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Gate Driver and MOSFET Compatibility

Introduction

When designing a power switching system, for example a motor driver, or a power supply, the designer must
make important decisions. What motor or transformer to match the system requirements? What are the best
MOSFETs or IGBTs to match that motor or transformer? And what gate driver IC is best matched to the
MOSFET?

Choosing the right gate driver to match the MOSFETSs is crucial to designing an optimal system. A wrong choice
can decrease efficiency of the system by unnecessarily increasing switching losses of the MOSFET. But also a
wrong choice can greatly increase noise, possibly increasing Vs undershoot, HO or LO spikes, and at the
extreme, causing shoot-through that can damage the MOSFET and gate driver.

Gate Driver Source/Sink Current and MOSFET Total Gate Charge

MOSFET voltage and high-side floating well voltage of the gate driver should be considered for the system
design (both to be about 20% greater than the motor voltage to allow for overshoot), but the most important
parameter to match the gate driver and MOSFET is the gate driver source/sink current to the MOSFET total gate
charge. The relationship is seen in the equation below:

Qg =1Ixt

Where Qg is the total gate charge of the MOSFET, | is the source/sink current of the gate driver, and t is the rise
and fall time of the MOSFET.

An example for choosing Diode’s gate driver for a particular MOSFET

This example starts with knowing exactly which MOSFET you have and wanting to choose the optimal Diode’s
Gate Driver to match the MOSFET. Table 2 shows the total gate charge information for the MOSFET
DMN10H099SK3. Note the test conditions for measuring the gate charge, most likely the conditions of the
design are not the same as the test conditions used for total gate charge. Hence it is important to be aware that
this calculation is estimation and the final rise/fall of the MOSFET may not be exactly the same used in the
calculation.

For this example, if the required rise and fall time for an application is 20ns, then from the datasheet of
DMN10H099SK3, the calculations would be:

|=Qq/t
| = 25.2nC / 20ns = 1.26A

The DGD2184, DGD2181 would be a good choice as the sink/source current is 1.9A/2.3A, not exact but a close
match. In addition, a means to further control rise/fall of the gate drive signal (and hence rise/fall of the
MOSFET), is to use the gate resistor configuration as seen in Figure 1. Varying Rgon Will affect the rise time and
varying Rgof Will affect the fall time. Increasing gate resistors will have the effect of decreasing noise, minimising
Vs undershoot, and decreasing overall spiking, but at the expense of increasing losses in these resistors. But as
long as the overall system efficiency is not affected, it is a fairly good trade-off considering the importance of
system stability.
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. . . Qg forrise/ | Qqgforrise/ | Qg forrise/ | Qqgforrise/ | Qg forrise/
Diodes C'I:‘gte Driver S°‘ér:ﬁéz'"k fallat 10ns | fallat20ns | fallat50ns | fall at 100ns | fall at 200ns
(Note 1) (Note 1) (Note 1) (Note 1) (Note 1)
gggggiﬁ 210 /300 mA 3nC 5nC 13nC 25nC 50nC
DGD2101, DGD2103,
DGD2104, DGD21086, 290 /600 mA 4nC InC 22nC 45nC 90nC
DGD2108
DGD2184, DGD2181 19/23A 21nC 42nC 105nC 210nC 420nC
DGD2110, DGD2113 25/25A 25nC 50nC 125nC 250nC 500nC

Note 1. These are approximate values, the sink and source current are not the same value, and hence in the real circuit

the rise and fall of the MOSFET will not be the same.

Table 1: Diode’s Gate Driver ICs and MOSFET Compatibility

How to Use MOSFET Compatibility Table?

Table 1 provides the means to choose the appropriate MOSFET (using the total charge, Qg) while controlling
the rise/fall of the MOSFET, and which Diode’s Gate Driver would match these conditions. In the previous
example, the fastest possible choice was selected. But there may be situations where the rise/fall times wants
to be chosen, most likely slower, to provide a more stable system, particularly in motor driver applications.

Total Gate Charge (Ves = 10V) Qq — 25.2 —
Total Gate Charge (Vgg = 4.5V Q — 122 —
oo (Vs = 1) : nC  |Vps =50V, Ip=33A
Gate-Source Charge Qgs — 5.3 —
Gate-Drain Charge Qqd — 59 —

Table 2: Total Gate Charge Example for MOSFET DMN10H099SK3
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Figure 1: Using Gate Resistors to Control MOSFET Rise/Fall Time

Note also that this method is an approximation. First, as discussed before, the conditions for testing Qg is rarely
the same as the design conditions. Also a particular Qg at a particular current will produce a single value for
rise/fall. For most Diode’s Gate Driver ICs, the source and sink current are not the same; hence the rise/fall time
will not be the same. As an example, suppose you want to drive a 48V, 5A, BLDC motor and the design aim is
to use the DGD2103 and have rise/fall of the MOSFET at approximately 50ns. The Diodes Inc.
DMN10H099SK3 (100V, 20A) may be a good choice with a Qg typical of 25nC. And the gate resistor
configuration of Figure 1 can be used to further control the rise/fall of the MOSFET gate drive signal.
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other
changes without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability
arising out of the application or use of this document or any product described herein; neither does Diodes Incorporated convey any license
under its patent or trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such
applications shall assume all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are
represented on Diodes Incorporated website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales
channel.

Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall
indemnify and hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising
out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and
markings noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document
is the final and determinative format released by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the
express written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause
the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or
systems, and acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning
their products and any use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any
devices- or systems-related information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify
Diodes Incorporated and its representatives against any damages arising out of the use of Diodes Incorporated products in such safety-
critical, life support devices or systems.
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