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HT BEolAE ALT REE PQ| F8F A& SR oY, ER PCE AXEE EET A8Tt e
AZHe A &SP, a8 HFzAocr TS AoJd = e SBP(smart battery padk) 2ol A8k
AUtt. SBRE #5A, b F AFENE EFoleAAY] ks FHsl] $1%F HE3|EN- (protection ICHH
78 9 ARBIFEAIRE B0 AR 9% AEFER (smart ICE TgE00t) BEos]Ee 534 9 U FETR
o]-g3le] o] N HFE XeHEln, SBS(smart battery systeln) system host, smart batteB smart battery charger
2 7A=Y Atk &%, SBP AMEEE ICE AVielWA, AHAFVE i, A¥Esr et E2d,
microcomputer control tygg ICE AMg-taL, HAe] dnejE&s ridet] FE&F B ARV RS B88HA o
=3 87} St} o8 SBSV|&& =ES PColflelw A7 IAHA, H7 A sA), AEARE, FANRE T B9
3k Ropoll A A" AoE q3dEd.

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

a load levelling and a military.
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Table 1. Shipment volume and growth rate of notebook PC

Year 1999 2000 2001 2002 2003 2004
Shipment(Thousand Unit) 17,500 21,000 23,000 25,000 27,000 29,000
Growth Rate (%) - 20.0 9.5 8.7 8.0 7.4
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Fig. 1. Block diagram of protection circuit for lithium ion batteries.
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Fig. 2. Smart battery system model.
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Table 2 Functions used by the smart battery to communicate with other devices connected via the SMBus

Devices Functions (Messages)
Manufacturer Access, Remaining Capacity Alarm, Remaining Time Alarm, Battery Mode, At Rate, At Rate Time to Full,
At Rate Time to Empty, At Rate OK, Temperature, \oltage, Current, Average Current, Max Error, Relative State of
SHto SB Charge, Absolute State of Charge, Remaining Capacity, Full Charge Capacity, Run Time to Empty, Average Time to

Empty, Average Time to Full, Battery Status, Cycle Count, Design Capacity, Design Voltage, Specification Info, Manu-
facture Date, Serial Number, Manufacturer Name, Device Name, Device Chemistry, Manufacturer Data

SB or SH to SBC Charging Current, Charging Voltage

SBC or SH to SB Charging Current, Charging \Voltage

SB Critical Messages  Alarm Warning

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

Table 3 Criteria definitions in the smart battery technology

No Criteria Definitions

. Temperature, voltage, current in realistic sampling intervals with usable resolution and accuracy
1 Accuracy and data acquisition

(1% or better)

2 Battery cell model & predictive algorithm Multi-dimensional function using all measured values
3 Cost Below $4 in high volume
4 Communication capability Industry standard or customer proprietary
5 Programmability Programmable/re-programmable at assembly and field level
6 Data content Include predictive run-time information, not just state-of-charge
7 Reliability Meet or exceed industry requirments (UL, IEC, Mil Spec.)
8 Size Packaged so as not to increase size of overall battery pack
9 Complexity of implementation High integration, minimum components, segmented functionality, user friendly customization

[ay
o

Power consumption

No impact on battery performance, much less than self-discharge
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Fig. 3. Manufacturing flow of the smart battery pack.
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Fig. 6. Capacity accuracy in FCCC(full charge change current) test
for the smart battery pack.
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Table 4. Accuracy results of voltage and current in the smart battery pack.

Current (mA) 500 1,000 1,500 2,000 2,500
Real data 11.489 11.648 11814 12.008 12.164
Vo('\tf;ge Smart data 11.479 11.628 11.795 12.014 12.169
Charge oV 0.010 0.020 0.019 -0.006 -0.005
Real data 500 998 1501 1968 2500
C(‘;T:f)”t Smart data 492 984 1476 2039 2531
A -8 14 10 71 31
Real data 11187 11.040 10.893 10.733 10579
Vo('\t/"’)‘ge Smart data 11.191 11.070 10.932 10.782 10.644
Discharge AV -0.004 -0.030 -0.039 -0.049 -0.065
Real data 2499 996 1494 1992 2500
C(Lr‘T:f)”t Smart data 492 984 1476 1968 2531
A 28 12 17 11 31
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