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1. REVISION HISTORY

Revision Release Revisions Issued Approved By
Date By

0.1 7/2/08 First draft WRL

1.0 9/26/08 First release WRL

2. INTRODUCTION

2.1. Scope

This specification describes the physical, functiomal electrical characteristics of a custom Smart Batte

charger produced by Inspired Energy. This specificationgsriterface document between Inspired Energy and its
customer. It is understood that the customer may ctieaiteown internal specification. However, this

specification is the master that defines the charggresation. The charger/control circuit produced will mbet
specification.

2.2.  Smart Charger Overview
This specification describes the physical, functiomal electrical requirements for the MC20402 Smart Charger
assembly.

The MC20402 is capable of communicating with a Smart Batiteough the System Management Bus (SMBus)
and is fully SMBus Rev. 1.0, SBDS Rev. 1.0 and SCDS Reca@fpliant.

Redundant safety protection is provided by constant conuations between the battery and charger and by
monitoring the battery on-board thermistor.
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2.3. General Precautions

2.3.1. Handling

* Avoid shorting.

* Do not immerse in water.

* Do not disassemble or deform.

* Avoid excessive physical shock or vibration.

* Never cover or obstruct the airflow, as this wilusa overheating.

2.3.2. Charge & Discharge

* Never use a charger or battery that appears to haezeslifibuse.

* Only approved batteries should be charged.

* Never use a modified or damaged battery or charger.

» Specified product use only.

e Caution — during use the battery connector and chargebetayne warm.
2.3.3. Storage

e Store in a cool, dry and well-ventilated area.

3. REQUIREMENTS

3.1. General Requirements

3.1.1. Input Power

The input power should comply with the following paramet@rs-24VDC, 50W minimum.

turn off below 9.2 +/- .1V, and turn on above 9.7 +/-.1V.
3.1.2. Operation

Operational Temperature Limits: 0°C to +50%C30%RH
3.1.3. Storage

Storage Temperature Limits: -20°C to +8043B0%RH

The charger will

The Smart Charger should be stored in an environméhtleww humidity, free from corrosive gas.
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3.1.4. Terminal Specifications

J4 pin assignments (also refer to the mechanical dgafemadditional details).

Terminal Legend Description

1 ©) 9-24V DC input.

2,3 ) DC GND input.

J1 (also refer to the mechanical drawing for additiaieshils).

Terminal Legend Description
1A,1B (+) DC Positive to battery.
2A,2B (©) SMBus Clock.
3A,3B (D) SMBus Data.
4A,4B (THM) Thermistor connection to battery.
5A,5B ) DC Negative to battery.

Output terminal assignments (also refer to the mechbdiawing for additional details).

Terminal Legend Description
J2-1 +V Nominal rated battery (10.8V for 3-cell) voltage DC Output
J3-1 GND DC GND input.

3.2.  Charger Electronics

3.2.1. Overview of Operation

The Smart Charger is capable of providing all auxiliatydog functions needed to recharge a Smart Battery.

The charger is capable of communicating with battemyuth the System Management Bus (SMBus). The charger
is fully SMBus and SBDS Revision 1.0 compliant. The chaigeanplemented as a SBS compliant system.

An 8-bit Reduced Instruction Set CPU (RISC) is used togethe core algorithms and perform operations
required for battery monitoring, charge control and ussplaly.

Pertinent battery parameters are constantly mouwititmeughout the charge cycle to ensure safe and reliable
operation. The battery thermistor is monitored amdrpendent and redundant safety monitor. SMBus Alarms
are monitored and acted upon as defined in the Smart CHaagge Specification (SCDS).

The user is notified of operational mode and fault coostiby the on-board LEDSs.
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3.2.2. DC Specifications

Parameter Limits Remarks
Active current consumption <15mA 12V input power is applied.
Battery leakage current consumption <40uA Parasitic leakage

3.2.3. Pre-Regulator
To allow battery charging over a wide range of inputagssts, the input voltage is first regulated to 24DVC.

3.2.4. Charging

During charge, the charger reads the battery statusryatbde, battery current, battery voltage, and batéeny.
The desired battery voltage and current are then retaybe charger control IC which has been configured to
deliver up to 16.8 volts and 2 amps. The specified voltageament of the battery is constantly read from the
battery then relayed to the charge control chip esecpgnd. Normal charge termination occurs when therlpat

reaches full charge and begins requesting 0 current and thkeUEERMINATE_CHARGE_ALARM Warning.

Once fully charged, if the battery is left in the dpar, the charger will re-initiate charge as requestdtidoy

battery. Typically, the battery will either requegtiakle current, or will begin requesting current follogia
predetermined amount of self-discharge. The batterybmagft in the charger indefinitely.

3.2.5. Charge Regulation/Measurement Accuracy

3.2.5.1. Charge Voltage

The charge voltage is measured and regulated to +0.8% lodtieey requested value, up to a maximum of 16.8V.

3.2.5.2. Charge Current

The charge current is measured and regulated to £6% oattegybrequested value, up to a maximum of 2A.
3.3. Control Electronics

3.3.1. Output Voltage

There is no output voltage regulation, therefore the owptage will depend on the battery voltage, which will
depend on battery charge state. At higher currentg ealbage losses can be significant. The output voltage
will drop substantially due to both hardware and softweareent limiting, if the rated current is exceeded.

Refer to the battery specification for pertinent &atiparameters.

3.3.2. Output Current

The MC20402 is fused at 6A with a non-user replaceable dlmwifbse. It is important that the MC20402 have
adequate free air circulation when operating at high ctaréfhe unit must be allowed to dissipate ~2 watts of
heat. If excessive current is being demanded from therpathe battery output protection circuit will be
activated.
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3.3.3. LED Status Indication
The charger/control electronics provides a green stdilsto inform the user of the charger mode and fault
conditions:

LED flashing: battery is being charged
LED on steady: input power is on and battery repoissfitlly charged
LED off: input power is off or error condition is prexang charging

Error conditions include either the charger micropramesannot communicate with the Smart Battery, onocan

communicate with the internal battery charger unie batteries compatible with this charger containe f
gauge to indicate the relative state of charge of ttterlya

3.4. SMBus and SBDS Parameters

3.4.1. Overview of Operation

The Smart Charger is fitted with a microprocessor asda@ated circuitry for communication with the Smart
Battery. Reference should be made to the following Bpations when reading this section:

» System Management Bus Specification (Rev 1.0, Feb 15, 1995)

* Smart Battery Data Specification (Rev 1.0, Feb 15, 1995)
» Smart Battery Charger Specification (Rev 0.95a, Feb 15, 1995)

3.4.2. SMBus Logic Levels

Symbol Parameter Limits Units
Min Max
Vil Data/Clock input low voltage 0.6
Vih Data/Clock input high voltage 14 5.5
Vol 0.4

3.4.3. Communication Protocol

SMBus Interface complies with SBS Specification Varsicd. The charger includes a simple bi-directional serial
data interface similar to 12C. The charger processes tiee interface to access various battery pack registe
3.4.4. Initialization Procedure

The interface uses a command-based protocol, wherehtirger processor sends the battery address command
byte to the battery pack. The command directs therlggiteck to either store the next data received to ateegis
specified command byte or output the data specified byoiimenand byte.

The Charger communicates with the battery pack usingfoieee protocols:
*  Write Word
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 Read Word
* Read Block

3.4.4.1.Write Word

The first byte of a Write Word access is the commeotk. The next two Bytes are the data to be writterthis
example the master asserts the slave device addresseiblby the write bit. The device acknowledges and the
master delivers the command code. The slave again alddyms before the master sends the data word (low byte
first). The slave acknowledges each byte accordingead?h specification, and the entire transactionnssfied

with a stop condition.

1 7 1 1 8 1 8 1 8 1 1
I s [ Battery Address] Wr VB Command Code B Databyte low W Databyte hish A P |
AStart Condition Write - — Acknowledge----U- Stop Condition U

Write Word Protocol

[ ] SMBusHost (master) ZZZ]  Smart Battery (slave)
3.4.4.2.Read Word

Reading data is slightly more complex than writing datest Fhe host must write a command to the slave device.
Then it must follow that command with a repeated stantition to denote a read from that device's address. Th
slave then returns two bytes of data.

Note that there is not a stop condition before tipeated start condition, and that a "Not Acknowledge” degif
the end of the read transfer.

8 7 1

1 1 1 1
Wr Cog:)rg:nd S | Battery Address| Rd

A---Repeated Start Condition

8

8
Y

1 1 1 1

1 7
S | Battery Address

Read Word Protocol

[ ] SMBusHost (master) 7]  Smart Battery (slave)
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3.4.4.3.Block Read

The Block Read begins with a slave address and a wnitditmm. Then it must follow that command with a
repeated start condition to denote a read from thatels\acidress. After the repeated start the slave isdugs a
count that describes how many data bytes will followhe message. If a slave had 20 bytes to send, théyies
would be the number 20 (14h), followed by the 20 bytes of ddta byte count may not be 0. A Block Read can
transfer a maximum of 32 bytes.

1 7 1 1 8 1 1 7 1 1
| s | BatteryAddress] WrPZZZ] Command Code ZZZ S | Battery Address | RAZZA .. |
8 1 8 1 8 1 8 1 1

7Y YA, YN Y
Vi) ~ V) rV7) A1 - W] ~ 1 P

Block Read

[ ] SMBusHost (master) 7]  Smart Battery (slave)

3.4.5. Charger to Battery Messages

The Charger microprocessor acting in the role of anasster, uses the read word, write word, and read block
protocols to communicate with the Battery, operatingléve mode.
Charger-to-Battery Messages

Function Command Description Unit | Access
Code

BatteryMode() 0x03 Battery Operational Modes. Bit flags riw

Temperature() 0x08 Returns the pack’s internal temperature. 0.1°K r

Voltage() 0x09 Returns the battery's voltage (measured at the cell stack) mV r

Current() 0x0a Returns the current being supplied (or accepted) through the mA r
battery’s terminals.

RemainingCapacity() 0xof Returns the predicted remaining battery capacity. mAh r

FullChargeCapacity() 0x10 Returns the predicted battery capacity when fully charged. mAh r

AverageTimeToFull() 0x13 Returns the rolling average of the predicted remaining time minutes r
until the battery reaches full charge.

ChargingCurrent() 0x14 Returns the battery's desired charging rate. mA r

ChargingVoltage() 0x15 Returns the battery's desired charging voltage. mV r

BatteryStatus() 0x16 Returns the battery's status word. Bit flags r

ManufacturerName() 0x20 Returns a character array containing the manufacture’s string r
name.

DeviceName() 0x21 Returns a character array that contains the battery’s name. string r

DeviceChemistry() 0x22 Returns a character array that contains the battery’s string r
chemistry.

ManufacturerData() 0x23 Returns data specific to the manufacture. r

3.4.6. Battery to Charger Messages

The Battery, acting in the role of a bus master, tisesnrite word protocol to communicate with the Chayrger
operating in slave mode. If the CHARGER_MODE bit in tBatMode() is clear, the Battery will broadcast
Charger request information at 15-second intervals

Battery-to-Charger Messages

Function Command Code Description Unit | Access
ChargingCurrent() 0x14 Sends the desired charging rate to the battery charger mA W
ChargingVoltage() 0x15 Sends the desired charging voltage to the battery charger mV W
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3.4.7. Critical Messages

Whenever the Battery detects a critical conditiotakes the role of a bus master and sends AlarmWapning(
message to the Charger. The Battery broadcasts theWarning() message at 10 second interualsl the
critical condition(s) has been corrected.

Battery Critical Messages

Function Command Code Description Unit Access
AlarmWarning() 0x16 This message is to the host and/or charger to notify them that one Formatted W
or more alarm conditions exist. word

Alarm Bit Definitions

Hex Battery Status Status Definition
4000 TERMINATE_CHARGE_ALARM ON Set when the battery detects that one or more of its charging
parameters are out of range.
OFF Cleared when the parameters fall back within range.
1000 OVER_TEMP_ALARM ON Set when the battery detects that its internal temperature is greater
than allowed.
OFF Cleared when the battery temperature falls back within acceptable
range.
800 TERMINATE_DISCHARGE_ALARM ON Set when the battery determines that it has supplied all the charge it
can without being damaged.
OFF Cleared when the battery reaches a state-of-charge sufficient for it to
once again safely supply power.
Status Bit Definitions
80 INITIALIZED ON Always
OFF
40 DISCHARGING ON Battery “Current()” is not positive
OFF Battery “Current()” is positive
20 FULLY_CHARGED ON Set when the battery determines that it has reached a full charge termination point.
OFF Cleared when the battery determines that it can be charged again.
10 FULLY_DISCHARGED ON Set when the battery determines that it has supplied all the energy it can.
OFF Cleared when "RelativeStateOfCharge()” = 20%.
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3.5. Mechanical Specifications

3.5.1. Weight

Approximately 7.5 ounces (214 gm).

3.5.2. Mating Connector

Mating DC barrel input connector measures 3.3mm OD x 1.3mm9.5mm long.

3.5.3. Date/Revision Stamp
A code is stamped on the plastic shell. See mechatriaaing below. The format is in the form of an 8-digit
alphanumeric code:

ZZ YYWW XX
Manufacturing site_ 1 1 1 Revision

Manufacturing date |
Manufacturing site: IE
Manufacturing date: the 2-digit year and 2-digit week of manwurfac

Revision: two digit revision, starting with 01
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3.6. Environmental/Safety Specifications

3.6.1. EMC and Safety

MC2040 has been tested to meet the requirements of:

« CE [EN550022 (ITE Class B), EN55024 (ITE, ESD Level 2)]

e FCCPart15Class B
« EN60950

3.7. Reliability

3.7.1. Warranty

A high quality standard is maintained by Inspired EnerglypAiducts are warranted against defects in
workmanship, material and construction. The warrantipgdes one (1) year from the date of shipment from

Inspired Energy.
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