Optimizing EMI Behavior of Low-Power
DCDC Converters

Juergen Neuhaeusler
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Basic Considerations
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Step-Down Converter
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Step-Down Converter - Parasitics
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Spectrum

Envelope = 2A—

0 dB/decade

Example:

T |81 ﬂ-Tf S111 ﬂ-TTf Switching frequency 2.5 MHz (400ns)
Duty cycle 30% (120ns)
T 7T7_f ﬂ-T?“f Rise/fall time 2.. 4 ns
—20 dB/decade
{ x(1) A
| —40 dB/decade
I ak
I
| A t |
I /A /

Y S

=
=
<

5

Wip TEXAS INSTRUMENTS



Example

Tel

StO_D .

b (2}
(1@ 833MHz 9.92V
@  638MHz .88V
A368MHz AB.04V
{ @ 2o0v ][4.00n5 }[5.0065/5 J[ @ - 6.04V]
10k points

18 Dec 2014
15:34:28

Switching frequency 2.5 MHz (400ns)
Duty cycle 30% (120ns)

Riseffall time 2.. 4 ns
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Structures

Component Values

Capacitors

0.01uF
0.1uF
1uF
S5uF
10uF
100 uF

Inductors

0.1nH
1nH
10nH
100nH

Inductance for resonance at

5
636.6
63.7
6.4
1.3
0.6
0.1

10
159.2
15.9
1.6
0.3
0.2
0.0

50
6.4
0.6
0.1
0.0
0.0
0.0

Capacitance for resonance at

5
63663.85
6366.39
636.64
63.66

10
15915.96
1591.60
159.16
15.92

50
636.64
63.66
6.37
0.64

100
1.6
0.2
0.0
0.0
0.0
0.0

100
159.16
15.92
1.59
0.16

500
0.1
0.0
0.0
0.0
0.0
0.0

500
6.37
0.64
0.06
0.01

1000 MHz
0.0nH
0.0nH
0.0nH
0.0nH
0.0nH
0.0nH

1000 MHz
1.59nF
0.16nF
0.02nF
0.00nF

Mechanical structures

Structure size

Imm
5mm
10mm
50 mm
100 mm
1000 mm

Frequency

10 MHz
50 MHz
100 MHz
500 MHz
1000 MHz

related frequency

A A2
300000
60000
30000
6000
300
30

related wave
A A2
30000
6000
3000
600
300

150000
30000
15000

3000
150
15

lenght

15000
3000
1500

300
150

75000
15000
7500
1500
75

7.5

7500
1500
750
150
75

37500 MHz
7500 MHz
3750 MHz

750 MHz
37.5MHz
3.75MHz

3750 mm
750 mm
375mm

75mm
37.5mm
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Components
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Capacitor impedance vs. frequency

(same case size)
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Input Capacitor selection

JONVA3di

N

IMPEDANCE

RISES DUE
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DUE TO C
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RESONANCE
CREATES A MINIMUM

FIGURE 8. IMPEDANCE OF AN ACTUAL CAPACITOR (NOMN-IDEAL)
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URE 10. IMPEDANCE OF THREE CAPACITORS, THE SAME
SURFACE-MOUNT PACKAGES
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FIGURE 11. IMPEDAMNCE OF THREE CAPACITORS, SCALED
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Filter Capacitors

* 4700 pF, 0402 size

" Frequency characteristics (ESR., Impedance)
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Inductor
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Shielded

Moirking
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PCB Layout Structures
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PCB Simulations — Routing on Top Layer only

Tmm

Inductance

0 CopperlLayer

73,7 nH

1 CopperlLayer(100um distance) | 3,37 nH

1 Copper Layer (50um distance) 2,03 nH

2 CopperlLayer 3,37 nH
Components
e
100 um 35 um Cu
800 um
100 um 35 um Cu
35 um Cu

Power Routing

Power Routing

GND

GND
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PCB Simulations — Routing on Top Layer only
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PCB Simulations — Routing on 2 Signal Layers

Tmm

0 CopperlLayer

Inductance

2,215 nH

1 Copper Layer (640 um distance) | 2,19 nH

1 Copperlayer(320 um distance) | 2,16 nH

2 CopperlLayer 2,18 nH
Components
e
100 um 35 um Cu
800 um
100 um 35 um Cu
35 um Cu

Power Routing

Power Routing

GND

GND
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PCB Simulations — Top Layer only - Routing

100MHz 500MHz 1000MHz
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EMI Measurements
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Setup — CISPR22 (Industrial)
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easurement Examples

different input connection

Lavel incBim

Level incBim

el

Frequency in Hz

Freview Result H-GFK

Foraview Result 0-2F K

Critical_Freags QF K

EM SEQZZ (209) £ 1Radiated Jisterbance Im Class B QF
Final_Result QP K

T

]
10M 50 S0 80 0OM 200 200 400 500 00 B
Frequency in Hz

Freview Result H-GFK

Foraview Result 0-2F K

Critical_Freags QF K

EM SEQZZ (209) £ 1Radiated Jisterbance Im Class B QF
Final_Result @F 1

different supply voltages

T

Lavel incBim

Frequency inHz

Freview Re sult H-GFK

Foreview Re sult W-2F 1

Coritical_Frags QP K

E M SEQZZ (20) £ 1R adiated Jisterbance Im Class B QF
# Final_Result QP K

T
=]

Level incBim
£
5

B

o
30M 50 S0 80 0OM 200
Frequency inHz

P review Result H-GPK
P review Result 32 K
- Critica|_Frags @R
£ M 55022 (2090 £.1Radistad disturbance Im Class B QF
# Final_Result @F K
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Detailed Analysis
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Layout and component selection

190 N3 NO  W4d FCONSEIES

Ampltude(dB) Fixed
Ampltude(dB) Fixed
oo
w

0.09 10.07 20.05 4999
Freguency(MHz) Auto LogScale Frequency(MHz) Auto LogScale
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Layout and Component Selection
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Layout and Component Selection
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Component Selection and Placement

@ L8aL . SU 4}«1.“31.. @ .iNL_V. *NLA‘N.. L
[sfa] “[a3e] I[efe] 1[afe] |[e]mia], [sfa] “[a3+] |[efe] 1[afe] |[e]mia],
TUOU EaT G0 TUOU 8900 330 U3 VD TUOU 8T OMo TUOU _ 390Md 330 U3 VD
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sl-2 'm - ' =%

2l 182 is 2 7

= B 2
5 [ i
5

[=]

T sar

(=] MIv
‘ #ue.e—r.s
Reserssear | C1,C2 | 22 uF, 0603 size | e SUIBR2ar || C1,C2 | 470 pF, 0402 size

?f
=XART 3001 J3v
a aree M

. o], Tl | C9,C10 | notassembled . . (Eete] Tl | C9, C10 | 22 uF, 0603 size

“€qU £qU £qu
-sls241 101 bavorqqs 9 100 ;yino noitsulevs 101 age 907 108 ;yino noiteulevs 107

SAMEATEASA

Switching Frequency
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Component Selection and Placement
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Mitigation Strategies
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Shielding Layers
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Shielding Layer
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Shielding Layer

3GNI

GND
SGNI

- SND
"GNl oy

Spectral Comparison Spectral Comparison
Comparison Ampliude[-3.23 to 42.22 dBuV] Comparison Ampitude[-4.03 to 19.44 dBuV]
Comparison Frequency[0.092 to 49.988 MHz) Comparison Frequency[0.092 o 49.988 MHz)

50.0 50.0
408 —| 40.8 |
3 3
2 317 2 7
3z | 3z
3 3
2 2 i
= =
T T
El \ El
T 133 I 133
: H :
= 7MNW/\AMW \IUWA | 2
50 50
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Shielding Layer

Spectral Comparison
Comparison Ampltude[-4.03 to 19.44 dBuV]
Comparison Frequency[0.092 to 49.988 MHz)

Spectral Comparison
Comparison Ampltude]-6.20 to 7.65 dBuV]
Comparison Frequency[0.092 to 49.988 MHz)

Ampltude(dBLv) Fixed

1007 2008 49.99
Frequency(MHz) Auto LogScale

Ampltude(dBLv) Fixed

50.0

408

7

13.3

0.09

Frequency(MHz) Auto LogScale

10.07 20.05 49.99
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Shielding Layer

ERX Level: 4 — 0.94 mm; Interleaved Scan

= A A8 AC AD

Amplitude(dBuV) Auto

z A A8 AC AD  AF
Amplitude(dBuV) Auto
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Snubber at the Switch Node
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Snubber

RC Snubber Effect

200

150

100

Levelin dBp
w
Q

-50

100 . R L R -
0,E+00 1,6408 2,E+08 3,E+08 4,E+08 5,E+08 6,E408 7,E+08 8,E+08 9,E+08 1,E+09

Frequency in Hz

e Nt E]  — W ith Snubber
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Input Capacitor Design
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Switching Noise and Overshoots

Default Assembly 470 pF 0402 Capacitor at the Input

Telstop Tek stop .
; 6 $33MHz 9.92v . : : [m] 962MHz @  9.04V
O  638MHz 388V : : O 694MHz (@  3.64V
A368MHzZ AG6.04 ¥ ! H A403MHz A5.40 ¥
(]
777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 o -
{ @ 200V )[4.00ns 5.00GS/S @ -/ 6.04V [ @ 200V  |[4.00ns 5.00G5/5 @ s 6.04V
10k points 10k points
15:34:28 15:44:46
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Switching Noise

Oscilloscope probe connected

*RBW 300 Hz Marker 1 [T3 ]
*VBW 10 MH=Z 1.1%94 nv
Ref 9.988 mV Att 10 4B SWT 1160 = 495.000000000 MHZ

3 RH*
CLRWR

Center 450 MHz 10 MEz/ Span 100 MHz

Date: 9.AFR.2014 12:03:54

Oscilloscope probe not connected

3 RH*
CLRWR

Date:

*REW 300 Hz  Marker 1 [T3
*VBW 10 MHz 585,916 nv
Ref S.988 mv Att 10 4B SWT 1180 = G95.000000000 MH=z
[ = |
FRY
Mffw—vwm
../"’"_‘-M M‘“‘”\b—u_\“ 1
Center 450 MHz 10 MBz/ Span 100 MHz
9.AFR.2014 12:26:51
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Resonance Effects in the Input Capacitors

Bode Diagram
30 T T T
Z Ci
S —2Z.C2
207 zc3 -
\,\.- Z_Ceq ,")/
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‘\__l
—~ ol K\R System: Z_Ceq P
Q . Frequency (MHz): 64.8° 7
Py S Magnitude (dB): -8.73
o 10 Hx‘\_\ ||
g 10 N
c . .
g’ %) ;_,»-
= o0f 5 £
., System: Z_Ceq
\\.,f Frequency (MHz): 137
30 Magnitude (dB): -34.1
System: Z_Ceq u
a0k Frequency (MHz): 9.34
Magnitude (dB): -45.9
-
'SD 1 | 1
10° 10! 102 10® 104

Frequency (MHz)
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Resonance Effects in the Input Capacitors

Level in dBV

150

130

110

S0

Anti-resonance Effect

-50
0,E+00

1,E+08 2,E+08 3,E+08 4,E+08 5,E+08 6,E+08 7,E408 8,E+08 9,E+08 1,E+09

Frequency in Hz

——VinFFTOneCin ——VinFFTPaalelC_in
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Comparison

RC Snubber - Input capacitor Effect Comparison

200

150

100

Level in dBp
3

-50

-100
0,E400 1,E408 2, E+08 3,E408 4F+08 5E+08 6,E+08 7 E+08 BE+08 9,E+08 1,E409
Frequency in Hz

e [Nt i8] s—\ith Snubber  e——With Input Capacitor
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Spread Spectrum ?
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Waveforms and Spectrum
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Fixed Frequency Operation

=

Date:
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