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1  PRE-CHARGE CIRCUIT  

1.1 Why use a Pre-Charge circuit?  
In many large battery cell count battery applications (>10 cells in series), the inrush current should be 

managed. If the inrush current exceeds component limits, overtime it will result in failure of semiconductor 

devices, inductors, connectors, traces, and switches.   

  

High cell count battery systems often use pre-charged circuits to limit inrush current prior to the main 

discharge MOSFET turning on which connects the load to the battery.  Controlling this inrush current with 

a pre-charge circuit protects the system from damage, extends lifespan, and increases reliability.  

  

A pre-charge circuit between a battery and its load is required if any of the following are issues:  

• The short circuit protection will activate (nuisance tripping) by the inrush current  

• The battery cells have too high impedance for the inrush current  

• The load has input capacitors will be damaged by the inrush current  

• The main fuse will blow if asked to carry the inrush current  

  

Usage of a Pre-Charge circuit will increase reliability, prevent nuisance issues, and provide safe operation 

of the system.   

1.2 Pre-Charge Circuit Application & Advantage’s  
It has become common place to use a Pre-Charge circuit with motor applications. For example, when 

there is a high capacitive load, such as a motor in an electric Bicycle (eBike), a large peak current would 

occur when the main protection MOSFETs are closed. This would trip the short circuit protection or 

damage the inline fuse.  It could also exceed the safe operating area (SOA) of the protection FET and put 

excess stress on other components.  

In other application cases, contactors are used to connect these high loads, and due to the inrush current, 

the contacts get damage due arch.  

When initially connecting a battery to a load with capacitive input, there is an inrush of current as the load 

capacitance is charged up to the battery voltage. With large batteries that have a low source impedance 

and with large capacitance at the load, this inrush current can easily peak 100 times the normal operating 

current.  

A pre-charge circuit limits that inrush current, without limiting the operating current.  

1.3 How Pre-Charge Circuit Works  
In typical Pre-Charge circuit, it starts at the detection of the load being attached.  The system will begin the 

pre-charge of the load capacitor with a current limited path.  This limited current is selected to charge the 

load capacitor over a period of time such that the delay is not noticeable by the user of the application and 

below any component limits. Once the load capacitance is charge to almost equal to the battery voltage 

the main protection discharge MOSFET is turned on and the pre-charge circuit is turned off.  Failure to 

turn on the main discharge MOSFET will prevent the application from being able to run as the pre-charge 

path cannot support the full load current.   
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1.4 Example of Firmware Code  
For a typical Pre-Charge Circuit, follow these steps. Controller 

introduces two new states in BMS flow  

• 1st state is Pre-Charge Start  

• 2nd state is Pre-Charge Complete config_pre_chg_fet_control_io(void) function called during 

peripheral_init(void) to setup GPIO pin.  

1) Pre-Charging Start: System detects a load being connected  

2) System measure voltage at load.  

a. If the voltage is not within range, start pre-charge via GPIO output by calling 

turn_on_pre_chg_fet_control_io(void).  

3) turn_on_pre_chg_fet_control_io(void) function call will energize Pre-Charge Circuit pre-charge 

circuit turns on, load capacitor begins charging.   

4) System measure voltage at load.  

a. When the voltage is within range near VBAT, stop pre-charge via GPIO output by calling 

turn_off_pre_chg_fet_control_io(void).  

5) Controller enters Pre-Charge Complete state and turns main discharge (DSG) MOSFET on, 6) 

The system is ready to run the load.  
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1.5 Example circuitry shows the arrangement   
For implantation Q1 should be driven by any GPIO that can source voltage above the desired turn on 

threshold of Q1.  Q1 should have a VDS breakdown above the maximum of VBAT.  Q2 needs to be able 

to source the desired current, which is limited by R1 emitter resistor, ensure that both are rated at the 

desired power rating.  R2 and R3 setup the Q2 turn on Vbe and limit the current for Q1.  R5 is to ensure 

Q1 is off during power up and initialization.  R4 is to limit gate transients, and control slew of Q1 gate.  

  

Figure 1-1 Example Circuitry  
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1.6 Example Waveforms      
The next three figures show the operation of the example circuitry  

1) GPIO   

2) CLOAD.  

3) Q2 Base  

4) Q2 Collector Current  

Figure 1-2 Turn On  

  
Figure 1-3  Turn On zoomed in on starting edge  
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Figure 1-4  TURN OFF  
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1.7 LEGAL INFORMATION  
  
For the latest specifications, additional product information, worldwide sales and distribution locations:  

Web: www.qorvo.com  
Tel: 1-844-890-8163  

Email: customer.support@qorvo.com  

  
The information contained in this Application Note and any associated documents (“ pplication  ote  nformation”) is 

believed to be reliable; however, Qorvo makes no warranties regarding the Application Note Information and assumes 

no responsibility or liability whatsoever for the use of said information. All Application Note Information is subject to 

change without notice. Customers should obtain and verify the latest relevant Application Note Information before 

placing orders for Qorvo® products. Application Note Information or the use thereof does not grant, explicitly, implicitly 

or otherwise any rights or licenses to any third party with respect to patents or any other intellectual property whether 

with regard to such Application Note Information itself or anything described by such information.  

  
APPLICATION NOTE INFORMATION DOES NOT CONSTITUTE A WARRANTY WITH RESPECT TO THE  
PRODUCTS DESCRIBED HEREIN, AND QORVO HEREBY DISCLAIMS ANY AND ALL WARRANTIES WITH 

RESPECT TO SUCH PRODUCTS WHETHER EXPRESS OR IMPLIED BY LAW, COURSE OF DEALING, COURSE 

OF PERFORMANCE, USAGE OF TRADE OR OTHERWISE, INCLUDING THE IMPLIED WARRANTIES OF 

MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Without limiting the generality of the foregoing, 

Qorvo® products are not warranted or authorized for use as critical components in medical, lifesaving, or life-sustaining 

applications, or other applications where a failure would reasonably be expected to cause severe personal injury or 

death.   

  
Applications described in the Application Note Information are for illustrative purposes only. Customers are responsible 

for validating that a particular product described in the Application Note Information is suitable for use in a particular 

application.  

  
© 2023 Qorvo US, Inc. All rights reserved. This document is subject to copyright laws in various jurisdictions worldwide and 
may not be reproduced or distributed, in whole or in part, without the express written consent of Qorvo US, Inc.   QORVO® 
is a registered trademark of Qorvo US, Inc.  

  

  


