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Smart Battery Charger Reduces Circuit Size - Desiyn Note 1005

Mark Gurries

LTC®4100 Single Smart Battery Charger

The predominant design challenge in most single-battery
applications, such as tablet PCs and portable instrumen-
tation, is how to save space. Typically such applications
require low power from the battery. With this in mind,
every feature of the LTC4100 Smart Battery charger exists
to reduce board real estate and profile requirements. The
LTC4100is a Level 2 (slave) Smart Battery charger that is
compliant with both Smart Battery Charger V1.1 and
SMBus V1.1 standards.

Figure 1 shows a typical compact single battery charger.
This circuit can charge batteries with up to 4A and switch
continuously down to zero load current. This circuit takes
advantage of the ceramic capacitors’ space saving fea-
tures while avoiding any audible noise. The high 300kHz
switching frequency allows the use of a small low cost
10uH inductor.

Input voltage range is 6V to 32V while the output charge
voltage range is from 6.4V to 26V. A 10-hbit current DAC
and 11-bit voltage DAC, with current accuracy of 5% and
voltage accuracy of 0.8%, respectively, provide precision
charge capabilities. A topside P-channel MOSFET allows
98% maximum duty cycle, dramatically reducing total
part count and IC pin count while maintaining efficiency
greaterthan 95% (see Figure 2). The LTC4100 also offers
many unique features, including a patented current limit
and voltage limit system that prevents SMBus data cor-
ruption errors from generating harmful charge values™.
An SMBus accelerator increases data rates in high capaci-
tance traces while preventing bus noise from corrupting
data (see Figure 3).

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
*U.S. patent number 6650174 **U.S. patent number 5723970

DCIN __ ) _
= 1 3
y LTC4100 - —— 0.1uF ::0.033!2
D[(J)[I))IV INFET :4 5 @—» SYSTEM LOAD
& \AJ
CHiE': : R 0 CHGEN CLP "__‘"ﬁ

ACP

CLN

SMBALERT  TGATE

0.0250 SMART BATTERY

23 ——20uF
1

| :

1

7
3 sel BGATE S -'1‘-& 10uH |
0w 8 soa paND |2 —20uF 1
1: 151 11 osp 2L -
12 THA BAT fg I
A
— lum Vsgr I—'VWJ Vil
113k |
3 ;g Vim ITH 12 001uF 1009
L S 10k loc GND 6.04k
Ssaok| | | 0.0015uF 1
< T0.082uF 0.12uF — —0.1uF =
SMBALERT# 44— SafetySignal =

SMBCLK

SMBDAT «

SMBCLK

SMBDAT

DN1005 FO1

Figure 1. Smart Battery Charger Provides Up to 4A and 26V of Charge Power
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Figure 2. Efficiency at 19V Vjy

Other features include: an AC present signal with preci-
sion 3%-accurate user adjustable trip points; a safety
signal circuit that rejects false thermistor tripping due to
ground bounce caused by the sudden presence of high
charge currents;aDC input FET diode circuit that prevents
battery current from flowing backwards into the wall
adapter or DC power source and an ultrafast overvoltage
comparator circuit that prevents voltage overshoot when
the battery is suddenly removed or disconnects itself
during charge. Finally, the LTC4100 features an input
current limit sensing circuit that is used to limit charge
current to prevent wall adapter overload as the system
power increases™ ™.

Ceramic Capacitors Reduce Size and
Improve Reliability

One of the biggest space saving changes that has
occurred in recent years is the use of high capacitance
and voltage (high C/V) ceramic capacitors. In switching
regulator applications, the low ESR of ceramics allows
themto handle a relatively large ripple current per micro-
farad while remaining relatively inexpensive. Battery charg-
ers can reap the same benefits provided their feedback
loops are stable with ceramic capacitors.

Ceramics come with their own unique challenges such as
piezo-electric properties that can result in audible noise if
there are AC currents with audible frequencies present.
Such frequencies can occur in battery chargers at two
load extremes: The first condition is low dropout and the
second is light load.

Data Sheet Download
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Figure 3. Built-In SMBus Accelerator Improves
Risetime Performance and Noise Margin

Battery chargers run up against wall adapter voltages that
are often just a few volts above the peak battery voltage.
Depending on the design, as the charger approaches
100% duty cycle, the switching frequency passes though
the audible range on the way to DC. Alternatively, condi-
tions where the charge current falls below the PWM
controller’s ability to maintain regulation force discon-
tinuous switching cycles or cycle skipping. Cycle skipping
switching periods may be in the audible range. This
typically happens when batteries momentarily disconnect
themselves during the charge process for termination
condition evaluation, thus forcing the charge current to
zero. The circuits in the LTC4100 are designed to avoid
these problems.

Increased Switching Frequencies
Keep Inductors Small

Charger system designers are often driven to reduce
inductance values to take advantage of smaller form
factor components. The problem is that less inductance
for a given switching frequency results in more inductor
ripple current, which increases the output capacitor size.
However, if one increases the switching frequency pro-
portional to the reduction in inductance, the output ca-
pacitance can remain the same.

Conclusion

The LTC4100 Smart Battery charger directly addresses
the space problems presented by the constraints within
the latest consumer electronics.

For applications help,
call (408) 432-1900, Ext. 2593

Linear Technology Corporation

1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 « FAX: (408) 434-0507 *www.lingar.com
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