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Learning objectives (infineon

After attending the training, you will be able to
> Replace standard MOSFET with CoolIMOS™ and successfully meet EMI

> Replace previous CoolMOS™ Generations and competitor Super

Junction MOSFETs with CoolMOS™ P7 / CE MOSFETs and successfully meet
EMI

» Make new designs with CoolMOS™ P7 / CE based power supplies and
successfully meet EMI
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Methods to improve CoolMOS™ EMI behaviour

External Rg
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Coss- dominated switching vs. gate control (iﬁneon,

Gate control:

d1’/df = éG == VGS } !’—’—\

i Ro-C, g
Rg ext Cgad ]
‘ Cds
Rg int
Coss control: Cgs ——

dv/dr = ({: l /—\)
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Slowing the switching action of CoolIMOS™: Using external Rg (iﬁneon

The well-known way to control the switching speed and therefore the EMI
behavior is a variation of the external gate resistance. If the resistance will
be increased, the time constant determined by this resistance and the
capacitance of the MOSFET will be increased as well. The switching
transient will be slowed down and thereby the electrical noise becomes
lower

Gate control:

. vfdi = 2o = _Los v__
Increasing Rg reduce dv/dt Coo Rs-Cg
Rg ext Cgd — I
1 Cds
Rg int I
Coss control: Cgs ——

I
dv/dr = —
‘/ ’ (T‘oss ' /\J
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Use of internal and external R, Cinfineon

dv / dt triggered
oscillations

Lead

External on-board D M inductance
coupling capacitance] /

Lead + gate wire Ju—
Inductance

G —m———mm—— 1
Rgext.. (e . Rgint

(J D aijal
—/ =
triggered s * e

Integrated R, suppresses oscillations due
to dv/dt and dl/dt internal to the device

oscillations inductance

Seperating Rgon and Rgoff helps Rgoff
> Adjust MOSFET turn-on and turn-off behav
individually r oy
> Turn-off resistor impacts efficiency | pgon ’ _|
Turn-on resistor impacts EMI —

[AT
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Rgon limits in hard switching power supplies (iﬁneon
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switched : & VOLTAGE 1ol CURRENT
power supply ! v 4 !

Time (ns) in Switching A quasi resonant (QR) f_beack
Rg ) power supply has no miller plateau,
miller plateau loss _
SO rgon Value has less impact on
Time in miller plateau: t = (Rg * Cgd * Vds) / (Vplateau — Vgsth)  €fficiency

Power loss in miller plateau = Pav't = 0.5*V*Ia*t

This leads to lower efficiency and higher temperature rise on the CoolMOS™™
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Influence of the external gate resistance @eo/n
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The noise emission can be also controlled
in this way in high frequency range
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Effect of Reon On EMI signature
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Increasing external R,
improves EMI by approx.

5 dBuV in less than 100 Mhz
frequency scan range
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70 dBy : ;
50 ol RG1 1500hm
y I ————— ¢
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Simulated radiated emission scan
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Methods to improve CoolMOS™ EMI behaviour

External Cgd
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Slowing the switching action of CooIMOSTM: Using external infineon
2 (infineon

Second method to control the switching speed and therefore the EMI
behavior is addition of the external gate to drain capacitance. If the
capacitance will be increased, the time constant determined by this
resistance and the capacitance of the MOSFET will be increased as well.
The switching transient will be slowed down and thereby the electrical

noise becomes lower. Increasing Cgd reduces dv/dt

Gate control:

I | 28
% ( ed RG ) ( ed
Cgd ext=—= Rg ext Cgd j_ I
ngJ—  m— 1 ¥ Cds
Rg int I
———J}— _ = cd
Rg ext Rgnt ° Coss control: Cgs ——

—
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Influence of the external Cgd @eo/n

40 dBpv

EMI reduced by
10 dBuV in high
scan frequency
range
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Simulated EMI signature
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Cgd limits to reduce EMI
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so Cgd value has less impact on

Time in miller plateau: t = (R, * Cgd * Vads) / (Vplateau - Vgstn)  efficiency

Power loss in miller plateau = Pav't = 0.5*V*Ia*t

This leads to lower efficiency and higher temperature rise on the CoolMOS™™
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Methods to improve CoolMOS™ EMI behaviour

External Cds
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Slowing the switching action of CoolIMOS™: (iﬁneon
Using external Cds

The third way to control the switching speed and therefore the EMI
behavior is increasing the output capacitance of the MOSFET. If the
capacitance will be increased in a Coss dependent switching like in
the QR flyback, the switching transient will be slowed down and
thereby the electrical noise becomes lower.

Rg extcgd I
Increasing C,. / C,.. reduces dv/dt Rg . I Cas
. —— Cgs
C,sc control:

dvjdi =1 /._J
CO.T.T
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Influence of the external Cds @eo/n
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Methods to improve CoolMOS™ EMI behaviour

Ferrite beads

2018-01-13 Copyright © Infineon Technologies AG 2018. All rights reserved.



Placing ferrite beads around CoolMOS™

di/ dt =V / L, where V is the oscillation (noise) voltage
and L is the stray inductance

20Q

100K

Ferrite Bead

Ferrite Bead

@[ R
-
Ferrite Bead Ryon

Ferrite Bead

Ferrite Bead
PWM IC % E

i

Use ferrite bead to reduce FET di/dt
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Use of Ferrite bead to Suppression EMI(15W) (iﬁneon

- 100 MHz ' M1[1] 25.98 (I[\pV
vVvV3 : ! 338.07 MHz
= @ ! ! - Bt
70 dBp\=
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” ‘ .
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with Ferrite bead without rrite bead
V in T out Eff V in T out Eff 20 depv—
90.01] 0.4981| 80.831 90.01] 0.4981] 80.841

90| 0.8749]83.61971 90| 0.8749[83.60971
90.01| 1.2504[84.63238 90.01] 1.2504[84.61238] |10 depv-
90.01] 1.6251] 85.679 90.01] 1.6251 85. 66
90.01| 1.9998[86. 25454 90.01] 1.9998] 86.252
264. 16| 0.4983| 86.8961] 264.16] 0.4983] 86.8961| |Start 30.000000014 MHz 691 pts Stop 1.0 GHz
264. 15| _0.8748| 87.8801] 264.15| 0.8748| 87.8801
264. 16| 1.2502|88.01185] 264.16] 1.2502 88. 02 . .
264. 16 1.625 87.62]  264. 16 1. 625 87.6 Without Ferrite bead
264. 15| 1.9997|87.01646] 264. 15| 1.9997 87. 1 . .

With Ferrite bead
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Methods to improve CoolMOS™ EMI behaviour

Transformers
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Shielding 1 Shielding 2

. B C

AR 2
3R

L3N

<+
S

1 J2 Bt w5 72

2018-01-13 Copyright © Infineon Technologies AG 2018. All rights reserved.



IIKIl:P
>
%
=

(infineon

ve/
N
@)

i ]

A7

-uuuuﬁ\ 0

00O ORGOTODOO

"X XXX ™

usn

<=
s
+
=
O
(
N

dr 3/ =

i1+fz+i3:{]

2018-01-13 Copyright © Infineon Technologies AG 2018. All rights reserved.



BB H R 45 4 @

MZ1/22=23/Z24 HH-F
i1, BRSDRHLE—FEH
BB R .

2018-01-13 Copyright © Infineon Technologies AG 2018. All rights reserved.



Infineon

FHHBOR

AT

I

A A5

hLALAL
T T

ALALA)
TiTET

AR I 4 45 1

il A R R A CMOSFET

Copyright © Infineon Technologies AG 2018. All rights reserved.

2018-01-13



2t W 4y A (iﬁneon,

1
|
|
|
|
|
IUJ
Cha
r
r
T
J

'y
W
.i-.------
.l
20090
)
L
<

S

<
2
o
()

2
2

) a -
L = CPSE;:?P (Np3 — Ng)

2018-01-13 Copyright © Infineon Technologies AG 2018. All rights reserved.



AR s AR AR IR R SR

Gaineon

|:'T‘LISI"II

v )
RS e B S A

Copyright © Infineon Technologies AG 2018. All rights reserved.

2018-01-13



Flyback i %A% H £ A I B - 17 732 (infineon

b

sooooROOORD
eod00000000

-

LISN

<

LT X

'Dv

2018-01-13 Copyright © Infineon Technologies AG 2018. All rights reserved.



Flyback A it 28 [T 4% H AT IR 5 IR TH S i R I s A Q@Eﬂ

ISN

A5 FH XU R T 18 5 75 P s o A o 2 A e 7 o 7Y

2018-01-13 Copyright © Infineon Technologies AG 2018. All rights reserved.



M =X LS 1 CMAE Y (infineon

A 20 HEL B ) CMAEE A =

2018-01-13 Copyright © Infineon Technologies AG 2018. All rights reserved.



A A7 3D K (infineon

Two-layer
Shielding

e %

Core Pri. Winding Sec. Winding

2018-01-13 Copyright © Infineon Technologies AG 2018. All rights reserved.



SEIEMIN B

2018-01-13

20|

7O

60|

30

Noise Level (dBuV)

40|

30

NP

e R P 2
e T

1x10° 1x10

Frequency (Hz)

Copyright © Infineon Technologies AG 2018. All rights reserved.

1x10°

(infineon




S SH L X s i EEL i EMUT 1) 52 ] @eo/n

100 dBuv

90 day

o G0V S0V LTI

90 dBuv

80 dBuv

80 dBuv

70 dav

60 dBuv -

50 dapy

40 dapv H

30 dapy

20 dBy

70 dByv - I
60 dBuv - I "
50 dBuv - Al )

40 dBv - v Lis

30 dByv - A

20 dBuv l |

10 dBuv | |

10 dapv

0 BV

0 dBpv
100kHz

FELA SRR T 5 H

2018-01-13

1MHz

100KHz IMHz 10MHz
10MHz

FIB RN LA R L

Copyright © Infineon Technologies AG 2018. All rights reserved. m



Part of your life. Part of tomorrow. (iﬁi—neon



