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. �

�" ÒÒ�N*æ¢ jÏ� �Þ§ PC~ >ºº ê³ Ã&~� ®b�, �Þ§ PCÏ *æ�º º�Ïï" ÒÏ&Ë
�*j ;{~² .G~�, ÊÊ� �'��b� ÏO*j BÚ� > ®º SBP(smart battery pack)¢ ô� jÏ~�
®
. SBPº "Ï*, "O* 5 "*~�¦V ÒÒ�N*æ~ n*Wj {�~V *� �^²�¦ (protection IC)f
º�Ïï 5 ÒÏ&Ë�* �~ êÖj *� æË²�¦ (smart IC)� �W>Ú®
. �^²�º Ï* 5 O* FET¢
�Ï~� �ç*~¢ N�~�, SBS(smart battery system)º system host, smart battery 5 smart battery charger
� �W>Ú ®
. Ëê, SBPö ÒÏ>º ICº &&��B, ²j*~& Ô�, ²;z& º�B
. 6�,
microcomputer control type~ IC¢ ÒÏ~�, �'~ r�Ò¾j BB~� º�Ïï 5 ÒÏ&Ë�*j ;{~² .
G� jº& ®
. ��� SBS VFf �Þ§ PC ��öê *V¶*�, *V¶ÿN, *K&ËÏ, �Òª¢ � 7º*
� ª¢öB ÒÏF ©b� .çB
. 

Abstract. Recently, the demand for notebook PC with lithium ion batteries has steadily increased and consumers
require them to adopt a SBP(smart battery pack) able to predict the remaining capacity and the run time of batteries
precisely. The SBP is composed of a protection IC, by which safety of lithium ion batteries is maintained against
overcharge, overdischarge and overcurrent, and a smart IC, which calculates the remaining capacity and the remaining
run time. The protection IC shut abmormal current down by using overcharge/overdischarge FET. A SBS(smart
battery system) is composed of a system host, a smart battery and a smart battery charger. The smart ICs for SBP
will be required to provide a low cost, low current consumption and small size. There will need to develop a micro-
computer control type IC and an optimum algorism which is able to predict the residual capacity and the residual
run time precisely. SBS will apply to many kinds of industry fields such as an electric bicycle, an electric vehicle,
a load levelling and a military.
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1. B  � 

�Þ§ PC~ >ºº �ï� £ 15% �ç~ WËj ~� z
b�, �Þ§ PCö ÒÏ>º 2N*æ~ >ºê �ö jf~�
Þ&� WËj Fæ~� ®
. � 1öB r > ®��, �Þ§
PC~ *^ê �Öïf 1999j 17,500Â&, 2000j 21,000Â&
¢ V�~&b�, 2004jöº 29,000Â&¢ ç²� ©b� .

ç>� ®
.1) 1999jö Â~B �Þ§ PC7 ÒÒ�N*æ&
jÏB VVº 12,600Â&� *Ú~ 72%¢ 6F®b�, Ëê
2005jãöº 95% �ç jÏF ©b� .GB
. ��� �Þ
§ PCöº ��æË; smart battery pack(SBP)~ >º& /Ã
~� ®
. 

SBPº '« IC¢ �Ï~� ÒÏVVf Û�j ~�B ÒÏ
¶ö² º�Ïï 5 ÒÏ&Ë �* �~ ;{� ;�¢ B�~
�, ÏO*j �'��ö V¢ BÚ~�, "Ï* 5 "O* �
b�¦V *æ¢ �^� > ®º *æ packj ~��
.2) ��

C J
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� SBPº �^²�¦(protection circuit module, PCM)f æË
BÚ ²�¦(smart circuit module, SCM)� �WB
. ÒÒ�N
*æº *æ~ ßWç "Ï*�¾ "O* �ö ßW� *&~
² &~~�¾ *þ� V�² B
. V¢B, �^²�¦öBº
*æ~ *{" *~¢ G;~� "Ï*, "O* 5 "*~ ç�
�� FET(field effect transistor)¢ ·ÿ�B *æ¢ �^~º
��j �
. æËBÚ ²�¦öBº ëê�&� SMBus(system
management Bus) Û�O�j �Ï~� *æ~ ÏO* ç�¢
6�~�B º�Ïï 5 ÒÏ &Ë�*j ��~² ~º fuel
gaging ��" *æ& �'~ ��b� ÏO*� > ®ê� Ï
*j BÚ~º ��
j �
.3) 
*Ò~ �Þ§ PCÏ *æ packj VËê� ª~~�,

microcomputer control type, fuel gauge type, �Ò� dumb
packb� ¾2 > ®
. Microcomputer typef SCM Úö
microcomputer¢ ËO~�, ç7 ·W~� «K� >«.G r
�Ò¾j Û~� ;{� º�Ïï, ÒÏ&Ë �*, >« �j ê
Ö~� ÒÏ¶ö² rJ&
.4) Fuel gauge typef �6~ fuel
gauge IC¢ ÒÏ~� *æ*{ 5 *~¢ G;~�, �¢ "�
� º�Ïï �j êÖ~� rJ"º ©��, dumb packf �
^²�òj ËO� ©�
. *Ò �Þ§ PCÏ *æ packf
microcomputer type� 49%, fuel gauge type� 17%, dumb
pack� 19%, Væ& 15%¢ Næ~� ®
. 
��º �Þ§ PCÏ *æ� ÒÏ>� ®º ÒÒ�N*æ~

SBPö &~� ;Ò� ÚÏ�
. 2ËöBº ÒÒ�N*æ~ *
æ>«j �Ë~� n*Wj {�~V *� "Ï*, "O* 5
"*~ �^²�ö &~�, 3ËöBº *æ &Nëê& �ÿb
� ºê~� ®º SBSö &~�, 4ËöBº fuel gauge type~
SBP~ B·" WËö &~�, 5ËöBº Ëê*�ö &~� B
F~&
. 

2. ÒÒ�N*æÏ �^²�

*Ò ÒÒ�N*æöº ;� �bî� LiCoO2f ¦� �bî
� w�, �Ò� FV*��� "� ÒÏ>� ®
. ��¾, Ò
Ò�N*æº ;� 5 ¦� �bî, FV*��" ?f �Wb
î" ¸f ·ÿ*{b� �~� "Ï*�¾ "O* �ö, 6º
"*~& v¢ röº *æ~ ßW� *&~² &~~�¾ B
� 6º Bz � *þW� 
Ö ¸jê
.5) V¢B, *æ Ú¦
öº PTC¾ n*æ" ?f Vê'� n*Ë~¢ J~~�, *
æ pack Ú¦öº *V'� �^²�¾ *~ Z® � 27 37
~ �^VËj ê«~� n*Wj {�~� ®
.6,7) 

SBPöB �^²�º *æ~ "Ï*, "O*, "*~¢ N�
~º ©j Ï'b� ~�, V�öÒº *æ~ *{" *~¢ G
;~� "Ï*, "O* 5 "*~ ç��� ÏO*Ï FET¢ ·
ÿ�B *æ¢ �^~º ©�
.8) �â 1f ¢>'b� ÒÏ>
º �^²�~ �Wê¢ ¾æÞ ©�
. �^²�~ main
control ICº ' *æ~ *{" ÏO* *~¢ G;~� "Ï*,
"O* 5 "*~ ç�& >� ÏO* FET~ gate �¶ö low
6º high �^¢ "ÚB ²�¢ N��
.

2.1. "Ï* �^²�
ÒÒ�N*æº òÏ* ç�öB ê³ Ï*j ~�, *æ*{
f ê³ çß�
. 4.2 V �çb� "Ï*>� ·�öB *��
� ª�~� *æ~ Ú{� çß~�, ß® �N¢ rº B�
6º Bz~ &ËWê ®
. �Þ, "Ï* �ö r�öBº >
æç~ .³ÒÒ� CÂ>�, �� �~� Ú¦�£� B�~�
Bz 6º �B� B�~� zÒ~ *þWê ®
.9) V¢B, Ï
*f ;*~/;*{Ï*j ~�, ;*{ Ï* �~ *{f *æ
~ ;Ïj >æ pê� BÚ~�¢ �
. ��¾, Ï*V~ �Ë
�¾ ¾á~� 
� V«~ Ï*V� Ï*j ~�, *æ~ �&
;Ïj >j *þW� ®
. �f ?f ãÖö *æ~ �&;Ï
j >æ pê� Ï*BÚ FET¢ ·ÿ�B *~¢ N��
.10)

� VËj "Ï* �^VË�¢ �
. *æ~ Ïïj �&� �
Ï~V *~� Ï*Vº *æ~ �& ;ÏÏïræ Ï*~ê�
Jê>Ú®
. � r^ö "Ï* ¦Â*{f ;ê& 
Ö ¸j
¢ ~�, *æ¢ çR� �Ö� ãÖöº ''~ *{j ¦Â~
�¢ �
. *Ò �67� "Ï* �^²�º ±25 mV ;ê~
;&ê¢ <� ®
. "Ï*� ¦Â>Ú �^²�& ÿ·� ê
öê ¦~ö &� O*f Ï* BÚÏ FET~ V� 
�J�¢
Û~� ��Úê
. 6�, "Ï* ¦Â ÿ·f ªÊÏ*ö &�
&w�¾, ��®ö ~� Jÿ· Oæ¢ *~� æ��*� j
º~
. 

2.2. "O* �^²�
¢>'b� ÒÒ�N*æº 4.1~4.3 Vræ Ï*�Ê�, O*
f 2.7~3.0 VöB «ò�
. ÒÒ�N*æ~ O* �öº ¦�
�bî� w� Ö;�� Úö 
Ú®º ÒÒ� *��j �ö
;�ö ã«B
. ÚÆ� ö�ö ~~� "O* ç�& >�,
¦� Ú~ ÒÒ� �.B êöê O*� ê³ ê¯B
. � r
öº ¦�öB *¶¢ z �ç �/� > ìV r^ö ÷*Ú
� Cu foilöB *¶& �/>� �f ÿ�ö Cu foil� Ï�B

. � ãÖöê *æº Ú¦�£b� �~� Bz~ *þW�
®�, *æ�B~ VËj ç
~² B
.
V¢B, *æ*{� ¢;� 8 �~& >� O* FET& ·ÿ

Fig. 1. Block diagram of protection circuit for lithium ion batteries.

Table 1. Shipment volume and growth rate of notebook PC

Year 1999 2000 2001 2002 2003 2004

Shipment(Thousand Unit) 17,500 21,000 23,000 25,000 27,000 29,000
Growth Rate (%) - 20.0 9.5 8.7 8.0 7.4
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~� O**~¢ N�~�, � VËj "O* �^VË�¢�
�
. "O* ç�öBº *æÏïê ��'b� ÎÚ^ ®V
r^ö �^ IC~ ²j*~ê 
Ö ·j¢ ~�, *Ò �67
� "O* �^²�~ ²j*~º &¦ª > µA ;ê�
. "
O* �^²�& ·ÿ� �êö Ï*V¢ 7³~� O*BÚÏ
FET~ V� 
�J�¢ Û~� Ï*� ��Úê
.11) 6�, ª
ÊW~ O*ö &w~V *~� "O* ¦Âöê æ��*� j
º~
. 

2.3. "*~ �^²�
*æ¢ �&~�¾ ÒÏ7ö .³ö ~~� *æ~ �¦�¶
*ö �£>�¾ 7³VV~ �Ëb� �£>º ãÖöº &*
~& ~� B�~�¾ &�b� 7/>Ú ®º ãÖöº Bz
~ &ËWê ®
. 6�, FV Ï
¢ *�î� ÒÏ~º ÒÒ
�N*æº "*~ �ö Nê& çß~� �k~ ãÖº ÒÒ
~ [6ræ ê�>Ú �ê� *þ�ê
. V¢B, *~& ¢;
� 8 �çb� v¢ röº O* FET¢ ·ÿ�B O**~¢
N�~�, � VËj "*~ �^VË�¢ �
. 
"*~ �^VËöº N�*~f æ��*j v� ®
. .¢

Ú, *æ pack~ �¶& �£>Ú O**~& 10 A¢ >f ã
Ö, B*'(>W µs)b� O*j 7æ�Ê�, VV~ �Ë �b
� �ç *~(5 A ;ê)& v¢ ãÖö ®6w�* (£ 10 ms)
�êö O*j 7æ~² B
. "*~ �^VË� ·ÿ� ç�
º "O* �^VË rf ÿ¢~æò, "*~ �^~ ãÖöº
*æ pack~ �¶*j BO~� ÒÏ� &Ë� ç�� >òj
N
. "*~º FET~ &�j �Ï~�, FET ·�~ *{;~
¢ G;~� ¦Â~² B
. � *{ ;~~ 8� "*~ ¦Â
*{ �
 
æ� O*� 7�B
. ��¾, FET~ &�� ê
³ 6²~º º^�V r^ö, "*~ ¦Â*{ 8f z× Ô²
Jê>Ú¢ ~� �;ê& º�>� ®
. 

3. �Þ§ PC~ Smart Battery Sysem

3.1. SBS-IFf smart battery systemj *� �Ï
Z&�~ ãÖ �^²�º "Ï*, "O* 5 "*~¢ N�
~�, *æ~ Nê¢ host (phone)ö rJ"º ��òj �
.
��¾ �Þ§ PC¾ ÆzzöBº "Ï*, "O* 5 "*~~
N�" *æ Nê �~ ;� ��öê ;{� *æ~ º�Ïï
�¾ ÒÏ&Ë �* �~ ��VË� º�B
. 6�, *æ~ «
~f ç�ö V¢B �'~ ��b� ÏO*� BÚ>Ú¢ �

. V¢B �^²�ö º&'b� fuel gauging" hostf~ Û
�j *� ¦&'� ²�¢ ËO~² Nb�� SBS¢º �Ê
�� �Ë~² >î
.12) 
�Þ§ PCëêf *æëê �f Smart Battery System

Implementation Forum (SBS-IF)j ÖW~� ëê�ÿb� �Þ
§ PCf *æ pack~ �V¾�ÊVF� SBSö &� �Ïj ;
~� ®
. SBS-IF Ö~öº SMBus WG(working group),
SBData WG, Handheld WG, Charger WG, Selector/SBSM
WG, Safety WG, Battery Accuracy WG � 7B~ Technical
working group(TWG)j v� ®
. SBS-IFöº Duracell,
Moltech Power Systems, Toshiba Battery �~ *æëÚ,
Intel, Linear Technology, Maxim Integrated Products,
Mitsumishi Electronics, PowerSmart, Semtech, Unitrode
(Texas Instruments~ ¶²Ò) �~ LSIëÚ, Fujitsu �~
system vendor& ^&~� ®
. 6�, SBS-IFº Developers

Conference¢ 
j B�~� î�Ú �Ïj Bn~�, �� B
nB �Ïj ê³ >;~� ®
. B1² SBS-IF Developers
Conferenceº 1998jö ~f�öB, B2²º 1999jö ÿãö
B, B3²º 2000jö ¾Ò�îjöB B�~&b�, B4²º
2001j &òöB B�F .;�
.

SBS-IFöBº *Òræ 7«~ �Ï" 1«~ &��¢�j ;
~&
.13,14) Smart Battery Data �Ï(V. 1.1)öBº hostf Ï
*V, *æ*~ ��V 5 z�æö &� ²*Þ�Úf protocol
j ;~~� ®b�, Smart Battery Charger �Ï(V. 1.1)öBº
Ï*V~ «_Úf �>ö &� ;~¢ ~� ®
. Smart
Battery Selector �Ï(V. 1.1)öBº �Þ§ PCöB �>~ *
æ¢ ÒÏ~º ãÖö &� ;~¢ ~� ®b�, Smart Battery
System Manager �Ï(V. 1.0)öBº �Þ§ PCöB �>~ *
æ¢ ÒÏ~º ãÖö ÿ�ö ÏO*j 
*~º O»ö &~
� ;~~� ®
. Û�O»j �;� System Management
Bus �Ï(V. 2)öBº SMBus~ protocol 5 Û� �V¾�Êö
&~�, SMBus Control Method Interface �Ï(V. 1.0)öBº
SMBus ::�Ê~ �&zB BIOSö &~�, SMBus Device
Driver External Architecture �Ï(V. 1.0)öBº SMBus ::
�Ê �¢�ª~ �¦ �V¾�Êö &~� '' ;~~� ®

. � <ö Smart Battery Data Accuracy Testing Guideline
(V 1.0)öBº *æ~ º�Ïï" ?f smart battery~ ;�¢
�
 ;{~² áV *� &��¢�j ;~~� ®
.

3.2. Smart Battery System Model" �V¾�Ê
�â 2º V�'� smart battery system model~ .¢ ¾
æÞ ©�
.15) SBSº smart battery (SB), smart battery
charger (SBC) 5 system host (SH)� ��Úê
. SBº ÒÏ
VVö *öj �/~º *æf *æ~ ç�¢ 6æ� > ®º
*¶VV� ��Úê
. SBCº SB~ ç�ö V¢ Ï*j �
> ®ê� Ï**{" Ï**~¢ BÚ~º ²��
. 6� *
æö "Ï*, "*{, �Nç� �~ ^B& B�� r *æ�
¦V ã� �^¢ Aº
. SHº SBö ~� ·ÿ>º *¶VV
(.; �Þ§ PC, Æzz)¢ ö~�, SB�¦V jº� ;�¢ A
j �Ê�~ *öj ÎN'b� &Ò~� ÒÏ¶ö²ê ;�¢
B��
. 6�, SB�V Af O* 7æ, º�Ïï, º��* �
~ ;�¢ SBCö *Ç�
. � 2º SBSöB SB& SMBus Û
�O�j �Ï~� SH, SBC 6º 
� ::�Êf Û� �ö
ÒÏ>º VËj ¾æÞ ©�
. SBS VFöBº ¸f ;{ê,
�&O�j �Ï� Û�ËK, ;{� Ïï.G r�Ò¾, Ôf
²j*K" &Ï �� jº~�, � 3öº SBS VFöB 7º

Fig. 2. Smart battery system model.
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� 10&æ~ �Ïj ¾æÞ ©�
. 
SBS~ �*j *� ²*Þ�Ú~ �V¾�Êº �² SHf

SB, SBCf SB, �Ò� SBf SBC 6º SH� �ªB
. SH
f SB Ò�öBº ÒÏ¶¾ host~ *ö&Ò�Ê�ö rJ"V
*~� *æ�¦V 
B ��Vf .ç ��V¢ Aº
. 
B
��V¦ Nê, pack *{, ÏO* *~ �~ G;B ��V�
�, .ç ��V¦ *æ~ ÏO* ç� �j "�� êÖB º
~Ïï �~ .GB ��V¢ ö�
. *ö&Ò�Ê�f ���
��V¢ "�� ::�Ê �¢�ª& ZÒ ì� ·ÿ~ê� �

. ¯, *æ~ º~Ïï� ¦�� rº LCD~ back-lightf ?
� �Ë jº ìº VËj ;æ�Î
. SBCf SB*~ Û�ö
B *æº Ï**{" Ï**~, Ï*«ò�6 �~ ;�¢
SBCö rJ&
. ���, SBCº "Ï* ì� n*~² �&~
Ï*·b� Ï*� > ®�, ?f «~~ *æ��B 
� *{
6º 
� «~~ *æ��B ?f *{ � �� ç�öBê
�'~ Ï*j � >& ®
. SBf SH 5 SBC Ò�~ Û�
öB SBº SH¾ SBCö² �Ê� *ö~ j*²Î 6º *æ
~ "Ï* �" ?f 7º� ;�
j rJ&
. SH¾ SBCº
��� ;�¢ Aj �ö �º ç�&¾¢ �
. 

4. �Þ§ PCÏ SBP~ Smart WË .

4.1. Smart battery pack~ B·
�â 3öº �Þ§ PCÏ SBP~ B��;ê¢ ¾æÞ ©�

. *æº ;ÏÏï� 1,800 mAh� öÛ; (18650 Type)j 3
ç� 3÷�� �Ö~&
. ' *æº B�*{" Ú¦&�j G
;~�, 10 mΩ �Ú~ ÞN¢ &ê *æ¢ ª~~� ÒÏ~&

. ÒÒ�N*æ~ "Ï*, "O* 5 "*~¢ N�~V *�
�^²��º monolithic IC MM1293j, fuel gaugeÏ IC�º
BQ2040j ÒÏ~&
. PCM/SCMj ¦O� ê soft pack� j

W>� 1N VË¦Ò¢ �
. Hard pack B·f Si ê�,
upper case �ã, .r2 [O �~ BB� ~&
. 
�â 4öº �Þ§ PCÏ SBPö 'Ï� PCM" SCM~ B
Û'� �Wê¢ ¾æÞ ©�
. �âöBf ?� *æ¢ �^
~V *� 1N �^²�f 2N �^²�, �Ò� fuel gauging
¦ªb� �W>Ú ®
. 1N �^²�º B2ËöB BF� :

Table 2 Functions used by the smart battery to communicate with other devices connected via the SMBus

Devices Functions (Messages)

SH to SB

Manufacturer Access, Remaining Capacity Alarm, Remaining Time Alarm, Battery Mode, At Rate, At Rate Time to Full,
At Rate Time to Empty, At Rate OK, Temperature, Voltage, Current, Average Current, Max Error, Relative State of
Charge, Absolute State of Charge, Remaining Capacity, Full Charge Capacity, Run Time to Empty, Average Time to
Empty, Average Time to Full, Battery Status, Cycle Count, Design Capacity, Design Voltage, Specification Info, Manu-
facture Date, Serial Number, Manufacturer Name, Device Name, Device Chemistry, Manufacturer Data

SB or SH to SBC Charging Current, Charging Voltage
SBC or SH to SB Charging Current, Charging Voltage
SB Critical Messages Alarm Warning

* SH : SMBus Host, SB : Smart Battery, SBC : Smart Battery Charger

Table 3 Criteria definitions in the smart battery technology

No Criteria Definitions

1 Accuracy and data acquisition
Temperature, voltage, current in realistic sampling intervals with usable resolution and accuracy 
(1% or better)

2 Battery cell model & predictive algorithm Multi-dimensional function using all measured values
3 Cost Below $4 in high volume
4 Communication capability Industry standard or customer proprietary
5 Programmability Programmable/re-programmable at assembly and field level
6 Data content Include predictive run-time information, not just state-of-charge
7 Reliability Meet or exceed industry requirments (UL, IEC, Mil Spec.)
8 Size Packaged so as not to increase size of overall battery pack
9 Complexity of implementation High integration, minimum components, segmented functionality, user friendly customization
10 Power consumption No impact on battery performance, much less than self-discharge

Fig. 3. Manufacturing flow of the smart battery pack.

Fig. 4. Basic scheme of the smart battery pack for notebook PC.
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f ?� "Ï*, "O*, "*~ �ö ²�¢ N��B *æ~
"��¾ �B~ *þb�¦V �^~º ©j V� Ï'b� �

. 2N �^²�º *æ*{� V&*{ �
 ¸b�, Z®~
B� &�b� Z®& pÚæê� Jê~� "Ï*b�¦V *
æ¢ �^�
. 

Fuel gauge ²�º �Ê� .Vz �ö �¦ EEPROMb�
¦V ��V¢ £Ú
� SMBCf SMBD Û�¢�j ÒÏ~
� hostf Ï*Vf~ Û�j ~� *æ*{, Nê, Ï*ç�,
Ïï, ÏO* Å> �j *Ç~� ÒÏ¶ö² jº� ~º ;�
¢ B��
.

4.2. SBP~ smart ßW
;*~ ÏO*ö &� smart ��V~ ;{ê¢ rj�V *
~� B·� SBP¢ 0.5C� 3² >�~� ÏO*j 
�~&
.
�â 5öº Full Charge Full Discharge(FCFD) �þ�~ Ïï
~ ;{ê¢ ¾æÞ ©�
. �âöB 
Bº ÏO*VöB G
;B Ïï��, smartº smart ��V¢ ¾æÞ
. �âöB r
> ®��, Ñ Ò��öBº 
B 5 Smart ��V~ Ïï J
N& 1% �ç�æò, v ®� Ò��¦V Ïï�Ûj Û~�
JN& 1% �~� *Ú
Ú, ç�® ·^� ;{ê¢ ¾æÚº
©j r > ®
. ��¾, *æÏïf Nêö V¢B æ~æ�
Nêö V� Ïï JN~ {�ê jº~
.16) 
�Þ§ PCº ;*~òb� O*>º ©� jî¢ *~& æ
z�
. V¢B O**~~ æzö &� smart WË~ ;{êº
7º� �¶~ ~¾�
. �â 6öº 0.5C� Ï* ê, 1.5, 2.5,
2.0, 2.5, 3.5 A~ *~� '' 5ª ÿn O*~&j r~ Ïï
ö &� ;{ê¢ ¾æÞ ©�
. ��� O**~º �Þ§ PC
öB &Vç�, HDD ÒÏ, CD-ROM ÒÏ � ''~ ç�ö
V� ²Î*~¢ Î~� ©�
. �âöB r > ®��, Ï*
";öBº Ïï JN& �~ ìb�, O* �öê *~~ æz
ö V� Ïï~ ;{ê& ·^� ©j r > ®
. 

SBP¢ Ï*~º ãÖ~ *{ 5 *~~ ;{êº *~¢ æ
z�Ê�B G;~&
. SBP~ 
B*{f SBPj power
supplyf �Ö~� multimeter� G;~�, smart ��Vº I/F
Boardf AgilentÒ~ Electronic Load HP6051A¢ �Ö~� G
;~&
. � 4öº *~¢ 500, 1000, 1500, 2000, 2500
mA� ~&j r~ *{ 5 *~~ ;{ê¢ ;Ò� ©�
. �
öB r > ®�� *{~ 
G8" smart ��Vfº JN&
�~ ìb� ¸f ;{ê¢ á� ®b¾, *~~ ãÖöº £*
~ JN& ®rj r > ®
. 

5. Ëê*�

*F� :f ?� �Þ§ PC, Æzz � *¶VVöB SBP
~ >ºº Ëê /Ã� ©b� .çB
. SBPö ®ÚB �

;{~� �ÖW� ¸f º�Ïï 5 ÒÏ&Ë �* �~ ;�
¢ ÒÏ¶ö B�~º ©� &Ë 7º~
. �º micro-
computer type IC¢ jÏ~�, *æ~ ßWö &Ë '�� Ïï
.G r�Ò¾j Û~� �*� &Ë� ©�
. �Þ, �Þ§
PC �~ *¶VVº ²;z, ãïz, &²j*Kz¢ æË~�
®b�, SBPê ��® ��� º^¢ V¢¢ � ©�
. V¢

Fig. 5. Capacity accuracy in FCFD(full charge full discharge) test
for the smart battery pack.

Fig. 6. Capacity accuracy in FCCC(full charge change current) test
for the smart battery pack.

Table 4. Accuracy results of voltage and current in the smart battery pack.

Current (mA) 500 1,000 1,500 2,000 2,500

Charge

Voltage
(V) 

Real data 11.489 11.648 11.814 12.008 12.164 
Smart data 11.479 11.628 11.795 12.014 12.169 

∆V 0.010 0.020 0.019 -0.006 -0.005 

Current
(mA)

 Real data 500 998 1501 1968 2500 
Smart data 492 984 1476 2039 2531 

∆I -8 -14 10 71 31 

Discharge

Voltage
(V) 

 Real data 11.187 11.040 10.893 10.733 10.579 
Smart data 11.191 11.070 10.932 10.782 10.644 

∆V -0.004 -0.030 -0.039 -0.049 -0.065

Current
(mA)

 Real data 499 996 1494 1992 2500
Smart data 492 984 1476 1968 2531

∆I -28 12 -17 -11 -31
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B, �^²� 5 SCMê ²;z, ãïz, &²j*Kz¢ ��
Ú¢ � ©�
. 6�, �" *æ&Ï~ /Ï� ~£º^� �
^²� 5 SCM~ zÊÞ 
Úê 7º� ^B~ ~¾� ¦ç
~� ®
. �º *æB� z�
& �^²�~ *Ûz 6º �
Ûz& &Ë� �n*W~ *æ¢ BB~ê�, 6� IC z�

5 *æ pack z�
öº ÒÒ�N*æ~ n*Wj {�~�B
ê �^²�~ *Ûz& &Ë� î�Ú IC~ BB� º�>�
®
.17) 
*Ò SBPf "� �Þ§ PC 5 ÆzzÏb� ÒÏ>� ®
b¾, � VFf Ëê Z&�, *V¶*�, *V¶ÿN, ¦~ï&
z VF � 7º*� ª¢ö wÏF ©b� .çB
. V¢B,
��~ *æ B�ëÚ, Pack z�
, IC z�

f SBS-IF¢
Û~� ¶Ò~ �Ïj SBS¢ *� �B �&�Ïb� Bn~
�B j�>ê� �K~� ®
. ��¾, �Úº ÒÒ�N*æ
~ �Ò& 
� SBS &NVF 6� �W? �ê�æ�, �³�
�¢ Úö SBS &NVF BBj *� �*¢ �»ö ¾B¢
� ©b� ÒòB
. 
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