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Introduction 
 
A simple algorithm implemented in microcontroller (MCU) firmware, can provide low-cost, 
intelligent real-time monitoring of battery power. The circuit, comprising an MCU, linear 
battery charger and an 18-bit Delta-Sigma Analogue-to-Digital Converter (ADC), can 
accurately measure current and voltage as well as tracking the battery’s remaining and used 
fuel. The inherent flexibility of the scheme allows designers to make trade-offs which can 
adapt the methods used for measurement, and the components, to suit different battery 
technologies and system configurations. 
 
 
White Paper 
    
1. INTRODUCTION  
 
Measuring the charge and discharge currents in real time is crucial for the intelligent 
management of battery power. The amounts of used and remaining fuel are calculated by 
tracking the discharge and charge currents over time. The amount of fuel used is determined 
by the total discharged current over time.  The remaining fuel is determined by subtracting of 
the amount of fuel used from the amount of fuel in the battery when it was fully charged.  
 
An ADC can be used for measuring battery voltage and current. Battery voltage is directly 
measured by the ADC, while current is measured indirectly using a current sensor. The 
current sensor has a resistive component—when current flows on the current sensor, it 
produces a voltage drop. This voltage is measured by an ADC, and the current is then 
calculated using the known resistance value. 
  
System designers must be aware that the voltage drop across the current sensor reduces 
the operating battery-power budget for the given system. Therefore, a current sensor with as 
small a resistance value as possible should be used. In this case, the voltage drop across 
the current sensor becomes very weak. Therefore, a high-resolution ADC or a high-
resolution ADC with an internal Programmable Gain Amplifier (PGA) is preferred.  
 
Today’s integrated stand-alone battery fuel gauging devices include both the ADC, battery 
charging and control logic circuits. The feature sets of these devices are still evolving to meet 
general application specifications. These devices, in general, use an internal ADC with 
relatively low bit resolution—typically, less than 15 bits.  Therefore, these devices can 
produce inaccurate measurements if a current sensor with a small resistance value is used.   
 
 
 
Instead of using the integrated stand-alone fuel gauging devices, some designers create 
their own fuel-gauging algorithm using MCU firmware. In this case, current and voltage are 
measured using a stand-alone ADC of the designer’s choice, and the MCU firmware 
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algorithm tracks and controls battery fuel. This approach provides flexible solutions and 
enables battery fuel to be managed more intelligently, with high accuracy. Depending upon 
the application and budget, system designers can make tradeoffs.  Some simple applications 
only need to track the voltage change, which requires the least budget and resources.  On 
the contrary, some applications need more sophisticated fuel-gauging functions. This paper 
discusses a battery fuel management algorithm using a stand-alone ADC, a battery charger 
and an MCU. 
 
2. REVIEW OF BATTERY CHARGING AND DISCHARGING CHARACTERISTICS 
 
Battery discharging behavior varies with parameters such as battery chemistry, load current, 
temperature and aging. Figure 1 shows the battery discharging curves of various battery 
chemistries. The battery discharging curve for typical batteries is almost flat until it reaches 
about 80% of its full range.  After this point, the curve falls sharply. 
 
The battery’s internal chemical reaction is mostly governed by voltage and temperature. The 
low temperature limit is determined by the freezing temperate of the electrolyte. Most 
batteries do not work below -40°C. Batteries perform better at higher temperatures because 
the chemical reaction processing is accelerated at higher temperatures. However, the rate of 
unwanted chemical reactions increases and results in acceleration of battery life.  At 
extremely high temperatures, the active chemicals can break down and destroy the battery. 
 
 
  

 
                            
Figure 1: Battery Discharge Characteristics 
 
Figure 2 shows the battery discharging curve over temperature. As shown in Figures 1 and 
2, true battery fuel management requires the monitoring of current, voltage and temperature. 
However, for simplicity, temperature is not monitored in this paper.  
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Figure 2: Li-Ion Battery Discharge Characteristics vs. Temperature
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3. BATTERY VOLTAGE AND CURRENT MANAGEMENT 
 
3.1. Battery Voltage Measurement using ADC 
Figure 3 shows examples of battery voltage measurement using an ADC.  A single-ended 
input is connected to the battery voltage.  In Figure 3(a), R1 and R2 are used as voltage 
dividers to limit the input voltage to less than the ADC’s reference voltage. The voltage 
divider modifies the ADC input voltage as follows: 
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The total series resistance (R1 + R2) of the voltage divider is chosen at about 1 Mega Ohm 
(MΩ), so that the current leakage due to the voltage divider is negligible. Since the input is 
artificially scaled down by the voltage divider, the measured battery voltage must be 
calculated by multiplying the inverse factor of the voltage divider ratio to the ADC output 
codes:  
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Where 
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(3) 
N = ADC bit resolution, and PGA = ADC’s internal programmable gain setting, if applied.  
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Figure 3 (b) can be used if the battery voltage range is less than the ADC’s reference 
voltage. The battery voltage can be directly connected to the ADC input pin without the 
voltage divider.   
 



  
www.microchip.com  

 

 
 
Figure 3: Circuit Diagrams for Measuring Battery Voltage Using an ADC 
 
Figure 4 shows an example battery discharge curve of a 3.7V Li-Polymer battery (3.7V, 
170 mAH). The curve shows that the battery voltage reduces linearly until it reaches about 
80% of its full capacity. Since the battery discharging characteristics are very linear until the 
point where the curve falls off sharply, measuring battery voltage only is an alternative, low-
cost method to estimate the current status of the battery. Although this method does not 
provide a true reading of the battery’s fuel condition, it is widely used in cost-sensitive 
applications because of its simplicity in implementation. 
 

 
 
Figure 4: Battery Voltage Discharging Curve of 3.7V Li-Polymer Battery 
 
3.2. Battery Discharging and Charging Current Measurement 
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Figure 5 shows an example of measuring the discharging and charging currents. The 
differential ADC input pin is connected across the current sensor and measures the voltage. 
The MCU then calculates the current using the measured voltage and the known resistance 
of the current sensor.  
 
In discharge mode, the direction of the current is from the battery to the load via the current 
sensor element. 
 

 
 
Figure 5: Circuit Diagram for Measuring Discharge and Charge Currents Using an 
ADC 
 
This provides a positive voltage at the VIN+ input pin with respect to the VIN- pin. In charge 
mode, the polarity switches because current is moving in the opposite direction (current 
flows into the battery). The direction of the current can be easily identified by checking the 
ADC output codes’ sign bit. The ADC’s sign bit is represented by a Most Significant Bit 
(MSB).    
 
When selecting the current sensor, the sensor’s resistive value must be chosen carefully by 
considering the ADC’s performance.  In general, the smaller the resistance, the better.  
However, the voltage across the sensor must be high enough to be measured by the ADC. 
The ADC can produce output codes as long as the input is greater than 1 Least Significant 
Bit (LSB).  However, in reality, the system needs a large number of output codes (multiple 
LSBs) for a reliable measurement.  
 
Assuming there are 10 milliamperes (mAs) of current flow through a 10 mΩ current sensor, 
the voltage drop across the current sensor becomes 100 micro Volts (µV).  This results in 
6.4 output codes (=100 µV/LSB) with the 18-bit MCP3421 ADC.  The MCP3421 ADC has an 
internal PGA onboard. By setting the internal PGA to a gain of 8, the input (100 µV) is 
boosted to 800 µV internally before the ADC conversion takes place. This results in a LSB of 
51, or 51 output codes, which is sufficient for measurement. 
 
Table 1 summarizes the MCP3421 ADC’s bit resolution, its LSB and current amplitude for 
producing 1 LSB of voltage across the current sensors with R=1 mΩ, 10  mΩ and  100 mΩ.  
For example, to acquire 1 LSB of voltage with an 18-bit ADC, it needs 15.625 mA of current 
for a    1 mΩ sensor, 1.5625 mA for a 10 mΩ sensor, and 0.15625 mA for a 100 mΩ sensor.  
This means the measurement resolution (1 LSB) with an 18-bit ADC and 1 mΩ sensor is 
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15.625 mA.  The system needs a sensor with greater than 1 mΩ resistance if it is to 
measure less than 15.625 mA per step.  This example shows that a higher-resolution is 
needed when a lower-resistance current sensor is used.   Furthermore, an ADC with an 
internal Programmable Gain Amplifier (PGA) is also preferred. 
 

 
 
Table 1. ADC Bit Resolution vs. Measurement Resolution for Current* 
 
* Note that the ADC’s reference voltage = 2.048V and Input = Differential 
 
4. BATTERY FUEL MANAGEMENT ALGORITHM WITH A STAND-ALONE ADC AND 
BATTERY-CHARGING DEVICE 
 
Used and remaining fuels are tracked by measuring voltage and current across the current 
sensor.  Current is periodically measured in short time intervals and then accumulated over 
time.  The total fuel used is the sum of the measured discharge current over time.  The 
remaining battery fuel is the difference between the amount of battery fuel when the battery 
is fully charged and the amount of fuel used.  MCU firmware can help calculate these 
parameters. Used and remaining fuels are calculated via the following equations: 
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      (mAH)UsedFuel(mAH)CapacityFullBattery(mAH)RemainingFuel −=                
(6) 
 
The above computation is implemented with MCU firmware.  
 
Figure 6 shows an example of the battery fuel-management system diagram for evaluation. 
The system includes both the fuel tracking and charging features. The MCP3422 is a two-
channel, 18-bit Delta-Sigma ADC with an internal PGA. Table 2 shows the key features of 
the MCP3422 ADC.  
 
The MCP73831 is a single cell Li-Ion/Li-Polymer battery charger device. During a normal 
discharging mode, switch S1 is closed, and S2 is open. The discharging current flows from 
the battery to the load through the current sensor.  In charging mode, S1 is open, and S2 is 
closed.  The charging current flows from the MCP73831 to the battery through the current 
sensor.  When the battery fuel is reduced to a trip point, the MCU can recharge the battery 
automatically (charging occurs when the system is connected to the external power source). 
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The MCU controls the recharging control pin (PROG) to start or stop charging the battery. 
The MCU also monitors the recharging status (STATUS pin).  
 
The MCP3422 measures battery voltage and current at same time.  In this example, these 
parameters are measured once per second. The current sensor has 10 mΩ of resistance.  
All currents are passing through this current sensor.  By setting the internal PGA to a gain of 
8, the MCP3422 device can measure the input voltage as low as 1.953 µV.  The MCU 
firmware tracks the current flow across the current sensor and calculates used and 
remaining fuel. 
 

 
 
Figure 6: Battery Fuel-Management System 
 

 
 
Table 2: MCP3422 ADC Feature Summary 
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When the discharge current is 15 mA, the voltage drop across the 10 mΩ current sensor is:  
 
                                               μV15001.015 =Ω•= mAV                                                       
(7) 
 
When the ADC is configured with a PGA gain setting of 8, the input voltage before 
conversion takes place becomes 1.2 mV (= 150 µV * 8). 
 
The total number of useful ADC output codes with 18-bit resolution is:  
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This example shows the current measurement of 15 mA through a 10 mΩ current sensor.  
Only 77 of the total 131072 available counts from the 18-bit ADC are useful for computation.  
These available output codes are still sufficient enough to track current flow on the sensor. 
The error increases significantly as the bit resolution decreases. For example, only 19 output 
counts are available for 16 bits; 4.8 counts for 14 bits, and 1.2 counts for a 12-bit ADC. 
These output counts are not high enough for a reliable measurement, considering the ADC’s 
performance error specs. This means that battery fuel measurement with the lower-
resistance current sensor requires higher bit resolutions in order to avoid significant 
measurement errors. The selection of the ADC’s bit resolution and the current-sensor type 
are also dependent upon the range of interest in the current amplitude and permitted 
measurement tolerance range in the application.  
 
Figure 7 shows the flowchart of the MCU firmware algorithm.  Figure 8 shows a demo unit 
that demonstrates the function of the algorithm. The MCU firmware algorithm is written for 
the PIC18F4550 MCU.  The battery used for this example is the 3.7V/170 mA Li-Ion/Polymer 
rechargeable battery from Powerizer (Part #: PL052025, Web site 
http://www.batteryspace.com). 
 
 
 
 

http://www.batteryspace.com/
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Figure 7: Battery Fuel-Measurement Algorithm Flowchart 
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Figure 8: Battery Fuel-Measurement Demo Board from Microchip Technology Inc. 
(Part # MCP3421DM-BFG) 
 
5. CONCLUSION 
 
The MCU firmware based battery fuel management algorithm using a high performing stand-
alone ADC and a battery charging device provides both high accuracy and flexibility of 
applications. The algorithm is simple to implement, and its total implementation cost is 
compatible with the stand-alone fuel gauging devices in today’s market place. Depending on 
the battery type and system design budgets, the designer can make various tradeoffs in the 
measurement methods and component selections. This method’s accuracy is largely 
affected by the ADC’s performance, the current sensor and voltage dividers’ component 
tolerance, and battery aging. The demo shown here resulted in a measurement error close 
to about 5% with relatively stable load current conditions. 
 
 

### 
 

http://www.microchip.com/stellent/idcplg?IdcService=SS_GET_PAGE&nodeId=1406&dDocName=en532698


  
www.microchip.com  

 
About Microchip Technology 
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