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 Technology that uses electricity generated from wind and solar power and delivers the remaining electricity to a 
battery or power grid.

 Technology : Power Conversion / Power Monitoring / Sensors / Charging&Discharging / Wireless & Wired / HMI

• Sensors
• Cell Monitoring
• Generator

• MPPT Control
• Charging/Discharging
• Power Management
• HMI

• ESS Solution

• Power Conversion

• Smart Grid
• Network

Energy Generation, Storage and Distribution
Solar & Wind Turbines Power Systems
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 Storage device that can store new and renewable energy such as solar and wind power, which is difficult to 
produce at a desired time, in advance and use it at the required time

 Technology : Sensors / Power Conversion / Power Monitoring / Charging&Discharging / Wireless & Wired / HMI

Alternative Energy 

• Sensor
• Power Conversion
• Charging&Discharging
• Monitoring
• Network
• HMI

Energy Generation, Storage and Distribution
Energy Storage Systems
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Many applications use batteries
Button cell

(1~3 cell in series)
Dry cell

(1~6 cell in series)
Lead-acid

(1~n cell in series)

Lithium cell
(1~n cell in series)
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The Charging Characteristic Curve of Battery
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Challenges of Connecting Cells in Series
• State of Charge (SOC)  Unbalance
• Total Capacity Differences
• Impedance Differences
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Battery Management Systems

Battery 
Disconnect 

Unit

Cell Monitoring 
and Balancing

Battery 
Controller 

Unit

Power 
management Security

SiC
SBD/MOSFET’s

• Ideal for DC fast charging & 
power conversion

• 700V-1700V, 17mΩ-90mΩ
• Smallest Rdson range over 

temperature
• Proven reliability and 

ruggedness
• Dual fab strategy
• Several independent 

substrate supplier 

Microchip 
Top Values

• One stop shop for most BMS 
needs

• Strong support structure
• No End-of-Life policy
• Large variety of EV reference 

designs and eval boards
• 25+ years experience in     

Automotive

Major Functions

X-Cell 
Battery 

Pack

Analog Front-End

• High performance: Fast 
sampling rate and high 
resolutions

• Robust design for harsh 
environments

• Low risk product, long time in 
the market

• Small form factor

8/16/32-bit 
MCU’s

• Scalable portfolio from 
individual cell 
monitoring to full pack 
management

• Flexible options for 
price, performance, 
form factor 
requirements and 
peripherals 

Security 
TA100

• Ideal to secure BMS 
applications

• Authentication of 
messages from OEM 
server and/or 
charging station

• Secure Boot, Secure 
Key Storage

• Hardware crypto 
accelerators

• Small footprint and 
low pin count

DC/DC Converters

• Ideal for essential system 
power supply

• Broad portfolio with 
discrete and integrated 
solution 
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Battery Management System
• BMS to prevent over charge/discharge of cells and resulting damage, it will terminate 

discharge if 
• Any of the cells reached low voltage threshold
• The output reached high current threshold
• The operating temperature exceeds the limit threshold 

• Cell balancing is one of the core functions of a BMS, along with temperature 
monitoring, charging, and other features that help maximize the life of a battery pack. 
During balancing, higher capacity cells undergo a full charge/ discharge cycle. Without 
cell balancing, the cell of the lowest capacity is a weak point. 

• Temperature monitoring and control
• Current and voltage monitoring:
• Communication and data logging
• Safety features
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Cell Monitoring and Balancing - Market Trends

• More stringent ASIL requirements for primary path (accuracy)
and secondary path (overcurrent/safety/redundancy)

• More channels per ADC (number of cells) and faster sample
rate (quick response to faults) improve system efficiency

• Lower drift needed for accuracy over temperature

ASIL refers to Automotive Safety Integrity Level. It is a risk classification system defined 
by the ISO 26262 standard for the functional safety of road vehicles, 
ASIL A represents the lowest degree and ASIL D represents the highest degree of 
automotive hazard
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Passive battery balance example circuit

AN231

ADC Monitoring.

SW Control.
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Switching power 
supply 16-bit MCU

PIC24FJ128GL305

Voltage regulator
MCP1793

Step down 
DC-DC Converter

MCP16361

4X PAC1952 for 
voltage & 

current sensing 

PAC1952-2

PAC1952-2

PAC1952-2

PAC1952-2
Cell Balancing

EEPROM
SPI

25AA640A

Battery internal 
resistance testing

Safety Cell Diagnostics

Temp Sensor
MCP9808

MOSFET 
Driver 

MCP1407

MSOFET Driver
HT0440

LDO
MCP1792

Over current 
protection

Op amp
MCP6N16

Comparator
MCP6567

Vref
MCP1501

BMS Block diagram

TA010Security IC
TA100

I2C
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Cell Balancing

7+1 Cells - Battery Pack

4 PAC1952-2

BMS Evaluation Board (PAC BMS)

PAC194x5x System 
Host
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• PAC194x/5x: DC current sensing IC
• 16-bit resolution ADC for VSense and Vbus
• Selectable sampling rates up to 5.12 ksps

• 12 µA active current for 8 SPS 
• 1024 SPS for 4 channels
• Burst mode

• High-side current sense monitor: 1 to 4 chan
• Voltage Monitor with Wide VBUS Range0V to 32V FSR 
• On-chip power calculation and power accumulation 

registers
• I2C for 1.8V, 3.3V, or 5V comm (up to 3.4 MHz)
• 2.215mm x 2.17mm WLCSP, 3x3 QFN-16
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Reference Flow-chart
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Important Specifications in the BMS
• Pack Capacity (mAh)
• Remaining Capacity (mAh; Packs and Cells)
• State of Charge (%)
• Charge Low/High Limit (%)
• Pack Voltage (V)
• Voltage of cells (V)
• Undervoltage Limit (V)
• Overvoltage limit (V)
• Overcurrent Limit (mA)
• Charging Cut-off Limit (mA)
• Internal Impedance (mΩ)
• Temperature (oC)

The algorithm, in general, wants to charge the battery to 100% 
and will balance the cells only when the charger current drops 
below ~300mA. We balance the cells when they are >10mv 
different from high cell to low cell by PAC1952. Once we are 
balanced and at 100% we stop charging and connect the load 
until we drop 90% where we switch back to charging
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BMS Evaluation Board

8-Cells - Battery Pack Input

External Power Supply -
Charger Input

Output to PSI (Power Supply Unit)

Load 
Host + Screen

DC-DC Buck 
Converter
MCP28514
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BMS Evaluation Board GUI
• Specifications and features 

• Support for the monitoring a stack of 6 series 18650 Li-Ion batteries 
using the PAC1952-2
• Animated and interactive block diagram, showing passive cell-balancing using a 

network of discrete FETs and resistors
• State-of-charge determination using coulomb-counting 
• Supporting Commands/Capabilities: 

• Parameterization and customization of system: charging/discharging limits, 
alarming limits for overvoltage, overcurrent, overheating

• Option to save data to an EEPROM device (by user request)
• Calibration for voltage and current measurements
• Runs on a WEB server and can be displayed on any terminal.
• Test pulse for impedance measurement 
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BMS Evaluation Board GUI
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Battery 
Management 

System
(BMS)

Battery 
Module 
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Battery Pack
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System Architecture of Battery Authentication
Microchip’s HW security solution using Trust Anchor secure 
elements

TA100
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Why Choose Microchip for Your BMS Designs?

• Unrivaled technical support and design help
Reduce Development Cost 

and Time to Market

• Provide flexibility in design
• Lower development time and cost with easy-to-learn 

development tools, design collaterals and reference 
design for BMS solutions

Help Customers to Make 
Money

• 25+ years experience in Automotive with Proven total 
system solution and leading performance allowing 
customers to stay ahead of the game and mitigate 
risks resulted by poor performance

• No End-of-Life policy

Mitigate Risk
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governed by such Terms of Use available at www.microchip.com.


