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MOSFET

MOSFET Gate Resistor Setting
for Motor Driving

Introduction

This document describes how to determine the gate resistor, when gate current flows into or out of a MOSFET by a constant
voltage in motor drive applications. The gate resistors are determined by the electrical characteristics of the MOSFET, the
electrical characteristics of the pre-driver or gate driver and the target output switching time.

Application
All types of motor application with half-bridge topology. Three phase motor driving, H-bridge motor driving.
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Figure 1. Motor application example:

Gate driver with constant-voltage gate drive for external MOSFET
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MOSFET Gate Resistor Setting for Motor Driving

Application Note

Basic MOSFET operation in a half-bridg

e circuit when driving a motor

In case the MOSFET flows current into the motor coil by PWM operation

T —> @@ wwm @ vM
@ High side MOSFET Q1 turns on. W P ¢ e
Q1 supplies the motor current lo. Q1 Q1 Q1
ON OFF OFF
The voltage at the output OUT rises to the supply —| o —| | —I o
o
voltage VM-Ron*+lo. Q1 continues to supply lo. ouT ouT — ouT C Ay
Coil i
@High side MOSFET Q1 turns off. To prevent Q2 Coil Q2 * Q2 coll
shoot-through, there is a time to turn off the high OFF OFF _| ON
side and low side MOSFETSs at the same time.
Motor coil tries to keep lo flowing. Figure 2. MOS operation of half-bridge circuit
OUT voltage falls and the motor current lo for coil drive during current outflow
continues to flow through the parasitic diode of p
9 p @ D o) ©) @ @
the low side MOSFET Q2, which is turned off.
Ron-lo
3Low side MOSFET Q2 turns on. The motor current lo OUT Voltage
flows through the turned-on Q2.
V=i Ron:lo
@Low side MOSFET Q2 turns off. ¥ :
To prevent shoot-through, there is a time to turn off £ I
P 9 Q1 Motor current lo
the high side and low side MOSFETSs at the same time. j— o
Motor current lo continues to flow through the parasitic @2 Motor current
diode of the low side MOSFET Q2 Figure 3. HaIf—bridge coil drive waveform
during current outflow
Operation returns to @.
In case the MOSFET flows current out of the motor coil by PWM operation
®Low side MOSFET Q2 turns on. ® VM — ®® WM —> @ VM
Q2 supplies the motor current lo. {—  —
Q1 Q1 Q1
The voltage at the output OUT falls to Ronlo. OFF ON
- ore . .
2 ly lo.
Q2 continues to supply lo ol ol Coil
OUT, ouT 21 ouT —
®Low side MOSFET Q2 turns off. To prevent Q2 s Q2 I
lo o
shoot-through, there is a time to turn off the high _| lo _| _|
side and low side MOSFETs at the same time. OFF OFF

Motor coil tries to keep lo flowing.

OUT voltage rises and the motor current lo
continues to flow through the parasitic diode of
the high side MOSFET Q1, which is turned off.

@High side MOSFET Q1 turns on. The motor current lo
flows through the turned-on Q1.

®High side MOSFET Qf1 turns off.
To prevent shoot-through, there is a time to turn off
the high side and low side MOSFETs at the same time.
Motor current lo continues to flow through the parasitic
diode of the high side MOSFET Q1

Operation returns to ®.

ON

Figure 4. Figure 2. MOS operation of half-bridge circuit
for coil drive during current inflow
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Figure 5. Half-bridge coil drive waveform
during current inflow
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MOSFET Gate Resistor Setting for Motor Driving Application Note

Switching time and Transition time definition

Following time range should be decide based on your motor application.

-tsw, tsw orr: Switching time from the beginning of Gate voltage to the end of Output voltage transition

tsw and tsw orr affect to reduce the difference between duty ratio of input PWM from controller and duty ratio of output to
the motor, and reduce acoustic noise by reducing the current distortion of three phase motors.
tsw orr should be sufficient shorter than the dead time to prevent shoot-through.

-ton, torr: Transition time for output voltage
ton and torr are equivalent to slew rate of output. Slew rate affect to efficiency and EMC.

The resistance when the MOSFET turns on is decided by tsw and ton. The resistance when the MOSFET turns off

is decided by tsworr and torr.

Figure 6 shows timing chart of half-bridge for motor driving. Motor pre-driver or gate driver outputs gate driving voltage

with dead time. Detailed behavior of No.1 to No.35 is as follows:

| High duty control signal :

Deadtime . !
High side * > . !
Gate driving ! G fq! Dead ftime !
voltage Low side | i o . “l@®
™ T : N 1
High side g P m - . _Inflow @
1 T .
Gate current ! _ ;i’ :Ou’Frow }E ® ! !
Low side dnflow _|® | | : - ‘ S
L \® 1 1 iOutflow:
@ N 2 Lo :
. . = 1 ! [y 1 A EHAE | H
High side ! fz)i/ w\,}_@,@
’ L Vew RS iy Vosm |
o I [
Gate voltage '3 ;@’ Lo l Lo :@ ! i
2/ | H | I . | ! 1 |
N ' o | T T Vﬁ
. 1 | e e de e —— - =
Low side Vs : R""Ik i E E :r r .J@ : Vodin
=y 1 1 1 M
E 7 ——>itsw +—:>} tow OHJ:
S T '--#ﬂ:.____} __________________ L= 1L
voltage ' G F

Supply _

Qutput voltage

Figure 6. Half-bridge coil drive timing chart [during current outflow]
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MOSFET Gate Resistor Setting for Motor Driving

Application Note

@® Low side gate driving voltage goes to ‘L’

@  Driver (Gate driver or pre-driver) draws a current from
gate of low side MOSFET through the resistor.
\J

® Gate voltage of the low side MOSFET decrease
from maximum voltage.

\J
@ Gate voltage of the low side MOSFET decrease to
stop drain current.

® Output voltage continuously dropped due to low side
MOSFET flows motor current with body diode after stop
drain current of itself.

\
® Low side MOSFET turns off
by decreasing gate voltage to under Vasth).
)

@ Gate voltage of the low side MOSFET goes to OV.
l

Gate current of the low side MOSFET to driver
decreases to 0OA,because gate charge has
been to zero.

® High side gate driving voltage goes to ‘H’
after the dead time to prevent shoot through.

\

Driver supplies a current to gate of the
high side MOSFET through the resistor.

l

@ Gate voltage of high side MOSFET increases.
l

i)

High side MOSFET turns on
by increasing gate voltage to over Vasith).
\’

@ Output voltage starts to rise, because Vgs of
high side MOSFET increases to be able to flow
current same as path for the body diode of
low side MOSFET.

!
Output voltage rises to near the supply voltage.
During the period, Ves of high side MOSFET is
not changed.

!
@ Vas of high side MOSFET increases again
after output voltage reaches to near supply voltage.

!
Gate Voltage of high side MOSFET
reaches to output high voltage of driver.

@ Gate current of high side MOSFET is to 0A,
because gate charge is full.

High side gate driving voltage | goes "L”

!
Driver draws a current from gate of
high side MOSFET through the resistor.

!
@ Gate voltage of the high side MOSFET decrease
from maximum voltage.

J
@ Vs of the high side MOSFET decrease to
stop drain current.

I
@ Output voltage falls.

@ Output voltage go to -Vf due to draw a current from
the body diode of low side MOSFET.
During the period, Ves of high side MOSFET is
not changed.

}
@ After the output voltage goes to -Vf,
Ves decreases again.

!
@ High side MOSFET turns off
by decreasing gate voltage to under Vags(tn).

!
@ Gate voltage of the high side MOSFET goes to 0V.

I
@ Gate current of high side MOSFET is to 0A,
because gate charge is empty.

I
Low side gate driving voltage to ‘H’
after the dead time to prevent shoot through.

@ Driver supplies a current to gate of
the low side MOSFET through the resistor.

l
30 Gate voltage of low side MOSFET increases.

!
@) Low side MOSFET turns on
by increasing gate voltage to over Vesith).

@ Gate voltage of low side MOSFET increases to be able
to flow current same as path for the body diode of
low side MOSFET.

}
® Low side MOSFET flows a current
from its body diode had flowed.

!
39 Gate Voltage of low side MOSFET
reaches to output high voltage of driver.

!
6> Gate current of low side MOSFET is to OA,
because gate charge is full.
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MOSFET Gate Resistor Setting for Motor Driving Application Note

Gate resistor setting when low side MOSFET is turned on

This parameter affects to the low side Nch MOS-FET is on.
The resistor value (Ra(Lon)) when low side MOSFET is e VM
turned on can be calculated by deciding either following
value on your demand. (See p.4 and Fig. 8,9): Q1
(1) ton: Transition time for output voltage(Vos)
(2) tsw: Switching time from the beginning of Vs to the Verre OFF _|
end of Vps transition.

Current
when Q2 is off

(1) Calculate the resistor value when low side MOSFET is

turned on with ton

™~
Current
When Q2 is on

Source current Isource is calculated by the required
electrical charge Qgq and the time ton.

W OFF ~ON 717

(9]
B

Lsource = ¢
ON

Qqu : the required electrical charge from high to low of Vps. Figure 7. Equivalent circuit at low side on

Source current lsource is calculated by Verre, VeLT, RPon and Rg(Lon).

I _ _(VprrG—VpLT)
source —

@) ETVERE.

(Rron+RGoN)) Vps
VerRraG : power supply voltage for gate driver or pre-driver power stage /
that drives the gate of the low side MOSFET. . \
VLT : gate-source constant voltage of low side MOSFET |D / \
during the time ton. ;
Rron : Pch MOSFET on resistor of gate driver or pre-driver power stage. vV \
Ra(on : setting gate resistor. GS \\

e \

\i
From equations (1) and (2), Rg(Lon) is: ! — — ------_-;
b ton t

L

t
Reony = (Vprre — Vprr) X QO—;: —Rpon  (3) tow

[Example]
ROHM Nch Dual MOSFET (HPLF5060, Vpss=40V, 10=40A) Figure 8. Switching transient waveform
- Specification (Tentative):
Qgd=2.0nC(typ) (conditions: Vopo=20V, I1b=10A, Ves=6V)
Ver=2.1V(typ) (conditions: Voo=20V, Io=10A,Ves=10V)
ROHM Three phase motor pre-driver V@T
- Specification (Tentative):
Vprre =11V(typ) Qg
Rron = 200Q(typ)

- User Required: (Applicable value for motor application)
ton=200ns

<
o)
w
7'y
Y

7'y
)]
w

ye
rF 3

Y

Required gate resistor is:

200ns
2.0nC

— 2000

RG(LON) = (11V - 21V) X

—-
= 890 — 20002 = 69012 4 Charge

Figure 9. Gate voltage vs. gate charge
characteristics
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MOSFET Gate Resistor Setting for Motor Driving Application Note

(2) Calculate the resistor value when low side MOSFET is turned on with tsw

The input capacitance Ciss of the MOSFET is charged by the power supply voltage Verrs through the series value of resistors
Rron and Ra(on). te is the time when the gate source voltage (Ciss voltage) goes from 0V to the constant voltage VpLt
(See Fig. 8). tris as follows.

tp = —Ciss X (Rpon + Reony) X In (1 - ) ®)

VPRRG

From equation (3), ton is as follows.

_ Qga

ton = (Rpon + RG(LON)) o ——— (6)

tsw =tp+ton (7
From equation (5), (6) and (7), Raon) is as follows.

_ tsw
Reomy = . X1n<1 Vorr )L Tgd —Rpon  (8)
tss VerrG/) (VPRRG-VPLT)

[Example]

ROHM Nch Dual MOSFET (HPLF5060, Vbss=40V,lb=40A)
- Specification (Tentative):
Qgd=2.0nC(typ) (conditions: Vpp =20V, Ip=10A, Ves=6V)
Ciss=630pF(typ) (conditions: Vbs=12V, Ves=0V, f=1MHz)
VpLr=2.1V(typ) (conditions: Vob =20V, 1b=10A, Ves=10V)
ROHM Three phase motor pre-driver
- Specification (Tentative):
VerrG =11V(typ)
Rron = 200Q(typ)
- User Required: (Applicable value for motor application)
tsw=500ns (1/100 for general PWM frequency 20 kHz)

Required gate resistor is:
500ns

—630pF><1n(1—%)+

zonc— — 20002

(11v-2.1V)

RG(LON) =

500ns
=————— 2000
133pF+225pF

=13970-20002=1197Q 9)

However, since Qgd change with the voltage and current used, correction is necessary in such cases.

© 2023 ROHM Co., Ltd. No. 64AN143E Rev.001
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Gate resistor setting when low side MOSFET is turned off

This parameter affects to the low side Nch MOSFET is off.
The resistor value (Rg(Lorr)) when low side MOSFET is
turned off can be calculated by deciding either following
value on your demand. (See p.4 and Fig.11,12):

(3) tsw orr: Switching time from the beginning of Vs to the

V
end of Vps transition. PRRG
(4) torr: Transition time for output voltage
Q3
(3) Calculate the resistor value when low side MOSFET is {

turned off with tsw orr

tro is the time when the gate source voltage (Ciss voltage) —|
goes from gate-source maximum voltage (Verrc) to the Q4
constant voltage Vp_t. The input capacitance Ciss of the
MOSFET is discharged to GND voltage (0V) through
the series value of resistors Rnon and Reorr) and diode
voltage Ve. teo is as follows.

tpo = —Cigs X (RNON + RG(LOFF)) X ln( o ) (10)

VprRG—VF
VeRrRG : power supply voltage for gate driver or pre-driver
power stage that drives the gate of the low side MOSFET.
VpLT : gate-source constant voltage of low side MOSFET
during the time torr.
VE : the forward voltage of the diode.
Rnon : Nch MOSFET on resistor of gate driver or pre-driver
power stage.
Ra(LoFF) : setting gate resistor.

Sink current lsink during torr is calculated by the required electrical charge
Qgad and the time torr.

di

Isme = 2= (A1)

Qqa : the required electrical charge from low to high of Vbs.

Also, sink current lsink during torr is calculated by Ve, VF, Rnon and
Ra(LoFF).

(VeLr=VF)

—_— 12
(Rnon+Re(LoOFF)) (12)

Isink =
VpLT : gate-source constant voltage of low side MOSFET
during the time torr.
VE : the forward voltage of the diode.
Rnon : Nch MOSFET on resistor of gate driver or pre-driver
power stage.

Ra(LoFF) : setting gate resistor.

From equation (11) and (12), torr is as follows.

di

(VeLr—VF) (13)

torr = (Rnon + RG(LOFF)) X
tsw orr = tpo t torr (14)

From equation (10), (13) and (14), Reorr) is as follows.

RNON

® YW Ccurrent

when Q2 is off

Q1
OFF —| /
Coil
CGD=Crss lo U 0
RG(LON) R
T~
Q2 Current

ON—OFE when Q2 is on

Figure 10. Equivalent circuit at low side off

Qgq
I AV
.2 ;L Vbs
Verre TX ‘;" \
/ P
A
Veur ';'V .
;s 'GS \
/ .
ff N
]
________ / \
— e B —
teo torr t
tsw orF

Figure 11. Switching transient waveform

vt
VGS
Q /,
o di ’
<+ » ’
- L ,,
e
# < ===-
#  Whenturned off, the gate voltage
is lowered to drain th charge

—>
Charge

Figure 12. Gate voltage vs. gate charge
characteristics

_ tsw
Reorr) = > Xln( Torr ) oga — — Rvov  (15)
S \Vprr6-VF/) (VPLT-VF)
© 2023 ROHM Co., Ltd. No. 64AN143E Rev.001
8/19 APR.2023
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Application Note

[Example]
ROHM Nch Dual MOSFET (HPLF5060, Vbss=40V,Ib=40A)
- Specification (Tentative):
Qga=2.0nC(typ) (conditions: Voo =20V, Io=10A, Ves=6V)
Ciss=700pF(typ) (conditions: Vbs =0V, Ves=0V, f=1MHz)
Ver=2.1V(typ) (conditions: Vop =20V, Ib=10A, Ves=10V)
ROHM Three phase motor pre-driver
- Specification (Tentative):
VerrG =11V(typ)
Rnon = 150Q(typ)
ROHM Schottky diode RB160VAM-40
- Specification
Ve=0.26V(typ) (conditions: Ir =50mA, Tj=25°C)
- User Required: (Applicable value for motor application)
tsw=500ns (1/100 for general PWM frequency 20 kHz)

Required gate resistor is:

500ns
2.1V ), 2.0nC__ 1504

11V—-0.26V/ ' (2.1V—-0.26V)

RG(LOFF) =

—700pF><1n(

500ns
T 1142pF+1087pF

2240 — 1500 =740  (16)

— 1500

(4) Calculate the resistor value when low side MOSFET is turned off with torr

From equation (13), Rg(Lorr) is as follows.

VprLr=VF)
Reorr) = —szd £ X torr — Ryon (17)

[Example]
ROHM Nch Dual MOSFET (HPLF5060, Vpss=40V,Ip=40A)
- Specification (Tentative):
Qgd=2.0nC(typ) (conditions: Vpp =20V, Ip=10A, Ves=6V)
VpLr=2.1V(typ) (conditions: Vop =20V, 1b=10A, Ves=10V)
ROHM Three phase motor pre-driver
- Specification (Tentative):
Rnon = 150Q(typ)
ROHM Schottky diode RB160VAM-40
- Specification
VE=0.26V(typ) (conditions: Ir =50mA, Tj=25°C)
- User Required: (Applicable value for motor application)

ton=200ns
Reorm) = (2'1;—2?6‘/) X 200ns — 1500
= 1840 — 1500 = 34 (18)

© 2023 ROHM Co., Ltd.
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MOSFET Gate Resistor Setting for Motor Driving Application Note

Output voltage transition when turned off does not become steeper than a certain point even if Isink is increased.

When current is applied to the motor coil by PWM drive, ®
the coil part can be regarded as a constant current load.
When Q2 is turned off and the output voltage rises by = g
constant current, the capacitor connected to the Q2 drain :
is charged to change the voltage. Verre
Output current lo charges Coss of high side and low side :
MOSFET and output-to-GND capacitor Court for noise Q3 e
rejection.

The output voltage transition dVps/dt is as follows.

dVps/dt =lo/(Coss@1)*Coss@2)+ Couty  (19)

Output voltage transitions cannot be greater than this,
even if sink current increases.

VM

ON—OFF

9]
Y

[Example]
ROHM Nch Dual MOSFET (HPLF5060, Vbss=40V,Ib=40A)
- Specification (Tentative):
Coss=900pF (conditions: Vbs=0V, Ves=0V, f=1MHz)
Coss=430pF (conditions: Vbs=12V, Ves=0V, f=1MHz)
- Output-to-GND capacitor
Cout=0nF
- Output current
lo=5A
-Supply voltage
VM=12v

Figure 13. Equivalent circuit 2 at low side off

Output voltage transition is:
dVos/dt =5A/(0.90nF+0.43nF +0nF) = 3.76V/ns (20)
Output transition time is:

torr =VM/(dVps/dt) =12V/3.76V/ns = 3.19ns  (21)

Output voltage transition when turned off is
the later of the value determined by output

current and output capacitor or the value [REFERENCE] HPLF5060D_40V-9mohm_Tr2
determined by gate sink current and Crss Typical Capacitance vs. Drain-Source Voltage
1000
f[————— =
g ——— R — T
! = L
1 Cuss=900pF ad Cies [ 1]
== C,..=430pF
o e == : C.../
= I
(8] T
s ™
3 ]
H 1
3 :
§ 10 ! Crss | | ]
1
:
1
[This data are made from representative value of specificlot. T
The data do not indicate the weest value or guarantesd value. 1
4 [And we can not guarantes the value based on the data, 1
001 01 1 10! 100
=0V Drain-Source Voltage : Vos [V] v
Figure 14. MOSFET Capacitance vs. Drain- Source voltage
characteristic
© 2023 ROHM Co., Ltd. No. 64AN143E Rev.001
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MOSFET Gate Resistor Setting for Motor Driving Application Note

Gate resistor setting of low side MOSFET drive to prevent self-turn-on

To prevent self-turn-on, changes in drain-source voltage ® VM

must be such that the current charging the gate-drain capacitor
Ciss raises the gate-source voltage and does not exceed Q1
the gate threshold voltage.
OFF—ON —|
If the change in drain-gate voltage is d(Vps - Vas) /dt,

I
the current lcrss flowing through Crss is: Q3 Crss

_ d(Vps—Vgs) _ (dVps dVgs
ICrss - dt X Crss - dt - dt X Crss (22)

If the change in drain-gate voltage is dVes/dt,
the current lcgs flowing through Cas is:

Iﬂnk

Ryoy DiT Netorf) Vi

0
B,

Iegs = = Ces (23)
If the gate-source voltage is Ves, the current Irgioit through Figure 15. Equivalent circuit at self-turn-on
resistor Rg(LoFF)is:
(Vgs—VF)
1 = 24
Rglory (ReLoFr)+RNON) (24)

The relation between lcrss, lcgs and Irgioff is:

Ierss = ICgs + IRgloff (25)
Substituting equations (22), (23) and (24) into equation (25), we get:
dVgs Ves dVps VF
Crss + Cgs) X + = X Cpgg +——— (26
( rss GS) dt RGorF)tRNON dt "SS " Rgorr)*RNON (26)

The right-hand side of equation (26) is a fixed value. From the general solution of the differential equation, Vs is:

Ves = (Rgorr) + Rnon) X Crss X % + Vp +Ae~t/(Crss+Ces)x(Raworr) +Rnon)} (27)

Where the constant A is the initial condition, From Ves = 0V att = 0s, Aiis:

av
A= _(RG(LOFF) + Ryon) X Crss X d_?s =V (28)

Vgs = {(RG(LOFF) + Ryon) X Crgs X % + VF} X [1 - 6’_t/{(C”SJrCGS)X(RG(wF”+RN0N)}] (29)

If Vs is less than threshold voltage Vth of Q2, Q2 will not turn on.

Vin 2 {(RG(LOFF) + Ryon) X Crss X % + VF} X [1 - 6’_t/{(CrSS+CGS)X(RG(LOFF)+RN°N)}] (30)

© 2023 ROHM Co., Ltd. No. 64AN143E Rev.001
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MOSFET Gate Resistor Setting for Motor Driving Application Note

[Example] t1 VDSI’Q2)
ROHM Nch Dual MOSFET (HPLF5060, Voss=40V,Ip=40A) - /'""""\"'
- Specification (Tentative): —
Ciss=700pF, Crss=120pF  (conditions: Vbps = 0V, Ves=0V, f=1MHz) / 4
Ces=Ciss-Crss = 580pF N ﬁ'
Vesi =2.0V(min) (conditions: Vos=Vaes. lo=1mA) ID/ /
Assuming 0.63V drop at Tj=150°C due to temperature characteristics, . ! VPLT
Vasth)=1.37V(min) ! VGS(Q']}
ROHM Schottky diode RB160VAM-40 A H
- Specification (-
Ve=0.26V(typ) (conditions: Ir =50mA, Tj=25°C) ==l -
-The supply voltage aE > -
VM =12V. Figure 16. Q2 Vps actual waveform
-t1 is the time to the point where the tangent line of the steepest point of Vps and when Q1 is on
the supply voltage intersect in actual operation. Set t1 to 1/2 of ton. (See Fig.16)
t1=100ns

Since Rg(Lorr)+Rnon cannot be obtained directly by calculation, we put a number in Reorr)+Rnon to equation (29)
several times, calculate Vgs. Output Reorr)*Rnon, where Vas= Vasitn).

If Re(Lorry+*Rnon=117Q, Vs is:
_ azv _ ,—40ns/{700pFx1170}
Ves = {1170 x 120p x 222 + 026V } x [1 —e ]
=194V x [1 —e~1?2] = 1.94V x [1 — 0.295] = 1.94V x 0.705 = 1.37V  (31)

Since Ves equal to Vesn)[1.37V(min) (at Tj=150°C)], Self-turn-on does not occur.

REFERENCE| HPLF5060D_40V-9mohm_Tr2

Typical Capacitance vs. Drain-Source Voltage

1000
| i o e T
b_ T I | =
=
T, 725 C - NN
q Cios=T00pF s Cu T
j Vge=0V C‘55=630pF 1
i ‘ 1
‘ I
= 100 5\ = ==2
I =
= i - L s
& ENC.=120pF :
5 [ il
1
Qo
H Crss 50pF 4 !
= '
I I
8 10 ! Crss | I
T
]
1
I 1
I 1
[This data are mads from representative value of specific ot T
Il The dats da not indicate the worst value ar guaranteed value 1
1 Ithncwe con ot gusrrues e uaue besed on tw dea |

001 01 1 10 100

= 12V
oV Drain-Source Voltage : Vos [V]
Figure 17. MOSFET capacitance - Drain-source
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MOSFET Gate Resistor Setting for Motor Driving Application Note

Gate resistor setting when high side MOSFET is turned on

When current flows into the gate of the high side Nch
MOSFET, the gate voltage rises and reaches Vs, which
allows the motor current to flow, the source voltage Vs of Q1

VB
VM

rises, and the gate voltage Vg rises with it. Q5 > C;rrerg; .
The drain voltage Vp is constant. For this reason, the relative % when S on
OFF -ON

gate-source voltage Vs and the drain-source voltage Vps are

similar to the operation of the low side. | lo
This parameter affects to the high side Nch MOSFET is on. Q6 ¢ _ ' Reporr Cgg™™
The resistor value (Rg(Hon)) when high side MOSFET is
turned on can be calculated by deciding either following Q2_| Current
value on your demand. (See p.4 and Fig. 20): OFF when Q1 is off

(1) ton: Transition time for output voltage

(2) tsw: Switching time from the beginning of Vs to the
end of Vps transition.

ps Figure 18. Equivalent circuit at high side on

(1) Calculate the resistor value when high side MOSFET is turned VB

on with ton
(1.1) The boost power supply boosts the voltage when the output

voltage rises as in the bootstrap method. 7y
Source current lsource is calculated by the required Ve

electrical charge Qgq and the time ton. _
g€ W (VY I V/A R R SR A O —

_ Qga

Isource - ton (32) b = —’l —r —

Qg : the required electrical charge from high to low . F
of Vps. ID/ ’;

Source current lsource is calculated by VB, VM, VpLt, Rpon and ; /
Ra(Lon). ! /
¥ I
VB-VM-V ]
_ PLT) (33) _
(Rpon+Rg(HON)) -

Isource

VB : boost power supply voltage for gate driver = e fon t
or pre-driver power stage that drives the gate of
the high side MOSFET Figure 19. Switching transient waveform
VM : power supply voltage for MOSFET (Absolute value)
VeLT : gate-source constant voltage of low side MOSFET
during the time ton
Rron : Pch MOSFET on resistor of gate driver or pre-driver

v

A J

tS W

power stage.
Rg(Lony : setting gate resistor. VDS \
- U — — —
A
: : I
From equations (32) and (33), RgHony is: . \
" A"
ton o Y
Rogron) = (VB —VM ~Vpir) X 2%~ Rpoy  (34) S
g4 y S VoL
Ves \
1 A
e \
-~ \
oo N
< i > —>
h tS\_.'\_.f -

Figure 20. Switching transient waveform
(Relative value)
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MOSFET Gate Resistor Setting for Motor Driving Application Note

(1.2) The boost power supply boosts the voltage constantly, as in a

charge pump method.
Output voltage increases in proportion to time t during ton. The source current transition lsource during ton is as follows.
VM
VB—-—Xt-V )
( toN PLT
(Rron+RGHON))
The amount of charge Q during ton is obtained by integrating the current Isource between ton. Q is as follows.

(VB - % - VPLT)XtON

(35)

Lsource =

= 36
¢ (Rron+RG(HON)) (36)
Qqq is determined as the required electrical charge from high to low of Vps.
Q= di (37)

From equation (36) and (37), ReHon) is:

VM
VB — == — Vpr)Xtoy

Renony = —Rpon (38)

Qqd
[Example]
ROHM Nch Dual MOSFET (HPLF5060, Vpss=40V,Ip=40A)
- Specification (Tentative):
Qgd=2.0nC(typ) (conditions: Vpp=20V, Ip=10A, Ves=6V)
VpLr=2.1V(typ) (conditions: Voo=20V, Ip=10A,Ves=10V)
ROHM Three phase motor pre-driver (Boost power source is charge pump)
- Specification (Tentative):
VB = VM + 11.5V(typ) (conditions: VM =11.5V to 18 V)
Rpon = 200Q(typ)
-The supply voltage
VM =12V
- User Required: (Applicable value for motor application)
ton =200ns

Required gate resistor is:

(11.5v+12V — 22X —2.1V)x200ns
— 2 —
Rogiony = - 200

= 15400 — 20002 = 13402 (39)

(2)Calculate the resistor value when high side MOSFET is turned on with tsw

(2.1) The boost power supply boosts the voltage when the output voltage rises as in the bootstrap method.

The input capacitance Ciss of the MOSFET is charged by the voltage of boost supply voltage VB minus
power supply voltage VM through the series value of resistors Rron and Rg(Hon).

te is the time when the gate source voltage (Ciss voltage) goes from 0V to the constant voltage VpiT.

te is as follows.

tp = —Cigs X (RPON + RG(HON)) X In (1 - VZI:I;;M) (40)

From equation (34), ton is as follows.

_ Qga
ton = (Rron + Reuon)) X VEvM—vpy 4D
tsw =tp t lon (42)
From equation (40), (41) and (42), ReHony) is as follows.
¢
ReHony = VPL'IS"W Uya —Rpoy  (43)
_Cissxm(l VB—VM) "VB-vM—Vp.1)
© 2023 ROHM Co., Ltd. No. 64AN143E Rev.001

14/19 APR.2023



MOSFET Gate Resistor Setting for Motor Driving Application Note

(2.2) The boost power supply boosts the voltage constantly, as in a charge pump method.

The input capacitance Ciss of the MOSFET is charged by boost supply voltage VB through the series value of resistors Rron

and Rg(Hon).
tp is the time when the gate source voltage (Ciss voltage) goes from 0V to the constant voltage Vpr.
te is as follows.

tp = —Ciss X (RPON + RG(NON)) X In (1 - %) (44)

From equation (38), ton is as follows.

= _ Qga
ton = (Rpon + Rg(rom)) X (2L (45)

tsw =tp tton  (46)
From equation (44), (45) and (46), RaHon) is as follows.

_ tsw _
Rguony = cowana VPLT)L o Rpon  (47)
issXIn VB I(VB—%—VPLT)
[Example]

ROHM Nch Dual MOSFET (HPLF5060, Vpss=40V,Ip=40A)
- Specification (Tentative):
Qgd=2.0nC(typ) (conditions: Vpp=20V, Ip=10A, Ves=6V)
Ciss=630pF(typ) (conditions: Vbs=12V, Ves=0V,f=1MHz)(
VpLr=2.1V(typ) (conditions: Voo=20V, Ip=10A,Ves=10V)
ROHM Three phase motor pre-driver (Boost power source is charge pump)
- Specification (Tentative):
VB = VM + 11.5V(typ) (conditions: VM =11.5V to 18 V)
Rpon = 200Q(typ)
-The supply voltage
VM = 12V.
- User Required: (Applicable value for motor application)
ton =200ns

Required gate resistor is:

500ns
RG(HON) = 2.1V 2.0nC — 2000
~630pFxIn(1-2) e

N 235V —-—=—-21V
2

500ns

=—————20002 = 26460 — 20000 = 24460 (48)
59pF+130pF

However, since Qgd change with the voltage and current used, correction is necessary in such cases.
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MOSFET Gate Resistor Setting for Motor Driving

Application Note

Gate resistor setting when high side MOSFET is turned off

The operation from full on to off is the same as the operation
of the low side MOS-FET.
This parameter affects to the high side Nch MOSFET is off.
The resister value (RsHorr)) when high side MOSFET
is turned off can be calculated by deciding either following
value on your demand. (See p.4 and Fig.23):

(3) tsw orr: Switching time from the beginning of Vs to

the end of Vs transition.
(4) tore: Transition time for output voltage

VB

(3) Calculate the resistor value when high side MOSFET is
turned off with tsw orr

tro is the time when the gate source voltage (Ciss voltage)
goes from gate-source maximum voltage (VB-VM) to the
constant voltage Vp.r.

The input capacitance Ciss of the MOS is discharged to GND

Voltage (0V) through the series value of resistors Rnon and Re(Horr)
and diode voltage VF.
tro is as follows.

v
tpo = —Ciss X (Rnon + Re(rorrm) X In (#&T_W) (49)

VB : boost power supply voltage for gate driver or pre-driver
power stage that drives the gate of the high side MOSFET.
VM : power supply voltage for MOSFET
VpLT : gate-source constant voltage of high side MOSFET during
the time torr.
Rnon : Nch MOSFET on resistor of gate driver or pre-driver
power stage.
Ra(LoFF) : setting gate resistor
Sink current Isink during torr is calculated by the required electrical
charge Qg4 and the time torr.

di

50
torF (50)

Lgink =
Qqa : the required electrical charge from low to high of Vbs.

Also, sink current Isink during torr is calculated by VpLt, VF, Rnon and
Ra(LoFr).
_ (VpLr=VF)

Line = 51
sink (RnoN+RGHOFF)) ®1)

VeLT : gate-source constant voltage of high side MOSFET during
the time torr.

Ve : the forward voltage of the diode.

Rnon : Nch MOSFET on resistor of gate driver or pre-driver
power stage.

Ra(Lon) : setting gate resistor.
From equation (50) and (51), torr is as follows.

Q
torr = (Rnon + RG(HOFF)) X 2

Current
— when Q1is on
ON—OFF

lo

Coil

"\ Current
when Q1 is off

Figure 21. Equivalent circuit at high side off

VB --
F 3
Vi = VM
VY ESRV/S SRR S0 VORI S
AY
— — l‘— —
\ \
Ay -
\\ ID
‘\
\ . v
Vs : Veur
\\ \
A
[ 1
Ay h -
—>le > "=
teo tore R t
tew orr

Figure 22. Switching transient waveform
(Absolute value)

Qy
ID ‘ -v--- =7
— . — . —-. 4 Vos
VB- |ak-- A
VCC ;o
I
a
Veur ,'V .
/ Ves \
/ 1
I J
I RS
H— / \
teo torr N
tsw oFr

Figure 23. Switching transient waveform
(Relative value)

(VpLT=VF) (52)

tsw orr = tpo t torF (53)
From equation (49), (52) and (53), ReHorr) is as follows.
¢
Re(HorF) = VPLS:/ —a, Rnvon  (54)
_CiSSXIn(VB—Vcc—VF) "(VpLT-VF)
© 2023 ROHM Co., Ltd.
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MOSFET Gate Resistor Setting for Motor Driving Application Note

[Example]
ROHM Nch Dual MOSFET (HPLF5060, Vbss=40V,Ib=40A)
- Specification (Tentative):
Qgd=2.0nC(typ) (conditions: Voo =20V, Ip=10A, Ves=6V)
Ciss=700pF(typ) (conditions: Vps =0V, Ves=0V, f=1MHz)
Ver=2.1V(typ) (conditions: Vop =20V, Ib=10A, Ves=10V)
ROHM Three phase motor pre-driver (Boost power source is charge pump)
- Specification (Tentative):
VB = VM + 11.5V(typ) (conditions: VM =11.5V to 18 V)
Rnon = 150Q(typ)
ROHM Schottky diode RB160VAM-40
- Specification
Ve=0.26V(typ) (conditions: Ir =50mA, Tj=25°C)
-The supply voltage
VM =Vcc=12V.
- User Required: (Applicable value for motor application)
tsw=500ns (1/100 for general PWM frequency 20 kHz)

Required gate resistor is:

500ns
R = — 1500
G(HOFF) _700pFXln(11.5‘2/.i1(;26V) : (2.1‘2/:3226V)
—__50ms 450
1174pF+1087pF
= 2210 — 1500 =711 (55)

(4) Calculate the resistor value when high side MOSFET is turned off with torr
From equation (52), Rg(Horr) is as follows.

Vprr=VF)
Re(Lorr) = _PZTQ p £ X torr — Rnon (56)

[Example]
ROHM Nch Dual MOSFET (HPLF5060, Vbss=40V,Ib=40A)
- Specification (Tentative):
Qga=2.0nC(typ) (conditions: Voo =20V, Ip=10A, Vcs=6V)
VeLr=2.1V(typ) (conditions: Vop =20V, Ib=10A, Ves=10V)
ROHM Three phase motor pre-driver (Boost power source is charge pump)
- Specification (Tentative):
Rnon = 150Q(typ)
ROHM Schottky diode RB160VAM-40
- Specification
Vr=0.26V(typ) (conditions: Ir =50mA, Tj=25°C)
- User Required: (Applicable value for motor application)

torr =200ns
Rocorry = 222 x 200ns — 1500
= 1840 — 15002 = 340 (57)

Sink current setting of high side MOSFET drive to prevent self-turn-on

Even in the case where the high side MOSFET is turned off, when the low side MOSFET is turned on, the gate voltage of the
high side MOSFET falls steeply. Since the drain of the high side MOSFET is constant by the supply voltage VM, current flows
through the gate-to-drain capacitor Crss. To prevent self-turn-on, the gate-source voltage of high side MOSFET must be
prevented from rising above the gate threshold voltage by Ciss current. Set the sink current using the same approach as for

the low side MOSFET. (See Page 11.)
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MOSFET Gate Resistor Setting for Motor Driving Application Note

Additional external capacitors to adjust transition time

An external capacitor between gate and drain may use for ® M
adjusting switching and transition time (Cepex of Fig.24) .
o . Q1 Current
ton and torr(Output voltage transient time) of low side when Q2 is off
MOSFET with external capacitor is as follows.
Verra /C .
{o]]

(1) Transition time ton for output voltage when low side
MOSFET is turned on

Output voltage transient time ton is calculated by the VM,
CGDEX, di and lIsource.
VMXC +
ton = ( cpEx+Qgd) (58)

ISOU.TCE

VM : the transient voltage at the MOSFET drain.

It changes from supply voltage VM to OV.
Capex : the external capacitor between gate and drain.
Qqa : the required electrical charge from high to low of Vos.
Isouce : SOUrce current to the gate.

R Cepex
PON R
|source G(LON)

0
w

lo

™~ Current

Ces? Q2 when Q2 is on

Raorr) “esi 22
OFF—-ON 717

o
e

Figure 24. Equivalent circuit with external
capacitor added between low
side MOSFET gate and drain

Source current lsource is calculated by Verre, VeLT, Rron and Re(Lony.

(VerrG=VPLT)
I = — = 59
source (Rpon+RGoN)) (59)

VerRra : power supply voltage for gate driver or pre-driver power stage that drives the gate of the low side MOSFET.
VpLT : gate-source constant voltage of low side MOSFET during the time ton.

Rron : Pch MOSFET on resistor of gate driver or pre-driver power stage.

Rae(on) : setting gate resistor.

From equation (58) and (59), ton is:

~ (Rron+Rsaom))
ton = (VM X Cepex + di) X (VprrRG—VPLT) (©0)

[Example]
ROHM HPLF5060 Dual Gen.6(Nch MOSFET, Vbpss=40V, [p=40A)
- Specification (Tentative):
Qgd¢=2.0nC(typ) (conditions: Voo =20V. Ip=10A. Ves=6V)
VeLr=2.1V(typ) (conditions: Vpopo~20V. Ip=10A. Ves=10V)
ROHM Three phase motor pre-driver
- Specification (Tentative):
VerrG =11V(typ)
Rron = 200Q(typ)
-Supply voltage
VM=12V
-External capacitor between Gate and Drain
Cepex=330pF
-Gate resister setting
(Using previous setting, see page 6)
ReLon)=690Q

Output voltage transient time is:

(12Vx330pF+2.0nC)
(11v-2.1V)

ton = (2000 + 69002) x = 593ns (61)

ton is (596ns-200ns =) 396ns slower than the first value.
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MOSFET Gate Resistor Setting for Motor Driving Application Note

(2) Transition time torr for output voltage when low side MOSFET is turned off
Output voltage transient time torr is calculated by the VM, Cepex, Qgd and Isink.

(VMXCepEx+Qga)
torr = ,.—g (62)
sink

VM : the transient voltage at the MOSFET drain. It changes from supply voltage VM to OV.
Copex : the external capacitor between gate and drain.

Qqd : the required electrical charge from high to low of Vps.
Isink : sink current from the gate.

Sink current Isink during torr is calculated by VpLt, VF, Rnon and Re(Lorr).

Ik = ( Vpr=VF)

e 63
Ryon+ReLoFF)) (63)

VpLT : gate-source constant voltage of low side MOSFET during the time torr.
Vr : the forward voltage of the diode.

Rnon : Nch MOSFET on resistor of gate driver or pre-driver power stage.
Ra(LorFr) : setting gate resistor.

From equation (57) and (58), torr is:

_ (Rnon+RGLoFF))
torr = (VM X Cepex + di) X T e —Ve) (64)

[Example]
ROHM HPLF5060 Dual Gen.6(Nch MOSFET, Vpss=40V, [p=40A)
- Specification (Tentative):
Qg¢=2.0nC(typ) (conditions: Voo =20V. Ip=10A. Ves=6V)
VeLr=2.1V(typ) (conditions: Vpopo~20V. Ip=10A. Ves=10V)
ROHM BD63030EVK-C(Pre-driver)
- Specification (Tentative):
Rnon = 150Q(typ)
-Supply voltage
VM=12V
-External capacitor between gate and drain
Cepex=330pF
-Gate resister setting
(Using previous setting, see page 9)
Ro(Lorr=34Q

(1500+340)
torr = (12V X 330pF + ZOTIC) X (21V——026V) = 596ns (65)

ton is (596ns-200ns =) 396ns slower than the first value.
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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.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.
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https://www.rohm.com/contactus
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