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Introduction
Lithium-ion (Li-Ion) batteries are one of the most 
popular types of power sources for consumer elec-
tronics such as laptops, cell phones, and digital 
cameras. They have several advantages over other 
types of rechargeable batteries:

• They are smaller and lighter.

• The can store more energy.

• They do not suffer from memory effects.

• They hold a charge much longer.

Due to the nature of its chemistry, an Li-Ion battery 
should be charged early and often. The challenge 
with charging Li-Ion batteries is they require 
chargers that can carefully monitor the charging 
process. Otherwise the battery can be irreversibly 
damaged.

The solution: Create an intelligent charger to 
deliver constant current over constant voltage. Li-
Ion batteries have a nominal open-circuit voltage 
of 3.6 V, and a typical charging voltage of 4.2 V. 
Our charger must therefore use current-limiting 
circuitry. 

The goal: Charge with constant current until the 
cell reaches 4.2 V, and continue applying a con-
stant voltage until the current drops to nearly zero.

This application brief presents a concept for an 
intelligent Li-Ion battery charger using the Zilog 
Z8 Encore! XP® F082A with 8 kB of Flash mem-
ory. The target battery for our application is a typi-
cal Li-Ion battery pack rated at 7.2 V and 2400 mA 
h capacity.

Features and Functions
We designed our intelligent Li-Ion battery charger 
to provide the following features and functions:

• Constant current/constant voltage charging 
using discrete components while enabling con-
trol over various battery parameters.

• LEDs to indicate:
– Charging in progress.
– Bad battery.
– Charging complete.

• Data on whether the system is operating on AC 
or battery sent via the F082A UART.

• Charging rate of 100 mA (fixed).

• Maximum charging voltage 8.4 V.

• Low battery voltage detection at 6.4 V

• Bad battery voltage detection when the cell 
measures 5 V or below.

• Single-ended voltage measurement and differ-
ential current measurement using an analog 
channel on the F082A.

• Temperature measurement using the tempera-
ture sensor on the F082A.

• The ability to change the charge source from 
AC to battery and vice versa to insure uninter-
rupted power to the load.

• Battery power made available to an external 
load via MOSFET.

• Charge termination when current drops down 
to between 3% and 7% of the total charging 
capacity (72 mA to 168 mA).
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Hardware Circuit Details
The hardware circuit (see Figure 1) is designed 
using the 28-pin Z8 Encore! XP F082A with 8 kB 
of Flash memory. The following F082A microcon-
troller (MCU) features are used in the design:

• Internal precision oscillator (5.5296 MHz) 
used to set the system clock.

• The voltage and current information output via 
the UART.

• LED indication of charge status and battery 
state.

The application requires a 12 V dc, 500 mA 
adapter to charge the battery provide power to the 
load. When the adapter is disconnected or absent, 
the design will supply power to the load using the 
battery.

Block Diagram

Figure 1. Low-Cost Li-Ion Battery Charger Block Diagram
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Applications and Support Tools
The Z8 Encore! XP Flash microcontrollers are sup-
ported by the USB Smart Cable or the Opto-Iso-
lated USB Smart Cable.

The microcontroller is also supported by the ZDS 
II Z8 Encore! XP integrated development environ-
ment (IDE) with ANSI C-Compiler, available on 
www.zilog.com.

Related Documentation
More information about the Z8 Encore! XP F082A 
described in this application brief is available in the 
following documents:

• Z8 Encore! XP® Series Product Brief, PB0159

• Z8 Encore! XP® 8K and 4K Series Product 
Specification, PS0228

• eZ8 CPU User Manual, UM0128
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LIFE SUPPORT POLICY:
ZILOG'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF THE PRESIDENT 
AND GENERAL COUNSEL OF ZILOG CORPORATION. 
As used herein:
Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b) support or 
sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the 
labeling can be reasonably expected to result in a significant injury to the user. A critical component is any 
component in a life support device or system whose failure to perform can be reasonably expected to cause the failure 
of the life support device or system or to affect its safety or effectiveness.

Document Disclaimer
Zilog is a registered trademark of Zilog Inc. in the United States and in other countries. All other products and/or 
service names mentioned herein may be trademarks of the companies with which they are associated.
©2007 by Zilog, Inc. All rights reserved. Information in this publication concerning the devices, applications, or 
technology described is intended to suggest possible uses and may be superseded. ZILOG, INC. DOES NOT 
ASSUME LIABILITY FOR OR PROVIDE A REPRESENTATION OF ACCURACY OF THE INFORMATION, 
DEVICES, OR TECHNOLOGY DESCRIBED IN THIS DOCUMENT. ZILOG ALSO DOES NOT ASSUME 
LIABILITY FOR INTELLECTUAL PROPERTY INFRINGEMENT RELATED IN ANY MANNER TO USE OF 
INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED HEREIN OR OTHERWISE. The information 
contained within this document has been verified according to the general principles of electrical and mechanical 
engineering.
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