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Optimization of Charging Procedure by User Pattern
for Li-Ion Battery

Student : Ming-Ta Chen

Advisors - Dr. Rong-Hon Jan

Degree Program of Computer Science
National Chiao Tung University

ABSTRACT

Since the evolution of computer industry is changing everyday in the
recent years. Related products are tendency toward light, slim, short and
small. Meanwhile the wireless network joins internet solution, it makes
portable products, such as mobile‘phone, camera and notebook are more
popular. No doubt that the role of battery is more important too. Moreover
the characteristic of the Li-lon battery of high operating voltage and power
density lead it to be the mainstream in the clectrical industrial field,

especially in mobile devices application.

Therefore, thesis is trying to clarify the characteristic of elect-chemistry
of Li-lon battery during charging and discharging cycle. We present a
model of battery life time which is used to prolong its cycle life through
each characteristic of charging voltage, current, ambient of environment.
Furthermore, we optimize the cycle life of battery using user mobility

pattern.
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3.4 BEEHE A
RIRE S AT A A FEBER 0 T PnSOC EPER M AT > F

BB A RR T OT S FREF FET RS o

BIFRIEE 2w 25°CE 45CeE R > veg T s FE 5 S0C=100%% 50%F+,
BE DD 120 c%BEVRSZE > SHTH P AT AEFEEE S LR
v op4p

O

?:5*5 7 £ %7 5 (Retention) %2 7 € w485 (Recovery) # s4r 4 3. 497
oo T2 P e itk et o g 2 50%S00025°C B s TR iy 94% -

100%S0C@45°C &A% 18 82% o ¥ w41 5+ > £ =50%S00025C & 5 = 18 1
7 99% > 100%S0C@45°C # % = 93

#3.4 #RagmaE s wmi

Temp("C){ SOC [ Imonth | 3month | 6month | 12month [SOC/12m

o 20% 48. 7 47.9 48. 1 46.9 94%

Retention 100% 97 94.9 93.4 90.9 91%
45 50% 47.8 46. 1 45.5 43. 4 8%

100% 93.4 89.4 86.7 82.3 82%

o 50% 100. 2 99.5 99.8 98. 7 99%

Recovery 100% 99.5 98.4 98.6 97.5 98%
15 50% 99.5 98.6 97.9 96. 4 96%

100% 98. 8 97 95.5 93.1 93%

M RpREE T BFER RO E ffr"'rJ}i FFEORRMEBWEEE R
FF SOCH M pFit SOCHE RerHd o AF B REGHFOZET v I - P~
50%SOCE E3+100%S0C - & & 7 # et v 4w if 2 (SO0C=100%) ™ » BRI T #

20



FAIT A ABEFOT R 3 E2HFERR > 3 00 8o s & 6ok
b B > & * TOR(Time Of Relaxation)% SOC > i% i 823 & & i (SOH)

F]F 0 AT F AT

SOH = f(TOR,SOC) (11)
3.0 FEBRE
BHE RS A BRENATIR AT IR

L. 2%E
2. AT
3. AR
1. R

21



=
Sl

L
=
-‘3‘3
T
i
e

41%*%%@9%
AR AP REET PR EH SR PRy L TR A

o - AR

a4

S PRSI P A A

- SRR F S FEER T A RF AL LR L o
oA BB Y g R R SN RE L Vet R SRR

3

>
~

AR E
%?ﬁ%%?ﬁégﬁéﬁ%ﬁjﬁuk’M%%?ﬁjﬁg&#
ik 3% B (Adapter) & # @ * o gl & Ay 3 B (0ffice) 5% # & chig *
AAg 2 g ek e s (Travel )ie * iy o 27 %7 Adapteri® * *‘*ﬂz;#su
AT R FHZUEETEREL 6 o o Travel ® * Fh " a5 o ®#
PHFZ AN PR RPN E S TR -
APEZEERTAFEATTRA L REFIF PR FRBHT S
gt &R A PRFHRE-H A LA BINA 0 H - 44T Adapterié *
AR TR AT TR FHATH
o FRET R ALTRR O HFHATAERRY F L& o

T2 otk o 2o 4447 Travel

ﬁrf}

Fo- MR TRV 242V i B W RAIVEHT # % 3 6

SR FEdeWA 12 B4 24077

22



2500
£
E 2400
£
S
3
g 2300 ——f(Vchg) =41V
@ —— f(Vchg) =4.2V
E
2 2200
=]
[N

2100

0 50 100 150 200 250 300 350 400

:

z

£ 2400

£

[*}

]

o

& 2300 f(Vehg) =41V
@ [ —s— f{vehg) = 4.2V
=

S 2200

=]

[ 'S

2100

BlA42TH 2R TRALIVE 42V R

d B4 12 B4.25 5 @A IVEF LD F 23 GREDD o bldofi
B4.2¢ > &180Cyclesp¥ » 4. 1Venke oe % € 3 2310mAh; @ 4, 2Vende = %
3 2240mAh - » T‘{FL'UI IVegvaurgq s EiLo
FHR -V ATLERAIVEL 2V AT 32 L R 4cBl4. 32 B

4, 4751 o

23



Charge to 4.2V/cell : capacity : 4222mAh

4500
4000
3500 f
2 3000 | g
2500 |
5 S
E:zuon E
3 =
S 1500 | 3
£ @
1000
500
0

] 0.5 1 16 2 25 2

§ § & §

Full Charge Capacity(mAh)
g g

1.6 2
Time(hour)

|—Crlargebo4.1VIcelrFl.lIChargeCapacly —Charge to 4. 1V/cell : Pack Voltage —Chargebo4.'|\!‘lcel:0urrui|

Pack Voltage(V) & Current{A)

B4 4r 2 RAIVESF 23 2

Faoh T RRLVRAIVS NI%E R TEETS GRS L2

B o LA NAT T EARA FESTS FE

Roe— 2 F o= @ F4Trave ik G ehig * > 207 10004, 2ViR

BLARRR EFRFLESCGE AGTARPTS A E

H Adaptersf fi chig * ¥ o AP T 4 IVRETRAT g TS L

24



LA I RGN
MTEAPRGERE - R E O SRR FA R AR I AT T

B4 ) o I EE - KRR R

4.2 F¥ 1w

4.2.1 Z 488 % K2 2T 20
bod - HenE o BHE -8 CEARR T FT o pH R RET -

H T b AT

1. Adapter #* FiR @ o =P & PRI F O A ¥ FREIZF LT
(AC)110VHE & » = % 2. T "6 A 8 BER O (57 o 3\ -7 58 e1S0CHE i
100%~95% 4~ B P - 4% 7 Adapter i * ﬁ;{»L 87 e

2. Office @ ¥ H R :RIT&R 5 b= E N BE » 2 el 2 1}
IR BRI A et TR B AT L i h e AT s o
SOC# 2 95%~80%4# B+ - #s” Officeit.* —*Z;JHw °

3. Travel fé’**—ﬁ;}’é,@: RIS R B ke (Sl H e 3
IV -2iER g ERG ARRT RS LR R F LR o R

i - eS0CHE 2 80%~50% = FIFs - AR 57 Travell @ * H&” » #S0C

‘ﬂ

ik 550% T R4 7 Trave? usersk &7 e

Y52 A H K A H SOCHE i AL 4o B4, 5977

25



A{ 100%~95% M
95% 95% 95%
95%~80%

._ Travell

SOC SOC soc | [30%=30%) e

49%~0%:*

10% 10% 10% i

Adapter User Office User Travel User

B 4.5 =% * Hk 2 SOC i

4,2, 2 B2 g 7 RS2
Eﬁ?’l}‘ﬁﬁrgi fﬁf% * —%Z;]JQF:{; e ?@;’%&fm,ﬁg; o
4. 6% i 9 35k B & 2

If V>4.1V, then

Adapter v

User

SOC <.95%

SOC > 95%
& ts t; SOC< 80%
&t>13 If V<4.2V,then
V—V+ X
VeV SOC > 80%

SOC > 80%

V4.2V

B 4.6 = F * Fk 2 b i 3k R

26



HoR e R 4o

- iRt FR o HOLE AKE R 5T F ES0C >00% oo K i
BAR L St “ Adapter® * BN ER R RS o < el il A T
ﬂgﬁ%@#miﬁﬂwgﬁthﬁﬁ(bﬁuﬁ)’ﬂH&FV<—V—Xéﬁi?§N§ﬁ
PET R B (- BXEHFFT R 50.001V~0. 010VRE) » 2 3l T T BT % 5]
V=4.1Viz ik - =S0C <95% > P % 7+ &> “ Officei® * Jﬂz#&, o R AR
VeV aF b x g B 2 ik o

% SOCH# 4 ™ % 2.50C <80% » & 77 i&» “Travel #* ki “ez|
$TiE R S R EEE P Bp o 2S00k E #50%=S0C<80% ® #FFtIFR
(t>t3p%) » plie» “Travell® * F ki " RXA BRIV <V X H
Pt 2 et B o 53] AR endedo R B4 2V ok > — = R 4 SOC <50% o
Al Rtk gt 2 W Travel 2R i "0 R KB E B L5 R iF
TREL2V

& “Travell® * ‘ﬁ#'{s Y& “Travel2it * Jﬁ;}*ig ‘o 284 S0C
>80% » Pl g d R F ok ZHEFE TOfficer ¥ A o

AP R4 T RGP R AR SRR B O A 2 L R T R
F e ARALTY O Blb T ET
*AD_in% AD_out: # # Adapter Input/Output & % o
« Charging Voltage: Rl &2 ¥ T TRk 2o
«SOC: Rl % TR# DT RER A o
* Actual Voltage: # 7 E & T # 2 3xn e TR BE T o

chd HR(AFE IR AAT AT RS B AR AT AL

i i+ 5 S0C <95% -

27



IIIIIIII

..... hl]

I

[

-

I

I

|

I

I

l
tlTl trl E]

|
|
+
|
|
|
|
|
|
S
Vad——
.

tftg th

' i‘—’l—’l—lj—b
| '

T

|

I

1

I

|

|
————————4rt9-———-——-——-

A

Charging Voltage

AD_in

Vi S ¥

Gkian ey

iy

® AD_in(td®:)

#
8”3 70fficei *

&
A

'

>

P

7
R

:J‘F‘Eﬁt ’

.
T_V2

—:‘;{

SOC < 95% » P2 Ve R 422 7 (td 2 teB:) » o *Charging Voltage?|
FE TR RL IV(te®) 0 AP

1

T Actual Voltage

__L._

tj

4.2V > I frde

715 (ta@k) » Charging VoltageB 4o P ™ "% T 2o T /BL 2 8V L pF

v

£” > ¢t pFCharging Voltage#-a4% &

i} >t ?Adapter i

&
4T TRV o

SE

>
=

v

-

)3

Travel i@ * % " » Pl P& BtR 4ok >
28

W3R 5 (tigk) » Charging VoltageR# 4o P&+ 2 2 Va(tjgk) & B 4o

RSP

te
v o
"=

B 4T
W B4, Te0AD_inig &k (tb®:) > R

| S

A= et 35 SOC 22100%~95% 2 7 p*

% T & (Charging Vol tage)Vi=4: fE 2%

SOC 2-80~50%F&F » =r

i
SOC 4 >+ B 95%~80% R (tc®k) r & -1 d “Adapter® * —‘F%;l*

Bl 4.7 23 P B Suf 4o

2

v
3

-



PVsme TR T E FIAD outiE # MR(THF-TR) 0 &7 Travel | *
A" (tjg) » p-PESOCH < 27 Office® * FR A" (thB) X B4t T o

317 Adapter® * FR T (t1B) 5 2 0 K- EFER LR I

Travell (tm®:) > — LSOCH50% > = ik 57 Travel2® * k™ -

# #Charging Voltage® #3Kk % 5 4.2V(tn%k:) » iR pt5pda = fo ¢ * —“z;}%

i §ARSOCE AV AR o#id ki FRELEFLTAA RGO

£ o

4.2.3 > z&E

AP 44” Adapter # * R T K- FRR ARG 2 0 ok

B o

BIFRP e 143 R 4 A -Adapter f& % Hotk A" TRk o FEILE
T i Plat

PRI R R ES S

TR 4.2V

Pt B BHRASIESL AT T RIS TELL IV AT
(3% FE T "% 3% & 02 3mV/Cycle) e

RIFRR A

A%< @S](Samplel )% S22 PR > AT

At mp g
,:F2
Cw

o

1. TI(Benchmarq)/SBS1. 1#c%8 /G - % W ELRZE L4740
FHRUAE D DAD RS E RS )IeRL 8557 -

2. TI(Benchmarq)/SMBusl. |/ %8 /i ¢ - izt /i & & T 4
AR erd 2 g o B4, 9977 o

29



i voa

B 4.8 SBSI. 1 #c%8 /i & B 4.9 SMBusl. 1 # % /i

3. i TI/IC-SN8030- 81 = Hr/d® F (8bit MCU), * % 2 B H
B HMAITED & i heBl4. 109757 o

Discharge / Charge /
Pre-Charge FETs

i Ai'

Bl % 4oB4. 11497 n 14538 18 56% » S2S0C=60. 5% » @
S3% S4eS0C=T1% » 177t 48 € 1 10%~10.5%* & » #ié * =L ¢

TRBIFTEHT S Z T [CEU ISl

30



100%E | ]
N :
91.7% : _
S ]
| - 4
83.3% .
,/i" Vechg=4.2v i
i : .
75% — - Vchg=4.Tv .
U | | ]

O 66.7% : !
& | )\\; -
' 52 g 1 60.5% ]
58.3% : T 1P §
- — - Ve 41¥ — — 7
Ve F-3mv I i
50% : l ]
- Adapter{i i Zikae — ]
41.7% ' ]
33.3% |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| T
110 20 300407 50 60700 80 90 100 110 120 130 140 150 160 170 180 190

Cycle
®4.11 Adapter @ * & ki F %52 %
4.3 BB PLEA X

EREES - RN D S EEVEES S YRR

SOC=00%p 3L <3 +:S0C=100%7% 1T

|k

1A ET 5T BURT B

#FoF R F
FRNEE R S MERRY HT DR FRYF AR KLE N
BRA LT R FEANAFIANED AR T ILRT AT K
HSOC» 4opt 7 g4 T # i ang B o
4.1 # % S0C* # %
Temp("C)| SOC Imonth | 3month | 6month | 12month [SOC/12m
o 50% 100. 2 99.5 99.8 98.7 99%
R 100% 99.5 98.4 98.6 97.5 98%
ecover
very T 99.5|  98.6] 97.9]  96.4] 9%
100% 98.8 97 95.5 93.1 93%

31



BT MBI R IR FROE RS AR AR KL R
S ELHIRDRY FRET OARILILIR > REF AT ARG

PR YRR FAPRAEE B F LT TR R
Bzfdr ¥ ke b dl AT 2tk 7 (Travel User) e L TR
AR F R R PR Jz(Adapter

User)p¥ > Rl T RARZ PR BT m i vem a3 4 X i ahp

iy e * 780 ot

0

$H3TE B AR ek LR e IR KSOCCTIFR BB s

=3
e
ke
G
B
!
|
o
=3
3
=
i=
&k
)
Rt
=5
by
e
=3
s
i=
A
R
a\
=
=

32



(1] mYE ~FHfE, Tagp3:3 Fp* R » 1 44 236 ¥ -
81~90 F » 1 ¥y 12 > 2006 # 8 2 o

[2]4kdR &~ hir g > TR TN T H e R | 1657 B> 2 &
B - 2001 & o

(B]#7 B> T3 F 88 FTH HRFET, > 1 44244 ¥ -
148~156 F » 2 £ H = 71 0 2007 & 4 2 o

[4] A. K. Shuklal and T. Prem Kumarl, “Materials for next-

generation lithium batteries, ” Current Science, Vol.94, No.3,
India, 10 February 2008.

[5]35.?*?4 CPERES TRe @Ak o 2 EHE 275 ¥ > 40~46

I R T 0 2009 & 11 2 e

[ ]ﬁﬁ?x B S RTINS A T et F

31X 244 8 > 1839-147T F > 1 FH ety ke o0 2007 & 4 0 o

[ 7]ACPI Organization.[Online]http.//www.acplca.org

[8]DPM Source. [Online |http://dynamicpower. sourceforge. net

[9]SBS Forum. [Onlinelhttp://sbs—forum:org

[10]Jong Hoon Kim, Seong Jun Lee, Jae Moon Lee, Bo Hyung Cho

Seoul National = University, “A ~New Direct ' Current Internal

Resistance and State: of  Charge Relationship for the Li-Ion

Battery Pulse Power Estimation,” The 7th-International Conference

on Power Electronies FXCO, Daegu, Korea, October 22-26, 2007.

[11] Gerardine G. <Botte, Venkat R. Subramanian, Ralph E. White,
“ Mathematical modeling. of-.secondary lithium batteries,

Department of Chemical Engineering, Center for Electrochemical

Engineering, University of South Carolina, Columbia USA, SC 29208,

December 20, 1999.

[12]Judith, Jeevarajan, Ph.D., “Lithium-ion Battery Charge

Methodologies Observed with Portable Electronic Equipment,”

Space Power Workshop, Johnson Space Center USA, April 21, 2009.
[13]Stephen W. Moore, Greg MacLean, “ Control and Management

Strategies for the Delphi High Power Lithium Battery,” in Proc.

18th Int. Battery, Hybrid and Fuel Cell Electric Vehicle Symp.

and Exhibition, pp.4-b,Society of Automotive Engineers Inc., 2001.
[14] Stephen W. Moore, Peter J. Schneider, “A Review of Cell

Equalization Methods for Lithium Ion and Lithium Polymer Battery

33



Systems, ” pp. 2-4, Society of Automotive Engineers, Inc., Jan. 2001.
[15] Yuang-Shung Lee, Ming-Wang Cheng,” Intelligent Control
Battery Equalization for Series Connected Lithium-Ion Battery
Strings,” Industrial Electronics, IEEE Transactions on Volume 52,
Issue 5, pp.1297-1307, 2005.
[16]Valer Pop,Henk Jan Bergveld,Paul P.L. Regtien, Dmitry
Danilov, Peter H.L. Notten,” Battery Management Systems:Design by
Modeling,” Philips Research Books Volume 9, 2008.
[17] Coleman, M.,Chi Kwan Lee, Chunbo Zhu, Hurley, W.G.,
“State-of-Charge Determination From EMF Voltage Estimation:
Using Impedance, Terminal Voltage, and Current for Lead-Acid and
Lithium-Ion  Batteries,” IEEE  TRANSACTIONS  ON INDUSTRIAL
ELECTRONICS, VOL. 54, NO. 5y pp. 2550 = 2557, 0CTOBER 2007.
[18]Jurgen 0. Besenhard ', ” Handbook ‘of Battery Materials,” 3.2.4
Li Secondary Batteries: Status. and Future Projections , pp. 70—
72, Wiley, New York, 1999;

34



