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CA 137883S BATTERY PACK 

Applicants: CHERVON LTD 

Inventors: 

Classifications: 

Espacenet 

Priorities: CN201030167879F 2010-05-12 

Application: CA 1378833·2010-11-12 

Publication: CA 137883S·2011-06-08 

Published as: CA137883S;USD640196S 

BATTERY PACK 

Abstract 

Espacenet - search results 

The design consists of the features of shape, ornament, pattern and configuration of the BATTERY PACK shown in the attached 

drawings wherein:FIG. 1 is a right side view of a battery pack according to the new design.FIG. 2 is a left side view of the battery 

pack shown in FIG. 1.FIG. 3 is a front view of the battery pack shown in FIG. 1.FIG. 4 is a rear view of the battery pack shown in 

FIG. 1.FIG. 5 is a top view of the battery pack shown in FIG. 1.FIG. 6 is a bottom view of the battery pack shown in FIG. 1.FIG. 7 

is a perspective view of the battery pack shown in FIG. 1.ln the above drawings, the portions shown in stippled lines do not form 

part of tile design. 

https://worldwide.espacenet.com/patent/search/family/044148090/publication/CA 137883S?q=CA 137883 1/1 
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Es pace net 

CN203522157U Heavy current protective device for automobile emergency starting power supply 

Applicants: SHENZHEN SBASE ELECTRONICS TECHNOLOGY CO LTD 

Inventors: CHEN ZHANGSHENG 

Classifications: 

IPC H02H7/18; 

Priorities: CN201320403362U 2013-07-08 

Application: CN203522157U ·2013-07-08 

Publication: CN203522157U ·2014-04-02 

Published as: CN203522157U;TWM488428U 

Heavy current protective device for automobile emergency starting power supply 

Abstract 

The utility model provides a l1eavy current protective device for an automobile emergency starting power supply. The heavy 

current protective device comprises an MCU one-chip microcomputer unit, a time switch connected to the MCU one-chip 

microcomputer unit and an on-off switch controlled by the lime switch. One end of the on-off switch is connected with an external 

battery, the other end of the on-off switch is connected with an automobile storage battery, and a timer is arranged in the MCU 

one-chip microcomputer. After the set time interval, the MCU one-chip microcomputer automatically outputs a control signal to 

the time switch, and the on-off switch breaks the connection between the external battery and the automobile storage battery. 

When ignition is completed, the protective device is automatically closed, if igniting motions do not exist, the protective device 

automatically breaks the connection between the external battery and the automobile storage battery after one-minute time­

delay, and damages of the external battery and the automobile storage battery caused by mutual charging for a long time are 

avoided. 
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1. � 1� rt$@ E, la i)J � iJJJUtHIS A � ifit 15iH? � :'i= , A:rt iiE ft r : '§ tt MCU • J=, tJl • x, 1=5

MCU •J=,tJl•x:iiti BS5ES1TT*, EE 5ES1TT*NmLlBSillWTTT*, illWTTT*B"J�ftiffl:iiti!!H� � 

im, ill WT TT* ag � � ft/m ii ttre $ �#1[, MCU • J=, tJl pg $ i&: :'i= � 5E S1 fl:, W: :'i= BS S1 rsJ f's] �� :tlJ§ , 

MCU • J=, m § i)J � l±\ �-f-N mLlft % � IE S1 TT*, EE ill WT TT* WT TT !!Hi � ¥fil �re$ � #1[ B"J ii 

tia 

2. ttz ffl tJUflJ JL�Jt 1 m ;£ B"J � 1� re$@ E, Ja z;)J � 1)! ffl B"J A � ifit {�HP � :'i=, A :tt {if ft r :

i� � :'i= JH� � im � A!i/m *ffl EC5 it D , iE tlklO in tlk it D 1m f_l,R ���ff 0 

3. ttzffltx%1J�* 1 JifiJ£1'1s�t�re$@�Jai9J��fB B"JA �ii{5iH?�:'i=, AttiiEtEr:

���:'i=BS�A��l±\ft/m:iiit�BSiE��ffl�ffl�����:iifto 

4. f[zffltx%1J�* 1 JifiJ£1'1"J�#re$@;gJai9J ��fflag*�t;if*tft�:'i=, A:rtiiEtEr =

� '§ tt :tt jfi[, f,R Ji!% fillJJltl fl:, m J£ :tt ii, �irnt ;J;ft iYW fl:� MCU • J=, tJL • xii it , § }� x _g,lU1i � � 

ifit:A Ti� f*tft �:'i=W:k f*tf=t ffi: S1, MCU • J=, tJl• xffi l±\ N mHt % , EE ill WT TT* WT TT Jrit � im 

1=5 re$� #li l'l"J :iiti o 

5. ttzffltx%1J�* 1 JifiJ£B"J�t�re$@E,Ja i9J ��ffl B"JA �1;i1*t?�K, AttiiEtEr :

� 'PL tt � Mcu • J=, m• x:iitt 1'1"1 !!r $ � tm � £Ei1zJJW :H:to re* �#li:ttff :tN�mu :H:, re*� #li:tt 

ff:tftilJ!U:H:tlJ!u; l'l"Jre$ �#1[ B"J &.JE �lli:ArJr$ �¥fil �lli:tfttlJ!U:H:BS Jrit �im �llia1, MCU • 

J=,m•xffi l±\NmLlft % , EEillinTT*iJTTTIJrti �1m1=cJre$�#lil'l"J:iitt 0 

6. ttzffltx%1J�* 1 JifiJ£B"J�#re$@;gJa i}J ��ffl B"JA �1;i1*t?�K, AttiiEtEr :

�'§t!� MCU •J=,tJl•xiiitB"JJr$�¥m:Xff:tftilJ!tl:H:, §!7r$�tm�lli{l£r�lzmLlffi:S1' MCU 

• J=, tJL. xffi l±\ N mLl{t % , EE ill WT TT *WT TT Jrit � tm 1=j re$ �#1[ B"J :lift O 

7. f[zffltx%1J�* 1 JifiJ£B"J�t�re$@;g)ai}J ��ffl B"JA �iif*tft�:'i=, A:rtiiEtEr :

�'§ffl1=5Mrn•J=,m•x:iittBS¥���:tft�:H:,§*���:'i=*•:H:#�*��*�� 

�:'i= W: IE m S1, MCU • J=, tJl • xffi l±\ N mLlft % , EE ill WT TT* WT TT Jr ti � tm �re$ � #1[ B"-1 ii 

!ta 

8. ttzffltx%1J�* 1 � 71£5&:�JJ(JifiJ£s"J�t�re$@;gJai}J�1JlfflB"J:A�1liEf*tft�:'i=,

A tt iiE tE r : � '§ t! 1=5 MCU • J=, tJl • xii ti BS tR W ¥ �, f*tf=t �:'i= l±\ f,UlJf ,m, ntA i�H? tit� 

S1 EEtRW¥�JHRWW� o 

9. f[zffltx%1J�* s JifiJ£BS�#re$@;gJa z:}J ��ffl a"-1* �ii1*tft�:'i=, AttiiEtEr =

mJ£*¥¥���#*•����*•0 

2 
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�JKtvU� 

[0001] * � J=§ ffi � W :& � # {5iH? �Ji, Jt*w :& ft:$ & :g )a Z9J � � J=§ !fl A � ii f5lH? �

=,ll::...52..-ic±--,l,!­
l=:I � :r.x /I'-

[0002] rt:$:rf:ti�B�k, im:i1>1r*�tilit-'fdJHmWJ �fliE, ffitl::I �1JitmWJrt:$BXo �xBX�JJ 

1t , -tfJJ,f rsJ t§ 1i ft � 1ffi\ :I:� ft:$ � 1ili;fO JH'ffl � 1fil o 

�ffliJr��� 

[0003J jg T iflR:lJlt�tt;t:i=p IPJ �, **)=§ ffi��f� T �#ft$J\\/.:gJa i9J ��)=§ B"-11: �111E 
Jr;:r+' �=
·1;,r;:f?�Ka

[0004 J � t!f tt $@:g Ja iJJ � �)=§ B"-1 A � ffi[ 1jJ? �Ji, 'EL t15 MCU • J=, tfL. 5G, 1=j MCU • J=, .,tfL 

•x3£*B"JJES1H*, EBJES1H*NmLlB"Jim�H*, im�H*B"J�ftim3£t�>'r*�tili, im,�yf

*l¥J 5j�!tffif3£*fl* �mi:, MCU .J=,tfL pg $i&:'ii�JES1tt, i9::'iia�S1 rsJ !'BJ r�:i1J§, MCU .J=,

tfL §iJJffitl::\��NmLlft%ffiJES1Jf*, EBim�H*�H>'r*�tili1=i1t=c$�ml:1¥1J£* 0 

[0005] 1t 7'J *� J=§ ffi� B"Jift�w c&itt, -i��:i=Jr* �tiliffi Ailim*ffl EC5 t� D, iEt&:fO fft 

t:&* D i?O:EJ.fi. -f /f �¥f o 

[0006 J 1t jg**)=§ ffi � !fl ift� w c&itt, f51H? � Ji B"J ffi A:f P ffi ti::\ ilim 3£1�� 1¥1 iE tlz:tO fft tlzffl 

/f � itY!'5�3£ * 0 

[ ooo 1J ft jg*� J=§ ffi � B"-1 ill� w t:1Y:itt , kE 'EL t15 :i1 ti, ¾I IEt :r& iPW tt , m it :i1 ti, �Ii� :r& iPW tt 

1=i MCU .J=,tfL.51:3£*, 3 }�*$(�Ii� �1;1t:7CT-i�{5iH?�:'iii&k1:5iHPmS1, MCU .J=,tfl•x 

ffitl::IN�*%,EBim�H*�***�1ili1=5n$��1¥13£*o 

[0008] 1t 7'J *�)=§ ffi� 1¥Jift�wc&itt, kE'ELt151=5 MCU •J=,m•x3£*B"1Jr$ �tili �lli:r& 

1P1U tt;fo rt$� ml::ttlli :r&1lllu tt, rt$� ml::ttlli :rft1P1U tt1P1H[ B"J rt$ �mi: 1¥1 & fE � lliA r Yr$ � 

tili �lli:r&11llUttB"JJH��tili �llia1, MCU .J=,tfL.5Gffitl::lt�mLlft%, EBim�H*�H>7r* �tili 

1=i ft$� ml: B"-13£* o 

[ 0009 J 1t 7'J *� )=§ ffi �!flit!:� w c&itt, kE 'EL t151=5 MCU • J=, tfL. x3£* B"-1 Jr$ � tth :JCllitft 

illlUtt, 3Jr$�tili�llifl£rr�mLlmS1, MCU .J=,tfl.xffitl::\NmLlft%, EBim�H*WlHJ[,* 

�tili1=5rt$ �ml:B"-13£* o 

[001 o J 1t 7'7 * * J=§ ffi � B"-1 it!:� w c& it!:, kE 'EL t151=5 MCU • J=, tfL. 51:3£ * B"J ¥ tJHla� :r& 1P1U 

tt, 3*{5iHP�:i=*mtt1!:f:tla-3t:i±:iLl*f5lH?�:'iii&5E ma1, MCU .J=,,ffl.5Gffitl::\NmLlft%, 

EBim�H*�H>'r*�tili1=5rt$�ml:B"13£*o 

[0011] ft jg**)=§ ffi� B"Jift�w c&itt, kE'ELt151=5 MCU .J=,:ffl.51:3£* B"1tR¥¥tJL {5iH? 

�:'iitl::\���it!:A����S1EB*¥¥�*¥¥�o 

[ 001 2J 1t jg*� J=§ ffi � B"-1 ift� w t:1Y:itt, ?!rit tR ¥ ¥ tJEjg F s· tR ¥ � � 1t IAJ tR ¥ o 

[0013] **fflffi�lfl��'.7:)C:�¾: 
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[ 0014] �i * {:�H? � Ji Ej :>'r * � tm a*, rAJ S1 �i * {5iH? �Ka* T �� $ � Jtl,[, Jlt S1 * {5iH? 

�Ji� r I 11: tltt;, * {5iH? �Ji 1i tfL 1�1r,1T IA,! t1t, Jlt S1 n $ H ti� ,81k, Jffl.:u:>'r * � tm �1,Hm 

M �t1E, $tu 1±1 200-600A [2),_t �timMn:$,8:ka ,8X3'EMJ§, *f5iH?�:'i= § Z9J*ffi o *x 

,8 x'iJJ 11:, * f5iH? �Ji Jg a11 Jttrr § § Z9] ffi H :>1r* � 1m Ef n *�mi: s1 at�, • !lc, * a1 rsJ t§ 

!iJE�t�:f:�n$�#li:t07r*�tma 

M11!1iR.HJ1 

[0015J oo 1 ¾*�fflffi:@n$@;g,8:k�:'i=moo c�rsJtl!pg$7J'->; 

[0016J 00 2 ¾*�ffl ffi:@-frft�:EJl::1J.ftITTJl1* �ft%00 ; 

[0017] 00 3 ¾00 2 71'fi¼ k, B, C, D Q]$Jt; 

[0018] 00 4 _¥00 7 ¾00 3 � 81 A, B, CD Q]$JtB1JJJc:A00 o 

�1*�:Mffjj� 

[ oo 1 9 J r oo £e � rft oo xt * * ffl WT:@ 1itt* -w i3l SJJ o 
[0020] -frftn$@;gJa Z9J �f)j)=§ 81:A �fJ[{5iH?�:'i=, 'E1ti5 MCU .J=,tfL.5G, Ef MCU .J=,tfl

• xa * s15E a1 **, EE 5E a1 **� i� s1 jffi_ffi H *, Jffl.in ** s1 -!lffij a*:>1"* � fm, jffi_ffi H

*El� :!H-!lffITa1�n$ �mi:, MCU .J=,tJl pg$Dt:'i=�5ES1:R, W::'i=a�S1 rsJ rsJ P�:UJ§, MCU .J=,

tfl § 'iJJ ffi 1±1 --t-� mHt % � k a1 H *, EE Jffl. ffi H *ffi H:>1H� � tm Ef n *�mi: s1 a� 0 

[0021] i��:'i=:>'H� �¥filffi)dllffl*ffl EC5 * D, IE:tJ1:fO ffti:&� D tmllt!.R -t:::f-t=Po f*t?�

:'i=ITTffiA�ffii±l!lffITa*�ITTIEi:&�ffti:&ffl:::frAJ���a*o

[0022] *f*t?�Jij)-$ �tfu$t□Ailm*ffl EC5 * D, IEt&:fOirtfR* D 4mllt!.R -t:::f-1¥, R

�--t-::1J�ffiA,rAJS1tEffiA�ffii±l!lffITa��ITTIEi:&��i:&ffl:::f[Aj���a*,��-tfc,

&*o

[0023J n$�tilia�!lffIT, §�� &*S1, *1*t?�:'i=:::fI 11:, 1�1r,'tT:::f�o

[0024] �ft%�f� =*f*t?�:'i= BTOUT+ !lffIT�n:$ �#a:IE1J1ft/m, §Jlti/m1� &S1, *f*t?�:'i=

.J=,tfL U4 :::fI 11:, j)-$ ��W.Ein$�1ilizJs] B1at�ffiH 0 

[0025] ff 'EL ti5 :i1 ti' m ft% :ri}JJW :R, Jifi� :i1 fJ[' �H li!t<ri}jy)U :R Ej MCU • J=, tfL. xa �' 3 ,8 *

�mftt � ti* -=r �1*111 �Ji W:5E 1*1? m a1, Mcu • Jt m • 5tffi t±:1 � iHt % , EE Jffl. ffi H *ffi H

:>1r* �tm£fn$ �mi:ITTat� 0 

[ 0026 J :':13 ,8 x ��11 ft% � 1;1t Ar* f*t? � Ji W: 5E f*t? m S1 , * 1* t? �Ji § 'i)J ffi H o

[0021] �fti�f� : §*f*t?�JitEI 1t:i1fi �t1ER±�1-ta1, R23 LE!1 �lli�i R±�1t.

(a :R23 � /ft lBctEA �fJ[jjJc�§!ft%� ITT �p].), m:tt��;Effi, U2B � 7 JJtlJ�i$tut±:1--t-NmUft %

*in�!! �:R, WTH:>1r$ �iiliEin$ �#lis1at�o

[0028] ff'E1ti5Ef MCU .J=,tfL.xa*B1:7r$�iili �£E>!1}JJ!ti:R:fOn$ �ml::tt£E::tft1Ji1U:R, n

$ � ml::ttlli till:¥Ji1U :RiJJ1U � ITT ft=c $�ml: 81 &JE �lli A r:>'r $ � tili �futill:1Ji1U :R 81 :>'r� � tm �lli

a1, Mcu • Jt tfL • xffi t±:1 � iHt % , EE Jffl. ffi ** ffi H :>1r* � tm Ef n * �#a: s1 at� 0 

[0029J :':13��$Ja'iJJ J§, n$RZ9JtJLJa Z9J, :':13n$ �mi:s1 &JE �lli*rjr* �tm �ma1*

1*1?�:'i= �_t*1;fJ, •!lc,n$R�tfl�:>1r$ ��w.JE �. f*1?:>1r$ �tm:::fxt�*�0 

[0030] �ft%* f,Yl : :':1§ ft=c $�¥ill. � fu E!X:n $ R �tJl �lli � T * f*t? � Ji W: Ji� fu S1, R31
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;fO R35 Z fa] Bf.J �BsA4t F ±�it, J1t �lli �ftA4f 1-½��. h tJL, • h tJLr ± �,t-� mHt % , :!R_ 

!!fr !Jr$� tili;f Pr{$� 11B Bf.J 3£ * o 

[0031 J if� =rt Ei MCU • h tfL. 51::3£� Bf.J !Jr$� tilixlli :rt}JJW �' § !Jr$ �1fil �lli 1� -=p �r! mLl 

mai, MCU •J=,tJL•5t$!iu ili�mLl1t%, E13imWrH'!R.WrH!7r� �tfil£ir{$ �ml:BI.J3£t� 0 

[0032J §!Jr$ �11B �lli 1� -=i=: �r! iuma1*13iHft�iL § iJJ'!R.1;fl : 

[0033J �lEi�fYl: §r{$�i'ili �lliElx!'r� �11BtE�x:ttti i:p IE!JJJc� �lli 1�-=f:zts:1:�tft�:'i= 

W::'i= �lliai, R31 ;fO R35 zfsJ ITT �llii4tr":t3'.t1t, J1t �lli�ftA4t1-½�� •J=,tJL, •J=,tfLF± 

� 'i" � mHt % , :!R_ !!fr !Jr$ � tili ;fO ft$ � 11B Bf.J 3£ t� 0 

[ 0034 J if� =rt Ej MCU • h m • x3£ �at¥ �ftiiffi.��1lJ!Ll �, § * 15F:t? �K :!R_� �1tf:tla-fHis: 

iLl*15F:t?�iLW:5Ema1,MCU .J=,tfL.5Gffiili�mLl1t%, E13imWrH'!R.WrH!7r��tfil£ir{$� 

ml:Bf.J3£� o 

[ 0035] 3 * 15F:t? � Ji'!R. m �1tf:tla-fr tis: f Ll * {5F; t? * K -l&k m a1 * 15F=t? * Ji § i}J :!R_ l;fi , � % 

t-1n :l;f-:zts: 15F:t? �:'i= o 

[0036] *15F:t?�:'i=W::'i=�tla���lJ!Ll ��Ji R29, 3 R29 �1ta1 U2 i4tffiili �,t-�itHt % '!J!Ri}J

* 15F=t? *K ii ��!!fr H!'r $ � i'ili;f Pr{$� tili Bf.J 3£�, ilf %* 15F:t? * :'i= t-f ti I ft F ± r,§J ila t_in
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PROTECTION METHODS, PROTECTION CIRCUITS AND PROTECTIVE 
DEVICES FOR SECONDARY BATTERIES, A POWER TOOL, CHARGER 
AND BATTERY PACK ADAPTED TO PROVIDE PROTECTION AGAINST 

FAULT CONDITIONS IN THE BATTERY PACK 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims domestic priority under 35 U.S.C. §120 to the 

following related U.S. Provisional patent applications filed in the United States 

Patent & Trademark Office: U.S. Provisional Application Serial No. 

60/510, 128, filed October 14, 2003, and U.S. Provisional Application Serial 

No. 60/551,803, filed March 11, 2004. The entire contents of the disclosures 

for each of these provisional applications are incorporated herein by 

reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to protection methods, protection 

circuits and protective devices for rechargeable batteries, to a power tool and 

charger adapted to provide protection for cells of an attached battery pack, 

and to a battery pack including protection control therein, each protecting the 

battery back against various potential fault conditions. 

Description of Related Art 

[0003] Over the past few years, lithium-ion (Li-ion) batteries have begun 

replacing nickel-cadmium (NiCd), nickel-metal-hydride {NiMH), and lead-acid 

batteries in low-voltage, portable electronic devices such as notebook-type 

personal computers. As compared to NiCd and NiMH batteries, Li-ion 

batteries are lighter but have a larger capacity per unit volume. For this 

reason, the Li-ion batteries have been typically suitable to low-voltage devices 

that are preferably light and which are required to endure continuous use for a 

long time. In an over-discharged state, however, the Li-ion batteries 

deteriorate rapidly, thus Li-ion batteries require over-discharge protection. 
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[0004] A battery pack used in a portable electronic device typically has a 

plurality of battery cells connected in series. The maximum number of battery 

cells connected in series in one battery pack is determined by the output 

voltage of the battery pack. For instance, the typical output voltage of one 

NiCd battery cell or one NiMH battery cell is 1 .2 V. Assuming that an 18V 

output voltage from a battery pack is suitable for most general purpose 

electronic devices, the maximum number of NiCd or NiMH battery cells 

connected in series in the battery pack is 15. On the other hand, the typical 

output voltage of one Li-ion battery cell is approximately 3.6 V. Accordingly, 

the maximum number of Li-ion battery cells connected in series in one 

fictional 18V Li-ion battery pack would be 5. 

[0005] Unlike a NiCd battery pack and a NiMH battery pack, the Li-io·n 

battery pack may include functionality to protect against fault conditions inside 

and outside the Li-ion battery pack. This prevents cells in the Li-ion battery 

pack from deteriorating and shortening useful life of the pack. For instance, if 

a fault condition such as short-circuiting occurs inside or outside the Li-ion 

battery, a fuse may be provided to cut off an over-discharging current or an 

overcharging current, if the discharging current or charging current becomes 

larger than a given current level. 

[0006] Currently, protection circuits in battery packs such as Li-ion battery 

packs are designed primarily for low-voltage portable electronic devices such 

as notebook-type personal computers, cellular phones, etc., which require 

voltage generally on the order of 2 to 4 volts. Such devices are characterized 

by using battery packs composed of cells (such as Li-ion, NiCd, NiMH cells) 

that provide a maximum output voltage of about 4.2 volts/cell. For Li-ion 

battery cells, care must be taken to prevent damage from electrical and 

mechanical stresses, since lithium is a highly reactive substance. 

[0007] Conventional protection circuits for these low-voltage battery packs 

may monitor cell voltages to prevent a given cell from over-charging or over­

discharging, and may monitor current to keep current from rising too high. 
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Other protection circuits may have one or more temperature inputs to disable 

current during charge or discharge until the battery pack cools down. Still 

other protection circuits may be designed to help maintain the balance of 

charge on the cells, commonly known as equalization circuits. A typical 

protection circuit may be connected to a given battery cell or group of cells in 

the battery pack to avoid these situations. For example, a conventional 

protection circuit may typically include a pair of MOSFET's or other 

semiconductors that can stop current flow in either direction. 

[0008] However, much higher voltages than described above are required for 

higher-power electronic devices such as cordless power tools. Accordingly, 

higher-power battery packs may be in the process of being developed for 

cordless power tools. Such "high-power" battery packs may provide higher 

voltage outputs than conventional NiCd and NiMH battery packs (and 

substantially higher power than conventional Li-ion packs used for PCs and 

cell phones), and at a much reduced weight (as compared to conventional 

NiCd or NiMH battery packs used as power sources in conventional cordless 

power tools). A characteristic of these battery packs is that the battery packs 

may exhibit substantially lower impedance characteristics than conventional 

NiCd, NiMH and/or even the lower power Li-ion packs. 

[0009] Further, as these battery technologies advance, the introduction of 

lower impedance chemistries and construction styles to develop secondary 

batteries generating substantially higher output voltages (of at least 18 V and 

up, for example) may possibly create several additional protection issues. 

Battery packs having lower impedance also means that the pack can supply 

substantially higher current to an attached electronic component, such as a 

power tool. As current through a motor of the attached power tool increases, 

demagnetization forces (e.g., the number of armature turns of the motor times 

the current, ampere-turns) could substantially increase beyond a desired or 

design limit in the motor. Such undesirable demagnetization could thus 

potentially burn up the motor. 
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[0010] For example, a lower impedance electrical source could cause 

damage to a tool's motor when the tool is held at stall condition. During motor 

stall, the motor and battery impedances are the only mechanisms to limit the 

current since there is no back-EMF created by the motor. With a lower 

impedance pack, the currents would be higher. Higher currents through the 

motor will increase the likelihood of de-magnetization of the permanent 

magnets within the tool's motor. 

[0011] Additionally, start-up of the tool could produce excessive starting 

currents and cause demagnetization of the motor. Thermal overload could 

also be a result of using a low impedance electrical source in an existing 

power tool, as the new batteries may be designed to run longer and harder 

than what the original cordless tool system was designed. 

[0012] Accordingly, different protection controls may need to be in place to 

address potential fault conditions that could occur in high power battery packs 

that are adapted for use with both existing cordless power tools, and 

developing lines of power tools that are manufactured for use with these 

higher power battery packs. In particular, protection controls need to be 

developed to handle fault conditions such as over-charge, over-discharge, 

over-current, over-temperature and cell imbalance which could occur in one or 

more cells of a battery pack (such as a Li-ion or NiCd pack), so as to prevent 

internal or external damage to the pack, an attached device such as a charger 

or tool or to a user in the vicinity of a pack connected to a charger or tool. 

SUMMARY OF THE INVENTION 

[0013] In a cordless power tool system including a battery pack, exemplary 

embodiments of the present invention are directed to protection methods, 

protection arrangements and/or devices designed to protect against fault 

conditions in the battery pack operatively attached to the power tool or 

charger, so as to prevent internal or external damage to the battery pack or 

attached tool or charger. The exemplary methods, circuits and devices 
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address fault conditions in the battery pack such as over-charge, over­

discharge, over-current, over-temperature, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The exemplary embodiments of the present invention will become 

more fully understood from the detailed description given herein below and 

the accompanying drawings, wherein like elements are represented by like 

reference numerals, which are given by way of illustration only and thus are 

not !imitative of the exemplary embodiments of the present invention. 

[0015] FIG. 1 illustrates a partial block diagram of a protection circuit 

arrangement in accordance with an exemplary embodiment of the present 

invention. 

[0016] FIG. 2 illustrates a partial block diagram of a protection circuit 

arrangement in accordance with another exemplary embodiment of the 

present invention. 

[0017] FIG. 3A is a block diagram illustrating components and connections 

between an exemplary battery pack and an exemplary battery charger in 

accordance with an exemplary embodiment of the present invention. 

[0018] FIG. 3B is a block diagram illustrating components and connections 

between an exemplary battery pack and an exemplary power tool in 

accordance with an exemplary embodiment of the present invention. 

[0019] FIG. 4 is a partial block diagram of connections between a battery 

pack and charger to illustrate over-charge protection in accordance with an 

exemplary embodiment of the present invention. 

[0020] FIG. 5 is a partial block diagram of connections between a battery 

pack and charger to illustrate over-charge protection in accordance with 

another exemplary embodiment of the present invention. 

[0021] FIG. 6 is a graph of voltage versus time to illustrate an automatic 

shutdown for over-discharge protection invoked by a protection circuit in 

accordance with an exemplary embodiment of the present invention. 
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[0022] FIG. 7 is a graph of voltage versus time to illustrate a modified 

threshold for over-discharge protection in accordance with an exemplary 

embodiment of the present invention. 

[0023] FIGS. SA and 8B illustrate exemplary devices used for over-current 

protection in accordance with an exemplary embodiment of the present 

invention. 

[0024] FIG. 9 illustrates a device providing over-temperature protection in 

accordance with the exemplary embodiments of the present invention. 

[0025] FIG. 10 illustrates a connection arrangement for a thermistor in 

accordance with an exemplary embodiment of the present invention. 

[0026] FIG. 11 is a flow diagram illustrating a method of alerting an operator 

of a power tool of an impending fault condition in the battery pack. 

[0027] FIG. 12 is a block diagram illustrating an exemplary arrangement for 

determining SOC and varying motor current switching frequency in 

accordance with an exemplary embodiment of the present invention. 

[0028] FIG. 13A is an isometric view of a single laminate battery cell. 

[0029] FIGS. 13B and 13C illustrate a device tor protecting against an 

overcharge condition in accordance with an exemplary embodiment of the 

present invention. 

[0030] FIGS. 14A and 148 illustrate a device for protecting against an 

overcharge condition in accordance with another exemplary embodiment of 

the present invention. 

[0031] FIGS. 15A and 158 illustrate a device for protecting against an 

overcharge condition in accordance with another exemplary embodiment of 

the present invention. 

[0032] FIGS. 16A and 168 illustrate a device for protecting against an 

overcharge condition in accordance with another exemplary embodiment of 

the present invention. 
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[0033]FIGS. 17-19 illustrate exemplary cordless power tools of a cordless 

power tool system in accordance with an exemplary embodiment of the 

present invention. 

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS 

[0034] With general reference to the drawings, a system of cordless power 

tools constructed in accordance with the teachings of exemplary 

embodiments of the present invention is illustrated. Exemplary cordless power 

tools of the system are shown to include, by way of examples, a circular 

power saw 10 (FIG. 17), a reciprocating saw 20 (FIG. 18) and a drill 30 (FIG. 

19). The tools 10, 20 and 30 each may include a conventional DC motor (not 

shown) adapted to be powered by a power source having a given nominal 

voltage rating. In the exemplary embodiments, the tools 10, 20 and 30 may be 

driven by a removable power source having a nominal voltage rating of at 

least 18 volts. It will become evident to those skilled that the present invention 

is not limited to the particular types of tools shown in the drawings nor to 

specific voltages. In this regard, the teachings of the present invention may be 

applicable to virtually any type of cordless power tool and any supply voltage. 

[0035] With continued reference to the drawings, the removable power 

source which may be embodied as a battery pack 40. In the exemplary 

embodiments illustrated, the battery pack may be a rechargeable battery pack 

40. Battery pack 40 may include a plurality of battery cells connected in

series, and/or a plurality of serially-connected strings of cells, in which the 

strings are in parallel with one another. For purposes of describing the 

exemplary embodiments of the present invention, battery pack 40 may be 

composed of cells having a lithium-ion cell chemistry. As the exemplary 

embodiments are directed to the cordless power tool environment, which 

requires power sources having much higher voltage ratings than conventional 

low voltage devices using Li-ion battery technology, (such as laptop 
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computers and cellular phones) the nominal voltage rating of the battery pack 

40 may be at least 18V. 

[0036] However, pack 40 may be composed of cells of another lithium-based 

chemistry, such as lithium metal or lithium polymer, or other chemistry such 

as nickel cadmium (NiCd), nickel metal hydride (NiMH) and lead-acid, for 

example, in terms of the chemistry makeup of individual cells, electrodes and 

electrolyte of the pack 40. 

[0037] FIG. 1 illustrates a partial block diagram of a protection circuit 

arrangement in accordance with an exemplary embodiment of the present 

invention. FIG. 1 illustrates a portion of a battery circuit and in particular 

illustrates an individual protection device 102 for each cell 105 of a battery 

pack such as battery pack 40 in FIGS. 17-19. In FIG. 1, each protection 

device 102 may be adapted to perform a current limiting function. In an 

example, the protection devices 102 may be embodied as thermistor devices, 

where a thermistor device is part of or contained inside the cell. 

[0038] A thermistor is a term used to describe a range of electronic 

components whose principle characteristic is that their electrical resistance 

changes in response to changes in their temperature, a 'thermally sensitive 

resistor'. Thermistors may be further classified as 'Positive Temperature 

Coefficient' devices (PTC devices) or 'Negative Temperature Coefficient' 

devices (NTC devices). PTC devices are devices whose resistance increases 

as their temperature increases. NTC devices are devices whose resistance 

decreases as their temperature increases. NTC thermistors are typically 

manufactured from proprietary formulations of ceramic materials based on 

transition metal oxides. 

[0039] In FIG. 1 , the protection devices 102 may be embodied as PTC 

devices, which may protect the string of cells from thermal overload. If any 

cell becomes hot, the PTC device within that cell increases in resistance to 

limit the current through the entire string. This method of protection of battery 
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cells may have a drawback in that it requires many devices (PTC's in this 

example) performing a current limiting function as protection device 102. 

[0040] FIG. 2 illustrates a partial block diagram of a protection circuit 

arrangement in accordance with another exemplary embodiment of the 

present invention. An alternative approach to using multiple protection devices 

102 is to include a dedicated protection circuit 210 for each cell that senses 

one or more battery pack parameter in a pack such as battery pack 40, for 

example. These parameters include, but are not limited to current, 

temperature, voltage and impedance through the pack. A protection circuit 

210 may be operatively connected to a corresponding driver circuit 220. The 

level-shifting circuits 220 may be connected to a plurality of AND gates 

(shown by box 230) to link the protection circuit(s) 210 to a master device 240 

which performs a current limiting or current interrupting function. If any 

protection circuit detects a problem it can change from an output high to an 

output low state. The AND gates ensure that all protection circuit outputs are 

high (OK) to turn master device 240 on. Additionally, it is envisioned that the 

reverse logic could be used with the protection devices output to be normally 

low and using NOR gates instead. The master device 240 may be embodied 

as semiconductor device such as a metal-oxide semiconductor field effect 

transistor (MOSFET), as shown in FIG. 2. Accordingly, if a battery pack has 

multiple cells 105 in series, then an exemplary configuration envisions a set of 

protection circuits 21 O (apportioned one per cell) connected to and controlling 

a master device 240 that enables/disables current flow, such as a MOSFET. 

[0041] As discussed above, using multiple, dedicated protection circuits 21 O 

may require a corresponding level-shifting circuit 220 that drops the voltage 

changes from the highest potential cells down to normal levels to switch the 

master semiconductor device 240, as shown in FIG. 2 for example. If 

monitoring each cell is excessive, then groups of cells or the entire battery 

pack may be monitored with a single protection circuit 21 o and a single 

master device 240 for limiting or interrupting current. 
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[0042] FIG. 3A is a block diagram illustrating components and connections 

between an exemplary battery pack and an exemplary battery charger in 

accordance with an exemplary embodiment of the present invention. FIG. 3A 

is merely an exemplary circuit configuration and is provided as a context for 

more clearly describing the various protection methods, circuits and devices in 

accordance with the exemplary embodiments. 

[0043] Referring to FIG. 3A, battery pack 100 may include a plurality of 

battery cells 105 connected in series (six shown for simplicity, pack 100 could 

include more or less than six cells or may be composed of serial strings of 

cells with the serial strings in parallel with each other). For purposes of 

describing the exemplary embodiments of battery pack 100 may be 

composed of cells having a lithium-ion cell chemistry. As the exemplary 

embodiments are directed to the cordless power tool environment, which 

requires much higher voltage ratings than conventional devices using Li-ion 

battery technology, the nominal voltage rating of the battery pack 100 may be 

at least 18V. 

[0044] Thus, battery pack 100 in FIG. 3A (and in FIG. 38) may be applicable 

to and/or designed for cordless power tool systems comprising at least a 

cordless power tool, the battery pack and a charger. Pack 100 may be 

understood as a removable power source for high-power, power tool 

operations. In an example, battery pack 100 may have a nominal voltage 

rating of at least 18 volts and/or have a maximum power output of at least 

about 385 Watts. However, it should be evident to those skilled in the art that 

the present invention is not necessarily limited to the particular types of tools 

shown in FIGS. 17-19 nor to specific voltage ratings and/or power output 

specifications described above. 

[0045] Pack 100 may further be composed of cells of another lithium-based 

chemistry, such as lithium metal or lithium polymer, or other chemistry such 

as nickel cadmium (NiCd), nickel metal hydride (NiMH) and lead-acid, for 
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example, in terms of the chemistry makeup of individual cells, electrodes and 

electrolyte of the pack 100. 

[0046) In FIG. 3A, seven terminal (terminals 1-7) are shown. However, the 

exemplary embodiments should not be limited to this terminal configuration, 

as more or less terminals could be included depending on the desired 

information passed between, or parameters monitored by, the pack 100 or 

charger 150. 

[0047] The pack 100 may also include a Pack ID 11 0 connected to an output 

terminal (terminal 1) for identification of the pack 1 00 when inserted into a 

charger 150. The Pack ID 110 may include the model number, version, cell 

configuration and the battery type (chemistry), such as lithium-ion, NiCd or 

NiMH, for example. The Pack ID 110 may be embodied as one or more 

communication codes received from output terminal 1 of the battery pack 100 

by an asynchronous full duplex communication system in the pack 100, such 

as is described in U.S. Patent No. 5,680,027 to Hiratsuka et al. However, this 

is only one example, as the pack ID 110 may also be embodied by an ID 

resistor, LED display that displays identification data of the pack, serial data 

sent upon engagement and sensed by the tool/charger via terminal 2 for 

example, and/or a field in an frame of data sent over an air interface to the 

tool/charger, etc. 

[0048]The pack 100 may further include one or more temperature sensors 

120. Temperature sensor 120 may be embodied as NTC or PTC thermistors,

Temperature sensing Integrated Circuits, or thermocouples. The temperature 

sensor 120 may communicate the temperature inside the battery pack 100 to 

intelligence in the battery pack 100 and/or to intelligence in a connected 

charger 150, for example, via terminal 3. As the function of such temperature 

sensors are known, a detailed explanation of functional operation is omitted 

for purposes of brevity. Power connections for charging and discharging are 

represented as terminals 1 and 7. 
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[0049] A battery electronic control unit 125 may be responsible for the 

protection of the cells 105 for any fault condition exposed on the terminals by 

the user (via charger 150, an attached tool, and/or due to user tampering). 

The battery electronic control unit 125 may be embodied in hardware or 

software as a digital microcontroller, a microprocessor or an analog circuit, a 

digital signal processor or by one or more digital ICs such as application 

specific integrated circuits (ASICs), for example. 

[0050] The discharge current and charge current can be clamped or 

discontinued by the use of semiconductor devices 130a (discharge FET) and 

130b (charge FET), under the control of battery electronic control unit 125. 

The battery electronic control unit 125 may be powered by an internal power 

supply 135 as shown, and the semiconductor devices 130a and 130b may be 

linked through a driver circuit 140. 

[0051] Battery pack 100 may further include a current sensor 145 which 

senses current and provides a signal to battery electronic control unit 125. 

Current sensor 145 may be embodied as known components for current 

sensors, such as a shunt resistor, current transformer, etc. which may provide 

a signal representing sensed current in pack 100 to battery electronic control 

unit 125. Semiconductor devices 130a may include a pull down resistor 147 

which acts to bypass the semiconductor device 130a when device 130a is off 

and the pack 100 is dormant. 

[0052] Pack 100 may also include a voltage monitor circuit 115. Voltage 

monitor circuit 115 may be embodied by any known voltage monitor circuit, for 

example, and may be configured to sense individual cell voltage and/or sense 

total pack voltage of the string of cells 105 ('stack voltage') to provide a signal 

representing the individual cell or stack voltage to battery electronic control 

unit 125. As a variant, and instead of a single voltage monitor circuit 115 

configured to sense both individual cell and total stack voltage, pack 100 

could include a voltage monitor circuit as shown in FIG. 3A, comprising a first 

plurality of voltage monitor circuits (shown generally as 115A) for sensing 
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individual cell voltage and a second voltage monitor circuit 1158 for sensing 

total stack voltage of the cells 110, for example. 

[0053] Referring back to FIG. 2, for example, protection circuit 210 may 

include at least battery electronic control unit 125, current sensor 145, a 

voltage monitor circuit 115 and temperature sensor 120, and optionally may 

further include pack ID 11 O and an internal power supply such as power 

supply 135. Driver circuit 140 may be analogous to driver circuit 220 in FIG. 2 

and semiconductor devices 130a and 130b may singly or together represent a 

master device 240 having a current limiting/interrupting functionality under the 

control of the protection circuit 210. 

[0054] Referring to FIG. 3A, during discharge, the battery electronic control 

unit 125 may output pulse width modulation (PWM) control signals to drive the 

driver circuit 140. For example, a pulsing semiconductor (pulse width 

modulator (PWM)) is commonly used in the electronics industry to create an 

average voltage that is proportional to the duty cycle. PWM is modulation in 

which the duration of pulses is varied in accordance with some characteristic 

of the modulating signal. Alternatively pulse frequency modulation could be 

used to create this average voltage. In either case, the semiconductor 

devices 130a and 130b (which may be embodied as a discharge FET and 

charge FET respectively) may be switched between ON and OFF states to 

create an average voltage that is proportional to the duty cycle at which it is 

switched. 

[0055] During discharge, the driver circuit 140 level shifts the PWM output of 

battery electronic control unit 125 to drive the gate of semiconductor device 

130a, cycling the semiconductor devices 130a on and off depending on 

sensed conditions. Since the semiconductor device 130b is reverse-biased, 

the device 130b passes current with only a diode drop in voltage. If the 

current were at 20 Amps and device 130b had a forward voltage of 0.6 Volts 

the power loss would be only 12 watts. If lower losses are desired, the battery 

electronic circuit 125 may output a state to the driver circuit 140 which 
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commands the semiconductor device 130b to remain on during the PWM 

action on semiconductor device 130a. Now, the power lost into device 130b 

would be its on resistance time the current squared (I2RoN)- Today's 

MOSFETs typically have an on-resistance (RoN) of 1 O milliohms, so at 20 

Amps the power loss would only be 4 watts. The result is a controlled 

discharge and lower losses through the semiconductor device. 

[0056] During charge, the reverse logic can be applied. Semiconductor 

device 130a is reversed-biased with respect to current flow and even though it 

conducts in the OFF state, device 130a should remain ON for the least 

amount of losses. Semiconductor device 130b may control the charge current 

based on information from the battery electronic control 125 going through the 

driver circuit 140. The component arrangement that comprises driver circuit 

140 is known in the art and is not described herein for reasons of brevity. 

[0057] When battery pack 100 is connected to charger 150, a charger 

electronic control unit 155 in the charger 150 may be powered from the 

battery's internal power supply 135 through terminals 1 and 6. This is only an 

exemplary connection scheme, as other means for powering the charger 

electronic control unit 155 can be employed. The charger 150 could have its 

own supply or derive it directly from the battery voltage. The charger 

electronic control unit 155 may also be embodied in hardware or software as 

a digital microcontroller, microprocessor, analog circuit, digital signal 

processor, or by one or more digital ICs such as application specific 

integrated circuits (ASICs), for example. Battery and charger data and control 

information may be exchanged through serial data paths on terminals 4 and 5. 

The charger electronic control unit 155 may drive a power controller 160 with 

a set voltage and a set current to deliver the desired voltage and current from 

a power source 165 to the battery pack 100 via terminals 1 and 7. 

[0058] FIG. 38 is a block diagram illustrating components and connections 

between an exemplary battery pack and an exemplary power tool in 

accordance with an exemplary embodiment of the present invention. FIG. 38 
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is merely an exemplary circuit configuration and is provided as a context for 

more clearly describing the various protection methods, circuits and devices in 

accordance with the exemplary embodiments. The battery pack and tool 

configuration of FIG. 38 may be applicable to the exemplary cordless tool 

systems, and equivalents, in any of FIGS. 17-19. In FIG. 38, a 'smart' power 

tool 170 is illustrated, it being understood that battery pack 100 may be 

adapted for powering a 'dumb' power tool, i.e., a power tool without an 

intelligent device or microelectronic component control such as a 

microprocessor. 

[0059] Referring to FIG. 3B, power tool 170 may be powered from the 

internal battery power supply 135 via terminals 1 and 6. The tool 170 may 

include a mechanical switch 175 that pulls terminal 7 high when the 

semiconductor device 130a (discharge FET) is off. If semiconductor device 

130a is left off while the battery pack 100 is dormant, the voltage at terminal 7 

is low because of the pull down resistor 147. This resistor value should have 

a substantially high resistance since it acts to bypass the semiconductor 

device 130a. With this pull down resistor 14 7 in place and the semiconductor 

device 130a in the off state, the voltage at terminal 7 remains low until a 

switch 175 in tool 170 is activated. The result is that power terminal 7 

immediately increases in voltage and the signal through power terminal 7 

could be used to wake the battery pack 100 from a dormant mode of 

operation. Tool 170 may include a tool electronic control unit 180. Tool 

electronic control unit 180 may also be embodied in hardware or software as 

a digital microcontroller, microprocessor, analog circuit, digital signal 

processor, or by one or more digital ICs such as application specific 

integrated circuits (ASICs), for example. 

[0060] The tool electronic control unit 180 may be programmable so as to 

read a trigger position of a trigger 181 and report the trigger position to the 

battery electronic control unit 125 via serial data paths at terminals 4 and 5. 

Based on the trigger position data, the battery electronic control unit 125 may 
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vary the PWM duty cycle through semiconductor device 130a to obtain the 

desired motor speed in tool motor 190. While semiconductor device 130a is 

off, a diode 195 in the tool 170 may re-circulate residual inductive motor 

current to prevent voltage spikes from occurring therein. The 

forward/reversing switch 185 is typical for cordless tools and will not be 

described here. 

[0061] A dumb tool (not shown) may just have a trigger 181 configured as a 

potentiometer and connected to one of terminals 1, 4 or 5, and to terminal 6. 

The battery electronic control unit 125 may recognize the lack of serial data 

communications and perform an analog analysis of the voltage at terminals 4 

or 5. Based on the analysis, the battery electronic control unit 125 may send 

PWM control signals via driver circuit 140 to cause semiconductor device 

130a to switch at the desired duty cycle, so as to create an intended motor 

speed. Even dumber tools could exist as on/off tools. These tools require 

only the connection to terminals 1 and 7 for operation. 

Over-charge Protection 

[0062] There are two basic types of battery chargers used for recharging 

battery packs: trickle chargers and fast chargers. Trickle chargers are 

significantly less expensive than fast chargers; however a trickle charger 

requires approximately a 1/2 day for recharging a battery pack. A fast charger 

can recharge a battery pack within about an hour. An over-charge fault 

condition may occur because of some fault condition or system failure in 

either the charger or battery pack. Typically, a protection circuit in the battery 

pack can detect an over-charge fault condition by monitoring voltage across 

the battery pack. During charge, the voltage reaches a particular threshold. 

The charger thus considers the battery pack 'fully charged' and the charge 

current is terminated. If the charger was locked-on due to a component 

failure, it is desirable for the battery pack to be able to disable the charging 

current with its own semiconductor device, such as charge FET 
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(semiconductor device 130b) under the control of battery electronic control 

unit 125. 

[0063] Over-charge control may be provided by use of a charge lock-on 

detection circuit (also known as a 'hardware watchdog circuit') between the 

battery pack and the charger. In general, if the charger locked-on and pulsing 

data (e.g., a clock provided from pack to charger via a suitable serial data 

path) stopped, then the hardware watchdog may automatically turn off the 

current flow. 

[0064] A conventional hardware watchdog circuit is typically located in the 

charger. This circuit monitors the charge current and looks for a 1 Oms current 

off reset pulse in the charging current. In a typical charging scenario, a 

microprocessor in the charger (such as charger electronic control unit 155) 

may generate this reset pulse using the charge control line lcrnL- In an 

abnormal situation (e.g., the charger microprocessor has locked the current 

solid on or the charger power supply has locked the current solid on), the 

hardware watchdog circuit would timeout and turn the charge current off using 

a charge FET. However, in the conventional arrangement, it is still possible to 

overcharge the battery pack if the microprocessor in the charger were to 

continually generate the reset pulse without ever terminating the fast charge 

(due to improper microprocessor behavior, for example). 

[0065] FIG. 4 is a partial block diagram of connections between a battery 

pack and charger to illustrate over-charge protection in accordance with an 

exemplary embodiment of the present invention. In FIG. 4 seven terminals 

and six battery cells are shown for convenience, it being understood that more 

or less terminals and battery cells could be illustrated in the exemplary 

embodiment. 

[0066] In FIG. 4, battery pack 100 includes at least a battery electronic 

control unit 125, semiconductor device 130b (such as charge control FET) 

and temperature sensor 120. The temperature sensor 120 may be embodied 

as an internal NTC thermistor, for example. The charger 150 may include at 
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least charger electronic control circuit 155, a charge FET 157 and a hardware 

watchdog circuit 158. 

[0067] The battery electronic control unit 125 may receive a battery 

temperature value from the internal NTC thermistor and may communicate 

this information via serial data paths at terminals 3 and/or 4 to the charger 

electronic control unit 155. In the event of an extreme battery temperature due 

to an overcharge condition, the charge current may be terminated by the 

battery electronic control circuit 125 sending a PWM control signal or pulse, 

via driver circuit 140, to turn semiconductor device 130b off. Alternatively, this 

control signal may be sent via serial data paths at terminals 3 and/or 4 to 

charger electronic control circuit 155 to turn off the charge FET 157 in the 

charger 150. However, it may still be possible to overcharge the battery pack 

100 in the event of a two-point failure - a shorted semiconductor device 130b 

(charge control FET} in the battery pack 100 and improper unit behavior in 

one of the battery electronic control unit 125 or charger electronic control unit 

155. 

[0068] The dotted arrowhead lines in FIG. 4 show a hardware watchdog 

circuit 158 (hereafter watchdog 158) having multiple reset inputs. In addition 

to monitoring the charge current reset pulse, watchdog 158 also monitors the 

serial communications clock path {through terminal 3) as a reset pulse. If any 

of these reset pulses did not occur, the watchdog would timeout and turn the 

charge current off. It may still be possible to overcharge the battery pack 100 

in the event of a 2 point failure-a shorted charge control FET (e.g., device 

130b) in the battery pack 100 and improper unit behavior in one of the battery 

electronic control unit 125 or charger electronic control unit 155. 

[0069] In addition to monitoring the charge current reset pulse, watchdog 

158 also monitors the pack temperature at temperature sensor 120 {such as 

an NTC thermistor) directly to sense an overcharge condition. In FIG. 4, a 

shorted battery charge control FET (semiconductor device 130b) and any 

failures in the battery electronic control unit 125 or charger electronic control 
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unit 155 would not affect the watchdog's 158 ability to monitor the pack 

temperature for sensing and terminating an overcharge condition. 

[0070] In addition to monitoring the charge current reset pulse, watchdog 

158 could also monitor the individual cell voltages using circuits 41 SA and 

terminal 6 to sense an over voltage condition which would indicate an 

overcharge condition. In FIG. 4, a shorted battery charge control FET 

(semiconductor device 130b) and any failures in the battery electronic control 

unit 125 or charger electronic control unit 155 would not affect the watchdog's 

158 ability to monitor the individual cell voltages for sensing and terminating 

an overcharge condition. 

[0071] In addition to controlling the hardware watchdog, the voltage monitor 

circuits 415A used for monitoring the individual cell voltages could also 

directly control the charge FET 130b in the battery pack 100 through the 

driver circuit140 and/or directly control the charge FET in the charger (157) 

through the AND logic (151) and terminal 6. This is shown by the dotted lines 

between voltage monitor circuits 415A and driver circuit 140. This control 

would allow circuits 415A to stop an overcharge condition due to overvoltage 

of the individual cells. 

[0072] In addition to monitoring the charge current reset pulse, watchdog 

158 could also monitor the battery stack voltage using voltage monitor circuit 

4158 and terminal 7 to sense an overvoltage condition which would indicate 

an overcharge condition. In FIG. 4, a shorted battery charge control FET 

(semiconductor device 130b) and any failures in the battery electronic control 

unit 125 or charger electronic control unit 155 would not affect the watchdog's 

158 ability to monitor the battery stack voltage for sensing and terminating an 

overcharge condition. 

[0073] In addition to controlling the hardware watchdog, voltage monitor 

circuit 4158 used for monitoring the battery stack voltage could also directly 

control the charge FET in the battery (130b) (see optional dotted line 425) 

through the driver circuit (140) and/or directly control the charge FET in the 
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charger (157) through the AND logic (151) and terminal (7). This control would 

allow voltage monitor circuit 4158 to stop an overcharge condition due to 

overvoltage of the entire battery stack voltage. 

[0074] FIG. 5 is a partial block diagram of connections between a battery 

pack and charger of a cordless power tool system to illustrate over-charge 

protection in accordance with another exemplary embodiment of the present 

invention. FIG. 5 omits the voltage monitor circuits 415A and 4158 for 

purposes of clarity, it being understood that both individual cell voltage and 

total stack voltage could be inputs to a hardware watchdog circuit 158' in FIG. 

5, similar to as shown in FIG. 4. 

[0075] FIG. 5 is a hybrid of FIG. 4 to illustrate a watchdog 158' with multiple 

inputs. Watchdog 158' monitors the charge reset pulse, clock reset pulse, and 

the NTC signal, cell voltage, and/or battery stack voltage in order to sense a 

charge lock-on condition. The charge current could still be shut off even with a 

shorted charge control FET 130b in the battery and improper unit behavior in 

one of the battery electronic control unit 125 or charger electronic control unit 

155, and may reduce the number of terminals needed by sharing the NTC 

output terminal with the clock terminal. Accordingly, the exemplary hardware 

watchdog circuit(s) in FIGS. 4 and 5 may prevent battery overcharging by 

monitoring the condition of both the battery pack 100 and charger 150. 

Overcharge prevention remains available even in the event of a two-point 

failure such as a shorted battery charge FET and improper microprocessor 

behavior in one (or both) of the battery pack 100 and charger 150. 

[0076] Determination of an over-charge fault condition can also be done by 

other means. If an accurate current measurement is made by a current 

sensor in the battery pack (such as current sensor 145) during discharge, 

then a coulomb measurement could be made by the battery electronic control 

unit 125 to put back in the amount of energy taken out. This could be used in 

conjunction with or without the voltage measurement that may be made by a 
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protection circuit 21 O in the battery pack 100 to detect an over-charge fault 

condition. 

Over-Discharge Protection 

[0077] Various battery technologies can be damaged when discharged in 

excess of the manufacturer's recommendations. In accordance with the 

exemplary embodiments, the battery pack 100, such as is shown above in 

FIGS. 3A or 38, may include circuitry to prevent current flow when the battery 

voltage drops below a given voltage threshold, hence under-voltage lockout. 

A protection circuit 210 in the battery pack can sense battery voltage and if 

the voltage drops below a given voltage level, the discharge FET 

(semiconductor device 130a) is turned off. Battery cells 105 would still be 

susceptible to charge, but would not discharge any more. The threshold may 

be an absolute threshold set at time of manufacture, for example, or a 

threshold that may vary based on a number of given factors. 

[0078) FIG. 6 is a graph of voltage versus time to illustrate an automatic 

shutdown invoked by a protection circuit in accordance with an exemplary 

embodiment of the present invention. To protect against an over-discharge 

fault condition in a battery pack of a cordless power tool system, an 

exemplary protection circuit 21 0 (such as shown in FIG. 2) and/or the battery 

electronic control 125 in FIGS. 3A-5, could perform an automatic shutdown of 

current in pack 100 if the voltage reached a given threshold. 

[0079] An improvement to the aforementioned voltage threshold may be to 

combine the threshold with a proportion of discharge current to compensate 

for the impedance of the battery pack 100. Basing the threshold on an 

absolute level and subtracting a portion of the instant current may provide an 

alternative method for under-voltage lockout. 

[0080] FIG. 7 is a graph of voltage versus time to illustrate a modified 

threshold for over-discharge protection in accordance with an exemplary 

embodiment of the present invention. For the purposes of describing FIG. 7, 

the protection current 210 of FIG. 2 or the battery electronic control 125 could 
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be configured to make the following calculations and/or perform the automatic 

shutdown. FIG. 7 shows an example of a battery pack at 10% state-of­

charge. By adding in a proportion of discharge current to compensate for the 

impedance of the battery pack 100, the battery pack 100 is still above a given 

discharge threshold of 2.7 volts. 

[0081] For example, if a 10 amp pulse load is placed on the battery pack 

100, the battery impedance would cause the voltage to jump below the 

threshold momentarily and return to its resting value when the current pulse is 

removed. Even though the battery pack 100 had 10% of charge left, a 

protection current would have interrupted current flow. However, if the low­

voltage threshold was partially compensated with current as described in the 

previous paragraph, the threshold would be dropped during the heavy current 

draw and no shutdown would occur. In other words, the low-voltage threshold 

may be varied by subtracting a portion of the instantaneous discharge current 

to compensate for pack impedance so as to avoid an unwanted automatic 

shutdown. 

[0082] Once the impedance of the pack is known, then the portion of the 

low-voltage threshold related to current can be calculated. Additional battery 

factors that may influence the low voltage threshold may include battery 

temperature, battery age, rate of decrease in battery voltage, etc. 

Over-current Protection 

[0083] FIGS. BA and 88 illustrate exemplary devices that may be used in the 

battery pack for over-current protection in accordance with an exemplary 

embodiment of the present invention. FIGS. 8A and 88 illustrate only a 

portion of a battery pack circuit for reasons of brevity. However, the devices 

in FIGS. BA and 88 could be part of the battery pack 100 as shown in any of 

FIGS. 3A-5. Another mechanism that can cause cell damage is over-current. 

Various electronic switching methods may have a drawback, in that electronic 

switches are prone to failing in a short circuit condition. When this happens, 

an operator overload the motor of the attached tool. For battery pack circuit 
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designs that include separate impedance branches, a device such as a fuse 

or fusible link could be used to limit the maximum current through that circuit 

branch. 

[0084] Fuses generally are not designed to provide overload protection, as a 

fuse's basic function is to protect against short circuits. However, a dual­

element (two-element) fuse or time delay fuse may provide secondary motor 

overload protection, although when blown must be replaced, as these fuses 

are nonrenewable. Accordingly, such a fuse could represent a secondary 

failure and be intended to prevent further operation, for example. 

[0085] Thus, a simple fuse as shown in FIG. SA may be designed to limit the 

current through the cells 105, but may also cause permanent damage once its 

rating is exceeded. Other devices such as Positive Temperature Coefficient 

(PTC) elements and re-settable fuses may be substituted for the fuse in FIG. 

SA for over-current protection. As discussed above, PTC devices or elements 

are known as protective elements for controlling the current which flows 

through circuits to be protected, since their resistance value increases as they 

give off heat in over-current conditions. For example, PTC thermistors have 

been used as an over-current protection element. When an electronic circuit 

gets overloaded, conductive polymers of a PTC thermistor, which have PTC 

properties, emit heat and thermally expand to become high resistance, 

thereby reducing the current in the circuit to a safe, relatively small current 

level. 

[0086] Accordingly, if a PTC device such as described above is connected 

in series with the battery, the total pack impedance would increase with 

increasing current. If substantially low impedance is needed and no 

commercially available single PTC device can offer the desired low 

impedance and/or current capability, then multiple PTC's could be connected 

in parallel with each other to share the current, as shown in FIG. 88, for 

example. 
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[0087] If separate charge and discharge paths or branches are envisioned 

in the battery pack, then a thermal fuse such as a PTC element could be 

placed on each current path. This would be beneficial in that the charge path 

would use a low current device and the discharge path would use a high 

current device. 

[0088] Proximity placement of a fuse nearer the terminals also may provide 

an added benefit of isolating the downstream branch of electrical devices from 

a non-isolated charger. If a battery pack 100 were to melt sufficiently to 

expose the cells 105 and electronics, the fuses (which would have blown) 

near the terminals would provide a disconnect of the exposed metal from the 

non-isolated charger output, hence electric isolation to possible preserve 

electrical components in an attached charger (or tool). Thus, positioning the 

fuse (or PTC element) in FIG. BA nearer the terminal may provide additional 

over-current protection in pack 100. 

[0089] Using current sensing measures (such as current sensor 145 of 

FIGS. 3A and 38) and a semiconductor device (such as semiconductor 

devices 130a and 130b) to stop current flow once an over-current threshold is 

reached may be a desirable method of preventing cell-damage. For example, 

current sensor 145 may be adapted to sense pack current to generate a 

control signal based on sensed current exceeding a given current limit or 

threshold. A semiconductor device having a current limiting or current 

interrupting function (e.g., semiconductor devices 130a and 130b) may be 

directly connected to the current sensor 145. The semiconductor device may 

be adapted to limit or interrupt current based on the control signal received 

directly from the current sensor 145 instead of from battery electronic control 

125 via driver 140. 

[0090] Current sensing could also be coupled with an averaging algorithm if 

momentarily high current loads were acceptable but steady state high current 

was not acceptable. A suitable current limit or threshold could also be 

variable, and proportional, to the temperature of the cells. This may be 
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beneficial in that, if the cells were already hot, the maximum current pulled out 

would not be sufficient to overheat the internal cell chemistry. 

Over-temperature protection 

[0091] Some batteries may also be damaged by extreme temperatures 

(extreme high or low temperatures) or have reduced performance (i.e., 

reduced voltage and/or current output) due to extreme temperatures. This is 

particularly relevant to battery packs having a Li-ion cell chemistry. A battery 

temperature threshold may be set to shutdown the battery pack until it cools 

below a desired or given temperature. Likewise, a battery temperature 

threshold may be set to shutdown the battery pack until it rises above a 

desired or given temperature. These thresholds can also be based on a set 

limit with a partial dependence on current, voltage, age, and rate of rise or fall 

in temperature, for example. As discussed above, one or more temperature 

sensors may be used for determining the state of the battery pack 

temperature. 

[0092] FIG. 9 illustrates a device providing over-temperature protection in 

accordance with the exemplary embodiments of the present invention. An 

over-temperature fault condition in a battery cell may cause permanent 

damage. Thus, a protection circuit configured to monitor absolute 

temperature may be useful in preventing over-temperature conditions. FIG. 9 

illustrates only a portion of a battery pack circuit for reasons of brevity. 

However, the devices in FIG. 9 could be part of the battery pack 100 as 

shown in any of FIGS. 3A-5. 

[0093] As shown in FIG. 9, the protection device 210 may be embodied as a 

thermal switch 910 that opens high current contacts 920. These contacts may 

be located within the circuit to stop any current flow in or out of the pack 100 

until the temperature drops to an acceptable level. These devices may be 

typically set to trip at a pre-determined temperature and are usually found in 

coffee makers, for example. Once the water in a coffee maker is boiled off 

the heating element temperature rises above 212°F. The temperature switch 
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senses this and breaks the temperature controlled switch. When the pack (or 

a cell) temperature gets too hot, the charge and /or discharge function in pack 

100 is disabled. 

[0094] Alternatively, a thermally controlled release mechanism could 'pop' 

the battery pack 1 00 out of the tool 170 or charger 150 and prevent re­

insertion, until the pack 100 has cooled off. This device could be similar to a 

"pop-up timer'' aimed at a latch mechanism which restrains an ejection device 

within pack 100, as will be seen in further detail below. Another device for 

protecting against an over-temperature fault condition is the use of a 

thermistor. A thermistor may be utilized in the battery pack 100 to monitor 

temperature conditions while maintaining full electrical isolation of the 

thermistor from the battery cells 105. 

[0095) Currently, manufacturers typically may include a thermistor in battery 

packs to monitor the temperature of the core pack and to terminate charge in 

the event of an over temperature condition. These thermistors have a 

connection arrangement in which one end is connected to a terminal going 

out to the charger 150, and the other end is referenced to ground by tying to 

the negative terminal lead in the battery pack. 

[0096] For high power battery packs adapted for use with both existing 

cordless power tools, and developing lines of power tools that are 

manufactured for use with these high power battery packs, such as Li-ion 

battery packs, this above connection arrangement may be problematic, since 

the connection arrangement creates the potential for a charge path through 

the thermistor. If a small amount of current were passed through the 

thermistor, the battery pack could potentially be charged outside the 

protection controls and circuitry provided in the pack 100 and charger 150. 

This could potentially lead to an inadvertent overcharging of the pack 100, a 

potentially hazardous condition. 

[0097] FIG. 1 0 illustrates a connection arrangement for a thermistor in 

accordance with an exemplary embodiment of the present invention. In FIG. 
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10, only the positive and negative terminals of the pack 100 are shown for 

clarity. FIG. 1 0 illustrates only a portion of a battery pack circuit for reasons of 

brevity. However, the thermistor in FIG. 10 could be part of the battery pack 

100 as shown in any of FIGS. 3A-5. The two leads of the thermistor (Th+ and 

Th-) may be brought out of the pack on independent terminals 2 and 3. These 

terminals may interface to temperature monitoring circuitry inside of the 

charger 150, for example, such as temperature monitoring circuitry of the 

charger electronic control unit 155 (not shown in FIG. 1 0 for clarity). This may 

allow monitoring of pack 100 temperature while keeping the thermistor 

completely isolated from the charge path in the pack 100. By doing this, there 

is no charge path through the thermistor and no potential to overcharge the 

battery pack 100 through the thermistor. 

AudibleNisual Warning Mechanisms 

[0098] Before shutting down the battery power, it may be desirable that 

some kind of warning be provided to the operator of a cordless tool powered 

by the attached battery pack. Similar to a scenario when a fault condition 

occurs, or is in the process of occurring, in an owner's car, the owner may be 

given a warning light on the dashboard for a given duration of time before the 

engine breaks down because of the fault condition (i.e., piston damage due to 

a lack of oil). 

[0099] Both under-voltage and temperature limitations can be used as a cut­

off, i.e., the battery pack 100 ceases to output current once a threshold is 

reached. However, before such a fault condition occurs (such as an under­

voltage or over temperature threshold) is reached, a warning mechanism in 

either the battery pack or tool may warn the operator that the operator is 

approaching an impending operating limit in the pack that may automatically 

shutdown battery power in the pack. The warning mechanism could be 

audible (with a horn or buzzer) or visible using a desired illumination scheme 

such as LEDs, for example. 
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[00100] The audible and/or visible warning mechanism may be tied into the 

existing circuitry in the pack 100 or tool 170. As discussed above, the 

battery pack 100, tool 170 or charger 150 in any of FIGS. 3A through 5 and 

may be controlled by intelligence in the pack, tool, charger, etc. Such 

intelligence as battery electronic control 125 or tool electronic control 180 

could be configured to control warning mechanisms for various impending or 

present fault conditions. As an example, a separate audible or visual warning 

may be provided to alert the tool operator of an over-discharge condition in 

the battery pack 100, an over-current condition in the battery pack 100, and 

over-temperature condition in the pack 100 or in the motor 190 of the attached 

tool 170, and/or an under-voltage condition in the battery pack 100 due to an 

excessive amount of current being drawn from the battery pack 100. 

[00101] As discussed above, the warning mechanism before an impending 

automatic battery power shutdown is reached could be embodied in many 

different forms. The aforementioned audible warnings such as horns, 

buzzers, and speaker sounds might be acceptable in some working 

environments, but may not be heard by the tool operator in loud 

environments. Visual cues such as specified illumination(s) and gauges may 

also be missed by the tool operator in extremely dark or substantially bright 

work areas. 

[00102] An alternative warning mechanism to alert the tool operator may be 

embodied in the motor control of the tool motor. In general, an electronic 

circuit in one of the tool or battery pack could reduce the maximum power 

output capability of the battery pack and produce a "fold back" condition. The 

operator would both hear and feel this condition as a 'weakening' of the tool 

performance. The operator would be prompted to back off and avoid an 

impending fault condition (e.g., under-voltage, over-temperature, under­

temperature condition, etc.). 

[00103] An additional method for alerting the user of an impending fault 

condition would be to vary the motor control's pulse width modulation (PWM) 
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to create a "warble" effect in the speed of the motor. This mild cyclic change 

in motor speed is selected as such it would not adversely affect tool 

performance. This method provides the user with both audible and tactile 

feedback on the impending fault condition. 

[00104] A third method for alerting the user of an impending fault condition 

would be to lower the PWM frequency into the audible frequency range and 

vary the pitch in a periodic fashion. This will present an efficient warning 

mechanism to get the operator's attention. At the very least, the warning 

mechanism gives the operator a sense of warning that they may be able to 

finish the current job, but may not be able to move on to another job before 

resting or recharging the battery pack to eliminate or overcome the impending 

fault condition. 

[00105] Any of the above warning mechanisms, either singly or in 

combination with one or more of the above warning mechanisms, could 

potentially enhance the tool functionality or extend tool and/or battery pack 

life. The following details the latter warning mechanism as directed to 

providing the aforementioned warbling effect in the motor of the power tool 

based on a state of charge in the battery pack. 

PWM State of Charge (SOC} Indicator 

[00106] The purpose of the PWM State of Charge (SOC) Indicator is to alert 

the operator of an impending fault condition which could cause automatic 

battery power shutdown, resulting in a 'dead' battery pack. This may be 

accomplished by directly determining SOC information in a motor control unit 

that is part of the battery pack circuitry. Based on the SOC information, a 

motor control unit in the battery pack would vary the motor current switching 

frequency to produce the 'warbling effect' in the tool motor that may be heard 

and/or physically felt by the tool operator. 

[00107] FIG. 11 is a flow diagram iilustrating a method of alerting an operator 

of a power tool of an impending fault condition in the battery pack. Referring 

to FIG. 11, a motor control unit (not shown) in the battery pack may measure 
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various battery pack parameters to determine state of charge (SOC) 

information in the battery pack at a given time instant (S1110). The motor 

control unit may be embodied in hardware or software as a digital 

microcontroller or microprocessor or an analog circuit, for example, and/or by 

a digital IC such as a digital signal processor or an application specific 

integrated circuit (ASIC). Based on the SOC information, the motor control 

unit determines a desired motor current switching frequency (S1120) which is 

imparted to the tool motor to produce the warbling effect (S 1130) to alert the 

operator. 

[00108] There are a number of ways to evaluate, track and determine the 

SOC of the battery pack. For example, battery pack parameters measured by 

the motor control unit to determine the SOC information may include battery 

pack voltage, Coulomb count (Ahin - Ahout), total battery pack 100 impedance, 

etc. The motor control unit would then decide on a motor current switching 

frequency based on the SOC information. 

[00109] The motor current switching frequency for the tool 170 motor could be 

manipulated in a number of ways to alert the user. Accordingly, adjusting the 

motor current switching frequency enables the motor of the tool to 

communicate to the tool operator. A switching frequency could be selected in 

the audible frequency range, so that the motor would make a noise that is 

perceptible by the operator. Exemplary audible frequencies could be a 

constant frequency tone emitted by the tool motor, a varying frequency ring 

tone, a complex series of multiple frequency tones to mimic a 'voice' speaking 

to the tool operator, for example. Additionally, the motor control unit could 

pulse the motor so as to make the tool physically shutter or vibrate in a way 

that would let the operator know that the battery packing was running out of 

charge, for example, or approaching a fault condition requiring attention. 

[0011 O] Methods of pulse-width-modulating the motor to alert the operator of 

an impending fault condition such as a low SOC condition could also be used 

to communicate other fault conditions. For example, motor current switching 
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frequency could be adjusted to alert the tool operator based on sensed 

information related to an over temperature condition in the battery pack, over 

temperature condition in the tool motor, over-current condition in the pack 

and/or under-voltage condition due to an excessive amount of current being 

drawn from the battery pack. Current, temperature and voltage are merely 

exemplary measurable parameters that could be tracked for a given fault 

condition. 

[00111] FIG. 12 is a block diagram illustrating an exemplary arrangement for 

determining SOC and varying motor current switching frequency in 

accordance with an exemplary embodiment of the present invention. FIG. 12 

shows a circuit interface relationship between battery pack 100' and tool 170' 

somewhat similar to FIG. 38, although only certain components are shown for 

reasons of clarity. 

[00112] Referring to FIG. 12, IC1, R1, and 01 contribute to protection circuitry 

and cell balancing functionality, as discussed above in reference to several of 

the other figures. IC1 could represent the battery pack electronic control unit 

125, for example, in FIGS. 3A and 38. DATA3 and DATA4 represent serial 

data paths to carry serial data between IC1 and IC2; IC2 in FIG. 12 may 

represent the motor control unit. For example, DATA3 could be dedicated to 

passing data and control signals between IC 1 and IC2, and DAT A4 for 

sending a clock to synchronize IC1 with IC2 or vice versa. 

[00113] The element REG is a voltage regulator that supplies VCC to digital 

devices IC2 and IC3. In FIG. 14, IC3 may represent a tool electronic control 

unit 180 as described in FIG. 38 for example, with DATA1 and DATA2 

representing serial data paths for communication of data and control signals 

between IC3 and IC2. SW1 represents the tool switch to pull current from the 

battery pack to power motor M1. Resistor R6 and potentiometer R7 make up 

a variable speed input for the tool. Each of IC1, IC2 and IC3 may be 

embodied in hardware or software as a digital microcontroller or 
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microprocessor or an analog circuit, for example, and/or by a digital IC such 

as a digital signal processor or an application specific integrated circuit (ASIC) 

[00114] Motor control unit IC2 drives the gates of 05 and 06 (which may be 

embodied as MOSFETs) in order to regulate output voltage of the battery 

pack and thereby control motor current that powers the motor M1 of the tool. 

IC2 may measure one of more battery pack parameters to determine SOC. 

For example, IC2 could monitor battery pack output voltage across nodes N1 

and N2, or perform Coulomb counting by monitoring current at shunt resistor 

RS and keeping track of time (via suitable internal clock). Further, IC2 could 

also monitor pack impedance by subtracting loaded battery pack output 

voltage (when current is flowing) from unloaded pack voltage {recorded before 

current draw) and dividing the result by the current measurement taken at RS. 

Any of these measurable parameters could serve as a SOC measure. IC2 

would then use this SOC information to determine the appropriate switching 

frequency, and control 05 and Q6 to achieve that switching frequency. 

Redundancy 

[00115] The features described above are designed to prevent damage to the 

battery cells from heavy use or failing components in any part of the control 

system in the pack 100, charger 150 or tool 170. By adding a secondary form 

of redundancy, the cells may be less likely to experience cell damage. For 

example, in FIG. 12, the charger 150 and the tool 170 could also monitor 

battery temperature and current through external terminals or 

communications. Battery voltage may also be monitored during charge by the 

charger 150. It could also be checked by the tool during discharge. 

[00116] FIGS. 13-16, in general, illustrate various devices for providing 

overcharge protection in extreme cases. In the event that an overcharge 

condition fails to be addressed by the above described watchdog circuit of 

FIGS. 4 and 5, other current sensory devices, and/or an intelligent device 

microprocessor in one or more of the battery pack 100 or charger 150 fails 
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(multi-point failures in pack or charger), FIGS. 13-16 illustrate potential 

secondary protection for the battery pack 100 and/or charger 150. 

[00117] FIG. 13A is an isometric view of a single laminate battery cell, in 

which cell 1305 (analogous to cell 105 in any of FIGS. 3A-5) has a tab 1303 

(also known as a connector) for connection to an adjacent serially connected 

cell. FIGS. 138 and 13C illustrate a device for protecting against an 

overcharge condition in accordance with an exemplary embodiment of the 

present invention. 

[00118] FIGS. 138 and 13C illustrate a device which may reduce the 

potential for battery cells having a lithium-ion cell chemistry (or other cell 

chemistries) from rupturing upon a severe overcharge condition that is 

unattended by other protection circuitry in the pack. In general, during an 

overcharge event, the laminated lithium-ion battery cells 1305 may exhibit 

extensive swelling. If the overcharge continues, this may result in a rupture of 

one or more of the cells 1305. This rupture may result in fire and potentially 

severe damage to the battery pack 100 attached electrical device (charger 

150, tool 170) and/or user of the battery pack 100. 

[00119] Accordingly, a battery pack may be designed to take advantage of 

this swelling phenomenon. FIG. 138 a side view of a steady-state or normal 

condition in the battery pack, and illustrates tab welds 1306 or similar 

connections to serially connect the tabs 1303 of adjacent cells 1305 between 

positive and negative power terminals of the battery pack 100. As shown in 

FIG. 13C, swelling of one or more given cells 1305 in the battery pack 100 

may help to prevent a severe overcharge condition from occurring. The 

swelling cell(s)1305 creates a tension pressure against its tab 1303, such that 

two tabs 1303 may separate at a tab weld 1306. In this example, the an 

opening 1308 is formed in the circuit, thus removing or interrupting charge 

current to the cells 1305. Thus, as a cell 1305 expands, it pulls the tab 

connector 1303 away from an adjacent tab 1303 at the tab weld 1306 to break 
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the electrical connection between cells 1305, interrupting current flow in the 

battery pack 100. 

(00120] FIGS. 14A and 14B illustrate a device for protecting against an 

overcharge condition in accordance with another exemplary embodiment of 

the present invention. FIG. 14A illustrates a side view of normal or steady 

state conditions in pack 100 to illustrate another exemplary protection 

arrangement. In FIG. 14A, the cells 1305 may be serially arranged within a 

battery housing {shown generally as housing sidewall 1401 a and housing 

sidewall 1401 b, which may include an intermediate housing wall 1401 c, for 

example. A plunger 1408 may be provided between the serially connected 

cells 1305 and the intermediate housing wall 1401 c so as to protrude into a 

recess 1409 through the walls 1401b, 1401c. In an example, the plunger may 

be restrained via a counter force provided by spring 1410, so that there is a 

channel 1404 formed between housing sidewall 1401 b and intermediate 

housing wall 1401c. A lead wire {here shown as a positive terminal wire or 

circuit trace}, may extend through the channel 1404. 

[00121] Referring now to FIG. 14B, showing one cell 1305 in an overcharged 

state. As the cell 1305 expands, the expansion force from the cell assists the 

plunger 1408 in overcoming the counterforce spring pressure from spring 

1410. Thus, plunger 1408 travels into recess 1409 to sever lead wire 1405 as 

shown generally at 1415, thereby interrupting charge current to the cells 1405 

of the battery pack. Note also that the swelling cell 1305 also causes the tabs 

1303 to come apart as shown generally at 1308, providing further redundancy 

to sever or break the electrical connections internal to the battery pack. 

These protective features may thus prevent rupture of one or more cells in the 

pack 100 by interrupting the current flow. 

(00122] FIGS. 15A and 15B illustrate a device for protecting against an 

overcharge condition in accordance with another exemplary embodiment of 

the present invention. FIGS. 15A and 15B illustrate a plunger designed so as 

to eject a battery pack from a charger. 
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[00123] FIG. 15A is similar to FIG. 14A, thus only differences are discussed 

for reasons of brevity. As shown in FIG. 15A, in steady state or normal 

operations, plunger 1408 is biased against a counterforce spring pressure of 

spring 1410, such that the plunger 1408 rests against a charger housing 

sidewall 1501. Charger housing sidewall 1501 abuts sidewall 1401 b of pack 

100. Lead wire 1405 of the pack and a charger lead wire 1505 are operatively

connected at contacts 1410, 1510. 

[00124] Referring now to FIG. 15B, as a cell 1305 expands, plunger 1408 

overcomes spring 1410 pressure which causes the plunger 1408 to self-eject 

the pack 100 from the charger, see gap 1508 between cell housing sidewall 

1501 and pack sidewall 1401b. This action breaks contacts 1410 and 1510. 

Accordingly, upon a severe overcharge condition, the swelling of the pack in 

combination with the placement of the plunger 1408 interrupts charging 

current and prevents rupture of the pack by ejecting the pack from the 

charger. Note also that the swelling cell 1305 also causes the tabs 1303 to 

come apart as shown generally at 1308, providing further redundancy to sever 

or break the electrical connections internal to the battery pack. These 

protective features may thus prevent rupture of one or more cells in the pack 

100 by interrupting the current flow. 

[00125] FIGS. 16A and 16B illustrate a device for protecting against an 

overcharge condition in accordance with another exemplary embodiment of 

the present invention. FIGS. 16A-B are similar in some respects to FIGS. 

14A-14B, thus the differences are described for purposes of brevity. 

[00126] In FIG. 16A, the charger lead wire or trace 1505 is connected to pack 

lead wire at contacts 1405, 1505. Unlike in FIG. 14A, charger lead wire 1505 

abuts an inside surface a charger housing sidewall 1501. Plunger 1408 and 

spring 1410 are as described in FIG. 14A. Referring now to FIG. 168, 

showing one cell 1305 in an overcharged state. As the cell 1305 expands, the 

expansion force from the cell assists the plunger 1408 in overcoming the 

counterforce spring pressure from spring 1410. Thus, plunger 1408 travels 
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into recess 1409 to sever charger lead wire 1505 as shown generally at 1615, 

thereby interrupting charge current to the cells 1405 of the battery pack. Note 

also that the swelling cell 1305 also causes the tabs 1303 to come apart as 

shown generally at 1308, providing further redundancy to sever or break the 

electrical connections internal to the battery pack. These protective features 

may thus prevent rupture of one or more cells in the pack 1 00 by interrupting 

the current flow. 

[00127] The exemplary embodiments of the present invention being thus 

described, it will be obvious that the same may be varied in many ways. Such 

variations are not to be regarded as departure from the spirit and scope of the 

exemplary embodiments of the present invention, and all such modifications 

as would be obvious to one skilled in the art are intended to be included within 

the scope of the following claims. 
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What is claimed is: 

1 . A protection arrangement within a battery pack for protecting against a 

fault condition in the battery pack, the battery pack adapted to power a 

cordless power tool and including a plurality of battery cells, comprising: 

a plurality of distinct protection devices, each cell having a 

corresponding protection device adapted to perform a current limiting function. 

2. The arrangement of claim 1, wherein each protection device is embodied

as a thermistor. 

3. The arrangement of claim 1 , wherein

the cells are serially connected to form a string of cells, and 

each protection device is embodied as a positive temperature 

coefficient (PTC) that increases in resistance to limit the current through the 

entire string, when its corresponding cell reaches a fault condition. 

4. The arrangement of claim 1 , wherein the battery pack is a lithium-ion

battery pack. 

5. The arrangement of claim 4, wherein the lithium-ion battery pack has a

nominal voltage rating of at least 18 volts. 

6. A battery pack adapted to power a cordless power tool and including a

plurality of serially-connected battery cells, the battery pack including a 

protection arrangement adapted to limit or interrupt current in the battery pack 

upon a fault condition that is sensed in the battery pack. 
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7. The battery pack of claim 6, the arrangement further comprising:

at least one protection circuit sensing a given battery parameter to 

determine the fault condition in one or more of the cells and to generate a 

control signal based on an indication of a fault condition; and 

a master device having a current limiting or current interrupting 

function adapted to limit or interrupt current based on the control signal 

received from the protection circuit. 

8. The battery pack of claim 6, the arrangement further comprising:

a temperature sensor for sensing pack temperature to generate a first 

signal; 

a current sensor for sensing pack current to generate a second signal; 

and 

a battery control circuit adapted to receive said first and second signals 

to determine a fault condition in the battery pack and generate a control 

signal. 

9. The battery pack of claim 8, wherein

the battery electronic control unit sends the control signal to a 

semiconductor device operatively connected thereto, and 

the semiconductor device has a current limiting or current interrupting 

function to limit or interrupt current based on the control signal. 

10. The battery pack of claim 6, the arrangement further comprising:

a current sensor for sensing pack current to generate a control signal 

based on a sensed over-current fault condition; and 

a semiconductor device having a current limiting or current interrupting 

function and operatively connected to the current sensor, the semiconductor 

device adapted to limit or interrupt current based on the control signal 

received from the current sensor. 
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11. The battery pack of claim 10, wherein the over-current fault condition

exists if the sensed pack current exceeds a given threshold. 

12. The battery pack of claim 11, wherein the current threshold is based on

temperature of the cells. 

13. The battery pack of claim 6, the arrangement further comprising:

a battery control circuit configured to monitor battery voltage, battery 

current and battery temperature so as to generate a control signal, and 

a semiconductor device operatively controlled by the battery control 

circuit, the semiconductor device adapted to limit or interrupt current based on 

the control signal. 

14. The battery pack of claim 13, the arrangement further comprising:

a temperature sensor for sensing cell temperature to output a sensed 

signal to the battery control circuit; 

a current sensor for sensing battery current to output a sensed signal 

to the battery control circuit; and 

a voltage monitor circuit for sensing one of individual cell voltage and 

total pack voltage of the pack to output a sensed signal to the battery control 

circuit. 

15. The battery pack of claim 6, the arrangement further comprising:

at least one communication terminal for communicating information to, 

and sensing information from, an attached external component. 

16. The battery pack of claim 6, the arrangement further comprising:

at least one protection circuit monitoring pack voltage for a potential 

over-discharge fault condition in the pack and adapted to perform an 
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automatic shutdown of current flow in the pack if the monitored voltage 

reaches a given voltage threshold. 

17. The battery pack of claim 6, the arrangement further comprising:

at least one protection circuit monitoring pack voltage for a potential 

over-discharge fault condition in the pack and adapted to perform an 

automatic shutdown of current flow in the pack if the monitored voltage 

reaches a given dynamic voltage threshold, 

wherein the dynamic voltage threshold is varied by subtracting a 

proportion of instant discharge current from an absolute threshold level to 

compensate for impedance of the battery pack and to avoid a spurious 

automatic shutdown of current flow, if monitored voltage momentarily drops 

below the threshold. 

18. The battery pack of claim 6, the arrangement further comprising:

a single PTC device placed in series with the serially-connected cells 

within the battery pack as a protection against an over-current fault condition, 

the PTC device adapted to increase total pack impedance with increasing 

current in the pack. 

19. The battery pack of claim 6, the arrangement further comprising:

a plurality of PTC devices placed in parallel with each other within the 

pack to form a parallel PTC string, the parallel PTC string placed in series with 

the serially-connected cells as a protection against an over-current fault 

condition, the parallel PTC string adapted to increase total pack impedance 

with increasing current in the pack. 

20. The battery pack of claim 6, the arrangement further comprising:

at least one fuse arranged between the cells and a terminal of the 

battery pack, wherein the physical placement of the fuse is nearer in proximity 
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to the terminal than to the cells, thereby isolating the cells and associated 

electronics of the pack from a connected charger or power tool in the event of 

an over-current casualty in the pack. 

21. The battery pack of claim 6, wherein the battery pack is a lithium-ion

battery pack. 

22. The battery pack of claim 21, wherein the lithium-ion battery pack has a

nominal voltage rating of at least 18 volts. 

23. The battery pack of claim 6, the arrangement further comprising an

audible warning mechanism configured to alert the user of the battery pack of 

an impending or present fault condition in the battery pack. 

24. The battery pack of claim 6, the arrangement further comprising a visual

warning mechanism configured to alert the user of the battery pack of an 

impending or present fault condition in the battery pack. 

25. A method of providing over-voltage protection in a battery pack

removably attachable to a cordless power tool and a charger, the battery pack 

operatively attached to the charger charging the pack, comprising: 

sensing an over-voltage fault condition in the pack; and 

terminating charge current in the battery pack or charger based on the 

sensed fault condition. 

26. The method of claim 25, wherein terminating includes generating a

control signal in the pack to turn off a semiconductor device in the pack that is 

adapted to limit or interrupt current in a charge path of the pack. 
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27. The method of claim 25, wherein terminating further includes

generating a control signal in the pack, and 

communicating the control signal to the charger to turn off a 

semiconductor device in the charger that is adapted to limit or interrupt current 

in a charge path of the charger to terminate current flow in the battery pack. 

28. A watchdog circuit of a charger, the charger operatively attached to a

battery pack for charging the battery pack, the watchdog circuit monitoring 

parameters in both the battery pack and the charger for one or more control 

signals from the battery pack or charger to terminate current flow in the 

battery pack. 

29. The watchdog circuit of claim 28, wherein the parameters include one or

more of battery pack temperature, individual cell voltages, battery stack 

voltage, a charge current reset pulse from the battery pack, and a clock reset 

pulse from the battery pack, and/or a charge current reset pulse from the 

charger. 

30. In a charger adapted to charge a battery pack, the charger and battery

pack part of a cordless power tool system, the charger comprising: 

a charge current interruption circuit monitoring parameters in both the 

battery pack and the charger for one or more control signals from the battery 

pack or charger to terminate current flow in the battery pack. 

31. The charge current interruption circuit of claim 30, wherein the

parameters include one or more of battery pack temperature, individual cell 

voltages, battery stack voltage, a charge current reset pulse from the battery 

pack, a clock reset pulse from the battery pack, and/or a charge current reset 

pulse from the charger. 
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32. A battery pack adapted to power a cordless power tool and to be charged

by a charger, the pack including a plurality of battery cells, the battery pack 

comprising: 

a device that terminates an over-temperature condition in the pack 

based on pack temperature or an individual cell temperature exceeding a 

given temperature threshold. 

33. The battery pack of claim 32, wherein the device further includes

a thermal switch, and 

a plurality of high current contacts, 

wherein the thermal switch opens the high current contacts when 

pack or cell temperature exceeds the given threshold. 

34. In a battery pack operatively attachable to a charger, the battery pack

adapted to power a cordless power tool, a device for providing over­

temperature protection in the pack during charging, comprising: 

a thermistor; 

a first thermistor lead connecting the thermistor to a positive terminal 

shared by the pack and charger; and 

a second thermistor lead connecting the thermistor to a negative 

terminal shared by the pack and charger. 

35. The device of claim 34, wherein the positive and negative terminals

connected to the first and second leads interface to temperature monitoring 

circuitry in the charger to enable monitoring of pack temperature while 

maintaining the thermistor isolated from the charge path in the pack. 
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36. A battery pack, the pack operatively attached to a cordless power tool for

powering a motor of the power tool, the battery pack comprising: 

a motor control unit for determining at least one measurable 

parameter in the battery pack that would indicate a fault condition; and 

a pair of transistors in communication with the motor control circuit, 

the motor control circuit controlling the pair of transistors to provide one of 

audible or tactile feedback to the user of the tool. 

37. In a cordless power tool system including a battery pack removably

attached to a power tool, a method of providing an audible warning in the 

motor of the power tool to alert an operator of the tool of an impending fault 

condition in the pack or tool, comprising: 

determining at least one measurable parameter in one of the battery 

pack or tool, and 

providing one of audible or tactile feedback to the user of the tool 

based on the at least one determined measurable parameter. 

38. The method of claim 37, wherein providing includes adjusting motor

current switching frequency based on the at least one determined parameter 

to produce an audible tone in the motor of the tool that warns the tool operator 

of the impending fault condition. 

39. The method of claim 37, wherein providing includes adjusting a desired

PWM duty cycle of at least one semiconductor device in the battery pack to 

produce a warble effect in the motor speed that warns the tool operator of the 

impending fault condition. 

40. The method of claim 39, wherein adjusting further includes reducing the

PWM duty cycle to produce a weakening of the tool as felt by the tool user to 

warn the user of an impending fault condition. 
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41. A battery pack having over-charge protection, comprising:

a housing, 

a plurality of serially-connected cells therein, and 

a current interrupt mechanism to interrupt current in the cells that is 

triggered upon swelling of at least one cell during an over-charge event. 

42. The battery pack of claim 41 , wherein

the cells are serially connected between power terminals of the pack 

and interconnected to each other via tab connectors, the tab connectors of 

adjacent cells connected to each other. 

43. The battery pack of claim 42, wherein the current interrupt mechanism is

embodied as at least one tab connector of a swelling cell being pull apart from 

at least one tab connector of an adjacent cell to interrupt current. 

44. The battery pack of claim 41, wherein the current interrupt mechanism

comprises: 

a plunger, and 

a spring, the plunger restrained between the serially-connected cells 

and a sidewall of the battery housing under a counterforce provided by the 

spring, the plunger including a portion that extends partially into a recess 

between formed an intermediate wall and an outer sidewall of the battery pack 

housing, the recess including a lead wire from the pack electrically connecting 

the cells of the pack to a charger, 

wherein swelling of the at least one cell assists the plunger to 

overcome spring pressure to sever the lead wire in the recess to interrupt 

current. 

45. The battery pack of claim 44, wherein the cells are serially connected

between power terminals of the pack and interconnected to each other via tab 
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connectors, the tab connectors of adjacent cells connected to each other, and 

the current interrupt mechanism further includes at least one tab connector of 

the at least one swelling cell pulling apart from at least one tab connector of 

an adjacent cell to interrupt current. 

46. The battery pack of claim 41, wherein the current interrupt mechanism

comprises: 

a plunger, and 

a spring, the plunger restrained between the serially-connected cells 

and a sidewall of the battery housing under a counterforce provided by the 

spring, the plunger including a portion that extends partially into a recess, the 

recess extending through a sidewall of the battery pack housing and a 

sidewall of a charger housing, 

wherein a charger lead wire electrically connecting the charger to a 

corresponding lead wire of the battery pack extends longitudinally along a 

face of the charger housing sidewall and over the recess, and 

wherein swelling of the at least one cell assists the plunger to 

overcome spring pressure to sever the charger lead wire extending over the 

recess to interrupt current. 

47. The battery pack of claim 46, wherein the cells are serially connected

between power terminals of the pack and interconnected to each other via tab 

connectors, the tab connectors of adjacent cells connected to each other, and 

the current interrupt mechanism further includes at least one tab connector of 

the at least one swelling cell pulling apart·from at least one tab connector of 

an adjacent cell to interrupt current. 
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48. The battery pack of claim 41, wherein the current interrupt mechanism

comprises: 

a plunger, and 

a spring, the plunger restrained between the serially-connected cells 

and a sidewall of the battery housing under a counterforce provided by the 

spring, the plunger including a portion that extends partially into a recess 

between formed a sidewall of the battery pack housing and a housing of the 

charger, 

wherein a lead wire from the cells is electrically connected to a 

corresponding lead wire of the charger at a contact interface, and 

wherein swelling of the at least one cell assists the plunger to 

overcome spring pressure to eject the pack housing from the charger housing, 

causing a break in the contact interface to interrupt current. 

49. The battery pack of claim 48, wherein the cells are serially connected

between power terminals of the pack and interconnected to each other via tab 

connectors, the tab connectors of adjacent cells connected to each other, and 

the current interrupt mechanism further includes at least one tab connector of 

the at least one swelling cell pulling apart from at least one tab connector of 

an adjacent cell to interrupt current. 
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CN 104442429A Vehicle starting power source with double-battery system 

Applicants: KE GUOPING 

inventors: KE GUOPING 
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Publication: CN104442429A,2015-03-25 

Published as: CN104442429A 

Vehicle starting power source with double-battery system 

Abstract 

The invention relates to a vehicle starting power source with a double-battery system. A battery pack of the vehicle starting 

power source is composed of a starting battery pack and an energy-storing battery, the starting battery pack is only responsible 

for starting of an engine, does not power a vehicular electric device and can independently start the engine, and the energy­

storing battery pack powers the vehicular electric device and can assist in starting when electric quantity is sufficient. By the 

vehicle starting power source, the problem that the engine cannot be started due to excessive discharging of batteries can be 

prevented effectively. 
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77�•���.rm::f�rn���Mfil����Mfillf���o

cooogJ * 'ii sJJ 01 -$$ffi ta z:}J � 1� "F, =,; � tmffitJE 0101 ta z:}J �tm m 01 �.; l:t 1i� 1'1� � tmm 01 �

�!J\ 
0 -�3JtL mz:JJ �1t1IJ1is1�� ��Tli' �1rnffitt��s1 15-35 %1i:::-5" 0 

coo 1 o J * bt RJJ i't''l -$$ffi rp z:JJ � � � , 1r � tm ffi tt l't''l m z:JJ � tm tli l't''l • 1* � tm £ �tfE :ct �fir$

ffl-��o �#��+&��ffi$tt��.rm�ill��w��*��� tt�o 

coo11 J *bt � s1-$$ffi rp z:JJ �� "F, � �tmffitt 01 m iJJ �tmtli 01 •1* �tm mm� £W � r

�tfilo f=l lW, W �-=f �tfilR1tt*1�JU-tf:JEbt*, ilf$ �tmft* C -tzo��§i!icW*, :n;*, il§ 
trIL�, UW'fi��) wJ�1�fLl1��1ir$B1JJ��, # Ji-.Ll:�f*�xEJlff ili�B11f£�idil'l�o 

coo12J *'ii� 01¼$�ta z:}J ��"P, 1r �1m*t1t □11i:#1'1� �1mtli □1 •1* �1m£ru§ �1m, m 

���m�ffl�S:tffl§�M,illm�������S:tffl§�Ma*:1/v���M,ffl§�M� 

q��1Jt,e, ±�£11rJ11Hm�, iz*Ml�o 
[0013] *':&SJJ B1-$�ffipqz:}J ��"P' Ii' �ifuffit3EB11i:tfm�1fui'Jis1•1t �1fu£W �T �ifu, 
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PT l;J, R: ii m w Et! 1tl!" ti miiw Et! 1tl!" - 5G Et! 1m Aim w Et! 1m � � "P 0{] ff�; -if� 0 

[0014] *� � 0{]$�fa i}J Et!� 811'1 Et!im�t3E IEI A *ffl fa i}J Et!ifutli:fP1i1§E Et!1tMJi,zy_ Et!im 

tli, fa i}J Et! im tli R ;J, tEl fa i}J 1£ *, � #'i $ it ffl Et!* 'a 1� Et!, # Jl PT l;J, Ji iL �$;fa i}J 1£ *, 1i1 

BE� im tli �i T #'i ¼ it* K 1� Et! !Jr , � BE m ftb Ja i}J , 1E1 mf PT l;J, 1f �)[ Ji BIHYHfttf: 0{] � fE, llli r r 

iE1 � ¥filJJJ" Et!rlli � �jl:� §E£ t9J 01tl {)Lo llt!Jr, iE1 A *ffl ,zy_ Et!iili¾JL PT l;J, ½tl'i1iFf ti: §Elx 1E.0!! 

t1 f3M;/tJ=F 81 Et!im 11: 7'J }a i}J Et!im' R:mHf£ilili T 0{] }a i}J Ill )(i, x.� �$ 01t�;/JD PX,* 0 

[0015J [ llft 1!1 iR SJJ l llft 1!1 A*� SJJ 0{] �fJ.�5g: 1!1, 1!1 "t' : 
[0016] 1-fa i}J Et!:tJL

[0017J 2-fai}JTT* 

[001 sJ 3-1¥L rtJ =:tJ£ff ( �=:tJ£ff �$fu ) 

coo19J 4-fa iJJ Et!1mtli

[0020J s-1i:tf3g Et!1mtli

[0021 J 6-¼itffl Et!*K

[0022] 7-$it� Et!:tJL 

[0023] 8-ifoJ11 �

�M] Tffi�¾�l!lill-W��*�SJJITTtt*��o -[P}=filff(�=filff��)3ITT 

�ffl���JaiJJEt!�ffl4R��rtJJaiJJEt!m1mEt!,mf��rtJ$itfflEt!*K6l;J,HM�Et! 

�ffl5��,�����KfaiJJEt!�ffl4fflEt!rlli��+�illfiJ§�ITTfaiJJITT��o 1¥LrtJ 

=:tJ£ff ( =:tJ£ff �$35U ) 3 ft it1itl'fE Ffi�tli rt] fa Z9J FfiffL 11A Ft!' �fJ)Jw'3M fa Z9JJ}Jf3g ; [n] aJ'. rt] 

=fil�C1¥LrtJ=fil���)3�ft�$it�Et!m7�faiJJEt!�ffl4�Et!" �11�8fflr� 

f;% * ,t� i)WJ 71 :c}J §E " fa i}J ITT , ,�¾fa i}J TT* 2 , fa i}J Et! ¥1Mli 4 rt] fa i}J Et! :tJL 1 JJJ" Et! , IP] ITT , tE Et!� 

�ft 5t rj, 1i:# BE Et! imtli 5 t� rl 1¥L rt]= tR ff 3 rt] Ja i}J Et!:tJL 1 ti£ Et!, m ft/] Ja i}J Et! im tli 4 �fjll)a i}J 

JJJf3go 

[0025J fai}J'iG!J)GJ§, fai}JH* 211fTH, IPJITT$it�Et!tfl 7 H�brtJ$itffl Et!*w 6 f�Et!, 1t 

�#'i'JaiJJEt!�ffl4�M�Et!�ffl5�Et!o ��Et!m7��I�ITT,�$-fflEt!�K6m� 

I 1'F, IJ!UlltITT?fr'mr � l'fEiE� EB1itf3g �ifutli 5 �f;t, 1¥LrtJ =t&l'r ( A��*�r'iilBlr) 3 rnKfai}J 

Et!imtli 4 JJJ" �' )A mf 1¥iiEfa i}J Et!imtli 4 §E��l'!�ill1T l;J,J§ 81 fa i}J 0 

[0026J [Jl1*�Jm�s:tl TUIT�1ffuiRSJJ*�SJJ 0{J�Jm�:i:to 

[0027] �Jmflf�-

[0028] Mr-,t 1. 5L t/p�8{]%JB$Jj:$, *JB 12V 0{]$$VBJai}J Et!�, Jt"t' fai}J Et!11MliAW 

� lOAh, tilt Et!FF. 12V o"J�t�s:trom Et!i1Mli, fvlrnE Et!imtli*ffl w� 45Ah, tiift �FF. 12V 01tR 

�s:tfflmEt!�filo �ffl6,trl�5MITT1¥LrtJ=filff#��JvG1¥LrtJ=filff��oWffliR�� 

llftlfilITT�tt�s:till1T�tt, eprlJ�fm*��fl 01 § 01 o 

[0029] �Jm1lf�= 

coo30J ��fitf3t�1mtlif�px; 12. 6v i't''ltimiiw �1mr1i, �*IPJ�hfilflfu- 0 

[0031] �Wiflf� -
coo32J xtritJti:-J:;-$, *ffl 24v 0{]$$�faiJ1 Ft!�, �"P faZ9J Fflit�JliAi'r-� 20Ah,1iif� Ffltt 

24V R1��Jtr\'.:ffl@i Et!imtli, 1it§E Et!�tli%:ffl 80ATT, 11[\ift Et!& 24V R1tlH&.]\'.;ffl� Et!imtlio �ffl 

12 ,trliJrE 50A ITT1¥LrtJ =tJ£ff #Il5ctzgpx;1¥LrtJ =:tJ£ff WffU o WffliR��llfi I!! 61�tt�s:tillfi� 
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Power supply controlling system for vehicle and its controlling method 

Abstract 

2Js:�BE�:FF7-M1J:¥.F.f *��1�!:E1.�tu��, *�ttt.-P�mfDit1¥,1&'&�,w.i, 1§�:m�ll$21tisgm��f.tlJta( 12), tti��B:ll.f:t!.� 
&�11£, m,���ll��i'.Jg��T��( 14 ). ff.f#�����mmfi �mWS9&1i7.J:ffLilli�i�JJ¥.-P, EBta�'iff:t!.ftE( 12)!iajilli��Jl, 
(1 s)ftt:�, }Arm���1i1J*JL· ruAfi'2��ILFitUfiJiW�sg&t��Jt£ffi��ht�>-P, ffititHlr��( 14 )i□J@1i1J*JL( 1 s)1tt:f:t!., M.rmfJe 
��t,Jl,@lil]. 
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1. -#ffl-=f$ffi�������' tE�$ffi�, �fi-#��

wm��. M®�@M$m��fi�������&�m�wm•� 

��M-�, m��E£!.��*��M: 

s m-��. X�$ms'-J-®�mffl�•;

ffl=Eg�, X�$-1¥J��mffl�-. H�E£!�1¥J�•*N*r 

ffi-��1¥J�•*�' $XttE£!.*�M�ffi-��1¥Jtt�*�; �& 

�mu�, ��trJ�Er-JifPl:fU5r.¾��Er-J: tEffi-*14=r-f!.Ptlfi� 

®�&�m*�*•&�Er-J�#r, ��ffi-���®Mm•�· M 

10 rmrnffi-��Pl��m��; H:ffi=�1tt=r-eP�tt��wm�1t1J* 

��&Mm1¥J*#r, ��•=�����m•�· Mwrn•=�� 

ioJ jfg ijJ f/L � Et!. 0 

2. m•����1m���Et!.����. ���frT= •=�

��--����--���Er-1-#0 

1s 3. mffl:&f1J�31< 1 pj(; 2 JiJr�l¥Jf#E:§.�ft1J*�' X�tiEH:-=f: ffi

- � � � ffl � Ir it!Jt!! 0 

4. mma��*1m��{#���*�· ��fil�r= *�ffl

•*••�A��&�$mi¥Jam, rm�fifEffi-*#ri¥J&�m® 

qJ 0 

20 5. *ffl:&fU�* 1 JiJT�Er-Jf# E£!�1M*fJL X�-Oftf-=f: *��

ffl-#��•mi¥Jm��fil*�fifEffi-*#rEr-J�Mm®�. �� 

1¥Jx��m¾tt$mL��1¥J-����*•��A���1¥J-�� 

�rt:�1tzJsJ&�1¥J 

6. @ffl���*1m�1¥J�E£!����, X�filtE-=f: ��ff

� ��-=��Pl�zifJm•�Er-Jl:£!.h¾�������Mm: �*�� 

ili�ffi=*#�Mffi=��-��®�ml¥J������l¥J, ��� 

2 EXHIBIT 1002 
Petitioner ADC (IPR2024-00577)Page 1193 of 2235



03106624.0 

-���ffi-Et!.rtt!.�®Mmfflg�, MWrnffi-Et!.rtt!.���m�Et!.o

7. �*tRfU�.:1< 1 ,P)r�(t,J{AEt!.�mU*#c, X�vftE-=f: �m1J-ff

�ffi--Et!.����m•���h�N���®M�Mm: �*�� 

lli�ffi-�#rMffi-Et!.�-*��Mml¥J�jJ����l¥J. �N� 

s -���ffi=Et!.rtt!.�®�mffl��, MWrnffi=Et!.��®Mm�ito

8. *ffltRfU�.:1< 6 JiJr�w{A it�1t1J*fJE, X�vffrr: �1t1J-ff

�ffiffi-Et!.����m•*(t,JEt!.JJ�N����M�Mm: �*�ffi 

ilitEffi-�14r 1-;_m-t:gnf!$m:i!�ttM:tlls"J 1:gJJ ¾��JEEt-J, muwi,J 

����ffi=t:g���Mmffl��, Mffirnffi=����Mm��o 

10 9. tttm tv¥r� * s PJTJ£ l¥J � EE!. t£ i,J * �, 1t � trE tE r = t£ i,J M

¾tE-�#�Et-J�����--Eg��-=��-���MmEt-JEE!.� 

¾�ft�, *3£#��Mffi-, ffi=it�Et-J�t, ��, EE!.lli, �& 

ltVTto 

10. *ffl:f£fU�.:1< 1 JiJr�Er-J-#titwt1J�tJE, XW:tiEtE-=f: 3ffi-

1s I:@. flt!. ,fD ffi = fg flt!. B'-J fg ffi lD fg :I: q:t B'-J � d>-� � � � lj\ T -Bl ]E {118t , 

� 1�t1:• = �14 r Et-J �M m�z;JJ 

11. -#fflr$$s!¥J�Egt£mtl1irt, t1:�$mq:t, tilff-#��

wmt£�, MW�m•*•Et-J�ff���z;JJ����z;JJmEt-Jwm•� 

�®M•�, ��-®Mm�---Et!.��-•=t:g�ffl�m, x�, 

w ffi=it�Er-J�:l:��*rffi-it�Er-J�:I:*�' �X�1:g*�M-=fffi 

-t:g�l¥J$t:g��' ��fg��li���:

tE •-� 14 r-ep 11 � m1 z;JJ � z;JJ tru1� 1.t * m tt z;JJ !¥1 �14 r , � fl 

•-it!.����mm�, MWrnffi-1:gm��Mm�fg; �& 

1£ffi=�1tJ=r-&Pjffitt��1¥m�ttl*�i0ttz;1Jms<J�1tJ=r, � 

� tlffi=it����mm�, Mffiffiffl=Eg���Mm��o 

12. **:&lU�* 11 Jifi�Er-J�Et!.t21tu1n�, X¥-ffil1£r= t1:ffi

-*#rl¥JttMm�M¾m•*••�A��ttM$ms<J&MW�fi 
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13. mt®tiVFLl�* 11 ?Jr:i£1¥11� Et!.NmUJiit, Jtf�tlEftT: tEffi

-*#�1¥1��m®�¾�ffl-#���m1¥1�m�fil*�fi1¥1, x 

��x��IB�ft$mL��w-��K�$���A�ff�W-� 

s � tJtt: � �.z. fsJ a 1:. ITT o 

14. mt\5;&7fLl�* 11 J5Jr:i£1¥1� EgN1t1JJii!, �if'§.15tl;;�: f1J

ffiffl=Eg��®z;tJm•�l¥1�������®z;tJ�rJJm: �*��m 

tEffi=*#�Mffi=Eg�-���MmEr-JEg}J����Er-1, ���ff 

���ffi-Eg����mffl�m. Mffi�ffi-Eg����m�rt!.o 

10 15. �ffltR�U�:R 11 §JZ 14 Yr:i£1¥1�Eg:f2'.friU1J�, Jtif�M��=

��--Eg����m•�Er-J�n���������m; �*�� 

ilitE�-9k1ti:�J-A�-it�tmtr*�arJJm1¥Jitn��-JEH:1¥J, m,J�tu 

B��ffm=�����mffl�m. MW�ffi=���g�m��o 

16. tltrJf!1 tR f u � * 1 s 15/r � 1¥1 � it N ttl 1J 1t;; , ;tt; � fil: tE r : f1J l!fr

1s ffi- � �l□ ffi = � �-���z;tJm B'-J ���¾�-Jc� B'-J zv �¾tE--4'� 

•B'-J���*fi, m��•�mm-, m=��B'-J�•, m�, �ffi,

�,&itilrL 

1 7. � ffl tR lU � * 11 Jifi :i£ Er-1 � EE!. :/2'. tU Ji� , � if -e1 M : i:3 ffi -

�Mf□ffi= iti'tl?.1¥1 itffil□ it:1:4' 1¥1�d>-��-t!J/J\-f"-f���f11, 

w �ffltEffi=*#�l¥J�rJJmgMo 
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tt?tt�m� 

*���&-#fflf$•a<J����*mo �A�**· *��

s w&-#$m����*m, xm�ff-#�tt�m��. �#�� 

�--$-�I���W�������m��m���o 

r:f :Jtt?tt 

ffi�m••���-•�����•*mtt��tt*i:r£�tE 

10 !¥Jo fftl�o, tEffi 2001-313082 %B*�lV0JfX1tf:q=i;wt0rf7:i!#* 

mB'-J-���o �#�•*m��*--����-��@�, #� 

�--��fflDS���&Ra���. �q:i, ■-��rtBA��� 

�N�-��ho �W, �$•�-*���-�-�. ��-�­

m�•�o �*' �f�#�•*m, �����m�, £�m•• 

15 �rtBftJ1t�m��B'-Jo 

�B'-J*•..t•��-#*m, �*mey�fi�����I�: m 

��*•���rr��f��ffi�®W*�· w��Z91mB'-J��; � 

�*•���. tt����1t�mc:i!#��t1:*�q:i•$�"�� 

�m��")o ����-��: �$-�fi��wm��. ��� 

20 Xiii�� *tJUl�W, $�..t.��1f1fiJ��tfHlif �rm �&Wjl!ij� Et! 

rm, �*��£���•*•�-��a<J��m®�tt�i:r, ��� 

*�•��wm��B'-J��m��tt�i:p, ���£�ffl�•��*

ff��, ��fffl■a���f��*•I�l¥1�*�' X tt�l¥J� 

1-t�£1ifilJfill¥10 �ffi' tE:i!�B'-Ji-9:iti:r, 1t�trl�Z9Ja<JAJ8 t1�� 

� �*' �&tt*•��-#AJtt tl**= ffi�ffi��fi��wm��o 
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;ttaA P-J� 

*���-�§��-�-#m�*������*m, x��

3��fi*•������m��I�, �&��•��wm��� 

5 ��mjf.QMI�, �����bo����tt���o

*����7-#ffir*�������m, ft�*��. �fr

-#��wm��, M®��**ffi�ilifi��������qjm� 

�m•����-�o ������m�M: ffi-��, X�$ffi� 

jf.Q�mffla�; ffi=��. Am�*��jf.Q�mffla�. ��Et!.�� 

10 rm :I:� fl ::Jc T ffi- � � Er-J ��·*Ji , {B A jj,i �*fl f 1£ T ffi-� ¥fil Er-J 7JX 

�*lt: �&-��-• ���-�I�������: ft-#ffi­

�1tf:r-�P1ffi�ffl��f;JJm*1f$ffi����14r, �1fffi-it¥m � 

� qJ m �ii. M ® EB ffl -Et!. ¥m p3] jf.Q f;JJ m � �; ft -ff m = �14 r-�P 

ntt��wm��*gf;}]�Mm��#r. ��•=Et!.¥m�®f;JJm� 

15 Ji, 1'Affilrnffi=�¥ti?.�gz;:1Jm�ft!.o 

-&**· �r*����z;:1J�Et-J�z;:1Jmgz;:1JI�cr��re� 

�mz;:1J•�"�mfflz;:1J"), rnr�z;:1Jm��gz;:1J, m�1ffi�Et!.¥ti?.� 

�:xEt-J�•o ��-�oo. �r�*wm��m�m�&Et-J�z;:1Jmg 

�I�cr��•�"mffig�"), rnr��ms�••m��T, 

20 Wr IJ. 1:§. ¥ti?. 8"J ffJ. � ffi x-t $x 1J\ o � rm , � T �� PJ $:I:!!!� iiE � �_m ® � at Et-J $!, 

®z;:1Jtt. �mEt-J���=��mfflEg¥ti?.Et-Jjj,i�@flm�:xr�ffifflz;:1J 

�mfflEt!.���Et!.�lto �$ffi�ilifiM��. ��-������ 

�-��fi�*Wm��o �rrrf, �T�PJA��filft•ffi��at� 

z;:1Jm�mz;:1J tt�. �mEt-J��¾= *ffl-ff�•*1t�•Et-JEE!.¥ti?., A 

25 �� :&: ¥ 1l � r � �_m � z;;/J at J=ilr ffl � ¥fu Et-J ��ii:� 1l o 

ft*���. ft�mfflz;:IJ(l'j", rnffi-�¥fu�ffl�m��o �*' 

ft�ffigz;:IJ�, ¾rnffl�rffl-�¥fuX�:&:¥fl�-' �JJX�Wll� 
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��m=�¥tB��q]m��o �rm. ���fr���f;/J� ��fr�ffi 

�f;IJ �rl� r:p, ����iiEttf;/Jtfl�®f;IJ'l::L iJ:tjr, fr�fJ%!JE9i9J a-t, fJJ. 

•fflM�*' rnr��*�fflM�*�ffi=��#:f��i9JtJl��,

J=ifi 12), ,m m 3 ±-ti!� iiE tt z9] tfl Er-J � M ·ti �t o 53 :9r , Mr m: ffi � $J , rn r fJl. 

s 1Ti!fo/®f;/J��$1lR?§j, J=iJr!J, � jj��:1:�ll�1� �--�¥tB:1f:f � 

� i)J tJl 1� � , � il:t Pf� 3'ci ffi -� � tiJ l,W. JJQ :i! � 1t Er-1 't� (7(. o 

m=�¥tBeyl2},�--��¥tB�-��¥tBr:j=IEr-J-#o 

ffi-�¥tBPT IJ:l!ffl���rtl!o 

PT@ffl$m-�A��ttM$m�•�, W�fifrm-*#�Er-1 

10 ttiifJrJL®z;IJ 0 

ey��-#���m�m���*�fifrm-*#��ttf;IJm® 

$J, �r:pEr-J���m�fr$mL���-����*••�A��� 

�-��-��-�����o �L�W�B"JWff, ��¾$m�z;IJ 

�B"J�q]m�qJI�, �����mN�•����q]m�qJI�tt 

1 s � ey � tfil Jt JJx: , rm_§_ :f � :JJQ :tt tt ni! B"J ·tt ���,ft a 

�*rnr�:S:��, �ll�����. Mm-tt¥tB�•=�¥tB• 

.i! tit® z9J m � � f.1 :f JE 12), �iiE �Mm Er-J m z9J , 11111 �J§ 3 IW � ¥m 1i xt 11 

ttq]m®$Jo 

��•�ffim=ttm�mi9Jm•.i!Er-Jttf.J¾N�JE1Jffiz;1Jttz;1J 

w ma �*�ffiili�m=•#�Mffi=�m-.i!titffii9JmEr-J�f.J¾:f� 

H�, ���--��--�¥tB�gi9Jmffi��. Mwrnm-��� 

gz91m��o �W, ���i9Jm:f�--=�m�i9JW.ffiffii9J, � 

eyl2),�rlffi-�m*��-ffiffiz9Jo i!�·ey���ili�i!��� 

&: rnrffi=�m�ffiz91tfl • .i!Er-J�jJ:f)E, �i9Jmx��ffi�i9lo 

� ��-���•-�m�mz9Jm•.i!��f.J¾N�H!Jffl$J�i9J 

ma ����ili�ffi-�#�Mffi-it¥tB•����mB"J�h�:f� 

JE B"J, Y!UN1'51J•mt�*•= it� �®z;IJmfflti�, M rm EB•= l:t!1ti?.� 
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5 

��m�ito �W, ����m���ffi-����W������, 

filey��rlffi=it�*�m���� 0 ���ey�-�ili����M 

�= rnr�-it����m•�l¥Jitn��, ��mx������ 

z.}J 0 

�ft 00 iJl a,)j 

001¾-�M��•oo, *�7��*��-�� tt�-��1¥1 

$ffl{!tit�1ttl��; �,& 

002�1¥J�Woo*�J-#��fiff, �fr��wm��•�r 

10 itl:1r��tJl.1¥J��,E9�Bt, tlt.1r��11itl�ffo 

A� :); • 11" A 

001$�M��-00��7-#*ffl*���� tt�-���* 

mm�����100 �001m�, �m�����10$�•��� 

ts lt1tl! 12 fD l4o it!.1t!! 12 £it!.ffit'-JA 12V B'-J��if it!.nE, ft!.� 14 £it!. 

llit'-JA 14. 4 tk:1¥JW;®j-=f lt¥mo frrX$, �rtE 12 ���AttrR•� 

� 12, it¥m 14 �*.&:�Aw•rit¥m 140 ffirtrw•-=ritn!! 12, ma 

'if � rtP. 12 � -iii ffi: �lJHt-J tmtr ili Et! :I: C JJt � 1f; & l¥J iii ffi: : w I I ) $x r@j , 

{B �-ijiffl�t9'Ji)T��-fi!l¥J lt:I: ( �g:l:1f /Jt1¥JJ¥1-ffi:: Wh/I) !JlU$xd> o 

20 � §".z, w•-=r Et!1tl! 14 B'-J� itw llf�rfflilif!f itrm 12, 1s ;jl:�g:1:1f 

& �rm•• ft!. rtB 12 0 

-��m1s�tt-��*�16��mM•�n!!12a•, fil�

ff;®j-=fEt!¥ml4�-o ,E9�m1s��A$m�h�l¥J��mcOO$* 

�ili)ffia•o ,E9�m1s�ffi�rl��H*l6Mffl■Ii�1tl!l2� 

� @;®j-=fltrful4•�*1¥J�h, *,E9��rWm��l¥J��mo 

��m��•�-H��ft!.m20, ���m��m�ff�w� 

ili ft!. �go tH-Rlf �1t!! 12 �HiJtt�lt�Jl. 12 ffiitf•o 3tit.1rW�1ttl�Bt, 
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�m��m2o�ctffl$m��������, w�m••��12� 

Eg, Mrrff�ffl■SEgrtP.12*fi�Ego eymct�Km�Egm2oa�� 

fi•rEg�l4-00*•�����it�•o 1±�ffl�""f, MKm� 

Eg;fJl. 20 � Egrtg 14 B"JJEEgft!.tit�t�ct� DC/DC CKtlfU](tif.) ��� 22, 

s rx���Egffi��•*fiM�o 

tf.rEE!.rtR 14 iffi.ct-][tif.x-J-]itif.B"J��@ C"""FX�l$1t "DC/DC" 

��8) 22 "3ffl■itft¥m 12 ffia�o DC/DC ��ff 22 tLlfflJt:P-J�� 

s<J-�$A�ffs<J��-�m•1t. ®�ffl&SEgM12-00B"J�ff 

*•· Mrmey�••rEgm14-00i!Eg, �*£�w•rit1m14-

10 i9!UB"Jl=E!.ff�f�. Mrrffey�ffl&SitrtR 12 -19!Ui!l=E!.o ES-f-Km�l=E!.m 20 

¾Jiit DC/DC��� 22 �ff�-=flt!M 14 ffliifiEfl, ,r}r�]U!rt�Egtfl 

2 o �� � fi • r ft 1m 14 $tui! A 1t tH ITT Eg �� , L;J_ x-J-A* 1-r JE it o 

fr�m�ftm20, m��l=E!.1m12L;J_&W•�itm14�artT 

� 1-- tLl ffl 1:§. �� :it± lr I {t EfJ �t {tj: l2J. 1k pJr i; Et-l � � � � C by-wire

1s system) , ;it$ Et-J �tft.t1§u:ti□A �-i)aJ�, if u�� ���, ����W�fto 

AtO:i!�, �tlzJJ:ff��o 4ij:1--����eJ£a�J1Jffi-lti;lt!m 12 -Ju, 

&a��fi-rEgrtR14-00o �rrff, ESr��*m��ESffl®•Eg 

rtB12�Eg, &�ES••rit!.1m14�it!.. �L;J_�ffl3ftEgs*m•tt 

ey3���$��I1t��. rmx$�::i���fflr��Fo�Eg-� 

20 �::lo 

�;r!-, �Htt:��15�•1:EifH!�ifitrtB 12 -i9!us<JJJ�.L1:1:.${t:j: C�tl:�o: 

���•, �*�AA�¼, �s*m, ���), L;}_&�::i1:EW•r 

�rtB 14 -ffi��}]�.LI:1:.:g:iHtt: C-Wtl:!m: {5U&, ��ff, ffi,ffl1Jff, �M$� 

�)o 3$•mtt�m���. �-�#L;J_&�-���m�ESHm 

2s �1tJJJl 20, ifHI.Et!.rtP. 12 L;J_&W•rEgrtB 14 �Et!.o 1:E:'3-1Jffi, 3 

�Z93m1�ma-t, !J!iJ¾ESffl�Sit!.rt!! 12 �fi-ritrti?. 14 �it!.ITTo 3$ 

-B"J�*H��-f-Eg8�#I��::i��r�*�ii�::i�, ���
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���, �$�AA���l'flffl#¾W�l'fl, 3�*H����*�W 

�-�. *���, �s��, ��-��ffl#�W��o 

DC/DC ��- 22 �-wlfmt�itJftfl.� E§.-=f�itU�JG 24 Cf Jt 

���� "ECU" ) t§:iit'fo ECU24 x-j DC/DC ��ff 22 :itt1T.f1=, �{! 

5 r�m�t£�m••�Ml2-00�R-r�Ml4-00��l¥J�jJ­

J3 !:�Hl45Co ��H� 16 -tB � ECU24 if§amo ��H* 16 (flr}J�b�� 

,� Ecu24 1¥11!ft����z;JrtJ1. 18 �ff·lif:tkam�m••�1m 12 �w•-1-

EgM l4o ECU24 ��¥-=f--t-4r-d4=*�J'.E tl1 J3Y3 ¾JJ�-1'-E§.M �jfgz"9Jtfl 

18��, #����H*16*�ff��J'.E���, ��, �Jt�� 

10 fo!r� !'fl �1tt=ill1ii-tit o 

tE ECU24 J:kEJ!ngff-1'-I fi:���WN� 30 o I fl=��f&w!�� 

����m£��r•m��, ��m���*ml¥1fi���•�N 

¾���T--t-ffi�ffi, $mMf1=A�¾��fiT�z;tJ-fl=, �&� 

•Bl'fl��. ��. �*$mJ:*•1¥J£����ffi, ��ffi�MM

1s tocJ:1¥J11:Jt.Lh£�:izs:iLl-tffiJE'.m, �o�$mJ:.�•s<J£-=¥-z;tJ��ffi, 

!J!1Jf1Jttfr��xt��fff�tf:itt1TTfjf1=0 ECU24 *!mI1t���w!�M 30 

s<J��u�tL�*11Jffi$m£1J�rf�$tt� c t!P:tfJ!¥*��1¥Jtt�) 

ECU24 kE#tllfrtJ;1Jjt£$tlI f'Fl¥J*1�¾N B-�JE., Jl:i:p 1¥Jt£ffitlI tl=PJ 

���mM�tt��*��wm��, �&���mMwm���• 

w ��*��(�#����Jt�-��"��wm��")o 

�00, ���-��OO tt�•OOs<J����*�lO*fi*fflo 

����-�, �*��z;tJm�r�mtt�s<J•��, *•ff� 

���*H�MffiEgQW�z"9J�Eg8ffi#I�QW, �ffl�§�*H 

���Eg@I�Q-�&§I�s<Jffi#-gmLJ5c�Mffl■frEg�12 

2s $iii:i!*s<J1:gtJ, �illAilJif'Ftt�o .tltj�, �Q*,r2-*H�Mft!.ffitl= 

Q•*��*mmQ., ffl���*H����*�m���@�I 

f'J:1¥J�#-�H��ffl&•ft!.�12�fi��. ��A�I���o 
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�*' ���*H*M�*••�w����m••��, �� 

�HfflRSEt!�12����#��Et!, #�tt��H*l6�®�m 

18�ffl-·Eg�12��o ��m1s��ffl-·��12*�/§�Jtt 

AJIJ;;a;I ft�� 0 tE.li:t'ttl7L r, �Z9Jm 1s wZ9J;&i9JtJl, ft;;a;J.A f�m 

5 ��H��Z9Jo -g;&i9Jm�Z9J��, #�A���I�����, 

� � ,e * 7f �J.A� i9J tJl�jj 1iI It §I fij T ,8 :k � Ji {ill:, 'it i9J m -tE �Efi 

M'= * I ft ;J:}t � 

�;&Z9]m�fI����, �mK�'&Et!m20, eyffi$m1¥J� 

��Z9J�l¥JZ9J����Et!�o ��M�r, mgs��12�I�� 

10 Et!-Vl 20 �ilifl<J"ft��ffiJttlf"ftet!, lifit-l!fHtf:WfflJ�rifl=t't�o 

J571', Jiu DC/DC ��:ff 22 xt1iin'&Et!-Vl 20 Jt:Et!Et!ffiitr1fft-ffi, :if 

mxrw•���14itrfi"ftEt!o #�;;a;��#WB<J���fifl=t't�o 

:tz□ *.li:tBtfi.7l'i-=f EE!.ttB BJE Et! '@la, JJ!lj DC/DC ��ft 22 1¥J I fl=��j)jj it 

�-•����tt�. �m�Mmn•��12-w�••���14 

15 -f9W l¥J Et! �g�:i! o

.tl:�7r, �$m'&i9Jf!L EJ��Z9), #5tr}\J�!JI fl=tt�z.J§, I ff t't 

��ffltt301¥JI��-•�r1¥J�#w��ili*m¾��r�*� 

�= £�'&�T�M-fl=, �&���MM�h: �&£�xt•*• 

�fiT.fl=, �:i!ffi��Qo ifl=���--�•*•��$��, 

20 $m tf1 llifJl � �, 'it i9J flLjg} i9J J§ $ � l¥J 1T � _m f¥ � :&. :i! It� 1-t JJj f¥ 

�' ��fflf�fi�ffWm��l¥J*#¾�B�-�o �*�ffiiliffl 

f�fi��wm���*#a�•�, ��•*•����fiffl�* 

**M�**��-����*�*�•1¥J-�, -�Z9JfflmM• 

M, �*���Eg�I�W.Lto �W, ;&�maMifl=tt�ff��T 

1-a--1:n ,1..p.� 
25 1917 L 1/\ ,e,, o 

tE;&�mr��wm��•�r�A�Wmtt�1¥JM�r, �* 

H*��tt�*-��-o �W, ��ft, �h���W�R&�� 
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fflm#, �R��-�MMU���N��fil���I���, �� 

� T , 't 1f HJH't EE ffll. � -1-it!. ¥ii! 14 ill 1f {� it!. o $ � it!. ffi � 5E Et-J �Ht 1;1 

R � N * #f.-1'Yu �o if u!iiJ 19: �tore* f=t AA* #f., ABS, ¥IE*� M: tE I ft 

��T, ����T, EEffl&•��12��fil�fim�, �*�� 

s u DC/DC 3t�- 22 EEffll.�-1-it!.nl?. 14 ill1T�EE!.o

�tE�ffwm��•�Tffl�Mmwm�. �fflI����•• 

30*����B�-�7�ffl�ff�m��B'-J*#, I����--

30ffJ�����T�*#: ��$mL�����M��ffi, ��� 

fff [fl f-3 UL¾ BM. " N " f-3 � jlj T " D " f-3 ( � M f-3 ) � " R " f-3 ( fjtJ * 

10 f-3) ; ttlM.11=¾:S: Bit'-f:fij; �*�*mL3i:�:f-M5�\ilif 8'-Jttm 

T, -�BM�¾BB.nTo �*-�' tE�ffiili�ffl�ff�m� 

�ffl*#B��ffl*#T, �•*m���fflA*H�M.A*mm� 

•���Mm•m�w. �Mmis•���I���. M.W���

m@M, £���I���o TX�, �L�ffJ�Mm�M���A 

1s "•��M"o ����. �*��mffi�, ��**�����m 

mm{i[•ff'l��m®�-��A"�m®�"o 

����ffl��. �f••*�•Mi¥J$m, a��m�A�I 

�����. �-$-�$���fi�*Wm��o �®, --�� 

M tt�•��. ey•�ffl�Mm�Ma�mffl�ff��. ��. �� 

w mffl�fi�A-�, #�--�M�m tto 

�f�fi�ffWm��!¥J*#f., EEfffi�f��fi�ffWm��

tf]*�' ��m®M��*tfJ�a���•. m��Mm1sI�1¥J 

�$ <� 8Z: �PM.it!.¥ii!�ifQmm1Jtl:@,ffl�lt) �f��tflo tEi8:fF!¥J 

*#T, �*��¾EE��Wlt�*/�-W���fflffl&.�¥ii!l2 

� ��Mm1sm�, �m••����I���•*#Tffl���� 

J5x: ffl n ff it!. ¥tl! 12 ffJ � f-t tt� 1Ju Ji o 

ey�ttffl�**ffl■ff��121¥J3a*M�L�!¥J�Mo �� 
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*���g{J�����, ������ffl-·Eg�12ffiili�-*�

3(��fa], �;,�, �*f'fjE�1fr*l&*Et-J1t1Jaa 

�mfi���M�, ffir�Mm����m, m�itttRl¥J�•ffi 

��*o tE�-�00. �*ffl���m��i¥Jm��. ����Mm 

s :mJefr jtg M B1 , 1i i9J ;fJl �-f-Bj fil � � , Pfi � it ¥ti! l¥J � • t§ x;f $x 1J, o 129 rnL 

AT�eyam�iiE�MmEn�iJJ tt�. %�����*ffl���*� 

En it ¥ill , lf1-fil19J: :I: En iK l91 Eg ¥ill fiE tE .!f1. fft at fEiJ v1-J $fftr ili t& � En it FIE o ?£ JJ 

-�ffi, tEfAfi£ffi�MB1, ����it¥�Et-Jit�, *ffl*�it¥

N�itttR&��Vttffa �$M�firl��, ��-�1¥JB1���� 

10 �mm1r��1,lJl�t1J a �mf, AT fj�eyaftk�iiE�z;1Jmt1:£ffi�M 

� l¥J )Eg M ·11, % � l¥J ft r:tli!: �tffl -#��:I: � Jt 1� i@j l¥J it ¥ti!, � # � ¥tE.

fr,J !j!{f[}Pi:l:Jltffl[�Er,Jjf ft!:I: a 

�w. ���m�. ••��s�. tE�B*•����•mw 

����mate����), ��m1s�m••�m12�1:g��� 

1s I ft��, ;ltq:t, �ffif ffl Er-J-��l,W.� Jt,6JrfA1rEr-J ,12,x�ft o 3tt� 

��m�������m�<•ffi��), ��**161¥Jiftmffl 

!::JjtgzJJ;fJL 18 f§:it�l¥Jitm},AfflRiititR 12 ���W�-1-itM 14, ;,A 

ITO, �i9Jm1srn��-1-lt!Ml4�Egffif�AI���' *��i9J;f}L� 

z9J 0 

20 ���*��rr, rnrtE���iJJBt*ffl�£-�!t!W&�fil� 

•it¥1B12, m���Z£*�*#�. &�i:iJ•*�iiE�z;JJm��z;JJtt

�, *Hrn+tE�ffi�z;JJ£*fflEt-J�•�•w&B1w•�itM14, m 

� ep 1t@!�±tktt1Ar:i:�1�mt2t1J, & fig i:iJ&:f:til.jtgz;JJ aziflm, tEJ at:ias� 

���ffl--��12���*�0 �ITO, *ffl���tt�-��. 

2s ep 1.txt-f-�*�Wf tcr'ttt'5t = *•��� m1r }��*��at Jifitt.v &B1az;JJ 

m�z;iJ, �&�fi���mt2�mtt.v&Et-J�z;JJmMt'5t, &���eya 

±-&�iJJJtz;b;fJL, H���3&ffH\fii !t!M 12 8"J *�1JDJ!o 
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002i:f:l1¥J�@oo��7-��@ff���. �@ff¾����� 

��pfi�,ifff 1¥1, :ll; rn:mm��nHH7Y 1¥11�itt£1tU�tJE 10 i:p l¥J ECU24 *th 

fio 002m�1¥J�ff�-�Bt��M�ffi�&��fio ��2m�1¥J 

f.¥ ff ff �ii� i-f at , 1t 5t tAAr zv �J 1 oo q=q¥J M f.¥ o 

5 tEzvll 100 i:p' tE��ff tll.t£1tV�-f-1f1!x:��Bt' I 11:���wrn 

�30@ffl��wm��B"J�ffl�#. �-��-����$J�$Jtll.o 

�*��. �*��ili�-��ffi���$Jm, ��ff�*' MW# 

��fi�001¥JffWrl�o WR�-�OO, �*��iliM��ffi��� 

$J :rJL � lj iz m :ct l!iLwtJ!A flj 2V. 10 2 0 

10 tE zv. 102 i:p , f1J WTW $.Ff I'@. tti! 14 Er-] i, it I��� flj T -f,91 IE 

*�' �M-f-�ffi�*�o �*���-¾��B"J, �-£�, �­

w•rit�l4Er-J.Et!.I:#*�M, �-ey�ffi�R-rEt!.�14�½ 

�-���$Jtll,18, #��ffl��tll.*�XI���o �J§, :ct��

AilJ�� 104 i:f:lo 
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BATTERY MODULE HAVING IMPROVED REUABIUTY AND MID-TO-LARGE BATTERY PACK COMPRISING SAME 

Abstract 

The present invention provides a battery module having a plurality of battery ceiis in sheet-form which are sequentially 

laminated, in which the battery module is formed from two or more hexahedra! eel! units, laminated and connected in series, and 

the eel! unit consists of two or more battery cells connected in series, and adhered to each other. Electrode terminals (outermost 

electrode terminals) of the mitermost battery cells from among the cell units are connected to an external input/outpL!t terminal of 

the battery module, and have wider vertical cross-sectional areas than remaining the electrode terminals of the battery cells so 

that a break due to an external impact can be prevented. 
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(0031] 

-15. M�•n�=ffi�r0)-5!:i . .iEffi-r(f)/'1.��ftffi�rO)w��tJt*�<tJ;-::,
T 1,' 0 0) iJ'i W * L 1,' o 

(0032] 

-t" 0) � � 1JIJ t C -C . fi 71- 1.1!.IJ � ffi i'll/,l r (f) -5 !:i , .iE ffi i'lffil r 0) l'1. � fi 0 . 3 JJ � 0 . 5 m m T 

® IJ , ft ffi -r (f) W � fa: , M /\C .iE ffi ¥/Afr 0) /'1. � � IJ <t ,J, � t,' fri Im [C. to t, • --C O . l JJ � 0 .

3 mm T! i!S-::, T � 1,, o 

(0033] 

� � � fc_ • M !c .iE ffi ill/,\ r (f) /'1. � iJ' o . 3 m m * i1lil/ T! 215 0 t , m � 1" 0 .iE ffi i'.lffil r 0) 5j Jlr 1,r

a � T � "if' , .iE ffi ¥/Af r (f) W � iJ'i O . 5 m m 1,r ffi .:z 0 t , .iE ffi !i!M r t l \ .'.A 1, - t 0) li'1l niHi iJ'i 

{!fT'9"GO)T!, W::l:: L < tJ;i,, o

(0034] 

fRI t.1Hc. , � ffi MM r 0) w � TJ' o . 1 m m * i1lil/ c' 215 0 t . PR � 9 0 ft ffi ft:Af r 0) sm Ht 1,r a t� c' 

� 9, � ffi MM r (f) W � TJ' O . 3 mm 1,r ffi .:z 0 t , � ffi /ill,! rt l\ .'.A/\ -t 0) li'1l � 'ti iJ'ifjf T '"t 

l.SO)T, W::l::L<tJ;v'o 

(0035] 

20 

30 

40 

C ffi -r (f) ½ W: l¥Jr lm fl h' 1i 1,' tz: � tJ; G W � WU tz: :ts v' --c , fi 71- {l{IJ ffi ffi /ilffi r ti Ji IJ 0) ffi ffi MM 50 
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(7) 

r tc tt « T �i (,jfHi ) i:J" J1;; v' ffl m 7::' J, J T '6 J:: v' o 

(0036] 

JP 2014-523623 A 2014.9.11 

C. (J) • :@ fC .to V \ L . ff{J lie • 11- {l{U ffl • lijffi T (1) �i X f± ffi �i f± • n I) • ii!! -lz Ji,, (J) •• lijffl T (J) ti

( ffi �i ) � _m; � fC 1 3 0 % !J � 2 0 0 % c' ® :h ti J:: li' a 

(0037] 

c.(J)J::-5tJ:fflm(J)■mi-=c-:J1-��. ■mi-t�(l)■ffi1r#ilr(J)-5�. ■{t!!-=c-:J1-�(J)n 

w�W1:Jlilffirt•��n-r1i,ocnoofflffililffir(l)mx�••�- n1Jmil!!-t�(J)••1r#ilr 

tc tt « T J1;; < % @I; '9 o C. t tc J:: J T , raJ ...t L tc. ffl ffi ti t � :@: 'Ii � � pt '9 0 t:. t I} c' � 0 o 

(0038] 

* 3'£ tiJI cc .t-o v, T , ITTJ lie :f:& :tR ru • ii!! -iz Jv ta: , • ii!! -=c :J 1 - Jv (J) • pt 0) t:.: liJ re n 1i � n t:.: � 10 

fC -§': f$: * � � � C 1J, ft c' � 0 J:: "? fC , W/- li' !JI. � t fEI :it i¥g fC J1: li' $i 7Jl.. tf � � � ;f=f 9 0 = '.fl!.. ffl 

r-1:H c' S .?;i o 

(0039] 

c. 0) J:. -5 iJ: = '.fl!.. ■ {t!! (1) !ff * L v' WtJ t L T f± , ffii g� ® & rJ fk Ii ® � tf u 5 � * - r Y - r

(J).il!!7-A�.i:Effi/ft� ■/ftffifflm(l)@ffifflft��IAl ■�:hT.t-51J. wiE•ft!!7-� 

(J) [If[ Jl"#il tc IE ffi Jl"#il r & tf � ffi Jl"#il r h" � W L T v' 0 ffl :& (J) = '.fl!._ ■ mi tJ, � kf G :h , J'! {;t. a'g tc , 7 

Ji,, � ::.:. t) L. 7 � i'-- - 1-- 1/ - 1-- 0) J, ') ,f- % 7 -A fc @ ffi *!l. ft {,,f;: tJ, IA! ■ � :h T li' 0 ffl :& c' j;j J 

T J:. v' o C. (1) J:. -5 iJ: ffl m (J) = :lx ■ ii!! � 1 1, t) ,f- % ffl ii!! -lz Ji,, J t P'f � '6 (J) t 9 0 o 

(0040] 

/ff* L <. tl:, -lz ;J; .:1::.:. ''J I-- f±, ffl ii!! -lz Ji,, i:J, 1i v' fC W g L tc :J;R !� c' fk � J, '7 :.l Y ;;Pfc IA! ■ 20 

� :h T v' :h ti J:: < , fk Ji " 1:7 9 Y -�/ti , 2 --.:J J.,.X ...t (1) ffl mi -lz ;J; , & tf l'ru ac .iE ffi �ffij r & tf jJ_ ffi 

lijffi r (J) w 1ft � � v, t:::. • rm -iz Ji,, fl ® tt,: (J) n ID :@: 1* � m -5 J:: -5 cc ,r§ 1i w if � n -r 1i, n ct J:: i,, o 

(0041] 

-wrJ t L -r , M ac fk � , , ? -:J ::,,- ;n± . ffl ii!! -iz 11.,, fl ® f* (J) n ID % :11n c :tt JZ 9 0 IA! ID • m �

;f=f L -C .t-5 IJ , _§_ --.:J �fl ft � � 11 "rt c' � � � :h 0 t J:: li' o 

(0042] 

1-1:H (J) w,1 t L -r . ITTJ ae fk !i 1, ? -;; :;.,; ;nc 40 i,, -r im ID � � mna: . fk Ii " ? :J :;.,; -'/ fJ\ 1i 1i, cc :tt 

mi "9 G J:: "? fC m mi � -l± t:.: �* i� c' :Im EE L t:.: ffir . slii :tJ l¥g tJ: Mi � fC J:: IJ ll(j JJ- � -5 C. t tJ, c' � G J:: 

-5 tc Jlti hi 0) *s � ffl :& fC L T 'b J:. v' o 

( 0 0 4 3 ] 30 

-�. =:lx ■ il!!c'�. ��••mc::�M�40�. ��L�M�J!-$��-a'g�mm9G

C. t fJ\ • t-1:H (1) � ti1Hif � fC m � iJ: � � t tJ: 0 a 7c /J) t:.: ti) ' ff{J ac fk ii l' '7 1/ ✓ ;·n± . IA) $ 0) •

rm -lz Ji,, c:: ��"to M i:J, 11-W......., J:. IJ 15� m L � "t" < iJ: 0 J:: -5 fC. i§i li• M fi l-§ 'Ii 0) fk � :t& t;t c' ff 

fi!M�:h.?;i t J::v•o 

(0044] 

lif.i ac -lz ;J; .:r. ::.:. "l I-- Ci , _ti$ L t:.: J:: -5 fC , 2 --.:J J.,.X _t 0) ffl: {t!! -lz ;J; i:J, ]lli JIJ ;-!I! *'a � :h t:::. :J;R � c' fk 

� I'\ ? -:J Y ;nc IA! • � .:/1, t:.: ffl m tc iJ: J Z 40 IJ , /ff * L < f± , 2 --.:J 0) ffl ft!! -lz Ji,, tJ, G iJ: 0 t J:: 

(0045] 

!ff * L i,, wucc .t-o i,, -r , Mac -iz 1v .::1 ::.:. 'Y 1-- /J) rnr 71J :;1 *a ta: . m 1 -iz 1v .::1 ::.:. •:; r 0) • • 1t#il r 0) 40 

lilffiWtffi2-lz�.:r.::.:.yJ--O)fflffililffirO)lilffi$�7c.:h¥:h®iID 

(0046] 

( � 1 ] 

(0047] 

�:k f;:: :j'fi .:/1, 8±1 7J' 1J , 1i v' f;:: .m. iJ: 0 00 fJ\ t& t& � :h Z iJ: 0 t J:: li' a 

(0048] 

-15, q:i * � • H!P� ,y :1 1: ia: n'1i l±l 11 • * ,g: :1: /J) ·11 ti§: ut 1:� /J) t:.: tiJ ic 1in& 0) • rill -iz ;1,, n�@ m 50 
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� tL 0 t.J'i' L (!) J:: 'J tJ: q:i *�.mi/"\ 'Y 7 1,r ffl PX "g 0 • mi 't 1/ 1 - Jld.:. fj: ' �H 6 tL t.: �:ff� 

Fe!'! pq T (!) "Ji. � 'Ii 0) lit {:� 0) t.: th te , J:: IJ � t, • � � 1JJ $ '11 , ffl ±i!i f8 "Ji. � '11 & -cf 1N. � 1JJ $ 'Ii fl' � 

:.l<�tL00 

(0049] 

"t"Lc', *ft��' oo�•mit1/1-���fflO)/:f:l�&Uffa��tT•••m�ftb 

-tt T tJ: 0 q:i * �'Huit! F, "J :1 1.r m {,� 9 0 o 

(0050] 

*ft���.'@r:p*�Mtl!!V7.�L�, �ffl(!)/:f:l�&-cf®S��G--C■mi1\y7.{tffl�ft

t> -tt --c � m c' � , J:: -::i --c , _1-_ � 0) J:: -5 1J: � tB'JJ &,s ·11 , m m f8 "ii. � ·11 tJ: t· (!) 001 oo tJ• G , �H G

n tdt iff � FeH ;ft f'f c _§_ •:::)!m � 1J: ffi tJJ & -cF 5§.t i., , 1ti � 1J: t· r.:. a l:f:l � tt 0 • m gi tJJ $ , 1 \ 1 -;r 1J 10 

'Y F. m § lJJ $' / 7 Jj' - 1 ✓ /\ 1 / 1) 'J F ;IJ: t' re tfi Ji'i!1 re if J'l'P:rJ fjg T il5 0 0 

( � oo (!) m � tJ: ;m aJn 
(0051] 

( � 1 ] 1 \ 7 =r % ■ mi 0) #,HJa � T il5 0 a 

( � 2 ] � I (!) I\ ? T * • ti:!1 2 ffil TJ' TI[ JIJ r.:. � 1fia � n t.: • rt!! iz Jj,, (!) #JI- ti � T il5 0 0 

( � 3 ] � I (!) J\ 7 =r % ■ mi 2 ffil tJ,@ JIH.:. .i!Ua � :ht.: M mi iz JJ,, (!)#JI-ti� T il5 0 o 

(�4] *ft000)-�M!i00��0iz�.:i..=yrffl ■ �O)affl�Til50. 

(�5J*ftOOO)ffl(!)�M!ioo��0■mi-'E-:J1-�(!)9mam�-r:il500 

(�6] �4(!)t�.:i..=o/rM ■ �(!)�@�Til50 0

( � 7 ] � 6 (!) A lm 9 '.r 1Jt * L, t.: $ 91Jt * � l: il5 0 " 20 

( � s ] * ft aJJ 0) f-1:!1 (!) � 1H!i WU te � 0 -iz ,1,, .:i.. .:::. ·1 r re :to i.,, --c • ffi ftffi! 'f- im {tl (!) W 5-} � ffil � -r: il5 

00 

( ft aJJ ;ft � 1n§ 9 0 t.: � 0) % :filU 
(0052] 

u T , wHt (!) � oo ;ft � ¥.R c --c * ?i aJJ 0) � 1H!i WU i.:. ·::H, --c ;m aJJ 9 0 tJ, , c:: n i;:1: , * � aJJ (!) J::

I) @ $JJ tJ: 1' M � !!Ht 0 tc UJ 0) it 0) T , ;$: ft a}l (!) fife t', li> '5 � mUi: 9 0 it (!) T fj: tJ: t,' •

(0053]

� 1 re t;L , \ 17 'f- ll:Hi rt!! 0) #JI- tJa � t.JqJ rt f8 r.:. iG � n --c 1., • 0 " � 1 � � l\� -t 0 t , 1 \ '7 'f­
% ■ H!11 o o kt, 2 '"::JO)i:Effift/1,!'f-1 1 o tJ11.ffift/f,!'f- 1 2 o tFfi_1.,,r.:.Jf1RJLTMmi*f* 1 3 

o (!) _1-_ ft/I,! ms t r ft/I,! ms r.:. -z- n -:e· n � l:f:l L --c 1.,. 0 mm r.:. tJ: -::i --c 1.,, 0 " • rt!! '7 -.:1. 1 4 o 1;:1: , _1-_ 30 

T 2 � {v. tJ, 6 tJ: -::i T :to IJ , "t" (!) pq ffi t.:. % PX � :h T V> 0 �'.Hfl l'.tiHZ: M ffi if-Ji :v: f* ( � ff- -l±" -f ) '.r

�iff L,tct�l�T, t§1imMfflHtlTil50r,1ijfJIUOO 1 4 0 b, _l-_ftffi!$&-cfrftffi!$1 4 0 a, 1 4

o c ;ft Rei 0 ft t> -tt 0 r. t r.:. J:: -::i T • r-1!1 1 o o tJq'F � � n 0 " • mi '7 -.:1. 1 4 o 1;:1: , :ffiH§ Ii

/ � Ji fEi Ii / ffl ij� Ii (!) 5 2- -=t - r ffl Ji!i iJ' 0 /J: I) , 1i t,' re m 9 0 f,lij @J Im I 4 0 b , _t_ ftffil $ &

rf r i'i/@ $ 1 4 0 a , 1 4 0 c tc � t ff. n 1<r tr□ ?t. T :ffiU� Ii 7<r t§ 1i lii :w � -tt 0 r. t l: Ri1i I) ft b

-tt 0 i: t TJ' T � , !j} ft fe J:: -::i --C fj: m � tirJ fe --C 5.& I) -€3-b -tt --C it J:: t,' o 

(0054] 

filjj {J{IJ Im 1 4 0 b i;:1: , ..t T � 1-1!1 7 - 7. 1 4 0 (!) 1r,J - (!) ffit ij� ■ TJ' � m m 9 0 TJ' G , m ii te J:: 

IJ�-�WM�m�T��" -�, _l-_ft/f,!$140atr�$140c��i:Effi�'f-110 

t _it ffi ft/I,! -=f 1 2 0 TJ' � tf:l L, --C t,' 0 tc. � , � ffi ftffi! 'f- I I O , I 2 0 (!) !'ii � & -cf M mi 7 - 7. 1 40 

4 0 t 0) � tf � l1i 'Ii t.J, G , M ffi ft/I,! r 1 1 0 , 1 2 0 t 0) Fe!'! fe 7 -1 JkL, _l_-_ (!) V - 1J :;,; '.'.,i' ff� .tt 

1 6 o ��A.,tiilcl�T��iff;;ftfit,•, �Hi'l1;;ftiWith--Cv'00 
(0055] 

� 2 & u � 3 ie it , � 1 0) 1" '7 =r * • mi 2 111 fJ'> TI[ JIJ re 31 � � n t::. • all -iz ,1,, (!) #4 m � 'h" fl 
r\ 13"1 tc 1G � n l V \ � 0 

(0056] 

� 2 & -cf� 3 � � 1 t t¾ te � !\� 9 0 t , 2 ffil 0) J\ 17 =r % ■ rill iz ,1,, 1 o o , 1 o 1 ;ft .:t (!) 

M ffi ft/I,! -=f I I o , 1 2 o t.J, 31 �.rHrq fc t§ 11 l�Ht g 0 J; '5 fc � � � IR1 fc � JIJ 12 JIJ L tc i!c 1l� T , 

� ffi ft/I,! -=r 1 1 o . 1 2 o ;ft m m c --c 11 i.,, r.:. ffia ft � -tt tc. ii , 2 --:::i (!) l!i ffL ie � rth -iz ,1,, 1 o o . 

1 0 1 t.J'i m_ tJ: 0 J:: 'J te ii U O � 3 [C ff- T J:: 'J [C , m_ tJ: 0 J:: '? [C tfr I) ii * tl t.: i!c � (!) M i't!l iz 50 
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;t., ffl /i f;it;: 1 0 0 a tc i'5 v' T , $ m ic J:: iJ ia if 1!:. .:h tr. ffl ffi /iffil r JI � $ {ft 1 5 0 Ii , 1¥- Tio J:: 

(0057] 

(� 2] 

(0058] 

tk te: tfi .:h a±! fJ, -::i t v' 0 a 

(0059] 

� 4 re fi , * J£ aA OJ - � ni![ 171Hc � 0 t Jt., .::i .::. •:; r ffl II {:$. OJ ;rJI. t� � tJ, ffl I\. iY-I re 1R 1!:. .n --c t5 10 

IJ. �5��. ;$:J£�0J�OJ�nlli���08i't!!-EY1-�0J�mam��ffl���1R1!:..:h 

t t,, 0 a 

(0060] 

� 4 & 'Cf � 5 � * R� 't 0 t , g it!! .:i::-Y 1 - ;t., 3 o o fi , 4 1ll 0) ll"l: 15 {:$. 0) t Jt., 1 :::. •y r 2 

0 2 . 2 0 3 . 2 0 4 . 2 0 5 1J' ffl /i 1!:. .:h tr. �* l� "f W: �J JI � 1!:. tL tr. t JI,, 1 :::. •y }, ffl Ii {:$. 2 

oo��OOc'll"l:�1!:.�k�Dc', J::Tm��O)J::$7-7..31 ltT$7-7..312�� 

CLkMm�tJ:-::it:t'SiJ. T$7-7..3120)�[ij��Yi-$J...t±:ltJ�r314��-1!:..:h 

t t,, 0 a 

(0061] 

t ,1,, .::i.::. •:1 1- ff! /i fit;: 2 o o r.t. • rt!! t ,1,, � � ffl\ 1\ r'J 1/ ✓ 1f 2 1 o c- nm L tdfij i:i!Hc L tr. 20 

4 1111 0) t Jt., .::i .::. •:; r 2 o 2 , 2 o 3 , 2 o 4 , 2 o 5 � Ji t,, re ll"l: �J re JI � 1!:. .n tr. ti , 1/ J;l 

+f -:'.i' � te: ff! /i L tc M m fe: tJ: -::i T v' 0 o 

(0062]

-15 , � }j 1, r) Y ✓ -'f 2 I O OJ Yi- 00 r: fi , � 1!:. 15 fBJ ,: FEil � � � ft T �Jj lB � t±:1 $ 2 1 1 a

, 2 1 1 b , 2 1 1 c , 2 l 1 d , 2 1 1 e 1J' :/B PX 1!:. .:h T ;t5 i) , ¥-f re , � Ni, 1, r) 1/ ✓ If 2 

1 0 0) jjlij Yili! tc fi. �lil 1J fBJ 0) � 1!:. 1J' � ffl\ n r) Y ✓ If 2 1 0 0) f: .:h J:: IJ 't � t,' �Jj :IB � t±:1 $ 2 1 

1 a , 2 1 I e fJ'. . Ji t, • re: :tt Pi m {ft iii fe: :IB PX 1!:. .:h T 1,, 0 a 

(0063] 

� 6 fe fi , � 4 0) t ;t., 1 :::. 'Y r fl!! Ii {;,$: 0) lf'- 00 � 1J' ffl I\. iY-J fe 1R 1!:. h T ;t5 IJ , � 7 fC ri , � 

6 0) A $ 71 � M; * L tr. $ 71 M; * � tJqj I\. � re: 1R 1!:. .:h T t,' 0 o 

(0064] 

� 6 & u: � 1 � � 4 & u: � s t � i: * �.ij -t 0 t , t ,1,, ::i .::. •:1 1- 2 o 2 . 2 o 3 , 2 o 4 

, 2 0 5 0) '5 'ts , i& 71- {!IJJ re jllj� iii 1!:. .:h tc m i't!! t Jv OJ i& Yi- 001 m ffi i'!:/il r 4 0 0 , 4 0 2 ti , � iJ 

0) g i't!! t JI,, 0) g ffi � r 4 1 0 , 4 1 2 f;: 1:t « T W 1!:. 1J' J:: iJ W < fl; PX 1!:. tL T :.t5 IJ , Yi- tJ fi: J::

0 lil!l tc Iv� iw- 11::: 9 0 J:: '5 re tJ: -::i T t,, 0 a 

(0065] 

� fit;: 1¥7 fe , J:& Yi-ffl.rJ m ffi ¥/Iii -r 4 o o , 4 o 2 OJ JJ 1!:. D 2 fi. � iJ m i't!! t Jv 0) m ffi ¥/Iii -r 4 1 

0 , 4 1 2 (1) W 1!:. D 1 J:: iJ t W < tJ: -::i t 1.,, 0 a 't tJ: b iS, g ffi ft:lil r 4 0 0 , 4 0 2 , 4 l 

o , 4 1 2 OJ �li!. c ;liHli!. ) ri Ji 1.,, re: fRl - c' JS 0 n' , w 1!:. n' � tJ: -::i -r .:t5 iJ c o 1 > o 2 ) , �

30 

� iY-J re g ffi YiAf r 4 o o , 4 o 2 (1) fil ®: l1lr ID ffl fi g ffi ftl/i! r 4 1 o , 4 1 2 J:: IJ t * � lt • a 40 

(0066] 

m n iu • ffi Y!Af -=r- 4 o o . 4 o 2 ra:: , • rt!! -E :J 1 - ,1,, OJ n $ J... w 11 ftMJ r 3 1 4 t i.l *a 1!:. .n 

--c v, 0 1" 7.. 1 \ - s o o ic m m t: J:: iJ it if 1!:. .n --c .:t5 1J , � n fflU = ffi um r 4 o o . 4 o 2 0) w 

1!:. ti , � IJ m ft!! t ;t., OJ m l:Bffil -r OJ iJ 1!:. � ¥ tfq;,: 2 0 0 % .LJ.. J:: OJ * � 1!:. "f ffi PX 1!:. n t lt • 0 a 

(0067] 

� fit;: WU re: ;ts t,' t , J:& Yi- fflU g ffi i'!/Af -r 0) '5 'ts , IE ffi i'!l/,l -r OJ iJ 1!:. fi o . 4 m m "f JS iJ , Jll ffi i'!/Af 

-r 0) W 1!:. fi , IE ffi � r 0) W 1!:. J:: iJ 't ff v' frf IHI r: .:t5 t,, T 0 . 2 m m t tJ: -::i T v' 0 o 

(0068] 

g it!! t JI,, 0) m ffi � r fi , 7 ;t., '2. ::: r) L. 1J' G tJ: 0 iE ffi llffij r 4 1 0 t ::: 'Y 7 JI,, j. 'Y ::\=- ffl 1J' G 

tJ:0�ffii'll/il-r4 1 2 tc'�JJX1!:.tl, l\Al\-5 0 0fi, .::.•y7;J;j.•y.:t-ffliJ•GtJ:-::i--Clt•0 50 
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0 

(0069] 

-e JI., ::1. =. •;; r 2 0 2 , 2 0 3 , 2 0 4 , 2 0 5 t± , • 1@ -e JI., tJ, 1i. t,' f;: W � L tc. ti( !� T � 

).i 1 \ ') :) ✓ If 2 1 0 tc. r;l;J � � tl T t,' 0 ffl Ji!t T ,1S IJ , � J,i 1 \ ') :) ✓ 'f 2 I 0 t± , 2 flll[ 0) • i{l1, 

-e JI., , & CT iE ffi lilffi r & CT � ffi lilffi r 0) w ftr 1,r � 1.,, tc. • 1fil -e Jl,, :m Ii f* 0) n 1m � i* 1,r m 1 J: 1 re. 

t§ 1:Us ii� tL T v' 0 o 

(0070] 

* tc., � !.i 1\ ') :J ✓ 1l 2 1 O ta:� J.i f:& tt TS --:J T , ffl i'& -e JI.,� Ii f* 0) 9'1- ffi JB � f;: tt )it; "t
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(57) Abstract: Disclosed is a Universal Serial Bus (USB)
charging module for installation with a surface mmmtcd 
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power outlets to provide a convenient charging facility of 
devices with USB com1ection. Also disclosed is a housing for
the charging module, a charging circuit and a method of in -
stallation. 
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USB OUTLET CHARGER 

FIELD OF THE INVENTION 

The present invention relates to an electrical power outlet in a building such as a hotel, office or home. 

5 In a particular form, the invention relates to a power outlet providing an interface for charging 

Universal Serial Bus (USB) compatible devices. 

PRIORITY 

The present application claims priority from Australian Provisional Patent Application No. 

10 2010905218 entitled "USB Outlet Charger" filed on 25 November 2010. 

The entire contents of this document are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

15 Many electronic devices such as mobile phones, mp3 players and digital cameras are charged through 

USB ports in either a computer or a USB Alternating Current (AC) adaptor which may be plugged 

into a wall socket or power outlet. Charging devices through a USB port on a computer requires the 

computer to be switched on and also prevents other peripheral devices such as mice and memory 

devices from accessing the port while in use. By using a USB AC adaptor the electronic device may 

20 be charged at a wall socket or power outlet. One portion of the adaptor has AC prongs which engage 

into AC receptacles of the wall socket while another portion of the adaptor has a USB port to interface 

with a USB connector of an appliance or electronic device to be charged. The disadvantage with this 

arrangement is that the USB AC adaptor is a separate component tha't must be purchased and carried 

around and also that the AC prongs will only be suitable for a particular country or region. This leads 

25 to another drawback with using USB AC adaptors in foreign countries, namely that additiona_l AC 

adaptors are necessary to engage with sockets found in different areas around the world. 

There are also USB wall outlets wherein the USB charger is integral with the power outlet. Having the 

USB charger integral with the power outlet can lead to increased complexity during installation and 

30 costly repair and replacement of parts. 

An object of the present invention is to ameliorate one or more of the above described difficulties or at 

least provide a useful alternative for charging USB compatible devices. 

35 Other advantages of the present invention �ill become apparent from the following description, taken 

in connection with the accompanying drawings, wherein, by way of illustration and example, several 

aspects and embodiments of the present invention are disclosed. 
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SUMMARY 

In one aspect of the invention, there is proposed a Universal Serial Bus (USB) charging module 

housing adapted for securement to a surface mountable power outlet, the housing including: 

5 an engaging portion for connecting the housing to a supporting portion of the power outlet; 

access means to allow a USB charging circuit to be inserted into the housing; and 

an aperture for allowing external access to a USB port. 

In one form, the USB charging module housing further includes at least one aperture for receiving 

10 wires carrying mains power. 

In one form, the access means to allow the USB charging circuit to be inserted into the housing is 

provided by an aperture in an external face of the housing. 

15 In one form, the aperture is covered by a removable portion. 

In one form, the removable portion includes at least one aperture for receiving wires carrying mains 

power. 

20 In one form, the supporting portion of the power outlet is an integral portion of a grid or face plate. 

In another form, the supporting portion of the power outlet is. located in a mounting plate that is 

adapted to be connected to the rear of a grid or face plate. 

25 In one form, the housing is connected to the supporting portion of the power outlet from the front of 

the grid or face plate. 

30 

In one fonn. the housing is connected to the supporting portion of the power outlet from the rear of the 

grid or face plate. 

In one form, the engaging portion of the USB charging module housing includes a plurality of clips 

extending outwardly from one or more exterior faces of the housing, said clips for engagement with 

one or more surfaces of the supporting portion of the power outlet in a snap fit arrangement. 

35 In one form, the clips have a tapered front face and a substantially vertical rear face. 

2 
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In one form, the USB charging module housing has an aperture located on the front face of the 

housing for allowing external access to a USB port. 

In a further aspect of the invention there is proposed a USB charging module adapted for securement 

5 to a surface mountable power outlet, the charging module including: 

a USB port; 

a USB charging circuit that is capable of receiving a mains power input; 

a housing, said housing including an engaging portion for connecting the housing to a 

supporting portion of the power outlet; access means to allow the USB charging circuit to be inserted 

IO into the housing and an aperture for allowing external access to the USB port. 

In one form, the USB charging module includes a USB charging circuit with a printed circuit board 

(PCB). 

15 In one form, the USB charging module includes a plurality of wires that are soldered directly to the 

PCB for connection to mains power either directly or via a switch. 

20 

25 

In another fonn, the USB charging module includes a terminal block mounted on the PCB for 

connection to wires carrying mains power either directly or via a switch. 

In other embodiments, there are provided screwed terminals for wire termination. 

In a further aspect of the invention there is proposed a surface mountable power outlet for allowing a 

user to charge a USB compatible device, the power outlet including: 

a supporting portion; 

a USB charging module including a USB port; a USB charging circuit that is capable of 

receiving a mains power input; a housing, said housing including an engaging portion for connecting 

the housing to the supporting portion of the power outlet; access means to allow the USB charging 

circuit to be inserted into the housing and an aperture for allowing external access to the USB port; 

30 a grid or face plate adapted to allow a user to access the USB port; 

35 

a connection between the USB charging module and mains power; and 

mounting means for mounting the power outlet to a mounting surface. 

In one fonn, the mounting surface is a wall or floor. 

In one fonn, the power outlet further includes a cover plate. 

3 
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In one form, the mains power is between about l 00-240V alternating current (AC). 

In a further aspect of the invention there is proposed a method of installing a power outlet for allowing 

a user to charge a USB compatible device as herein described, comprising the steps of: 

connecting the engaging portion of the USB charging module housing to the supporting 

portion of the power outlet; 

connecting the mains power to the USB charging module; and 

mounting the power outlet to the mounting surface. 

10 In a further aspect of the invention there is proposed a method of installing a power outlet for allowing 

a user to charge a USB compatible device as herein described, comprising the steps of: 

15 

20 

connecting the engaging portion of the USB charging module housing to the supporting 

portion of the power outlet; 

connecting the mounting plate to the rear of a grid or face plate. 

connecting the mains power to the USB charging module; and 

mounting the power outlet to the mounting surface. 

In one form, the power outlet is attacqed or mounted to the mounting surface by fastening the grid or 

face plate to the surface by screws. 

It will be understood that the term "comprise" and any of its derivatives (e.g. comprises, comp�ising) 

as used in this specification is to be taken to be inclusive of feat\lres to which it refers, and is not 

meant to exclude the presence of any additional features unless otherwise stated or implied. 

25 The reference to any prior art in this specification is not, and should not be taken as, an 

acknowledgment or any form of suggestion that such prior art forms part of the common general 

knowledge of the technical field. 

DRAWINGS 

30 Various aspects of the present invention will be described in detail with reference to the following 

drawings in which: 

FIGURE l is a front perspective view of a USB charging module housing according to a first aspect of 

the present invention; 

FIGURE 2 is a rear perspective view of the USB charging module housing of Figure I; 

35 FIGURE 3 is a detailed view of part of an engaging portion of the USB charging module housing as 

shown in Figure 1; 

4 
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FIGURE 4 is a view of a removable cover that fits into the rear opening of a USB charging module 

housi11g; 

FIGURE 5 shows an embodiment of a supporting portion of a surface mountable power outlet adapted 

to engage with a USB charging module housing; 

5 FIGURE 6 is a detailed view of the mating interface of the supporting portion shown in Figure 5; 

FIGURE 7 is a perspective view of a USB charging module according to an embodiment of a second 

aspect of the present invention; 

FIGURE 8 is a perspective view of a USB charging module according to another embodiment of the 

second aspect of the present invention; 

10 FIGURE 9 is a side view of the USB charging module shown in Figure 8; 

FIGURE IO is an end or rear view of the USB charging module shown in Figure 7 (wires not shown); 

FIGURE 11 is a view of a USB charging module engaged with a grid or face plate of a surface 

mountable power outlet according to an embodiment of the present invention; 

FIGURE 12 is a view of a USB charging module engaged with a grid or face plate of a surface 

15 mountable power outlet according to another embodiment of the present invention; 
. .

FIGURE 13 is a surface mountable power outlet according to an embodiment of a third aspect of the 

present invention; 

FIGURE 14 shows a surface mountable power outlet according to another. embodiment of the third 

aspect of the present invention; 

20 FIGURE l S is a circuit schematic depicting an embodiment of the AC mains voltage step down and 

regulation component of the USB charging circuit; 

FIGURE 16 is a circuit schematic of a power conditioning circuit with a DC-DC converter to regulate 

the current and voltage suitable for the USB charging module; 

FIGURE 17 is a top view of a USB charging circuit adapted to fit inside the USB charging module 

25 housing of Figure l; 

FIGURE 18 is a perspective view of the USB charging circuit as shown in Figure 17; 

FIGURES l 9a-l 9c depict a sequential series of views of a method of installing a USB charging 

module to a surface mountable power outlet according to a fourth aspect of the present invention; and 

FIGURE 20 shows a flow diagram illustrating a general method of installing a USB charging module 

30 into a surface mountable power outlet according to a fourth aspect of the present invention. 

FIGURE 21 is a perspective view of an embodiment of a USB charging module suitable for front 

entry engagement with a power outlet. 

FIGURE 22 is a section view through A-A of the engaging portion of the USB charging module 

housing of Figure 23; 

35 FIGURE 23 is a front view of the USB charging module housing as depicted in Figure 21; 

FIGURE 24 is a section view B-B of the supporting portion of the grid or face plate depicted in Figure 

25; 
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FIGURE 25 is a front view of a grid or face plate suitable for engagement with the USB charging 

module of Figure 21; 

FIGURE 26 shows the USB charging module of Figure 21 to be connected from the front of the grid 

or face plate according to an embodiment of the present invention; and 

5 FIGURE 27 shows the USB charging module of Figure 21 to be connected from the front of the grid 

or face plate according to another embodiment of the present invention. 

10 

In the following description, like reference characters designate like or corresponding parts throughout 

the several views of the drawings. 

DESCRIPTION 

Referring now to Figures 1-4, there is shown a USB charging module housing IO according to a first 

aspect of the present invention. The housing 10 has an aperture 12 through a front face 11 that is large 

enough to provide access for a USB connector to plug into a USB port or socket 50 enclosed within 

15 the housing {see Figure 7). At the rear of the housing IO (see Figure 2) is an opening or aperture 13 

which enables access for inserting a USB charging circuit 60 (see Figure 7) into the housing 10. 

Although this embodiment shows the rear of the housing as being open to provide an access means for 

the USB charging circuit 60, it is possible that the opening 13 could be located on a different face and 

may constitute an entire face or a part thereof. Figure 4 shows a removable cover 20 that engages with 

20 the rear of the housing IO to substantially seal the enclosure from dust and ingress. The removable 

cover 20 has angled clips 26 and 27 that engage into mating apertures l 6 and 15 respectively of the 

housing 10 in a snap fit arrangement. The lip of the angled clips 27 are inserted directly into apertures 

15 and then the cover 20 is closed by applying force proximate the clips 26 until they snap into 

apertures 16. The clips 26, 27 are flexible and resilient so that they may bend sufficiently to allow 

25 fitment into the apertures 15, 16 whereupon they return to their undeformed positions. 

In one embodiment, a feature of the housing 10 is the clip interface comprising four clips 14 that are 

positioned around the four side faces of the housing 10. These clips form an engaging portion that 

connects the housing 10 to a supporting portion 30 (see Figure 5) of a surface mountable power outlet. 

30 The supporting portion 30 may be integral with a grid or face plate of the power outlet or located on a 

mounting plate that is adapted to be connected to the rear of a grid or face plate. Figure 3 shows a 

detailed view of a clip 14, in particular illustrating a type of clip with a tapered front face 14b and 

substantially vertical rear face 14a. These clips are designed to engage with the mating interface 34 of 

the supporting portion 30 which is most clearly illustrated in Figure 6. Figure 6 shows detail of a 

35 typical mating interface 34 which will connect to a USB charging module housing IO. As the housing 

IO is inserted into the supporting portion 30, the tapered surface 14b of the clip 14 will engage a 

corresponding tapered surface 35 of the supporting portion 30. As more insertion force is applied, the 
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clip 14 will deflect slightly as it passes the vertical surface 37 of the supporting portion 30. The 

substantially vertical rear face 14a of the clip 14 will eventually pass the lowest point of the vertical 

surface 37, upon which it reaches the recessed horizontal surface 36 of the supporting portion 30. The 

compression force acting on the clip 14 is then released and it deflects back to its undeformed position 

5 and the substantially vertical rear face 14a engages in surface to surface contact with the horizontal 

recessed surface 36 of the supporting portion 30 to thereby retain housing 10 to the supporting portion 

30. In the embodiment shown in Figure 5, the supporting portion 30 has only two mating interfaces 34

requiring that only two of the four clips 14 be used to connect the housing IO to the supporting portion 

30. In practice, two or more of the clips 14 may be used to secure the housing, and the supporting

IO portion 30 may also have two or more mating interface 34. 

Referring now to Figure 7, there is shown a USB charging module 40 according to an embodiment of 

a second aspect of the present invention. Enclosed inside the housing IO is a USB port 50 and a USB 

charging circuit 60. Wires 70, 71 to be connected to mains power are soldered directly onto a printed. 

15 circuit board (PCB) 62 of the charging circuit 60 (see Figure 16). The wires 70, 71 exit the housing 10 

through apertures 22 located through the removable cover 20 (see Figure 10). During installation these 

wires may be connected to mains power either directly or via a switch. In other embodiments, there 

may be simply provided screwed terminals for wire termination instead of a terminal block. 

20 Referring now to Figures 8 and 9, there is shown a USS charging module 80 according to another 

embodiment of the second aspect of the present invention. Enclosed inside the housing IO is USB port 

50 and USB charging circuit 60 with a terminal block 65 to be connected to mains power. During 

installation, wires carrying mains power either directly or via a switch are connected to the terminal 

block 65 to power the USS charging circuit 60. The wires enter the housing IO through apertures 18 

25 located on one side of the housing I 0. 

In the USB charging module embodiments described above, the power input to the module is mains 

power (also known as household, supply or grid power) supplied between about l00-240V alternating• 

current (AC). The USB charging circuit 60 regulates the voltage and steps it down to a usable 4.75-

30 5.25V direct current (DC) which is typically required to charge many electronic devices. 

Referring now to Figures 11-14, there are shown various embodiments of the USS charging module 

40 or 80 connected to a grid or face plate of a surface mountable power outlet. Figure 11 shows USS 

charging module 40 engaged with a supporting portion 30 which is integral with a grid or face plate 

35 I 00. In one example, the supporting portion 30 is integrally machined into the grid or face plate 100 

during manufacture. In other embodiments, the supporting portion 30 is provided as a separate piece 

and is attached to the grid or faceplate du�ing or before installation. The grid or face plate l 00 can be 
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constructed from plastic, metal or any other suitable materials. Figure 11 shows a grid or face pl�te 

100 with two apertures 102 (only one visible in this view) capable of receiving switches or other 

electrical connectors in addition to USB ports. Further, as the USB charging module is modular in 

design. it can always be easily interchanged for a switch or other desired user interface. The grid or 

5 face plate I 00 shown in Figure 11 may be adapted in many ways such as providing for AC receptacles 

as commonly found in most household power outlets. The grid or face plate I 00 is fastened to a wall 

by screws or other suitable fasteners through mounting lugs I 01. These may be arranged in any 

suitable position on the grid or face plate 100 and may vary in quantity. 

IO Figure 12 shows a USB charging module 80 engaged with a supporting portion 30 located in a 

mounting plate 200 that is adapted to be inserted into the rear of a grid or face plate 110. In this 

arrangement the supporting portion 30 is integrally machined into mounting plate 200. Such a 

mounting plate 200 (also known as a base or base plate) in standard power outlets. commonly includes 

electrical contacts for AC receptacles, switch mounting and terminals to connect mains power wiring. 

15 The mounting plate 200 is designed to be received by the rear of a grid or face plate 110. As shown in 

Figure 12, the mounting plate 200 is fastened to the grid or face plate 110 by screws at mounting 

positions 201. The grid or face plate 110 is mounted onto a wall by screws at mounting locations 111, 

112. 

20 Figure 13 more specifically shows a surface mountable power outlet 500 according to a third aspect of 

the present invention allowing a user to charge USB compatible devices. In this arrangement the USB 

charging module 40 or 80 is connected to a supporting portion 30 that may either by integral with the 

grid or face plate or located on a mounting plate adapted to be connected to the rear of the grid or face 

plate. In this embodiment the power outlet 500 has a pair of switches and AC receptacles in addition to 

25 the USB charging .module 40 or 80. A power outlet 500 such as this allows a us.er to plug in normal

AC type connectors with power switched on or off and advantageously also provides a user with 

access to a USB port 50 for charging electronic devices. If the USB charging module 40 or 80 is wired 

directly to mains without a switch then the charging module 40 or 80 is constantly connected to mains 

power so that when a user connects their device into the .USB port; charging will begin automatically. 

30 If the USB charging module 40 or 80 is wired to mains via a switch. then power will not be drawn 

until the user engages the switch to an "ON" position. As shown in Figure 14 in another embodiment 

of a wall mounted power outlet 51 o. there is a USB charging module 40 or 80 provided additionally 

with LED status lights 55 that indicate whether the device connected to the port is charging or not. In 

both Figures 13 and 14 there is also shown a cover plate 90, 91 that is adapted to fit around the 

35 periphery of the power outlet. The cover plate 90, 91 usually snap fits around the grid or face plate and 

is provided primarily for aesthetics when the power outlet is mounted· to a surface such a wall or floor. 
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It will be appreciated by those skilled in the art that the surface mountable power outlet embodiments 

illustrated in this text are by no means limiting to how the invention may be performed. The geometric 

arrangement of switches, AC receptacles, USB ports or other network connection ports may be 

5 customised to suit a particular application. The supporting portion 30 also need not necessarily be 

limited to being an integral portion of a grid or face plate or l�ated on a mounting plate adapted to be 

inserted into the rear of a grid or face plate. The supporting portion 30 could be mounted or machined 

into almost any structure, including a box or other structural housing. Further, the engaging portion of 

the USB charging module housing and supporting portion of the power outlet may be designed with 

10 alternative interfaces to the clip arrangement shown which achieves the principle aim of the invention 

in providing a modular USB housing which is adapted to be installed in a surface mountable power 

outlet thereby allowing a user to charge USB compatible devices. 

Referring now to Figures 15-19, there is shown the USB charging circuit 60 that receives a 240V AC 

1 S mains power input and provides a 5V DC output to the USB port 50, suitable for charging USB 

compatible electronic devices. The USB charging circuit 60 comprises the following stages. In the first 

stage, shown in Figure 15, the 240V AC mains input is first stepped down using a transformer 61 to 

reduce the high AC voltage to a low AC voltage (e.g. 15V, 1.2A). This stepped down AC voltage is 

then passed through a rectifier circuit 63 {e.g. bridge rectifier) that outputs a full wave varying 

20 rectified voltage shown as the output across load RL. As shown in Figure 16, this varying voltage is 

then smoothed with a capacitor to produce a relatively smooth DC voltage with a small ripple. A 

voltage regulator ( e.g. 7812 Integrated Circuit (IC)) is then used to output a regulated 12V DC output 

as will be understood by the person skilled in the art. 

25 In the second stage, an,embodiment of which is shown in Figure 16, a DC-DC converter (e.g. Texas 

Instruments TPS40210 current mode boost controller) is then used to regulate the output suitable for 

the USB charger. The TPS402 IO implements a DC-DC single-ended primary inductance converter 

(SEPIC) with input and output current regulation, � well as output voltage regulation implemented by 

closed loop feedback control. The TPS402 l O ensures that the output voltage of the USB charger is 

30 between about 4. 75 and 5.25 V (nominally 5V DC) with an operating current of about 1 A and also 

prevents overcharging. The voltage ·input in Figure 16 is the regulated 12V from the first stage, which 

is converted to a regulated SV DC voltage output by the circuit shown. It should be understood that 

this is just one example of how a USB charging circuit may be implemented and any other suitable 

circuit arrangement may be used. 

,35 

Referring specifically to Figures 17 and 18 there is shown an embodiment of the physical circuit 

layout of the USB charging circuit 60. A double layered PCB 62 is used which provides a compact 
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and efficient way to house all of the components inside the housing 10. On one layer of the PCB 62 

there is mounted the USB port 50, an optional terminal block 65 and the circuit components for the 

AC mains voltage step down and first stage regulation (including transformer, capacitors, 7812 IC 

voltage regulator and rectifier circuit). On the second layer of the PCB 62 there is provided the power 

5 conditioning circuitry for the USB charger output (including the TPS402 IO and various other 

capacitors, inductors, resistors and diodes). 

IO 

In other embodiments, there is provided 2 or 3 or more PCBs over which the circuit components are 

arranged', rather than (or as we11 as) a double layered arrangement. 

Referring now to Figures l 9a-19c there is shown a sequential series of views of a method of installing 

the USB charging module 80 to a surface mountable power outlet according to a fourth aspect of the 

present invention. In this embodiment, the mounting surface is a wall 90. In Figure 19a there is shown 

the step of connecting the engaging portion of the USB charging module housing IO to a supporting 

15 portion 30 of the power outlet. Figure l 9a shows the USB charging module 80 already having been 

engaged with the supporting portion 30. Figure 19b illustrates the next step of connecting the mains 

power to the USB charging circuit 60. The USB charging module 80 and grid or face plate assembly is 

held in close proximity to a wall opening where the power outlet is to be located. The wiring from the 

mains (typically active and neutral wires, with earth optional) is physically connected to the USB 

20 charging circuit 60. The particular embodiment illustrated in Figures l 9a-19c shows a USB charging 

module 80 with a terminal block 65 for terminating the mains wires. The final step in the installation is 

to attach or mount the power outlet to the wall 90 as illustrated in Figure 19c. The grid or face plate is 

held flat against the wall 90 and screws or other suitable fastening means are inserted through 

mounting apertures in the grid or face plate and fastened securely to the wall 90. In another example, 

25 the USB charging module 40 may be connected using wires 70, 71 as previously described. 

Figure 20 illustrates a flow diagram of a method of installing the USB charging module 40 or 80 to a 

surface mountable power outlet. In step 600, the installer begins with the USB charging module. In 

step 601, the engaging portion of the USB charging module housing IO is connected to the supporting 

30 portion 30 of the power outlet. In step 602, a determination is made as to whether the supporting 

portion is located in a mounting plate that is not integral with the grid or faceplate. If the supporting 

portion 30 is integral with the grid or face plate, the mains power is connected to the USB charging 

circuit 60 and the power outlet is attached or mounted to the mounting surface (which may be a wall 

or floor or other appropriate surface) in step 604. If the supporting portion JO is located in a mounting 

35 plate that is not integral with the grid or face plate, then there is an additional step 603 of connecting 

the mounting plate to the grid or face plate. 
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In step 605, the installer then connects the AC mains power to the USB and then in step the power 

outlet assembly is mounted or a�ached to the mounting surface such as the wall 90 or a floor. In step 

606, the resulting product of the method is a surface mounted USB power or charging outlet. 

5 Once installation is complete, the power outlet provides an interface to charge USB compatible 

devices. The USB charging module 40,80 receives a mains input power between about 100-240V AC 

and converts this to a regulated 5V DC output suitable for charging USB compatible electronic 

devices. The modular housing 10 enables the power outlet to have interchangeable interfaces to suit 

operational requirements. The USB charging module 40,80 may be removed from the power outlet 

IO and replaced with a switch or any other interface without having to replace the entire power outlet. 

Referring now to Figures 21-27, there is shown a further embodiment whereby the USB charging 

module 40,80 is connected to the supporting portion 130 of a grid or face plate 120 of a surface 

mountable power outlet from the front thereby providing a 'front entry' insertion option. Whereas 

15 previously described the USB charging module 40,80 is connected into a supporting portion 30 in the 

rear of the grid or face plate, it is also desirable to be able to insert the module from the front of the 

grid or face plate. It will be appreciated that this connection may be facilitated in many ways, an

example of which is shown in Figures 21-27. Figure 21 generally shows a USB charging module 

40,80 which can be connected to mains power as previously described. In one fonn, the module may 

20 have a clip interface comprising clips 18 as shown in more detail in Figures 22-23. Figure 23 is a front 

view of a USB charging module housing IO showing the location of two clips 18 suitable for front 

entry connection of the module. Figure 22 is a sectional view.through A-A of Figure 23 providing 

detail of a possible clip arrangement. This clip arrangement allows the housing 10 to engage with a 

supporting portion 130 of a grid or face plate 120 as shown in Figure 25. Figure 24 shows as a 

25 sectional view through B-B of Figure 25 which generally shows the supporting portion 130 in more 

detail. The housing 10 of the USB charging module 40,80 is inserted through aperture 132 of the 

supporting portion 130. The clip arrangement facilitates a snap-fit connection between the clips I 8 and 

the supporting portion 130. As the module is inserted into the grid or face plate, the resilient c�ips 18 

bend slightly as force is applied such that the outer most surface 18b of the clips 18 can pass the inner 

30 most surface 133 of the supporting portion 130.Once engaged. surface 19 of the housing IO mates with 

recessed surface 131 of the supporting portion 130 and surface 18a of the clips 18 is in contact with 

surface 134 of the supporting portion 130. 

Figures 26-27 show exploded views of the USB charging module 40,80 and grid or face plate front 

35 entry installation. Figure 26 shows a grid or face plate 120 with two apertures 132 which enables more 

than one USB charging module 40,80 to be inserted. Figure 27 shows a grid or face plate 140 with a 

single aperture I 32 for receiving a USB charging module 40,80 from the front. In addition, Figure 27 
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shows a cover plate 145 that is attached or mounted to the grid or face plate after the USB charging 

module 40,80 has been connected and screws 146 for attaching or mounting the grid or face plate to a 

surface such as a wall or floor. 

5 Although various illustrative embodiments of the present invention have been described in the 

foregoing detailed description, it will �e understood that the invention is not limited to the 

embodiments disclosed, but is capable of numerous rearrangements, modifications and substitutions 

without departing from the scope of the invention as set forth and define'd by the following claims. 
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CLAIMS: 

l. A Universal Serial Bus (USB) charging module housing adapted for securement to a surface

mountable power outlet, the housing including:

2. 

an engaging portion for connecting the housing to a supporting portion of the power 

outlet; 

access means to allow a USB charging circuit to be inserted into the housing; and 

an aperture for allowing external access to a USB port. 

The housing according to claim l further including at least one aperture for receiving wires 

carrying mains power. 

3. The housing according to claim l wherein the access means is provided by an aperture in an

external face of the housing.

4. The housing according to claim 3 wherein the aperture is covered by a removable portion.

5. The housing according to claim 4 wherein the removable portion includes at least one aperture

for receiving wires carrying mains power.

6. The housing according to claim 1 wherein the supporting portion of the power outlet is an

integral portion of a grid or face plate.

7. The housing according to claim I wherein the supporting portion of the power outlet is located

in a mounting plate that is adapted to be connected to the rear of a grid or face plate.

8. The housing according to claim 1 wherein said housing is connected to the supporting portion

of the power outlet from the front of the grid or face plate.

9. 

10. 

The housing according to claim I wherein said housing is connected to the supporting portion 

of the power outlet from the rear of the grid or face plate. 

The housing according to any one of the preceding claims wherein the engaging portion 

includes: 

a plurality of clips extending outwardly from one or more exterior faces of the 

housing, said clips for engagement with one or more surfaces of the supporting portion of the 

power outlet in a snap fit arrangement. 
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I J. The housing according to claim 10 wherein the clips have a tapered front face and a 

substantially vertical rear face. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

The housing according to any one of the preceding claims wherein the aperture for allowing 

external access to a USB port is located on a front face of the housing. 

A Universal Serial Bus (USB) charging module adapted for securement to a surface 

mountable power outlet, the charging module including: 

a USB port; 

a USB charging circuit that is capable of receiving a mains power input; 

a housing, said housing including an engaging portion for connecting the housing to a 

supporting portion of the power outlet; access means to allow the USB charging circuit to be 

inserted into the housing and an aperture for allowing external access to the USB port. 

The USB charging module according to claim 13 wherein the USB charging circuit includes a 

printed circuit board (PCB). 

The USB charging module according to claim 14 wherein a plurality of wires are soldered 

directly to the PCB for connection to mains power either directly or via a switch. 

The USB charging module according to claim 14 wherein a terminal block is mounted on the 

PCB for connection to wires carrying mains power either directly or via a switch. 

The USB charging module according to claim 14 wherein there are provided screwed 

terminals for wire termination. 

A surface mountable power outlet for allowing a user to charge a USB compatible device, the 

power outlet including: 

a supporting portion; 

a USB charging module including a USB port; a USB charging circuit that is capable 

of receiving a mains power input; a housing, said housing including an engaging portion for 

connecting the housing to the supporting portion of the power outlet; access means to allow 

the USB charging circuit to be inserted into the housing and an aperture for allowing external 

access to the USB port; 

a grid or face plate adapted to allow a user to.access the USB port; 

a connection between the USB charging module and mains power; and 
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mounting means for mounting the power outlet to a mounting surface. 

19. The power outlet according to claim 18 wherein the supporting portion is an integral portion

of the grid or face plate.

20. The power outlet according to claim 18 wherein the supporting portion is located in a

mounting plate that is adapted to be connected to the rear of the grid or face plate.

21. 

22. 

23. 

The power outlet according to claim 18 wherein the USB charging module housing is 

connected to the supporting portion from the front of the grid or face plate. 

The power outlet according to claim 18 wherein the USB charging module housing is 

connected to the supporting portion from the rear of the grid or face plate. 

The power outlet according to claim 18 wherein the mounting surface is a wall or floor. 

24. The power outlet according to claim 18 further including a cover plate.

25. The power outlet according to claim 18 wherein the mains power is between about I 00-240V

alternating current (AC).

26. A method of installing a power outlet for allowing a user to charge a USB compatible device,

the power outlet according to claim 18, comprising the steps of:

27. 

connecting the engaging portion of the USB charging module housing to the 

supporting portion of the power outlet; 

connecting the mains power to the USB charging module; and 

mounting the power outlet to the mounting surface. 

A method of installing a power outlet allowing a user to charge USB compatible devices, the 

power outlet according to claim 20, comprising the steps of: 

connecting the engaging portion of the USB charging module housing to the 

supporting portion of the power outlet; 

connecting the mounting plate to the rear of a grid or face plate; 

connecting the mains power to the USB charging module; and 

mounting the power outlet to the mounting surface. 
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28. The method of installing a power outlet according to any one of claims 26 or 27 wherein the

power outlet is mounted to the mounting surface by fastening the grid or face plate to the

surface by screws.
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±-tl!JiitT flJ R-'ii ft E:!!� E:!! tlk tt 11 _t B"J �Jtt $ 5t 12, 1!f:1� -Ht� 21 ;fo E:!!lliffttlJltl film� 22 � �±-tl!JiJE 

rr -tP [fu 5E f lJ E:!! tih E:!! tlk tt 11 o 

[ 0004 J 00 6 B A fA 'ti. ?tt 7J [P] ( y 7J [P] ) lr ITT -HJ:�� ;l;k: 2 0 B"J im oo O ft� -t-E:!!. 1* 10 ITT IE E:!! 

tlk P ;f P 1ft E:!! m N i:=p , 1ft E:!! tlk N A� E:!!lli ffttlJltl film� 2 2 o -Ht� t:l;l;k: 20 A� ;;ftJ � Y fsJ s, Jt i:=p , R 

:'i=�E:!!mc�E:!!llifftft�� 22ITTlli**M$% 2Tho 

[0005J iJu-tzo=iJzE:!!tfil �N�1l;l4?JJB"J E:!!tiliftJti:=p �WMITT:n:i:tir-trtJ E:!!fff,liH&o � l*r &R 

t!L mLlE!X:t!!ft, ';&:':t��f�� (creep phenomenon) , ii E:!!m,r{Vi&� 81ft E:!!tJk_ttttt¥Jffi flJ!lr-$ o � 

a-1, rn r-HJ:�1:l;l;k: s"J E:!!lliffttmu �� ElX: E:!!t�2!Jt r E:!!m¥ffit,&, � � J&-$: r$��, 1Ju-tzo, rn r E:!! 

!ff¥ ffi f,& ttll:¥Jffi ( t-& ftttll:¥Jffi ) �2.1±1 E:!! t� 1; � f lJ � -E:!!� $1tf: $ % , E!X:£ 1±1 r E:!!m¥ffi t-& ttll: tiJ ft E:!! 

t� ITT�� _t t$ i}J ag , ft E:!! tfil r}J f:r� i:=p r :':t B"J IJ::iJ ff.!R o 

[ 0006 J � !Jr-, xt r E:!! t1E , it xt E:!!m¥ffi� tttt¥Jffi ITT xt * * � JE * o it 111J :1:-m, -st� 1:l;l;k: ITT _tj£" E:!! 

lli:rfttmu�� 22 � § A��1¥:ag£e;ttJ : E:!!lliffttmu�� 22 a"Jlli**io:1!$5J" 226 c tt111J±-m, E:!!t� 

c ITT ��ft :1t _t Ek* � � E:!!� � * E:!! t� c -'='l E:!! � t�fo!I! $ 5t 22a B"J lli **fo!I!* 00 flJltl ) !ji}j fPJ E:!!

tili E:!! tlk tt 11 flJ!Ll o tE J.lt £e tZ0 i:=p , :':13 E:!! m¥ t� t,& J-A E:!! tili E:!! tlk tt 11 ttll: ¥Jffi , � � E:!! tih E:!! tlk tt 11 ][ * 

tliEZ9J-ff 1±1 rltfJ�ifftl�1�f!J!LlB1, E:!!m¥twt-&it-�JttAlli**M$% 22bo !EJJ.lt, i�£eti;Jfti:t 

tttttiJs"J E:!!m¥twt-&it-�±-tl!JttA E:!!t�ag��, �-,8£�xxx®ag O �iJ.Itz!lr-, E:!!tmJl-� ftici: E:!! 

Mffi��¥Jffi�rnE:!!mir-��JttA�-E:!!�$#$%ITT£et00 

[0007] �iJ.ltZJr-, -tzofiJOOB"J B :zts:1t;;¥Ll $iw03f No. 2000-333343 (JP-A-2000-333343) Jiff 

j£" ( 00 7 , 00 s, 00 14 � ), � -t-E:!! lli :rfttlJlu film� 1i R :'i= ft M -t-E:!! tfil E:!! t& ITT 1ft E:!! t& _t o � r it-
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tPH•�·t1: � fofijH& 61 � rtl?.-fJti �o ilc� � � {1Am • � itR (Ni -MH � Yfil ) , ilcmi • � Yfil (Ni -Cd � 

�)�- -��Mffli&ITTtt�.�Mffli&ITTffi�mrlfttt����ft/m�$5tITT�rtl?.mq:i� 

Kffi-�,�ft(ttM��)������ITTtt�#�z��m�ITTllih*��o�W,B 

ff�Om, i�·r1:�fofi�i&*fYlt±:!�5EfJ!l�, Jtq:i, �fflfi�iftft��*Tifi_t��. �Jlt1111it3'c� 

WM��ffi !;fLxt.o t�JILl:l:i/!, E�£�0m, !:t�rr ��. Jltffll�J�)
=

iJfgtftffi. �;tJk_ttt"t.a �Jlt. ft� 

lliw�ftlm��*�����ITTM�T,ft���_tffi�ITT�Mffli&�M��lliw�ftlm�ITT 

Ji!e��1L �Jlt. ftJK1ift'tl� T, �1�TJK*61�ftJ :ft� �;tJk_tittt1�ITT�fflfffli&l=iJfgtl&:51 � 

JLl �llitfriJJ!tlftim� o 

[ooosJ rilltz!TI-, �ooo 6B JiJr�. %JvG���rsJ sc ft-BJ:�tl� 20 _t%�as¥z:�$5t 

(cutout)) �if:lli*�t� c,���fsJ s �ft�JvGtxf}jl'tmLlfiX:61-BJ:�tl� 20 L%JvG61, �� c 

;fO �lliw1Y!tlft/m� 22 ITTlli**ffl:1!$5t 226 i�H&:�KftJtq=i o ft���fsJ s q:i, �� c ;fO �lli 

wiJJ!tlft/m� 22 61lliti*fo:1!$5t 226 fffi'.�K, W�ft-BJ:�tl� 20 01tJ}.�7J� ffiTfsJlt'Ro �Jlt. 

ft �fflfffliftfttt �tlk P �ffi. �;tlk N _t1ttt1Jffi#tfMfLl��ili: �lliwiJJ!tlftim�ITTlli*tifo:1!$5t 226 

61'fl�T. l±l-=f�£t�fs] S 6f.J�;f0lli**fo:1!$5t 226 ��t� c zfsJi9:��['R, �fofffli&itlti)ffi 

�Zf:ft�t±:! �lliw1JJ!tlftim� 22 61lliti*fo:1!$5t 226 #ftlli*tifo:1!$½" 226 �1ili:1Ux61 t±:! D, 

$�Mffli&PT�*A�fflCITTZ�.#l=iJ�1±1-=f��ff�fflWft�fflc ITTZ���Mo 

[ooogJ �!Tr, rn-=f���rsJ s 01�1olli**iu:l!$5t 226 ��t� c zfsJi9:�fsJit'R, rn-=fffiR:£ 

Wtt:tJ:¥4t&:JEA61�fsJ, ffl-=f rJL1t �fflfffli&itll:� 61WM:tJ:¥4-��tJEAlli**fo:1!$5t 226 61 

�1ili:a �Jlt. ttxtitHtitll:iJffi ITTWM�fgt*tf o 

�llJ:H�� 

[ 001 0 J * 1t � w ]Jzffl -=p. ��KITT 1& f;titlti)ffi 11M1r]] mLl � :ttJ ;fO-BJ: �tl�, � � :ttJ Jr]] iu• �

�KITT�Mffli&ffl�m��fflmt±:!�&mrl��ff�fflft�fflZ��$�Mo 

[0011] *1tS] 01�-�JJfil%�w &-lift ffl-=f'EL� �fflfffli&as• ��K61Yftt*itll:lJffitfM 

����o i&�ffi��M����'EL*=�lliw�ftlm�,Jt-�K�W�-��KITT�lli; 

�tlk, Jt�-=f-��Ko �lliwiJJ!tlftlm��*fLl �tlk, 1111it �lliw1JJ!tlft/m�01lliti*fo:1!$½"01lli 

**fn:l!*TififlJ!tllA � 1=5• ��K61 �1Jzts&01.J:1J· �, Jtq:i, �t�t&:lli*JLllli**fo:1!$5t o 

[0012J ft�-�JJfil%�q:i, ri&�1�11,&�ft �;tJk_t1ttt� 61 �fflfffliftITTWM:rJ:¥4-PT*&:�Kft 
th !,,f[k r+r 
i--e.::::--9t!. v� o 

[0013J ft�-��%�q:i, �lliw1JJ!tlftlm�l=iJ���*fLl1fz:-=f•��Ktt��flJ!tl61.J�tlko 

[0014] ft�-�JJfil%�q:i' i&1*itll:�:trM:tr]J1tLl�ttJPT*-w'E1*-BJ:�tl�, Jt ���* 

�fiX:-��KITT$�-��#o-BJ:�ffl�PT'E1*:-BJ:�.Jt���*-�-��#ITT��1=5 

�-�-��#ITT��oW��*�-BJ:�ITT�&-�-��#ITT�lliITT�lliw�ftlm�ITT� 

ffl!=iJlli*�lli**M$5t 0 WMM�ttA$5t�/�ffl-=fft��_tffi�ITT�Mffli&ITT�ffl 

$5t!=iJft���fflITT���OOq=i%fiX:o 

[0015J ft� -� JJfil %� q:i, �� � l'sJ ft-BJ:� tl�-tf:f!I n � _t 01.J jyf!Il=iJ � JZ:tf ITT -tf:f!I : Jt 

'EL*� t� ITT 1i 1£, � JJz �K ft � t� 61 M �"' ts & flJ!tl _t 61.J � lt'R o 

[0016] ft�-�JJfil%�q:i, �m$½'-;fo / �Wtt:rJ:¥4ttA$½'-l=iJfffi'.�Kft �t�61M�i-§ 

&i1J!tl61�&-� _to 
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[ 001 7] fr ffi -� JJfil % � cp , yr" itnm * fO / QX w M ;;f,;f :¥4 ff A$* pJ � 7'J w M ;;f,;f '¥4 ff A$ 

5ta WMMMffAi'ffl5t�����PT��ftWMMMo 

[0018J tEffi-��%�cp, BsJ�J�fn£i!i'ffl?t PTiiwtt 0 

[0019J tEffi-�JJfil%�cp, Bs:**MW?t AJjjjjJ�**WM o 

[0020J tEffi-��%�cp, Bs:*t�fo£1!$5t PT i&":'i=tE �t1H1t_t:n o 

[0021 J * i,t S)j B"-1 ffi = � � % � � & -1rr J=§ r {i1$ � ff14'lfVi& B"11't � *K B"-1 ff,i 1* itlttJffi =tr M 

����o ��ffl&�M����{i1$:�ft-�*:'i=ITT�lli:ITT�Ik�ft��;-r1't� 

*KITT�fflo �Bs:�ft�����*��fflITTtt�ffl�o

[0022J tEffi=�JJfil%?itcp, PTtE �tRJ::ni&":'i= �Ik�¥PW��ITTik**frl£1!$5t, �t�Bs:*

iLli�W?to

[0023J *zz S)j ITTffi -�JJfil%:it� &-frr ���:t�$�• �xftf:l'lt-BJ:�m#:, • �xftf:{iL

$�Mffl�#��-�ffl#0 -BJ:�m#:{i1$:-BJ:�,A���*-�-�x#ITT�ffl��­

�-�x#ITT�ffi;lli:**MW?t,�ft-�E!x$r-�•�x#ITT�lli:ITT�Ik�ft��

B"-1 �t�Bs:*fLli�W?t, ii i�i'ffl?t�*fLl-BJ:� ;fo / E!x�t� �t�l'l"J�£��rsJ cp l'l"JWittJ'¥4t±

A$5t�/E!xfflrtE�fflJ:ffl&ITT�Mffl�ITTY""'fflW5t0 

[0024J tEffi-��%:itcp, ���l'sJtE-BJ:�m#:Kf!l:n rt:iJJ:l'l"J j'r;f!1AJ1,;33:f¥1'1"1-tf:f!l :A

{i1$�mITT��,�&i9.-:'i=tE�mITTrJ3�ffl&�J:ITT��o

[0025J tEffi-��%:itcp, ]11
,-',

fflW?tfo I E!xWittJ:¥4ttA $5t PTiffi:i&":'i=tE �t�l'l"JrJ3�1§

& 1mu l'lt �d>-'i"" J: 0 

��] tEffi-��%:itcp,yr"fflffl))t�/E!xW!&MMffAW5tPT�1,;WttMMffAW

5ta WMMMffA'l'fi35t�����PT��ftWttMMo

[0027] *1t S}I B"Jffi [g �JJfil%?it� &-frp ffl r{iL * �fo4ffl�Bt• �*K B"-ltfil 1*1tlt;JHrM

����o ��ffl$�M�����$�ft��*:'i=�Bs:ITT�Ik�ft��ITTik**Mi'ffl

5t o Bs:**MW?t�Wi&B"-1 o

[0028J tEffi [J] �JJfil%?itcp, Ik**MW?t AJjjjjJ�**WM o

[0029J t!H@ffi-��%:it, E13r �Bs:�tlJ!tlfl/m��*fLl1't�*:'i=B� �tRcp�fSili:l'l"J-�, ft

1� �t�Ik*fLlB"-1 �lli1illjlJ!tl��B"Jlli:**fo£1!�00lli] rt:iJ lcj �fflt§&B"-1:n rt:iJ, PT �1rn1tutE �tRJ:

ffl$ITT�Mffl��El3�mfilA�mITTZ�o

[0030] 1�17i5ffi=�JJfil%?r§, l±!r �Bs:�tlJWfl/m� ���t�iLlfirr• �*iltt �t&{lJW B"-1 �

1R, PT� 1<£1� El3 rftffllifox't± �ffl4ffltftITT ��w.-Wu-tzoilc�-�f,t1m• ��w, (Ni-MH �t'ili),

ilciRi. �tili (Ni-Cd �tili) ��-cp l'l"J_ffi_ �tR�3EfJJl�F±B"1* § _ffi_ �tR{IJWB"-1 �fo4ffl1-&

1ttt1Jffi=trmiu �Bs:�tlJ!u�� ITTPTf:ft-t1�/J\ 0 

[0031 J �17i5ffi-��%:it, E13 rtEi&":'i=-BJ:�tl#:cp B"-1 �Bs:�tlJ!tlfl/m�B"-llli:**Mi'ffl?tfo / 

E!x�tll'l"J���rsJcpi9.-:'§: T ]11
,-',

fflffl)?J\. ( �lt'R), fr���rsJ Et��fO&**fo£1!$5tfO / E!x�t� 

z rsJ� l±! rsJ lt'R, wrm 1t1fll:1Jffi l'lt �fn4i�1-&1rmiu �Bs:�tlJ!u�� ITTPTf:fM1�/J\ 0 p*JJtzJ,�, w�m 

i'ffl?J\.ffl ftWtttJ:¥4i±A�l'sJ, WtttJ:¥4iffi'.ftAE!xJJJcA i��l'sJ O �Jlt, PT �tE1tfflWtttJ'¥4B"J 

tl or. T *ItXXt � fo4'l�if,i ltll:$ B"-1 At* o 

[0032J 1�17i5ffi [J]��%?it, E13 r �Bs:�tlJ!tl��B"Jlli:*�fo£1!$5t ( �tJHBi:Bs:�fLli�i'ffl?J\. ) 

i�wtt, ep fttE �fo4ffltft B�£fLl:l6&**fo£1!$5t B"-1-tlor. T, �frl4'1�1f!lfilA �t� C �Bs::rfttlJ!tl 
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� ) �� pg fflHr-J AD PT 1� fHrJJ mu O JilJn ff:�&, !¥-l'f IEJ�*fo9! fffht PT Jffl.ttm**W M, �*� 

¾ �� mu·l1: 1¥1 O fytl -tzo' PT {tJ=IH�M� l:J &Jt1tl?.1¥1 w M;/-,t fij. O l±l -=f�-,e, ittUffiiHII.J �fflffiH&tJ�fU 

Jt1m �� ff1Wt:$?tl'l1.JPT�ttu:t1� 

!311�i5?,H)i 

[ 0033 J rn r oo � Jffl !Yft oo xt fit m:; � nm wu 1'11.J 1r m , �� � � T * 1z � 1'11.J rrr it L?J & Jt 1m § 1¥1 , t� 

tiLtO{it,e, tOftOO i:=p, �1�1'11.JtJF% ffl-=f*��1�1'11.Jx14, JiJti:=p : 

[ 0034 J 00 1 :3/;pj� 'fe:. � ffi -� nflI f:lJtl i:=p 1'11.J • �* Ji sf.J ?t fflf jfHi 00 ; 

[0035] 00 2A 7v �Ym ��lO-HJ:�tlt�k:zrs:i EtSii*itr:'i= l'lf.Jfj!J.jctiffi 00, J=§ -=p� t±:! *'fe:. S)jffi 

-�nflI�i:=p1¥J•�*:'i:1¥J��•m1¥Jii*�m;

[oo36J 00 2B A-HJ:�timl'II.JfrrtiOO, ffl-=f� t±:! *'fe:. �--�nfilfytl i:=p 1'11.J. �slt:'i:1¥1-Bt�ti 

ms1.Jii1�12gm; 

[0031J 00 3A �t±:! T*'fe:.�ffi=�nfilf:lJtll=t'EtS�IEJ�tlJ!tlfl/m-=fl¥1m*ii*; 

��J 00�A*'fe:.�ffi=���i:=pl¥J�ff���-=fl¥1��00; 

[0039J 00 3C A�t�l'lf.JtiffiOO,Jt�t±:! T*'fe:.�ffi=��fytli:=pl¥J�ff�tlJ!tl�-=f; 

[0040 J 00 4A ;¥0 4B )=§ -=f � t±:! * 'fe:. � Bf.J ffi-�� ; 

[0041] 00 5 ffl-=f�ili*'fe:.�1¥1ffi=��; 

[0042J oo 6A 7v �tm �11zlo ��•mz rs:i sf.Jii:t�1fr:'i=l'lf.J1i!l.1:titffi oo, � t±:1 TfN�tt#l'lf.J 

-Bt�1tm1¥Jii*12gm ; L:J& 

[0043J 00 6B A-HJ:�timl'lf.JfrrtJ[OO, �t±:! TfN�tt#sf.J��-ml'lf.Jii*tgmo 

�1*� �w. 15-tc 

[0044J rffi��1rm*1t � sf.J��wu 0 

[0045] [ --�nmfYtl J 00 1 7v*'fe:.�E1f.J-HJ:�1lm:;¥01,&{*1ttJJjH,1fHrJJmu��m@ffll'lf.J-� 

slt :'i= 1 sf.J ?t fflf jflf,% 00 o lf � slt :'i= 1 'EL 13 : � 1ili fll 14 C • � fll 14 ) 15, Jt l±I §; ,t-� -'¥t 1* 10 ,;f:g 

fflG ;-HJ:�tim 20, *��ii*�-1* 101'11.JiE�tR P (+) ;¥0:f;'t �fR N(-), H$lltftii*�'l"�Ym 

fll 14 15 1'11.J �-'¥i.1* o 

[oo46J • �slt:'i= 1 ffl ft $:slttEti�i)J JJ $� �i)J$�rl§_t 1'11.J �1Jlslt:'i=, Wtl -tzo :1tJ=IHrnH1 � 

fflf�?g1,&Elf.J=1J(�tm, 'E1t�H�t���Ut1m-�tm (Ni-MH �tm) ,'f�'fRi-�tm (Ni-Cd �tm) �; 

ffiU�-=t-=1j(�1m ; ��,zy_� ����o */f'-�-'¥i.1* 10 tEJtl=t'��P'.I �fflfffii,&, HA�tE�tm 

fll 14 15 1'11.J le kl 7f IPJ Y � t±:! sf.J iE � t:& P ;¥01ft � tlz N ( --'=5 � 1¥ 1:f 10 1'11.J � � 7f IPJ x iE 5't 1¥1 � -'¥t 

{:f 1¥J Lek! 7f IP] Y) o 

[0041J -Bt�tim 20 A1JfAl't�:R, Jtl±l�fflGrJfA!'t��1�1mtgfflG, H'E1$§; ,,i'---Bt� 2L *'l" 

HJ:� 21 l±I � � mu fflG, l:J if: � 7. ii t� M ,t-;t§ �� � 1¥ 1* 1 O Bf.J � � � fR, fil 8Jt ¾ iJL M 'f-;t§ �� � 

-'¥t 1* 10 i=p l'lf.J-/f'-1¥1 iE � tlz P ;¥0 :'h -� 1¥ 1* 10 1'11.J 1ft � tlz No �� 21 A �ffi A IL H, J=§ -=f i& 

:'i=tE*'f-�1¥1*1'11.J*/f'-�;j;lz_tl'lf.J �1m�1lztt 11 as�Jtt$?t 120 -=f¾, -Bt�Mm 20 i&:'i=tE 

�tmfll 14 1s sf.J 1c1:r tmu c WJflJ!tl * oo ) , L?J ff:* IBcii*�,t-�1mfll 14 15 1'11.J �• 1:t 10 C mffJt¾ 

iJL 1Bt i&:'i= Et{} HJ:� ti m 20 as 11cs_ 7v 2 0 3 � 1m � fR tt 11 Bf.J �J tt $ 5t 12 11] A HJ:� 21 1¥111] A 

IL H at,-HJ:�tim 20( �� 21) $lIBciH��tmfll{415 Bf.J�1¥1*o 
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[004sJ �iJ1tz5'b, �-t--BJ:� 21 A� ffi r�1yJtl�-i""EJX$r�-t-8{] �-1* 10 ITT �&ITT �lli 

�1JJ!tlftim� 220 �-1--Bt�tlt:tk: 20 A� :15i?:fftJUtJ C *� ti::\ ) , Jt15i?:ff �lli��Y!tlftlm� 22 ;:;fff� 

±i'sJ SLJ=§r3iJifU�lli��IJltlftim� 22( JJi!.00 2B) 8/,J�t_m ( �lliti-ZilJltl�t� )Co 

[0049] rOOii�Jffi 00 2A to 00 2B W�:fr§'.B*�JJfilVU81-HJ:�t�� 20, �lli:rft1JJ!tlft/m� 22 ,&Jt 

mttJo 

[0050] izO 00 2A to 2B ffl�, �&�1JJ!tlft/m� 22 '§* ��*fu:1!$5t 22a, Jt ��*fu:l!-BJ:� 21, 

[2J{f:�11Jltl�-t-EJX$r�-t-8{] �-1* 10 8/,J �lli ;&**fu:1!$7J'- 22b, ffi riifr��:JtMW5t 

22a _t�11Jltl 8/,J �lliffit:1::1 JU �1filt�1MH (*�ti::\ ) ITT �t_m c il!U�lli*34*fUitW5t o �t_m c 

1±1ffit!AJ!lx�1bZ1iJJmLlJVG8/,JZ� Cl ,ql�Z� Cl 8/,Jqi�x1l=t C2 ttJ.lvGo �tJE C, t��tJ¾*illITTZ 

� CLJl!:iilli*34*fUlli**fu:1!$5t 22b, �Jlt��J4*fU�lli:rft1JJltlft/m� 22( JJi!.00 3C) o 

[0051] -BJ:�:ri� 20 aq:g_,t-:;fff�±rs:i s1 c fr-HJ:�:ri� 20 i::p%JVGaqre�W7J" ) 1i%JVG1vm 

1Jt-BJ:�tl� 20 8/,J;;fn�2 rs:i Sl 8/,J,m* 00 �4�ili:&**fu:1!$5t 22b 81 �t_m c to �llifftilJltlft/m� 

22 8/,J&**fu:l!W:fr 22b ITT•xzfsJ 8{]2[� ( fr00 2B i::p, frli"E1*8{] �t_m C tOlliti*fu:1!$ 

5t 22b 8/,J.5t8/,JrJ3-i'-t§lzflJ!tl ) o _¥d;-�&**M$5t 22b 4�ili:8/,J�t_m c 12JRlliti:JlM$5t 

226 ��-Bt�ffi� 20 8/,Jffi�W7J"*fu:l!o �Jflliti*M$5t 226 8/,J�t� c 1±1-Bt�ffi� 20 8/,J 

15i?: ff$ 5t 2 0 0 f5i?: ff 0 

[0052J filJJJt¾iJL �f�&**M$5t 22b ;fo �t_m c fr:;fff�2fsJ s i::pt-lt�li�frfu**M 

$5t 22b ;fo / ��t_m c �-BJ:t::!Ul� 20 i::p%JVGITTIB�$5t81-m*OOzJsJ%JVG2it�8/,Jt§�tt 

*i::p 81-HJ:�ffi� ( .!Tt!,00 6A to 00 6B) }j�ff, Jlt�JJfil{Jtl 8/,J-HJ:�tl� 20 A��¥(:l'l{]:;fff�± rs:i :Jt

i::p , PT :;fff Ji �llifftiJJltl Yim� 22, Ji "E1 *-Bt�ffi� 20 81IB� $ 5t to 4�ili:lli tl*fo:l! $ 5t 22b 81 �

t_m c R�llifft1JJ!tlft/m� 22 ITT&**fo:1!$5t 22b ITT•xzJsJ8/,Ji'sJ!t�o

[0053J �iJitz5'b, fr&**fn:l!W7J\. 22b 8/,J �ftili:, 1J1Amw?t s2 �34*iu::mtt±rs:i s1o mJJJt

¾ iJL fr x -Y � oo _t JtR 1i 81 � * :;fff � 2 rs:i s 1 to IJIA m w 5t s2 812 rs:i c JJi!. oo 2B) 81 tit oo oo fQ

jc-y:;fff�2 rs:i Sl aqtltffif�o ��IJ!At1'$5t S2 Jl� ffi r JA-BJ:�ffi� 20 81Jb$1EAWtt;t;t

f481WtttJl4i1AJf D ( *�t:1::1), it;f;JfiJ.rilUft / ri»_��fofi�¥fto Wttt;tf4PTfrWtt;ttf4tt

An D q:JftAo WtttJ*4-fr1BlftAJJ1:l:JfE 1±[:;fff�2i'sJ Sl ;fOIJ!At1'$5t S2 ttJJVG8{]2i'sJ, #®.

�t / ®.�11�fU �llifft11Jltlft/m� 22 81lli**fo:1!$5t 22b 81 �fflffflifttttl:� o JtWf ff:m.&, Wttt;t

�A���mffl�*fi®.�Elx���n��To Wtt•�PT12J1v��®.*•���Elxmo

[0054J -tzo_tm:r£, xtr �1m-vu-tzo=1x �tm!lx�1bZ1m, Wttfr �tmi::p 8/,J �fnfi$��a1

1±1r��r &@tJU'5Ll!lxi1ilifr£Z1-:8/,J��fJl�fr �tlz_1.ittl:tJffifU �-1*5'b$ o -Po 00 1 m�, �

-t-�llifft1JJ!tlft/m� 22 8/,Jlli**M$5t 22b to �t_m C 1Bl:;fff:'i=frxfUift1*tttl:tJffi8{] �1fil�tlztt 11

r 1J O 
� J1t , ;;_ � tm � :r1z tt 11 tttt1Jffi 8/,J �ffff i� 1ft __ vJ1p ill" ff � �w. � :rlz tt 11 11iE Z9J , * rn r !l n tr

*iU�flf;flJ!tl,1f1i�fflfi$i��5l�fU�llifftiJJltlftim� 220 mJJJt¾iR,fr�tm�mtt 11 fr�1ili

tJHl=t 15 aq1ck:17J fPJ ( fr Y 7J fPJ _t ) � tl:18/,J'tlor. r, -Bt�tl:1:* 201El:;fff:'i=fr �tfutil 1l=t 15 81h:

kl flJ!u * oo _t O 
� 1!L fr � tm til 1l=t 15 81 tck:1 flJ!u * oo _t, fr � tm � m tt 11 12J .& �Et:� 1Jrn ftw � z

rs:i aq z 1J fPJ 811fr:'i=��_t, �lli�ilJltlftim� 22 1El5E filfrxfU� f*tttt1Jffi 8{] �tm �mtt 11 r1J 0 

�Jlt,m1JtT�¥1':8/,J�ttJ :fAfllr�-1* 10 8/,J1ck:Jf1J!tl*OOITT{f1PJ�-t-�tm�t&tt 11 tttl:�8/,J

�fofffl�lffe��:t-fu 5 I� fU4�ili: �lli�ilJltlftlm� 22 8/,J �tJE c to&**ffl:l!$7J'- 22b o

[0055J �Jlt, tEJlt�JJfilfftl i::p, -at�1i� 20 81 �lli:rt1JJ!tlftw� 22 Jl!:ct!JEtriu �tm �t&tt 11

8 

EXHIBIT 1002 
Petitioner ADC (IPR2024-00577)Page 1272 of 2235



CN 102414923 A 6/7 JY-[ 

ITTJ Ei-HJ:AA 21 a*, {f;fij �llitl'ltmtlfiim� 22 E8fu**fMrlfl1½\. 226- -�t� C 1'11.JZAAtflHt lli*-=f 

Jt_tl-2).{f:�"=(at��"=(*MW?t 22a-1'8Bs:**fM!*OO Pb lliAIPJEi�tm�t&tt 11 ( �t&) 

:t§ & l'IJ.J:1J 1PJ, tzo oo 2A Jifr�, rriJ:::f1t oo 6A m� as:Efll�tt*jj�ff, fr oo 6A m� l'IJ.J:Efll�tt*�, 

�llii1}JJltlfiim� 22 l'l'-Jlli**MW?t 226 EJ'.J&**fH.rl!*OO Pb 1Bftff:'i:1v� IPJ �tm �t&tt 11 flJ!U o 

[0056] -tf1iJt¾i5L llit�*fffi*OO Pb 1v�ffl'l'-1*00 :flj�ql�JG{tt-1'11.J �t� c EISZ�Jll:iilli

*JU �llitftf9Wfiim� 22 rriJit �"=(a*JUi�*OO o JUt:f:-tl!., �lliiNJJltlfiim� 22 19::'i:fr �tm �t&

tt 11 ( �tlk) _t, {f;fij���t� C 1'11.JZAAaslli**fH.rl!W½\. 226 1'8-flJ!Ll!j[AIPJEi�tm�t&tt 11

ffi&EJ'.J:1J1PJC:::faB-=f�tm�t&tt-�)o ��¾�,�lli����22��:'i:1v�ffllli*

*fH.rl!W?t 226 as��Jtlli**fffi*OO Pb as:t§&flJ!Ll!j[A IP] �tm �tlktt 11 flJ!U 0 

[0057] IEJJJt, ep{ftE��m�tlktt 11 _tyfll:)iJBI.J�fljfy?gf,&iL&PifPi�tm�tlktt 11 i,ii)J, EE!T 

�jJ IPJ r1rit!:JU�1�11J!U, #tfttJU �lli�YYW�� 22, EE! T �mfm#}}fr� lli**M®?t 226 

�* Jtllit�*fni*OO Pb B'-1:t§& 11J!U l'II.J*0011tt, �mfmiftitll:&Ei �t� c EJ'.JZ� EJ'.J*fu.rl!PT1ifU 

�3DE!XtLlHMo :'hjr, �mfm1&ttll:&l'II.Jiftt-Jt�, �mfm1&it!:A�t� c l'l'-JZAApq$#Jll:tt 

�WI ff 11: ffl 1ritt-�t{JJ$;fij JU:jl]J mU 0 

[005sJ �iJJtzjr, .u:l'!f;;nffifJtl �as:&� �lli�t!Jltlfiim� 221x 1x ti�:'i:frat� IE �tlk P to th� 

t:& N 1'11.J-HJ:AAl'II.JIE�tlk P 11J!UW?t, #Jll:ii»!ErrrriJa*JU-HJ:�EJ'.JIE�tlk P 11J!UW?ta frfftlfroilc� 

� � {t tm 1't � tm (Ni -MH � 1m ) , tlc m 1't � �'IE (Ni -Cd � �'IE ) W 1'8 {f ffl �-ti � mf 1� Yi!:l E8 � � 

�, Bt2.�om, �mfmrf!:l�� EB r��:Efll�JAth �tlk N tUttll:& 0 1EJJ1t, ii �lli��mu�� 22 a 

t�JUIE �t& p flJ!LlmA T frth �t& N --1.ttll:i,ffi BI.J �fofi?gt,&tfttfU �&�1!Jltlfiim� 22 B'-JRe � 0 � 

?=� T frth �t& N 11J!Uttll:& l'8 �fofi?g1&:::f��lN5 I� JU �lli�1!Jltlfiim� 22 l'J'.JmttJ o

[0059J :'h jb, fro 00 2B Jifr�, frffl � JvGtxrnl'tttJJVGl'lf.J-:£�-HJ:AAt�� 20 �, J
=
§-=f �lli�i!Jltlfiim� 

22 as&**fff.rl!W?t 226 to �t� C B'-J-:£��AA�rsJ Sl iNtzgJVG7v{f1ijfr�# J �t� C ;¥Olli* 

*MW?t 226 EJ'.J•xEi�AA�fsJ Sl BI.Jm,*OOz.r'sJ-t9::'i:l'sJ�'Ro IEJJ1t, &P{ffr�ffffi�if!:lfriE�

tlk P �th �tlk N --1.ttll:&#ifttfU �lli�1!Jltl�� 22 1'11.Jlli**fi.rl!W½\. 226 1'11.J'tlm. r, �fff�1�1ft

B'-Jttll:iJffi:::f��fr-=f �llitfti!Jltlfiim� 22 �*ili:�lli�i!Jltlfiim� 22, rriJ ¾fr �t� C to���['s] Sl

mz.OOEJ'.J���IPJriftt □ ���T�Mm1&M&ittA��C EJ'.JZAA#IEIJ1tJll:tt�wiff�

fflfrZAA pq:JJtto 

[oo6oJ �iJ1tzjr, froOO 2B JiJr�,w,-'-,mW?t s2 a*iu�AA�rsJ s1o IE!JJt, EB-=f���rsJ s1 

to rm W Jt S2, W tf1•;j f-'HBlft A l-2J. ff: �Jl'.£ �m�mtf!:l ttll:& B'-1 W tti-J fit fr A� f's]� jg[ 5E fr� AA 

�fs] Sl 1'11.JmtoJiJr# AEJ'.JrmW?t S2 l-2J.&Jifr# AfiS �t� C &lli**fM!W?J\. 226 as•xzrsJ 0 

IE! J1t, *ili:lli ** fM! W 7t 2 26 1'11.J tt xt ttll:& 1'11.J W tt PT lN '!J;; lfll o 

[0061 J [ *=�JJ'fl!fJLJ ] 00 3A JU 3C � 1±1 J *='!J;;JJfilWLJ � B'-J �fu�1!JlUYffij� 22a 00 3A � ili 

T �lli�i!Jltlfiim� 22 EJ'.JWt�a*o 00 3B 1v �lli�1!Jltlfiim� 22 s'-J�tYlOO o 00 3C 1v �t�l'II.J�OO

00 0 

[0062J fr.tl:l'!f;;nffifJUEJ'.J �lli:rft1!Jltlfiim� 22 �, lli**fo.rl!H�W?t 2216 C frJ�) to:'h-lli**fH.rl! 

H�W?J\. 222b(J§H�) 3'c�tiW*ffij (fr00 3A �ffl���ili) a�towtt,��ffl��?gy,&ttll:& 

�:::f�ittA��cl'J'.JZAAo *�¾�,-�fr��tt*�'��C Jll:ii�EBlli**M�W?t 

2216 to 2226 lli*fU&**fo£1!W?t 226 rriJa*,*ili:�"=(*fo£1!W?t 22a l'J'.Jlli**fo£1!�W5t 

2216 iiw* ( ep fxaBl'II.JZAA Cl �"=(a*JUl'II.JW?titrlr-*) 0 tEJJt'!f;;tffl!:f;Jti�' itt1rWt�, 

9 
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CN 102414923 A 7/7 JY-[ 

�if:qi� 1P/e1� &**frliJfilHffHJ' 2226 a{]�,t.lli**M$7t 226, 111ijE:!!frlf;iH&ttlt1Jffiit!:AE:!! 

t� c ${]Z� Cl pg$${]A D f:ft�1ijfLl1rJHMo Jt)mif:�&, r,;'t T �tjJfU �'.>7r, ?t*ffLl�Jt1mWit 

:ir-tf41PJ::rJ ffl r xt llit�*frl£1!$7t 226 it!:trwtt 0 

[0063] PiJ1tZ'.>7r, !ZP 00 3B Yr�, iEPT � 11)=§ E:!!llit}JIJltlilim-=f 220, Jti=p, E:!!t]! C ITT*ilt${]Z£i 

Cl E:!!�a*fLll't{]lli*t�frl£1!$7t 226 Jl1i ¼1'1{]%:lAa Jl1tt1!!, {�ff 00 3A ?fi� E:!!t]! c ;aU�1793,i'-­

fu**fr1£1!JM$Jt 2216 ;fP 2226 � lli*:15:rt'.:a*B{]�m:61¾, EE:*t�frl£1!$7t 226 Jliiff:JAJL 

$ 220, Jt�tPJOO 3B lP 3C ?JT�E[{j E:!!t]! C E[{]*ql�E[{]Z� Cl E[{]:JlfA, 3tA1i¼:JA, IL$ 220 

ITT Ef!.�*frl£1!$7t 22a 11J!LlITT$7t1titffit'EJti=p o IEJJJt, E:!!t]! c PTJffl.nffi:t�rm�11JtZ� Cl JJ.,. 

lli t� *frli $ 7t 226 * iii *a*, IE! J1t 111ij Ef!. inf lfHFUtlt �a�»\& t� *frli $ 5t 226 it!: A Ef!. t]! C 

EJ{JZ� Cl pg$1ijfLltilHtLla PiJ1tZ'.>7r, pJ�"�vtl-tzo�*��1blITTtwdtITT%Z9J ( I1'F_S_) 0 

[oo64J oo 3c �ili T E:!!tJ5! c sq•�5t14 c2 loz� c1 zrsJa�3:".it�fflWtt:ir;;tf4c311JEs1t� 

:©:o tEJJtt�mi=p,iftAZ� Cl pg$${]E:l!fofffitftttlttJffiEBWit:tif4 C3 !!JHft / !!,lit�o IEJJJt, eP11 

E:!!fof1'$#UtlttJffiit!:A E:!!t]! c ${]Z� Cl pg$, EB r-'E� ff1t J=§ ${] E:!!frlfffiift11nPTfLl1r]JiLla 

[0065] [ �� J 00 4kAB �ili T�-�JJfil1YtlB{]�-��o tEJJt��i=p, EBrtE1!J:'i=tEE:l!tm 

tll 14 15lck:111J!tl ITT{£-Ef!.f2£_ttttt/Jffi ${] E=l!fofliHft EB r _mjJ 1ttzo _tm:i£t1!! 5 I� fLl E:!!tilitli 14 15 EJ{J 

�1f£$7t, E:!!lli:rfttlJltlilim-=f 22 tzo*1"%MITT-Bt�m� 20 ?fi lRkB{]jjptf'J1!!1Bl�K, 1!J::1ij*�" E:!! 

lli:rft��-=f22 ITT&**M$7t 22tEE:l!�ffl# 15ITT:15�z_t���tE®iliE:!!�(E:!!�E:!! 

fl£ tt 11) _t 15 o EB r J3: ,frfi t� m, tE E:!! frlf ffi tft tE IE E:!! � P � fft E:!! fl£ N 6113: :w: -1" _t ttlt 1Jffi 3t EB 

-y_mjJ 5 I �fLlt11f£11J!Lll'l{]'tfm. r, E:!!fofffit���j1ttfLllli**fr1£1!$'.n" 226 �E:!!f]! C, J3:¾EBr 

lli **in£!!$* 2 26 1Bl IE 1il tE ttlt tlffi E:!! t& ITT _t 7J O IE! JJt, E:!!fof m � ttlt� ${] 1) tt PT 1ij f Ll ti'P tu O :1j 

'.>7r , EB r EE: t�* in£!!$ 7t 2 26 lP E:!! t]! c � * frli E:!!fof ffi t11i, lli **M $ 7t 2 26 lP E:!! f� c EJ{J �ti� 

� f:fMij fLl Jr]) tu 

[oo66J 00 5 � ili T �=��, Jti=p, ;,;.,.iffi'.�:ictE-Bt�t�� 20 _ts{] E:!!lli:rfttlJltlilm-=f 22 M1$ sq 

$1" E:!!f]! C -[qja*fLla*:ff 3000 �iJ1tZ'.>7r, * § E:!!lli:rfttlJltl}Jm-=f 22 ITT E:!!f]! C attfLl E:!!tili 

NiLl:ff C *� ili ) , E:!!EE::rfttlJltlilim-=f 22 :r�tlJltl sq E:!!lli:rftt1J!Ht %1t� AfLl E:!!tiliNiLl:ff o t'E.tlt�:ic 

i=p,a*:ff 300 1t-W::ic�J=§r a*E:!!tiliNiLl:fflPE:!!f]! C, E:!!f]! C t£EBat�:H: 300 attfLlE:!!tili

NiLl:H:a

[ 006 7J ti: ;w:, -'£�ff 1t J=§ � 1z "±., tzo * E:!! f]! c ${] 1793 ,t. ft/m $ Z - f';fl i3-${] iE o !El JJt, � T � J1lt 

_t[WJtE:!!fofffitftttlt�tE1±-E:!!f]! c ITTZ�pg$1fitt, *�"'E:!!t]! c ${]1793�z-1';fli3-r'.>7r$� 

'.>7r$3:".�, �if:IWJt3:".���1bl�l:ZOittAE:!!fJ5! c pg$o t'E�=��i=p, a*fLlE:!!tiliNtLl:H: ( * 

� ili ) ${]a* :ff 30 5t:f Ll x,t r Ef!. t]! C E[{] Wit !zI:: :fli!., EB Jlt, Nd± 1r:rJ lli ** M $ Jt 2 26 rritt f Ll Ef!. 

fflc pg$ITTZ�ITTE:!!Mffi�EBr-'E�ff�J=§ITT11tt5t:���o 

[oo6sJ �J11t_t,'EL�E:l!fJ5! c sqftJm$s{]a*:H: 300 sqfR� coos i=psq�JJ�m�sq$Jt > 5t: 

fLlilltJ: (potting) !z!:::fli!., Jti=p, fJf}j§'��1blWiffi'.tt�tE�:'i:1i E:!!f]! c ${]ftJm$${]a*:ff 300 ${] 

pg$o IEJ.tlt,3:".���MW��it!:Aff-E:!!fflc ITTpg$o 

[oo69J �ff��Jt�1Ytltt�JJfilvtlx1*1zS,§it!:1f T 1tm, i��S}j T, *1zS}j��fi!rJ5fi1tm 

E[{j�JJfilvtl�t�:©:o t§&, :zls:;zS}j §/ftql�$,frp��)f0�11r�:ic o :jj7r, �ffm07f;zS}j${]$ 

#5G#� $#�� ttffli3-��:ic �ili,�M�$,���N-1"5G#ITTJt�ITT�m��:ic 

mtEJ5fi!Yft*x:;¥Ll�*s1mrE pg 
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PORTABLE VEHICLE BATTERY JUMP START APPARATUS WITH SAFETY PROTECTION 

Abstract 

A handheld device for jump starting a vehicle engine includes a rechargeable lithium ion battery pack and a micmcontrol!er. The 

lithium ion battery is coupled to a power output port of the device through a FET smart switch actuated by the microcontrol!er. A 

vehicle battery isolation sensor connected in circL,it with positive and negative polarity m1tpL,ts detects the presence of a vehicle 

battery connected between the positive and negative polarity outputs. A reverse polarity sensor connected in circuit with the 

positive and negative polarity outputs detects the polarity of a vehide battery connected between the positive and negative 

polarity outputs, such that the microcontroUer wm enable power to be delivered from the lithium ion power pack to the output port 

only when a good battery is connected to the output port and only when the battery is connected with proper polarity of positive 

and negative terminals. 
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(54) Bezeichnung: Tragbare Starthilfevorrichtung fur Fahrzeugbatterien mit Sicherheitsschutzvorrichtung

(57) Hauptanspruch: Starthilfevorrichtung zum Boosten oder
Aufladen einer verbrauchten oder entladenen Batterie, die
einen positiven und negativen Batterieanschluss aufvveist,
die Starthilfevorrichtung umfasst:
- eine Spannungsversorgung (32);
-einen positiven Batterieverbinder zur Verbindung der Start-
hilfevorrichtung mit dem positiven Batterieanschluss der ver­
brauchten oder entladenen Batterie (72);
- einen negativen Batterieverbinder zur Verbindung der
Starthilfevorrichtung mit dem negativen Batterieanschluss
der verbrauchten oder entladenen Batterie (72);
- einen Leistungsschalter ( 15), der Ober eine Schaltung mit
der Spannungsversorgung (32) und den positiven und nega­
tiven Batterieverbindern verbunden ist,
-wobei der Leistungsschalter ( 15) eingerichtet ist, die Span­
nung von der Spannungsversorgung {32) zur verbrauchten
oder entladenen Batterie (72) ein- oder auszuschalten, wenn
diese mit den positiven und negativen Batterieverbindern
verbunden ist,
- ein Leistungsschaltersteuerungssystem oder eine Leis­
tungsschaltersteuerungsschaltung, die mit dem Leistungs­
schalter (15) verbunden ist und zur Steuerung des Leis­
tungsschalters ( 15) vorgesehen ist,
- wobei das Leistungsschaltersteuerungssystem oder die
Leistungsschaltersteuerungsschaltung eingerichtet ist, das
Vorhandensein der verbrauchten oder entladenen Batterie
(72) und die Polaritat der verbrauchten oder entladenen Bat­
terie (72) zu detektieren, wenn diese zwischen die positiven
und negativen Batterieverbinder geschaltet ist,
-wobei ...
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Beschreibung 

Hintergrund der Erfindung 

[0001] Die vorliegende Erfindung bezieht sich im All­
gemeinen auf eine Starthilfevorrichtung fur ein Fahr­
zeug, das eine verbrauchte oder entladene Batterie 
aufweist. Gemaf1 dem Stand der Technik sind Vor­
richtungen bekannt, die entweder ein Paar von elek­
trischen Verbindungskabeln aufweisen, die eine voll­
standig aufgeladene Batterie eines anderen Fahr­
zeugs mit der Fahrzeugstartschaltung des Fahrzeugs 
verbinden, das die erschopfte Batterie enthalt, oder 
tragbare Starthilfevorrichtungen, die eine vollstandig 
geladene Batterie aufweisen, und die mit der Start­
vorrichtung des Fahrzeugmotors Ober ein Kabelpaar 
in einer Schaltung verbunden werden konnen 

[0002] Probleme entstanden beim Stand der Tech­
nik, wenn entweder die Drahtbruckenanschlusse 
oder -klemmen der Kabel irrtumlich miteinander in 
Kontakt gebracht wurden, wahrend die anderen En­
den an eine geladenen Batterie angeschlossen wa­
ren, oder wenn die positiven und negativen Anschlus­
se mit den Anschlussen entgegengesetzter Polung 
im zu uberbruckenden Fahrzeug verbunden wurden, 
wodurch ein Kurzschluss verursacht wurde, der zu 
einer Funkenbildung und einer potentiellen Bescha­
digung der Batterien und/oder einem korperlichen 
Schaden fi.ihrte. 

[0003] Gemaf1 dem Stand der Technik wurden un­
terschiedliche Versuche zur Beseitigung dieser Pro­
bleme unternommen. US 6,212,054 B1, erteilt am 
3. April 2001, offenbart eine Batteriestarthilfeeinheit,
die empfindlich auf die Polung reagiert und pas­
sende oder unpassende Verbindungen detektieren
kann, bevor ein Pfad fur den elektrischen Ladungs­
fluss bereitgestellt wird. Die Vorrichtung verwendet
einen Satz van LEDs, die mit durch eine Steuerschal­
tung ausgerichteten optischen Kopplern verbunden
sind. Die Steuerschaltung steuert eine Spulenanord­
nung, die den Pfad eines Leistungsstroms steuert.
Der Steuerschaltkreis lasst einen Leistungsstrom­
fluss durch die Spulenanordnung nur dann zu, wenn
die Kontaktpunkte der Starthilfekabelklemmenverbin­
dungen richtig angelegt wurden.

[0004] US 6,632,103 B1, erteilt am 14. Oktober 
2003, offenbart ein adaptives Starthilfekabel, das 
durch zwei Klemmenpaare verbunden ist, wobei die 
beiden Klemmenpaare jeweils an zwei Batterien an­
geschlossen sind, um Strom von einer Batterie zu 
einer anderen Batterie zu Obertragen. Das adapti­
ve Starthilfekabel enthalt eine mit jeder Klemme ver­
bundene Polungsdetektionseinheit, eine Schaltein­
heit und eine Stromdetektionseinheit, die beide zwi­
schen den beiden Klemmenpaaren vorhanden sind. 
Nachdem die Polung jeder Klemme durch die Po­
lungsdetektionseinheit abgetastet wurde, erzeugt die 

Schalteinheit eine geeignete Verbindung zwischen 
den beiden Batterien. Daher sind die positiven und 
negativen Anschlusse der beiden Batterien basie­
rend auf dem detektierten Ergebnis der Polungsde­
tektionseinheit passend verbunden. 

[0005] US 8,493,021 B2, erteilt am 23. Juli 2013, 
offenbart eine Vorrichtung, die die Spannung ei­
ner Fahrzeugbatterie, welche Starthilfe bekommt und 
den durch die Starthilfebatterien gelieferte Strom 
Oberwacht, um zu bestimmen, ob eine passende Ver­
bindung hergestellt wurde und um eine Fehleruber­
wachung bereitzustellen. Nur wenn die geeignete Po­
lung detektiert wird, kann das System betrieben wer­
den. Die Spannung wird uberwacht, um einen of­
fenen Stromkreis, getrennte leitende Klemmen, Ne­
benschlusskabelfehler und Spulenfehlerzustande zu 
erfassen. Der Strom durch das Nebenschlusskabel 
wird uberwacht, um das Bestehen eines Batterieex­
plosionsrisikos und eines einen Oberhitzungszustand 
darstellenden Oberschussstromzustands zu erken­
nen, der zu einem Feuer fuhren kann. Das System 
enthalt eine interne Batterie zum Bereitstellen der 
Spannung fur die Batterie des Fahrzeugs, das Start­
hilfe bekommen soll. Sobald das Fahrzeug gestartet 
ist, findet eine automatische elektrische Trennung der 
Einheit von der Fahrzeugbatterie statt. 

[0006] US 5,189,359 A, veroffentlicht am 23. Febru­
ar 1993, offenbart eine Starthilfekabelvorrichtung, die 
zwei Bruckengleichrichter zum Ausbilden einer Refe­
renzspannung, einen Dekodierer mit vier Eingangen 
zum Erkennen, welche Anschlusse verbunden wer­
den sollen, basierend auf einem Vergleich der Span­
nung an jedem der vier Anschlusse mit der Referenz­
spannung, und ein Relaispaar aufweist, zum Bewir­
ken der passenden Verbindung in Abhangigkeit von 
der Erkennung durch den Dekodierer. Es wird keine 
Verbindung hergestellt, es sei denn, dass nur ein An­
schluss einer jeden Batterie eine hohere Spannung 
als die Referenzspannung aufweist, so dass ,,positi­
ve" Anschlusse angezeigt werden, und ein Anschluss 
eine geringere Spannung als die Referenzspannung 
aufweist, so dass ,,negative" Anschlusse angezeigt 
werden, und dass deshalb die beiden Hochspan­
nungsanschlusse und die beiden Niedrigspannungs­
anschlusse verbunden werden konnen. Der Strom 
flief1t, sobald die entsprechende Relaisvorrichtung 
geschlossen wird. Die Relaisvorrichtung ist vorzugs­
weise eine Metall-Oxid-Halbleiter-Feldeffekttransis­
tor (MOSFET), der mit einer Serienanordnung von 
Photodioden, die ein MOSFET-gate-Schlief1-Poten­
tial entwickeln, wenn der Dekodierer-Ausgang eine 
LED zum Leuchten bewirkt. 

[0007] US 5,795,182 A, veroffentlicht am 18. August 
1998, offenbart einen polungsunabhangigen Satz 
von Batteriestarthilfekabeln, um eine erste Batterie 
mit einer zweiten Batterie zu uberbrOcken. Die Vor­
richtung weist einen Detektor der relativen Polung 
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auf, um zu detektieren, ob zwei Batterien uber Kreuz 
oder parallel angeordnet sind. Ein Drei-Punkt-Hoch­
spannungskapazitatsquerriegeldrehschalter reagiert 
auf den Detektor der relativen Polung zum automa­
tischen Verbinden des Plus-Anschlusses der beiden 
Batterien miteinander und der Minus-Anschlusse der 
beiden Batterien miteinander, ungeachtet dessen, ob 
die detektierte Anordnung uber Kreuz oder parallel 
ist, und ein Unterstrom-Detektor und eine Verzoge­
rungsschaltung zum Zurucksetzen der Vorrichtung in 
ihren Anfangs- und nicht angeschlossenen Zustand, 
nachdem die Vorrichtung von einer der Batterien ge­
trennt wurde. Der Querriegeldrehschalter weist zwei 
Kontaktpaare und einen Dreharm auf, der sich um 
zwei getrennte Punkte dreht, um vollen elektrischen 
Kontakt zwischen den Kontaktpaaren zu sichern. Die 
Erfindung kann auch verwendet werden, um eine Bat­
terieladevorrichtung herzustellen, die mit einer Batte­
rie ungeachtet der Batteriepolung verbunden werden 
kann 

[0008] US 6,262,492 81, erteilt am 17. Juli 2001, 
offenbart ein Autobatteriestarterkabel zur passen­
den Kopplung einer effektiven Spannungsquelle an 
eine fehlerhafte oder ungeladene Batterie, die ei­
ne Relaisschaltungsstromkreis aufweist, welcher mit 
der Spannungsquelle und der Batterie durch zwei 
Stromleitungspaare verbunden ist. Erste und zwei­
te Spannungspolungserkennungsschaltungen wer­
den jeweils mit der Spannungsquelle und der Bat­
terie durch ein entsprechendes Spannungsleitungs­
paar verbunden, um die Polung der Spannungsquel­
le und der Batterie zu erkennen. Eine Logikerken­
nungsschaltung erzeugt ein Steuersignal, das abhan­
gig von der Polung der Spannungsquelle und der 
Batterie ist, und eine Treiberschaltung, die durch ein 
Steuersignal des Logikerkennungsschaltung gesteu­
ert wird, steuert den Relaisschaltungsstromkreis an, 
so dass das genaue Koppeln der beiden Pole der 
Spannungsquelle an die beiden Pole der Batterie er­
moglicht wird. 

[0009] US 5,635,817A, veroffentlicht am 3. Juni 
1997, offenbart eine Fahrzeugbatterie-Ladevorrich­
tung, die ein Steuergehause aufweist, das Kabel ent­
halt und, die eine Strombegrenzungsvorrichtung zum 
Verhindern des Oberschreltens eines vorbestimmten
maximalen Ladestroms von ungefahr 40 bis 60 A ent­
halt. Das Steuergehause weist eine Polungsdetekti­
onsvorrichtung zur OberprOfung der passenden Po­
lung der Verbindung der Anschlusse der beiden Bat­
terien und zur elektrischen Trennung der beiden Bat­
terien im Falle des Vorliegens einer falschen Polung 
auf. 

[0010] US 8,199,024 B2, erteilt am 12. Juni 2012, 
offenbart eine Sicherheitsschaltung in einem Nied­
rigspannungsverbindungssystem, das die beiden 
Niedrigspannungssysteme getrennt !asst, bis es be­
stimmt, dass es sicher ist, eine Verbindung aufzubau-

en. Wenn die Sicherheitsschaltung bestimmt, dass 
keine unsicheren Bedingungen vorliegen, und dass 
es sicher ist, die beiden Niedrigspannungssysteme 
zu verbinden, kann die Sicherheitsschaltung die bei­
den Niedrigspannungssysteme durch einen ,,sanften 
Start" verbinden, der eine Verbindung zwischen den 
beiden Systemen Ober eine Zeitdauer bereitstellt, die 
induzierte Spannungsspitzen auf einem oder meh­
reren der Niedrigspannungssysteme reduziert oder 
verhindert. Wenn in einem der Niedrigspannungssys­
teme eine vollstandig entladene Batterie eingebaut 
ist, wird ein Verfahren fur die Detektion der passen­
den Polung der Verbindungen zwischen den Nied­
rigspannungssystemen verwendet. Die Bestimmung 
der Polung der entladenen Batterie erfolgt durch das 
Durchschicken von einem oder mehreren Teststr6-
men durch die entladene Batterie und durch die Be­
stimmung, ob ein entsprechender Spannungsanstieg 
beobachtet wird. 

[0011] US 5,793, 185 A, veroffentlicht am 11 . August 
1998, offenbart eine tragbare Starthilfevorrichtung, 
die Steuerkomponenten und Schaltungen zur Verhin­
derung von Oberladung und falscher Verbindung von
Batterien aufweist. 

[0012] US 5,820,407 A beschreibt Starthilfekabel­
klemmen. 

[0013] Wahrend der Stand der Technik Losungen 
fur die obengenannten Probleme, wie oben disku­
tiert, vorschlagt, leidet jede der Losungen des Stands 
der Technik an anderen Defiziten, entweder in Be­
zug auf Komplexitat, Kosten oder die Anfalligkeit tor 
Fehlfunktionen. Folglich existiert ein Bedarf in diesem 
technischen Gebiet nach weiteren Verbesserungen 
fur Starthilfevorrichtungen von Fahrzeugen. Zusam­
menfassung der Erfindung. 

[0014] Die Aufgabe der Erfindung wird durch die 
Merkmale der unabhangigen Anspruche gelost. Vor­
teilhafte Ausgestaltungen sind den Unteranspruchen 
zu entnehmen. 

[0015] Gema!!, einem Aspekt der Erfindung, wird ei­
ne Vorrichtung zur Starthilfe eines Fahrzeugmotors 
bereitgestellt, die Folgendes aufweist: eine interne 
Spannungsversorgung; einen positiv und negativ ge­
polte Ausgange aufweisenden Ausgangsanschluss; 
einen Fahrzeugbatterie-lsolationssensor, der mit den 
positiv und negativ gepolten Ausgangen in einer 
Schaltung verbunden ist und zur Detektion des Vor­
handenseins einer Fahrzeugbatterie konfiguriert ist, 
die zwischen den positiv und negativ gepolten Aus­
gangen angeschlossen ist; einen Verpolungssensor, 
der in einer Schaltung mit den positiv und negativ ge­
polten Ausgangen verbunden ist und zur Detektion 
der Polaritat einer Fahrzeugbatterie konfiguriert ist, 
die zwischen den positiv und negativ gepolten Aus­
gangen angeschlossen ist; einen Spannungs-FET-
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Schalter, der zwischen der internen Spannungsver­
sorgung und dem Ausgangsanschluss angeschlos­
sen ist; und ein Mikrocontroller, der zum Empfan­
gen von Eingabesignalen vom Fahrzeug-lsolations­
sensor und Verpolungssensor und zum Bereitstel­
len eines Ausgabesignals an den Spannungs-FET­
Schalter so konfiguriert ist, dass der Spannungs­
FET-Schalter als Antwort auf Signale der Senso­
ren, die das Vorhandensein einer Fahrzeugbatterie 
am Ausgangsanschluss und die passende Polver­
bindung van positiven und negativen Anschlussen 
der Fahrzeugbatterie mit positiv und negativ gepol­
ten Ausgangen anzeigen, eingeschaltet wird, um die 
interne Spannungsversorgung mit dem Ausgangsan­
schluss zu verbinden. 

[0016] Gemar.. einem weiteren Aspekt der Erfin­
dung, besteht die interne Spannungsversorgung aus 
einer wieder aufladbaren Lithiumionenbatterieein­
heit. 

[0017] Gemar.. noch einem weiteren Aspekt der Er­
findung, wird eine Starthilfekabelvorrichtung bereit­
gestellt, die einen Stecker aufweist, der zum Einste­
cken in einen Ausgangsanschluss einer tragbaren 
Vorrichtung zur Batterieladestarthilfe, die eine interne 
Spannungsversorgung aufweist, konfiguriert ist; ein 
Kabelpaar, an dessen jeweiligem einen Ende der Ste­
cker integriert ist; wobei das Kabelpaar zum getrenn­
ten AnschlieP.,en an die Anschlusse einer Batterie an 
dessen jeweiligem anderen Ende konfiguriert ist. 

Figurenliste 

Fig. 1 stellt einen Funktionsplan einer tragba­
ren Vorrichtung zur Batteriestarthilfe von Fahr­
zeigen gemal1 einem Aspekt der vorliegenden 
Erfindung dar; 

Fig. 2A-Fig. 2C stellen schematische Schaltpla­
ne einer beispielhaften Ausfuhrungsform einer 
tragbaren Vorrichtung zur Batteriestarthilfe von 
Fahrzeugen gemal1 einem Aspekt der vorliegen­
den Erfindung dar; 

Fig. 3 stellt eine perspektivische Ansicht einer 
tragbaren Vorrichtung zur Starthilfe gemaB ei­
ner beispielhaften Ausfuhrungsform der vorlie­
genden Erfindung dar; und 

Fig. 4 stellt eine Draufsicht eines Starthilfeka­
bels dar, das mit der tragbaren Vorrichtung zur 
Starthilfe gemal5 einem weiteren Aspekt der vor­
liegenden Erfindung verwendbar ist. 

Detaillierte Beschreibung der Erfindung 

[0018] Fig. 1 stellt einen Funktionsplan einer trag­
baren Vorrichtung zur Batteriestarthilfe gemal5 einem 
Aspekt der vorliegenden Erfindung dar. Das Herz­
stuck der tragbaren Vorrichtung zur Batteriestarthil­
fe ist eine Lithiumpolymerbatterieeinheit 32 , die ge-

nugend Energie speichert, um einem Fahrzeugmotor 
Starthilfe zu leisten, welcher von einer konventionel­
len 12 Volt Bleisaure- oder von einer durch ein Ven­
til regulierten Bleisaure-Batterie beliefert wird. In ei­
ner beispielhaften Ausfuhrungsform weist eine Ober­
spannungslithiumpolymerbatterieeinheit drei 3,7 V, 
2666 mAh Lithiumpolymerbatterien in einer 3S1 P­
Konfiguration auf. Die sich ergebende Batterieeinheit 
liefert 11, 1 V, 2666 Ah (8000 Ah bei 3,7 V, 29,6 
Wh). Ein kontinuierlicher Entladungsstrom betragt 25 
C (oder 200 A), und eine Entladungsstromspitze be­
tragt 50 C (oder 400 A). Der maxima le Ladungsstrom 
der Batterieeinheit betragt 8000 mA (8 A). 

[0019] Eine programmierbare Mikrocontrollereinheit 
(MCU) 1 erhalt verschiedene Eingaben und erzeugt 
Informations- als auch Steuerungsausgaben. Die 
programmierbare MCU 1 stellt ferner eine Flexibilitat 
fur das System bereit, in dem es Aktualisierungen der 
Funktionalitat und der Systemparameter zulasst, oh­
ne eine Anderung der Hardware zu benotigen. Ge­
ma!?, einer beispielhaften Ausfuhrungsform wird ein 8-
bit-Mikrocontroller mit einem 2K x 15-bit-Flash-Spei­
cher verwendet, um das System zu steuern. Ein sol­
cher Mikrocontroller ist HT67F30, der kommerziell bei 
Holtek Semiconductors Inc. erhaltlich ist. 

[0020] Eine Autobatterie-Verpolungssensor 10 uber­
wacht die Polung der Fahrzeugbatterie 72, wenn die 
tragbare Vorrichtung zur Batteriestarthilfe mit dem 
elektrischen System des Fahrzeugs verbunden wird. 
Wie unten erklart, verhindert die Starthilfevorrichtung, 
dass die Lithiumbatterieeinheit mit der Fahrzeugbat­
terie 72 verbunden wird, wenn die Anschlusse der 
Batterie 72 mit den falschen Anschlussen der Starthil­
fevorrichtung verbunden sind. Ein Autobatterie-lsola­
tionssensor 12 detektiert, ob ein eine Fahrzeugbatte­
rie 72 mit der Starthilfevorrichtung verbunden ist oder 
nicht, und verhindert, dass die Lithiumbatterieeinheit 
mit den Ausgangsanschlussen der Starthilfevorrich­
tung verbunden wird, es sei denn, dass eine gute (z. 
B. aufladbare) Batterie an die Ausgangsanschlusse
angeschlossen ist.

[0021] Ein smart-switch-FET-Schaltung 15 schaltet 
die Lithiumbatterie der tragbaren Vorrichtung zur Bat­
teriestarthilfe elektrisch an das elektrische System 
des Fahrzeugs, nur wenn bestimmt wird, dass die 
Fahrzeugbatterie durch die MCU 1 als vorhanden er­
fasst wird (als Antwort auf ein van einem Isolations­
sensor 12 bereitgestelltes Detektionssignal) und mit 
der passenden Polung angeschlossen ist (als Ant­
wort auf ein von einem Verpolungssensor 10 be­
reitgestelltes Detektionssignal). Ein Lithiumbatterie­
Temperatursensor 20 uberwacht die Temperatur der 
Lithiumbatterieeinheit 32, um eine Oberhitzung auf­
grund von hohen Umgebungstemperaturbedingun­
gen und Obermalsiger Stromabgabe wahrend des 
Starthilfevorgangs zu detektieren. Eine Lithiumbat­
terie-Spannungsmessungsschaltung 24 uberwacht 
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die Spannung der Lithiumbatterieeinheit 32, um das 

Spannungspotential daran zu hindern, wahrend ei­

nes Ladevorgangs zu hoch zusteigen, und wahrend 

eines Entladevorgangs zu tief zu fallen 

[0022] Lithiumbatterie-Ruckladungsschutzdioden 

28 verhindern, dass irgendein Ladungsstrom, der an 

die Fahrzeugbatterie 72 geliefert wird, vom elektri­

schen System des Fahrzeugs in die Lithiumbatterie­

einheit 32 zuruckflie�t. Eine Blitzlicht-LED-Schaltung 

36 wird bereitgestellt, um eine Blitzlicht-Funktion zur 

Verstarkung des Lichts unter der Fahrzeughaube bei 

dunklen Bedingungen zu liefern, sowie SOS- und St­

roboskoplichtfunktionen aus Sicherheitsgrunden be­

reitzustellen, wenn ein Fahrzeug an einem potentiell 

gefahrlichen Ort fahruntauglich wird. Ein Spannungs­

regler 42 stellt eine Regulierung der internen Be­

triebsspannung fur den Mikrocontroller und die Sen­

soren bereit. Ein manueller Modus- und Blitzlicht-Ein/ 

Aus-Schalter 46 erlauben es dem Nutzer, das Ein­

schalten der tragbaren Vorrichtung zur Batterielade­

starthilfe zu steuern, um den manuellen Starthilfebe­

trieb zu steuern, wenn das Fahrzeug keine Batterie 

aufweist, und die Blitzlichtfunktion zu steuern. Der 

manuelle Knopf funktioniert nur, wenn die Starthil­

fevorrichtung eingeschaltet ist. Dieser Knopf erlaubt 

es dem Nutzer, Fahrzeugen Starthilfe zu leisten, de­

nen entweder eine Batterie fehlt, oder deren Batterie­
spannung so niedrig ist, dass eine automatische De­

tektion durch die MCU nicht m6glich ist. Wenn der 

Nutzer den manuellen Starthilfeknopf druckt und fur 

eine vorbestimmte Zeit (wie z. B. drei Sekunden) ge­

drOckt halt, um eine ungewollte Betatigung des ma­

nuellen Modus zu verhindern, wird die Spannung der 

internen Lithiumionenbatterie auf den Fahrzeugbat­

terie-Verbindungsanschluss geschaltet. Die einzige 

Ausnahme zum manuellen Starthilfebetrieb erfolgt, 

wenn die Autobatterie verpolt wurde. Wenn die Auto­

batterie verpolt wurde, sollte die Spannung der inter­

nen Lithiumbatterie niemals auf den Fahrzeugbatte­
rie-Verbindungsanschluss geschaltet werden. 

[0023] Eine USB-Ladeschaltung 52 wandelt eine 

Spannung von irgendeiner der USB-Ladespannungs­

quellen um, so dass Spannung und Strom zum Laden 

der Lithiumbatterieeinheit 32 geladen werden. Ein 

USB-Ausgang 56 stellt eine tragbare USB-Ladevor­

richtung zum Laden von Smartphones, Tablet-Com­

putern (im Folgenden Tablet genannt) und weite­

ren wieder aufladbaren elektronischen Vorrichtungen 

bereit. LEDs zur Betriebszustandsanzeige 60 stel­

len eine visuelle Anzeige des Lithiumbatterie-Kapazi­
tatsstatus sowie eine Anzeige des Aktivierungsstatus 

des smart-switchs dar (die anzeigt, dass dem elektri­

schen System eine Spannung bereitgestellt wird). 

[0024] Ein detaillierter Betrieb der tragbaren Start­

hilfevorrichtung wird nun gema� den schematischen 

Diagrammen der Fig. 2A bis Fig. 2C beschrieben 

werden. Wie in Fig. 2A gezeigt, stellt die Mikrocon-

trollereinheit 1 das Zentrum aller Ein- und Ausgan­

ge dar. Der Batterie-Verpolungssensor 10 umfasst 

einen optisch gekoppelten lsolationsphototransistor 

(4N27), der mit den AnschlOssen der Fahrzeugbat­

terie 72 an den Eingangspins 1 und 2 mit einer Di­
ode 08 im Leiterdraht des Pins 1 (der am negati­

ven Anschluss CB- angeschlossen ist), so dass, falls 

die Batterie 72 mit den Anschlussen der Starthilfe­

vorrichtung mit passender Polung verbunden ist, die 

LED des optischen Kopplers 11 keinen Strom leiten 

wird, und deshalb ausgeschaltet wird, wobei der MCU 

1 eine ,,1" oder ein hohes Ausgabesignal bereitge­

stellt wird. Der Autobatterie-lsolationssensor 12 um­

fasst einen optisch gekoppelten lsolationsphototran­

sistor (4N27), der mit den Anschlussen der Fahrzeug­

batterie 72 an den Eingangspins 1 und 2 mit einer Di­

ode 07 im Leitungsdraht des Pins 1 (angeschlossen 

an den positiven Anschluss CB+) verbunden ist, so 

dass, falls die Batterie 72 an die Anschli.isse der Start­

hilfevorrichtung mit der passenden Polung verbun­

den ist, die LED des optischen Kopplers 11A einen 

Strom leiten wird, und deshalb eingeschaltet wird, 

wobei der MCU eine ,,O'' oder ein niedriges Ausga­

besig nal bereitgestellt wird, und das Vorhandensein 

einer Batterie Ober die StarthilfeausgangsanschlOsse 

der tragbaren Starthilfevorrichtung anzeigt. 

[0025] Falls die Autobatterie 72 mit der tragbaren 

Starthilfevorrichtung verpolt verbunden ist, wird die 
LED des optischen Kopplers 11 des Verpolungssen­

sors 10 den Strom leiten, wobei der Mikrocontroller­

einheit 1 eine ,,O" oder ein niedriges Signal bereitge­

stellt wird. Ferner, falls keine Batterie mit der tragba­

ren Starthilfevorrichtung verbunden ist, wird die LED 

des optischen Kopplers 11A des lsolationssensors 

12 keinen Strom leiten und wird deshalb ausgeschal­
tet, wobei der MCU eine ,, 1" oder ein hohes Ausga­

besignal bereitgestellt wird, das die Abwesenheit ir­

gendeiner mit der tragbaren Starthilfevorrichtung ver­

bundener Batterie anzeigt. Unter Verwendung die­

ser spezifischen Eingaben kann die Mikrocontroller­

software der MCU 1 bestimmen, wann es sicher 

ist, den smart-switch-FET 15 einzuschalten, wodurch 

die Lithiumbatterieeinheit mit den Starthilfeanschli.is­

sen der Starthilfevorrichtung verbunden wird. Folglich 

kann die MCU 1 den smart-switch-FET-Schaltung 15 
davor bewahren, eingeschaltet zu werden und somit 
das Erzeugen von Funken/Kurzschlussen der Lithi­

umbatterieeinheit verhindert werden, wenn die Auto­

batterie 72 entweder Oberhaupt nicht mit der Starthil­

fevorrichtung verbunden ist oder verpolt verbunden 

ist. 

[0026] Wie in Fig. 28 gezeigt, wird der smart-switch­

FET 15 durch eine Mikrocontrollerausgabe 1 ange­
steuert. Der FET-smart-switch 15 weist drei FETs 

(Q15, Q18 und Q19) in Parallelschaltung auf, die die 

Spannung der Lithiumbatterieeinheit verteilt. Wenn 

diese Mikrocontrollerausgabe in einen logisch niedri­

gen Zustand gesteuert wird, befinden sich die FETs 
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16 alle in einem Hochwiderstandszustand, weswe­

gen kein Stromfluss vom negativen Kontakt 17 der 

internen Lithiumbatterie zum negativen Kontakt der 

Autobatterie 72 zugelassen wird. Wenn die Mikrocon­

trollerausgabe in einen logisch hohen Zustand ge­

steuert wird, sind die FETs 16 (Q15, Q18, Q19) in 

einem Niedrigwiderstandszustand, der einen freien 

Stromfluss vom negativen Kontakt 17 (LB-) der in­

ternen Lithiumbatterieeinheit zum negativen Kontakt 

(CB-) der Autobatterie 72 zulasst. Auf diese Art steu­

ert die Mikrocontrollersoftware die Verbindung der in­

ternen Lithiumbatterieeinheit 32 mit der Fahrzeugbat­

terie 72, um dem Fahrzeugmotor Starthilfe zu leisten. 

[0027] Gemal1 Fig. 2A, kann die Spannung der in­

ternen Lithiumbatterieeinheit unter Verwendung der 

Schaltung 24 und einem der Analog-zu-Digital-Ein­

gange des Mikrocontrollers 1 prazise gemessen wer­

den. Die Schaltung 24 ist vorgesehen, um zu erfas­

sen, wann die Spannung des Haupt-3,3 V-Reglers 42 

eingeschaltet ist und den Transistor 23 einzuschal­

ten, wenn die Spannung des Reglers 42 eingeschal­

tet ist. Wenn der Transistor 23 leitet, schaltet er den 

FET 22 ein, womit dem positiven Kontakt (LB+) der 

internen Lithiumbatterie ein leitender Pfad zu einem 

Spannungsteiler 21 bereitgestellt wird, der es zulasst, 

der Mikrocontrol!er einen niedrigeren Spannungsbe­

reich zum Einlesen zuzufuhren. Durch Verwendung 

dieser Eingabe kann die Mikrocontrollersoftware be­

stimmen, ob die Lithiumbatteriespannung wahrend 

des Entladevorgangs zu niedrig oder wahrend des 

Aufladevorgangs zu hoch ist, und sie kann eine ent­

sprechende Mal!>nahme zur Verhinderung der Be­

schadigung der elektronischen Komponenten unter­

nehmen. 

[0028] Weiterhin kann gemal1 Fig. 2A durch zwei 

Vorrichtungen 20 mit negativem Temperaturkoeffizi­

enten (NTC) die Temperatur der internen Lithium­

batterieeinheit 32 prazise gemessen werden. Dies 

sind Vorrichtungen, die ihren Widerstand verringern, 

wenn ihre Temperatur steigt. Die Schaltung stellt 

einen Spannungsteiler dar, der das Ergebnis den 

beiden Analog-zu Digital-(A/D)-Eingange dem Mikro­

controller zufuhrt. Die Mikrocontrollersoftware kann 

dann bestimmen, wann die interne Lithiumbatterie zu 

heil1 ist, um einen Starthilfevorgang zuzulassen, wo­

durch der Aufbau Betriebssicherheit erhalt. 

[0029] Die Hauptspannungsreglerschaltung 42 ist 
so gestaltet, dass die Spannung der internen Li­

thiumbatterie in einen geregelten Wert von 3,3 V 

umgewandelt wird, der vom Mikrocontroller 1 so­

wie von anderen Komponenten der Starthilfevor­

richtung fur die interne Betriebsspannung verwen­

det wird. Drei Lithiumbatterie-Ruckaufladungs-(back­

charging)-Schutzdioden 28 (siehe Fig. 28) werden 

eingesetzt, um den Stromfluss nur von der internen 

Lithiumbatterieeinheit 32 zur Autobatterie 72 zuzu­

lassen, und nicht von der Autobatterie zur internen 

Lithiumbatterie. Auf diese Art kann, falls das elektri­

sche System des Autos von seiner Lichtmaschine ge­

laden wird, die interne Lithiumbatterie nicht ruckauf­

laden (und hierbei beschadigt werden ), was eine wei­

tere Stufe der Betriebssicherheit bereitstellt. 

[0030] Der Hauptspannungseinschalter 46 (Fig. 2A) 

ist eine Kombination, die einen Doppelpol- oder Zwei­

wegebetrieb zulasst, so dass das Produkt mit einem 

Drucken eingeschaltet werden kann, wenn es sich 

im Aus-Zustand befindet, oder ausgeschaltet werden 

kann, wenn es sich im EIN-Zustand befindet. Die­

se Schaltung verwendet auch einen Mikrocontroller­

ausgang 47, um die Spannung aufrecht zu erhal­

ten, wenn die Schaltung durch den Ein-Schalter akti­

viert wurde. Wenn der Schalter gedruckt wird, schiebt 

der Mikrocontroller diesen Ausgang auf eine Hochlo­

gikstufe, um die Spannung ,,am Leben" zu erhalten, 

wenn der Schalter losgelassen wird. Auf diese Art be­

halt der Mikrocontroller die Kontrolle, wenn die Span­

nung ausgeschaltet wird, wenn der Ein-/Aus-Schal­

ter wieder aktiviert wird, oder wenn die Uthiumbatte­

riespannung zu niedrig wird. Die Mikrocontrollersoft­

ware weist auch einen Zeitschalter auf, der die Span­

nung nach einer vorbestimmten Zeitdauer (wie z. B. 

8 Stunden) bei Nichtverwendung ausschaltet. 

[0031] Die Blitzlicht-LED-Schaltung 45, die in 

Fig. 28 gezeigt wird, steuert den Betrieb der Blitz­

licht-LEDs. Zwei Ausgange des Mikrocontrollers 1 

sind den beiden separaten LEDs zugeordnet. Da­

her konnen die LEDs zur Ausbildung von Strobosko­

pen und SOS-Mustern unabhangig software-gesteu­

ert werden, was der Starthilfevorrichtung noch ein 

weiteres Sicherheitsmerkmal hinzugefugt. LED-An­

zeigen geben dem Betreiber die Ruckmeldung, die 

dieser braucht, um zu verstehen, was mit dem Pro­

dukt passiert Vier separate LEDs 61 (Fig. 2A) wer­

den durch entsprechende einzelne Ausgange des 

Mikrocontrollers 1 gesteuert, um eine Anzeige der 

verbleibenden Kapazitat der internen Lithiumbatterie 

bereitzustellen. Diese LEDs werden in einem For­

mat vergleichbar dem einer ,,Kraftstoffanzeige" mit 

25%-, 50%-, 75%- und 100%-(rot, rot, gelb, grun)­

Kapazitatsanzeigen gesteuert. Eine LED-Anzeige 63 

(Fig. 28) gibt dem Benutzer eine visuelle Warnung, 

wenn die Fahrzeugbatterie 72 verpolt angeschlossen 

warden ist Starthilfe- und Ein-/Aus-LEDs 62 stellen 

jeweils visuelle Anzeigen bereit, wenn die Starthilfe­

vorrichtung Starthilfespannung bereitstellt, und wenn 

die Starthilfevorrichtung eingeschaltet wird. 

[0032] Eine USB-Ausgangsschaltung 56 (Fig. 2C) 

weist einen USB-Ausgang auf, zum Laden von trag­

baren elektronischen Vorrichtungen, wie z. B. Smart­

phones durch die interne Lithiumbatterieeinheit 32. 

Eine Steuerschaltung 57 des Mikrocontrollers 1 lasst 

es zu, den USB-Ausgang 56 durch die Software­

steuerung ein- oder auszuschalten, um zu verhin­

dern, dass die interne Lithiumbatterie eine zu niedrige 
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Kapazitat erreicht. Die USB-Ausgabe wird mittels ei­
ner Standard-USB-Verbindung 58 an das Au�ere der 
Vorrichtung gefuhrt, wobei die Standard-USB-Verbin­
dung 58 den erforderlichen Standardspannungsteiler 
aufweist, um es zu ermoglichen, Smartphones eine 
bestimmte Spannung zuzufuhren, die sie benotigen­
den 

[0033] Die USB-Ladeschaltung 52 lasst es zu, dass 
die interne Batterieeinheit 32 durch eine Standard­
USB-Ladevorrichtung geladen wird. Dieser Span­
nungseingang verwendet eine Standard-Mikro-USB­
Verbindung 48, die es erlaubt, Standardkabel zu ver­
wenden. Das von der Standard-USB-Ladevorrich­
tung bereitgestellte Potential von 5 V wird in 12,4 V 
DC-Spannung hochgewandelt, das zum Laden der
internen Lithiumbatterieeinheit unter Verwendung ei­
nes DC-DC-Konverters 49 benotigt wird. Der DC-DC­
Konverter 49 kann durch die Schaltung 53 mittels ei­
nes Mikrocontrollerausgangs 1 ein- und ausgeschal­
tet werden.

[0034] 036 Auf diese Art kann die Mikrocontroller­
software den Ladevorgang ausschalten, falls die Bat­
teriespannung durch den A/D-Eingang 22 als zu hoch 
bestimmt worden ist. Zusatzliche Betriebssicherheit 
wird zur Abhilfe der Beseitigung von Oberladung der 
internen Lithiumbatterie durch Verwendung einer Li­
thiumbatterie-Ladesteuerung 50 bereitgestellt, die ei­
nen Ladungsausgleich der internen Lithiumbatterie­
zellen 51 bereitstellt. Diese Steuerung stellt auch eine 
redundante Betriebssicherheit zur Beseitigung von 
Oberladung der internen Lithiumbatterie bereit. 

[0035] Fig. 3 stellt eine perspektivische Ansicht ei­
ner tragbaren Vorrichtung 300 gema� einer beispiel­
haften Ausfuhrungsform der Erfindung dar. 301 ist 
ein Spannungseinschalter. 302 zeigt die LED-,,Kraft­
stoff'-Anzeigen 61 . 303 zeigt einen 12 V-Ausgangs­
anschluss, der mit einer weiter unten beschriebe­
nen Kabelvorrichtung 400 verbindbar ist. 304 zeigt 
einen Blitzlichtsteuerungsschalter zum Aktivieren der 
Blitzlicht-LEDs 45. 305 stellt einen USB-Eingangs­
anschluss zum Laden der internen Lithiumbatterie 
dar, und 306 ist ein USB-Ausgangsanschluss, um an­
deren tragbaren Vorrichtungen, wie z. B. Smartpho­
nes, Tablets, Musikspieler, usw., Ladung durch die 
Lithiumbatterie bereitzustellen. 307 stellt eine ,,Start­
hilfe-Ein"-Anzeige dar, die anzeigt, dass die Span­
nung dem 12 V-Ausgangsanschluss bereitgestellt 
wird. 308 stellt eine Verpolungsanzeige dar, die an­
zeigt, dass die Fahrzeugbatterie in Bezug auf die Po­
lung falsch verbunden ist. 309 stellt eine ,,Spannung­
Ein"-Anzeige dar, die anzeigt, dass die Vorrichtung 
fur den Betrieb hochgefahren ist 

[0036] Fig. 4 zeigt eine Starthilfekabelvorrichtung 
400, die insbesondere tor eine Verwendung mit der 
tragbaren Vorrichtung 300 ausgestaltet ist. Die Vor­
richtung 400 weist einen Stecker 401 auf, der so ge-

staltet ist, dass er in den 12 V-Ausgangsanschluss 
303 der tragbaren Vorrichtung 300 einsteckt werden 
kann. Der Stecker 401 ist in einem Kabelpaar 402a 

und 402b integriert, und die Kabel sind jeweils mit den 
Batterieanschlussklemmen 403a und 403b mittels 
Ringanschlussen 404a und 404b verbunden. Der An­
schluss 303 und der Stecker 401 konnen so dimen­
sioniert werden, dass der Stecker 401 nur in den An­
schluss 303 in einer bestimmten Orientierung passt, 
wodurch gesichert ist, dass die Klemme 403a einer 
positiven Polung entsprechen wird, und die Klem­
me 403b einer negativen Polung entsprechen wird, 
wie darauf angegeben. Zusatzlich konnen die Ring­
anschlusse 404a und 404b von den Klemmen ge­
trennt werden und direkt mit den Anschlussen der 
Fahrzeugbatterie verbunden werden. Dieses Merk­
mal kann nutzlich sein, um beispielsweise die Kabel 
402a bis 402b dauerhaft mit der Fahrzeugbatterie zu 
verbinden. Im Falle einer Erschopfung der Batterie­
spannung konnte die tragbare Starthilfevorrichtung 
300 durch Einstecken des Steckers 401 in den An­
schluss 303 in sehr einfacher Weise passend mit der 
Batterie verbunden werden. 

[0037] Es folgen Austohrungsbeispiele: 

1. Vorrichtung zur Starthilfe eines Fahrzeugmo­
tors, umfassend: eine interne Spannungsver­
sorgung (32); einen positiv und negativ gepol­
te Ausgange (CB-, CB+) aufweisenden Aus­
gangsanschluss (303); einen Fahrzeugbatterie­
lsolationssensor (12), der mit den positiv und
negativ gepolten Ausgangen (CB-, CB+) in ei­
ner Schaltung verbunden ist, und zur Detekti­
on des Vorhandenseins einer Fahrzeugbatterie
(32), die zwischen den positiv und negativ ge­
polten Ausgangen (CB-, CB+) angeschlossen
ist, konfiguriert ist; einen Verpolungssensor (10),

der in einer Schaltung mit den positiv und nega­
tiv gepolten Ausgangen (CB-, CB+) verbunden
ist, und zur Detektion der Polaritat einer Fahr­
zeugbatterie (72), die zwischen den positiv und
negativ gepolten Ausgangen (CB-, CB+) ange­
schlossen ist, konfiguriert ist; ein Spannungs­
FET-Schalter (15), der zwischen der internen
Spannungsversorgung (32) und dem Ausgangs­
anschluss (305) angeschlossen ist; und ein Mi­
krocontroller (1 ), der zum Empfangen von Einga­
besignalen vom Fahrzeug-lsolationssensor (12)

und vom Verpolungssensor (10) und zum Be­
reitstellen eines Ausgabesignals an den Span­
nungs-FET-Schalter (15) so konfiguriert ist, dass
der Spannungs-FET-Schalter (15) als Antwort
auf Signale der Sensoren, die das Vorhanden­
sein einer Fahrzeugbatterie (72) am Ausgangs­
anschluss (303) und die passende Polverbin­
dung von positiven und negativen Anschlussen
der Fahrzeugbatterie (72) mit positiv und negativ
gepolten Ausgangen (CB-, CB+) anzeigen, ein­
geschaltet wird, um die interne Spannungsver-
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sorgung (32) mit dem Ausgangsanschluss (303) 

zu verbinden. 

2. Die Vorrichtung gemal5 AusfOhrungsbeispiel

1, wobei die interne Spannungsversorgung (32)

eine Lithiumionenbatterie umfasst.

3. Vorrichtung gemal1 AusfOhrungsbeispiel 2,

wobei die Lithiumionenbatterie eine Batterieein­
heit aus mehreren Lithiumionenbatterien um­

fasst.

4. Vorrichtung gema8. irgendeinem der vorange­
henden Ausfuhrungsbeispiele, wobei der Span­

nungs-FET-Schalter (15) eine Vielzahl von FETs

in Parallelschaltung (16) umfasst.

5. Vorrichtung gemal5 irgendeinem der vorange­

henden AusfOhrungsbeispiele, wobei der Fahr­
zeug-lsolationssensor (12) und der Verpolungs­

sensor (10) optisch gekoppelte lsolationsphoto­
transistoren umfassen.

6. Vorrichtung gema8. irgendeinem der voran­

gehenden Ausfuhrungsbeispiele, ferner umfas­
send eine Vielzahl von Spannungsdioden (28),

die zwischen den Ausgangsanschluss (303) und
der internen Spannungsversorgung (32) gekop­

pelt sind, um eine Ruckaufladung der inter­

nen Spannungsversorgung (32) durch ein an
den Ausgangsanschluss (303) angeschlosse­
nes elektrisches System zu verhindern.

7. Vorrichtung gemar.. irgendeinem der voran­
gehenden AusfOhrungsbeispiele, ferner umfas­

send einen Temperatursensor (20) zur Detekti­
on der Temperatur der internen Spannungsver­
sorgung (32) und zum Bereitstellen eines Tem­

peratursignals an den Mikrocontroller (1).

8. Vorrichtung gemal1 irgendeinem der voran­

gehenden Ausfuhrungsbeispiele, ferner umfas­

send eine Spannungsmessungsschaltung (24),

die zur Messung der Ausgabespannung der in­
ternen Spannungsversorgung (32) und zum Be­

reitstellen eines Spannungsmessungssignals an
den Mikrocontroller (1) konfiguriert ist.

9. Vorrichtung gemal3. irgendeinem der vor­

angehenden Ausfuhrungsbeispiele, ferner um­
fassend ein Spannungsregler (42), der zur
Umwandlung der Ausgabespannung der inter­

nen Spannungsversorgung (32) in einen Span­

nungspegel konfiguriert ist, der geeignet ist, um
internen Komponenten der Vorrichtung eine Be­

triebsspannung bereitzustellen.

10. Vorrichtung gemal1 irgendeinem der vor­

angehenden Ausfuhrungsbeispielen, ferner um­

fassend einen USB-Ausgangsanschluss (56),

der zum Bereitstellen einer Ladungsspannung

der internen Spannungsversorgung (32) an eine
USB-ladbare Vorrichtung konfiguriert ist.

8/26 

11. Vorrichtung gemar.. irgendeinem der voran­

gehenden Ausfuhrungsbeispiele, ferner umfas­
send einen USB-Ladeanschluss (52), der zum

Bereitstellen einer Ladespannung von einer ex­
ternen Spannungsquelle an die interne Span­
nungsversorgung (32) konfiguriert ist.

12. Vorrichtung gemal1 irgendeinem der voran­

gehenden AusfOhrungsbeispiele, ferner umfas­
send einen Blitzlicht-Schaltung (36, 45), die zum

Bereitstellen einer Lichtquelle fur einen Nutzer
konfiguriert ist.

13. Vorrichtung gemal1 Ausfuhrungsbeispiel 12,

wobei die Lichtquelle mindestens eine LED ist.

14. Vorrichtung gemal1 Ausfuhrungsbeispiel 13,

wobei der Mikrocontroller (1) zur Kontrolle der

mindestens einen LED konfiguriert ist, um einen
visuellen Alarm zur Anzeige einer Notsituation

bereitzustellen.

15. Vorrichtung gemal1 irgendeinem der vor­
angehenden Ausfuhrungsbeispiele, ferner um­

fassend eine Vielzahl von visuellen Anzeigen

(61), die zur Anzeige des verbleibenden Kapa­
zitatszustands der internen Spannungsversor­
gung (32) konfiguriert sind.

16. Vorrichtung gemal1 Ausfuhrungsbeispiel 15,

wobei die Vielzahl von visuellen Anzeigen (61)

eine Vielzahl von LEDs umfassen, die Licht ver­

schiedener Farben ausgeben.

17. Vorrichtung gemar.. irgendeinem der voran­

gehenden Ausfuhrungsbeispiele, ferner umfas­
send eine visuelle Anzeige (63), die zur War­

nung eines Benutzers konfiguriert ist, wenn eine
Batterie verpolt angeschlossen ist.

18. Vorrichtung gemal1 irgendeinem der voran­

gehenden Ausfuhrungsbeispiele, ferner umfas­

send getrennte visuelle Anzeigen (62), die zur

Anzeige des Spannung-An-Status der Vorrich­
tung und zur Anzeige des Status der Starthil­
fespannung der dem Ausgangsanschluss (303)

bereitgestellten Spannung konfiguriert ist.

19. Vorrichtung gemal1 irgendeinem der vor­

angehenden Ausfuhrungsbeispiele, ferner um­

fassend einen manuelle Starthilfeschalter, der

zum Aktivieren eines manuellen Starthilfemodus
konfiguriert ist, der es einem Benutzer ermbg­

licht, die Starthilfespannung mit dem Ausgangs­
anschluss (303) zu verbinden, wenn der Fahr­

zeugbatterie-lsolationssensor (12) das Vorhan­

densein einer Fahrzeugbatterie nicht detektieren
kann.

20. Vorrichtung gemaB Ausfuhrungsbeispiel 19,

wobei der Mikrocontroller (1) zur Detektion der

manuellen Starthilfeschaltung fur mindestens ei­
ne vorbestimmte Zeitdauer vor dem Aktivieren

des manuellen Starthilfemodus konfiguriert ist.

EXHIBIT 1002 
Petitioner ADC (IPR2024-00577)Page 1289 of 2235



DE 20 2014 011 413 U1 

21. Vorrichtung gemar3, irgendeinem der voran­

gehenden Ausfuhrungsbeispiele, ferner umfas­

send eine Starthilfekabelvorrichtung (400), die

einen Stecker (401) umfasst, zum Einstecken in

den Ausgangsanschluss, ein Kabelpaar (402a,

402b), an dessen jeweiligem einen Ende der

Stecker ( 401) integriert ist und zum Anschlier3,en

an die Anschlusse einer Batterie an dessen je­

weiligem anderen Ende konfiguriert sind.

22. Vorrichtung gemar3, Ausfuhrungsbeispiel 21,

wobei das Starthilfekabel ferner ein Paar van

Ringanschlussen (404a, 404b) umfasst, die zum

jeweiligen Verbinden des Kabelpaars (402a,

402b ) an dessen anderem Ende mit einem En­

de eines Batterieanschlusses oder einer Batte­

rieanschlussklemme konfiguriert sind.

23. Vorrichtung gemar3, irgendeinem der Ausfuh­

rungsbeispiele 21 oder 22, wobei der Ausgangs­

anschluss (303) und der Stecker (401) so dimen­

sioniert sind, dass der Stecker (401) nur in ei­

ner bestimmten Orientierung in den Ausgangs­

anschluss (303) passt

24. Eine Starthilfekabelvorrichtung (400), umfas­

send: einen Stecker (401), der zum Stecken in

einen Ausgangsanschluss (303) einer tragbaren

Vorrichtung zur Batterieladestarthilfe (300) kon­

figuriert ist, die eine interne Spannungsversor­

gung aufweist; ein Kabelpaar (402a, 402b), das

mit dem Stecker (401) an dessen einen entspre­

chenden Ende integriert ist; wobei das Kabel­

paar (402a, 402b) so konfiguriert ist, dass es ge­

sondert an Anschlussen einer Batterie mit des­

sen entsprechend anderem Ende angeschlos­

sen werden soll.

25. Starthilfekabelvorrichtung (400) gemal1 Aus­

fuhrungsbeispiel 24, ferner umfassend ein Paar

van Ringanschlussen (404a, 404b), die zum

jeweiligen Verbinden des Kabelpaars (402a,

402b) an dessen anderen Ende mit einem Batte­

rieanschluss oder einer Batterieanschlussklem­

me konfiguriert sind.

26. Starthilfekabelvorrichtung (400) gemar3, ir­

gendeinem der Ausfuhrungsbeispiele 24 oder

25, wobei der Ausgangsanschluss (303) und der

Stecker (401) so dimensioniert sind, dass der

Stecker (401) nur in einer bestimmten Richtung

in den Ausgangsanschluss (303) passt.
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Schutzanspri.iche 

1. Starthilfevorrichtung zum Boosten oder Aufla­

den einer verbrauchten oder entladenen Batterie, die 

einen positiven und negativen Batterieanschluss auf­

weist, die Starthilfevorrichtung umfasst: 
- eine Spannungsversorgung (32);

- einen positiven Batterieverbinder zur Verbindung

der Starthilfevorrichtung mit dem positiven Batterie­

anschluss der verbrauchten oder entladenen Batterie

(72);

- einen negativen Batterieverbinder zur Verbindung
der Starthilfevorrichtung mit dem negativen Batterie­

anschluss der verbrauchten oder entladenen Batterie

(72);

- einen Leistungsschalter (15), der Ober eine Schal­

tung mit der Spannungsversorgung (32) und den po­

sitiven und negativen Batterieverbindern verbunden
ist,

-wobei der Leistungsschalter (15) eingerichtet ist, die

Spannung von der Spannungsversorgung (32) zur

verbrauchten oder entladenen Batterie (72) ein- oder

auszuschalten, wenn diese mit den positiven und ne­

gativen Batterieverbindern verbunden ist,
- ein Leistungsschaltersteuerungssystem oder eine

Leistungsschaltersteuerungsschaltung, die mit dem

Leistungsschalter (15) verbunden ist und zur Steue­

rung des Leistungsschalters (15) vorgesehen ist,

-wobei das Leistungsschaltersteuerungssystem oder

die Leistungsschaltersteuerungsschaltung eingerich­

tet ist, das Vorhandensein der verbrauchten oder

entladenen Batterie (72) und die Polaritat der ver­

brauchten oder entladenen Batterie (72) zu detektie­

ren, wenn diese zwischen die positiven und negati­

ven Batterieverbinder geschaltet ist,

-wobei das Leistungsschaltersteuerungssystem oder
die Leistungsschaltersteuerungsschaltung die Span­

nungsversorgung (32) nur dann einschaltet, um die

Spannungsversorgung (32) mit der verbrauchten

oder entladenen Batterie (72) zu verbinden, wenn die

verbrauchte oder entladene Batterie (72) vorhanden

ist und zwischen den positiven und negativen Batte­

rieverbinder verbunden ist, und wenn die verbrauch­

te oder entladene Batterie (72) mit der richtigen Pola­

ritat zwischen den positiven und negativen Batterie­

verbinder verbunden ist.

2. Die Vorrichtung gemaf1 Anspruch 1, wobei das

Leistungsschaltersteuerungssystem oder die Leis­

tungsschaltersteuerungsschaltung einen Mikrocon­

troller (1) enthalt, der eingerichtet ist, eine Ausgabe 

zur Steuerung des Leistungsschalters (15) bereitzu­

stellen. 

3. Die Vorrichtung gemaf1 Anspruch 2, wobei der

Mikrocontroller (1) eine Eingabe von einem oder 

mehreren Sensoren empfangt, die eingerichtet sind, 

das Vorhandensein der verbrauchten oder entlade­

nen Batterie (72) und eine Polaritat der verbrauchten 
oder entladenen Batterie (72) zu detektieren, wenn 

diese zwischen den positiven und negativen Batterie­

verbinder verbunden ist. 

4. Die Vorrichtung gemaf5 Anspruch 3, wobei der

eine oder die mehreren Sensoren (10, 12) einen Sen­

sor (12) umfassen, der eingerichtet ist, das Vorhan­

densein der verbrauchten oder entladenen Batterie 

(72) zu detektieren, wenn diese zwischen den posi­
tiven und negativen Batterieverbinder verbunden ist

und einen anderen Sensor (10), der eingerichtet ist,

die Polaritat der verbrauchten oder entladenen Bat­

terie (72) zu detektieren, wenn diese zwischen den
positiven und negativen Batterieverbinder verbunden

ist.

5. Die Vorrichtung gemaf5 Anspruch 3 oder 4, wo­
bei der eine oder die mehreren Sensoren (10, 12) ei­

ne oder mehrere Erfassungsschaltungen enthalten. 

6. Die Vorrichtung gemaf5 Anspruch 2, wobei der

Mikrocontroller ( 1) den Leistungsschalter ( 15) nur 

dann einschaltet, um eine Spannung von der Span­

nungsversorgung (32) zu der verbrauchten oder ent­

ladenen Batterie (72) zu liefern, wenn die verbrauch­

te oder entladene Batterie (72) vom Mikrocontroller 

(1) als vorhanden und mit der richtigen Polaritat ver­
bunden erkannt wird.

7. Die Vorrichtung gemaf5 Anspruch 2, wobei der

Mikrocontroller (1) ein programmierbarer Mikrocon­

troller (1) ist, der eingerrchtet ist, Funktionsupdates 

und Systemparameterupdates zu ermoglichen. 

8. Die Vorrichtung gemaf1 Anspruch 7, wobei der

programmierbare Mikrocontroller (1) einen Speicher 

enthalt. 

9. Die Vorrichtung gemaf1 Anspruch 1, wobei der
positive Batterieverbinder ein positives Batteriekabel 

(402a) und der negative Batterieverbinder ein nega­

tives Batteriekabel (402b) enthalt. 

10. Die Vorrichtung gemaf5 Anspruch 9, wobei

das positive Batteriekabel (402a) eine positive Bat­

terieklemme (403a) und das negative Batterieka­

bel (402b) eine negative Batterieklemme (403b) auf­

weist. 

11 . Die Vorrichtung gemaf1 Anspruch 1, wobei die 

Spannungsversorgung (32) eine Lithiumionenbatte­

rie enthalt, die in der Starthilfevorrichtung vorhanden 

ist. 

12. Die Vorrichtung gemaf5 Anspruch 11, wobei die

Lithiumionenbatterie ein Batteriepack enthalt, wel­

ches mehrere Lithiumionenbatterien aufweist. 

13. Die Vorrichtung gemaf5 Anspruch 1, wobei der

Leistungsschalter (15) mehrere FETs enthalt, die par­

allel geschaltet sind. 
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14. Die Vorrichtung gemal1 Anspruch 4, wobei der

eine Sensor (12) ein Sensor ist, der das Vorhanden­

sein einer verbrauchten oder entladenen Batterie (72) 
erfasst und der andere Sensor (10) ein Verpolungs­
sensor ist. 

15. Die Vorrichtung gemal1 Anspruch 14, wobei der
Fahrzeugisolationssensor (12) und der Verpolungs­
sensor (10) optisch gekoppelte lsolationsphototransi­
toren enthalten. 

16. Die Vorrichtung gemal1 Anspruch 1, weiter um­
fassend mehrere Leistungsdioden (28), die zwischen 
die positiven und negativen Batterieverbinder und die 
Spannungsversorgung (32) gekoppelt sind, um eine 
Ruckaufladung der Spannungsversorgung (32) durch 
ein an die verbrauchte oder entladene Batterie (72) 
angeschlossenes elektrisches System zu verhindern. 

17. Die Vorrichtung gemal1 Anspruch 1, weiter ent­
haltend einen Ausgangsanschluss (303), der positi­
ve und negative gepolte Anschlusse zu den positiven 
und negativen Batterieverbindern aufweist. 

18. Die Vorrichtung gemal1 Anspruch 2, weiter ent­
haltend einen Temperatursensor (20) zur Detektion 
der Temperatur der Spannungsversorgung (32) und 
zum Bereitstellen eines Temperatursignals an den 
Mikrocontroller (1). 

19. Die Vorrichtung gemar.. Anspruch 2, ferner um­

fassend eine Spannungsmessungsschaltung (24), 
die zur Messung der Ausgabespannung der Span­

nungsversorgung (32) und zum Bereitstellen eines 
Spannungsmessungssignals an den Mikrocontroller 
( 1) konfig uriert ist.

20. Die Vorrichtung gemal1 Anspruch 1, weiter
enthaltend einen Spannungsregler (42), der zur Um­
wandlung der Ausgabespannung der Spannungsver­
sorgung (32) in einen Spannungspegel konfiguriert 
ist, der geeignet ist, um internen Komponenten der 
Vorrichtung eine Betriebsspannung bereitzustellen. 

21. Vorrichtung gemal1 Anspruch 1, ferner umfas­
send einen USB-Ausgangsanschluss (56) und eine 
USB-Ausgangsladeschaltung, die zum Bereitstellen 
einer Ladungsspannung von der Spannungsversor­
gung (32) an eine USB-ladbare Vorrichtung konfigu­
riert sind. 

22. Vorrichtung gemal1 Anspruch 1, ferner umfas­
send einen USB-Ladeanschluss (52), der zum Be­
reitstellen einer Ladespannung van einer externen 
Spannungsquelle an die Spannungsversorgung (32) 
konfiguriert ist. 

23. Vorrichtung gemal1 Anspruch 22, ferner um­
fassend: eine USB Ladeschaltung, die den USB-La-

deanschluss (52) mit der Spannungsversorgung (32) 
verbindet. 

24. Vorrichtung gemal1 Anspruch 23, wobei die
USB Ladeschaltung einen DC-DC Konverter (49) ent­
halt. 

25. Vorrichtung gemal1 Anspruch 24, wobei der
DC-DC Konverter {49) eingerichtet ist, ein 5V Poten­
zial von einem USB Ladegerat auf 12.4V DC umzu­
wandeln.

26. Vorrichtung gemals Anspruch 24, wobei der

DC-DC Konverter { 49) eingerichtet ist, uber eine
Schaltung durch eine Ausgabe von einem Mikrocon­
troller (1) ein und ausgeschaltet zu werden.

27. Vorrichtung gemal1 Anspruch 14, weiter ent­
haltend einen manuellen Starthilfeschalter (46), der 
eingerichtet ist, einen manuellen Starthilfemodus zu 
aktivieren, um es einem Benutzer zu erm6glichen, ei­
ne Starhilfespannung an eine verbrauchte oder ent­
ladene Batterie (72) anzulegen, wenn diese zwischen 
den positiven und negativen Batterieverbindern ver­
bunden ist, und wenn der Sensor (12), der das Vor­
handensein der verbrauchten oder entladenen Batte­
rie (72) erfasst, nicht in der Lage ist, das Vorhanden­
sein der verbrauchten oder entladenen Batterie (72) 
zu detektieren. 

28. Vorrichtung gemal1 Anspruch 27, wobei der Mi­

krocontroller (1) eingerichtet ist, eine Betatigung des 
manuellen Starthilfeschalters (46) fur wenigstens ei­
ne vorbestimmte Zeitperiode zu erkennen, bevor der 
manuelle Starthilfemodus aktiviert wird. 

29. Vorrichtung gemal1 Anspruch 1, wobei die
positiven und negative Batterieverbinder durch ein 
Starthilfekabel (400) gebildet sind, das einen Ste­

cker (401 ), der eingerichtet ist, in einen Ausgangsan­
schluss (303) gesteckt zu werden, und ein Kabelpaar 
(420a, 402b) aufweist, das mit dem Stecker (401) an 
einem Ende vom Kabel {400) integriert ist und einge­
richtet ist, an die positiven du negativen Batteriean­
schlusse der verbrauchten oder entladenen Batterie 
(72) am anderen Ende vom Kabel (400) verbunden
zu werden.

30. Vorrichtung gemals Anspruch 29, wobei der
Ausgangsanschluss (303) und der Stecker {401) so 
dimensioniert sind, dass der Stecker (401) nur in ei­
ner spezifischen Orientierung in den Ausgangsan­
schluss (303) passt. 

31. Starthilfevorrichtung zum Boosten oder Auf­

laden einer verbrauchten oder entladenen Batterie 
(72), die einen positiven Batterieanschluss und ne­
gativen Batterieanschluss aufweist, die Starthilfevor­
richtung umfasst: 
- eine Spannungsversorgung (32);
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- einen positiven Batterieverbinder zur Verbindung

der Starthilfevorrichtung mit dem positiven Batterie­

anschluss der verbrauchten oder entladenen Batterie

(72);
- einen negativen Batterieverbinder zur Verbindung

der Starthilfevorrichtung mit dem negativen Batterie­

anschluss der verbrauchten oder entladenen Batterie

(72);
- einen Leistungsschalter ( 15), der uber eine Schal­

tung mit der Spannungsversorgung (32) und den po­

sitiven und negativen Batterieverbindern verbunden

ist,

-wobei der Leistungsschalter (15) eingerichtet ist, die

Spannung von der Spannungsversorgung (32) zur

verbrauchten oder entladenen Batterie (72) ein- oder

auszuschalten, wenn diese mit den positiven und ne­

gativen Batterieverbindern verbunden ist,

- ein Leistungsschaltersteuerungssystem oder eine

Leistungsschaltersteuerungsschaltung, die mit dem

Leistungsschalter (15) verbunden ist und zur Steue­

rung des Leistungsschalters (15) vorgesehen ist,

- wobei das Leistungsschaltersteuerungssystem oder

die Leistungsschaltersteuerungsschaltung eingerich­

tet ist, das Vorhandensein der verbrauchten oder

entladenen Batterie (72) und die Polaritat der ver­

brauchten oder entladenen Batterie (72) zu detektie­

ren, wenn diese zwischen den positiven und negati­

ven Batterieverbinder verbunden ist,

-wobei das Leistungsschaltersteuerungssystem oder

die Leistungsschaltersteuerungsschaltung die Span­

nungsversorgung (32) nur dann einschaltet, um die

Spannungsversorgung (32) mit der verbrauchten

oder entladenen Batterie (72) zu verbinden, wenn das

Leistungsschaltersteuerungssystem oder die Leis­

tungsschaltersteuerungsschaltung sowohl erkennt,

dass die verbrauchte oder entladene Batterie (72)

vorhanden ist und zwischen den positiven und ne­

gativen Batterieverbinder verbunden ist, und die ver­

brauchte oder entladene Batterie (72) mit der richti­

gen Polaritat zwischen den positiven und negativen

Batterieanschlussen verbunden ist.

32. Vorrichtung gema(?, Anspruch 31, wobei das

Leistungsschaltersteuerungssystem oder die Leis­

tungsschaltersteuerungsschaltung die Spannungs­

versorgung (32) nicht einschaltet, um die Spannungs­

versorgung (32) mit der verbrauchten oder entlade­

nen Batterie (72) zu verbinden, wenn das Leistungs­

schaltersteuerungssystem oder die Leistungsschal­

tersteuerungsschaltung erkennt, dass entweder (i) 

die verbrauchte oder entladene Batterie (72) nicht 

vorhanden ist oder nicht zwischen den positiven und 

negativen Batterieverbindern verbunden ist oder (ii) 

die verbrauchte oder entladene Batterie (72) nicht mit 

der richtigen Polaritat zwischen den positiven und ne­

gativen Batterieanschlussen verbunden ist 

33. Vorrichtung gemar!, Anspruch 31, wobei das

Leistungsschaltersteuerungssystem oder die Leis­

tungsschaltersteuerungsschaltung eingerichtet ist, 

das Vorhandensein der verbrauchten oder entlade­

nen Batterie (72) zu erkennen, wenn diese zwischen 

die positiven und negativen Batterieverbinder ge­

schaltet ist und die Polaritat der verbrauchten oder 

entladenen Batterie zu erkennen, wenn diese zwi­

schen die positiven und negativen Batterieverbinder 

geschaltet ist bevor die Spannung von der Span­

nungsversorgung (32) zu der der verbrauchten oder 

entladenen Batterie (72) eingeschaltet wird 

Es folgen 13 Seiten Zeichnungen 
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Engine Start and Battery Support Module 

CROSS-REFERENCE TO RELATED APPLICA TION(S) 

[0001] This application claims the priority benefit, under 35 U.S.C. 119(e), of U.S. 

Application No. 62/014,910, entitled "Energy Start and Battery Support Module" and filed on 

June 20, 2014. The aforementioned application is incorporated herein by reference in its 

entirety. 

BACKGROUND 

[0002] Changes to common practice, laws, and accepted behavior in both the automotive 

and trucking industries has forced the shutdown of engines during stops. Shutting down a car 

or truck engine causes stress on the battery and starter motor, leading to weakened batteries 

and overall lower system performance. Harsh conditions such as extreme cold environments 

exacerbate the problem and may lead to outright battery failure and/or starter failure. 

[0003] The number of shutdowns per day for an engine may depend on the vehicle 

architecture, vehicle use, etc. In general, there are two types of vehicle architectures: "local 

delivery" vehicles, which can have, for example, as many as 250 shut-off events per day, and 

"long haul" vehicles, which can have up to, for example, 25 shut-off events per day. These 

shut-off events create low voltage conditions on the vehicle's DC electrical bus, which result 

in higher power requirements from the on-board energy storage system. Low voltage 

conditions on the DC electrical bus can also stress other vehicle components, including 

Electronic Control Units (ECUs), relays, switches, and pumps. 

SUMMARY 

[0004] Embodiments of the present invention include an energy start and battery support 

module configured to support the supply of energy directly to the vehicle's direct current 

(DC) voltage bus using Ultra Capacitors (UCs) that allow both the spinning of the starter

motor and voltage support for short term battery loads during stops when the vehicle's engine 

is off. This module does not necessarily require any wiring changes to the vehicle, nor does it 

necessarily require or involve any vehicle alterations or changes to vehicle operating 

procedures. 

[0005] The module can automatically stabilize the vehicle's DC voltage during off 

sequences regardless of the static load variations or engine starter variations by modulating 

the transfer of energy-including during engine start-in order to support a healthy battery 

1.
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and longer starter life. It can automatically adjust the amount of energy it stores in order to 

prolong the lives of the UCs and the electronics within the module. In some cases, the module 

supplies the proper voltage for the vehicle's electronics and/or the vehicle's starter in the 

event that the vehicle's battery is totally dead. 

[0006] Some embodiments of the module can recharge the UCs automatically based on the 

ability of the vehicle to supply power. For example, the module may include a DC boost 

converter that recharges the UCs or a switch that splits the UCs into two or more equal or 

unequal stacks and buck charges the stacks in parallel. The module may transfer more power 

to the UCs if the alternator is running and less power if the vehicle's batteries do not have 

enough energy to initiate a vehicle starting sequence. The module can also transfer energy 

from the UCs when the vehicle's alternator is not running. In some cases, the module may not 

drain the vehicle's battery below a preset voltage level, e.g., 9 volts in a 12-volt system or 18 

volts in a 24-volt system. 

[0007] In some embodiments, the module allows a vehicle's operator to re-initiate the 

charging of the module in the event the vehicle does not start on the first try or the batteries 

are too weak to supply enough power on their own, eliminating the use of a separate jump 

start. In some embodiments, the module can fit into a standard battery area on the vehicle 

using a standard battery case size or can be scaled for any vehicle as desired. 

[0008] In some embodiments, the system can pass the 30-day airport test in any vehicle 

without causing the batteries to go dead. As understood by those of skill in the art, the 30-day 

airport test simulates leaving a vehicle parked at an airport, at temperatures down to -20 °C, 

for 30 days. During these 30 days, the vehicle's electrical system consumes energy from the 

battery or energy storage system to run critical vehicle systems, such as alarms, computers, 

locking mechanisms, clocks, etc. When the vehicle owner returns, the vehicle should have 

enough energy remaining in its energy storage system (traditionally a lead acid battery) to 

initiate the cranking event and support the engine starting systems. Passing the 30-day airport 

test is a common requirement for automotive battery and electrical systems. 

[0009] The module can be implemented as a solid-state system ( e.g., without relays to 

transfer of energy in either direction). For example, the module's electronics may include one 

or more enhancement mode n-channel field-effect transistors (N-FETS), which can be used in 

parallel to reduce the Equivalent Series Resistance (ESR) of the delivery of the energy or 

even in the split mode recharging scheme. In some embodiments, the total quiescent current 

of the electronics may be less than 50 mA so that excess drain does not occur over extended 

periods of time. 

2.
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[0010] A module may include a DC converter whose input and output voltage and current 

can be controlled, allowing: (1) the voltage on the back of UCs to be controlled precisely; (2) 

the charge current on the UCs to be controlled, facilitating the ability to bring a completely 

dead set of UCs up to full charge; (3) the input current to be set so as not to draw too much 

power out of the system, allowing the vehicle's DC bus to operate other devices; and/or (4) 

the minimum input voltage to be set for throttling back the UCs charging in order to avoid 

operating the battery systems outside of a desired or predetermined (e.g., safe) operating 

regime. 

[0011] The DC converter can be broken up into multiple phase angles, enabling lower peak 

currents, less electromagnetic interference (EMI), and/or smaller more efficient components. 

The multiple phases may be equally spaced on a 360° basis. For example, a 4-phase DC 

converter splits the current pump charge into four equal parts that are 90 degrees apart in the 

time spectrum. The DC converter can control the current and/or voltage on the input side and 

the current and/or voltage on the output side. For instance, the voltage output can set the 

maximum voltage potential that is stored on the UCs, which may equal the stored energy (the 

energy may be expressed by the equation E = 0.5CV2). Current output control may allow the 

DC converter to charge a completely empty bank of UCs without excessive current (e.g., 

current that would normally collapse the converter). In some embodiments, the input voltage 

limit and the input current control may allow the system to operate when the alternator is not 

running and energy being transferred off the battery is limited to prevent the DC bus from 

going below a predetermined voltage (e.g., 9 V for a 12 V system or 18 V for a 24 V system). 

[0012] The module can be packaged to have only two terminal connections to the outside 

world and can be connected to an engine just like a battery is connected to the engine. 

Installation may be simple and safe, and little to no current may flow when the module is 

initially connected. The controls can be co-located on a single printed circuit board assembly 

(PCBA) for simplicity and lower cost. 

[0013] Control of the entire system can be based on the DC voltage, which enables the 

bidirectional transfer of energy using acceptable set points and predetermined battery 

voltages. This control can be accomplished in either the analog or digital domain; control can 

also be asynchronous and therefore adaptable to just about any vehicle. The control has 

appreciably zero built-in hysteresis, thus allowing fast and extremely steady voltage levels. 

Stability may be achieved because it is asynchronous and has no forced frequency domain in 

the response. In other words, the transfer of energy may not be forced at any rate or regulator 

repeated pulses. In some cases, only enough energy is transferred to satisfy the set points. 

3.
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Since each vehicle and each vehicle's wiring loads are unique, this allows a one-size-fits-all 

module architecture. 

[0014] An example module can include active balancing circuits for controlling (e.g., 

equalizing) the Ultra Capacitor charge, thereby preventing any single Ultra Capacitor from 

taking too much energy. The UC balancing circuit can be dynamic and the set points may 

vary with temperature. Because the energy is modulated back to the vehicle's DC bus, the 

energy stored in the UCs can be higher than that of the vehicle's rated system itself. This 

allows more energy to be stored and fewer peak currents to occur than is the case when 

energy is stored at a nearly equipotential. This method supports extended static vehicle load 

support for longer periods, including those in the delivery vehicle use case. There is no 

practical limit to the number of Ultra Capacitors used to store energy or their exact 

parallel/series configurations as long as the total cell voltage is higher than the voltage level 

of the vehicle's battery system. 

[0015] In some embodiments, the module can include multiple voltage comparators (e.g., 

three for each DC converter) and logic coupled to the voltage comparators. The logic 

determines whether or not to recharge or deliver energy based on the values of some or all of 

the voltage comparators (e.g., two of the three voltage comparators). This substantially 

increases the system's overall reliability and dependability. It can also include two smaller 

DC converters that support the operation of the system's electronics over a very wide DC bus 

operating range and overcome the gate-source voltage threshold. 

[0016] The module can be compatible with batteries of any chemistry, including but not 

limited to lead acid batteries. 

[0017] Additional embodiments of the present technology include methods for regulating a 

voltage level of a vehicle battery in a vehicle. In an example method, control logic determines 

if the voltage level is below a predetermined voltage threshold, which may be based on the 

vehicle battery age, vehicle age, vehicle battery condition, vehicle battery quantity, vehicle 

battery type, vehicle starter type, starter age, temperature, and experience of the vehicle 

driver. If the voltage level is below the predetermined voltage threshold, the control logic 

initiates a discharge of at least one ultracapacitor in electrical communication with the vehicle 

battery. The control logic modulates the discharge of the ultracapacitor so as to raise the 

voltage level at least to the predetermined voltage threshold, e.g., by by controlling current 

flow through at least one transistor in electrical communication with the ultracapacitor. 

[0018] In addition, the control logic may transfer energy from the vehicle battery to the 

ultracapacitor while the vehicle alternator is off. This transfer of energy can be initiated after 
4.
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determining that the voltage level exceeds a recharge voltage threshold. In some cases, the 

transfer of energy is initiated only when voltage amount of the vehicle battery exceeds the 

recharge voltage threshold. Energy may also be transferred from the vehicle battery to the 

ultracapacitor when the voltage level is less than a voltage level required to start the vehicle. 

[0019] In some cases, there may a plurality of ultracapacitors that are switched by the 

control logic between a parallel configuration for charging and a serial configuration for 

discharging. 

[0020] Another example of the present technology includes an apparatus for regulating a 

voltage level of a vehicle batte1y. This apparatus may comprise a plurality of ultracapacitors 

connected in series to store charge; at least one voltage comparator in electrical 

communication with the vehicle battery and the ultracapacitors; and control logic in electrical 

communication with the voltage comparator and the ultracapacitors. In operation, the 

comparator performs a comparison of the voltage level to a predetermined voltage threshold. 

And the control logic modulate discharges of the ultracapacitors based on the comparison so 

as to raise the voltage level to at least the predetermined voltage threshold. 

[0021] In some embodiments, the control logic comprises at least one transistor, m 

electrical communication with the ultracapacitors, to control current flow into and/or out of 

the ultracapacitors. The comparator can be in electrical communication with a gate of the 

transistor to control the current flow into and/or out of the ultracapacitors. 

[0022] The apparatus may also comprising a direct current (DC) converter in electrical 

communication with the ultracapacitors and the voltage comparator(s). In operation, the DC 

converter charges the ultracapacitors in response to a comparison of the voltage level and a 

recharge voltage threshold. In these examples, the voltage comparator may comprises a first 

voltage comparator in electrical communication with the DC converter and a second voltage 

comparator in electrical communication with the control logic. The first voltage comparator 

enables the DC converter if the voltage level exceeds the recharge voltage threshold, and the 

second voltage comparator performs the comparison of the voltage level to the predetermined 

voltage threshold. The DC converter can also be configured to transfer charge from the 

vehicle batte1y to the ultracapacitors in response to an output from the voltage comparator 

indicating that voltage level is above the recharge voltage threshold. And the DC converter 

can deliver energy to a vehicle bus of the vehicle in response to an output from the 

comparator( s ). 

[0023] The apparatus may also include a temperature sensor, operably coupled to the DC 

converter, to monitor a temperature of the vehicle battery. If desired, the DC converter can be 
5.
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configured to vary the predetermined voltage threshold and/or the recharge voltage threshold 

based on the temperature of the vehicle battery. 

[0024] The apparatus may also include a switch, in electrical communication with the 

ultracapacitors, to switch the ultracapacitors between a serial configuration and a parallel 

configuration, e.g., for discharging and charging, respectively. And the apparatus may 

include a manual interface, operably coupled to the control logic, that enables a driver of the 

vehicle to engage and/or disengage the apparatus. 

[0025] Another embodiment includes an apparatus for regulating a voltage level of a 

vehicle battery that includes: a plurality of ultracapacitors; a first voltage comparator in 

electrical communication with the vehicle battery; control logic in electrical communication 

with the first voltage comparator and the ultracapacitors; a second voltage comparator in 

electrical communication with the vehicle battery; control logic in electrical communication 

with the first voltage comparator and the ultracapacitors; a DC converter in electrical 

communication with the ultracapacitors and the second voltage comparator; and a 

temperature sensor operably coupled to the DC converter. In operation, the first voltage 

comparator compares the voltage level to a first voltage threshold. The control logic 

discharges the ultracapacitors if the voltage level is below the first voltage threshold. The 

second voltage comparator compares the voltage level to a second voltage threshold. The 

control logic discharges the ultracapacitors if the voltage level is above the second voltage 

threshold. The DC converter charges the plurality of ultracapacitors if the voltage level is 

above the second voltage threshold. And the temperature sensor monitors a temperature of 

the vehicle battery. The DC converter can also vary the first voltage threshold and/or the 

second voltage threshold based on the temperature of the vehicle battery. 

[0026] It should be appreciated that all combinations of the foregoing concepts and 

additional concepts discussed in greater detail below (provided such concepts are not 

mutually inconsistent) are contemplated as being pa1i of the inventive subject matter 

disclosed herein. In particular, all combinations of claimed subject matter appearing at the 

end of this disclosure are contemplated as being part of the inventive subject matter disclosed 

herein. It should also be appreciated that terminology explicitly employed herein that also 

may appear in any disclosure incorporated by reference should be accorded a meaning most 

consistent with the particular concepts disclosed herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The skilled artisan will understand that the drawings primarily are for illustrative 

purposes and are not intended to limit the scope of the inventive subject matter described 

herein. The drawings are not necessarily to scale; in some instances, various aspects of the 

inventive subject matter disclosed herein may be shown exaggerated or enlarged in the 

drawings to facilitate an understanding of different features. In the drawings, like reference 

characters generally refer to like features (e.g., functionally similar and/or structurally similar 

elements). 

[0028] FIG. IA is a photograph of an example Engine Start and Battery Support Module. 

[0029] FIGS. IB-C are schematic diagrams illustrating example use of Engine Start and 

Battery Support Module installed in a vehicle (e.g., a car or truck). 

[0030] FIGS. 2A-B show circuit diagrams depicting an overall master architecture for an 

example Engine Start and Battery Support Module. 

[0031] FIGS. 3A-C show several embodiments of a DC converter that may be used in the 

Engine Start and Battery Support Module to recharge a bank of expended ultracapacitors. 

[0032] FIGS. 3D-E show example features of the isolated DC converters of FIG. 3C. 

[0033] FIG. 4 shows switches in an Engine Start and Battery Support Module for switching 

inter-cell connections between ultracapacitors from series connections to parallel connections 

and vice versa. 

[0034] FIGS. 5A-B shows ultracapacitors arranged in a non-split (FIG. 5A) and split (FIG. 

5B) series configuration for use in an Energy Start and Battery Support Module. 

[0035] FIGS. 6A-B show circuit diagrams of example direct current converters that can be 

used in the Engine Start and Battery Support Module. 

[0036] FIG. 7 shows a flow diagram illustrating an example operation of an Engine Start 

and Battery Support Module. 

DETAILED DESCRIPTION 

[0037] Ultracapacitor-based engine cranking systems can be used to assist vehicle battery 

systems to crank when initiating an engine starting sequence. With these systems, existing 

vehicle wiring systems may be rerouted to create a direct connection from the ultracapacitors 

to the starter motor. In some cases, the ultracapacitors may be in parallel with the vehicle 

batteries. As the starting sequence is initiated, the ultracapacitors are discharged, providing 
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energy to spin the starter motor. After the engine is started, the vehicle's alternator/generator 

is used to generate electricity and thus recharge the ultracapacitors. This system may also 

include a DC/DC converter that recharges the ultracapacitors from the parallel connected 

batteries. 

[0038] An Example Engine Start and Battery Support Module 

[0039] FIG. 1 shows an example ultracapacitor (UC)-based Engine Start and Battery 

Support Module (hereinafter a "Module") 100 that can be used to assist a vehicle battery 

system during an engine starting sequence. The Module 100 shown in FIG. 1 is a two-wire 

system and can be included into any standard DC bus in parallel with any number of 

batteries. The Module 100 can be used to maintain a healthy DC bus voltage for a vehicle that 

is starting (e.g., by vehicle starter 101) or consuming a large load while stopped. It may be 

used to augment existing batteries 102 in vehicles, e.g., as shown in FIGS. 1B-C, or as a 

replacement for traditional lead acid batteries. Some of the advantages of such a module are 

that it can be installed safely and without special tools and may require little or no wiring 

changes to existing infrastructures. 

[0040] In some embodiments, the Module 100 can include a bank of UCs that supports both 

engine 103 starting assistance and "hotel load" 104a support. The term "hotel load" refers to 

the non-driving energy demands on a vehicle, including energy use for lights, air 

conditioning, heating, computers, tracking systems, safety systems, etc., which are indicated 

in FIG. IC as vehicle loads 104a and accessory loads 104b. When a vehicle's engine 103 is 

off, the vehicle's energy demands constitute the hotel load. The Module 100 can be used to 

start a vehicle and/or to deliver energy back to the vehicle in a controlled fashion to support 

either the vehicle's static loads during short term stops and/or to supply energy to get the 

vehicle's electronics functioning, thus allowing the vehicle to start once the engine 103 is 

cranked. Examples of static loads during short stops may be the electronics, air-conditioning, 

lighting systems, etc., left on once the vehicle's engine 103 has stopped. In some 

embodiments, the static loads may include accessory loads 104b. 

[0041] In some embodiments, the Module 100 can be configured to address the 

difficulty/inability of vehicles to start in adverse weather, under duress from extremely weak 

batteries, and/or from the effects of an excessively high number of engine starts. Further, the 

Module 100 enhances the health of the vehicle's battery 102 and starter motor 101 by 

maintaining (e.g., increasing if it has fallen) the voltage on the vehicle's direct current (DC) 

bus 106, which comprises, for example, negative DC bus 106a and positive DC bus 106b 

(FIG. IC), during short off times and cranking. For example, maintaining a higher and/or 
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more stable voltage allows for increases in the life of the batteries 102 and the starter motor 

101, in some cases dramatically. 

[0042] In some embodiments, the Module 100 may be all solid-state. As understood in the 

art of electronic, solid-state components, including field-effect transistors (FETs) and 

insulated gate bipolar transistors (IGBT), tend to be faster, more reliable, and consume less 

power than relays and contactors. Further, the Module 100 may provide capabilities to allow 

a driver a manual "Redo" button that would start the transfer of energy from the batteries 102 

to the UCs. For example, this may be used in the situation where the vehicle may not sta1i the 

first time. Such may allow the system to recharge on command even when the alternator 105 

is not running. While the duration-to-charge time may be longer, the net result may be the 

same. In addition, more and/or larger banks of UCs can be added to increase the system's 

total energy storage capabilities, for example, for an Auxiliary Power Unit (APU). 

[0043] In some embodiments, the Module 100 can, physically and/or energetically, be 

scaled to meet most or all applications. For example, the Module 100 can be designed to fit 

into battery group Battery Council International (BCI) size 31 ( e.g., corresponding to heavy­

duty commercial grade batteries). In some embodiments, the overall shape can be 

approximately rectangular, and the two wires can correspond to the positive and negative 

battery terminals. In some embodiments, the Module 100 may be compatible with existing 

vehicle battery systems and may not require special installation methods, tools, and/or safety 

requirements, serving as a one size fits all type of architecture. For example, the Module 100 

can be designed to fit into housing that is a standard battery size, and can also tie directly on 

the bus. In some embodiments, the Module 100 can fit into a Group 31 size with a height that 

is slightly higher than the standard Group 31 battery or "bumped out" to support 18 cells with 

electronics. A newly tooled case can be used to maximize space as the Module 100 can be 

lighter than a heavy lead battery. FIGS. lB-C show schematic diagrams illustrating example 

use of Engine Start and Battery Support Module 100 installed in a vehicle. 

[0044] Engine Start and Battery Support Module Architectures 

[0045] FIGS. 2A-B show circuit diagrams depicting an overall master architecture 200 for 

an example Engine Start and Battery Support Module 100 with a two wire system 

corresponding to a positive battery terminal 212a and a negative battery terminal 212b. The 

architecture 200 allows for independent adjustments of the voltage levels at which hotel loads 

and engine starts are supported, thus providing for variable energy delivery depending on the 

specific application and/or exact installation. The Module 100 is capable of modulating the 

transfer of energy between the UCs 201 and the system batteries 102 in both directions. For 
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example, the Module 100 recognizes when to deliver charge to keep batteries 102 alive for 

short stops without the engine running. It also recognizes the static loads to reset the 

electronics in some applications prior to starting. In addition, it may automatically connect 

any remaining energy in the UC bank 201 directly in parallel to the batteries 102 during an 

engine start, thereby keeping the system voltage above some determined lower levels that 

may cause premature battery and starter motor failures. In effect, it changes the ESR of the 

entire vehicles DC system. Different combinations of series and parallel cell configurations 

may be used depending on the amount of ESR to be used in comparison to hotel load. 

[0046] For example, the architecture 200 contains a serial string ofUCs 201, each of which 

can be high specific capacitance electrochemical capacitor that stores energy electrostatically. 

A typical UC 201 has a capacitance value that is about 10,000 times that of an electrolytic 

capacitor, an energy density approximately 10% that of a conventional batte1y, and a power 

density up to 100 times that of the battery. This allows for a faster charge and discharge 

cycles for ultra-capacitors 201 compared to conventional batteries. It can also give UCs 201 

extremely long cycle lives compared to batteries. 

[0047] Each UC 201 can be charged to a predetermined level of per cell voltage. As a 

specific example, the UCs 201 may be charged to support 2.7 V/cell. The per-cell voltage 

value may be shifted automatically higher (e.g., 3.0 V/cell) when a low temperature is 

reached (e.g., 0° F) and even higher per-cell voltage (e.g., 3.3 V/cell) when the temperature 

falls even lower (e.g., below -20° F). In some embodiments, the temperature may be 

measured by a sensor 202. In some embodiments, each pack of UCs 201 may use a DC/DC 

conve1ier ( e.g., a 500 W DC/DC converter) 203 that can be settable in a factory to a voltage 

range, e.g., from 16.2 V to 24 V. The converter 203 may have either a boost or single-ended 

primary inductor converter (SEPIC) topography. 

[0048] In some embodiments, the energy stored in the UCs 201 may be taken from the DC 

bus, and in some instances, it may be transferred directly back from the UCs 201 onto the 

same DC bus, allowing for a controlled charging process of batteries 102 in a vehicle. 

Effectively, the Module 100 dynamically adjusts the Equivalent Series Resistance (ESR) of 

the vehicle's electrical system substantially constantly. In some embodiments, the Module 

100 comprises UCs 201 that may have significantly lower ESR than a typical battery and 

offer the ability to store energy quickly and to deliver the stored energy back to the vehicle 

with minimal interface based on the vehicle's changing needs both instantly and/or on a 

continuous basis. The lower the ESR of the UCs 201, the more efficient the overall energy 

transfer can be. The system can be scalable to the desired energy, which may be dictated by 
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the size of the vehicle and its "work flow." The Module 100, by modulating the transfer of 

energy from the UCs 201 back to the DC battery bus, delivers the desired amount of energy, 

instead of delivering too much energy (and wasting excess energy) or falling short and not 

delivering enough energy, as may happen when a module delivers a predetermined amount of 

power. In some embodiments, the modulation of the transfer of energy and/or the charging 

and/or discharging of UCs 201 may be controlled by a logic control 210 that may be in 

electrical communication with the DC converter 203 and the UCs 201, and can be 

accomplished via FET 220. The Module 100 determines how to modulate the energy transfer 

based on variations in voltage and/or current caused by several variables, including but not 

limited to vehicle DC bus loads, starter motor sizes, battery age, wiring conditions, battery 

conditions, battery quantity, accessories, starter type, starter age, battery type, temperature, 

experience of the driver, etc. 

[0049] For example, the Module 100 may allow for energy to be drawn from otherwise 

dead batteries over an extended period of time without further collapsing them below a 

destructive voltage level. For example, a lead-acid batte1y that is discharged to a point where 

its voltage is not high enough to start an internal combustion engine may still possess enough 

energy to completely charge one or more UCs (e.g., if the UC stores less energy than the 

battery). The Module 100 may charge the UCs 201 from the battery 102 using a DC 

converter 203 that controls both the current and voltage on both the input side and the output 

side of the UC 201 and battery 102 couple. 

[0050] In supporting the DC bus voltage of the vehicle's battery 102, in some 

embodiments, the transfer of energy to the DC bus may be pulsed, e.g., by a buck converter. 

For example, the pulse may not be a fixed pulse-width modulation (PWM) 204 but rather 

may be at the natural frequency of the specific truck that it is installed in. In short, energy 

transferred from the UCs 201 to the battery 102 is based on the vehicle's demand at that 

moment. The recharge of the UCs 201 can be either pulsed if the cells are divided to enable a 

buck converter or recharged using a DC converter 203. In either case, the total voltage on the 

bank ofUCs 201 may be actively adjusted both upwards and davvnwards depending on some 

parameter of interest, a particular example being the temperature in the module, as measured 

by a temperature sensor 202, for example. Such an embodiment may make efficient use of 

the potential energy that can be stored in each cell as well as extend the life of the cells. 

[0051] In some embodiments, the Module may recharge the UCs 201 when the alternator 

105 isn't running. The DC converter 203 may recharge the bank of UCs 201 by transferring 

the energy proportional to the vehicle's ability to deliver it. For example, the Module 100 
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may not take too much energy out of the batteries 102 that the batteries 102 would drain 

below some lower limit potential ( e.g., lower than 9 V). In addition, the power transfer to 

recharge the UCs 201 can be scalable using parallel combinations of controller chips 

arranged in a master and (many) slave organization where each controller contributes an 

additional phase worth of energy up to 12 phases. As such, a 250 W, 500 W, 750 W, etc. 

charger could be used with little expense. In implementing multiple phases, one phase 

controls the master timing and the other "slave" phases are shifted by equal intervals from the 

master. The use of multiple phases allows the power transfer to be spread over time, thus 

effecting smaller peak currents and smaller more efficient components. 

[0052] In some embodiments, the UCs 201 can be charged primarily using the vehicle's 

alternator 105 (shown in FIGS. 1B and IC). In some embodiments, the UCs 201 can be 

charged by drawing energy from the batteries 102 of the vehicle. The recharging of the UCs 

201 may be either automatic and can occur when the enginel 03 is running (i.e., alternator 

105 is on) or it may be when commanded to do so during an emergency situation where the 

vehicle is without enough power to start on its own. For example, the Module 100 can power 

up and reset itself automatically upon being connected into a live battery system. For 

example, if the Module 100 is connected in parallel to the battery system 102, when the 

vehicle is started, the alternator 105 charges the batteries 102 as originally intended while the 

Module 100 draws energy from the batteries 102. The Module 100 can balance the voltage on 

the power bus between the UC's 201 and batteries 102 until the UC's 201 have reached 

capacity. 

[0053] In some embodiments, each Module 100 may be able to operate in either an 

automatic and/or manual mode, e.g., via the manual interface 214 shown in FIG. 2A. The 

automatic mode may be utilized for delivery applications and very short haul uses where the 

number of engine starts per day are large, where it will be used to keep the battery bus alive 

for hotel support during a delivery stop. The manual mode may be utilized to start the truck 

where it will be used to energize the starter 101 with minimal energy used to operate the 

truck, enough to keep alive the electronics during a start sequence. In some embodiments, 

whether the Module 100 is in a manual mode or an automatic mode may be controlled by a 

switch 216 that, when turned on, allows the driver to engage the Module 100 via the manual 

interface 214. 

[0054] In the automatic mode of operation, the energy is released initially slowly to 

maintain a specified battery bus voltage until the UC bank 201 is expended. When the bus 

voltage equals the UCs voltage, the two systems are effectively in parallel from then on. In 
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the automatic mode, the actual battery bus voltage determines when the system goes from 

charging to neutral to discharging. When the mode of operation is manual, the energy is 

released slowly initially to maintain a specified battery bus voltage and then when the UC 

voltage equals the battery bus voltage the two systems are effectively in parallel. In manual 

mode, the Module senses an attempt to start the engine as indicated, e.g., by a turn of the 

ignition key or the voltage on a voltage meter on the instrument panel. Otherwise this system 

operates just like in the automatic mode except the beginning of the event is triggered 

intentionally. In the manual mode, the UC system does not lengthen the starting sequence 

and the driver starts the truck as normal. 

[0055] Further, in some embodiments, the UCs' per-cell charge can be adjusted and raised 

during periods of low temperatures (e.g., less than 0° F) and even higher during ultra-low 

temperatures ( e.g., less than -20° F). The raising of the cell voltage, which can be dynamic 

and/or automatic, may lead to an increase in the UC energy storage capability. In addition, 

some embodiments allow for the slow release of this energy based on the DC bus voltage 

using a pulse-width modulation (PWM) controller. The charging can be either from an 

onboard DC/DC conve11er 203, an alternating current (AC) hook up, and/or from smartly 

switching the banks of UCs 201 between parallel and serial connections. 

[0056] The cell charging system has three characteristics, the first being where possible the 

alternator 105 may be used to recharge the UCs 201 up to a predetermined voltage, e.g., 

14.5 V. This may be accomplished using a FET 220 when the bus voltage is higher than the 

voltage across the UC bank 201. Second, above 14.5 V, each product can use a 500 W 

DC/DC converter 203 that is settable in the factory to a desired voltage range, e.g., from 16.2 

V to 24 V. The converter 203 may be designed on a boost or SEPIC topography, and is 

capable of working down to 9 V in the event a future re-start option is included. Third, when 

the voltage on the pack reaches its predetermined set point, even when the truck is off for 

extended periods, the converter 203 may be designed to minimize its quiescent current to 

keep the overall system's drain low, yet with the dependability of being available for a start at 

any time. The current drain may be approximately 1 W per 100 kJ of stored energy, once 

charged, for example. 

[0057] Cell balancing can be a clamping type in order to reduce or minimize self-drain. It 

can have temperature compensated set points with one or more distinct levels, e.g., three 

levels at 2.7 V, 3 V, and 3.3 V. In some embodiments, the voltage set points may be 

maintained at the DC system voltage regulator 230, e.g., the DC system voltage regulator 230 

may be set to match various ultracapacitor cell voltages for balancing. In some cases, the 
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balancing may be supplied by the ultracapacitors 201 and/or the DC system voltage regulator 

230 to reduce or minimize self-drain. In some embodiments, this compensation may happen 

automatically. In some embodiments, the cell balancing can be on the same Printed Circuit 

Board Assembly (PCBA) as the control logic 210 in FIG. 2A. 

[0058] In the exemplary implementations discussed herein and/or any other 

implementations of the embodiments of the present technology, additional features may be 

available. For example, a smart user interface 107 could be included (e.g., connected to the 

Module 100 via a cable as shown in FIG. l B) to indicate to the driver the status of the UC 

pack 201 (e.g., UC power level). The smart user interface 107 may include LED status 

indicators or a "smart" UC fuel gauge display that indicate the status of the UC pack 201. It 

may also include "Redo" button that gives the driver the option to redo a charge sequence. 

Further, connections to the controller area network bus (CANbus) of the vehicle could be 

offered for better integration into the vehicle's system, in some cases by the vehicle 

manufacturer as an integral part of the built-in display. 

[0059] In some embodiments, the energy in the Module 100 may be stored at a level that is 

higher than the nominal voltage on the bus and may then be released as desired to support the 

healthy DC bus voltage of a vehicle regardless of the static load 104 or even during the 

vehicle's starting sequence. In some embodiments, the vehicle starting event may be 

regarded as a big static load, and the Module's support of the DC bus may cover both the 

vehicle starting sequence and the static load. In these embodiments, rewiring the vehicle or 

delivering energy to the starter motor 101 may become unnecessary. The module architecture 

200 keeps the voltage stored in the UC bank 201 at a higher level than the battery bus and 

releases it slowly depending on the dip of that bus voltage due to load changes. Pure DC is 

pushed to the bus using a PWM buck converter with N-channel FETs 205 delivering the 

power with an inductor sized for the hotel or truck electronics load only after which it 

saturates when the FETs 205 are on fully. The PWM 204 puts the UC bank 201 in parallel to 

the battery 102 when the PWM 204 reaches 100% on. The loop maintains a predetermined 

battery bus voltage level with a time response rated at > 10 kHz. 

[0060] In some embodiments, the Module 100 delivers energy directly to the DC bus and 

does so in an asynchronous way without (intentional) hysteresis. As such, even during an 

engine cranking, the system may maintain a voltage as close to a set point ( e.g., 12.5 V) as 

possible even as the load of the system changes by a large factor (e.g., 1000 or more) during a 

starting cycle. In some embodiments, the recharge may be multi-phase and dynamic with 

four quadrants being controlled allowing the system to adjust to the environment, the state of 
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charge of the UCs, and the system batteries. (Here, the term "quadrants" refers to the current 

and voltage control of the input and output of the converter.) Further, the transfer of energy is 

pulsed in variable amounts, thereby reducing pseudo Electro-Magnetic Interference (EMI) 

emitted from the module. The Module 100 acts very much like a frequency-hopping radio in 

this regard. The pulses may occur at a fixed repetition frequency or have fixed pulse widths. 

[0061] DC Converters for Recharging Ultracapacitors 

[0062] FIGS. 3A-C show several embodiments of a DC converter 303 that may be used in 

the Module 100 to recharge the bank ofUCs 301 when they are expended. The recharge may 

occur in between start cycles and while the engine is running. Further, in some embodiments, 

the converters 303 may be used to charge the UC bank 30 I initially when the Module 100 has 

been installed and to recharge the UC bank 301 when the batteries 302 and the bank of UCs 

301 are depleted either by extended vehicle off-time or when the vehicle will not start after 

the initial attempt(s). In such embodiments, the DC converter 303 may be able to control the 

input voltage cutoff so as not to ruin an otherwise depleted battery (e.g., when it is drawing 

energy from the battery 302 to charge up the UCs 301), control both the input and output 

current in order to be able to charge nearly empty UCs 301, and/or control a variable output 

voltage set point in order to control the energy stored on the bank of UCs 301 as the 

temperature varies. 

[0063] Exemplary embodiments of DC converters 303 that can be used in the Module 100 

comprise enhancement mode (normally open) N-FETs that allow for the modulation of the 

transfer of power to a vehicle's DC bus. In some embodiments, the DC converter 303 may be 

bi-directional, while in others it may not be bi-directional, but rather may comprise separate 

converters that regulate the transfer of power by monitoring the currents on either side. 

Further, in some embodiments, the DC converters 303 in the Module 100 may have no 

limitations as to how much energy can be transmitted on the delivery side. In addition, they 

may be scalable. For example, during an engine staii the energy may be transferred without 

much delay and with as much energy as the UCs 301 have stored in order to keep that DC 

bus at some desired voltage (e.g., 12.5 V), which may effectively result in the UCs 301 being 

in parallel to the battery 302 in a starting sequence. 

[0064] FIG. 3A shows an example module architecture 300a coupled to a conventional 

battery 302 in vehicle. The module includes a bank ofUCs 301 connected in series with a DC 

voltage bus that is electrically connected to the battery's 302 positive terminal and an isolated 

DC converter 303a. The DC converter 303a may be electrically isolated as the positive is 

connected to the positive battery terminal (BAT+) through the inductor, effectively changing 
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its ground potential. In these embodiments, the control of voltage and current on its input and 

output may have to be transferred over the isolated barrier. 

[0065] The ground side of the UC bank 301 is coupled to the drain side of a set ofN-FETs 

305, which have sources coupled to the battery's 302 negative terminal and the DC converter 

303a. In some embodiments, the gates of the N-FETs 305 are coupled to the output of a first 

voltage comparator 306, which has an input coupled to the DC voltage bus. A second voltage 

comparator 307 has an input coupled to the DC voltage bus and an output that enables or 

disables the isolated DC converter 303a. In operation, the first voltage comparator 306 

compares the bus voltage to a set point voltage (e.g., 12 V) and triggers a pulse from the UC 

bank 301 whenever the bus voltage falls below the set point voltage, thereby maintaining the 

bus voltage at or above the set point voltage. The second voltage comparator 307 compares 

the bus voltage to charge voltage (e.g., 13.5 V) and enables the DC converter 303a whenever 

the bus voltage falls below the charge voltage. In response to the enable signal, the DC 

converter 303a charges the UC bank 301. 

[0066] FIG. 3B shows a non-isolated DC conve1ier 303b where the N-FETs 305 are in the 

high side and the DC converter 303b charges the "tops" of the UCs 301 maintaining a ground 

connection all the time. This allows the DC converter 303b not to be isolated, reducing the 

cost of it significantly in both prototyping and production terms. In some embodiments, the 

drive circuit for the N-FETs 305 may have the gate-source voltage V gate-source to be at least 

several volts (e.g., 10 V) higher than the source voltage Vsource (and in some instances, the 

Vsource may be BAT+). Since, in such embodiments, BAT+ may be sitting between 9 volts 

and 14.5 volts above ground, this may cause Vgate-source to be approximately 24 volts, which 

could result in the use of a small separate boost circuit. In some embodiments, one may also 

use isolated high side FET drivers that can switch this voltage level into the high gate 

capacitance for the parallel bank ofN-FETS that may be used to deliver the current during an 

engine start. The exemplary embodiment shown in FIG. 3B has the advantages of having 

fewer connections and components. 

[0067] FIG. 3C shows a system comprising two DC conve1iers 303c and 303d, where one 

converter 303d is used to charge or recharge the bank of UCs and the other converter 303c is 

used to deliver the energy back to the DC bus. Each of these converters in their '"normal" 

mode may have a set point that triggers the converter to tum on. For example, to promote a 

healthy battery, an exempla1y 12.5 V set-point may be chosen to deliver energy back to the 

DC bus and a 13.75 V set-point to initiate a recharge cycle. Other set points can be 

determined differently as these are adjustable. However, the Module architecture 300c also 
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monitors the input and output cun-ents. This feature allows the recharging of the UCs 301 to 

begin at times other than just when the alternator 105 is running, such as but not limited to 

when the batteries 302 are too weakened to perform a start and the bank of UCs 301 are 

exhausted such as during an extended stop. 

[0068] FIG. 3E and FIG. 3D show details of some example features of the isolated DC 

converters 303c and 303d, respectively. In some embodiments, these converters may be bi­

directional, and in others, they may not be bi-directional. In the examples shown in FIGS. 

3D-E, the separate isolated converters regulate the transfer of power by monitoring cun-ents 

on the charge input side (FIG. 3E) and the discharge output side (FIG. 3D). 

[0069] As discussed above, in some embodiments, a Module's energy may be stored in 

UCs 201 that may be configured in series and/or parallel configurations. The amount of 

capacitance and/or the type of battery a Module 100 is compatible with may not be restricted, 

and in most embodiments, the voltage on the capacitors 201 may be higher than the voltage 

in the vehicle. The method of boosting the voltage can employ a conventional boost style 

conve1ier that can be configured as a flyback, straight boost, or SEPIC, and may be either 

isolated or non-isolated. The converter can use a multi-phase approach to minimize the peak 

switching currents, which can in turn allow smaller, more efficient components, better EMI 

performance, and lower cost. In increments of a set amount of power (e.g., 250 W), more 

phases can be added that may increase the recharge power level and reduce the recharge time. 

When each phase is added its switching frequency may intentionally be out of phase with the 

first switch. 

[0070] Internal Ultracapacitor Connections for Charging and Discharging 

[0071] FIG. 4 shows an embodiment depicting the changing of inter-cell connections within 

UCs 401 between series and parallel connections to accommodate a buck-only charge and 

discharge scheme is shown. In some embodiments, the UCs 401 may be recharged by 

splitting them up into equal banks of cells 401 a and 401 b where their fully charged total 

voltage is less than the vehicle's system. In some embodiments, the UCs 401 may be charged 

by splitting the UCs 401 into several banks, each bank containing same and/or different 

number of UCs 401. In such embodiments, the UCs 401 can be recharged in a buck mode 

where energy is pulsed down to the caps. Such embodiments require more solid state 

switches and additional cun-ent control. When charged, the packs may be put back in series 

and readied for delivering power. In some embodiments, a series/parallel switch 402 can split 

the UCs 401 into two parallel banks 401a and 401b with equal numbers UCs 401 with total 

voltages below the vehicle's system voltage, or connect them to form a single UC bank with 
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a total voltage above the vehicle's system voltage. In some embodiments, this may allow a 

single buck conve1ier to be used for charging and discharging the UCs 401. 

[0072] FIGS. 5A and 5B show converters 503 that can be used in some exemplary methods 

of charging the UCs 501 in the Module 100. FIG. 5A shows a separate and dedicated non­

isolated DC converter 503a that boosts the voltage up to the UCs 501a during a recharge 

cycle. FIG. 5B shows splitting the cell stack in two 501b and 50le (e.g., equal halves each 

containing half of total number of cells) and then buck charging each half in parallel using the 

vehicle's nominal DC bus as the point where the energy is taken from. In some embodiments, 

the vehicle's voltage may be higher than each of the split cells. The energy may be pulsed in 

a controlled manner to each stack in a buck mode concept. The switches 502 represent points 

where the stacks are ''put together" and then "separated" to accomplish this. Once charged to 

a given voltage, the two stacks are then put back in series for use in the "delivery" mode, i.e.,

energy out mode. The mechanical switches 502 shown represent the "solid state" switching 

that may occur in real time. 

[0073] In some embodiments, the switches 502 may be comprised of enhancement mode 

N-FETs and may carry the appropriate maximum current when connected in the delivery

(energy out) mode (e.g., up to 2500 A). In some embodiments, the FETs can be sized to 

handle the charging current which may be in the range of 10-25 A. The switching of FIG. 5B 

may be less expensive and may provide for smaller electronics and allow for the re-usage of 

the on-board inductor in both directions. In some embodiments, the current mode controller 

may monitor and limit the root mean square (RMS) current that flows from the vehicle's 

battery to the two stacks of UCs 501 b and 50 le smartly and under most or all circumstances 

of the state of the charge on the capacitors. In some embodiments, more capacitors 501, and 

more stacks of UCs (e.g., 3, 4, 5, etc.) may be used, where each stack may contain same 

and/or different number of UCs. 

[0074] In some embodiments, the DC converters shown in FIG. 5B can be utilized to buck 

switch the charging of the bank of UCs 501 by splitting the UCs 501 into two equal stacks 

501 b and 50 le, then recombining them in series when they are charged and readied for use. 

The splitting of the UCs 501 in two equal stacks may allow the UCs' fully charged voltage to 

be double when recombined (e.g., each is charged to 12.0 V, or 24.0 V when recombined). 

The example as shown in FIG. 5B includes four switch circuits 502a, 502b, 502c and 502d 

where two of those switches 502c and 502d may be capable of handling the high currents 

during an engine start and the other two 502 a and 502b can be sized smaller as they are used 

18.

EXHIBIT 1002 
Petitioner ADC (IPR2024-00577)Page 1326 of 2235



WO 2015/195321 PCT/US2015/033743 

to let charging currents pass through them. An example of a switch that can be used is N­

FET. 

[0075] In some embodiments of FIG. 5B, several N-FETs may be used to modulate power 

back to the DC bus. For example, if a Module 100 in a non-split configuration (e.g., FIG. 5A) 

includes ten N-FETs, the total number of N-FETs for split cell configuration (e.g., FIG. 5B) 

could increase to 22 N-FETs. In such embodiments, depending on the current level, inductive 

current sensing instead of standard current sense resistors may be used for sensing high 

current. Some embodiments may include one or more voltage sensors to measure small 

voltage drop across the inductor and then create the closed loop controls around their values. 

[0076] FIGS. 6A-B shows detailed circuit diagram schematics of exemplary DC converters 

that may be used in the Module. The DC converters can be multi-phase boost converters 

capable of delivering 250 W /phase with four-quadrant current and voltage control on both the 

input and output. This system can have an efficiency of approximately 95% and can be single 

phase. As each phase gets added, the power can increase proportionally. Each successive 

phase is intentionally "out of phase" with the preceding one by 360°/n where n is the total

number of phases. This reduces the peak currents and keeps the component sizes small. The 

system may allow for faster recharge rates where these phases could be added at the request 

of the customer, or they may be proportional to the size of the vehicle where the module is to 

be installed. 

[0077] Operation of an Engine Start and Battery Support Module 

[0078] FIG. 7 shows a flow diagram illustrating an example operating process for an 

Engine Start and Battery Supp01i Module 100. In some embodiments, the DC converter may 

be able to control or set the thresholds and maximum values for both the input and output 

voltages and current. Charging UCs 701 when they are empty may present a problem in that 

they may act like dead shorts, and unless the output current is sensed and controlled the DC 

converter may hiccup, collapse, or bum up. Setting an output current limit should help 

avoiding or limiting such complications. 

[0079] In some embodiments, the output voltage setting may set the desired voltage on the 

UCs 701 and may be variable based on temperature in order to increase or maximize the 

capacitor's life and deliver the appropriate energy when desired, especially in ultra-cold 

environments. And the input current limit and minimum voltage can be useful in avoiding the 

collapse of the batteries 702 below their safe operating region (e.g., 9 volts in a 12-volt 

system) when the DC bus is being drained during a recharge recycle while the alternator is 

off. In some embodiments, this function may be dynamic and the control may be 
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proportional-the more power is available for the recharge, the more power the system (e.g., 

conve1ier 703) may take. For example, at 9 volts, the power consumed by the converter may 

be zero, and at 13.75 volts the power may be 250 Watts for a single phase system and for any 

voltage in between, the power consumed may be proportionally in between 0 Watts and 250 

Watts. In some embodiments, the converter may also have a quiescent current of less than 25 

mA when it is disabled which may be useful in maintaining overall system performance. 

[0080] Example Engine Start and Battery Support Modules 

[0081] The following non-limiting examples are intended to highlight aspects of Engine 

Start and Battery Support Modules according to principles of the present disclosure. 

[0082] Example device 1: Number of cells: eight in series; UC cell capacitance: 3000 F; 

Total Capacitance: 375 F; Voltage: 21.6 V when the temperature is greater than about 0° F 

and 24 V when the temperature is less than about 0° F. 

[0083] Example device 1 can provide "hotel load" support as a primary function with the 

secondary function being reserving energy for the actual starting sequence. The ratio is 

approximately 10:1 with the hotel load support getting more energy. The system 

automatically supports a battery bus voltage from a string of UCs stacked in series and 

charged up to 2.7 V/cell or 3.0 V/cell depending on temperature. When the voltage on the 

cells equals the battery voltage they are then put in parallel by the design of the architecture. 

Exemplary application of this device is when vehicles are used for delivery. 

[0084] Example device 2: Number of cells: two parallel strings of six cells each in series; 

UC cell capacitance: 3000 F; Total Capacitance: 1000 F; Voltage: 16.2 V when the 

temperature is greater than about 0° F and 18.0 V when the temperature is less than about 0° 

F. 

[0085] Example device 2 can deliver energy to crank the vehicle while providing a reduced 

or minimal amount of energy to keep alive the vehicle electronics during that process. 

Exemplary application of this device is when vehicles are used for capacitance without 

auxiliary power units. 

[0086] Example device 3: Number of cells: three parallel strings of six cells each in series; 

UC cell capacitance: 3000 F; Total Capacitance: 1500 F; Voltage: 16.2 V when the 

temperature is greater than about 0° F and 18.0 V when the temperature is less than about 0° 

F. 

[0087] Example device 3 can deliver energy to crank the vehicle while providing a reduced 

minimal amount of energy to keep alive the vehicle electronics during that process. This 
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application supports delivering more energy for vehicle electronics during vehicle starting 

event, especially on vehicles where there are more than four batteries in parallel. Exemplary 

application of this device is when vehicles are used for capacitance with auxiliary power 

units. 

[0088] Example device 4: Number of cells: three parallel strings of six cells each in series 

UC cell capacitance: 3000 F; Total Capacitance: 1500 F; Voltage: 16.2 V when the 

temperature is greater than about 0° F, 18.0 V when the temperature is less than about 0° F, 

and 19. 8 V when the temperature is less than about -20° F. 

[0089] Example device 4 delivers increased or maximum energy to crank the vehicle in 

ultra-low temperature applications. 

[0090] Conclusion 

[0091] While various inventive embodiments have been described and illustrated herein, 

those of ordinary skill in the art will readily envision a variety of other means and/or 

structures for performing the function and/or obtaining the results and/or one or more of the 

advantages described herein, and each of such variations and/or modifications is deemed to 

be within the scope of the inventive embodiments described herein. More generally, those 

skilled in the art will readily appreciate that all parameters, dimensions, materials, and 

configurations described herein are meant to be exemplary and that the actual parameters, 

dimensions, materials, and/or configurations will depend upon the specific application or 

applications for which the inventive teachings is/are used. Those skilled in the art will 

recognize, or be able to ascertain using no more than routine experimentation, many 

equivalents to the specific inventive embodiments described herein. It is, therefore, to be 

understood that the foregoing embodiments are presented by way of example only and that, 

within the scope of the appended claims and equivalents thereto; inventive embodiments may 

be practiced otherwise than as specifically described and claimed. Inventive embodiments of 

the present disclosure are directed to each individual feature, system, article, material, kit, 

and/or method described herein. In addition, any combination of two or more such features, 

systems, articles, materials, kits, and/or methods, if such features, systems, articles, materials, 

kits, and/or methods are not mutually inconsistent, is included within the inventive scope of 

the present disclosure. 

[0092] The above-described embodiments can be implemented in any of numerous ways. 

For example, embodiments of the present technology may be implemented using hardware, 

firmware, software or a combination thereof. When implemented in firmware and/or 

software, the firmware and/or software code can be executed on any suitable processor or 
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collection of logic components, whether provided in a single device or distributed among 

multiple devices. 

[0093] In this respect, various inventive concepts may be embodied as a computer readable 

storage medium (or multiple computer readable storage media) (e.g., a computer memory, 

one or more floppy discs, compact discs, optical discs, magnetic tapes, flash memories, 

circuit configurations in Field Programmable Gate Arrays or other semiconductor devices, or 

other non-transitory medium or tangible computer storage medium) encoded with one or 

more programs that, when executed on one or more computers or other processors, perform 

methods that implement the various embodiments of the invention discussed above. The 

computer readable medium or media can be transportable, such that the program or programs 

stored thereon can be loaded onto one or more different computers or other processors to 

implement various aspects of the present invention as discussed above. 

[0094] The terms "program" or "software" are used herein in a generic sense to refer to any 

type of computer code or set of computer-executable instructions that can be employed to 

program a computer or other processor to implement various aspects of embodiments as 

discussed above. Additionally, it should be appreciated that according to one aspect, one or 

more computer programs that when executed perform methods of the present invention need 

not reside on a single computer or processor, but may be distributed in a modular fashion 

amongst a number of different computers or processors to implement various aspects of the 

present invention. 

[0095] Computer-executable instructions may be in many forms, such as program modules, 

executed by one or more computers or other devices. Generally, program modules include 

routines, programs, objects, components, data structures, etc. that perform particular tasks or 

implement particular abstract data types. Typically the functionality of the program modules 

may be combined or distributed as desired in various embodiments. 

[0096] Also, data structures may be stored in computer-readable media in any suitable 

form. For simplicity of illustration, data structures may be shown to have fields that are 

related through location in the data structure. Such relationships may likewise be achieved 

by assigning storage for the fields with locations in a computer-readable medium that convey 

relationship between the fields. However, any suitable mechanism may be used to establish a 

relationship between information in fields of a data structure, including through the use of 

pointers, tags or other mechanisms that establish relationship between data elements. 

[0097] Also, various inventive concepts may be embodied as one or more methods, of 

which an example has been provided. The acts performed as part of the method may be 
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ordered in any suitable way. Accordingly, embodiments may be constructed in which acts 

are performed in an order different than illustrated, which may include performing some acts 

simultaneously, even though shown as sequential acts in illustrative embodiments. 

[0098] All definitions, as defined and used herein, should be understood to control over 

dictionary definitions, definitions in documents incorporated by reference, and/or ordinary 

meanings of the defined terms. 

[0099] The indefinite articles "a" and "an," as used herein in the specification and in the 

claims, unless clearly indicated to the contrary, should be understood to mean "at least one." 

[0100] The phrase "and/or," as used herein in the specification and in the claims, should be 

understood to mean "either or both" of the elements so conjoined, i.e., elements that are 

conjunctively present in some cases and disjunctively present in other cases. Multiple 

elements listed with "and/or" should be construed in the same fashion, i.e., "one or more" of 

the elements so conjoined. Other elements may optionally be present other than the elements 

specifically identified by the "and/or" clause, whether related or unrelated to those elements 

specifically identified. Thus, as a non-limiting example, a reference to "A and/or B", when 

used in conjunction with open-ended language such as "comprising" can refer, in one 

embodiment, to A only ( optionally including elements other than B); in another embodiment, 

to B only ( optionally including elements other than A); in yet another embodiment, to both A 

and B ( optionally including other elements); etc. 

[0101] As used herein in the specification and in the claims, "or" should be understood to 

have the same meaning as "and/or" as defined above. For example, when separating items in 

a list, "or" or "and/or" shall be interpreted as being inclusive, i.e., the inclusion of at least 

one, but also including more than one, of a number or list of elements, and, optionally, 

additional unlisted items. Only terms clearly indicated to the contrary, such as "only one of'' 

or "exactly one of," or, when used in the claims, "consisting of," will refer to the inclusion of 

exactly one element of a number or list of elements. In general, the term "or" as used herein 

shall only be interpreted as indicating exclusive alternatives (i.e. "one or the other but not 

both") when preceded by terms of exclusivity, such as "either," "one of," "only one of," or 

"exactly one of." "Consisting essentially of," when used in the claims, shall have its ordinary 

meaning as used in the field of patent law. 

[0102] As used herein in the specification and in the claims, the phrase "at least one," in 

reference to a list of one or more elements, should be understood to mean at least one element 

selected from any one or more of the elements in the list of elements, but not necessarily 

including at least one of each and every element specifically listed within the list of elements 
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and not excluding any combinations of elements in the list of elements. This definition also 

allows that elements may optionally be present other than the elements specifically identified 

within the list of elements to which the phrase "at least one" refers, whether related or 

unrelated to those elements specifically identified. Thus, as a non-limiting example, "at least 

one of A and B" ( or, equivalently, "at least one of A or B," or, equivalently "at least one of A 

and/or B") can refer, in one embodiment, to at least one, optionally including more than one, 

A, with no B present (and optionally including elements other than B); in another 

embodiment, to at least one, optionally including more than one, B, with no A present ( and 

optionally including elements other than A); in yet another embodiment, to at least one, 

optionally including more than one, A, and at least one, optionally including more than one, 

B ( and optionally including other elements); etc. 

[0103] In the claims, as well as in the specification above, all transitional phrases such as 

"comprising," "including," "carrying," "having," "containing," "involving," "holding," 

"composed of," and the like are to be understood to be open-ended, i.e., to mean including 

but not limited to. Only the transitional phrases "consisting of' and "consisting essentially 

of'' shall be closed or semi-closed transitional phrases, respectively, as set forth in the United 

States Patent Office Manual of Patent Examining Procedures, Section 2111.03. 
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CLAIMS 

1. A method for regulating a voltage level of a vehicle battery in a vehicle, the method

comprising: 

determining if the voltage level is below a predetermined voltage threshold; 

if the voltage level is below the predetermined voltage threshold, initiating a 

discharge of at least one ultracapacitor in electrical communication with the vehicle battery; 

and 

modulating the discharge of the at least one ultracapacitor so as to raise the voltage 

level at least to the predetermined voltage threshold. 

2. The method of claim 1, wherein the predetermined voltage threshold is determined

based on at least one of vehicle battery age, vehicle age, vehicle battery condition, vehicle 

battery quantity, vehicle battery type, vehicle starter type, starter age, temperature, and 

experience of a driver of the vehicle. 

3. The method of claim 1, wherein modulating the discharge of the at least one

ultracapacitor comprises controlling current flow through at least one transistor in electrical 

communication with the at least one ultracapacitor. 

4. The method of claim 1, further comprising:

while a vehicle alternator is off, transferring energy from the vehicle battery to the at

least one ultracapacitor. 

5. The method of claim 4, wherein the transfer of energy is initiated after determining

that the voltage level exceeds a recharge voltage threshold. 

6. The method of claim 5, wherein the transfer of energy is initiated only when voltage

amount of the vehicle battery exceeds the recharge voltage threshold. 

7. The method of claim 1, further comprising:

transferring energy from the vehicle battery to the at least one ultracapacitor when the

voltage level is less than a voltage level required to start the vehicle. 

8. The method of claim 1, wherein the at least one ultracapacitor comprises a plurality of

ultracapacitors, and further comprising: 

switching the plurality of ultracapacitors between a parallel configuration for charging 

and a serial configuration for discharging. 
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9. An apparatus for regulating a voltage level of a vehicle battery, the apparatus

comprising: 

a plurality of ultracapacitors connected in series to store charge; 

at least one voltage comparator, in electrical communication with the vehicle battery 

and the plurality ofultracapacitors, to perform a comparison of the voltage level to a 

predetermined voltage threshold; and 

control logic, in electrical communication with the at least one voltage comparator 

and the plurality ofultracapacitors, to modulate discharge of the plurality ofultracapacitors 

based on the comparison so as to raise the voltage level to at least the predetermined voltage 

threshold. 

10. The apparatus of claim 9, wherein the control logic comprises at least one transistor,

in electrical communication with the plurality ofultracapacitors, to control current flow into 

and/or out of the plurality of ultracapacitors. 

11. The apparatus of claim 10, wherein the at least one comparator is in electrical

communication with a gate of the at least one transistor to control the cmTent flow into and/or 

out of the plurality of ultracapacitors. 

12. The apparatus of claim 9, further comprising:

a direct current (DC) converter, in electrical communication with the plurality of

ultracapacitors and the at least one voltage comparator, to charge the plurality of 

ultracapacitors in response to a comparison of the voltage level and a recharge voltage 

threshold. 

13. The apparatus of claim 12, wherein the at least one voltage comparator comprises:

a first voltage comparator, in electrical communication with the DC converter, to

enable the DC converter if the voltage level exceeds the recharge voltage threshold; and 

a second voltage comparator, in electrical communication with the control logic, to 

perform the comparison of the voltage level to the predetermined voltage threshold. 

14. The apparatus of claim 13, wherein the DC converter is configured to transfer charge

from the vehicle battery to the plurality of ultracapacitors in response to an output from the 

voltage comparator indicating that voltage level is above the recharge voltage threshold. 

15. The apparatus of claim 12, further comprising:

a temperature sensor, operably coupled to the DC conve1ier, to monitor a temperature

of the vehicle battery. 
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16. The apparatus of claim 15, wherein the DC converter is configured to vary the

predetermined voltage threshold and/or the recharge voltage threshold based on the 

temperature of the vehicle battery. 

17. The apparatus of claim 12, wherein the DC converter is further configured to deliver

energy to a vehicle bus of the vehicle in response to an output from the at least one 

comparator. 

18. The apparatus of claim 9, further comprising:

a switch, in electrical communication with the plurality of ultracapacitors, to switch

the plurality of ultracapacitors between a serial configuration and a parallel configuration. 

19. The apparatus of claim 9, further comprising:

a manual interface, operably coupled to the control logic, to enable a driver of the

vehicle to engage the apparatus. 

20. An apparatus for regulating a voltage level of a vehicle battery, the apparatus

comprising: 

a plurality ofultracapacitors; 

a first voltage comparator, in electrical communication with the vehicle battery, to 

compare the voltage level to a first voltage threshold; 

control logic, in electrical communication with the first voltage comparator and the 

plurality ofultracapacitors, to discharge of the plurality ofultracapacitors if the voltage level 

is below the first voltage threshold; 

a second voltage comparator, in electrical communication with the vehicle battery, to 

compare the voltage level to a second voltage threshold; 

control logic, in electrical communication with the first voltage comparator and the 

plurality of ultracapacitors, to discharge of the plurality of ultracapacitors if the voltage level 

is above the second voltage threshold; 

a direct current (DC) converter, in electrical communication with the plurality of 

ultracapacitors and the second voltage comparator, to charge the plurality of ultracapacitors if 

the voltage level is above the second voltage threshold; and 

a temperature sensor, operably coupled to the DC converter, to monitor a temperature 

of the vehicle battery, 

wherein the DC converter is configured to vary the first voltage threshold and/or the 

second voltage threshold based on the temperature of the vehicle battery. 
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AU6997198A Portable booster battery 

Data originating from sources other than the EPO may not be accurate, complete, or up to date. 

4/ P/00/01 I Regulation 3.2 AUSTRALIA Patents Act 1990 ORIGINAL COMPLETE SPECIFICATION 

STANDARD PATENT 4SIS I 5, 4 'I SI C C S  9. 

SC 4., 9., I 4 .. 

Invention Title: Portable Booster Battery The following statement is a full description of this invention, 
including the best method of performing it known to me/us: □br/D tIMM\W ICMt "ll4% C l/'IA PORTABLE 

BOOSTER BATTERY Field of the Invention The present invention relates to batteries and more specifically to 

batteries that are moved from location to location, to connect to different devices, especially discharged for dead 
batteries of motor vehicles. 

Background of the Invention Most automobiles are presently powered by an internal combustion engine which 

must be spun up to speed externally before they can operate. The engines are usually spun up to speed by an 
electric motor that is powered by battery. The As battery is then charged by a generator connected to the engine 

once the engine is operating or running. The battery is usually able to store enough charge for the periods that 

the engine is not running in order to start the engine when needed. 

When the battery does not have sufficient charge to start the engine, a way must be found to recharge the battery 

or bypass the battery with a separate charge. 

Since very often a discharged battery is caused by an external drain such as leaving the lights on or playing the 

radio, once the engine is started by either recharging the battery or bypassing it by sending a separate charge the 
0lautomobile will continue to operate properly. 

t Since there are many things that will temporally cause a battery to lose its charge, the need to recharge or 
bypass batteries with separate charges is common. Very often another or booster battery is brought to the 
vicinity of the dead battery and electrical cables are used to connect the booster battery to the dead battery in 

parallel in order to recharge and/or bypass the dead battery. This often known as boosting or jump starting the 
dead battery or engine. 

In this method of boosting, the cables are disconnected from the batteries after each use so as to prevent short 

circuits. This method and structure however, is cumbersome since there are at least two parts and they demand 
great attention 2since there are 4 connections to make and a bad connection in either one will result in a short 

circuit or failure to start the engine. 

Some manufacturers have tried to resolve the problem by combining the battery and cables in one unit, The 

problems that have arisen with these units are that the cables which are permanently connected to the battery are 
always live so they have to be protected as to not touch each other. The amount of amperage available in these 

batteries is very large and if the cables touch each other it would create a short circuit and damage the cables and 
batteries. To isolate the live cables, some manufacturers have used protective pouches. These are not practical to 

use since they are often in the way when trying to boost. Also it is time consuming to put the cables in and out 
of the pouches. 

Other manufacturers have incorporated a male cigar lighter plug at the end of the cables permitting the user to 

plug this into the female cigar lighter plug of the vehicle. The problem with this unit is that one can only use this 
tool on vehicles equipped with the female cigar lighter plugs. Also, since the plugs almost always Ip .. have a 

maximum amperage rating of 30 amps and that most starter motors draw much more than 30 amps, the capacity 

is not adequate. 

Summary and Objects of the Invention V It is any object of the present invention to provide a portable booster 
battery which can be easily carried to a car with a dead battery and connected to the dead battery of the car in 

order to provide sufficient charge to start the engine. It is also an object of the present invention to make the 
portable booster battery easy to use, maintain and safe from electrical short circuits which could damage the 
battery, the cables and the surrounding environment. 
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The present invention addresses these objectives by providing a portable! automobile booster including: □br/D 

an electrical storage device having a positive terminal and a negative terminal; □br/D CD/981600086 3 a 
housing for containing said electrical storage device; □br/D a first cable having a first end and a second end, the 
first end connected to the positive terminal of said electrical storage device; □br/D a second cable having a first 

end and a second end, the first end connected to the negative terminal of said electrical storage device; □ br/D a 

first clamp connected to the second end of said first cable, said first clamp including a hand gripping end and a 

clamping end, said clamping end constructed for electrically connecting said first cable to a positive terminal of 
an automobile battery, said hand gripping end operable to selectively open and close said clamping end; □br/D 

lse a second clamp connected to the second end of said 15 second cable, said second clamp including a hand 

gripping end and a clamping end, said clamping end constructed for electrically connecting said second cable to 
one of a negative terminal of said automobile battery and a ground of an automobile, said hand gripping end 

operable to selectively open and close said clamping end; □br/ □ a first holster connected to said housing and 

provided for receiving said first clamp; and a second holster connected to said housing and provided for 
receiving said second clamp. 

Preferably the housing includes a plastic material. More preferably the electrical storage device includes a 
battery. The battery may be a sealed, non-spillable battery. Advantageously, the first holster is pivotably 
connected to said housing 4with the pivotal connection to the housing being preferably at least 90 degrees. 

More advantageously, the first holster includes a bit, and the clamping end of said first clamp is attached to said 

bit. Also, the first holster may include a cover. 

The various features of novelty which characterize the invention are pointed out with particularly in the claims 

annexed to and forming a part of this disclosure. For a better understanding of the invention, its operating 

advantages and specific objects attained by its uses, reference is made to the accompanying drawings and 
descriptive matter in which preferred embodiments of the invention are illustrated. 

Brief Description of the Drawings In the drawings: □br/D Fig 1 is a plan view of an embodiment of the present 

invention; □br/D 0 Fig 2 is a partial cross sectional side view according to section line I-11 of Fig 1 and with the 

holster pivoted approximately 300; □br/D Fig 3 is a view of the bit means without the cover of the holster and 

with a portion a 0 * 1 #rr" 15 of the housing; □br/D Fig 4 is a perspective view of another embodiment of the 
present invention; □br/D Fig 5 is a view of one recharging plug; □br/D Fig 6 is a view another recharging plug. 

Detailed Description of the Preferred Embodiments Referring to the drawings, in particular Fig 1, the unit 

comprises of a housing 1 which is preferably made out of plastic. Inside the housing 1 is the electrical storage 

device which is preferably a sealed non-spillable battery. First and second electrical cables 6 are connected to 
terminals of the battery inside the housing 1. 

The cable 6 extend outside the housing and are preferably held to the housing by V grooves 10 when the cables 

are not in use. 

4 41 4t 4 At the other end of the cable 6 from the battery which is inside the housing 1, are clamp means 7 for 

electrically connecting the cable to the terminals of a dead battery or portions of an electrical system. As can be 
seen in the drawings, especially Figs 1 and 2, the housing has a box-like shape. First and second dimensions of 

the box-like shape are of a size that is roughly or approximately similar to the two largest dimensions of the 

clamp means 7. 

Holster means 4 are preferably positioned on opposite sides of the housing 1. The holster means 4 includes a 

cover 8 which is rounded at one end and opened at another end 22. The holster means 4 also includes bit means 

5 for connecting with the clamp means 7 when the clamps means is inside the holster means 4. 

The cover 8 is made of non-electrically conductive material and is preferable that the bit means 5 and the 

housing 1 are also non-conducting. The holster means 4 is pivotably connected to the housing 1 by at least 900. 

This allows easier insertion 15 and removal of the clamps means 7 independent of the position of the housing 1. 

The bit means 5 is preferably positioned in substantially the middle of the holster with regard to the length of the 

housing 1. 

The unit also can have a recharging connection 12 for charging the energy storage device. Preferably this 
recharging connection 12 is male cigar lighter plug which can extend from the housing 1 in order to plug into 
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the cigar lighter receptacle of an automobile. An accessory power connection 11 is also provided for a powering 

accessories with the unit. This accessory connection 11 is preferably a female cigar lighter receptacle and can be 
used power such equipment as portable lights, invertors, compressors, vacuum cleaners and refrigerators. 

In order to determine the amount of charge in the energy storage device, the present invention has a display 

means 13 which displays the present charge of the device. The preferred embodiment the display means consists 

of a test button 14 and indicator lights CD/98160008 6 6 To use the unit, one puts the housing 1 close to the 

engine one wishes to boost, either on its bottom 3 or on its back side 9. Next one pivots the holster 4 to the 

desired angle, opens the clamp 7, and removes the clamp 7 from the holster. The positive claim is connected to 

the positive post of the battery one wishes to boost, the negative clamp is connected to a good ground of the 

engine. The engine, is then started. To use the booster as a power supply, the male cigar plug of any 12 volt 

accessory is plugged into the female cigar plug on the unit. 

In another embodiment of the present invention, as shown in Fig 4, the recharging connection can also be the 
same as the accessory connection 11. A special recharging plug 16 as shown in Fig 5, or 17 as shown in Fig 6, is 

connected to the accessory connection 11. With the recharging plug 16 of Fig 5, one end is plugged Vftllinto the 

accessory connection 11, and the other end is plug into the female cigar 4 .. ,og lighter receptacle in an 

automobile. With the recharging plug 17 of Fig 6, the male 4. cigar lighter plug 18 is plugged into the accessory 

connection 11 and the other end has a wall outlet plug 19 which is plugged into a wall outlet. The embodiment 

of Fig 4 also has a recharging light 20 indicating that the battery is recharging. 

While specific embodiments of the invention have been shown and described in detail to illustrate the 

application of the principles of the invention, it will be '44C I44tt understood that the invention may be 

embodied otherwise without departing from such principles. 

It will be understood that the invention disclosed and defined herein extends to all alternative combinations of 

two or more of the individual features mentioned or evident from the text or drawings. All of those different 

combinations constitute various alternative aspects of the invention. 

It will also be understood that where the term "comprises" or its grannnatical variants, is employed herein, it is 

equivalent to the term "includes" and is not to be taken as excluding the presence of other elements or features. 
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AU6997198A Portable booster battery 

Data originating from sources other than the EPO may not be accurate, complete, or up to date. 

4 44 t4 4 4 L4,4 414£ '4 a housing for containing said electrical storage device; □br/D a first cable having a first 

end and a second end, the first end connected to the positive terminal of said electrical storage device; □br/D a 

second cable having a first end and a second end, the first end connected to the negative terminal of said 
electrical storage device;□ br/ □ a first clamp connected to the second end of said first cable, said first clamp 
including a hand gripping end and a clamping end, said clamping end constructed for electrically connecting 
said first cable to a positive terminal of an automobile battery, said hand gripping end operable to selectively 

open and close said clamping end; □br/D a second clamp connected to the second end of said second cable, said 
second clamp including a hand gripping end and a clamping end, said clamping end constructed for electrically 
connecting said second cable to one of a negative terminal of said automobile battery and a ground of an 
automobile, said hand gripping end operable to selectively open and close said clamping end; □br/D a first 
holster connected to said housing and provided for receiving said first clamp; and CD/9160008 6 x 'I o FI.ir 
4440 ro a second holster connected to said housing and receiving said clamp. 

2 A portable automobile booster according to claim I, housing includes a plastic material. 

3 A portable automobile booster according to claim I wherein the electrical storage device includes a battery. 

4 A portable automobile booster according to claim 3, battery includes a sealed, non-spillable battery. 

provided for wherein the or claim 2, wherein the A portable automobile booster according to any one of claims 

I to 4, wherein said first holster is pivotably connected to said housing. 

6 A portable automobile booster according to claim 5, wherein said first holster is pivotably connected to said 

housing by at least degrees. 

7 A portable automobile booster according to any one of claims I to 6, wherein said first holster includes a bit, 

and the clamping end of said first clamp is attached to said bit. 

8 A portable automobile booster according to any one of claims I to 7, wherein said first holster includes a 

cover. 

9 A portable automobile booster substantially as hereinbefore described with reference to the accompanying 
drawings. 

CENTURY MFG. CO by their Registered Patent Attorneys FREEHILLS PA TENT ATTORNEYS 9 June 1998 

CD/9816. 

6 ABSTRACT i A portable automobile booster including an electrical storage i device having a positive 

terminal and a negative terminal; a housing for containing said electrical storage device; a first cable (6) having 

a first end and a second end, the first end connected to the positive terminal of said electrical storage device; a 
second cable (6) having a first end and a second end, the first end connected to the negative terminal of said 
electrical storage device; a first clamp (7) connected to the second end of said first cable said first clamp 
including a hand gripping end and a clamping end, said clamping end constructed for electrically connecting 
said first cable to a l,o -positive terminal of an automobile battery, said hand gripping end i ooperable to 

selectively open and close said clamping end; a second i, ;clamp connected to the second end of said second 

cable .4 o0 i 15 said second clamp including a hand gripping end and a clamping end, said clamping end 

constructed for electrically connecting said second cable to one of a negative terminal of said automobile battery 
and a ground of an automobile, said hand gripping end operable to selectively open and close said clamping end; 

a first holster ( 4) connected to said housing and provided for receiving said first clamp and a second holster 

connected to said housing (I) iX", and provided for receiving said second clamp ili. 
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