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California BCS efficiency efforts date back to
2002 (small) and 1998 (large)

2009: IOU team
completed proposed
standards levels

2004: Development of 2004 to 2009: IOU technical
PG&E proposed and market research to
standards levels began support standards proposal

2003: active mode [l 2003 to 2008: 3 stakeholder workshops,
consumer test hundreds stakeholder comments;
procedure multiple drafts of test procedure

development began

2010: October
CEC Staff
Workshop

I 2008: industrial BCS added;
CEC adopted test procedure

2011: March CEC
Staff Workshop

1998 to 2008: Industrial test procedure development at SCE labs I
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EISA 2007
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document to
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consideration

federal BCS
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Jan 2006: Energy Star finalizes BCS

specification and test procedure: low
power modes only, limited BCS scope




More than 100 products tested to inform
standards development (small and large)

A B | C T [ ul] v [ w | ¥ | ¥ | I | | a8 | ac | aDp | AE | AF |

1 |Line [ID Test conditions Conditioning Preparation Charge

2

3 |# Product Input Y Freq Ports used Conditioni * Date Discharge 1 " Discharge 2 Date Start Time  End Time  Duration  Capacity " Date C
4 | 3BC200 Z-weay radio 115 =in] 1 Previous 1041007 11:40 14:40 61% 1041152007
5| 4/ BC200 Z-way radio 115 50 2 Previous 11/05/07 11:00 16:20 110% 11/48/2007
6| &BC201 Z-weay radio 115 =in] 1 NAA 1041007 11:40 14:40 57 % 1041152007
7| BBC201 Z-way radio 115 60 2 MAA, 110507 11:00 16:00 103% 114842007
B | 7 BC25 CL Irpact Driver 115 50 1 CMiC 11/8/2007 993 110607 13:17 18:20 303 101% 11/7/2007
| 9| &8BC2E CL Driver-Drill 115 =in] 1.Cmic 11/8/2007 1107 110807 13:20 15:48 328 109% 11/7/2007
10| 9BCZ37 Drill-Driver 115 50 1 CMiC 11/8/2007 1070 110607 17:30 23:.00 328 109% 11/8/2007
11 10/BC242 CL Dill 115 =in] 1 CMYC/D/C 1146/2007 1236 1168 11/20/07 13:20 17:20 242 80% 112152007
12 11 BCZ239 ALAMS Charger 115 60 1 CO/CIDIG . 11/5/2007 110607 17:30 2115 224 4% 11/7/2007
13| 12 BC233 ALSAAL Charger 115 50 1 Prev(18) Disch (18) 15:40 270 90% 11/25/2007
14| 13/ BCZ39 ABAML Charger 230 50 1 Prev(113/C 0 11/22/2007 11522007 9:45 14:10 265 88% 11/2352007
15| 15/ BC235 ABAAL Charger 115 =in] 1 Prev(13) Disch {13) 15:40 269 89% 11/26/2007
16| 18/ BCZ3E AMAAA Charger 115 =in] 2 CC/DiC ) 114842007 11420007 13:20 17:20/2388236 9% 11/21/2007
17| 18/ BCZ35 ABAML Charger 230 50 2 prev(16) Disch {16) 2708270 90% 11/2352007
18| 19/ BC24 CL Toals (3) 115 =in] 1COACIDIC 1146/2007 2522 2865 1121407 9:35 14:00 263 87 % 11/22/2007
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e Includes wide array of consumer and industrial
chargers: cell phones, cordless phones, AA
chargers, power tools, personal care devices, mp3
players, lawnmowers, digital cameras, forklifts, and
more

e Tests cover broad range of battery capacities,
voltages, chemistries, and charger topologies



Significant outreach to manufacturers

through trade media and web
BATTERY POWER
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fvolving, .

e Battery Power Products and =
Technology Conference trohing, Salar cefl Butery Charsing
bresentations last 5 of 8 Wi, |gosay
years ('03, '04, ‘05, 06, '10) .
e Article in trade press (Power
Electronics Technology):
expected policy action and

Radical Redesign Nears

pressing climate need (‘07

e Website continuously

documenting research and
policy measures since ‘05

Battery Chargers
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Definitions The Mumbers Best in Class Efficie Test Procedures

Califarnia Test Procedure History
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WHAT'S NEW?

Final California Energy Commission
Rulemaking on Battery Charger System
Test Procedure Complete

As new markets for energy-efficient battery
chargers emerge, designers can take advantage
of technigues for testing and improving charger
efficiency.

nergy-efficiency funding is expected to grow

rapidly in future years as utilities respond to their

internal goals for greenhouse gas reductions and

legislation such as AB 32 in California. AB 32

mandates an absolute reduction in total state
greenhouse gas emissions of 25% by 2020, at a time when
the state’s emissions are still rising by roughly 1% per year.
An absolute reduction of 70% to 0% in greenhouse gas
emissions is needed to stabilize the climate (see *Climate
Context”on page 21).1*

The California Energy Commission { CEC) has already
proposed a series of initial policies for securing those re-
ductions, including mandatory efficiency requirements for
external power supplies and many other types of consumer
electronics. Hearings on an additional round of energy-
efficiency standards are scheduled to get underway in the last
half of 2007, addressing battery-charging systerns and other
energy-consuming products.

The U5. Department of Energy is also considering man-
datory efficiency standards for external power supplies and
battery-charging systems. Meanwhile, Europe is evaluating
mandatoryand voluntary policies to improve power-supply
and battery-charger energy efficiency through its Energy-
using Products (EuP) effort

It is only fitting that the consumer electronics, battery-
charger and rechargeable-battery industries be asking “What
are we doing right now to reduce the amount of energy our
products consume by at least 70%7 What more could we
be doing?™

Undertaking such innovation now could mean the dif-
ference between having a market-leading technology to sell
Auring thawnlnntary chacs nf afficiant hattare..

aroer aalio

for Battery Chargers

By Chris Calwell, Policy and Research Director, and
Suzanne Foster Porter, Senior Research Analyst,
Ecos Consulting, Durange, Colo.

Battary-charger system
Battary charger output

OuLpuTanargy

Etfclney = oty

Fig. 1. When measuring battery-chargerethciency, the ac-dc power
supply the charge control circuitry, and the bartery should gl be
counted as parts of the battery-charger system.

hundreds of different electronic products, Ecos Consulting
concluded that thereare now more than 3.6 billion electronic
products in use in the United States consuming more than
300 billion KWh per year. This is about 10% of all national
electricity use.

In those products, the largest opportunity to save energy
lies in improving the efficiency of ac-dc power conversion.
This goal is already the focus of numerous mandatory and
voluntary programs worldwide. The next largest energy-
saving opportunity is in the battery-charging process, as there
are more than 1 billion products that charge batteries.

Studies conducted by Ecos Consulting on actual
battery-charger products reveal some of the opportunities
for improving the efficiency of these products. The studies
make use of a proposed procedure for testing battery-charger
efficiency that is expected to become a standard test proce-
dure for agenciessuch as the CEC when their battery-charger
racmlatione oe inte affact



CA Stock (millions)

Number of consumer chargers continues to
increase; new products routinely added

140
120
100 - m Power Tools
M Laptoos
80 -
M Personal Care
60 - Electronics
M Cell Phones
40 -
W MP3 Players
20 -
D _

2009 2011 2013

Data Source: (Porter et al. 2010) 6



All BCS include:

1.

Battery size from watt hours to 1000s watt
hours, but all have same function

A power
supply to . -
convert high Rechargeable ‘AA’ Power Tools
voltage ac to
low voltage dc
Charge
control to
regulate
current going
to the battery
A battery that
stores energy

T A1

Graphic: Designing battery Charger Systems
for Improved Efficiency Geist,Kameth, 2006
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Energy use by product category & CA stock
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*logarithmic scales

Annual Energy Use (kWh) / Unit

California Battery Charger Major Energy Use Contributors

Three Phase Lift-trucks (48%)-
Auto/Marine/RV (12%) .
Laptops (7%) .
Golf Carts/Electric Carts (6%) »
Cordless Phones (6%)

Power tools (5%)
Emergency systems (3%)
Cell phones (3%)

*Orange diamonds
represent outliers in
terms of stock and
energy use

*Blue diamonds are
other battery
chargers that

Single Phase Lift Trucks (3%)| compose the stock
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Over 170 million battery chargers in use in California
today, suggests a “phase two” multi-product approach

No Battery Charger Battery Charger

Multi-Product External Power Supply Strategy

External
Power Supply

Internal
Power Supply

Source: PIER, Tapping into Plug Load Savings available www.efficientproducts.org/




Functional components sometimes in same
housing, but more often separated

Form Factor 1
The power supply, the charge control
circuitry and the battery are contained in
separate housings.

Charge
External control
power _——> circuitry
supply
Battery
housings

Form Factor 2
The power supply and the battery charge
control circuitry is contained in a single
housing. The battery is contained in a
separate housing.

Battery

Power

Supply and
Charge — >
Control
Circuitry

Form Factor 3
The charge control circuitry and battery
are inside of the cell phone. The power

supply is contained in a separate
housing. Battery and

—M™ Charge
External Comerol
bower el Circuitry
supply

Form Factor 4

The power supply, the charge control
circuitry and the battery are contained in a
single housing.

10



Battery Chargers have three primary modes of
operation: active (charge) mode, maintenance
mode, and no battery mode

Active Mode

AC Energy

Maintenance Mode

Power

DC Energy N
4 A No-Battery Mode

N

4 N

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00 27:00 31:00
Time
(hours)

11



Four dominant battery chemistries

Nickel Nickel
: i Metal Lithium lon
Lead-Acid | Cadmium : .
(NiCd) Hydride (Li-ion)
(NiMH)
Self Discharge Very Low Moderate High Low
Rate
Overcharge High Moderate Low Very Low
tolerance
UPSs, deep toys, digital video cameras,
cycle cordless cameras,
Example " | cell phones,
Applications emergency | phones, cordless laptop
backup cordless tools, two-
) computers
systems tools way radios
Technology : :
Maturity Mature Mature Developing Developing
Energy Low- :
Density Low Moderate Moderate Very High
Price Low Moderate Moderate High
ToxXicity High High Low Low

12




Efficiencies can vary widely, even within similar product
end uses and identical battery chemistries

Tool Charger Tool Charger
Li-Ion battery Li-Ion
24% 24-hr Efficiency| 43% 24-hr Efficiency
Maintenance Power: |Maintenance Power: 0.2 W
0.5W

13



Product utility and consumer features do
not necessarily trend with efficiency

Slow Charge Time & Fast Charge Time &
Less Efficient Higher Efficiency

e Product: 18 Volt Drill Charger « Product: 18 Volt Drill Charger

o ﬁharge Time: approx. 24 « Charge Time: approx. 1 Hour
ours .
° - (o)
e 24h Efficiency: 6.6% 24h Efficiency: 57.296
e Maintenance Mode: 10.4 « Maintenance Mode: 0.8 watts
watts « No Battery Mode: 0.6 watts

e NoO Battery Mode: 1.8 watts

In data set, there are also examples of slow chargers that are quite ,,
efficient, examples of fast chargers that are inefficient



Consumer and non-consumer energy usage and trends

Dominate Key California California
Product types charger efficiency stock of annual
technology metrics products energy use
Laptops, cell
small phones, power 24-hr
tools, Linear, efficiency, .
Eﬁ;&egrs auto/marine/RYV, switch-mode maintenance 169 million 3,500 GWh
9 cordless phones, mode
golf carts*
Power
Ferroresonant, .
Large Forklifts, electric silicon conversion -
battery carts controlled efficiency, 0.10 million 3,600 GWh
chargers rectifier (SCR) charge return
factor

Small battery chargers
e Typically sold with battery °
e Usage patterns differ significantly ¢

e Price and portability drive market
e Significant savings potential in

Large battery chargers

charge mode and maintenance

mode

* Golf carts are exception to trends in
small category

Typically not sold with battery

Used heavily

Significant cost and energy usage provide
market mechanism for some efficiency

Cost effective savings in power conversion
efficiency and charging behavior

15




Counteracting battery self-discharge in
maintenance mode possible, even for largest

power tool battery chargers

o All batteries discharge slightly after the charge cycle
e Title 20 allows for trickle charge when needed

24 hour self Ac power required to Maximum
discharge counteract self- battery size
discharge (W) observed
(Wh)
Li-Ion 5% 0.29 96
(no immediate trickle
needed)
NiCd 10% 0.35 48
NiMH 15% 0.36 40

=
o

Isidor Buchman, Batteries in a Portable World, 2nd Edition, Cadex Electronics, 292 pp, 2001.
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Pad chargers: initially phones, but
may extend to other products

e Emerging form factor enables
consumer to place phones onto
pad, rather than connect via cord

e Current generation products have
external harness—future solutions
could be incorporated into housing

e Recommend for inclusion in scope
of Title 20 standard




Mission critical BCS can meet
proposed standard

e Mission critical chargers are used charge radios
carried by public emergency personnel

e Tested multiple rapid chargers of similar battery
size that can meet the proposed standard

e Intrinsically safe circuitry to prevent electrical
spark generation should not significantly increase
energy consumption

19




Mission critical BCS can meet
proposed standard

e LEDs for bright ambient conditions are 10 to 50
mW per LED
— For six ports: 0.06 W to 0.3 W for battery maintenance
- 0 W for no battery mode (no indication needed)

e Use LCD display with variable backlight control
that responds to ambient room lighting (suggest
specify that test is conducted in a bright room)

e Because efficiency test is conducted at normal
room temperature, little to no energy associated
with a cooling fan would be counted in test




Proposed Title 20 BCS efficiency
standard levels are cost effective: two
detailed studies

DIY 15 Wh NiCd power tool charger 1.5 Wh NiMH beard trimmer
Cost: $60 from Home Depot (Feb Cost: $18 from Target (Jan 2011)
2011)

Products selected based on manufacturers’
comments concerning cost effectiveness 21



Resistive charge control appropriate
for low battery capacity products

l. Vin_Fr@ EPS
+

g
®

ot
n

P.ow or Conswamplion {w ats)
Lo o o o
= N W
i
N
o)

Tims {hours}

24 hr Maintenance | No-battery
efficiency

Proposed Title 20 10.6% 05W 0.3 W
As shipped 13.2% 0.47 W 0.31' W



No battery mode levels lowered by
replacing level IV EPS with level V

e DOE analysis of similar sized power supply i
(2.5 W) suggests incremental BOM cost of
EPS IV to EPS V $0.10, so $0.15 incremental = )
retail (with tax) (DOE TSD markup 1.45x)

e Benefit: cost=1:2

e EPS available as “off the shelf” plug in from
vendor, eliminating redesign costs

Mode 24 hr Maintenance |No-battery
efficiency

Proposed Title 20 10.6% 05W 0.3 W

Modified: level V  18.4% 041 W 0.30 W
EPS



As copper prices surpass pre-recession levels, incremental
cost of level V EPS silicon solutions likely to
lower further and possibly move negative

5 Year Copper Spot

5.000

4.000 -

3.000 -

ush /b

2.000

www . Kitco.com

%ﬁ“vﬁ?{ﬁ}@fﬁﬁ’f&ﬁﬁﬁ%ﬁ
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DIY power tool efficiency improvements
needed: charge termination/maintenance

I

Vin_Fr@ EPS

A

Power Consumption (watts)
[
il

0 4 3 12 16 20 24

Time {hours)

Mode 24-hour Maintenance | No-battery
efficiency

Proposed Title 20 45% 0.5W 0.3 W
As shipped 35% 2.2 W 0.25W



Lilon products already use Si control
“Off the shelf” Si solutions available for efficient
battery management for Nickel

Comparators &
comparators with
references

F1s

National oL ‘ii
Semiconduclor LMP7300 s
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Simple charge control possible to
improve charge and maintenance

mode efficiency

Replaced resistor as current

regulator with a transistor  vinfrom bridge rectifier

controlled by a voltage
comparator: reduced
maintenance power

1% [ransistor

Circuit can be converted to

+

hysteresis charger by
removing trickle resistor

bypassing the transistor 1
Incremental BOM cost for
redesign (OEM quantity):

~$0.55

Control IC

12,74K

||IIIII-
T




Charge efficiency and battery
maintenance are improved

4 /l 17
3 fg(/_:-_'__—"" 16

2 15
=N ains Power

1 14
— Battery Voltage

Mains Power (watts)
Battery Voltage (volts)

0 5 10 15 20

Time {hours)

Mode 24-hour Maintenance | No-battery
efficiency

Proposed Title 20 45% 05W 0.3 W
As shipped 35% 2.2 W 0.25W
Modified: charge 41% 0.46 W 0.30 W

term.



Add “off the shelf” level V EPS, and Title 20
proposed levels cost-effectively achieved

Mode 24-hour Maintenance | No-battery
efficiency

Proposed Title 20 45% 05W 0.3 W
As shipped 35% 2.2 W 0.25W
Modified: charge 54% 0.40 W 0.30 W
term. +V EPS
e Incremental BOM cost for redesign (OEM quantity):
~$0.55

e Incremental cost for level V EPS: $0.10 (may go down
as copper prices increase)

e Total with markup is $1.30 (2x in DOE method)
e Payback period: 0.6 years, 14 kWh/year annual savings



Plenty of room for Silicon charge
control on existing circuit boards

0.8 =S =
i __“ s E IR -1 o8

Surface

mount Si
charge
control
occupies
vacated
Rectifiers space
move into Charge
new EPS Resistor
no longer

needed

30



Wider adoption of Lilon has demonstrated that Si

charge control can be implemented with little or
no packaging impact

NiMH Battery PCBs are same size & mount

Resistors(4) Transistors

*These small “off the shelf” packages
allow Si based charge control to fit in
existing PCB space

31



Few additional costs associated with
redesign in one year

Consumer products are regularly redesigned to encourage
consumer upgrade to new models and to distinguish product
in the market

Circuit design and board design can be absorbed into regular
OEM redesign schedules

Changes to product molding not required, components
required are small and fit on existing circuit board space

Markup on extra components applied in the analysis (2x)
easily covers these costs

Full safety testing unlikely required with these changes

- Using new EPS—no recertification required unless EPS
interacts with battery charge circuits

— Using new battery charger circuitry—retest for safety if
outside standard ranges specified by battery

manufacturer: estimate $2,000 to $3,000
32



Proposed standard not
expected to increase
sales of gasoline vehicles

e There is already price premium for electric
versus gasoline vehicles

e Electric vehicles have a number of advantages
over gasoline: no fumes, less noise, lower
maintenance cost, lower operations cost

e More sophisticated commercial purchasers that
evaluate life cycle cost for facilities would see a
net reduction in total cost for compliant products

e Other residential users already paying a
premium for the other benefits 33



Efficiency

Power Conversion

89% power conversion efficiency
(Tier 2) feasible for large chargers

1.00

0.95 ‘l
| |
0an o— — u L. |

085 1 Bogm gl 81 e S S -
080 - O T O I A S o e N N S S o
|

075
070 |

e High frequency (switch mode) chargers can meet the
standard

e If concerned about durability, one hybrid charger measured
88.3%, so small changes can be made to meet the
standard such as:?

— Better core steel (reducing magnetization losses)

— Thicker copper conductors (transformer windings, circuit
board, connector leads )

34




Power factor correction (PFC) justified
only for large currents

Assessment of the Impacts

of Power Factor Correction in

Computer Power Supplies

on Commercial Building Line

Losses

=Pl

SOLUTIONS

Lf

Prepared by:

Brian Fortenbery
Engineering Manager

EPRI Solutions, Incorporated (ESI)

bfortenbery@eprisolutions.com

Jonathan G. Koomey, Ph.D.

Staff Scientist at Lawrence Berkeley National Laboratory

igkoomey@stanford.edu

Policy approach
based on EPRI
report that
showed
measurable
energy savings
from improved
power factor

For battery
chargers, active
PFC cost effective
to consumer only
for large currents

35



0.55 power factor cost effective for smaller

chargers

Application |Incremental |[Wiring energy |Payback

BOM cost savings

(kKWh/yr)

Residential $0.02 0.3 0.9
power tool (optimized
(switch mode) capacitance)
Low power $0.75 (Silicon) 6 1.9
laptop

e Affects products 10 W to 60 W input power

e Switch mode dedicated battery chargers (residential power tool above):
optimize capacitance value to improve PF, small total incremental cost

e BCS that are also power supplies (such as for laptops), another Silicon
solution required

e Switch mode smaller than 10 W input would be cost effective as well
e BCS with linear rectification already meets standard 36
o 2x applied for markup



Active power factor correction to reach 0.9
power factor cost effective for higher

currents

Application Incremental | Wiring energy |Payback

BOM cost |savings

(kWh/yr)

High power $0.90 13 1.0
laptop
Commercial fast $0.90 2.5 5
charging power
tool
Auto/marine $0.90 8 1.6
Personal electric $0.90 53 0.2
vehicle

Note: Laptop counts savings in power supply only mode
>60 W input power 37
Markup of 2x



Si Power Factor Correction solutions

PFS704-729EG
HiperPFS™ Family

High Power PFC Controller with Integrated
High-Voltage MOSFET

widely available

2 ‘Output Power Table

power
000-3-2 Clsss G and D complart

ght load eficiency at 10% and 20% oad
- >05% emciancy from 10% koad to ul load

Broduct

Maximum Contionous
Output Power Rating at
20VAC

= <130 miN no-ad consumption =t 230 VAC with output in
reguistion
= <50 mW¥ ro-fosd consumption &t 230 VAG in remets of state

boost inductance
+ Provides up to 1 kW pesk output power

« =4 ki pask po it voteg

moge
+ High integration allows smalie form factor higher power denity
desgrs.

« Incorporates control, gate chiver, and hgh-vottage power
MOSFE]

+ Internel curent sense reduces Gompanent count and system

TEA1742T

GreenChip PFC controller
Rev. 01 — 10 February 2008

Objective data sheet

1. General description

2. Features

The TEA1742T is a controller for Powar Factor Comection (PFC). Its high level of
‘design of a cost-effectve pawer supply with 3 very low number of

g fevels. This applies.
igh power y

skpping
‘The TEA1742T enables highly effcient and reliatle supplies with power requirements of
i of

~

Distinctive features

W Universal mains supply operation (70 V (AG) t0 278 V (AC)

W Dual boost PFC with accurate cutput voitage (NXP patented)

W High level of integraon, resulting in a very low external component count and 3
n

W Low start-up supply voltage

Green features

W Valey! patented)
W Fraquency Emitstion to reduce switching lossas
. bl
Protection features
Safe restart mode for system fault conditions
Continuous ‘means of (NXP patented)

u
u P by
W Accurste CverVoitaga Protection (CVF)

W Open controlloop protecton

W iC OuerTemperature Protection (OTP)

W Low and adjustable OverCument Protection (OCP) ip level

X founded oy Prlips

T
FAIRCHILD

SEMICONDUCT O

FANG982

Features
*  Continuous Conduction Mode

*  Power-On Sequence Gonrol
SoftStart Capability
* Brownout Protecion

NCP1653, NCP1653A

Compact, Fixed-Frequency,
Continuous Conduction
Mode PFC Controller

The NCP1653 is 2 controlies designed for Continuous Conduction
Mode (CCM) Powes Factor Comection (FFC) boost ciscuits. 1t

Inniewative Switching-Charge Mutiplier-Divider
®  Average Current-Mode for Input-Current Shaping
“TriFault Detect™ Prevent Abnomal Opsration for
Feedback Loop

®_ Cuolebv-Cveie Peak Current Limitna,

Juy 2010

CCM Power Factor Correction Controller

Description
The FANBRED i 2 14-pin, Continuous Condliction Mode
PFC controller IC_intended for Power Factor

opesaies or100
AH: fned svichung fquency. Fellower boost offers the benefits of
seduction of cusput veltage and ience seducton i the size mnd cont
o the mducior and powsr swich Howed in » DIP-8 ar SO-3
Fackage. the ciut mimimizes the muamber of extemmal components
and dematically simpifer the COM FEC on 1t alo
imtegrates g safery presecsion Sarces. The NCFI653 s 2 deiver
Sz s0tt am compact FFC sages.
Festures

ECI000-5-2 Complinat

Commums Consucuon Mode

“ery Few Extemal Componeats
Fized Swisching Frequency: 67 iz = NCPL6SIA.
100 kkiz = NCP1653
® Se-Sian Capabiity
@ Ve Undervolinge Locksut with Systesasia (8.7 13,25 V)
@ Overvolizge Protection (L07® of Nominal Gutput Level)
.

@ Constant Output Veltage ox Follower Boost Operation
.
.

Protscsion ar Shutdown (3% of Nominal Output Level)

.l-’- 2008 - Rex 7
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=
=== CIRRUS LOGIC

Digital Power Factor Correction IC

Features
O Digital EMI Noiss Shaping

Description

Q Al

3 Minimal Exteral Devices Requires
2 Optimized Digtal Loop Campensaton

0 Comprehensive Safety Features

- Underveitags Lockout (LVLO)
- Outpas Overuaitage Protection
- Input Gurrent Limiting
- Openishort Loop Protection for AC & IFB Pins
- Thermal Shutdoun

Applications

O LCDandLED TVs
O Monitor Supphes

mput, which

e ot
Sgerim for iscontnUoLs concutcn mocs (CM) wen vansble

The CSI500 incorporstes al
robust

3 Batery Chargers
E
% TeExas
INSTRUMENTS UCC28070
o tsom o
Interleaving Continuous Conduction Mode PFC Controller
Check for Samplss: UCC20070
FEATURES APPLICATIONS
+ Interleaved Average Current Mode PWM + High-Efficiency Server and Desktop Pawer
Control with Inherent Current Matching Supplies
+  Advanced Current Synthesizer Current * Telecom Rectifiers
Sensing for Superior Efficiency + White Goods and Industrial Equipment
+ Highly-Linear Multiplier Output with Intemal
Quantized Voltage Feed-Forward Correction DESCRIPTION
for Near-Unity PF power factor

The
the
> softstart_paak
nout
U
©ON Semiconductar”
acking Method |

. requency {30 kHz to 300 kHz)

Taps & Resl

+ Programmable Frequency Dithering Rate and
Magnitude for Enhanced EMI Reduction

- Magnitude: 3 kHz to 30 kHz

— Rate: Up to 30 kiz

External Clock Synchronization Capability
Enhanced Load and Line Transient Response
through Voltage Amplifier Output Slew-Rate
Correction

2 Voo Vi
Gore = Poutiree Package

PIN CONMECTIONS.
o I o
Ve 7] [7] o
=[] o]

e[ [3] e
=

mFORMATION

ses gemien o ¢ mpg oot mre s
‘S s o -

Fora e

Picaton Crder N
NCP1ESID

. Current Limiting

Bias-Supply UVLO, Over-Voitage Protection,

Open-Loop Detection, and PFC-Enable

Monitoring

Extemnal PFC-Disable Interface

+ Open-Circuiit Protection on VSENSE and
VINAC pins

The UCC28070 is an advanced
comection device that integrates two pulsewidth
modulators (PWMs) operating 180° out of phase.
This interleaved PWM operaion generates
substsntial reduction in the input and output ripple.

multiplier design provides a shared current
o wo i curent amplifiers that ensures
matched average current mode control in both PWM
outputs while maintaining a stable. low-distortion
sinusaidal input ine current

The UCC28070 containe multiple  innovations.
including current synthesis and quanized voltage

oV 40
S849F1

feed-forward to promote
in P, eficency. THD. and tnsient response.
Festures i i

expand the patential performance enhanoements.

The UCC28070 aiso contsins a waristy of protection
featurss including oufput over-voliage detection,

Programmable Soft Start programmable  peak-curent imit. under-voltage
+ 20-Lead TSSOPISOIC Packages lockout, and open-ioop protection.
‘Smpiiea Appication Disgram
5. Texas

Prease
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i
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Summary for small chargers

HiPh—vqume, high tech products have made
efficient charging solution inexpensive and
widely available

PG&E research demonstrates feasibility of
improving consumer chargers to 70% (current
average is 10 to 15%)

PG&E proposed standard for small chargers
targets only about 40% efficiency

Approximately 2/3 of energy used can be saved
(60% to 700/0%

Proposed standard is based on simple 3-part
metric of improving each operating mode

39




Summary for large chargers

Metrics based on CEC test
procedure part 2 measurements
— accepted by industry and
energy advocates

— Power conversion efficiency

— Charge return factor
— Maintenance and no battery power
— Power factor

Incremental improvements sought in a mature
marketplace, about 10% energy savings

Improvements are about 4 MWh/yr per unit

Added cost may be $100 to $400 in order to
save $400/year of energy for 15 year life

40



Battery Charger Standards Savings

60 to 70% of current
Small BCS energy savings | energy use 2,400 GWh per
year after stock turnover
8% of current energy use
Large BCS energy savings | 300 GWh per year (Tier 2)
after stock turnover

. 35% of current energy
All BCS energy savings usage: $400 M per year

Rosenfeld 0.9
Equivalent household 390 000 homes
energy usage savings

e Per product incremental cost $1.80, lifetime unit energy
savings $14
e Benefit : cost = more than 7:1

e Net present value of consumer energy savings from first
year of sales is $300 M, orders of magnitude greater than
the cost of regulation 41



Extra material
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Special exception made for exit signs,
emergency egress included with small
charger standard

e Exit sign efficacy covered by
DOE lighting standards, BCS
function not preempted

e Higher maintenance mode (0.8
W) allowed for constant
illumination

e Emergency egress lighting
covered by small BCS
proposed standard

Energy savings may be lower than CASE report
estimates because some emergency lighting is centgally
powered, but same cost effectiveness



