and third detecting
o 320/ 155*15.95 162-164 units so that the charger circuit generates the maximum
See application file for complete search history. charging current within the range where the charging current
. flowing to the rechargeable batteries does not exceed either of
(56) References Cited the maximum permissible charging current and the maximum
useable current.
U.S. PATENT DOCUMENTS
4,204,147 A *  5/1980 Larrabee .........ccooevvnn. 323/257 19 Claims, 15 Drawing Sheets
0C CONNECTOR Rg rel 0C/0C
— - . = converTer | OUT
T 3 1 % %
1 Rs iﬂw
51
Dt Tr L F;u |_—~53
N — T
CONTROL T
CRAUT | To, 18, TR Rs | | 4+ Lrs0
ERR 2- B
RR 2+ e
ERR++
acalp [
rre || =
r
:f1 ’fz iea On/lOH %XFS{BNNG MICRO
Rar\ I " CIRCUIT CONTROLLER
Ra2z 1
= #r CHARGER r




US RE43,911 E

Page 2
U.S. PATENT DOCUMENTS Jp 327416 2/1991
4,553,081 A 11/1985 Koenck ig 3?1%;43‘;; g;iggi
4,709,202 A 11/1987 Koenck P 03-190537 8/1991
4,716,354 A 12/1987 Hacker 1P 03273831 12/1991
4,737,702 A 4/1988 Koenck P 03273832 12/1991
4,843,299 A 6/1989 Hutchings P 04150728 5/1992
4,845419 A 7/1989 Hacker 1P 4-178122 6/1992
4,885,523 A 12/1989 Koenck TP 05003633 1/1993
4,961,043 A 10/1990 Koenck P 05-056566 3/1993
5,049,804 A 9/1991 Hutchings 1P 6-54466 /1994
5,150,031 A 9/1992 James et al. TP 06029903 /1994
5,150,032 A 9/1992 Ho P 6-113477 4/1994
5,191,277 A 3/1993 Ishikura et al. P 6-176797 6/1994
5,198,743 A 3/1993 McClure et al. 1P 6-176798 6/1994
5,239,495 A 8/1993 Nanno et al. P 6-176799 6/1994
5,278,487 A 1/1994 Koenck P 737621 2/1995
5,307,002 A 4/1994 Ho et al. 1P 7.170665 4/1995
5,327,071 A 7/1994 Frederick et al. P 7-506238 7/1995
5,349,282 A 9/1994 McClure P 10-234139 0/1998
5,352,970 A 10/1994  Armstrong, I 1P 10-271705 10/1998
5,355,073 A 10/1994 Nguyen WO WO 9307557 Al 4/1993
5,363,031 A 11/1994 Miller et al. WO WO 93/19508 9/1993
5,371,456 A 12/1994 Brainard
5,382,893 A 1/1995 Dehnel OTHER PUBLICATIONS
5,383,140 A 1/1995 Nanno et al.
5,418,445 A 5/1995  Alpert et al. “Constant-Current/Constant-Voltage 3 A Battery Charger with Input
5,463,305 A 10/1995 Koenck Current Limiting”, Linear Technology LT 1511, Jul. 1996, pp. 1-16.
5465,039 A * 11/1995 Narita etal. oo 320/164  Randy Flatness etal., “New LTC 1435-LTC 1439 DC/DC Controllers
g,ggga é gg ﬁ 42‘; iggg Eoendli et al. Feature Value and Performance”, Linear Technology Magazine, vol.
,»203, oenck VI, No. 1, Feb. 1996, pp. 1-40.
5,523,670 A 6/1996 Ninomiya “1.5A and 3A Fast Charger ICs Charge All Battery Types Including
g ’ggg’ggg ﬁ ;; iggg Ef(i)r‘:i)nrilli%?tzli Lithium-lon”, Linear Technology Cronicle, vol. 5, No. 3, Mar. 1996,
»D0Ls : pp. 1-4.
g’gj;’ggg ﬁ ;;iggg IS{ZI;E;E\%aet al. “3V Micropower 12-Bit A/D Converter with 4-Channel Input Mul-
5:561:361 A 10/1996 Sengupta et al. tiplexer in Narrow 16-Lead Surface Mount Package”, Linear Tech-
5,563,496 A 10/1996 McClure nolog)f Cr_onzcle, vol. 5, No. 5, May 199_6, pp- 1-4. _
5,581,772 A 12/1996 Nanno et al. “12-Bit Micropower Voltage Output Digital-to-Analog Converters in
5,619,117 A 4/1997 Koenck SSOP Package Have Excellent DNL”, Linear Technology Cronicle,
5,625,275 A 4/1997 Tanikawa et al. vol. 5, No. 6, Jun. 1996, pp. 1-4.
5,629,604 A 5/1997 Sengupta et al. Carl Nelson, “Fused Lead Battery Charger ICs Need No Heat Sinks,
g,ggg,ggi ﬁ B;}gg; EOGHCI( | Design Note 1247, Linear Technology Design Notes, Mar. 1996, pp.
,698, ates et al. 1-2.
5,723,970 A 3/1998 Bell Office Action mailed on Sep. 9, 2008 and issued in corresponding
g’gfg’;‘é ﬁ }%}ggg SZEgﬁpg ZE ﬂ Japanese Patent Application No. 2008-098855.
5’856’737 A 1/1999 Millgerpet al ' U.S. Office Action for co-pending U.S. Appl. No. 11/757,991, mailed
l oo ' on Feb. 11, 2011.
g:gggﬁgg 2 g;}ggg Eg:ﬁzlli U.S. Office Action for related U.S. Appl. No. 11/757,991, mailed on
5,883,497 A 3/1999 Tumnbull Mar. 9, 2012. _
5,889,386 A 3/1999 Koenck Notice of Allowance for related U.S. Appl. No. 09/548,213, mailed
5939862 A 8/1999 Kates et al. on Sep. 14, 2010. _
5,990,665 A 11/1999 Kawata et al. Office Action issued Mar. 17, 2010 in related U.S. Appl. No.
6,005371 A 12/1999 Umetsu 11/757.991.
U.S. Office Action for co-pending U.S. Appl. No. 11/757,991, mailed
FOREIGN PATENT DOCUMENTS on Sep. 9,2011.
1P 63-103627 5/1988 U.S. Office Action for co-pending U.S. Appl. No. 11/757,991, mailed
p 63-305721 12/1988 Aug. 24,2012
Jp 3-27413 2/1991
Jp 3-27414 2/1991 * cited by examiner



US RE43911 E

Sheet 1 of 15

Jan. §, 2013

U.S. Patent

NO 1193130
H1¥N04
AY3LLVE e
318V394VYHI 3 NO1123130 |,
1%1 QY IHL
| No1193130
€ —0U~  aN0J3S ﬁw Y3 I0ULNGD
T
£l
—{ No1173130
1S¥14
_J \
ol
NO1193130 oL
| IN3IEND L1098 9
N1 oN19uvH) Nuom<zu
NOTLD3L30] oL 5 3049N0S
LINSYIY e N1 LaiNSNOD ¥3M0d
IN3YYMD WNYILX3
w i SLYBYIdY DINOHLDIN3
|~
M



US RE43911 E

Sheet 2 of 15

Jan. 8, 2013

U.S. Patent

334N0S
Y3IM0d
TVNY31X3

~{ 01103130 |
QY IHL
AY3LLYE
318YI94VHOTY C
; X ¥3TI0HINGD
3
> NoI193130 | _{ N01103130 [
gLty aNDD3S [
bR
NOTLI343 1100¥12
IN | 9YYH) mw@m<zo
+N
o] %
av0?
ﬁw SNLYYYddY JINOYLI3T3
ARNE




US RE43911 E

U.S. Patent Jan. 8, 2013 Sheet 3 of 15
Fig.3A
L ELECTRONIC APPARATUS
OPERATING
COND | TIONS 30
¥ A _Ll
CHARGER
H
| SSUANCE |=—{ INTEGRATION | | BEsHARCEABLE
o 9
32 31 >
Fig.3B
1 ELECTRONIC APPARATUS
A POWER SUPPLY
“ CIRCUITRY
CHARGER
T ICIRCUIT X
t L
40._/55 CURRENT
MEASUREMENT
MICRO
RECHARGEABLE CONTROLLER
3-1 BATTERY

»




US RE43911 E

Sheet 4 of 15

Jan. §, 2013

U.S. Patent

YIOUVHD <« <= kﬂw N
2y
N._.h
HITI0¥LNOD L1NJY19 =
QUDTH | ONTUNSYIM “H T T
IN3YHHND hL.O\CO mml_l Y IE)
R ) |
o @ 1 4 3 1Y XV |
davov
e
4 ++443
m +MammT
e - mmm
I ¢ L 1 £
0551 T g 18[9 Q1| 1inowio
N~ ¢ N 70HINOD
| ﬁffm
mmf\l o~u_ FJ 1 Ue|
ormw 8y emr
s ] : £
| d mmW\ mhm
¥3LYIANOD
D <] 11 ANN Jw
1No 30/3a \mm 9y YOL33NNOJ 20
7 D14




US RE43911 E

Sheet 5 of 15

Jan. §, 2013

U.S. Patent

1 %zmwnmw | vc
Y ININV 151 fyy3
<+
-0%
5y £-0%G
‘vy3
AY<E
— m-o&wm
L= Y3A1HO %zm&xmw L
9-0v9 ¢-0%8
C (SEPY
€99 I.I— Ly 43
P 7-098 | .
oA 78
1-0%5
G b1

(£9)
)

(+2)
davaov

- 443

+¢44d3

(¢9)
IOXVIN

el

+v443

e



U.S. Patent Jan. 8, 2013 Sheet 6 of 15 US RE43,911 E

Fig.6
54,2
s
COMPARATOR
ERA . >
JAVE S1GRAL
COMPARATOR
AND GATE
ERA 5 -3
TRIANGULAR
WAVE SIGNAL  compaRATOR
ERA; >
TR I ANGULAR
WAVE SI1GNAL




US RE43911 E

Sheet 7 of 15

Jan. 8, 2013

U.S. Patent

ENLI Y —
3NTVA ONILINIT Ol ————>

IATLYI3Y 30N3¥3H410 | - 9/ Di .

31001N S| _ —
3NTIVA ONTLIWNIT OL ———
JATLYIIY 3ON3Y¥34410

.-O: m— =
INVA ONILINIY O —
IATLYI3Y 30NIH34410 y

0. ST 3MVA ONILINIT
!o_.m>:<dmuuzumu&_o

r
|
|

.

J1001N ST 3N1VA uz::u“

1
OL 3A1LYT3Y 3FON3FH344Id

| 304V S1 3NTVA ONILIWIT
~ 0L 3A11VI3Y¥ 30N34410

v. D14



U.S. Patent Jan. 8, 2013 Sheet 8 of 15 US RE43,911 E

Fig.8

©5~ CURRENT MEASURING CIRCUIT

550-1
R
K:‘)L R35
—VWVNV/

—YMNV"1DISCHARGING
550 -3 |CURRENT

+

OP,

CHARGING
CURRENT

Y




US RE43911 E

Sheet 9 of 15

Jan. 8, 2013

U.S. Patent

£x

S3A

¢
d01S

NLVYvddy
5300

LL1S

40 INNOWY ONINIVW3Y
31VQdN GNY IN38HNI
INIIUVHIS 1@ 3LVYIILINI

C oot

A¥3Llvg b~ OLLS

Q3AYS AY¥311vE 40
INNOWY ONINIVIN3Y 1NC Qv3d

¢ X L >k

} \
AY3LLYE 40
LNNOWY ININ1VW3Y

7151 3Lvadn ONY LN3¥4YND
ONTIYYHI J1VYO3LINY

Q3IAVS AY¥3LIVE 40
ELS ] INNOWY SNINTYN3Y 100 av3y

$
L1NOY13 0YINOD 31VAILOV

¢ls Q3HIVLLY

S -
615G

¥31aVay
v Si




US RE43911 E

Sheet 10 of 15

Jan. §, 2013

U.S. Patent

aN3

AY3LLYE 40 INNOWY
81S 7 ININIYW3Y 3AVS

A

£x

Lt

L1S LINJYI3 J0YINOD dO1S

S3A

JOYVHI 40
3LYLS 17N4

91S

SOL7H Y
>3A $300

GlS

S

g6 b1 4

L >k



US RE43911 E

Sheet 11 of 15

Jan. 8, 2013

U.S. Patent

(V] IN3WuND

1Nding  vwoosL  vw0ost

e it et R

—_ —_ T T e et e e e e e e e e e o e e e A o Am e o — —

Ol b1 4

0°Gt

09l

(A 30V1i70A
1ndino



US RE43911 E

Sheet 12 of 15

Jan. §, 2013

U.S. Patent

YIOUVH) 4 <
ﬁ NN&W
¥Y3171041NOD LINdYID ] “
oMW 1 ONTHNSYIN 2y H
c : IN3YYN) I i
95 68—t $7H §% 1043 |
ﬁ _ 1443
El + 543
T -Z¥y3
1 £ L L £
o1 T SUHL U Linowio
oy
~ /w "L I04IND)
[ T L
€G- oy " L _.F_ _A.d
LG
25 k_k Nra\m L
: ‘a k_R
¥3L43IANOD m
LN0=— 30/20 K- 1
‘g HOLJ3NNOD 20
11" B4




US RE43911 E

Sheet 13 of 15

Jan. 8, 2013

U.S. Patent

A

Vihd

YOLVH3NID

N7
¥V NNV 4] 1
A 7
oo vy,
Y- 9%G
e
HOLVHYANOD 7
¥3A 140 e '
Z- %G
€45
SEE
295"
L- 995
ANEE

- 1443

{ J43

- t443

+ 443



US RE43911 E

Sheet 14 of 15

Jan. §, 2013

U.S. Patent

LINN TOHINOD 394VHO
Ll
JIHVHO H3OYVYHI
jjojuo 4
H3IT10YINGD ANWA i
B AR | T ||| e
. . LIND
T Sy J0YLNOD
T £y 4 &) | £Q 30/30
,,m "
Em:Zm\ .TL.A.r : . H —— ] U
379Y39HYHI 3 q 0y 19 4]
1 ‘q
ﬁ»% T,
10« 55 ——x w
g YOLJ3INNOD 24
14V HONd
L b4



US RE43911 E

Sheet 15 of 15

Jan. §, 2013

U.S. Patent

LNO =

T ¥IDYVHD
Ll LLL
N LIND
I oo |
AY3L1ve ! I
JigvIouvHI H 1
70 0y b ba)
XEW
1 9
>, T1,
Y31YIANOD
30/20 w\,/_ -
a YOL23INNOD D0
14V HOtYd
71 D14




US RE43,911 E

1
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 specifica-
tion; matter printed in italics indicates the additions
made by reissue.

Notice: More than one reissue application has been filed
for the reissue parent, U.S. Pat. No. 5,739,667. The reissue
applications numbers are Ser. No. 10/383,068 (the present
application), Ser. No. 09/548,213 filed Apr. 12, 2000 (now RE
42,114), and Ser. No. 11/757,991 filed Jun. 4, 2007 (a con-
tinuation of Ser. No. 09/548,213).

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a control system for charg-
ing which enables efficient charging of rechargeable batter-
ies, a control system for charging which enables accurate
charging of the rechargeable batteries, and an electronic
apparatus which enables measurement of the charging/dis-
charging current of the rechargeable batteries by a simple
configuration.

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 internal
rechargeable batteries are used as the power supply of the
apparatus, but when operating the apparatus onadesk 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 sufficiently larger than the maxi-
mum power used by the apparatus and the maximum power
necessary for the charging of the rechargeable batteries, it is
possible to simultaneously operate the apparatus and charge
the internal rechargeable batteries. However, where the capa-
bility 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 impossible. Therefore, justone
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 maximum power 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
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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.

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 recharge-
able batteries when the power switch of the apparatus has
been turned ON, and restart the charging when the power
switch of the apparatus is returned to the OFF position.
Namely, in this configuration, the charging to the recharge-
able batteries was carried out when the apparatus was not
being operated and the charging to the rechargeable batteries
was stopped when the apparatus was being operated.

With this setup, however, when there is excess capability of
the AC adapter, efficient 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 configuration,
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 configu-
ration, as will be explained in detail later with reference 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 tech-
nique”, that is, monitoring the maximum temperature.
Between these two, the most widely used technique has been
the detection of the completion of charging by monitoring the
elapse of time from the start of the charging.

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 first 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 detect-
ing the discharging current of the rechargeable batteries using
this second sense resistor.

However, there was a problem in that efficient 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 batteries
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 that 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
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charged with a small charging current. Therefore, there was a
problem that efficient charging was not performed.

It 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 charging
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 rechargeable
batteries and a separate sense resistor for detecting the dis-
charging current of the rechargeable batteries as in the related
art, there was a problem that two sense resistors became
necessary and therefore the charging/discharging current of
the rechargeable batteries could not be measured by a simple
configuration.

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 efficient charging of
rechargeable batteries, to provide a novel control system for
charging which enables accurate charging ofthe rechargeable
batteries, and to provide a novel electronic apparatus which
enables the charging/discharging current of the rechargeable
batteries to be measured by a simple configuration.

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 first detecting means for detecting a dif-
ferential value between a maximum permissible charging
current allowed by the rechargeable batteries and a charging
current flowing to the rechargeable batteries; a second detect-
ing means for detecting a maximum usable current by detect-
ing a differential value between a maximum supplyable cur-
rent 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 flowing to the rechargeable
batteries; and a control means for controlling the system in
accordance with the differential values detected by the first
and third detecting means so that the charger circuit generates
the maximum charging current within the range where the
charging current flowing to the rechargeable batteries does
not exceed either of the maximum permissible charging cur-
rent and the maximum useable current.

BRIEF DESCRIPTION OF THE DRAWINGS

The above object and features of the present invention will
be more apparent from the following description of the pre-
ferred embodiments with reference to the accompanying
drawings, wherein:

FIG. 1 is a view of the configuration of a first embodiment
of the present invention;

FIG. 2 is a view of the configuration of a second embodi-
ment of the present invention;

FIGS. 3A and 3B are views of the configurations 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 flow of processing to be
executed by a microcontroller;

FIG. 10 is a graph of the characteristics of an AC adapter;

FIG. 11 shows a fiftth embodiment of the present invention;

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 configuration is illustrated in FIG. 13.

In the figure, the rechargeable batteries are constituted by
series-connected battery cells. The DC connector is a connec-
tor 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 circuit for the
apparatus which receives power from the external 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 connector. The
charging control portion is a control mechanism for control-
ling the start of the charging of the rechargeable batteries or
end of the charging in accordance with the state of the power
supply from the DC connector or the operation of the appa-
ratus and, at the same time, for controlling the magnitude of
the charging current which is generated by the charger.

D, and D, are protection diodes for preventing reverse
current which prevent the flow 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. D, is a protection diode for supplying power
from the rechargeable batteries to the DC/DC converter 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
PWM control mode. It is constituted by an ON*OFF con-
trolled main transistor Tr, for switching, a choke coil L, a
fly-wheel diode D5, a smoothing capacitor C,, resistors R,
R,, R, R;, and R, for controlling the current, and a DC/DC
control portion for handling constant current control process-
ing. The resistor R, 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 R, and
theresistor R, and, atthe same time, divided by the resistor R
and resistor R, and input to the DC-DC control portion. The
resistor R is a voltage-dividing resistor for controlling the
sense potential of the charging current measured by the resis-
tor R, and switches the magnitude of the current which is
generated by changing the resistance value of the resistor R,
which is connected in parallel.

This charger operates so as to generate arbitrarily deter-
mined currents by the resistance values of the resistors R, R,
R,, R;, and R,. It operates under two current modes in accor-
dance with the valid or invalid state of the resistor R indi-



US RE43,911 E

5

cated by the charging control portion. This constant current
operation is the same as that of a regulator of a switching
mode. Here, when the microcontroller side of the resistor Ry
is in the open state and low level state, the resistor R 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 D, . The DC/DC converter
produces the voltage required by the apparatus in accordance
with this. At this time, the external power is blocked by the
diode D, from being applied to the rechargeable batteries.

On the other hand, when power is supplied from the out-
side, 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 Tr, 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 D,, 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, and D, from flowing 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 D,, whereby the
rechargeable batteries are charged. At this time, the diode D,
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 monitoring
the presence/absence of supply of power from the DC con-
nector 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 apparatus
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 Rs 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 charg-
ing, there would be a problem of an adverse effect exerted
upon the rechargeable batteries, which would lead to a reduc-
tion of the service life of the batteries. For example, if there is
insufficient charging, this means that the full capacity of the
batteries could not be drawn upon and the operating time of
the apparatus on the batteries would be reduced. Also, in
rechargeable batteries such as NiCd, NiMH, and Li+ batter-
ies, the only problem with insufficient charging would be that
the rated capacity could not be obtained, but in rechargeable
batteries such as lead-acid batteries, insufficient charging
would cause actual deterioration of the batteries. Also, con-
versely, when the charging is excessively increased so as to
try to fully utilize the capacity of the batteries, the batteries
become 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
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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, control 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 R, for detecting the charging current of the
rechargeable batteries, a sense resistor R for detecting the
discharging current of the rechargeable batteries and detect-
ing the discharging current of the rechargeable batteries using
this sense resistor R,.

The above conventional configurations, however, suffered
from the problems mentioned above.

The present invention provides a novel control system for
charging which enables efficient 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 configuration.

The basic configurations of the embodiments ofthe present
invention will be illustrated in FIG. 1 through FIG. 3A and
3B.

Inthe figures, 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 flowing to the rechargeable battery 3; a
current consumption detecting means 11 for detecting the
current consumed by the load circuit 2; a first detecting means
12 for detecting a differential value between a maximum
permissible charging current allowed by the rechargeable
battery 3 and the charging current which is detected by the
charging current detecting means 10; a second detecting
means 13 for detecting a maximum useable current by detect-
ing a differential value between a maximum supplyable cur-
rent allowed by the external power source and the current
consumption detected by the current consumption detecting
means 11; a third detecting means 14 for detecting a differ-
ential value between the maximum useable current detected
by the second detecting means 13 and the charging current
detected by the charging current detecting means 10; a fourth
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detecting means 15 for detecting a differential value between
the maximum permissible supply voltage allowed by the
rechargeable battery 3 and the voltage applied to the recharge-
able battery 3; and a control means 16 for controlling the
charging current generated by the charger circuit 4.

The electronic apparatus 1 illustrated in FIG. 2 is provided
with a charging current detecting means 20 for detecting a
charging current flowing to the rechargeable battery 3; a first
detecting means 21 for detecting a differential value between
the maximum permissible charging current allowed by the
rechargeable battery 3 and the charging current detected by
the charging current detecting means 20; a second detecting
means 22 for detecting a differential value between the lowest
permissible output voltage allowed by the external power
source and the voltage which is output by the external power
source; a third detecting means 23 for detecting a differential
value between the maximum permissible supply voltage
allowed by the rechargeable battery 3 and the voltage which
is applied to the rechargeable battery 3; and a control means
24 for controlling the charging current which is generated by
the charger circuit 4.

The electronic apparatus 1 illustrated in FIG. 3A is pro-
vided with a detecting means 30 for detecting the charging
current flowing to the rechargeable battery 3; an integrating
means 31 which integrates the charging current which is
detected by the detecting means 30; and an issuing means 32
for issuing a charging end command to the charger circuit 4.

The electronic apparatus 1 illustrated in FIG. 3B is pro-
vided with a sense resistor 40 for detecting the charging
current flowing to the rechargeable battery 3 on the recharge-
able battery 3 side from the connection point between the
charger circuit 4 and the power supply circuit of the apparatus
and, at the same time, provided with a current measuring
means 41 for receiving the voltages at the two ends of the
sense resistor 40 as inputs, discriminating which of the two
input voltages is bigger, and producing a voltage in accor-
dance with the differential value between these two input
voltages.

In the first embodiment illustrated in FIG. 1, when the
apparatus is driven using power supplied from an external
power source, the control means 16 performs the control
according to the differential values detected by the first
detecting means 12, third detecting means 14, and the fourth
detecting means 15 so that the charger circuit 4 generates the
maximum charging current within the range where the charg-
ing current flowing to the rechargeable battery 3 does not
exceed either of the maximum permissible charging current
and the maximum useable current and the voltage to be
applied to the rechargeable battery 3 does not exceed the
maximum permissible supply voltage.

Namely, when one or more of the differential values
detected by the first detecting means 12, third detecting
means 14, and the fourth detecting means 15 exceeds the limit
value, the differential value which exceeds the limit value to
the most extent is specified. When none exceeds the limit
value, the differential value nearest zero is specified. The
charging current which is generated by the charger circuit 4 is
controlled so that the specified differential value becomes the
zero value.

According to the control processing of this control means
16, in the first embodiment illustrated in FIG. 1, the recharge-
able battery 3 is charged with the maximum charging current
within a range allowed by both of the rechargeable battery 3
and the external power source, and therefore rapid charging of
the rechargeable battery 3 at the time of operation of the
electronic apparatus 1 becomes possible.
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On the other hand, in the second embodiment illustrated in
FIG. 2, when the apparatus is driven by using power given
from an external power source, the control means 24 performs
control according to the differential values detected by the
first detecting means 21, the second detecting means 22, and
the third detecting means 23 so that the charger circuit 4
generates the maximum charging current with a range where
the charging current flowing to the rechargeable battery 3
does not exceed the maximum permissible charging current,
the output voltage which is output by the external power
source is not lowered to less than the lowest permissible
output voltage, and the voltage to be applied to the recharge-
able battery 3 does not exceed the maximum permissible
supply voltage.

Namely, when one or more of the differential values
detected by the first detecting means 21, second detecting
means 22, and third detecting means 23 exceeds the limit
value, the differential value that exceeds the limit value to the
greatest extent is specified. When none exceeds the limit
value, the differential value nearest zero is specified. The
charging current which is generated by the charger circuit 4 is
controlled so that the specified differential value becomes the
zero value.

According to the control processing of this control means
24, in the second embodiment illustrated in FIG. 2, the
rechargeable battery 3 is charged with the maximum charging
current within a range allowed by both of the rechargeable
battery 3 and the external power source, and therefore rapid
charging of the rechargeable battery 3 at the time of operation
of the electronic apparatus 1 becomes possible.

On the other hand, in the third embodiment illustrated in
FIG. 3A, when the charger circuit 4 generates a charging
current which changes in accordance with the operating state
of'the apparatus so as to charge the rechargeable battery 3, the
detecting means 30 detects the charging current flowing to the
rechargeable battery 3, the integrating means 31 receives this
detection result and integrates the detected charging current,
and the issuing means 32 receives this integration result and
decides whether or not the total value of the integrated charg-
ing current and the current capacity possessed by the
rechargeable battery 3 at the time of start of the charging has
reached the maximum current capacity of the rechargeable
battery 3 and when deciding it has, issues a command for
ending the charging to the charger circuit 4.

In this way, in the third embodiment illustrated in FIG. 3A,
even if the charging current generated by the charger circuit 4
dynamically changes, it becomes possible to accurately
detect the completion of charging of the rechargeable battery
3 by using the charging current.

On the other hand, in the fourth embodiment illustrated in
FIG. 3B, the charger circuit 4 generates a charging current of
a constant current mode to be used for the charging of the
rechargeable battery 3 by using the charging current detected
by the sense resistor 40. In this sense resistor 40, the discharg-
ing current from the rechargeable battery 3 will also flow. The
current measuring means 41 receives the charging/discharg-
ing current flowing through this sense resistor 40. When it
has, for example, two input ports, the means 41 outputs a
voltage in accordance with the magnitude of the charging
current to one input port when the charging current flows
through the sense resistor 40, and outputs a voltage in accor-
dance with the magnitude of the discharging current to the
other input port when the discharging current flows through
the sense resistor 40.

In this way, in the fourth embodiment illustrated in FIG.
3B, by making joint use of one resistor for the sense resistor
for the detection of the charging current and the sense resistor
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for the detection of the discharging current, it becomes pos-
sible to measure the charging/discharging current of the
rechargeable battery 3 with a simple configuration.

Below, the present invention will be explained in further
detail according to specific examples.

One specific example of the present invention will be illus-
trated in FIG. 4.

In the figure, 50 is a rechargeable battery, that is, a
rechargeable battery constituted by the series-connected bat-
tery cells; 51, a DC connector, that is, a connector for receiv-
ing power from the outside when operating the apparatus by
an AC adapter or when charging the rechargeable battery 50
mounted inside the apparatus by the AC adapter; 52,a DC/DC
converter, that is, a power supply circuit for the apparatus
which receives the supply of power from an external power
source supplied via the DC connector 51 or from the
rechargeable battery 50 and thereby produces the voltage
required by the apparatus; 53, a charger, that is, a constant
current source for producing the power necessary for charg-
ing the rechargeable battery 50 when the power is supplied
from the outside via the DC connector 51; 54, a control circuit
constructed inside the charger 53, that is, a control mecha-
nism for executing constant current control under the PWM
control mode; 55, a current measuring circuit, that is, a mea-
suring circuit for measuring the charging/discharging current
of'the rechargeable battery 50; and 56, a microcontroller, that
is, a charging control mechanism for issuing commands for
the start and end of the charging.

D, and D, are protection diodes for preventing reverse
current which prevent power from flowing out from the
rechargeable battery 50 to the outside when the AC adapter is
not being operated due to the fact AC power is not supplied to
the AC adapter etc. D, is a protection diode for supplying the
power from the rechargeable battery 50 to the DC/DC con-
verter 52 when the power is not supplied from the outside and,
at the same time, for preventing the voltage from being
applied to the rechargeable battery 50 when the power is
supplied from the outside via the DC connector 51.

Tr, is a main transistor for switching which performs an
ON/OFF operation according to the command from the con-
trol circuit 54; L., a choke coil; D;, a fly-wheel diode; and C,,
a capacitor for smoothing.

R, is a sense resistor for measuring the charging current
flowing to the rechargeable battery 50. The voltage drop due
to the charging current flowing through this sense resistor R,
is divided by the resistors R, and R, and, at the same time,
divided by the resistors R, and R, and input to an ERR1
terminal of the control circuit 54. R, is a sense resistor for
measuring the current consumed by the apparatus. The volt-
age drop due to the consumption of current flowing through
this sense resistor R is divided by the resistors R, and R; and,
atthe same time, divided by the resistors R; and R |, and input
the ERR2 terminal of the control circuit 54.

A voltage e, which is given to the ACADP-terminal of the
control circuit 54 is for notifying the supplyable maximum
current of the AC adapter to the control circuit 54 and is given
as a voltage value corresponding to the current value. e,,
which is given to a MAXC-terminal of the control circuit 54,
is for notifying the maximum charging current allowed by the
rechargeable battery 50 to the control circuit 54 and is given
as a voltage value corresponding to the current value. e;,
which is given to a Vr terminal of the control circuit 54, is for
notifying the maximum supply voltage allowed by the battery
to the control circuit 54 and is given as the voltage value.

Tr, is a switch circuit for protection for preventing the
voltage of the rechargeable battery 50 from being supplied to
the control circuit 54 and, at the same time, preventing the
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power from leaking from the rechargeable battery 50 via the
resistors R, to R, by opening the ground side of the control
circuit 54 when the power is not supplied from the DC con-
nector 51. R,, and R,, are voltage detecting resistors for
turning OFF the switch circuit Tr, when the power is not
supplied from the DC connector 51 by detecting this.

A concrete example of the control circuit 54 will be illus-
trated in FIG. 5.

As shown in this figure, the control circuit 54 is constituted
by six error amplifiers 540-1 (i=1 to 6), a triangular wave
generator 541, a PWM comparator 542, and a driver 543.

This first error amplifier 540-1 (ERA.) is an amplifier for
measuring the voltage drop across the sense resistor R, and
outputs a voltage proportional to the charging current flowing
through the sense resistor R,,. The fourth error amplifier 540-4
(ERA,) amplifies a differential value between the charging
current which is output by the first error amplifier 540-1 and
the maximum charging current (e,) allowed by the recharge-
able battery 50 to be given to the MAXC-terminal and inputs
the amplified differential value to the PWM comparator 542.

The second error amplifier 540-2 (ERA,) is an amplifier
for measuring the voltage drop across the sense resistor Ry
and outputs a voltage proportional to the value of the con-
sumption of the current flowing through the sense resistor R.
A fifth error amplifier 540-5 (ERA) amplifies a differential
value between the current consumption value output by the
second error amplifier 540-2 and the maximum supply cur-
rent value (e, ) supplyable by the AC adapter to be given to the
ACADP-terminal and outputs the same as the maximum use-
able current value.

A sixth error amplifier 540-6 (ERA) amplifies a differen-
tial value between the charging current which is output by the
first error amplifier 540-1 and the maximum useable current
which is output by the fifth error amplifier 540-5 and inputs
the same to the PWM comparator 542. A third error amplifier
540-3 (ERA;) amplifies a differential value between the
apply voltage to the rechargeable battery 50 which is input to
the first error amplifier 540-1 and the maximum supply volt-
age (e;) allowable by the rechargeable battery 50 which is
given to the Vr terminal and inputs the amplified differential
value to the PWM comparator 542.

Here, the error amplifier 540-i, receiving as its input the
limit value, operates so as to output the prescribed voltage
when the measured value and the limit value are equal, output
a voltage larger than the prescribed voltage thereof when the
limit value is larger than the measured value, and output a
negative value or “0” when the measured value is larger than
the limit value.

The triangular wave generator 541 produces a triangular
wave voltage having a prescribed period and inputs the same
to the PWM comparator 542. The PWM comparator 542
receives as its inputs the voltages output by the fourth error
amplifier 540-4, sixth error amplifier 540-6, and the third
error amplifier 540-3 and the triangular wave voltage output
by the triangular wave generator 541 and generates a pulse
having a pulse width according to the input voltage. The
driver 543 is a driver circuit for driving the main transistor
Tr,, turns ON the main transistor Tr, during a period when the
PWM comparator 542 outputs a high level and, at the same
time, turns the main transistor Tr; OFF during a period when
the PWM comparator 542 outputs the low level.

A concrete example of the PWM comparator 542 is illus-
trated in FIG. 6.

The PWM comparator 542 of this concrete example is
constituted by comparison circuits which are provided corre-
sponding to the input voltages from three error amplifiers,
compare the output voltages of the error amplifiers and the
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triangular wave voltage generated by the triangular wave
generator 541, and output a high level when the input trian-
gular wave voltage is smaller, and output a low level when the
input triangular wave voltage is larger; and an AND gate
which calculates the AND value of the output values of all
comparison circuits and outputs the resultant value. Due to
this, the comparison circuits generate a pulse having a pulse
width according to the output voltage of the error amplifier.
The comparison circuit corresponding to the error amplifier
with the measured value exceeding the limit value will oper-
ate so as not to generate a pulse since the error amplifier
outputs a negative value or “0”.

According to this configuration, the comparison circuits in
the PWM comparator 542 produce a long pulse at a higher
level as the margin is larger when the input voltage from the
error amplifier is within the range ofthe limit value and, at the
same time, do not produce a pulse when it is not within the
range. The AND gate inside the PWM comparator 542
receives the outputs of the comparision circuits and outputs a
pulse matching the output from the comparision circuit which
outputs the highest level as shown in FIG. 7B.

Namely, the PWM comparator 542 does not generate a
pulse when one of the input voltages from the three error
amplifiers exceeds the limit and, at the same time, specifies
the one nearest the limit value when there is no input voltage
exceeding the limit value and generates a pulse of the high
level having a length in accordance with this.

Responding to the generation of pulse of this PWM com-
parator 542, the driver 543 turns the main transistor Tr; ON
during a period when the PWM comparator 542 outputs an
high level, and while turns the main transistor Tr, OFF during
a period when the PWM comparator 542 outputs a low level,
thereby to control the magnitude of the charging current
which is generated by the charger 53 so that the output voltage
of the error amplifier which becomes the origin of generation
of the pulse from the PWM comparator 542 becomes a zero
value.

With a control circuit 54 of this configuration, the charger
53 charges the rechargeable battery 50 by a charging current
limited by whichever of the charging current which is
detected by the sense resistor R, (with a limit value which is
the maximum charging current allowed by the rechargeable
battery 50 and the maximum useable current value which is
output by the fifth error amplifier 540-5) and the voltage
applied to the rechargeable battery 50 (with a limit value
which is the maximum supply voltage allowed by the
rechargeable battery 50) reaches the limit value first.

In this way, the rechargeable battery 50 is charged by the
maximum charging current within the range allowed by both
of the rechargeable battery 50 and the AC adapter, and there-
fore it becomes possible to rapidly charge the rechargeable
battery 50 at the time of the operation of the electronic appa-
ratus 1.

Further explaining the charging operation of the concrete
example of FIG. 4, since the AC adapter is connected to the
DC connector 51, when power is supplied from the outside,
the external power is supplied to the DC/DC converter 52 via
D, and the DC/DC converter 52 produces the voltage (OUT)
required by the apparatus in accordance with this.

Atthis time, if an instruction for charging is issued from the
microcontroller 56 to the control circuit 54, the control circuit
54 starts the following operation to generate the charging
current.

Namely, when current consumption through the DC/DC
converter 52 is detected by the sense resistor Ry, the maxi-
mum useable current of the AC adapter which becomes use-
able in that current consumption state is found. By this, it
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performs control so that the charging current of the recharge-
able battery 50 which is detected by the sense resistor R, does
not exceed the maximum useable current value thereof and, at
the same time, performs control so that the charging current
thereof does not exceed the maximum charging current
allowed by the rechargeable battery 50. Then, it performs
control so that the voltage supplied to the rechargeable battery
50, which s detected by the sense resistor R ,, does not exceed
the maximum supply voltage allowed by the rechargeable
battery 50.

Assume that, in the embodiment of FIG. 4, the maximum
charging current allowed by the rechargeable battery 50 is
1000 mA, the capacity of the rechargeable battery 50 is 1000
mAH, the maximum current supplyable by the AC adapter is
1500 mA, the maximum value of the consumption of current
to be used when the apparatus operates is 1100 mA, an aver-
age value of the consumption of current to be used by the
apparatus at the time of operation is 400 mA, and the current
consumption when the apparatus does not operate is 0 mA. At
the same time, assume that there is no limitation on the supply
voltage in the rechargeable battery 50.

When the apparatus is not operating, all of the current
which is supplied from the AC adapter can be used as the
charging current of the rechargeable battery 50, and therefore
charging at the maximum current value 1000 mA allowable
by the battery becomes possible. Accordingly, the charging
ends in about 1 hour at this time.

On the other hand, when the apparatus is operating, the
current consumption dynamically changes in a range of from
0 to 1100 mA. In the present invention, charging will be
carried out while dynamically changing the charging current
in a range of from 1000 mA to 400 mA matching with this
dynamic change. The average current consumption of the
apparatus is 400 mA, and therefore also this charging current
becomes 1000 mA on the average. This charging current of
1000 mA is a value no different from that when the apparatus
is not operating. Accordingly, even if the apparatus is operat-
ing, the charging can be carried out in about 1 hour.

In this way, the present invention adopts a method of charg-
ing by the maximum capability of the AC adapter by dynami-
cally changing the charging current of the charger 53 in
accordance with the current consumption on the apparatus
side by providing a function of measuring the current con-
sumption on the apparatus side. Thus, it becomes possible to
greatly shorten the charging time of the rechargeable battery
50.

Contrary to this, the related art does not adopt a configu-
ration for dynamically detecting the dynamically changing
power consumption on the apparatus side, therefore is
designed considering the maximum power consumption. Due
to this, when the maximum power consumption at the time of
the operation of the apparatus is 1100 mA and the maximum
current supplyable by the AC adapter is 1500 mA, the current
value which can be used by the charger 53 becomes 400 mA.
As a result, irrespective of the current consumption, the
charging is always carried out at 400 mA at the time of
operation of the apparatus and therefore a charging time of
about 3 hours becomes possible.

In this way, in the present invention, by charging in accor-
dance with the capability of the external power source, it
becomes possible to greatly shorten the charging time of the
rechargeable battery 50.

Next, an explanation will be made of the function of the
current measuring circuit 55 provided in the embodiment of
FIG. 4 and the microcontroller 56.
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The current measuring circuit 55 is provided for measuring
the magnitude of the current flowing through the sense resis-
tor R,

This sense resistor R, acts as a resistor for controlling the
constant current of the charger 53 as mentioned above, and
further, as seen from the circuit configuration of FIG. 4, is
provided in the path of the discharging current of the
rechargeable battery 50. Namely, at the time of the charging
of the rechargeable battery 50, the charging current flows
through this sense resistor R, while when the AC adapter is
not connected to the DC connector 51, the power of the
rechargeable battery 50 is given to the DC/DC converter 52.
Accordingly, the discharging current will flow through this
sense resistor R,. Thus, this current measuring circuit 55 will
measure both of the charging current flowing to the recharge-
able battery 50 and the discharging current flowing out of the
rechargeable battery 50.

A concrete example of this current measuring circuit 55
will be illustrated in FIG. 8.

As shown in this figure, the current measuring circuit 55 is
constituted by a first operational amplifier 550-1 (OP)), a
second operational amplifier 550-2 (OP,), a third operational
amplifier 550-3 (OP;) and a fourth operational amplifier
550-4 (OP,). This first operational amplifier 550-1 (OP,)
receives as input one of the voltages of the two ends of the
sense resistor R, at a plus (non-inverting) terminal, while
connects the minus terminal to a minus (inverting) terminal of
the second operational amplifier 550-2 via the resistor R;,.
The second operational amplifier 550-2 receives as input the
other voltage of the sense resistor R, at the plus terminal,
while connects the minus terminal to the minus terminal of
the first operational amplifier 550-1 via the resistor R, ;. The
third operational amplifier 550-3 receives as input the output
voltage of the first operational amplifier 550-1 at the minus
terminal via the resistor R, ,, while connects the plus terminal
to the ground via the resistor R;,. The fourth operational
amplifier 551-4 receives as input the output voltage of the
second operational amplifier 550-2 at the minus terminal via
the resistor R,;, while grounds the plus terminal via the
resistor R,

By this configuration, the current measuring circuit 55
amplifies a differential value between the value input to the
plus terminal of the first operational amplifier 550-1 and the
voltage input to the plus terminal of the second operational
amplifier 550-2 and outputs the result.

Namely, the third operational amplifier 550-3 amplifies the
voltage difference when the input voltage of the plus terminal
of'the first operational amplifier 550-1 is higher than the input
voltage of the plus terminal of the second operational ampli-
fier 550-2. Due to this, it outputs a voltage proportional to the
discharging current flowing through the sense resistor R,,.
Also, the fourth operational amplifier 550-4 amplifies the
voltage difference and outputs the result when the voltage at
the plus terminal of the first operational amplifier 550-1 is
lower than the input voltage at the plus terminal of the second
operational amplifier 550-2. Due to this, it outputs a voltage
proportional to the charging current flowing through the sense
resistor R,,.

In this way, the current measuring circuit 55 is designed to
measure both of the charging current and the discharging
current flowing through the sense resistor R, and discrimi-
nates whether the current flowing through the sense resistor
R, is the charging current or the discharging current and
produces a voltage in accordance with the magnitude of the
current.
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On the other hand, the microcontroller 56 performs the
charging control processing by controlling the control circuit
54 in accordance with the result of measurement of this cur-
rent measuring circuit 55.

FIGS. 9A and 9B show the flow of processing executed by
the microcontroller 56.

First, at step 1 (ST) as shown in the flow of processing of
FIGS. 9A and 9B, the microcontroller 56 detects whether or
not the AC adapter is attached. This processing is executed by
monitoring the output voltage of the AC adapter although this
was omitted in the embodiment of FIG. 4.

When it is detected at this step 1 that the AC adapter is
attached, the processing routine goes to step 2, at which
charging of the rechargeable battery 50 is indicated by acti-
vating the control circuit 54. In the subsequent step 3, the
remaining amount of battery power of the rechargeable bat-
tery 50 is read out. Subsequently, at step 4, the output voltage
of the current measuring circuit [50] 55 is read to read the
charging current flowing through the sense resistor R, and
this is integrated to update the remaining amount of battery
power of the rechargeable battery 50.

Next, at step 5, it is detected whether or not an instruction
for stopping the apparatus has been issued. When it is
detected that no command for stopping the apparatus has
been issued, the processing routine goes to step 6, at which it
is decided whether or not the remaining amount of battery
power has reach full charge. When it is decided that it has not
reached full charge, the processing routine returns to step 4, at
which the remaining amount of battery power continues to be
updated. When it is decided that it has reached full charge, the
processing routine goes to step 7, at which the control circuit
54 is stopped. At the subsequent step 8, the remaining amount
of battery power is saved and the processing is ended.

Next, at step 5, when it is detected that an instruction for
stopping the apparatus has been issued, the processing routine
immediately goes to step 7, at which the control circuit 54 is
stopped. At the subsequent step 8, the remaining amount of
battery power is saved and the processing is ended.

On the other hand, when it is detected at step 1 that the AC
adapter has not been attached, that is, when the power of the
rechargeable battery 50 is supplied to the DC/DC converter
52, the processing routine goes to step 9, at which the remain-
ing amount of battery power of the rechargeable battery 50
which has been saved is read out. Subsequently, at step 10, the
output voltage of the current measuring circuit 55 is read to
read the discharging current flowing through the sense resis-
tor R, and this is integrated, thereby to update the remaining
amount of battery power of the rechargeable battery 50. Sub-
sequently, at step 11, it is detected whether or not an instruc-
tion for stopping the apparatus has been issued. When it is
detected that no instruction for stopping the apparatus has
been issued, the processing routine returns to step 10, at
which the remaining amount of battery power continues to be
updated. When it is detected that an instruction for stopping
the apparatus has been issued, the processing routine goes to
step 8, at which the remaining amount of battery power is
saved and the processing is ended.

In this way, the microcontroller 56 stops the charging by
accurately detecting the completion of charging of the
rechargeable battery 50 even if the charging current which is
generated by the charger circuit 53 dynamically changes.

The example of FIG. 4 adopted a configuration of inputting
the maximum current supplyable by the AC adapter to the
ACADP-terminal of the control circuit 54 in advance, but by
utilizing the characteristic of the AC adapter, it is also possible
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to automatically detect the power supply capability of this AC
adapter. According to this, it is possible to make the present
invention further practical.

An example of the correspondence between the output
current [A] and the output voltage [ V] possessed by the AC
adapter will be illustrated in FIG. 10. This shows that the AC
adapter has a rated output voltage of 16.0V and a rated output
current of 1500 mA.

As shown in this figure, the AC adapter maintains a voltage
output of the rated output voltage when the output current is
less than the rated output current, such as 0 to 1500 mA. If a
current more than the rated output current is required, by
lowering the output voltage to for example 15.0V, an overload
state is notified to the load side. This has the function of
cutting off the voltage output after the ultra-overload state is
reached when a further larger current is required.

This means that, when the output voltage of the AC adapter
is lowered to the prescribed lowest permissible output volt-
age, the limit of the power supply capability of the AC adapter
is reached. By utilizing this characteristic, when the output
voltage of the AC adapter is lowered to the lowest permissible
output voltage, the charging current of the charger 53 is
limited. This means that the maximum supply current of the
AC adapter required to be originally input to the control
circuit 54 can be omitted in the example of FIG. 4.

A fifth embodiment of the present invention using that
method is illustrated in FIG. 11.

In the figure, the same elements as those explained refer-
ring to FIG. 4 are indicated by the same reference numerals.

The point of difference from the embodiment of FIG. 4 is
that a configuration is adopted wherein the resistors R, and
R, , for monitoring the output voltage of the AC adapter which
is connected to the DC connector 51 are provided in place of
the sense resistor R and the resistors R, to R | , and the output
voltage of the AC adapter divided by these resistors R, and
R, is input to ERR2 minus terminal of the control circuit 54.
Note that, the voltage e, corresponding to the maximum
charging current allowable by the rechargeable battery 50 is
input to the ERC1 terminal of the control circuit 54. Also, in
the embodiment of FIG. 4, the maximum supply voltage
allowable by the rechargeable battery 50 given from the out-
side is produced in an internal portion of the control circuit
54.

FIG. 12 illustrates an embodiment of the control circuit 54
used in the embodiment of FIG. 11.

As shown in this figure, the control circuit 54 used in the
embodiment of FIG. 11 is constituted provided with four
error amplifiers 544-1 (i=1 to 4) in place of the six error
amplifiers 540-1 (i=1 to 6) provided in the control circuit 54
(shown in FIG. 5) used in the embodiment of FIG. 4.

This first error amplifier 544-1 (ERA,) is an amplifier for
measuring the voltage drop across the sense resistor R, and
outputs a voltage proportional to the charging current charg-
ing current flowing through the sense resistor R,. The third
error amplifier 544-3 (ERA;) amplifies a differential value
between the charging current which is output by the first error
amplifier 544-1 and the maximum charging current (e,)
allowed by the rechargeable battery 50 to be given to the
ERC1 terminal and inputs this amplified differential value to
the PWM comparator 542.

The second error amplifier 544-2 (ERA,) amplifies a dif-
ferential value between the voltage supplied to the recharge-
ablebattery 50 to be input to the first error amplifier 544-1 and
the maximum supply voltage value allowable by the
rechargeable battery 50 which is given by the internal battery
and inputs this amplified differential value to the PWM com-
parator 542. The fourth error amplifier 544-4 (ERA,) ampli-
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fies a differential value between the output voltage of the AC
adapter which is detected by the resistors R, ; and R, , and the
lowest permissible output voltage of the AC adapter which is
given by the internal battery (set to for example 15.0V) and
inputs this amplified differential value to the PWM compara-
tor 542.

Responding to the voltages which are output by the third
error amplifier 544-3, second error amplifier 544-2, and the
fourth error amplifier 544-4 and the triangular wave voltage
which is output by the triangular wave generator 541, the
PWM comparator 542 generates a pulse having a pulse width
dependent on the input voltage. Receiving this pulse, the
driver 543 turns the main transistor Tr; ON during the period
when the PWM comparator 542 outputs the high level and, at
the same time, turns the main transistor Tr, OFF during the
period when the PWM comparator 542 outputs the low level.

This PWM comparator 542 is constituted by comparison
circuits which are provided corresponding to the input volt-
ages from three error amplifiers similar to that explained
referring to FIG. 6 and which compare the output voltages of
the error amplifiers and the triangular wave voltage which is
generated by the triangular wave generator 541, output the
high level when the input triangular wave voltage is smaller,
and output the low level when the input triangular wave
voltage is higher and an AND gate which calculates the AND
value ofthe output values of all of the comparison circuits and
outputs the result. Due to this, the comparison circuits gen-
erate pulses having pulse widths in accordance with the out-
put voltages of the error amplifiers. The comparison circuit
corresponding to the error amplifier with a measured value
exceeding the limit value operates so as not to generate a pulse
since that error amplifier outputs a negative value or “0”.

Due to this configuration, as shown in FIG. 7A, the com-
parison circuits in the PWM comparator 542 produce long
pulses of a higher level as the margin is larger when the input
voltages from the error amplifiers are within the range of the
limit value and do not generate pulses when the input voltages
are not within that range. The AND gate inside the PWM
comparator 542 outputs a pulse matching with the output
from the comparator outputting the short pulse at the highest
level as shown in FIG. 7B responding to the outputs of these
comparators.

Namely, the PWM comparator 542 does not generate a
pulse when one or more of the input voltages from the three
error amplifiers exceeds the limit value and specifies the one
nearest the limit value when there is none exceeding the limit
value and generates a pulse of the high level having a length
in accordance with this.

Responding to the generation of pulses of this PWM com-
parator 542, the driver 543 turns the main transistor Tr; ON
during the period when the PWM comparator 542 outputs the
high level and turns the main transistor Tr, OFF during the
period when the PWM comparator 542 outputs the low level.
Thus, the magnitude of the charging current which is gener-
ated by the charger 53 is controlled so that the output voltage
of'the error amplifier which originates the pulse of the PWM
comparator 542 becomes the zero value.

Due to the control circuit 54 of this configuration, the
charger 53 charges the rechargeable battery 50 by a charging
current limited by whichever of the charging current which is
detected by the sense resistor R, (with a limit value of the
maximum charging current allowed by the rechargeable bat-
tery 50), the voltage supplied to the rechargeable battery 50
(with a limit value of the maximum supply voltage allowable
by the rechargeable battery 50), and the output voltage of the
AC adapter which is detected by the resistors R;; and R,
(with a limit value of the lowest permissible output voltage of
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the AC adapter) first reaches the limit value. That is, the
charging current which is generated by the charger 53 is not
limited up to the maximum output current allowed by the AC
adapter.

In this way, the rechargeable battery 50 is charged by the
maximum charging current within a range allowed by both of
the rechargeable battery 50 and the AC adapter, and therefore
it becomes possible to rapidly charge the rechargeable battery
50 at the time of the operation of the electronic apparatus 1.

Now, in the fifth embodiment of FIG. 11, it is assumed that
the maximum charging current allowable by the rechargeable
battery 50 is 1000 mA, the battery capacity of the recharge-
able battery 50 is 1000 mAH, the maximum current supply-
able by the AC adapter is 1500 mA, the maximum value of the
current used when the apparatus operates is 1100 mA, an
average value of the current used by the apparatus at the time
of operation is 400 mA, and the current consumption when
the apparatus is not being operated is 0 mA. Also, it is
assumed that there is no limitation of the supply voltage in the
rechargeable battery 50.

When the apparatus is stopped, all of the current which is
supplied from the AC adapter can be used as the charging
current of the rechargeable battery 50, and therefore the
charging at the maximum current value 1000 mA allowable
by the battery becomes possible. Accordingly, the charging at
this time ends in about 1 hour.

On the other hand, when the apparatus is being operated,
the current consumption dynamically changes in a range of
from 0 to 1100 mA. Here, however, it is assumed that the
current consumption of the apparatus is 1000 mA. The
charger 53 operates so as to output 1000 mA since the maxi-
mum permissible charging current of the rechargeable battery
50 is 1000 mA. However, when the charging current which is
generated by the charger 53 reaches 500 mA, the negative
current value of the AC adapter becomes 1500 mA, and from
a point of time when exceeding this 1500 mA, the output
voltage of the AC adapter starts to drop. The control circuit 54
operates so as to limit the output of the charger 53 at the point
of time when the output voltage starts to be lowered by
monitoring the output voltage of this AC adapter, and conse-
quently, the charging current which is generated by the
charger 53 is restricted to the value of 500 mA.

When the current consumption of the apparatus is
increased and becomes 1100 mA, a voltage drop of the AC
adapter occurs along with the increase of this current con-
sumption. Therefore the charger 53 further decreases the
charging current to be generated according to the command of
the control circuit 54 and decreases the same down to 400
mA. Subsequently, when the current consumption of the
apparatus is decreased and becomes 800 mA, the output
voltage of the AC adapter returns to the rated voltage. As a
result, the limitation by the output voltage of the AC adapter
is released and therefore the charger 53 increases the charging
current to be generated according to the command of the
control circuit 54 and meets the voltage drop point of the AC
adapter at the point of time when increasing the charging
current to 700 mA. The current limitation starts there.

In this way, in the present invention, in accordance with the
capacity of the AC adapter, the charging is carried out along
with the dynamic change of the current consumption of the
apparatus while dynamically changing the charging current
in a range of from 1000 mA to 400 mA. The average current
consumption of the apparatus is 400 mA, and therefore also
this charging current becomes 1000 mA on the average. This
charging current of 1000 mA is a current no different from
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that when the apparatus is stopped, and accordingly even if
the apparatus is operating, the charging can be carried out in
about 1 hour.

In this way, the present invention adopted a method
wherein a function of measuring the current consumption on
the apparatus side by monitoring the output voltage of the AC
adapter is provided. In accordance with the current consump-
tion on this apparatus side, the charging current of the charger
53 is dynamically changed, thereby to enable constant charg-
ing by the maximum capability of'the AC adapter. Due to this,
the charging time of the rechargeable battery 50 can be
greatly shortened.

Contrary to this, the related art does not adopt a structure
for dynamically detecting the dynamically changing power
consumption on the apparatus side and therefore is designed
considering the maximum power consumption. Due to this,
when the maximum power consumption at the time of the
operation of apparatus is 1100 mA and the maximum current
supplyable by the AC adapter is 1500 mA, the current useable
by the charger 53 becomes 400 mA. As a result, irrespective
of'any current consumption of the apparatus, at the time of the
operation of the apparatus, the charging is always carried out
at 400 mA, and a charging time of about 3 hours becomes
necessary.

In this way, in the present invention, by performing the
charging in accordance with the capability of the AC adapter,
it becomes possible to greatly shorten the charging time ofthe
rechargeable battery 50.

The present invention was explained according to the illus-
trated embodiments, but the present invention is not restricted
to this. For example, in the concrete examples, the present
invention was described by using a rechargeable battery 50 in
which the supply voltage is restricted, but it is also possible to
use a rechargeable battery 50 in which the supply voltage is
not restricted. In this case, it is not necessary to constitute the
system so as to limit the charging current by this supply
voltage.

As explained above, according to the present invention,
where an electronic apparatus is provided with a rechargeable
battery, it becomes possible to charge the rechargeable bat-
tery by the maximum charging current within a range allowed
by both of the rechargeable batteries and the external power
source, and therefore it becomes possible to rapidly charge
the rechargeable battery at the time of operation of the elec-
tronic apparatus.

Further, according to the present invention, even if the
charging current of the rechargeable batteries dynamically
changes, it becomes possible to accurately detect the comple-
tion of charging ofthe rechargeable batteries. Further, accord-
ing to the present invention, by using the same resistor for the
sense resistor for the detection of the charging current of the
rechargeable batteries and the sense resistor for the detection
of the discharging current of the rechargeable batteries, it
becomes possible to measure the charging/discharging cur-
rent of the rechargeable batteries with a simple structure.

We claim:

[1. A system for controlling the supply of power from an
external power source to rechargeable batteries in an appara-
tus which can be powered either by the external power source
or the rechargeable batteries, comprising:

a first detector for detecting a difference between a maxi-
mum permissible charging current allowed by the
rechargeable batteries and a charging current flowing to
the rechargeable batteries;

a second detector for detecting a maximum useable current
by detecting a difference between a maximum suppli-



US RE43,911 E

19

able current allowed by the external power source and
the current being consumed by the apparatus;

a third detector for detecting a difference between the
maximum useable current and the charging current
flowing to the rechargeable batteries; and

a controller for controlling power supplied from the exter-
nal power source to the rechargeable batteries in accor-
dance with the differences detected by the first and third
detectors so that the charging current flowing to the
rechargeable batteries does not exceed the maximum
permissible charging current and does not exceed the
maximum useable current.]

[2. A system for controlling as set forth in claim 1, further
comprising a fourth detector for detecting a difference
between a maximum permissible supply voltage allowed by
said rechargeable batteries and a voltage applied to said
rechargeable batteries, said control means controlling the
power supplied from the external power source to the
rechargeable batteries in accordance with the difference
detected by the fourth detector so that the voltage applied to
the rechargeable batteries does not exceed the maximum per-
missible supply voltage.]

[3. A system for controlling the supply of power from an
external power source to rechargeable batteries in an appara-
tus which can be powered by either the external power source
or the rechargeable batteries, comprising:

a first detector for detecting a difference between a maxi-
mum permissible charging current allowed by the
rechargeable batteries and a charging current flowing to
the rechargeable batteries;

a second detector for detecting a difference between a
lowest permissible output voltage allowed by the exter-
nal power source and an output voltage which is being
output by the external power source; and

a controller for controlling power supplied from the exter-
nal power source to the rechargeable batteries in accor-
dance with the differences detected by the first and sec-
ond detectors so that the charging current flowing to the
rechargeable batteries does not exceed the maximum
permissible charging current and the output voltage
being output by the external power source is not less than
the lowest permissible output voltage.]

[4. A control system for controlling as set forth in claim 3,
further comprising a third detector for detecting a difference
between the maximum permissible supply voltage allowed by
the rechargeable batteries and a voltage applied to said
rechargeable batteries, said control means controlling the
power supplied from the external power source to the
rechargeable batteries in accordance with the difference
detected by the third detector so that the voltage applied to the
rechargeable batteries does not exceed the maximum permis-
sible supply voltage.]

[5. A system for controlling as set forth in claim 1,

wherein said controller controls the power supplied from
the external power source to the rechargeable batteries
by determining if either the first or third detector detects
a negative difference thus indicating that the charging
current exceeds a maximum,

wherein if either of the first or third detector detects a
negative difference, the controller selects the largest
negative difference and controls the charging current to
increase the largest negative difference to a zero differ-
ence, and

wherein if neither of the first or third detector detects a
negative difference, the controller selects the largest
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positive difference and controls the charging current to
decrease the largest positive difference to a zero differ-
ence.]

[6. A system for controlling as set forth in claim 2,

wherein said controller controls the power supplied from
the external power source to the rechargeable batteries
by determining if any of the first, third or fourth detector
detects a negative difference thus indicating that the
charging current or the supply voltage exceeds a maxi-
mum,

wherein if any of the first, third or fourth detector detects a
negative difference, the controller selects the largest
negative difference and controls the charging current to
increase the largest negative difference to a zero differ-
ence, and

wherein if none of the first, third or fourth detector detects
a negative difference, the controller selects the largest
positive difference and controls the charging current to
decrease the largest positive difference to a zero differ-
ence.]

[7. A system for controlling as set forth in claim 3,

wherein said controller controls the power supplied from
the external power source to the rechargeable batteries
by determining if either of the detector detects a negative
difference thus indicating that the charging current
exceeds a maximum or the output voltage is less then a
minimum,

wherein if either of the detector detects a negative differ-
ence, the controller selects the largest negative differ-
ence and controls the charging current to increase the
largest negative difference to a zero difference, and

wherein if neither of the detector detects a negative differ-
ence, the controller selects the largest positive difference
and controls the charging current to decrease the largest
positive difference to a zero difference.]

[8. A system for controlling as set forth in claim 4,

wherein said controller controls the power supplied from
the external power source to the rechargeable batteries
by determining if any of the detector detects a negative
difference thus indicating that a current or a voltage is
greater than a maximum or less than a minimum,

wherein if any of the detector detects a negative difference,
the controller selects the largest negative difference and
controls the charging current to increase the largest
negative difference to a zero difference, and

wherein if none of the detector detects a negative differ-
ence, the controller selects the largest positive difference
and controls the charging current to decrease the largest
positive difference to a zero difference.]

[9. A system for controlling the supply of power from a
charger circuit to rechargeable batteries, the rechargeable
batteries being used to supply power to a power supply cir-
cuit, comprising:

a sense resistor having two ends, located between the
rechargeable batteries and a connection point for the
charger circuit and the power supply circuit, the sense
resistor detecting current flowing into and out of the
rechargeable batteries;

a current measurement device having two inputs connected
respectively to the two ends of the sense resistor, the
current measurement device determining which of the
two inputs has a larger voltage and generating a voltage
in accordance with the difference between the voltages
of the two inputs to thereby measure the current flowing
into or out of the rechargeable battery; and
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a control circuit regulating to a constant current the current
flowing into the rechargeable batteries, based on the
current flowing into the rechargeable batteries detected
by the sense resistor.]

[10. A system for controlling as set forth in claim 9,
wherein the control circuit has two inputs connected respec-
tively to the two ends of the sense resistor.]

11. A charge control circuit for controlling a charger for an
electronic apparatus that applies an input voltage supplied
from a power source to a load and has the charger for charg-
ing a battery by using the input voltage, the input voltage
supplied from said power source being a substantially con-
stant voltage for power source currents less than or equal to
a predetermined value, the charge control circuit comprising:

a first detector which detects the input voltage from the
power source;

a second detector which detects a difference between
charging current toward the battery and a given value,
the given value being a maximum permissible charging
current allowed by the battery; and

a control circuit which reduces the charging current
according to at least one of the detected input voltage
and the difference detected by the second detector.

12. The charge control circuit as set forth in 11, wherein

power appliedto the loadvaries based on the state of the load.

13. A charge control circuit as set forth in claim 12,
wherein the charger comprises a switch which turns charging
power to the battery ON and OFF, and the control circuit
controls the charging power by controlling the switch.

14. A charge control circuit as set forth in claim 12,
wherein the control circuit controls the charging current with
the second detector so that the charging current toward the
battery becomes equal to or lower than said given value.

15. A charge control circuit as set forth in claim 12,
wherein the control circuit controls the charging voltage so
that a charging voltage detected by a charging voltage detec-
tor which detects the charging voltage of the battery becomes,
equal to or lower than a voltage value assigned to the battery.

16. A charge control circuit as set forth in claim 12,
wherein the power source is an AC adapter.

17. A charge control circuit as set forth in claim 12,
wherein the power source is a power source for generating a
DC voltage.

18. A charge control circuit as set forth in 11, wherein the
input voltage decreases toward a lesser value for power
source currents greater than the predetermined value, and
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the control circuit controls the charger based on the
detected input voltage value so that the input voltage
does not decrease below the lesser value due to the
supplying of charging power.

19. A charge control circuit as set forth in claim 18,
wherein the charger comprises a switch which turns charging
power to the battery ON and OFF, and the control circuit
controls the charging power by controlling the switch.

20. A charge control circuit as set forth in claim 18,
wherein the control circuit controls the charging current with
the second detector so that the charging current toward the
battery becomes equal to or lower than said given value.

21. A charge control circuit as set forth in claim 18,
wherein the control circuit controls the charging voltage so
that a charging voltage detected by a charging voltage detec-
tor which detects the charging voltage of the battery becomes
equal to or lower than a voltage value assigned to the battery.

22. A charge control circuit as set forth in claim 18,
wherein the power source is an AC adapter.

23. A charge control circuit as set forth in claim 18,
wherein the power source is a power source for generating a
DC voltage.

24. A charge control circuit as set forth in claim 11,
wherein the charger comprises a switch which turns charging
power to the battery ON and OFF, and the control circuit
controls the charging power by controlling the switch.

25. A charge control circuit as set forth in claim 11,
wherein the control circuit controls the charging current with
the second detector so that the charging current toward the
battery becomes equal to or lower than said given value.

26. A charge control circuit as set forth in claim 11,
wherein the control circuit controls the charging voltage so
that a charging voltage detected by a charging voltage detec-
tor which detects the charging voltage of the battery becomes
equal to or lower than a voltage value assigned to the battery.

27. A charge control circuit as set forth in claim 11,
wherein the power source is an AC adapter.

28. A charge control circuit as set forth in claim 11,
wherein the power source is a power source for generating a
DC voltage.

29. The charge control circuit according to claim 11,
wherein

the control circuit reduces the charging currvent if the

detected input voltage is decreased.



