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Power semiconductors, such as MOSFETs and IGBTSs, are used as switching elements in various power supply applications
and power lines. SiC MOSFETs, which are increasingly employed recently, operate at such a high speed that changes in the
voltage and current during switching are significantly affected by the package inductance of the device itself as well as the wiring
inductance of peripheral circuits. Particularly, since a positive surge in the gate-source voltage can occur unexpectedly during the
changes in the voltage and current of the device itself, various countermeasures against such surges have been considered.
Accordingly, this application note is aimed at providing a design method for “comparator-less Miller clamp (CLMC) circuits” to

implement an external Miller clamp (MC) circuit as a countermeasure against the positive surges in the MOSFETSs.

Contents

Surges occurring in the gate-source voltage
This section explains the mechanism of positive surges occurring on the commutation side. For details, refer to Application Note

“Gate-Source Voltage Behavior in a Bridge Configuration™1.

Comparator-less Miller clamp circuits
This section explains new Miller clamp circuits (comparator-less Miller clamp circuits) that can compensate for disadvantages of

previous Miller clamp circuits.

Operation of comparator-less Miller clamp circuits

This section explains the circuit operation using a timing chart and a circuit diagram.

Design of comparator-less Miller clamp circuits

This section presents a design flow chart and explains each step in the flow.

Waveforms after adjustment of the circuit constants

This section shows the constants and the waveforms for a circuit actually designed according to the flow.

Waveforms without adjustment of the circuit constants and their problems

This section explains the waveforms with incorrect adjustment of the circuit constants and resulting problems.

Results of board evaluation
This section compares the efficiencies of the following three configurations: using a comparator-less Miller clamp, using a built-in

Miller clamp of the gate driver, and using no Miller clamp.

Summary

This section summarizes the design method for the comparator-less Miller clamp circuits.
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Surges occurring
voltage

in the gate-source

Application Note “Gate-Source Voltage Behavior in a Bridge
Configuration™1 provides a detailed explanation for the gate-
source voltage generated when a switching device in a bridge
configuration is turned ON or OFF. In a synchronized boost
circuit as shown in Figure 1, positive surges occur not only on
the switching side (LS) but also on the commutation side (HS)

depending on the voltage on the switching side.
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Figure 1. Synchronized boost circuit (4L device)

Figure 2 shows the behavior when the LS is turned ON. The
horizontal axis indicates the time. Time regions tk (k = 1 to 5)

are defined as follows.

t1: Period while the HS is ON (synchronous rectification
period)

t2: Dead time period from when the HS is turned OFF until
the LS is turned ON

ts: Period while the LS is ON and the MOSFET current is
changing

ta: Period while the LS is ON and the MOSFET voltage is
changing

ts: Period while the LS is ON
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Figure 2. Behavior of the gate-source voltage (during turn
ON)

The event (I) shown in the figure is caused by the following
factor.

Event (I): Change in the drain-source voltage (d Vbs/dt)

Comparator-less Miller clamp circuits

The positive surge in the event (I) as explained in Figure 2
can be reduced with a Miller clamp circuit.
However, this positive surge may be found after a gate driver
IC was selected. In this case, it is difficult to replace the gate
driver IC with one with a built-in Miller clamp circuit afterward.
For such cases, we propose the CLMC circuits that can be

driven with an external circuit as shown in Figure 3.
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Figure 3. CLMC circuit configuration

Figure 4 shows the timing chart of the CLMC circuit.
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Figure 4. Timing chart of CLMC circuit

As shown in Figure 3, the CLMC circuit is characterized by
the ability to be driven with the gate drive signal of the SiC
MOSFET without requiring any comparators.

Next, we explain the operation of the CLMC circuit.

Operation of comparator-less Miller clamp
circuits
®  Switching side
As shown in Figure 4, when SiC MOSFET Q4 is
turned ON, R3 and D1 are used to charge C1 earlier
than the gate of the SiC MOSFET, preventing Q1 from
being turned ON.
Similarly, when the SiC MOSFET is turned OFF, R2

and Q3 are used to discharge C1 later than the gate of

the SiC MOSFET, preventing Q1 from being turned ON.

® Commutation side
As also shown in Figure 4, a positive surge occurs at
the gate of Q14 on the commutation side when the SiC
MOSFET on the switching side is turned ON.
At this time, since C11 is not charged, the charging
current flows through R11 and charges C11. Then, Q11
can be turned ON by voltage Vse applied between its

base and emitter, clamping the positive surge.

Design of comparator-less Miller clamp
circuits

<
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Step 1 .
Determine R,

Ry x Ig < Vgq * hpg (1.4)

!

Determine C;
RZ * Cl 2 Roff* Ciss (2-1)

!

Determine Rj
R3 * Cl = Ron * Ciss (3-1)

!

Step 2

Step 3

Step 4

Determine R,

Step 6
R, >100 * R, (4.1) P

Adjust the constants
Decrease R,

Y

Measure the
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[« )

Figure 5. Design flow for components

Step 1: Determine R2

Q4

Figure 6. Bipolar transistor peripheral circuit
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First, assume that the emitter-collector voltage of bipolar
transistors Q1 and Q11 is Vce and the base-collector voltage
is Vc1. If the base-emitter voltage Vse of Q1 and Q11 is
approximately 0.7 V, the following relation holds:

Vey = Veg — 0.7 1.1

Set your own positive surge amplitude Vce to be clamped
and calculate Vci.

Use Vc1 calculated with Equation (1.1) to calculate /s. If the

current flowing to the base is fg, the following relation holds:
Ig = Vi /R, (1.2)

Furthermore, using hre of the bipolar transistors used for Q1

and Q11, the following relation holds:

(1.3)

From Equations (1.2) and (1.3), Equation (1.4) is obtained for

Ic = Ig * hpg

the cases where you want to reduce a positive surge larger
than Vce.
Ry Ic < Ve * hpg (14
Step 2: Determine C1
Next, determine C1. Ciss is the value of Ciss of the SiC
MOSFETSs used for Q4 and Q14. If time constant C1 * Rz is
the time constant of the SiC MOSFET Ciss * Rof or less, Q1 is
erroneously turned ON during turn OFF. Therefore, Equation
(2.1) must be true.
Ry % €1 = Rofr * Ciss (CAY)
There is no upper limit of C1 with Equation (2.1) only.
However, if C1 is too large, the drive power of the gate driver
may be affected. Therefore, set C1 as small as possible to
keep Equation (2.1) true. In addition, the standard for the C1
value that may affect the drive power of the gate driver is
provided as follows:
C; < Cigs (2.2)

If C1 exceeds Ciss, set the values of Rz, Vcg, and Ror again.

Step 3: Determine R3

Determine Rs similarly. To prevent Q1 from being
erroneously turned ON when Q4 is turned ON, set time
constant C1 * Rs to Ciss * Ron Or less.

Ry * C; < Rop * Ciss (3.1)

Step 4: Determine R1

Next, determine R1. Use Equation (4.1) to determine R1 so
that its influence on Rz is 1% or less.

R, > 100 * R, (4.1)

Step 5: Measure the positive surge
If the positive surge measured here is smaller than Vce,
the adjustment is finished. If the positive surge is larger than

Vce, continue to step 6.

Step 6: Adjust the constants

Set R2 smaller than the value determined in step 1. Then,
continue to step 2 and beyond. Always select the value of C1
as small as possible to keep Equation (2.1) true. In addition,
if Equations (3.1) and (4.1) still hold under the condition with
reconfigured Rz and Ca, it is unnecessary to set Rs or R1
again.

The procedure is finished if the remeasured positive surge
is smaller than Vce. If the positive surge is still larger, repeat

step 6.

Waveforms after adjustment of the circuit
constants

Design a circuit according to the design procedure in
practice. Use the SiC MOSFET SCT3040KR for Q4 and Q14,
and the bipolar transistor BSS5130AHZG for Q1 and Q11.
Step 1: Determine R2

Assume that positive surge amplitude Vce to be clamped is
4V and Vc1is 3.3 V. Assume that hre is 15 and Ic is 3 A, and
use Equation (1.4) to set the constant as follows.

R,* 3A < 33Vx 15
R, < 1650
R, = 470Q

Step 2: Determine C1
Assume that Ciss is 2 nF and Rof is 2.2Q, and use Equation
(2.1) to determine the constant as follows.
47Q % C; = 2.2Q * 2.2nF
C, = 940 pF
C; = 1nF

Step 3: Determine R3
Assume that Ron is 10Q, and use Equation (3.1) to
determine the constant as follows.
R3;* 1nF < 10Q* 2nF
Ry < 200
Ry = 33Q
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Step 4: Determine R1
Since 4.7Q is selected for Rz, the constant is determined as
follows from Equation (4).
Ry > 100 * 4.7 Q
R, =47k

Step 5: Measure the positive surge

Figure 7 shows the gate-source voltage when the
switching side is turned ON in the following configurations: a
CLMC circuit with the constants determined as described
above, a gate driver IC with a built-in Miller clamp (hereafter
referred to as a “built-in MC”), and a circuit using no Miller
clamp (hereafter referred to as “no MC”). In addition, Figure 8
shows the gate-source voltage on the commutation side

during this time.
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Figure 7. Gate-source voltage on the switching side when the

switching side is turned ON
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Figure 8. Gate-source voltage on the commutation side when

the switching side is turned ON

From Figure 8, the maximum values of the positive surge
are 9.5V, 3.6 V, and 3.3 V for the no MC, CLMC, and built-in
MC configurations, respectively. In the CLMC configuration,
the adjustment of the circuit constants is finished since the

positive surge is smaller than Vce at 4 V.

Since the difference between the CLMC and built-in MC
configurations is 0.3 V, the effect of the CLMC can be well
confirmed. Furthermore, a phase delay occurs in the built-in
MC configuration compared with the CLMC and no MC
configurations. This is due to a longer rise time of the gate
voltage when the SiC MOSFET is turned ON in the built-in
MC configuration. Since the MOSFET for the built-in Miller
clamp of the gate driver IC is OFF, Coss of the MOSFET for
the Miller clamp appears as the input capacitance of the SiC
MOSFET, resulting in the longer rise time. This also produces

a delay in the positive surge.

Waveforms without adjustment of the
circuit constants and their problems

In this section, we explain problems that may occur if the
circuit constants are not adjusted according to the design
flow in Figure 5.

First, Figure 9 shows a graph indicating the relation of C1
and the positive surge when R1 and Rz are fixed at 4.7kQ

and 1Q), respectively.
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Figure 9. Relation of C1 and the positive surge

In addition, Figure 10 shows the gate-source voltage
waveforms when the switching side is turned ON with C1 at
100 pF under the condition in Figure 9. The HS and LS
represent the high side (switching side) and the low side

(commutation side), respectively.
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Figure 10. Gate-source voltages when the switching side is
turned ON

As shown in Figure 10, if Equation (2.1) is ignored in step
2 and C1 is small, the positive surge is increased. This is
because the effect of the Miller clamp is decreased. If a
smaller C1 is set, the bases of Q1 and Q11 are charged more
quickly. As a result, the base voltage is increased and base-
emitter voltage Vee is decreased for Q1 and Q11, reducing
the effect of the Miller clamp.

Figure 11 shows the gate-source voltage waveforms when
the switching side is turned ON with C1 at 10 nF under the
condition in Figure 9. In addition, Figure 12 shows the gate-
source voltage waveforms when the switching side is turned
OFF.
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Figure 11. Gate-source voltages when the switching side is
turned ON

18 R,=4.7kQ R,=1Q C,=10nF
14 HS
— S

Vs [V]

6
4
2
0 WWW
-2
-4
6
8
0

E+00 1.E-07 2.E-07 3.E-07 4.E-07
time[s]

Figure 12. Gate-source voltages when the switching side is
turned OFF

The larger the C1, the smaller the positive surge. However,
if Equation (2.2) in step 2 is ignored and Ci is too large, the
gate-source voltage oscillates during turn OFF as with the
voltage waveforms shown in Figure 12. This is because Q1
is turned ON by an increase in Vi of bipolar transistor Q1. If
C1 is too large, the base voltage is not charged, resulting in
the increase in Vge. Based on these considerations, always
observe Equation (2.2).

Next, Figure 13 shows the gate-source voltage waveforms

with a higher R2 when the switching side is turned ON.
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Figure 13. Gate-source voltages when the switching side is
turned ON

Even if the circuit is designed so that Equation (1.4) can
hold, the positive surge is increased with a higher Rz. This is
because time constant C1 * Rz is larger and the discharge
takes a longer time, leaving charges in the base of Q1.
Therefore, it is necessary to set the time constant with Rz
and C1 so that Equation (2.1) can hold and decrease R: as

far as possible at the same time.
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Results of board evaluation

The efficiencies are measured in the CLMC, built-in MC,

and no MC configurations. The result is shown in Figure 14.
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Furthermore, keep Equation (3.1) always true as well, and
design the circuit so that the base of Q1 always rises before
Q4 is turned ON.

References:

*1 “Gate-Source Voltage Behavior in a Bridge Configuration”
Application Note (No. 60AN134JRev.002)

ROHM Co., Ltd., April 2020
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Figure 14. Result of comparison of efficiencies

In Figure 14, under a light load of 1.5 kW or less, the
efficiency is the highest for the built-in MC configuration,
followed by the CLMC and then no MC configurations. The
low efficiency for the no MC configuration is due to a larger
switching loss caused by the erroneous turn ON. The highest
efficiency for the built-in MC configuration can be explained
as follows. As described above, the rise time of the gate
voltage is longer due to the MOSFET for the built-in Miller
clamp of the gate driver IC. Therefore, d/o/dt (change in the
drain current) is decreased and the maximum value of Ip
(drain current) is decreased. As a result, the efficiency is
increased compared with the CLMC configuration because
the conduction loss is decreased.

However, under a heavy load above 1.5 kW, the efficiency
is the highest for the CLMC configuration with a faster
switching speed. Note that the drive power of the gate driver
is increased due to C1. This is not directly related to the drive
of the SiC MOSFETs including Q4 and Q14.

Summary

Using the CLMC allows you to reduce the positive surge
compared to the no MC configuration and obtain a higher
efficiency under a heavy load compared with the built-in MC
configuration. Therefore, the CLMC configuration is expected
to be fully effective particularly under a heavy load.

The most important point for designing a CLMC circuit is to
first keep Equation (2.1) always true, and design the circuit

so that the base of Q1 always falls after Q4 is turned OFF.
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Notice

1) The information contained in this document is intended to introduce ROHM Group (hereafter
referred to asROHM) products. When using ROHM products, please verify the latest specifications
or datasheets before use.

2) ROHM products are designed and manufactured for use in general electronic equipment and
applications (such as Audio Visual equipment, Office Automation equipment, telecommunication
equipment, home appliances, amusement devices, etc.) or specified in the datasheets. Therefore,
please contact the ROHM sales representative before using ROHM products in equipment or
devices requiring extremely high reliability and whose failure or malfunction may cause danger or
injury to human life or body or other serious damage (such as medical equipment, transportation,
traffic, aircraft, spacecraft, nuclear power controllers, fuel control, automotive equipment including
car accessories, etc. hereafter referred to as Specific Applications). Unless otherwise agreed in
writing by ROHM in advance, ROHM shall not be in any way responsible or liable for any damages,
expenses, or losses incurred by you or third parties arising from the use of ROHM Products for
Specific Applications.

3) Electronic components, including semiconductors, can fail or malfunction at a certain rate. Please
be sure to implement, at your own responsibilities, adequate safety measures including but not
limited to fail-safe design against physical injury, and damage to any property, which a failure or
malfunction of products may cause.

4) The information contained in this document, including application circuit examples and their
constants, is intended to explain the standard operation and usage of ROHM products, and is not
intended to guarantee, either explicitly or implicitly, the operation of the product in the actual
equipment it will be used. As a result, you are solely responsible for it, and you must exercise your
own independent verification and judgment in the use of such information contained in this
document. ROHM shall not be in any way responsible or liable for any damages, expenses, or
losses incurred by you or third parties arising from the use of such information.

5) When exporting ROHM products or technologies described in this document to other countries, you
must abide by the procedures and provisions stipulated in all applicable export laws and regulations,
such as the Foreign Exchange and Foreign Trade Act and the US Export Administration
Regulations, and follow the necessary procedures in accordance with these provisions.

6) The technical information and data described in this document, including typical application circuits,
are examples only and are not intended to guarantee to be free from infringement of third parties
intellectual property or other rights. ROHM does not grant any license, express or implied, to
implement, use, or exploit any intellectual property or other rights owned or controlled by ROHM or
any third parties with respect to the information contained herein.

7) No part of this document may be reprinted or reproduced in any form by any means without the
prior written consent of ROHM.

8) All information contained in this document is current as of the date of publication and subject to
change without notice. Before purchasing or using ROHM products, please confirm the latest
information with the ROHM sales representative.

9) ROHM does not warrant that the information contained herein is error-free. ROHM shall not be in
any way responsible or liable for any damages, expenses, or losses incurred by you or third parties
resulting from errors contained in this document.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.
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