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Key considerations when connecting MOSFETs in parallel 

Power MOSFETs are the switching device of choice in most modern power solutions. Continuous development by 
semiconductor companies means that MOSFET performance and capacity is continually increasing. However, 
sometimes it is necessary to use two MOSFETs in parallel. 
 
While this is generally easier than with bipolar devices, there are still some pitfalls that are best avoided. In this 
whitepaper, Toshiba Electronics Europe will look at the best practice for operating MOSFETs in a parallel configuration. 
 

Introduction 
Power MOSFETs generally offer outstanding thermal stability and do not suffer thermal runaway. This makes connecting 
them in parallel easier than with bipolar transistors. 
 
Bipolar transistors need a current to flow in the base to operate. As a result, the current balance is disrupted by any 
fluctuation of the base-emitter voltage (VBE), making parallel connections more challenging. Because power MOSFETs 
are voltage driven, parallel connection is easier - it is only necessary to supply a drive voltage to each parallel FET. 
 
However, it is essential to avoid current concentration and oscillations. In addition, designers should ensure a well-
balanced, uniform flow of current to all devices under all possible load conditions when using MOSFETs in parallel. 
 
Variations in device characteristics and / or circuit equivalent impedance can cause imbalance leading to circuits 
performing in unpredictable ways. Let us consider the use of a buck converter circuit with parallel MOSFETs.  
 
Figure 1 shows the schematic for the buck converter. In a real-world implementation there are many parasitic impedances 
as shown Figure 2.  
 
 
 
 

 
Figure 1 – Schematic for a buck converter with parallel MOSFETs 
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Figure 2 – Parasitic impedances in a real-world buck converter 

Individual device characteristics can vary within the tolerances of the datasheet specifications. The threshold 
voltage (Vth) is susceptible to variation and can cause current imbalance. Using MOSFETs with matched values 
of Vth is preferred to reduce variations in switching times.  
 
Figure 3 shows a buck circuit with a MOSFET pair that exhibits maximum Vth variation. IpathA is current 
passing through the MOSFET with the lowest Vth. IpathB is the path for the highest Vth MOSFET. Other 
parameters for each current path are the same in this simulation. 
 

 
 

Figure 3 – Effects of Vth variation on current paths 
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Figure 4 shows the simulation result for the switching side MOSFET current waveform. The peak current 
through IpathA (purple trace) is twice that for IpathB (pink trace). 
 

 
Figure 4 – Vth affects current balance 
 
Although, the Vth difference is the maximum in this example, the difference is not so pronounced in MOSFET 
pairs from the same lot / batch. 
 
Figure 5 shows an example distribution for MOSFETs from the same lot where the Vth variation is less than 
the specification maximum. 
 

 
Figure 5 – Example Vth distribution with MOSFETs from the same lot 
 
Current unbalance can also occur as a result of the drive condition. In some cases, external resistances (with a 
0.5% to 5% tolerance) are used to control switching speed. If an external gate resistance (Rg) is connected each 
MOSFET as shown in Figure 6, any variation will affect current balance. 
 

 

“Same Vth MOSFETs waveform” 
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Figure 6 – External Rg connected to each MOSFET gate 
 
Figure 7 shows the result of simulating the current waveform. If Rg has a 5% variation and the parasitic 
inductance variation is double (20nH/40nH), then there is a 30% current difference between IpathA and 
IpathB. 
 

 
Figure 7 – Current waveform simulation 
 
External Rg variation does not affect the rectifier circuit current balance (IpathC and IpathD) in this simulation. 
In the case of an open-circuit then device damage can occur. 
 
When using an external gate resistor for parallel MOSFETs, each gate pin trace must be kept as short as 
possible. This avoids resistance accuracy problems and reduces the parasitic resistance and inductance at the 
same time. Short traces can also smooth each MOSFETs Vgs level if there is a difference in the capacitances. 
 
 

 

Fig7. Current waveform 
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Iout : 30 A 
Vout : 80V 
Freq : 160kHz 
Device : TK31V60W5 
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Figure 8 – External Rg usage recommendation 
 
It is difficult to completely avoid parasitic impedance. In high speed switching applications this can 
sometimes lead to oscillation. In this case, adding an additional small Rg(sub) in each arm can be a solution. 
Rg(Sub) should be smaller that EXT Rg(Main) and less than 1Ω. 
 

 
Figure 9 – Circuit design to reduce any parasitic impedance effect 
 

 
Figure 10 – Parasitic impedance of current paths 
 
It is generally accepted to design power traces to be as short as possible. However, this can be difficult due 
to limited space, the drive circuit or other reasons. Symmetrical length traces are needed to each parallel 
MOSFET, as shown in Figure 11. 
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Figure 11 – PCB Layout recommendation 
 
Different trace lengths will cause oscillation due to unbalanced impedances as shown in the simulation 
results in Figure 12. This will damage the MOSFETs. 
 

 
Figure 12 – Simulation results showing oscillation due to impedance imbalance 
 
Using surface-mount devices is one effective solution to decrease parasitic impedance, especially parasitic 
inductance. Figure 13 shows the example parasitic inductances for a circuit with a pin-through TO-220.  The 
total parasitic inductance in the current path is 24nH. Figure 14 shows the same for a circuit using a surface 
mount device where the total parasitic inductance is only 4.7nH. 
 

 
Figure 13 – Parasitic inductance for a pin-through TO-220 device 
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Figure 14 – Parasitic inductance for a surface mount DFN8x8 device 

 

Summary 
Designing circuits with parallel MOSFETs is an important requirement in applications such as buck converters. 
The best solutions will be based on a careful selection of MOSFET devices and a balanced approach to circuit 
design. This is especially important in terms of managing the parasitic impedances that can occur in external 
resistances and PCB traces. Effectively addressing these issues can significantly simplify the implementation 
and effectiveness of parallel MOSFET architectures. 
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Restrictions On Product Use 
 
Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”. 
Hardware, software and systems described in this document are collectively referred to as “Product”. 
• TOSHIBA reserves the right to make changes to the information in this document and related Product without notice. 
• This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with 

TOSHIBA’s written permission, reproduction is permissible only if reproduction is without alteration/omission. 
• Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are 

responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software 
and systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, 
bodily injury or damage to property, including data loss or corruption. Before customers use the Product, create designs 
including the Product, or incorporate the Product into their own applications, customers must also refer to and comply with (a) 
the latest versions of all relevant TOSHIBA information, including without limitation, this document, the specifications, the data 
sheets and application notes for Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability 
Handbook" and (b) the instructions for the application with which the Product will be used with or for. Customers are solely 
responsible for all aspects of their own product design or applications, including but not limited to (a) determining the 
appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the applicability of any 
information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other 
referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO 
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS. 

• PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE 
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY 
CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT 
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without 
limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting 
medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signalling equipment, 
equipment used to control combustions or explosions, safety devices, elevators and escalators, and devices related to power 
plant.  IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT.  For details, please 
contact your TOSHIBA sales representative or contact as via our website. 

• Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part. 
• Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under 

any applicable laws or regulations. 
• The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for 

any infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No 
license to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise. 

• ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR 
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER, 
INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING 
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND 
(2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, 
OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR 
PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT. 

• Do not use or otherwise make available Product or related software or technology for any military purposes, including without 
limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile 
technology products (mass destruction weapons). Product and related software and technology may be controlled under the 
applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and 
the U.S. Export Administration Regulations. Export and re-export of Product or related software or technology are strictly 
prohibited except in compliance with all applicable export laws and regulations. 

• Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of 
Product. Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of 
controlled substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES 
OR LOSSES OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS. 

 


