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Smart Batteries Modeling

- Smart Battery Model2 Battery, Battery Charger 12| 1 HostZ T+ = S}L2| SystemO|C}.

- Smart Battery Charger= F7|& 2= Smart Battery= Polling5t0{ Battery2| Charging S4di|
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- System Host= Batteryol| 7| 223t M2 E 2&35t0i 1 M2 E System Power Managementoi|
0| 85tHLI Battery2| 4%l AEl 2} Capabilityol &St H 5 E Userdll Al Al Sst=0l AFHE SiCl.
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Why use Smart Battery

« Why use Smart Battery

System : 0| J| X| &2 Shutdown= 0l 2tot1), Z &5t End Point 2 & 0f
[HE AtE Al2F Bt (rsoc)

ACPI : Power Management0fl 2238t 2 M3

User : & &5t Battery &S AIEJtS AlZ2H0 CHEt A2 HIE (rsoc, Time)

Battery . _5_%&'9_' %E’)I-& J_L,'I-ali —+—|2>4 g:lél- ( BatteryStatus )

Charger Battery = E | /c\>I-P|LI-8-IAO| % -I X'” O'I ( ChargingCurrent, ChargingVoltage )

Note PC : Windows Logo &=




Why use Smart Battery

« VoltageE 2HZ & End Point Z¥2 & &

- Battery Voltage= Discharge Current,

Temperature, Life Cycle, J|Et
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Why use Smart Battery

- Power Management
APM

(Advanced Power Management)

_ os |
T Smart Data
Control N
<—— [ BIOS

T Smart Data
[ Micom

|

T Smart Data

Smart }

Battery

ACPI

(Advanced Configuration and Power Interface)

Control

Device ><——[_0s ]

A

Smart Data

[ Micom ]
Smart Data

=

Battery
ACPIE =&5tD| ?15t0f Bt = Al Smart Battery= OS0i| Otcli Datag &4 M=l
Battery State / Battery Current / Battery Capacity / Battery Voltage

=




Why use Smart Battery

« ACPI (Advanced Configuration and Power Interface)
System =2 & Eff E StatusZ H Al
: System & X2 S& AEHE Gx, CPU S& AEE Cx, Sleep S& A EHE Sx, Device Power

S & EHE DxZ HA|

- System & Xl =& &El : Gx

ALE o0 S/W A3t Ff;)‘fli:_f’ abimey | Rebooting 7l DS Booting
GO Normal s 0 act s
G1 Sleep gJts HO0 =Ch s
G2 Software Off gJts =1 =4 US
G3 Mechanical Off Ells 20 els US




Why use Smart Battery

- CPU S& AEH : Cx (GO Jts = ALEH)
AMEN CO C1 Cc2 C3

Process AfEH Program Code &!'& SIIE CHO| AFEH CHOI AHEH ZHAIZ2E CHOI ALEH

- Sleep S AEH : Sx (G1Sleep AEH)

AMER A 9

SO GO AEH2t =2. & Normal &= AHEH

St SJ| = QI Sleep AMEH, System2| CPU, Chip Set, Hardware &Ele JUE B, SOMEIE I =2

S2 S1it s28kLE, CPUR Cache ContextJt 8 X| et&E

S3 S11 SL6tLE, System Memory 8t Xl & Ct. Save-to—RAM

sS4 A X0l Sleep AMEH, Hardware && XIS AEI2 S0Z SH Al AI2H0] 22l AHI™&E0] L

Save—to—Disk
S5 G2 &Ei 2t 52, Software OffAEiZ SO &EiE =4 Al OSE ChAl Booting 6t0{ O &.




Why use Smart Battery

- Device Power SZ! AEl : Dx

&HEN ol 0 Al &85 X & BE SH A EBX =8 224
D0 &H Jls On 3Ck P& E2E els

D1 X0 et CHE S UL HBE X0 et CHE

D2 X0 et CHE = Qe 2= X0 et CHE

D3 &H Jls Off 0 H5 EEGH &8 ULCH




Why use Smart Battery
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Why use Smart Battery

- VoltageE 2 HZ & Battery =SS 2= F8E
- Battery Voltage= Discharge Current, Temperature, Life Cycle, J|E}
CtE OI0l 2ol ¥t &l oL
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Why use Smart Battery

clz =33d

]

Sx0l SYA

O ol

ritical Message

- OCA : Over Charge Alarm

- TCA : Terminate Charge Alarm

- OTA : Over Temp Alarm

- TDA : Terminate Discharge Alarm
- RCA : Remaining Capacity Alarm
- RTA : Remaining Time Alarm

- FC : Fully Charged

- FD : Fully Discharged
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Why use Smart Battery

- J|Z= (Dumb) Battery
- 2Nl BEMOZ WEA Its

- Battery Chemistry ' = ?{oll Id &tAI AIS

L

- Smart Battery
Smart Battery )t S2& M2 =X

Battery S: 0| &2 8l0| & Jt=s

Battery Chemistry

Charging Voltage

Charging Current

Battery Vendor

Model Name
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Smart Battery

- What Makes A Smart Battery

Predictive Algorithms

Accurate
Hardware

= Measurement Current Algorithm

* Predictive Remaining capacity Algorithm

= Learn Capacity Algorithm
= Accuracy Test Algorithm
= X7 F &k 7| S Algorithm

Battery
Cell
Models

|

Smart Battery

-

SMBus
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Smart Battery Block Diagram
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Key of Smart Battery

+ Key of Smart Battery

Current Measurement

- Predictive Remaining Capacity
- Learn Capacity

- Battery Cell Modeling

- Smart Battery Data Accuracy

- Addition Smart Function
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Current Measurement

» Current Measurement ( OP Amp Method )

Analog

MUX

/

Gain Selector

Offset
Control

N

Shunt Resistor

17




Current Measurement

* Current Measurement ( VFC Method )
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Predictive Remaining Capacity (OCVH)

Residual Capacity (%A &) = F(Cell BB = E)

Calculation Table

Converter to Open
—> Circuit Voltage (Vocv)
Vocv = Vcell £ 1 *RDC * k

- Reference capacity data

-Vo > %

Battery Voltage Vocv

(Vcell)

\/

- % x Capacity — Ah

A - Ah x Voave — Wh
Battery Current Deterioration
—»
() Factor (k) Vo
Internal resistance ( Rbc )
XS0l 1 MK Ah/Wh

1= h — 12
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Predictive Remaining Capacity (Current & AHH)

RC(n) = RC(n-1) * Ibatt * At * Ef * Life - Iself

Ibatt : 1 2t 16HS Sensing®t
Ef : SYWH X7 (CRate) 20l o[
Life : LifeCycleoll 2|et U™ &=

Iself : Self Discharge 28 A=

gad At Az

FEW™ 8& ( Matrix Table )

Current

/| ’--—‘\/_\/

1ZS2t 16812 Sensing
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Learn Capacity (2&

F

ol
li)g

)

B2stE O|2h : BatteryZ| TSN = A2 mf of A=| = Battery Capacity, = FullCharge

Learn Capacity (S &f

Capacity zt= Update 5t= Z & 2|o|&tcl.

- Battery Capacity= 4™ &, Temperature, Life Cycle SOl [}2} Capacity7| &2}
X|Z2 Battery Remaining Capacity2| o £2| &t = HolTtE Micom Programi|

Battery S8 2 Ql243t=Lfol| &a{ At
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Bridge Passage Method

- Bridge Passage Method (2 =E% £ & Algorithm)
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Bridge Passage Method

Bridge Passage Method

Ot es =
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Bridge Passage Method

Bridge Passage Method

N
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Xt 2|1 & EF Algorithm
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Smart Battery Function

« Smart Battery Function (Data)

=3H data

0= data

Critical Message

Fixed Data

—>

Voltage(), Current(), Temperature()

RemainingCapacity(), FullChargeCapacity(),
RelativeStateOfCharge(),

AbsoluteStateOfCharge() ...

BatteryStatus()

ChargingVoltage(),ChargingCurrent(),

DesignCapacity(),DesignVoltage(),
DeviceName(),DeviceChemistry() ...
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Smart Battery Function

Function Code Access Data
ManufactureAccess 0x00 riw word
RemainingCapacityAlarm* 0x01 riw mAH or 10mWH
RemainingTimeAlarm* 0x02 riw minutes
BatteryMode 0x03 r/w bit flags
AtRate 0x04 riw mA or 10mW
AtRateTimeToFull 0x05 r minutes
AtRateTimeToEmpty* 0x06 r minutes
AtRateOK* 0x07 r Boolean
Temperature 0x08 r 0.1 'K
Voltage 0x09 r mV
Current Ox0a r mA
AverageCurrent 0x0b r mA
MaxError 0x0c r percent
RelativeStateOfCharge 0x0d r percent
AbsoluteStateOfCharge 0x0e r percent
RemainingCapacity 0xOf r mAH or 10mWH
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Smart Battery Function

Function Code Access Data
FullChargeCapacity 0x10 r mAH or 10mWH
RunTimeToEmpty* 0x11 r minutes
AverageTimeToEmpty* 0x12 r minutes
AverageTimeToFull 0x13 r minutes
ChargingCurrent 0x14 r mA
ChargingVoltage 0x15 r mV
BatteryStatus* 0x16 r bit flags
CycleCount 0x17 r count
DesignCapacity 0x18 r mAH or 10mWH
DesignVoltage 0x19 r mV
Specificationinfo Ox1a r unsigned int
ManufactureData Ox1b r unsigned int
SerialNumber Ox1c r number
ManufactureName 0x20 r string
DeviceName 0x21 r string
DeviceChemistry 0x22 r string
ManufactureData 0x23 r data
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X Data)

JJh

Smart Battery Data (

* £ Data
- Temperature : Smart Battery Pack2| LI & =%
- Voltage : Accuracy : £1.0% of Design Voltage()
* Minimum Cell Voltage * 3
*V =Vcell1 + Vcell2 + Vcell3
* Battery Terminal Voltage
- Current : Battery2| Terminal2 S50 S & 5= Current

Accuracy : £1.0% of the Design Capacity()
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Smart Battery Data (0| = Data)

» 0 = Data

- RSOC(RelativeStateOfCharge) : 0{ 4= = Remaining Battery Capacity=
FullChargeCapacity()0ll CH & Percentage £ LIEHA C} (%)
RSOC = RemainingCapacity / FullChargeCapacity *100

- ASOC(AbsoluteStateOfCharge) : 0{ 2= = Remaining Battery Capacity S
DesignCapacity()0ll Cll 8t Percentage = LIE}:HC}
ASOC = RemainingCapacity / DesignCapacity *100

- RC (RemainingCapacity) : 0| 2t=| = =0} = Battery Capacity

- FCC (FullChargeCapacity) : Full Charge=| %! 2 0l 2| 0f A& =| = Battery

Pack Capacity
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Smart Battery Data (Critical Message)

* Critical message

- Over_Charge_Alarm : Smart Battery”| Over Charge = IiO}C} Set =l C}.

- Terminate_Charge_Alarm : S}-0| 22| Charging Parameter?t 51 &
RangeE S 0{Lt= 22 ZX| 5tA =™ Set=Cf
(odl: Over Voltage, Over Current)

- Over_Temp_Alarm : Battery L & 2 =7} 5 x| ECl & 40l Setz!Cl.

- Terminate_Discharge_Alarm : Battery7} £4tx|X| &= HRoA 2 E
oy X| & 2259 22 LIEIL]=0| 0] bit7} setEl ol & HZ8A

ArEEe 22 G7H ¢l Capacity LossE 71H 2 = UCt
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Smart Battery Data (Status Data)

e Status Bits

- Initialized : Smart Battery”7} & = A| W& & [l Set &/ 0{A{ Calibration
Data’t 22l 2 2H #H3} 5tHLE SO X|A| =™ ClearE Cl.
- Discharging : Rest & DischargingX| Set, Charging A| Clear
- Fully_Charged : Charge Termination Pointdll =& & A2 Set =11 CIA|
Charge& I ClearZ!Ct.
- Fully_Discharged : &4 10| 2 & o4 X[ E S & ot 40l Set =C}.

RelativeStateOfCharge()7} 20%0]| 40| = A 20l Clear = C}
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Smart Battery Data (Battery Status)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1

OCA | TCA - OTA | TDA - RCA | RTA I D FC | FD Error Code

OCA : Over Charge Alarm
TCA : Terminate Charge Alarm
OTA : Over Temp Alarm
TDA : Terminate Discharge Alarm
RCA : Remaining Capacity Alarm
RTA : Remaining Time Alarm

| :Initialize

D :Discharging

FC : Fully Charged

FD : Fully Discharged
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Smart Battery (Smart Phone)

- bqJUNIOR FEATURES

Report Accurate Time-to-Empty (Stand by / Peak / Actual / At-rate)

Report Cell Temperature,Voltage and Average Current

Report Remaining Capacity and RSOC

Report Full Charge Capacity

Report Status Flag ( Charge status / No Activity / Li-ion taper curent
detection / Capacity Inaccurate / Valid discharge / End of discharge

voltage )
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Smart Battery (Smart Phone)
End Point 2 & (|

Why use Smart Battery (Smart Phone)
- System : 0 J| X| &&= ShutdownS 0l 2ot 1), & =5t
2 ALE Al2F It (rsoc)
- User : Z &St Battery &XEES S AtEJtsS AlZHH Uit E 2 KIS (rsoc, Time)
- Battery igaot_l %E’J& J_L,’I'ali —)Ik—%' Odjcc)I- ( BatteryStatus )
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Smart Battery (Smart Phone)

* bqJUNIOR Application Diagram

Controller =

L

BATTERY PACK
PACK+ O & Py
| 4+ Li-lon
| —— o
| [ | Li-Pol
0.1uF c4 "

| 1 _lgllll RBI GPiof3 — '1—
| = e srP|. _T_ '\{g\,
| *vss SRNFS ¢

. ouF 100K 0'?2

HDQ O ~ 4wpa Bar] \jl '

| bgJUNIOR o l\{g\’
| Protection oar 100k
|
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Smart Battery (Smart Phone)

* BqJUNIOR Il Application Diagram
BATTERY PACK

4+ Li-lon
— — or

' Li-Pol

c3 o

-1uF C4  pgJUNIORHI

0.1uF

= lﬁ —{rei GPIO|— L

= vce SRP +- AN
R2
c1
lvss SRN 100K R1
J:__ I 0.1uF 0.02
_[|BNEG BAT —
= R4 I\{a\?{\’
HDQ 100 cs c2 100k

CHG  BPOS L
, DSG CDLY 4' -
| ce !N L
PACK- 0.01uF
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Smart Battery (Smart Phone)

Function Code Access Data

Device Control Registor 0x00 riw

Device Mode Registor 0x01 riw
0x02

At Rate r/w
0x03
0x04

AtRate Time To Empty r minutes
0x05
0x06

Temperature r 0.25 'K
0x07
0x08

Voltage r mV
0x09

Status flags 0x0a r

Relative Status Of Charge 0x0b r %
0x0c

Nominal available capacity r 3.05uVh
0x0d
0x0e

Discharge compensated NAC 0x0f r 3.05uVh

X
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Smart Battery (Smart Phone)

Function Code Access Data
Temperature compensated 0x10 ; 3.05uVh
CACD 0x11 Bt

0x12
Last measured discharge r 3.05uVh
0x13
0x14
Average current r 3.05uVh/Rs
0x15
0x16
Present rate time to empty r minutes
0x17
. 0x18 _
Time to full r minutes
0x19
Ox1a
Standby current r 3.05uVh/Rs
O0x1b
. Ox1c .
Standby time to empty r minutes
Ox1d
. Ox1e
Maximum load current ox1t r 3.05uVh/Rs
X
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Smart Battery (Smart Phone)

Function Code Access Data
0x20
Maximum load time to empty r minutes
0x21
0x22
Available energy r 25/RsuWh
0x23
0x24
Average power r 25/RsuW
0x25
Time to empty at constant 0x26 ]
r minutes
power 0x27
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