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Brief history of batteries

Battery density increases about 10% annually
— 1950 Nickel Cadmium (NiCd) (banned in EU from 2006)
— 1990 Nickel-metal Hydride (NiMH)
— 1991 Lithium lon (Li-ion)
— 1999 Li-ion Polymer
Most devices have battery capacity within 1500mAh, typically
slightly more than 1000mAh (@3-5V)
— Nokia 9500 communicator: 1300mAh (@3-5V) Li-ion Polymer, 172 grams
— Dell Latitude D610: 4700mAh (@11V) Li-ion, 2300 grams



Energy density
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Cell structures




Energy density (Whr/L)

Battery properties |
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Battery properties | (Contd.)
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Figure 1. Improvements in laptop technology from 1990-2001.
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Battery properties |l
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Battery properties Il
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Battery properties |V
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Battery properties V
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Battery properties VI
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Wireless charging

The Latitude Z on wireless charging station, and wireless dock adapter on the right. (Credit: Erica Ogg/CNET) 13



Wireless charging (Contd.)

Palm Pre™ Touchstone™ Charging Dock



Fuel cell for portable power

Polymer membrane * Proton exchange membrane
(PEMFC)

e Direct methanol (DMFC)

Gas diffusion layers -
porous carbon paper

Anode - Pt supported on carbon ~__

Cathode - Pt supported on carbon

 Low operating temperature (60-
80 degree C)

Flow channels cut in collector
plate

Cathode collector plate

Anede colleclor plate /

Unused Unused Air
Fuel and Product
Water
{Vapor and
Ligquid)

Ellis, Spakovsky & Nelson, 2001
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Fuel cell system
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Fuel cell system schematics

40-50% efficiency Ellis, Spakovsky & Nelson, 2001
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A hot case: 3-Watt Nokia 3120

Every One Watt increases surface temperature
by about 13 deg C

Temperature {degc)
= 166.83

131.38

95917

Phone case temperature will be
40 deg C higher. 50458
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Applications

$39---3300mAh
fuelcellstore.com

Motorola: under
development

 Portable energy storage
(charger)

e Refillable fuel cell
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Hitachi prototypes (2005)
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Toshiba prototypes (2005)




Medis (2008)

e Available throueh RestRiiv
/‘\ \

POWER IT ANYWHERE

Powers Handheld Instant Mohils
Electronic Dovices [ Fuel Cell Power

B T

FUEL CELL POWER STARTER KIT

Poiwer without Dne Touch Activation Green Fael Cell Powar—
the Plug... No Wall for Charging your There's Mathing
Sockot Nesded! Handheld Devices | Elsa Like Il

Ideal for work, travel, camping, emergencies and more.




Supercapacitors/Ultracapacitors

Fast charging
More cycles

High power density
Low energy density

http://news.cnet.com/8301-11128 3-10363496-54.html
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Battery management

e Accurate battery capacity monitoring

Main battery: Lilon

Recharging state: Charging

* T1BQ2023

— Coulomb (Charge) counting-based monitoring
— Single-wire advanced battery monitor IC
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Battery gas (fuel) gauge

Battery Pack

Portable Device

Talk Tirme: 1:15
Standby Time: 7:25

—I Pack + I—
Haost Controller
Program
| Cell(s)
B Battery Monitor IC Data
a0ts,azots, |1 J'Hf commnicaion
2023
a ) Battery Capacity
Calculation
Sense
Resistor
ﬂ\/\/% ] Pack - [

System Display

SDQ single-wire serial

communications interface




Smart battery interface

e Single wire
— Embedded clock

W=

Data
101000100
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Smart battery interface (Contd.)

* Two-wire SMBus system

— One wire for clock
— T1 BQ2040

Dats
. — .
101000100




Windows Mobile battery API

e Battery is treated as a peripheral device

— Battery driver

DWORD GetSystemPowerStatusEx2
( PSYSTEM_POWER_STATUS_EX2 pSystemPowerStatusEx2,
DWORD dwlen, BOOL fUpdate );



Discussion

 Why is battery gas gauge difficult?



Power distributior e

Generation Source

Transmission
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Application Load;

Processor, DSP, Memory Line Card
Graphics

Shelf/Rack System

Evaldo Miranda & Laurence McGarry, Analog Devices



Power distribution

Typical Notebook Idle Power Breakdown

Idle Power Breakdown of System under EPA Idle Conditions

Power = Efficiency Loss (35%) + Platform (65%) ICH CLK Chip
7% 3%

AC Loss
19%

COMM

Audio
4%

PLT VR
13% __HDD
7%

CPUVR eon

3%

39, GMCH 14%

9%

VR: voltage regulator
ENERGY STAR* System
Implementation

Published by Intel with technical collaboration from the
U.5, Environmental Protection Agency

Whitepaper

February 2007
Revision -001



Voltage regulator (DC-DC)

e Maintain a constant voltage output

Property Linear regulator | Switching regulator

Price
Step-up?
Efficiency

Output noise

Low for low power
No
Low

Low

High for low power
Yes

High

High
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Linear regulator

e QOutput voltage
* Dropout
e Qutput current limit

* |nput voltage range
Typical Operating Circuit

@ IN OUT F——e—— OQUTPUT
MAXAN VOLTAGE
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Linear regulator (Contd.)

e Efficiency

- *
Power waste = (V. -V, ) * |,..4
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Regulator network

* Aregulator achieves best efficiency over a

narrow range of outnut current

EFFICIENCY vs. OUTPUT CURRENT
(MAX8643)
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Decoupling capacitors

Bypass capacitors
P ‘ AC2DC \
EQ

L=dl/dt




Impact on power measurement

e Low-pass fiIterinF,g effeEt
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Cycles

Quming Zhou, Lin Zhong, and Kartik Mohanram, "Power signal processing: A new perspective for power analysis and optimization," in Proc.
ACMY/IEEE Int. Symp. Low Power Electronics and Design (ISLPED), August 2007.



http://batteryuniversity.com/



