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Triboelectric effect

The triboelectric effect (also known as
triboelectric charging) is a type of contac

lectr 1 in which certain materials
become ¢lcciricallv charged after they come
into contact with another different material
through fr
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Triboelectric effect

Electrostatic discharge produces:
- Currents of several amps
- High voltages (kV)
-1 <100ns
- Large bandwidth.

The friction between the materials causes transfer of
electrons and electrostatic charge of the materials



Electrostatic discharge
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Walking across carpet 35.000 V
Walking across vinyl tile  12.000 V
Worker at bench 6.000 V

Chair with urethane foam 18.000 V




Electrostatic discharge

Insulators

A considerable amount of charge can be generated on the surface

of an insulator. Because an insulating material does not readily

allow the flow of electrons, both positive and negative charges can
reside on an insulating surface at the same time, although at different
locations

Conductive Materials

Due to its low electrical resistance, conductive materials allows
electrons to flow easily across its surface or through its volume.
When a conductive material becomes charged, the charge will be
uniformly distributed across the surface of the material.




Charging process

Q=C-V
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An external field cannot generate any field inside a
conductive enclosure—> Antiestatic covers, paint,etc.




" Electrostatic discharge

Dicharge Human model

Cy=80-500 pF
R lo
Ry | 15A 1 Real Ry=1000-2000 Q
| S| — \ 30 kV QH=0'1 -5 “C

E CH::‘V E ; z *
= j"—\‘—‘sma:t V,=10-15kV |

The process of electrostatic discharge caused by the
human being through a resistance and a capacitor
can be characterized with a model. The voltages
reached can reach thousands of volts and tens of
amps
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Effect of ESD
.
l High E field m=)  Dielectric breakdown
( High currents =) Destructionof
components

AN

Encapsulating circuits in metallic boxes is not a
solution to prevent electrostatic discharges if the
ground connection is not adequate. Providing
alternative paths to ground for the conduction of
currents caused by ESD is a recommended practice



@, Components 44O

(Images obtained from catalog)

Varistors
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transient-voltage-suppression (TVS) diode

Fig. 7: USBDFO1WS5 circuit
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The components used to eliminate the effect of
electrostatic discharges are varistors and transils
(TVS). They have a sufficiently fast response to
suppress overvoltages, fixing the nominal voltage
value of the device.
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Electromagnetic wave

Direction
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Vertical Polarization: vertical electric field

A changing electric field produces a magnetic field,
and a changing magnetic field produces an electric field.

Once sinusoidal fields are created, they can propagate on
their own 10

The electromagnetic wave is formed by an electric
field perpendicular to a magnetic field and both
perpendicular to the direction of propagation



Near and Far field

+ E fields, high impedance, (dipole)
* H fields, lowimpedance, (current loops)
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Wave Impedance, Z=E[V/m]/H[A/m] Q ©

The term “near field” is used when the distance to
the focus is less than the wavelength divided by two
times pi
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Electromagnetic waves

Eo Shielding effectiveness (S) is a measure of how well
an enciosure attenuates electromagnetic fields

S =20 log (Eo/E,) (dB)
wave E, S =20 log (Hy/H,) (dB)

Absorptive

70
L\J

secondary Theoretical S of homogeneous material

P -Reflective losses, R

-Absorption losses, A and
« -Secondary reflective losses, B (ignore if
Shield
Thickness (t) A>8 dB)

S=A+R+B
For conductors, shield impedance:

If o>>jwe - ’ﬂ Z,= 377 :free space impedance
(o

Z., = E./H_: intrinsic material impedance

Effectiveness of a shield is associated to the ratio
intensity of the incident wave to the wave that is
capable of crossing the shield.
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Electromagnetic waves

The amplitude of the reflected field must satisfy the relation,

If t->m infinite thickness ‘Eref - |EO "FE
Eo r = Zm — ZO : Field reflection coeficient
E
\. Absorptive Zm +Zo
E loss
i ‘Em = IEO ‘TE
Reflected 22
e Zen E; r = :Fieldtransmission coeficient
ZO Zm + ZO
If the material is lossy 20, the transmited wave decreases
— ‘Em(x)l - ‘Em (x = 0)|e é - 1 Skin depth
Shield Fo P —

Thickness (t) \J'/Zﬁfo' 13
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Electromagnetic waves
2'20 Eo->m | mans |EHJ'(J' - f)‘ T
T,, =
A,
m o Then

E

= |Eo

frans

e i/
Z j 'Ir‘H J _,u \If_lu e /&
O'+_;n.5' leg

This expression applies to any shield material that
is much thickerthan one skin depth

‘E ‘ m, /J

ﬂ' ans

5 R(dB] A(dB)

E
| ) S=2010g‘;‘5 o £0 }20log-e’s

The final result shows the two most important
terms: losses by reflection and losses by absorption.
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Practical considerations

Far filed (plane wave)

Low frequency — Reflective losses (use conductive material)
High frequency — Absorption losses (use magnetic material)

Near field

Electric field E

Low frequency — Reflective losses
High frequency — Absorption losses

Magnetic field H

Low and High frequency — Absorption losses

22273
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é\« Absorption losses “A”
(E, H and planar waves)

The absorption loss, A(dB), is the attenuation due to power converted to heat

A = atenuationdB

d
st E, Ho, e”’? =20loge’[dB] ~ 5‘3-7"9i [aB]
E, H, o
! el
6 H ;g
\}m—f

d = Thickness
[= frequency
&= skin depth
p= resistivity
H=field at x=d

H at low frequency Absorption losses
are the most important

8dB by each sthatincreasesd

Doubling the thickness of the shield doubles
the loss in decibels

X=0 X=d
air I I air
Metal Zs
E0> Zm
E(q h Erans

B
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Absorption losses depend
thickness and skin depth.

fundamentally

on
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Reflective losses “R”
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Reflective losses depend on the impedances of the

different media involved
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Secondary reflective losses “MR”
| 2 o o aire aire
MR = 3“'10.{1 e’ J: ? |dB| Metal Zs
\ En z.
(for low values of d/3) \
E
Eis 9 Eour
_ .
Eq ¥

MR is important if absorption losses are low
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Near field: E dipole | Z: =
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r: distance from the source to the shield

Characteristics R
- High conductivity
- Zero voltage or constant voltage

dB
Foil Cu (d=0.1mm, r=100mm) R+A
+
250
A
100 | e, B
1 MHz
|z vz )| 1 o)
4 Z E Z m ‘

4 «/?@80 r

If w->0 =R, will be high,_
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Near field: H dipole

Za [ZH:2Jz;uf°r}
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Zy
R R :|(ZH+Zm)‘ W TGS
H A7 7 | N
| 44 uly | G BV s
“—t If Zy, >>Z, . This ecuationis not correct

- Low frec. Low effectiveness.
- High frec. Absorcion

- Ay (absorcién) increases if for r increase

d=r: distance from the source to the shield - Ay increases with high permeability
- Increase with “thickness”

20

magnetic materials are the most appropriate ones
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Planar waves

20:3??9
Far field (r>>1/27)

It ie nnt vary rammann
LIS netvery cemmen

R.. = Zo | _37703| Reflective losses
EM
17| a2

At low frequency (d/s low) MR and absortion are negligible

S (dB) » Copper d>35
At fl reflective losses are important. 200 d=1imm
SQEM
- Good conductors (high o) 150 Srem
g >> W& 100 '
10kHz 1 MHz 100:MHz
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Electric Field

- w

Magnetic field

0.02-in-thick solid aluminium shield

74

0.1 100

of a 0.02-in-thick solid aluminium shield.

10.000

¥ Frequency

kHz

Electricfield, plane wave,and magnetic field shielding effectiveness
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Practical considerations
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IfA/2<d SE=0dB

IfL/2>d SEx20Log(1/2d)

Ifr/2<d SE~0dB

n:number of holes

currents

slots

IfA/2>d SEx=20Log(1/2d)-10Log(n)

Holes
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Waveguide

Circular wavequide

Cutoff frequency below which it becomes an
attenuator 6.910°
D Jfo=— [H:]

O .
Effectiveness for f<fc

. D t
P =5, =32 [dB]

Rectangular wavequide
L ~5.910°

f("
1

(=]

t
S=27—[dB]
L L
s = —
= 2n
* Lenth in inches
t: thickness
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When the thickness is similar to the hole dimension
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Magnetic shielding

WE-FAS Flexible
Absorber Sheet

Images obtained from Wurth Electronics cataloge

WE-FSFS Flexible
Sintered Ferrite

Sheet
- !

“}

26

There are new magnetic adhesive materials to shield

small components

26
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’ Measuring the effectiveness

AC Voltage @?

To measure the effectiveness of a shielding you can
use two loops, one connected to a source and the
other one connected to the load. Placing the shield
between both loops we will observe the voltage that

appears across the load due to the field that crosses
the shield
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