Minimizing EMI & Noise Coupling
Among Circuit Regions
In Circuit Boards

Valuable concepts that PCB Designers can use immediately
for “partitioning” in layout topologies
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The “Process” has a name:

PARTITIONING

€ OR >

“How to have ‘lively & opinionated’ discussions
with everyone in the company about
‘what goes where’ on a circuit board!”



- Separation of High-Amplitude from Low-Amplitude
(e.g. “sensitive” signals or circuit regions) for optimal functionality

- Containment of specifically unique Spectral Regions

—> Protection of analogue circuits from digital spectra intrusion
(S/N Ratios)

- Exclusion of EMI Emission from interface — interconnecting cables

- Rejection of extraneously applied fields or currents
(susceptibility-immunity factors) from functional intrusion
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Partitioning Initially Requires
A Recognition Plan

- Recognition plan is a subset part of the system-product
“Common-mode Architecture”

- “Common-mode Architecture” is a derivative of the system-
product electrical / functional block architecture

- System-product functionality is identified initially in “block”
structures

- “Block” structures set the pattern approach initially for X-Y Axes
topology, followed by Z-Axis implementations.

- Inspection: What are the “threat” SOURCES and HOW will they
couple to VICTIM “receivers”?



Electrical “Block” Architecture Initiates
The “Evaluation” Process =

Is this enough?

Power
Distribution Interface Connections
CPU | > Memory & Interface Anglogue
Controllers r‘ > Digital
‘\\\x Functions

> Memory

Task: Identification of “Threat Sources” and “Victim Receivers”
GOAL: EMC (Self-compatibility)




Typical Prevalent Recognitions Might be Limited
to Flux and Capacitance Coupling of Signals

current

current

\flux illustrated using
four density levels

flux illustrated using current
one density level

electric field lines

What About Peak Transition Current Cross-Conduction

POWER Surges?

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,

E. Pavlu, and Elliott Laboratories




Inspection of “Threat” Sources:
Recognition of Predominant Common-mode
Losses & Potentials inthe X & Y Axes

Ecmi reglon

WB <>+ ® Ecuz region
B —+<H D‘I o
WG+ [}.i..@x,r.-, !
] i —_ :'|
Veourcs
Ipe
- —J
| |
...... Excites Common-mode Fields and
Peak-Current Cross-Conduction Loss Potentials From Patterned Layout
Surges With Circuit Devices........... Inductance Surrounding Devices

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories



Patterned Layout Inductance:
A “Phased Array” Effect

Worst place for
bypass
capacitors!

BEST place for
bypass
capacitors!

Peak-Current Cross-Conduction With Circuit
Devices > Surges Across “Via” Apertures
(at each rise and fall time).

Graphic from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories



The “Patterned Layout Inductance”
- Formation Seqguence -

Eem

TEM

RF Common-mode
Current in a contiguous
plane has comparatively
low loss........

KEY DESIGN CONSIDERATION:
WEB TO APERTURE SIZE RATIO
— VIA HOLE DENSITY!

Graphics from “EMCT: Electromagnetic Compatibility Tutorial” Used with permission from W.

....... but as Apertures
(escapes) are added, the
cumulative losses
progressively increase.

Blind Vias will dramatically
reduce “patterned layout”
inductance!

Michael King, E. Pavlu, and Elliott Laboratories



Distributed Common-mode Sequence

Examination of “Common-Mode Fields”
From Excitation Of Patterned Layout
Inductance Across 3 Axes

L2 L2 La Ls L Le
il Hrmi i Hmwr i T
Sy, [ : -
— CM — — lLlcM — M —
L L1 L3 Ly ki Ls
E: E> Es Es Es Es
Can anything YES!
increase the Coupling of
harmful coupling Fields = into
diStribU-tion Of Graphics from “EMCT: El_ec_tromagnetic Cpmpatib?lity Tutorial” MECHAN'CAL
these fields? Used yth pemiscor fom W Ml g structures




What Happens When HEAT Sinks Are Added?!

Ecmi

For best performance, connect the
heatsink to Lo on all four sides

— Ecm1

Increased Fields and Coupling
Probabilities Happen.............. ... Unless the CURRENTS CAUSING the
FIELDS are CAPTURED back to IMAGE Return
Planes
Graphics from “EMCT: Electromagnetic Compatibility Tutorial”

Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories




Common-Mode Coupling (Transfer Impedance)
Across Partitions: HEAT SINKS!

Icms Ecwm
Icma \':3'-. Hl
Hi ¢, ¢, H: el ,ﬂ::h &ﬂ,ﬂﬁ JUU\{
Icmm_'lz _; flz : @‘Lm-]ﬁ LIJBV 7J’f’ﬁld£7’wl

 fre=em | m%mm = 1
ﬂ'fﬂ; e~ o A 'm*ﬁwim}

- IC 4 ,_3 H IC; H

T 5 U ;

Lo plane
RF Common-mode current resultsinEM ... for which the solution is to
fields that couple to, then across, heat “terminate” both the “source” and
sinks in LOW RF Transfer Impedances..... “victim” heat sinks to the LO Planes

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories



Termination of Heat Sinks Can
Significantly Localize Even Multi-GHz Fields

— shield structure [heat sink closed on shield structure (heat sink) closed
four sides but shown open here for on four sides that is in contact with
illustration] that is in contact with the circuit board clad stripe

the circuit board clad stripe

111 ] ~internal
Lo planes

//— Icm shield eddy

!

internal
Lo planes

Icm residual
multiple via inter-ties from

surface stripes in Lo planes

shield structure closed on four sides that is in
contact with the circuit board clad stripe

nulls - chassis plane to Ly planes

Iem residual
multiple via inter-ties from
surface stripes in Lo planes

— aperture array
picket fence

| internal Lo planes
. surface stripes clad on

opposing sides

shield structure closed on four sides that is in —
contact with the circuit board clad stripe
nulls - chassis plane to Lo planes

v
jjp

%

B ]
Ve

=3

-
:

r~internal Lo planes

\—primary shield
current, Iswo

‘ l - surface stripes clad on opposing sides

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories



Termination of Heat Sinks Can Provide Significant
Regional Partitioning Performance Values (=50dB)

shield structures
’/ —captured/null

Ca surface effects
AT,

continuous copper clad
( shield inter-tie

[ 1 I | L

S0 Zraxis partitian What minimizes the
development of the
common-mode field

structures before they

spread?

Graphic from “EMCT: Electromagnetic Compatibility Tutorial” Used with permission
from W. Michael King, E. Pavlu, and Elliott Laboratories



Process:
A Quick Litany Regarding Ohm’s Law

Q: Where does current return?
A: To the source.
Q: Through what path?

A: The lowest impedance path.

Q: In an A.C. “dynamic system”, where
IS the lowest impedance path?

A: Where the source flux phase and
Image counter-phase link to
cancel inductance!



Inspection of “Threat” Sources:
Recognition of Z-Axis = Within Circuit Board

. Ier derived induction current —
layer 1/signal 1 |

layer 2/Lo = :
: . HL — — AP .-
layer 3/signal 2 == =) ux fringing ;
H2 ; \
layer 4/signal 3 = I = —— ‘ “ p—
£ u HI- ' —s]pp ?—’é v

layer 5/V-plane :
—+ via inductance

layer 6/signal 4 1 :
Y, E It W
+Ipp SR ™~ flux fringing

envelope of power flux

E:_T-I m

signal via barrel ——

Inefficient Flux Cancellation Through aperture -

“Stack-up”, Couples to multiple

routing layers, Implies Increased ... May Degrade Signal Integrity (S/N
Common-mode Potentials, and........... Ratios) By POWER Flux (Current)

Induction Into
Z-Axis Signal Routing

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories



Inspection of “Threat” Sources:
Recognition of Z-Axis Field Intrusions
—->Within Circuit Board

— flux/field

dichotomous gap
layer 1/signal 1 T -]

layer 2/Lo H—

layer 3/signal 2 :H1=_l -
H2 )

layer 4/signal 3 ?—Il _ J

layer 5/\f—p|ar1es'|_|1
layer 6/signal 4

— flux boundary A
flux boundary B

Split V-planes absent defined power images will
intrude power coupling into 3 of 4 signal routing
layers, and provide no uniform imaging. This will also
highly distort signal quality in two routing layers.

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories



Inspection FLUX Formations as Z-Axis Fields

— flux envelope
with >20W separation
in opposing trace
surfaces

Within Circuit Board

Etrace

Eimage return plane

OBSERVATION: When Signal Trace and Image Plane
(return) are far apart compared to trace width, there is
NO efficient FLUX linkage.

Without LINKAGE there can be no CANCELLATION
of inductance

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories



Inspection of FLUX Formations as Z-Axis
Fields Within Circuit Board

linkage boundary

trace

-

B

—image return plane

V-plane \ /flux linkage

LO plane/

OBSERVATION: As separation distance closes, flux

will link and implode with increasing density on alog | OBSERVATION:

basis. Imploding FLUX,
constricts field
GOAL: Optimal LINKAGE = Optimal Cancellation boundaries.

Optimal Cancellation = Optimal Containment

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories



Inspection of FLUX LINKAGE Distribution
as Z-Axis Fields Within Circuit Board

i(D)

a

Approximate

: : Signal
Profile of Density / Trace
o

Plane Approximately 80% of density
is bound within +/- 3H from
Center

FLUX AND CURRENT DENSITY, as a profile, is more accurately
characterized relative to the trace height above an image plane rather
than the distance from the edge of the trace.

Hence, the “3W Rule” may be appropriately viewed as the “3H
Rule” where “H” is the microstrip trace height above the image
plane. REMEMBER: Optimally, all signal flux is intended to
bind between the trace and the image plane.

. lo 1

'O = oy

Where

i(D) =Current Density at distance D" from center of trace
lo =Trace Current

H  =Height above image plane

NOTE:
Inductance results froma ratio of magnetic flux linked
around a conductor and the current sourcing the flux.

L = Inductance

@ = Magnetic flux

I = Current

Bd = Magnetic flux density

S = Surface area of integration




Inspection of EFFICIENT FLUX
CANCELLATION in the Z-Axis Fields Within
Circuit Boards

layer 1/signal 1

H1
layer 2/Lo ==
layer 3/signal 2

H2

layer 4/V-plane

layer 5/Lo fl

_ H1
layer 6/signal 3
flux boundary

EFFICIENT flux cancellation through “ Stack-
up” causes CONFINED common-mode
potentials, and low impedance power
distribution.

Inspection:
Are the flux- fields adequately confined?
Is there more to partitioning in the Z-Axis?

layer 1/signal 1

layer 2/Lo Hl—
layer 3/signal 2 T_
H2

layer 4/Lo l
o ane ﬁ
H2 flux boundary

layer 6/signal 3
layer 7/Lo [ —————————

layer 8/signal 4 Hl_

V-plane is undercut to termination use boundary

YES!
Concepts of Skin Depth due
to Skin Effect!

Graphics from “EMCT: Electromagnetic Compatibility Tutorial” Used with
permission from W. Michael King, E. Pavlu, and Elliott Laboratories



SKIN EFFECT — SKIN DEPTH

current

current

= four density levels

o \flux illustrated using

flux illustrated using
one density level

Within Conductors: Current Density Distribution

CURRENT DENSITY IS UNIFORMLY
DISTRIBUTED THROUGHOUT
CONDUCTOR CROSS SECTION >
ONLY AT D.C. AND LOWER
FREQUENCY A.C. APPLICATIONS.

FLUX ENVELOPE “PULLS”
CURRENT DENSITY TOWARD
THE SURFACE INCREASINGLY
AT HIGHER FREQUENCIES.

AT HIGHER
FREQUENCIES THE
CURRENT DENSITY
DIMINISHES AT THE
CENTER OF THE
CONDUCTOR AND
‘CROWDS” TOWARD
THE SURFACE




SKIN EFFECT — SKIN DEPTH In Planes
Within Circuit Boards: Z-Axis Current Density

CIRCUMSCRIPTION

FLUX DENSITY

CURRENT DENSITY CROWDED TOWARD THE
SURFACES OF A CONDUCTOR, ASSUMING
SYMMETRICAL FLUX CIRCUMSCRIPTION

To emphasize the formation of skin effect, the higher the frequency, the smaller the skin
depth — and - the more conductive and/or the more permeable the material (at higher
frequency), the smaller the skin depth. Given that observation in terms of skin effect, the
smallest skin depths occur with most conductive materials with higher permeability
(assuming that the permeability is evident as a characteristic of the material at high

frequency) and at the highest frequencies.



SKIN EFFECT — SKIN DEPTH In Planes
Within Circuit Boards: Z-Axis Current Density

PLANE #1
CURRENT
DIRECTION
OR
PHASE

FLUX ENVELOPE
“PULLS” CURRENT
DENSITY TOWARD

THE SURFACES

WITH THE FLUX

DENSITY
INCREASINGLY AT
HIGHER
FREQUENCIES.

FLUX DENSITY ENVELOPE IS DIMINISHED AT
EXTERNAL BOUNDARIES AND INTENSIFIED
TOWARD INTERNAL BOUNDARIES

FLUX DENSITY
ENVELOPE

PLANE #2
CURRENT
DIRECTION
OR
PHASE



NORMALIZED CURRENT DENSITY
DISTRIBUTION

SKIN DEPTH In Planes Within Circuit Boards:
Z-Axis “Captured” Current Densitx

1.0

0.9 // |
3

0.8 [i(x)dx = 0.95
0

0.7

0.6 ;
0.5 / [i(x)dx = 0.87

0

s —A
1/

0.3 -
0.2 7Lji(x)dx -0.63
0]

0.1
0

1 2 3 4 5
NUMBER OF SKIN DEPTHS

EXPONENTIAL EFFECT DISPLAYED IN GRAPH:

i(x) = l,e ™'

b =1
Skin Depth =1

APPROXIMATION OF CURRENT DENSITY CAPTURED TOWARD THE SURFACES OF
A CONDUCTOR AT VARIOUS SKIN DEPTHS.




Frequency Relationship of SKIN DEPTH In Planes
Within Circuit Boards:
Z-AXis “Captured” Current Density

Frequency Skin Depth 5 Depths Skin Percent
MHz Mils (inch Depths
() wits (inch) P Capture*
1 63
1 3 15
2 87
10 0.8 4
3 95
100 0.26 1.3
4 97
1000 0.08 0.4 5 99
EXAMPLES OF SKIN DEPTHS FOR APPROXIMATION OF
ANNEALED COPPER AT SPECIFIC CURRENT DENSITY
FREQUENCIES. CAPTURED TOWARD THE
SURFACES OF A
CONDUCTOR AT
VARIOUS SKIN DEPTHS.




Skin Depth VALUE Calculation

The value of skin depth is yielded by

~

=

&=

LUrO 0 (in meters since the values of (- and G are expressed with
relationship to meters)

where, @ =27 f where f 1s in Hertz
For reference, the conductivity of annealed copper is given as the symbol O, where
o =582 x10" mhos/meter for copper
with the relative values for other metals assigned the symbol - .
G- is a numerical value that results by applying the factor indicated by that designated for - to the

value of the reference,

The permeability of free space is given the symbol 4., where
H=4rx 107 Henrys/meter tor free space
with the relative values of other materials assigned the symbol (¢, .

Atr is @a numerical value that results by applying the factor indicated by that designated for (- to the
value of the reference.




REVIEW of Current Density
and Flux Distribution
as Z-Axis Fields Within Circuit Board

layer 1/signal 1 g

layer 2/Lo

layer 3/signal 2 m—

H2

layer 4/Lo ‘
o ane ﬁ
H2 flux boundary

layer 6/signal 3
layer 7/Lo [ —————————

layer 8/signal 4 Hl_n

V-plane is undercut to termination use boundary

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories



Efficient Flux Cancellation in
Z-AXxis — Within Circuit Board

circuit circuit
device device
1/51 s —», 5
2/Lo :
3/52
- 3
4/Lo |% £l
5/V ¥ T
cancellation”: |y :
6/S3 i | b Tk
ey s :T
8/54 ! 3 | E
“layer/function  yIA-1  VIA-2

- Power Impedance Is Dynamically Reduced.

- Common-mode Potentials Reduced Proportionately
- Power Flux Cancels in Small Loop Formations.

-> Signal Integrity is Defended.

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories



Inter-Stitched LO Vias May be Needed
To Cause Efficient Flux Cancellation

1/51
2/Lo
3/582

4/Lo
5/Vv

6/53
7/
8/54

ICy

Across the Z-A>E<is In Circuit Boards

circuit
device

Is—». 00

circuit
device

4lr

» f &
I s (B
LI-En,u;,-rﬂ’a.|nctiun \;VIA 1

VIA-2

image phase return
skew (shift)

Graphics from “EMCT: Electromagnetic
Compatibility Tutorial” Used with
permission from W. Michael King, E.
Pavlu, and Elliott Laboratories

—
time time

«—Ir phase lagged

circuit
device

1/51
2/Lo
3/s52

4/Lo
5/V

6/53

7/La

8/54
|

circuit
device

n

— layer/function

VIA-1Y VIA-2

Inter-Lo VIA
— restored phase

le—s

2

? relationship
(
e ———_ . |
‘ K T T Y
I e e N
L. i 1 1t _T_ §
/H PN T T ]
signal source
coaxial resistive load termination

«—Ip




Review of “Common-Mode Fields”
From Excitation Of Patterned Layout
Inductance — 3 Axes

After Topology and “Patterned Layout Inductance”, Coupling across regions
through Heat Sinks, Stack-up and Skin Depth Boundaries,

Are there other considerations?

YES!
Coupling of Fields = into conductive CHASSIS

Graphics from “EMCT: Electromagnetic Compatibility Tutorial” Used with permission from W. Michael King, E. Pavlu, and Elliott Laboratories



Coupling Through Field Transfers
to Case & Chassis Structures!

q . |
ﬁCCM Ecm7 ‘_] Ecms ‘_] Ecmo What is the

hassis e e LN magnitude of
coupling to and
ICé ICzCI—'Q ICé

3 across the chassis
: structure?

\—chassis plane
(conductive plate)

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories



Examination of Common-Mode Field Transfer
IMPEDANCES to Conductive Chassis Structures

Ecm or Vem

distribution of Ecm distance —»

L R L R L R L R L R L R

Zo—> Ca1 TFCdz T[Cdz TCd4 Iersts
SR T T O

distributed common-mode line

1000

500
271

300

centimeters

transition region

100

fieldWp

50 \ =1377|ohms
30
20 \\\ < \\
'R
\s‘
10 >
N & o,
(#]
sh B N
i |32« v}‘igux /)JS‘
Q -l
AR SNEAN
0.5
03 D
0.2 - : \
¢=near fiFId \
D'110 30 50 100 300500 1000

frequency, MHz

magnetic field dominant near
field Zw transfer approximations

10000

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King, E. Pavlu, and Elliott Laboratories




Implications of Common-Mode Transfers &
Excitations in 3 Axes With Cables
(Multiple Antenna Structures)

{z:}>

-
-
-----

$—4~«L—«£$’

e Llaih
] ] S ‘

Caz |I C:z] Cdak Cd ‘Cd |
NOTE: Fields are Ec:;r~1|-|' Ecvz! Ecws! Ecwa! Ecus TEcm n
spreading in the

gap across regions

of the circuit board!

Graphic from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King, E. Pavlu, and Elliott Laboratories



Partitioning With NULLS In the Z-Axis
Can Defend S/N Ratios and EMC

interface connection

Something

“sensitive”
/(Victim Receiver)

Digital Region
Car| Ca2| Cas

“noisy” 1 o | | | Cos | Cus |
\ Ecmi- ECM24| Ecva!  Hema! ECMSJECME.J/
) : Lo short,

(Threat Sources :
g\ /
/\ R B
: gy A I
s=minimum Ecmo

distance —»

Ecm or Vem

.0
o
= e
.0
o

4 NOTE:

Field

= Cd ..
Partition!

distributed common-mode line

eddy current, localized

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories




Close-Proximity Paralleled Boards

Will Mutually Couple!

e

Icm chassis monopole A

J-Iu
Ecms

Ca12

I11
Cua11

Icm

:?f”_”“""”%i 25' \|||||wil_\l.-;a".-‘
A 1)
=) T T
f" " -';ll JRURY LR II] \ I\I=||""l"}t

Demanding use of a
shield partition
between boards.

o
A TTIVTTTIARET

Mutual field
coupling can be in
the low tens of
Ohms!

monopole B

Graphic from “EMCT: Electromagnetic Compatibility Tutorial” Used with permission
from W. Michael King, E. Pavlu, and Elliott Laboratories



What (Else) Can Influence EMI
Partitioning in Planes?

HINTS

Remember: V-Planes with an image plane are
Z-AXis Transmission Lines

Are they appropriately “end-terminated?”

“End-terminated” in planes can mean “edge-
terminated!”

What optimally determines the use of “edge
termination?”



Undercut V-planes can Defend S/N Ratios

IC; IC
IC: IC: circuit circuit
P — device device | |
CIrCl.JIt CH’C{.Ht —7 —7
device device W 1. Loplane ‘c év" u"u’g
| 1 — \/- VLAY
plane
f; Lo plane Ire Ls
— x ion —
Ioo V-plane reflection
Zo ~ 5 Ohms
Lian Ri Lz Lsa Rz Lg Ls
1 T A1 WL
termination — v ”ﬂﬁammlv W=_ 3 J_uuou_J
BMTITITITIN mem o) Tt
Lis RL L Lz Rz L4
IC, IC:
circuit circuit
device device Ls IC: IC,
1 20000 CH circuit circuit
W 1. Lo plane _|_wuu T device device
s Cgrw:fr J : ) !
—P; V-plane Le g f; Lo plane W
[ L
L2
_ ﬂ: V-plane
reflection —
interface connector and cable —|4 ) o
ground intertie vias
Lin Rilz Lsa Rz La Ls
W "(mp 'w‘ﬁ’ﬂ wuu D-
+¢ ol J.JL_ Llia Rila Laa Ry Ls
ﬁ_umm M i chfT i e U g J@T 4
Ls Rils L Re Ly S iy, mumm S
Lis R] L  Lss Rz LA

Graphics from “EMCT: Electromagnetic Compatibility Tutorial” Used with permission from W. Michael King, E. Pavlu, and Elliott Laboratories



REVIEW of

Electrical “Block” Architecture

Power
Distribution

Interface Connections

NN

CPU

Memory & Interface
Controllers

A
\ 4

&
<

A

A\ 4

A\ 4

AN

Memory

A\ 4

Analogue
Digital
Functions

With the circuit board “recognition plan”

layout topology may be implemented.

in
place to integrate fields in the X, Y, and Z axes,




Implied Common-mode Architecture

Derivative of Electrical “Block” Diagram

(Power)
COMMON-
MODE
FILTERS

INTERFACE ANALOGUE
CONNECTORS INTERFACE
FILTERS
FILTERS ANALOG
(Bandwidth 4 L pGiTAL
Limiting & Functions
Common-mode) |

INTERFACE &
MEMORY CONTROLLER

Virtual

POWER

SUPPLY BLOCK
/

POWER

|

:|] BULK
N FILTER
'STORAGE

SERIES BUS
TERMINAT%,S*

SERIES
TERMINATORS

PROCE8802

BLOCK

>

‘L MEMORY

™ BLOCK

“MAP” of Architectural Topology With Function
and HUB, Initially Limited to X-Y Axes




Resultant Architectural Routing Plan

Interface Connectors Analogue
Interface Common-mode
- Power Filters
I I Filters
Bandwidth ‘ Anal
Limiting & B‘?‘ (.)tgllje
Common-mode . |gt|_a
Filters Lnations Power Supply
Interface & Memory / Power Bulk
Controllers “« » Storage
System “HUB (HUB)

Bus Terminators or
Bandwidth Limiting Series

Terminators

Processor Block Memory Block

Preliminary Routing “Plan”
Formation




Implied Topology of Circuit Board
With Chassis Plane

— interface controllers switching power —
supply zone

interface bus

processor Zone memory Zone

memory bus structure

processor bus structure

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King,
E. Pavlu, and Elliott Laboratories



Implied Topology of Circuit Board
With NULLS to Chassis Plane

— interface controllers

moats

— nulls at the bridges
switching power —

supply zone

— interface
connectors

— S
A_ s ASn A |

f——— processor zone

chassis plane

WHAT IF there
isn’'t a “Chassis
Plane?”

Graphic from “EMCT: Electromagnetic Compatibility Tutorial” Used with

permission from W. Michael King, E. Pavlu, and Elliott Laboratories




Implied Topology of Circuit Board With Inter-Stitched
LO Vias As Regional NULL Partition Boundaries

moat

e
V-plane C

V-plane A || V-plane B

routing path

Inter-stitched nulls

—— commaon-mode potentials, Ecm

— regional shield partition

boundary perimeter of
shield structure

moat

isolated circuit zone

circuit zone B, shielded

bridge

circuit zone A
circuit zone C
triangular via patterns

¢ ) collected
% ' routing,

0 virtual
bridge zone

routing exclusion zone—\

become boundaries
to EM Fields.

“PICKET FENCES”
Can be
implemented as
regional partition
boundaries.

Remember: Blind Vias
dramatically reduce
“patterned layout”

inductance!

Graphics from “EMCT: Electromagnetic Compatibility Tutorial” - Used with

permission from W. Michael King, E. Pavlu, and Elliott Laboratories



Implied Partitioning Topology of Circuit Board
Without Chassis Plane

bridge - hub

possible no-planes
’7 isolation zone

processor zone —|

H.ITTYYLY

emory zone

l\’\jlﬂts I
]

Be aware:
Resonances are
possible
across moats!

bridge - hub possible no-planes
’7 isolation zone

/ -

System “Hub”

processor Zone J memory Zone

localized shield implementation

Graphics from “EMCT: Electromagnetic Compatibility Tutorial”
Used with permission from W. Michael King, E. Pavlu, and Elliott Laboratories




Original “Recognition Plan” — Modified
- Becomes “Summary”

- PARTITIONING recognition plan is a subset part of the system-product “Common-mode
Architecture”

- “Common-mode Architecture” is a derivative of the system-product electrical / functional
block architecture

- System-product functionality is identified initially in “block” structures

- “Block” structures set the pattern approach initially for X-Y Axes
topology, followed by Z-Axis implementations for PARTITIONING CONCEPTS

- Separation of High-Amplitude from Low-Amplitude (e.g. “sensitive” signals or
circuit regions) for optimal functionality is a criteria set for PARTITIONING

- Containment of specifically unique Spectral Regions requires 3-Axes Views
- Protection of analogue circuits from digital spectra intrusions (S/N Ratios)
and Exclusion of EMI Emission from interface — interconnecting cables must include

examination of field transfer involvements “through” STRUCTURE & chassis coupling

- Rejection of extraneously applied fields or currents (susceptibility-immunity factors) from
functional intrusion will follow the partitioning concept in proportion to the approach.
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