Foreldsning 6
IE1332 Utveckling av elektronikprodukter

Kapitel 11 Layout and grounding
e Layout och jordning

* Partitionering

* PCB layout

* Principer for jordning
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Figure 11.1 EMC conirol measures
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Partitionering av system

( uncontrolied common
: maode currents

Figure 11.2 The haphazard systems

Daligt partionerat: Daligt definierade interface mellan delar,

externa portar utspridda
Kan vara svart att ha kontroll 6ver emission aven om man

skarmar och filtrerar
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Partitionering

filtered interfaces

overall enclosure

R K

114
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Non-critical
Critical power supply
circuitry
(digntal or
sensitive
analogue)
Non-cntical circuitry [

/
screered sub-enclosure

Figure 11.3 System partitioming

Separera systemet i kritiska och icke-kritiska delar ur EMC-synpunkt
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Jordning

Definition pa jord: en punkt, ledning eller ledningsplan som har
samma potential och ar referens for ett system
Meningslos definition ur EMC-synpunkt nar det gar strommar i

jordledningen!

Alternativ definition: en lagimpediv vag dar strommen kan atervanda
till kallan



Exempel pa returstromvagar

7 a) inital circuit
L

Ground 7 N
reference
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Exempel pa returstromvagar

I —| b) externally induced
: nose currents
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Exempel pa returstromvagar

C) revised to prevent

ground noise e ,
ke
in circunt .
S _{. -
—’
Iy

Figure 11.4 Ground current paths m an example circuit
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Transfer impedance

Conduit Plate Wire

> INCreasing Zy

Ze | Vinr = lop + 27
Z-r = RG * ]m(l.c - M)

Z
is a function of sircuit and ground geometry t
Vs lom signal circuit mutual inductance M T i
ot . 0.5(Vg + Viny)
— RSPy ¢ f 23 s ZL > ZT
7 v A
> lcw Re lg ground structure

Figure 11.5 Transfer impedance of the ground structure

2013-04-16 IE1332 Utveckling av elektronikprodukter KTH/ICT/EKT VT13 /BM



2013-04-16

Jordning, single point

Analogue

Digital

e

High-power/
inductive o/ps

Power supply

e

a) Single point ground )
B o Ve — Low-power oip
] | p ___r
| Ana'ogw - D’gl‘al | Dlg'ta' |
l T ' Low-power o/p
' e — -
"""""" K v Hgh-power/

Analogue . inductive o'p
T %
b) Modified single paint ground
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Jordning, multi point

multi-point grounding in digital sections

low-level

analogue

wideband
analogue

wideband
analogue

b '*. —
¢) Multi-point and hybnd ground

Figure 11.6 Grounding svstems
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Jordledningens impedans

equipment
ground wire | NM_D_IJMD— L
Z —> g (repeating
Zo = NL/IC L'"C'&R)
7
ground plane equivalent circuit {distributed L. C and R)
total inductance of wire L = X'
total capacitance of wire C = £C'
log |Z|4 ~ Zp1 = (0L)%R

Parallel resonances

SEeries resonances
ZS = R(ac)

> log F

Figure 11.7 The impedance of long ground wires
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Principer for jordning

‘EGrounding principles

All conductors have a finite impedance which increases with |
frequency l

« Two physically separate ground points are not at the same
potential unless no current flows between them 1

At high frequencies there is no such thing as a single point
ground

| _ = N

* Allaledningar har en andlig impedans som 6kar med
frekvensen

e Tva fysiskt separata jordningpunkter har samma
potential endast om det inte flyter nagon strom
daremellan

* Vid hoga frekvenser existerar inte nagot som heter
jordningspunkt
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PCB-layout utan jordningsplan
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Figure 11.8 Impedance of printed circuit tracks
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Minimera ledningslangd,
oka om mojligt bredden

Lagg returvagen parallellt
eller nara
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PCB-layout med gridded ground
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Narrow ground track run close to offensive Higher-current devi
g _ _ . ces tow
or sensitive signal track to provide local return grgund entry point s

|
Extra narrow trazks preferable to none

Figure 1.9 The gndded ground structure
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PCB-layout, dalig jordning

return :
current

path

Figure 1110 Undesirab ¢ the comb ground structure
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Figure 11,11 Impedance of ground plane versus track
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100

112

100m<.

10mQ2

Tmsl

PCB-layout, jordplan

7 ===
| 3cm L x0.5mm Wtrack J
- - , finite ground plane * ——4—
. = | 2 B,
”
! . ; T ’ 1 1
y N - j, ' —
o i
o T X :
- i 1-0z Cu plane
01 1.0 MHz 10 100 1G

* 5cm wide ground plane at 0. 8mm
under 3cm length of track.
according to equation 11.3
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Jordplan for billiga kort

Distance S determines
overall loop inductance
in each case

parallel tracks

tracks on opposite
sides of the board

ground plane on opposite
side of the board, allows
return path for any track
above it

Figure 11,12 Return current paths
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Infora jordplan i enkla kort

0V points taken

Common point direct to ground “
for OV track and plane, no track  ~J
copper plane ~ needed .

Ground plane o) =1
Copper plane on component !
on mp‘:)nent side of board \ : @
side of board 3 EFpmonence o000l

Figure 11,14 Taking all OV connections to the ground plane
Figure 11.13 Simple copper layer added 1o a single-sided PCB
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Avbrott i jordplan

signal
current

return
current

No matier how much copper,
this is not a ground plane’ linked with a short bridging track

If a break 18 unavoidable, it is best

Figure 11,15 A broken ground plane

2013-04-16

IE1332 Utveckling av elektronikprodukter KTH/ICT/EKT VT13 /BM

20



Slitsar i jordplan

siots in ground plane around DIL pads te traces between pads break up slots

———weewr! ]

B

HF return current must negotiate slots —
greater loop area is equivalert

HF return current can choose optimum

return path - minimum loop area means
to excess ground inductance lowest ground inductance

i i e P

inductive effectof slot: L = _§ x nH
2 + In{w/s)

where x is the iength of the slot in cm. w is the width of the plane
either side of the slot, s i5 the width of the slot, w >> s and x << A,
for a track across the centre of the slot, w being equal either side

Figure 116 Dealing with slots at DIL pinouts
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4 layer
2 routing

6 layer
3 routing

8 layer
4 routing

Multilayer
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Figure 11,17 Layer stacking on a multilay er board
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general purpose

good high-speed x-y routing

Qood power decoupling

good high-speed x-y routing

good power decoupling

good high-speed x-y routing
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Interfacejord

suppression/filter components (e.g. feedthroughs and LC/RC arrays)
\ "

\
4

‘clean” interface ground g RN il s : \

highly eritical
circuits
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: medium cn‘tical circuits \

7% A‘_.---- AT G R O G N N

N\ \
single-point link if necessary

low inductance connect on to external RF ground

Figure 11.23 The interface ground on a PCB
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Separata kretsjordar

Interface ground
Power supply
Vi V, supply
logie m“m
Jouwe Ve R
L——
v

[ 5 ]

—|= 3

digital interfaces —

ADC

P 4

analogue section

| digital section (ground plane) | &

do net connect digital 0V to chassis here

Figure 11.24 Multiple ground areas

case or chassis
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Anslutning kabelskarmar

ingie-ended driv balanced drive
= ' —DooocK
—
g‘
7

= =
right — —2RooocK
2 .

Z \nMarface ground =

7z Interfaca ground

Figure 11.25 The point of conrection of 1/0 cable screens
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