MICROCHIP AN3490
1IS2083/BM83 Battery Charger Application Note

Introduction

This document describes the best practices to successfully set up the lithium battery charger of the 1S2083 SOC/
BM83 module. In addition, it describes the Constant Current (CC) and Constant Voltage (CV) modes, and recharging
functions of the battery charger. It is strongly recommended to follow the given setup guidelines to achieve best
performance using the 1IS208x_Config_GUI_Tool provided with the software release.
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Quick References

1. Quick References

1.1 Reference Documentation
For further study, refer to the following:

“BM83 Bluetooth® Stereo Audio Module Data Sheet” (DS70005402)
“BM83 Bluetooth® Audio Development Board User's Guide” (DS50002902)
“IS2083 Bluetooth® Stereo Audio SoC Data Sheet” (DS70005403)

“IS208x Config GUI Tool User’s Guide”

1.2 Software Prerequisites

1S208x_Config_GUI_Tool, version 1.2.15

© 2020 Microchip Technology Inc. Application Note
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Charging the Battery

Charging the Battery

The battery charger includes a current sensor for charging control, user-programmable current regulator and high
accuracy voltage regulator. The charging current parameters are configured using the 1IS208x_Config_GUI_Tool.

The 1S2083 SOC/BM83 module is powered through the BAT_IN input pin. The external 5V power adapter should be
connected to ADAP_IN in order to charge the battery.

Figure 2-1. BM83 and Battery Connection

BMS83
Li-lon/Li-Polymer Battery
+ »| BAT_IN
- »| GND
ADAP_IN | SV.DC
Figure 2-2. Battery Charging Curve
o4 =a Stops Rech Stop
g b= Constant Current Constant Voltage ) echarge h
£ g Mode Mode Charging Mode Charging (bapk
" torechargeif

voltage drop >V5

Time

The preceding figure illustrates the current (red) and voltage (blue) charging curve of the battery:
+ CC mode:
— The charging current is kept at a constant value until Battery Voltage (VgarT) reaches the final voltage (V4).
— There are four stages of charging (stage 1 to stage 4).
— In stage 1, trickle charge is employed to restore charge to deeply depleted cells and the charging current
remains constant up to stage 4.
— The charging state changes to CV mode when battery voltage reaches the limit V4 in stage 4
(normally 4.2V).
+ CV mode:
— The voltage is kept constant within V4 by slowly decreasing the current.
— Charging is stopped when the current reaches the threshold value (I_comp).
Note: In CV mode, Icomp denotes Charger Complete Current. It is configured as Stop Charging Current
using the 1S208x_Config_GUI_Tool. See [15] in Figure 3-3.
* Recharge mode:
+ This mode starts when Vgagt drops by 0.1V after charging is completed.
« During this mode, the current and voltage are kept constant until the current reaches |_comp current.
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Charger Configuration

Charger Configuration

1IS2083 SOC/BM83 charger function is configured using the 1S208x_Config_GUI_Tool. The following figure illustrates

the charging parameters ([#]) in each stage and charging curve, which are configurable in the
1S208x_Config_GUI_Tool.

Figure 3-1. Charging Parameters and Charging Curve

Charging Parameters

CCstage 1

CCstage 2

CC stage 3

CCstage 4

CV stage

Maximum Charging Voltage [1]
Maximum Charging Time [5]
Charging Current Setting [9]

Maximum Charging Voltage|[2]
Maximum Charging Time [6]
Charging Current Setting [10]

Maximum Charging Voltage [3]
Maximum Charging Time[7]
Charging Current Setting [11]

Maximum Charging Voltage [4]
Maximum Charging Time [8]
Charging Current Setting [12]

Maximum Charging Time[13]
Maximum CV Charging Current [14]
Stop Charging Current [15]

1st Half Battery Voltage Monitor Counter [16]*
2nd Half Battery Voltage Monitor Counter [17]*

* Monitor interval: 100 ms
Maximum Re-charging Current [18]

—
>
ey Constant Current Constant Voltage Stop Recharge
= Mode Mode Charging Mode
g Charging Current Setting (mA) 0.1V drop
[12] [14] cv stage l
[4] ‘V—H
If charge current > 252mA:
charge current decreases
cc stage 4 8mA if the voltage has been T
monitored exceed [4] up to
[11] [16] times.
[31
[18]
cc stage 3
[21 - 1 [15]
If charge current <252mA: [15]
charge current decreases
cc stage 2 4mA if the voltage has been
monitored exceed [4] up to
1] [17] times.
/cc stage 1
[5] [6] [71 [8] [13] [13] Time
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Charger Configuration

The following figures illustrate the PMU Setup tab of the IS208x_Config_GUI_Tool. This tab provides the options to
change the charging parameters.

Figure 3-2. Charging Parameters on GUI Tool

Sys. Setup1 | Sys. Setup2 | Sys. Setup3 | LED Setup1 | LED Setup2 | LED Setup3 | Tone Setup | Button Setup |
PMU Setup | CODEC Setup | iAP/SPP Setup | BLE Setup | MSPK Setup | DSP Feature Setup | User Define |

~

Charging Setting

- Charging Detect Enable iEnable :_] Help I
First Stage of CC Mode

— Maximum Charging Voltage [1] !3 ov :]

— Maximum Charging Time [5] |20 (0~254;unit:minute)

- Charging Current Setting [e] |30 (0~ Max 350 unit:mA)
Second Stage of CC Mode

- Maximum Charging Voltage [2] I3 2V LI

- Maximum Charging Time (0~254 unit:minute)

0
— Charging Current Setting [10] (30 (0~ Max 350 unit:mA)

Third Stage of CC Mode

— Maximum Charging Voltage [3] |3 v l]
- Maximum Charging Time [7] [180 (0~254;unit:minute)
— Charging Current Setting [11] (300 (0~ Max 350 unit:mA)
Forth Stage of CC Mode
- Maximum Charging Voltage lnl 2V L]
Alass Nl : v 120 iN.0cd i aba) bt

Main Feature | Previous I Next | Finish

The following parameters can be configured in the CC mode (stage 1 to stage 4):
* Maximum Charging Voltage [1] to [4]
+  Maximum Charging Time(Protection time to stop the charger) [5] to [8]
» Charging Current Setting [9] to [12]
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Charger Configuration

Figure 3-3. Charging Parameters on GUI Tool (Continued)

Sys. Setup1 | Sys. Setup2 | Sys. Setup3 | LED Setup1 | LED Setup2 | LED Setup3 | Tone Setup | Button Setup |
PMU Setup lCODEC Setup | IAP/SPP Setup | BLE Setup | MSPK Setup | DSP Feature Setup | User Define |
| v W

e ivtaanlaun ) Lra gy e L UL UL | =
- Charging Current Setting ’300— (0~ Max 350 unit:mA)

Forth Stage of CC Mode

— Maximum Charging Voltage Id 2V Ll

— Maximum Charging Time [8] |180 (0~254;unit:minute)

- Charging Current Setting [12] W (0~ Max 350 unit:mA)

CV Mode

— Maximum Charging Time [13] W (0~254;unit:minute)

— Maximum CV Charging Current [14] l2507 (0-350; unit: mA)

— Stop Charging Current [15] ’257 (0-80; unit:mA)

— First Half Battery Voltage Monitor Counter [16] [« (1-20; unit:100ms)

— Second Half Battery Voltage Monitor Counter [17] l-‘l— (1-20; unit:100ms)

- Re-Charging As Charge Complete lD:sahie ;I

— Maximum Re-charging Current [18] I— (0-350; unit: mA)

Temperature Setting

— Working Temperature lDeqree ~| bt

Main Feature Previous | Next [ Finish

The following parameters can be configured in the CV mode:
» Second Half Battery Votage Monitor Counter [17]
« First Half Battery Voltage Monitor Counter [16]
» Stop Charging Current [15]
*  Maximum CV Charging Current [14]
* Maximum Charging Time [13]
» Maximum Recharging Current[18]

Notes:
1. For more details on the GUI tool, refer to “1S208x Config GUI Tool User’s Guide”.
2. For maximum charging time of each stage, the 1S208x_Config_GUI_Tool provides up to 254 minutes for users
to configure the battery. The user must evaluate the maximum time required to stop charging the battery in
each stage if the charger cannot switch to the next stage.

3. All charger parameters are described in detail in the “Charging Setting” section of the “/S208x Config GUI
Tool User’s Guide”.

Ambient Temperature Detection

Ambient temperature detection setting is configurable through the 1IS208x_Config_GUI_Tool. The firmware detects
the temperature data through the ADC output to control the charger activity. Connect the ADC (SK1_AMB_DET pin of
the 1S2083 SOC/BM83 module) with the temperature sensor circuit to transfer the temperature data.

The following figure illustrates the application of charger function with a temperature sensor attached on the Li-lon
battery to detect the temperature by ADC (SK1_AMB_DET pin of the 1IS2083 SOC/BM83 module).
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Figure 3-4. BM83 and Temperature Sensor Connection

Li-lon/Li-Polymer Battery

Temperature Sensor

BM83
»| BAT_IN
» GND
»|SK1_AMB_DET
ADAP_IN j—2V-DC

Notes: The temperature sensor can be implemented as the following:

» Default circuit — thermistor is integrated in the battery
» Customized circuit — external thermistor is implemented to connect to the SK1_AMB_DET pin of the 1IS2083

SOC/BM83 module

Figure 3-5. Ambient Detection Circuit

VDD_IO

SK1_AMB_DET«¢

14F, 16V
0603 _|

C11_—

— —C10
0.1 WF, 16V
_| 0402

R7
1aM/1%
0402

R8
86.6 kQ/1%
0402

) 4

THA1
100 kQ/1%
0402

Thermistor: Murata NCP15WF104F03

§
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Charger Configuration

Default Temperature Sensor Configuration

For the default configuration, the working temperature range for the charger and the system is defined in the
Temperature Setting tab of the 1IS208x_Config_GUI_Tool, as illustrated in the following figure.

Figure 3-6. Temperature Setting

Temperature Setting

- Working Temperature Degree b
. High Temp. Stop Working —JFiigh Temp. Stop Working] |45 degree C b
— Stop Warking SAR Min |0092
—4Low Temp. Stop Working |-5 degree C x
High Temp. Stop Chargin, 4 . ——e— —_m
A P ¥ g . ‘."-rv- Stop Working SAR Max 331
System Warking . / — Ambient Temperature Charging Detection Degree b
Temperature Range A
! / "{High Temp. Stop Charging 40 degree C b
Y Low Temp. Stop Charging - rr; — Stop Charging SAR Min {00AT7
Y =
/. —Restart Charging SAR Min |ooc3
’a" o Temp. Stop Charging 0 degree C hd
v Low Temp. Stop Working » B —

— Stop Charging SAR Max

— Restart Charging SAR Max

Customized Temperature Sensor Configuration

If a customized temperature sensor circuit is used, all the required ADC output values must be filled manually in the
1IS208x_Config_GUI_Tool, as illustrated in the following figure. The charger stops charging when the ADC value
reaches the Stop Charging SAR Min/Max value and restarts charging when the ADC value recovers to the Restart
Charging SAR Min/Max.

Set Working Temperature as Customize in order to customize the temperature sensor parameters using the
1S208x_Config_GUI_Tool. When the temperature exceeds Stop Working SAR Min/Max, the system will stop both
Bluetooth activity and charger function. If the temperature recovers to the range of restart charging SAR Min/Max, the
charger will be restarted.

Since a different temperature sensor is used, the user must find out temperature vs. output voltage values for the
new sensor. Then, refer to Table 3-1 to fill the values in the Temperature Setting of the 1S208x_Config_GUI_Tool, as
shown in the following figure.
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Charger Configuration

Figure 3-7. Temperature Setting Example of Customized Temperature Sensor

Temperature Setting

I»Worl-(ing Temperature |Cust0mize j
— High Temp. Stop Working |45 degree C J
L Stop Working SAR Min 0078 |
— Low Temp. Stop Working |-5 degree C J
‘_ Stop Working SAR Max |0323 i
‘—Ambient Temperature Charging Detection |Customize j
- High Temp. Stop Charging |4U degree C J
| Stop Charging SAR Min j00cD |
‘— Resart Charging SAR Min |[”21 i
- Low Temp. Stop Charging |-5 degree C J
‘— Stop Charging SAR Max |[]2CEI i
| —Resart Charging SAR Max 0277 |

The following table shows the example of SK1_AMB_DET (ADC input) voltage vs. output value mapping.

Table 3-1. Example of SAR ADC Input Voltage vs. Output Value

ADC Input Voltage Output Value

0.3
0.35
0.4
0.45
0.5
0.55
0.6
0.65
0.7
0.75
0.8
0.85
0.9
0.95

1.056
1.1

0x004B
0x007B
0x00A8
0x00CD
0x00F7
0x0121
0x0151
0x017A
0x01A2
0x01CD
0x01F4
0x0228
0x0250
0x0277
0x02A0
0x02CB

0x02FA
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Charger Configuration

........... continued
1.15 0x0323
1.2 0x034B
1.25 0x0375
1.3 0x03A0

Sample Battery Charger Settings

This section describes the sample battery charger settings using the 550 mAh Li-lon battery. At First Stage of CC
mode, the trickle charging current is 30 mA and the maximum charging voltage is 3.0V. At Fourth Stage of CC mode,
the maximum charging voltage of 4.2V and the maximum charging current of 300 mA (300/550 = 0.55°C) is
configured. At CV mode, the maximum CV charging current is 300 mA and the stop charging current is set as 22 mA.

First Half Battery Voltage Monitor Counter = 4 is active, which means in CV mode, the charging current will decrease
8 mA/step if the setup charger charge current is more than 252 mA and the battery voltage exceeds 4.2V, up to four
times (every 100 ms). The recharging current is 100 mA if battery voltage reduces to 4.1V. In each mode, the
maximum charging time is set for charging protection.

Note: In this example, 1S208x_Config_GUI_Tool version 1.2.15 is used.

© 2020 Microchip Technology Inc. Application Note DS00003490A-page 11
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Charger Configuration

Figure 3-8. Charger Setup for 550 mAh Li-lon Battery

Charging Setting

— Charger Detect

First Stage of CC Mode

- Maximum Charging Voltage

— Maximum Charging Time

— Charging Current Setting

Second Stage of CC Mode
— Maximum Charging Voltage

- Maximum Charging Time

— Charging Current Setting

Third Stage of CC Mode
— Maximum Charging Voltage

- Maximum Charging Time

— Charging Current Setting

Forth Stage of CC Mode
- Maximum Charging Voltage

— Maximum Charging Time

— Charging Current Setting

CV Modea

- Maximum Charging Time

- Maximum CW Charging Current

- Stop Charging Current

— First Half Battery Monitor Counter

- Second Half Battery Monitor Counter

— Maximum CV Re-charging Current

— Continue Charging As Battery Full

|Enatie

=

[3.0v

£

|20
(0~254;unit:minute)

[30
(0~ Max 350; unit: mA)

[32v

|20
{0~254;unit:minute)

[150
{0~ Max 350; unit: mA)

[3v

[180
{0~254; unit:minute)

[250
{0~ Max 350; unit: mA)

Ja2v

[180
{0~254, unit: minute)

[300
{0~ Max 350; unit: mA)

[120
{0~254; unit:minute)

[300
{0-350; unit: mA)

|22
{0-80; unit:mA)

|4
{1-20; unit: 100ms)

[a
{1-20; unit: 100ms)

[10d

{0-350; unit: mA)

|Ena ble
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Charger Configuration

The following figure illustrates the measured charger voltage of the 550 mAh Li-lon battery.

Figure 3-9. Measured Charger Voltage

Charger Voltage

Time (sec)

The following figure illustrates the measured charger current of the 550 mAh Li-lon battery.

Figure 3-10. Measured Charger Current

Charger Current
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Charger Configuration

The following figure shows the stage 1 to stage 3 of I/VV charge curve in detail for the 550 mAh Li-lon battery.
Figure 3-11. I/V Charge Curve

I/V Charge Curve (Stage 1~3)

r 4.45
290 r 4.35
Stage 3 r 4.25
b 4.15
A0 [ - L 205
b 3.95
F 3.85
210 b 3.75
t 3.65

Stage 2 355
170 1 \' L 345

Current{mA)

r 3.35

—— Voltage(V)

F 3.25
130 L 315
r 3.05
F 295
20 + r 2.85
- 275

Stage 1 r 2.65

50 - 2.55
- 2.45

r 235

10 L 225

81
100
119
138
157
176
195
214
233
252
m
290
309
328
347
366
385
404
423
442
461
480
499
w518
R 537
556
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The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

»  Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

* Microchip products meet the specification contained in their particular Microchip Data Sheet.

* Microchip believes that its family of products is one of the most secure families of its kind on the market today,
when used in the intended manner and under normal conditions.

» There are dishonest and possibly illegal methods used to breach the code protection feature. All of these
methods, to our knowledge, require using the Microchip products in a manner outside the operating
specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is engaged in theft of
intellectual property.

» Microchip is willing to work with the customer who is concerned about the integrity of their code.

» Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code
protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection
features of our products. Attempts to break Microchip’s code protection feature may be a violation of the Digital
Millennium Copyright Act. If such acts allow unauthorized access to your software or other copyrighted work, you
may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for your
convenience and may be superseded by updates. It is your responsibility to ensure that your application meets with
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your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER
EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual property rights unless
otherwise stated.
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The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO, JukeBlox,
KeelLoq, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST,
MOST logo, MPLAB, OptoLyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer,
QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon,
TempTrackr, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, FlashTec, Hyper Speed Control,
HyperLight Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC Plus,
ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider,
Vite, WinPath, and ZL are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, BlueSky, BodyCom,
CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM,
dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial Programming, ICSP,
INICnet, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, memBrain, Mindi, MiWi, MPASM, MPF,
MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM,
PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, SAM-ICE, Serial Quad
1/0, SMART-1.S., SQI, SuperSwitcher, SuperSwitcher Il, Total Endurance, TSHARC, USBCheck, VariSense,
ViewSpan, WiperLock, Wireless DNA, and ZENA are trademarks of Microchip Technology Incorporated in the U.S.A.
and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of
Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany || GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
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Quality Management System

For information regarding Microchip’s Quality Management Systems, please visit www.microchip.com/quality.
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