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Application Note

SiC MOSFET
Oscillation countermeasures for MOSFETs in

parallel

In recent years, the trend toward larger currents in applications such as industrial equipment and xEV has led to paralleling
power devices embedded in inexpensive discrete packages. By connecting MOSFETs in parallel, the current flowing through
individual devices is reduced which better distributes the heat generated from the devices. However, individual devices have
characteristic variations. Therefore, when MOSFETs are connected in parallel and operated simultaneously, it is difficult to
perfectly synchronize the operation of each device. Therefore, for using paralleled devices, attention must be paid to driving
methods. This application note describes parallel-connected SiC MOSFET oscillations in detail, based on measurement results,

and provides guidelines for PCB layouts, including driving circuits. ™
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*1: In this application note, we will explain the operation when two MOSFETs are connected in parallel. In case the number of
parallels increases, unexpected situations due to variations in each device cannot be avoided. Therefore, when connecting them
in parallel, please evaluate them thoroughly and judge whether they can be used or not. In addition, since the characteristic

variation of the device is inevitable, it is recommended to utilize designs with a single device as much as possible.
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1. Board for parallel connection

Figure 1-1 shows a schematic of the circuit created for
evaluating parallel-connected MOSFET devices. MOSFETs
are connected in parallel with the high side and low side arms,
and ON/OFF with a single driving signal. Figure 1-2 shows the

picture of the created circuit board.

Figure 1-2. PCBOOS8P (top view)

2. Gate driving circuit in parallel connection

When connected in parallel, the gate driving circuit is usually
designed with one gate driver for two or more MOSFETs.
Figure 2-1 shows the reference circuit. In Figure 2-1, the
precautions are shown briefly. Therefore, the component
circuits, etc. must be set according to the characteristics of
used MOSFETs.

The following three steps are suggested for driving paralleled
switches.

1. Check the output current of the gate driver. If the gate
drive output current is insufficient to drive Q1 and Q2, add
a buffer circuit by using Q3 and Q4. PCBOO08P uses a
bipolar transistor (ROHM part numbers 2SCR542P and
2SAR542P) to amplify the driving gate current to a

maximum of 10A.

2. To provide an opportunity to make the switching of Q1 and
Q2 uniform, always insert separate gate resistors Rs_Q1
and Re_Q2 in addition to the common gate resistor
Re_com. Later, in this application note, "5. Oscillation
Evaluation Results" and "6. Verifying of Oscillation
Countermeasures” will justify this recommendation. In
PCBO008P, Re_com was setto 4.7 Q, Rs_Q1, and Rs_Q2

were set to 2 Q.

3. For gate drivers with a mirror clamp (MC), please monitor
the proximity of the gate rather than Re_Q1 and Rs_Q2,
and connect to MC pin using a diode D1, D2 so that a dot-
OR circuit (a circuit that connects via a diode and enables
a higher-voltage signal) is formed. When Q1 and Q2 are
connected in this way, the surge voltage of the gate can
be suppressed during the commutation operation. R2 and
R3 regulate the current flowing through MC pins. R2 and
R3is setto 0 Q in PCBOOSP. |

Gate
Driver

Figure 2-1. Gate driving circuit for low-side devices

You can also use one gate driver for each MOSFET. In this
case, oscillation does not occur in the current path described
in this application note. However, since MOSFET
characteristics variation is included in ON/OFF in addition to
the gate driver characteristics variation, the switching can be
asynchronous and one of MOSFETs could be overloaded.
Therefore, designs with smaller variations are required. Also,
if the outputs of the gate drivers are connected directly to
each other in order to match the timing, one of the gate
drivers could become ON due to the variation of the gate
drivers as shown in Figure 2-2, and either of them could
become OFF, causing the gate voltage on ON side and GND
on OFF side to be short-circuited, which could damage the
gate drivers. Therefore, do not connect the outputs of the

gate drivers to each other.
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Figure 2-2. Short circuit between gate drivers due to direct

connection of output of gate drivers

3. Oscillation factors in parallel connection

Oscillation that occurs in parallel connection is triggered by a
deviation in the timing of each device's operation. The current
is flowing in one MOSFET when ON or OFF is timing-shifted
due to unbalance of the layout or variation of MOSFET itself,
and the induced electromotive force generated in the parasitic
inductance of the layout differs between each MOSFET,
creating an electric potential difference. This electric potential
difference interacts with parasitic capacitances, causing the
oscillation phenomena. Figure 4-1 displays pertinent parasitic

elements.

Figure 4-1. Oscillation path

If the amplitude of this oscillation becomes large, there is a
possibility to cause damage. In addition, even if the oscillation
noise of the gate pin does not exceed Vas rating, it is possible
that standard EMC limits will be violated. Therefore these
oscillations must be suppressed as much as possible.

The following five factors cause differences in the timing of ON
or OFF of MOSFETs.

A: The parasitic inductance on the board (hereafter
referred to as “parasitic inductance”) of Q1 and Q2 is
unbalanced.

B: Large d/o/dt of MOSFET.

C: Individual gate resistors Rc_Q1 and Rec_Q2 have

different values.

D: Thresholds of MOSFET (hereafter referred to as
“Vaesth)”’) of Q1 and Q2 is unbalanced.

E: The parasitic capacitances of MOSFET of Q1 and Q2

is unbalanced.

Factors A-C depend on the circuit design, while factors D-E
depend on MOSFET device characteristics. These factors
are verified by using the evaluation board PCB008P in the

next section.

4. Oscillation evaluation items
Based on the five factors shown in the previous section, the

following tests were identified to demonstrate principles

A’: Unbalance parasitic inductance in Q1 and Q2.

A’-1: Unbalance the parasitic inductances of the drain

(Lo) in Q1 and Q2.

A’-2: Unbalance the parasitic inductances of the source
(Ls) in Q1 and Q2.

A’-3: Unbalance the parasitic inductances of the gate
(Le) in Q1 and Q2.

A’-4: Unbalance the parasitic inductances of the kelvin
source (Lks) in Q1 and Q2.

B’: Increase the rate of change of MOSFET drain current
(hereafter referred to as “d/b/dt”).
B’-1: Increase the drain current (Ip, puise).

B’-2: Reduce common gate resistor Rc_com.

C’: Unbalance individual gate resistors Res_Q1 and Rc_Q2.

D’: Unbalance the threshold voltage (Vacst)) of Q1 and Q2.

E’: Unbalance parasitic capacitances Q1 and Q2.
E’-1: Unbalance Cep Q1 and Q2.
E’-2: Unbalance Ccs Q1 and Q2.
E’-3: Unbalance Cbs Q1 and Q2.

Please note that test E' was investigated by simulation.

Figure 4-2 shows the conditions and circuit for evaluating
oscillations. Also shown in Figure 4-3 is a picture of the
evaluation. In this evaluation, an opto-isolated differential

probe made by Tektronix® was used for Vs waveform
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measurement probe to correctly measure the oscillation
waveform of the gate. Especially in the measurement of the
gate voltage, the influence of the measurement environment
becomes large for the high-side switch. For more details, refer
to the application note "Precautions during gate-source
voltage Measurement for SiC MOSFET" '],

Evaluation Board: PCBO08P

Number of parallel: 2 parallel

SiC MOSFET: SCT4018KR (1200V 18mohm TO-247- 4L)
Evaluation circuit: Double-pulse circuit of low-side (hereafter
referred to as “LS”) switching

HV dc voltage E=800V

Inductor L=250uH

Gate voltage Ves=18V/0V

Temperature T=25C

Measurement instrument

Oscilloscope: MSO58 5-BW-500 made by Tektronix®
Vbs probe: THDP0200 made by Tektronix®

Vas probe: TIVP05, 650-6122-00 made by Tektronix®
Io probe: SS-665 made by IWATSU

p
)\ HVdc
none 250uH
Vsw == 800Vdc
Q2L
MOS'I’:ET
O
Y po. j/ PGND
(.

Figure 4-2. Double-pulse test setup to evaluate low-side

switching

Figure 4-3. Evaluation image

Oscillation waveform of the gate was revealed in this
oscillation evaluation. The gate OFF waveforms are compared
in the following sections because the gate OFF has a higher
rate of change in the drain current than the gate ON and a

stronger trigger for oscillation.

5. Oscillation evaluation results
A‘: Unbalance parasitic inductance in Q1 and Q2.

At first, the parasitic inductance components on the board
were analyzed using Ansys® Electromagnetic Field Analysis
Software (Q3D Extractor®. Figure 5-1 shows the circuit
diagram with parasitic inductances, Figure 5-2 shows the PCB
pattern layout of PCBOO8P, and Table 5-1 shows the parasitic

inductance extraction results.

Y Vsw

5 Lp Q1 Lo Q2
MC_Q1 MC_Q2
- ----1 - Kl-—4
|
)

— |
E{ Rs Q2 |
Q1 Le Q1 Lo Q2 Q2
Re_com
Ls Q1 Ls Q2
i PULSE
Lks Q1 Lys Q2

Vo

Figure 5-1. Parasitic inductance extraction points

(a) Component surface pattern (Lc)

© 2023 ROHM Co., Ltd.

4/15

No.66ANO28E Rev.001
2023.11



Oscillation countermeasures for MOSFETSs in parallel Application Note

= m W W B B B B B B B N @ =8
*m B E BB " S B AN EEN @
= i TF
rril Bl 1
| . [N [ .
HHY IR :
. ol cealls b

The extraction results shows that the parasitic inductance is
already unbalanced on the board. In this evaluation, the
parasitic inductance of the MC circuit shown by the dotted line
in Figure 5-1 was not considered. The reason is that the
parasitic capacitance of the MC diode (approximately 50 pF)
used in this evaluation has high impedance in the frequency
band of the oscillation that occurs in this case. The MC circuit
does not form a path for oscillation and this particular parasitic
inductance element can be ignored.

To demonstrate the impact of increase imbalance, a cable was
intentionally added to the lead terminal of MOSFET. Figure 5-
3 shows an image of the cable addition in case MOSFET is

viewed from the side.

~~

( \I
U
Ay

Samm=

Figure 5-3. Increasing inductance via additional cable

The following three types of cable (b) to (d) were additionally
connected. Figure 5-4 shows the state image of the cable

addition.

(a) No additions
(b) Add 10nH
(c) Add 20nH
(d) Add 100nH

(a)
(d) Solder Surface Pattern (Ls) (b) 1 56m 10nH
Figure 5-2. PCB008P Layout Diagram
Table 5-1. Parasitic inductance extraction results
L _Qi[nH] L_Q2[nH] L_QI-L_Q2[nH]
Lo 15.67 461 11.06
Ls 10.70 16.20 -5.50
Lg 17.66 6.74 10.92
Ls 7.74 2.62 5.12
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(©) qwm1.5cm10nH + IWW 1.50cm 10nH

T

1.5cm 10nH

(d)

Figure 5-4. Parasitic inductance Addition

By assuming the variation on a typical board to be 10nH to
20nH and adding an additional 10nH and 20nH to the
PCBOO08P, it is now possible to evaluate the variation from
10nH to 25nH. In addition, in this evaluation, to investigate
whether MOSFET would be damaged by oscillations by
performing a margin evaluation, we also evaluated an
unrealistic parasitic inductance, an additional 100nH

The double pulse evaluation conditions for evaluation item A'
are as follows. To make oscillation easier to observe, the

individual gate resistors were set to 0Q.

Ip, puise: 128A per each (256A total)

Re_Q1, Re_Q2: 0Q

Rs_com: 2Q

Vesith) Q1 and Vesi)_Q2: 4.2V (Actual values of used

devices)

A‘-1: Unbalance Lp in Q1 and Q2.
Lp added by cable to exaggerate the parasitic inductance of
Q1. Figure 5-5 shows the Ves_LS_Q1 waveform during gate
OFF.

—(a) No additions
——(pb)10nH
(c) 20nH
(d) 100nH

™

Ls_a1

Vos._|

0 100 200 300 400 500 600
time[ns]

Figure 5-5. Ves_Q1_low-side waveform (Unbalance Lp)

Oscillation occurs under the condition (a) because the
individual gate resistance is 0 Q and/or because the parasitic
inductance of the board is unbalanced. When conditions (b),
(c) and (d) are compared based on conditions (a), there is no

significant difference in oscillation amplitude.

A’-2: Unbalance Ls in Q1 and Q2.

Ls added by cable to Q2 to exaggerate the parasitic
inductance of Q2. Figure 5-6 shows the Ves_LS_Q1 waveform
during gate OFF. Cable was added to Q2, but all conditions in
this evaluation were compared with the gate voltage waveform
of Q1. Because the gate of Q1 and Q2 are connected to each
other through Re_Q1 and Re_Q2, it has been confirmed that

similar amplitude waveforms can be observed.

w
o

——(a) No additions
——(b) 10nH
(c) 20nH
(d) 100nH

NN
o o

o

Ves LS_Q1[V]
o

Hh o o

0 100 200 300 400 500 600
time[ns]

Figure 5-6. Ves_Q1_low-side waveform (Unbalance Ls)

When conditions (b), (c), and (d) are compared based on
condition (a), there is no significant difference in condition (c),
but in condition (d), oscillating up to about -10V to 25V and
significantly exceeding Vas rating. The duration of oscillation
is about three times longer. This is oscillation caused by
parallel resonance and using in this condition could cause

damage.

A’-3: Unbalance Lc in Q1 and Q2.
Lec added by cable to Q1 to exaggerate the parasitic
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inductance of Q1. Figure 5-7 shows the Ves_LS_Q1 waveform

during gate OFF.

N
[

——(a) No additions

n
=]

——(b) 10nH
S (c) 20nH
g 10 (d) 100nH
a
3
>0
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-10

0 100 200 300 400 500 600

time[ns]

Figure 5-7. Ves_Q1_low-side waveform (Unbalance Lg)

When conditions (b), (c), and (d) are compared based on
conditions (a), the oscillation amplitude large in places under
some conditions, but there is no significant change in the

oscillation duration.

A’-4: Unbalance Lks in Q1 and Q2.
Lks added by cable to Q1 to exaggerate the parasitic
inductance of Q1. Figure 5-8 shows the Ves_LS_Q1 waveform

during gate OFF.

60

= (a) No additicns
50

——(b) 10nH
40 (c) 20nH
(d) 100nH
30
= 20
6I
» 10
_'I
$ o
-10
20
-30
-40
0 100 200 300 400 500 600

time[ns]

Figure 5-8. Ves_Q1_low-side waveform (Unbalance Lks)

Comparing conditions (b), (c), and (d) with respect to
condition (a), it was found that the larger Lks is unbalanced,
the larger the oscillation amplitude of the gate voltage
becomes. In condition (d), the oscillation amplitude exceeds
50V and Vs rating, but there is a risk of exceeding the Vas
rating even in condition (c). Unbalanced Lks elements

increases the oscillation amplitude and duration.

B’: Increase the d/p/dt.
B’-1: Increase the Ip, puise.
Next, Ip, puse Wwas changed for evaluation. The evaluation

conditions for the evaluation items B'-1 are as follows.

IRs_Q1, Re_Q2: 0Q
Re_com: 2Q
Vesh)_Q1 and Vesin)_Q2: 4.2V

Figure 5-9 shows the Ves_LS_ Q1 waveforms during gate

OFF in case Ib, puise is conditioned as (a) to (c) below.

(a) Ip, puise: 64A per each (128A total)
(b) Ip, puise: 128A per each (256A total)
(€) Ib, puise: 160A per each (320A total)

—(a) B4A
——(b) 128A
(c) 160A

Ves_LS_Q1[V]
3]

o

0 100 200 300 400 500 600
time[ns]

Figure 5-9. Ves_Q1_low-side waveform (Increase I, puise)

Figure 5-10 shows the Ib_LS_Q1 waveform. The d/b/dt of Q1

during gate OFF is as follows.

(a) Ip, puise: 64A per each (128A total) d/po/dt: 5.8A/ns
(b) Ip, puise: 128A per each (256A total) dip/dt: 8.5A/ns
(c) Ip, puse: 160A per each (320A total) d/b/dt: 10.2A/ns

[&]
o
o

—(a) 64A

o
(=]

1 ——(b) 128A
< (c) 160A
=100
GI
4 50
<
0
-50
0 100 200 300 400 500 600

time[ns]

Figure 5-10. Io_Q1_low-side waveform (Increase Ip, puise)

In case Ib is increased, dip/dt at the time of gate OFF
increases, and the switching speed increases. Therefore, it is
easier to trigger oscillation, and the oscillation amplitude

increases.
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B’-2: Reduce common gate resistor Rc_com.

Reducing the common gate resistor increases the switching
speed and d/po/dt. The evaluation conditions for the evaluation
items B'-2 are as follows. In case Rs_com is 0Q, if the
individual gate resistance is 0Q the sum of the gate
resistances becomes 0€), and Vbs surge exceeds the Vbs
rating. Therefore Re_Q1 and Re_Q2 were set to 2Q.

Ip, puise: 128A per each (256A total)
Re_Q1 and Re_Q2: 2Q
Vesth)_Q1 and Vesn)_Q2: 4.2V

Figure 5-11 shows the Vs LS_Q1 waveform during gate

OFF in case Rec_com is changed from (a) to (f) below.

(a) Re_com: 0Q
(b) Re_com: 2Q
(c) Re_com: 4.7Q
(d) Re_com: 10Q
(e) Re_com: 47Q
(f) Re_com: 100Q

—(a)oQ
—(b)20

s (c)4.70
10 (d) 10Q

0 100 200 300 400 500 600
time [ns]

(a) 0Q (b) 2Q (c) 4.7Q (d) 10Q

(€)470
15 () 1000

0 1 2 3 4 5 6
time [ps]

(e)47Q) (f)100Q
Figure 5-11. Ves_Q1_low-side waveforms with variable

Re_com

Figure 5-12 shows the Ip_LS_Q1 waveform during gate OFF
in case Rs_com is changed from (a) to (f). The d/b/dt of Q1

during gate OFF is as follows.

(a) Re_com: 0Q d/b/dt: 12.3A/ns
(b) Re_com: 2Q dip/dt: 8.7A/ns

(c) Res_com: 4.7Q dip/dt: 6.4A/ns
(d) Re_com: 10Q d/b/dt: 3.5A/ns
(e) Re_com: 47Q dip/dt: 4.0A/ns
(f) Re_com: 100Q d/p/dt: 2.0A/ns

160

140 —@on
120 [y — )20
~— 100 (c)4.702

<
= 80 (d) 100
O, 60
3I 40
< 20
0 N e e
20
-40
0 100 200 300 400 500 600

time [ns]

(2)0Q (b)2Q (c)4.7Q (d)10Q

160

140

120 (e)47Q
(f 1000

h_LS_Q1[A]
N e O @O
o o O o o

o

n
S
o

2 3 4 5 6
time [ps]

(€)47Q (f100Q

Figure 5-12. Io_Q1_low-side waveform ( Reduce Rs_com)

The smaller the Re_com value, the higher dip/dt at the time
of gate OFF, and the faster the switching speed and the more
pronounced the oscillations. Oscillation was suppressed in
case Rs_com (d/o/dt) per one MOSFET was 4.7 Q or more
(less than 6.4A/ns) on the circuit board. This indicates that the

oscillation is significantly affected by d/p/dt.

C’: Unbalance Individual gate resistors Res_Q1 and Rc_Q2.
Re_Q1 and Re_Q2 were unbalanced for evaluation. The

evaluation conditions for the evaluation items C’ are as follows.

Ippuise: 128A per each (256A total)
Parasitic inductance: L of evaluation board (Table 5-1)
Vesith)_Q1, Vesin)_Q2: 4.2V

Figure 5-13 shows the Ves_LS_Q1 waveform during gate
OFF in case Re_Q1 and Rs_Q2 is changed from (a) to (c) as
below. Re_com should be better to compare at 0 Q in condition
(a). However, in case the total gate resistor is 0 Q, Vbs surge

exceeded the Vps rating, so the Re_com value is set to 2 Q.
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(a) Re_com: 2Q Re_Q1:0Q Re_Q2: 0Q
(b) Re_com: 0Q Rs_Q1:0Q Rs_Q2:10Q
(¢) Re_com: 0Q Rs_Q1:0Q Rs_Q2: 100Q

35

30 —(a)00
—(b) 100
(c) 1000

25

Vas LS Q1 [V]

0 100 200 300 400 500 600
time[ns]
Figure 5-13. Ves_Q1_low-side waveform with unbalanced
Rs_Q1 and Re_Q2

The larger the imbalance of the Re_Q1 and Rs_Q2, the
longer the oscillation duration. However, in condition (c), the
oscillations do not quickly subside and in condition (c) and
condition (b), there is no significant difference in the oscillation
amplitude. On the other hand, in condition (a) and condition
(b), the difference in the oscillation amplitude is large, and the
individual gate resistance becomes unbalanced, which means
that the oscillation amplitude is increased. In general, however,
the gate resistance does not vary by more than 10 Q. This
indicates that the more the the gate OFF timing of Q1 and Q2

is shifted., the larger the oscillation amplitude.

D’: Unbalance Ves(th) Q1 and Q2.

Special samples were created to unbalance Vasinfor this
evaluation. The evaluation conditions for the evaluation items
D’ are as follows. To make oscillation easier to observe, the

individual gate resistance was set to 0 Q.

Ip, puise: 128A per each (256A total)
Rs_com: 2Q
Re_Q1, Re_Q2: 0Q

Figure 5-14 shows the Ves_LS_Q1 waveform during gate

OFF in case Vas(n) is changed from (a) to (b) as below.

(a) Vesith)_Q1: 4.2V Vesin_Q2: 4.2V
(b) Vesiny_Q1: 4.1V Vasith)_Q2: 4.8V™2

*2: It does not indicate that Ves(th) of MOSFET in the same lot

varies within 0.7V.

N
o

—(a) 4.2V-42V

N
5]

——(b) 4.1¥-4.8YV

E 15
2
g 10
a
>;3l U AAAAA.

0

-5

-10

0 100 200 300 400 500 600

time [ns]
Figure 5-14. Ves_Q1_low-side waveforms with unbalanced

VGs(th)

If Vesan) is unbalanced, the oscillation amplitude becomes
larger because the gate OFF is timed out of alignment.
However, since Re_Q1 and Re_Q2 were 0 Q in this evaluation,
the oscillation amplitude increased. By setting Rs_Q1 and
Rs_Q2 to the appropriate values, oscillations caused by Vasith)

variations can be suppressed.

E’: Unbalance parasitic capacitances Q1 and Q2
(simulation).

This evaluation item was evaluated by simulation because it
is difficult to prepare samples having specifically unbalanced
parasitic capacitances. The evaluation conditions for the
evaluation items E’ are as follows. In the simulation,in case
Rs_Q1 and Rs_Q2 are set to 0 Q, there a long period of
oscillation in the waveforms. So, the simulation was performed
with 2 Q in this time.

Ip, puise: 128A per each (256A total)
Rs_com: 2Q
Re_Q1, Re_Q2: 2Q

E’-1: Unbalance Cep Q1 and Q2.
Cep-Vps curve was shifted on the simulation. Figure 5-15
shows the Ves_LS_Q1 waveform during gate OFF in case

parasitic capacitance is changed from (a) to (c) below.
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(&) Cep_Q1: No change
Caep_Q2: No change
(b) Increase the Cop value of Q1.
Cep_Q1: Cep curve shifted to 10% higher capacity side.
Caep_Q2: No change
(c) Decrease the Cap value of Q1.
Cep_Q1: Cep curve shifted to 10% lower capacity side.

Caep_Q2: No change

——{a) No change
——(b) 10% higher
(c) 10% lower

] 200 400 600 800 1000
time [ns]

Figure 5-15. Ves_Q1_low-side waveform with unbalanced
Ceb

In condition (c), it assumes that Cep is unbalanced, causing
the gate OFF timing-shift, and that Q1 is oscillating because
the value of Cep is smaller. It should be taken care especially
when using devices with a small chip size with a small
absolute value of Cop.

The above conclusions were made using simulations. Since
the discussed property is very sensitive to the details of the
physical situation, design work should be done with both

simulations and physical, hardware investigations.

E’-2: Unbalance Ccs Q1 and Q2.
Css-Vbs curve was shifted on the simulation. Figure 5-16
shows the Ves_LS_Q1 waveform during gate OFF in case

parasitic capacitance is changed from (a) to (c) below.

(8 Ces_Q1: No change
Css_Q2: No change
(b) Increase the Cgs value of Q1.
Cas_Q1: Cas curve shifted to 10% higher capacity side.
Css_Q2: No change
(d) Decrease the Cas value of Q1.
Css_Q1: Ces curve shifted to 10% lower capacity side.

Css_Q2: No change

——{a) No change
——(b) 10% higher

() 10% lower

0 200 400 600 800 1000
time [ns]

Figure 5-16. Ves_Q1_low-side waveform with unbalanced
Cos

Even if Css is unbalanced, the amplitude of oscillation does

not change.

E’-3: Unbalance Cbs Q1 and Q2.
Cbs-Vbs curve was shifted on the simulation. Figure 5-17
shows the Ves LS Q1 waveform during gate OFF in case

parasitic capacitance is changed from (a) to (c) below.

(&) Cbs_Q1: No change
Cps_Q2: No change

(b) Increase the Cos value of Q1.
Cbs_Q1: Cos curve shifted to 10% higher capacity side.
Cps_Q2: No change

(c) Decrease the Cps value of Q1.
Cbs_Q1: Cos curve shifted to 10% lower capacity side.
Cps_Q2: No change

——{a) No change
——{b) 10% higher
(c) 10% lower

Vas_LS_Q1[V]

-5
0 200 400 600 800 1000
time [ns]

Figure 5-17. Ves_Q1_low-side waveform with unbalanced
Cos

Even if Cps is unbalanced, the amplitude of oscillation does
not change.

This time, we evaluated 10% variation, but this is not an
indication that MOSFETSs in the same lot have generally 10%
variation. However, it is desirable to use MOSFETSs within the
same lot for Q1 and Q2 as much as possible. Also, the actual
imbalance between Caep, Css and Cps can occur in a complex

manner.
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In this simulation, we modified the parasitic capacitance by
modifying Spice model. You can increase or decrease the
parasitic capacitance curve by scaling Statement X below. For
a detailed description of the Spice model, please refer to the
application note "How to use thermal models " 2. However, it
should not be used as an accurate judgment of oscillation
existence, because it is a simulation results. Please have a
design margin on the simulation and have it verified on the

actual machine.

ex) SCT4018KR

Cop: C123 12 1p = C123 12 {1p*X}

Cos: C2 22 33 4.857n = C2 22 33 {4.857n*X}

Cps: C1153 1 1p = C11 53 1 {1p*X}

For detailed Spice models, please refer to the link below.
SCT4018KR simulation model (rohm.com)™

*2: This is the model as of 2023/9/25

Table 5-2 shows that results of oscillation evaluation. "Ves
Amplitude Difference" is the maximum value of the oscillation
amplitude of the most oscillating condition minus the
maximum value of the oscillation amplitude of the least
oscillating condition. The larger the value, the more the

necessity to take countermeasure.

Table. 5-2

Factor EZ:: l:\laljl:mger Evaluation Item \I;i(;fse?em:('l:gl[j\(j]e

A A-1 Unbalance Ly 0.2
A A-2 Unbalance L g 12.0
A A-3 Unbalance Lg 6.2
A A-4 Unbalance Lg 39.9
B B'-1 Increase | p, puise 6.0
B B-2 Reduce R com 11.0
C C' Unbalance R¢_Q1 and Rs_Q2 9.9
D D' Unbalance V gsn 5.6
E E-1 Unbalance C ¢p 6.0
E E'-2 Unbalance Cgg 0.2
E E'-3 Unbalance C g 0.2

From this result, the Ls and Lks imbalances of factor A affect
the oscillation most. Equally designing Ls and Lks are highest
priority. Also, Re_Q1 and Rs_Q2 should be set to the same
value — and larger than 0 Q. In addition, Res_com should be

larger than 0 Q.

D and E are MOSFET characteristics. It is not possible to

take countermeasures in the board design. Therefore, it is

important to fully consider the board design for the factors A

to C on the circuit.

6. Verification of Oscillation
Countermeasures

In this section, five oscillation suppression countermeasures
are developed and investigated. There are three ways to
improve factors A to C of oscillation, and there are two ways
to suppress oscillation by adding new parts. Although it is
important to confirm at the design stage, this method can also
be used when oscillation occurs at the verification stage after
the completion of board design.

The countermeasures are | to V as below.

Countermeasures to improve factors A to C of
oscillation

I.  Balance Lsand Lks in Q1 and Q2.

II.  Increase Re_com.

Ill. Increase Re_Q1 and Re_Q2.

Countermeasures to suppress oscillation by adding
new parts

IV. Add chip ferrite beads to the gate line

V. Add external Ces

The test conditions for the following oscillation evaluations
are the same as shown in Section 4. Oscillation evaluation

items .

I.  Balance Ls(Lks) in Q1 and Q2.

Factor A of Section5. Oscillation evaluation results revealed
that the imbalance between Ls and Lks affects the oscillation.
Since Ls and Lks are at the same electric potential, only Ls
was evaluated with equal value. Ls are extracted as follows:

Ls Q1:10.7nH

Ls Q2: 16.2nH
Condition (a) added 5.5nH to Ls_Q1 to make it equal length.
Figure 6-1 shows the image of the added cable. In condition
(c), in order to compare with condition (a), 100nH was added
to Ls_Q2 in the same way as in condition (d) for the parasitic
inductance of Figure 5-4. in Section5. Oscillation evaluation

results A’ Unbalance parasitic inductance in Q1 and Q2.
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Oscillation countermeasures for MOSFETSs in parallel

Application Note

(a) Add 5.5nH to Q1 (equal value)
(b) No additions
(c) Add 100nH to Q2

Il 1.5cm 10nH
0 5l 23
K [ ]
Yo%

Figure 6-1. Parasitic inductance Addition (a)
Evaluation was conducted at the following conditions.

Ip, puise: 128A per each (256A total)
Re_Q1, Re_Q2: 2Q

Re_com: 2Q

Vesih)_Q1, Vesin)_Q2: 4.2V

Re_Q1 and Rs_Q2 are set to 2 Q, as indicated by Section 5.
Oscillation evaluation results because they are required to
prevent oscillation.

Figure 6-2 shows the Ves_LS_Q1 waveform during gate OFF

in case parasitic inductance is changed from (a) to (c).

—(a) Q1 5.5nH
——(b) No additions
(c) Q2 100nH

o

Ves_LS_Q1 V]
o

0 100 200 300
time [ns]

400 500 600

Figure 6-2. Ves_Q1_low-side waveform (Ls are equal length)

On the precondition that Re_Q1 and Re_Q2 are inserted,
oscillation can be suppressed in case Ls is made close to
uniform value. However, there is no significant change in the
waveform between 5nH and OnH differences. It can thus be
concluded that differences in the range of 5nH can be
tolerated in this case.

Next, the absolute Ls is increased while Ls remains at the

same value. An additional Ls of about 90nH was attached to

both of Q1, Q2. Figure 6-3 shows the image of the added cable.

(a) Add 5.5nH to Q1 (equal length, short cable)
(d) Add 105nH to Q1and add 100nH to Q2 (equal length, long

cable)

-10.5cm 95nH

1.5cm 10nH

o ]

Figure 6-3. Parasitic inductance Addition (d)

Figure 6-4 shows the Ves_LS_Q1 waveform during gate OFF

in case parasitic inductance is changed to (a) and (d).

——(a) Q1 5.5nH

——(d) Q1 105nH Q2 100nH

Vos LS Q1[V]
o

0 100 200 300 400 500 600
time [ns]

Figure 6-4. Ves_Q1_low-side waveform

(Comparison of absolute Ls at equal values of Ls)

When the condition (a) is compared with the condition (d),
oscillation occurs in the waveform of the condition (d) where
the absolute Ls value is large. Therefore, the two Ls elements
should be equivalent and designed as small as possible.
However, the oscillation is smaller compared to Figure 6-2
condition (c). Therefore, the highest priority is to make Ls

equal value even if the absolute Ls value is slightly larger.

Il. Increase Re_com

B’-2 of Section 5. Oscillation evaluation results shows that
increasing Re_com suppresses oscillations. However, the
switching loss will increase, therefore system efficiency and
heat generation must be carefully considered when selecting

Re_com.

lll. Increase Re_Q1 and Rs_Q2
As |l shows, increasing Rc_com suppresses oscillation.

However, you can also increase Re_Q1 and Re_Q2. Figure 6-
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5 shows the Ves_LS_Q1 waveform during gate OFF in case

Rs_Q1 and Q2 are changed from (a) to (d).

Ip, puise: 128A per each (256A total)
Rs_com: 2Q
Ves(th)_Q1 and Vasin)_Q2: 4.2V

(a) Re_Q1 and Rs_Q2: 0Q
(b) Re_Q1 and Re_Q2: 2Q
(c) Re_Q1and Re_Q2:4.7Q
(d) Re_Q1 and Rs_Q2: 10Q

\ —@on

15 'w‘\ — )20
s N\, (©)4.70
=10 \' “ (d) 100
<}
ﬂ|
5
=

0 L S

5

0 100 200 300 400 500 600

time [ns]
Figure 6-5. Ves_Q1_low-side waveforms with increasing
Re_Q1and Re_Q2

Oscillation can be suppressed by increasing Re_Q1 and
Rs_Q2. However, by increasing Re_com the switching speed
becomes slower, which is effective in suppressing oscillation.
In thi evaluation, increasing Rs_com and settingRs_Q1 and

Rs_Q2 to approximately 2 Q is optimal.

IV. Add chip ferrite beads to the gate lines

The next countermeasure is to use the chip ferrite beads. The
chip ferrite beads inductor can be placed in series with the
gate driving line to suppress noise. Figure 6-6 shows the
circuit diagram. Since no mounting pattern was provided in
this evaluation, we substituted the pattern of Rs_Q1 and
Re_Q2. Figure 6-7 shows the chip ferrite beads mounting

diagram.

chip chip
Q1 inductor inductor m}
Rg_com

PULSE

NAAS

Figure 6-6. Circuit diagram with chip ferrite beads

Figure 6-7. Chip ferrite beads mounting diagram

The evaluation conditions are as follows.

Ip, puise: 128A per each (256A total)
Rs_com: 2Q
Vesh)_Q1 and Vesin)_Q2: 4.2V

Figure 6-8 shows the Ves_LS_Q1 waveform during gate OFF
in case chip ferrite beads shown in (b) to (d) below are
attached to the land pattern of the individual gate resistance.
The evaluated chip ferrite beads are (b) to (d) below. All of
them made by TDK.

(a) Re_Q1, Re_Q2: No Chip ferrite beads
MCR18EZPJ000 (0Q chip resistor)

(b) Re_Q1, Rs_Q2: MPZ2012S300ATD25 (30Q/6A)

(c) Rs_Q1, Rs_Q2: MPZ2012S101ATD25 (100Q/4A)

(d) Rs_Q1, Re_Q2: MPZ2012S221ATD25 (220Q/3A)

——(a} 002 rssistar

—(b) 300/6A

=
= 10
o
2|
|5
=
0
-5
0 100 200 300 400 500 600
time [ns]
(2)0Q (b)30Q/6A
20
—{a) 00 resistor
15
(c) 100Q/4A
21 \
= \
GI |
[
5s k
g | \H’M """

0 100 200 300 400 500 600
time [ns]

(8 0Q (c) 100Q/4A
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—{a) 00 resistar

(d) 2200/3A

_
0 ul’f"lh‘wwmwm._-w——
T e
(a) 0Q (d) 220Q/3A
Figure 6-8. Ves_Q1_low-side waveforms measured with chip

ferrite beads

This result indicates that the chip ferrite beads in (b) are
effective in suppressing oscillation.

Chip ferrite beads have a current rating. In this evaluation,
we measured the charge/discharge current of the gate signal
by the actual device. Consequently, we decided to select by
1A per Ciss=1000pF. For SCT4018KR used in this evaluation,
it was approximately Ciss=4500pF.Therefore 5A chip ferrite
beads are most suitable. In fact, more than 5A chip ferrite
beads was suitable for the test.

Frequency dependent characteristics of the ferrite beads
must be analyzed. It is recommended to select a device with
an impedance of several Q or more in the frequency band of
oscillation.

Please note that inserting chip ferrite beads can result in
increased Vas surges at certain frequencies. In this evaluation,
we focused on the gate OFF waveform to show that it is
effective in suppressing oscillation. Be sure to check the entire
Ves waveform to confirm that surges do not exceed the Ves
rating.

Chip ferrite beads countermeasures seem to be less effective
Rs_Q1 and Re_Q2

countermeasures, but they also have advantage. Figure 6-9

than Section lll. Increase
shows the Vbs_LS_Q1 waveform during gate OFF. Figure 6-
10 shows the Ip_LS_Q1 waveform during gate OFF.

(a) Re_Q1, Rs_Q2: No Chip ferrite beads
MCR18EZPJ000 (0Q chip resistor)
(b) Re_Q1, Re_Q2: MPZ2012S300ATD25 (30Q/6A)

(e) Re_Q1, Rs_Q2: No Chip ferrite beads
MCR18EZPJ2R0 (2Q chip resistor)

(c) and (d) are no more effective than (b), so (c) and (d) are

skipped.

a) 0Q resistor
1200 —(b) 30Q/BA

i
- 1000 (e)2Q resistur/
5 800 m\//\v/
200 /
0 —

140 160 180 200 220
time [ns]

Ls_a1

Vps_|
&
o
=1

Figure 6-9. Vpbs_Q1_low-side waveform

(Compare chip ferrite beads with Rg)

140 —{a) 00 resistor
120 ===\ ——(b) 300/6A
100 (e) 20 resistor
= g
=
< 60
w
_I‘ 40
< 20
0 P
-20
-40
140 160 180 200 220

time [ns]
Figure 6-10. Io_Q1_low-side waveform

(Compare chip ferrite beads with Rg)

The dVps/dt is almost unchanged in conditions (a) and (b),
but condition (e) has a lower dVbs/dt. Furthermore, d/b/dt is
almost unchanged in conditions (a) and (b), but d/b/dt is lower
in condition (e). In the condition (b), the oscillation amplitude
can be suppressed without lowering dVbs/dt and dib/dt, so
there is no concern to increase switching-loss. In case the
switching loss is important, the loss due to increased gate
resistance and oscillation suppression can be balanced by
adding a measure of chip ferrite beads in addition to the
measure of gate resistance.

To summarize: When inserting chip ferrite beads into the gate
line, the effect of suppressing oscillation is rather small, but it
is effective in suppressing noise by reducing surge at

oscillation frequency.

V. Add external Ces

Finally, we introduce the countermeasures for adding an
external Cass. In addition to MOSFET parasitic capacitance
Cas, additional capacitance can be placed between the gate-
source to reduce the switching-speed and suppress oscillation.
Figure 6-11 shows the Ves_LS_Q1 waveform during gate OFF

when external Cas is added.

Ip, puise: 128A per each (256A total)
Re_com: 2Q
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Re_Q1 and Re_Q2: 0Q
Vesth)_Q1 and Vesn)_Q2: 4.2V

(@) No external Css
(b) External Ces =1nF

—(a)No Cgs
——(b) 1nF

0 100 200 300 400 500 600
time [ns]

Figure 6-11. Ves_Q1_low-side waveform with and withoutadd

additional, external Cas

Figure 6-11 shows that the oscillation obviously can be
suppressed by adding external Cecs.
VI.  Summary of counter-measure effectiveness

Finally, we have summarized the results of the oscillation
suppression method in Table 6-1. Ves Amplitude Difference is
the value obtained by subtracting the maximum value of the
oscillation amplitude of the waveform before the
countermeasure and the oscillation amplitude of the condition
in which the oscillation was suppressed most. The larger this
value, the more effective countermeasures will be taken in this

evaluation. It was most effective to increase Rs_com.

Table. 6-1
Oscillation Countermeasures V_GS Amplitude o ot 10 note
Difference[V]

I |Balance L (short and equal) 7.9 [none
I |Balance Lg (long and equal) 6.1 [none
I |Increase Rg_com 11.0 |Increase switching loss
II [Increase Rg_Q1land Rg_Q2 7.8 |Increase switching loss
IV [Add chip ferrite beads 2.0 Increase_ve_s surge other

than oscillation frequency
V |Add external C g5 6.3 |Increase switching loss

If oscillations occur in case connecting MOSFETSs in parallel,
it is important to minimize and equalize Ls elements. This
countermeasure is highly effective and does not have any
major disadvantages.

If oscillations are still not suppressed, please take

countermeasures with paying attention to the disadvantages.

7. Summary
The following three points should be given special attention
when designing systems connecting MOSFETs in parallel.

® [s and Lks imbalance affects the oscillation most. Ls
and Lks should be designed to be as equal as possible.

® Rc_Q1 and Rs_Q2 should have the same value, and
Re_com should be included.

® |[f oscillation still occurs, external components such as

chip ferrite beads and Cas can be introduced.

To illustrate the above summary points, Figure 7-1 presents

a circuit diagram with the critical elements highlighted.

It is possible to sufficiently suppress gate oscillation by
correctly understanding the oscillation phenomenon and
conducting optimum circuit board design. In the event that
parallel  oscillations occur, apply the described
countermeasures described to ensure the power devices are

operated safely within their maximum ratings.

01 Q2

L Q1 Ls Q2

Figure 7-1. Two MOSFETs connected in parallel with critical

circuit element highlighted
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Notice

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.
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More detail product informations and catalogs are available, please contact us.
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