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EMC Test Boards

10 PCBs designed by the University of Twente for EMC education
e (Self) Inductance of a Wire
* |Inductance of Capacitor connection
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Inductance Definition

* Faraday’s Law §E dl——”— ds

* For a simple rectangular loop
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Via Configuration Can Change Inductance

!/SMT Capacitor
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Inductance of Capacitors

Cap. #1 — Vias and Value
All 1 nF '

10 mm trace to via

5 mm trace to via
1 mm trace to via

Multiple vias

No via

100 nF

10 nF

1nF

100 pF

10 pF



Inductance of Capacitors

Cap. #1 — Distance to Via
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Inductance

e Current flow through metal = inductance!
e Fundamental element in EVERYTHING
* Loop area first order concern

* Inductive impedance increases with frequency
and is MAJOR concern at high frequencies

X, =21



Given the Definition of Inductance

* Do these have inductance?

SMT

Capacitor PCB Vi
“Ground P CBVia

Strap”

Not until return path for current is identified!
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Current Loop = Inductance
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One qu to bring them all umd i
the Darkness bind them.

Courtesy of Elya Joffe
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Self Inductance

. &1 a= loop radius
* Isolated circular loop Lzl%a In—-2 ry= wire size radius

o
* Isolated rectangular loop

2 + 1+
P W L +——1+I2—— 1+

T 12 p

Note that inductance is directly influenced by

loop AREA and less influenced by conductor _ length of side
size! wire radius




Loop #1

Mutual Inductance

CD2 N M21]1 How much magnetic
()] flux is induced in loop
le =2 #2 from a current in
]1 loop #1?
Loop #2




Flux from
Current in
Loop #1
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Change in mutual inductance with spacing

I

X 24
Y:1.835

(nH)

The magnetic field
drops off rapidly,

so then does the

Mutual Inductance

X:100
Y:0.7312

N\

\ mutual inductance

X: 500
Y:0.02507
L
1

X: 1000

Y:0.01955

0

200 400 600 800
Spacing between the coils(mils)

Dr. Bruce Archambeault
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Example
Decoupling Capacitor Mounting

* Keep vias as close to capacitor pads as
possible!

Via Separation

Inductance Depends on < >
\\f -\ Height above Planes
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0603 Size Cap Typical Mounting

9 mils 9 mils 20 mils

<+“—> +“—>
+—>

<+“—> H
10 10 ' Via Barrel 10
mils* < > mils* mils

60 mils

Y G e L L L

*Note: Minimum distance is 10 mils

108 mils minimum but more typical distance is 20 mils

128 mils typical
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0402 Size Cap Typical Mounting

8 mils 8 mils 20 mils

<+—> <+“—>
—>

<+—> «—> |
10 10 . Via Barrel 10
mils* < > mils* | mils

40 mils !

__. ’ *Note: Minimum distance is
86 mils minimum 10 mils but more typical
| distance is 20 mils

B Gt

106 mils typical
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Connection Inductance
for Typical Capacitor
Configurations

Distance into board
to planes (mils)

0805
typical/minimum
(148 mils between

via barrels)

0603
typical/minimum
(128 mils between

via barrels)

0402
typical/minimum
(106 mils between

via barrels)

10 1.2 nH 1.1 nH 0.9 nH
20 1.8 nH 1.6 nH 1.3 nH
30 2.2 nH 1.9nH 1.6 nH
40 2.5nH 2.2 nH 1.9nH
50 2.8 nH 2.5nH 2.1 nH
60 3.1 nH 2.7nH 2.3 nH
70 3.4nH 3.0nH 2.6 nH
80 3.6 nH 3.2nH 2.8 nH
90 3.9nH 3.5nH 3.0nH
100 4.2 nH 3.7nH 3.2nH




Connection Inductance
for Typical Capacitor
Configurations with 50
mils from Capacitor
Pad to Via Pad

0805 0603 0402
Distance into (208 mils between (188 mils (166 mils
board via barrels) between via between via
to planes (mils) barrels) barrels)
10 1.7nH 1.6 nH 1.4 nH
20 2.5nH 2.3nH 2.0 nH
30 3.0nH 2.8 nH 2.5nH
40 3.5nH 3.2nH 2.8 nH
50 3.9nH 3.5nH 3.1 nH
60 4.2 nH 3.9nH 3.5nH
70 4.5nH 4.2 nH 3.7 nH
80 4.9 nH 4.5 nH 4.0 nH
90 5.2nH 4.7 nH 4.3 nH
100 5.5nH 5.0nH 4.6 nH




Lpecap Lic definition

Decaps on Top Layer

GND 22 >
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Layout Options(mils,

X

— e a a

traditional

alternating

Drill size: 8mils, anti-pad size: 25.5mils, pad: 16mils, min Space :5mils

Decaplayout  Decapsize X Y Keepoutregon
85

0201 132
2*(antipad+minSpace)?

0402 148 101 * ; 2
Alternating / Regular 2 (pfd+m|n§gacel -
0603 219 171 =>2% 930 mil? + 2* 441 mils?= 2742
mils?= 1.76mm?
0805 235 211
0201 96.5 71
Doublet i 104.5 87 (1.5*antipad_D+pad_R+minSpace)?
0603 139.5 158 => 2627 mils?= 1.69mm?
0805 159.5 174
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L comparison (h=10mils, 0201) Normalized

Decap

-..raditional - __Alternating Short
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L comparison (h=10mils, 0402) Normalized

Decap

Traditional Alternating
| T S
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. LDecap vs # of Decaps, 0402 LDecap vs # of Decaps, 0402
10 T e T T
—6—Regular [ O.ZT —©—Regular ||
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L comparison (h=10mils, 0603) Normalized

Decap

Traditiona

___________

LDecap vs # of Decaps, 0603

LDecap vs # of Decaps, 0603

0
10 : " T T
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L

Decap

comparison (h=10mils, 0805) Normalized
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summary

* Loop area is most important

* Via distance to capacitor pad MATTERS
* Wire size is a minor factor

* Capacitor physical size matters



