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Single Ended Signals

L Mesd V7

e Location of ‘ground’ via can affect return current
path

— Cause noise between the planes which can couple to
other vias and/or connector pins

— Noise from external sources can couple onto signal
vias affecting data quality
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: Differential Signal Vias
| R
* ‘Ground’ vias nearby can cause asymmetries
which convert intentional signal energy to
common mode noise

— Possible EMC issues

e Same amount of conversion from common mode
to differential mode can cause data problems
from external noise sources
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Modeling Process

Cavity resonance approach to find the effect
between planes

— Different distance to ‘ground’ via
Capacitance from via barrel to via keep out
Through and shorted vias

S parameters for each block for multi layered
problems

Everything assembled for final circuit
simulation
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: Breaking the Problem
L

Multilayer via transition geometry Field mapping and current path identification
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¢ One Plane Pair: Via Networks
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Signal Via
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Signal Via
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! TEM Field Between the Via and Antipad
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E- field at a location between !
the via and the antipad
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Single Ended Via Configuration

-- Spacing between
planes varied

-- Distance between
vias varied

{ ) '
3 One ‘Ground’ Via
a1 HMaTed 7 .
GND Via
TOPVIEW ®
®
SIG Via X Observation Point
(PORT 1) (PORT 2)
Planc 1 -
PROFILE anovial 1si6 vis X Otservaticn Pgint
YIEWY
Planc 2 . =
" B

Dicloctr ¢, Meta Thickness. 4.3 mil, Liril
Antipad, Fad, Via Drill Diameter; 25 mil, 20mil, 12 mil
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Amount of Energy Transfer to Cavity
10mils between planes- 1GND Via location varies in the y direction
{(No GND case is shown by the black dotted line)

- /] 7 10mil-50 mil SIG to GND
il - & 10mil-100 mil SIG to GND
= 10mil-200 mil SIG to GND
o -
< -48 7 10mil-300 mil SIG to GND
g 10mil-400 mil SIG to GND
[ .
& -53 10mil-500 mil SIG to GND
T — 10mil-600 mil SIG to GND
I—
g ~ . — 10mil-700 mil SIG to GND
-~
10mil-800 mil SIG to GND
Sy
~ie 10mil-900 mil SIG to GND
-G3 | ~ -
! ~ o — 10mil-1000 mil SIG to GND
f ™~ _ No Ground
-68
0.00E+00 2.00E+09 4.00E+09 6.00E+09 2.00E+09 1.00E+10

Frequency {(Hz}
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Effect of Positive & Negative

¢ Reinforcement Due to Multi-Path

Amount of EMI Noise in Cavity
10mils between planes- 1GND Via (800 mil between vias)
(Predicted Maximums and Minimums are marked with an 'X' sign)

= 10mil-800 mil SIG to GND

€8 | | | |
0 1E+09 26409 3E+09 4E409 SE09 6E409 7E+09 8E409 O9E+09 1E+10

Frequency (Hz)
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Maximum Noise Reduction

1 Vs. Distance and Frequenc

T s VT
Noise Reduction in Cavity Noise Reduction in Cavity
10mil Dielectric Thickness 35mil Dielectric Thickness
13 13 :
——50 mil SIG to GND
_—7
\ Mwwwmmmwm dl ——100 mil SIG to GND
11 e 11 4 _
RS S ’ ——200 mil SIG to GND
&~-"" 7 .
¢¢ ——300 mil SIG to GND
-~ 9 N -9 4 400 mil SIGto GND -
g g /
- - 7 ——500 mil SIG to GND
8 s /
E _ L _ g _ NP 600 mil SIG to GND
g 7 s 7/ : 1
& \\ \ g \ 700 mil SIG to GND
@ @
2 2 800 mil SIG to GND
2 5 & 2 g \ . i
\ 900 mil SIG to GND
)N = #1000 mil SIG to GND
NN
e 1 NN
1.E+08 1.E+09 1.E+10 1.E+08 1.E+09 1.E+10

Frequency (dB) Frequency (dB)
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Single Ended Via Configuration

¢ Two ‘Ground’ Vias
1000 mils
@ GND D1 set to 50,
d1I 100, 150, 200
® SIG x Observation mils
d21 Point
@ GND2

‘GND’ 2 moves while
‘GND’ 1 remains fixed

I
I
I
I
I
I
I
I
I

4
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EMI Noise {dB})

-33

-38

43

48

-53

-58

03

-8

Amount of EMI Noise in Cavity

10mils between planes - 2 GND Vias

GND1 is located at 200 mils above SIG via, GND2 moving away from the SIG via along y-axis

0.00E+00 2.00E+09

N ——GND2 to SIG = 200 mil

——GND2 to SIG = 250 mil
= (GND2 to SIG = 300 mil

—GND2 to SIG = 350 mil
——(GND2 to SIG = 400 mil

——GND2 to SIG = 450 mil
= GND2 to SIG = 500 mil
——GND2 to SIG = 550 mil

GND2 to SIG = 600 mil

S GND2 to SIG = 750 mil
GND2 to 5IG = 950 mil
4.00E+09 6.00E+09

Frequency (Hz)

== (ND2 to SIG = 225 mil
——GND2 to SIG = 275 mil
= (GND2 1o SIG = 325 mil

——GND2 to SIG = 375 mil
——— GND2 to SIG = 425 mil

——GND2 to SIG = 475 mil
GND2 to SIG = 525 mil
GND2 to SIG = 575 mil

GND2 to SIG = 725 mil
GND2 to SIG = 925 mil

----NO GND

2.00E+09
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Maximum Frequency of Benefit

z Vs. Distance
il ii | T |
Maximum Frequency: d1=50mil
Predicted Maximum Frequency as a function of d2
(0dB, 3dB and 6dB margin in noise reduction)

1E+11

] AT

g \

(i / I ——

£

&5 f (pp€dicting algorithm) T
f (predicting algorithm) - 3dB margin ""'*---...,.\

—
fmax (predicting algorithm) - 6dB margin
1E+09 | | | N N I N
10.00 100.00 1000.00

d2 - Distance between GND2 and SI1G vias {mils)
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Differential Via Configuration

One ‘Ground’ Via

TOP VIEW
T oa T -
- : ' GND :
: SymmetryA‘_ I
r = 50 mils I R ‘l |
r = 100 mils I ,?)?ﬁ TN g :
| r=150 mils I e N I
r = 200 mils | Tic. ]‘ ..... @’ Cavity Port !

= - 20n J
r=300 m!|S I 100% ‘l <_____[TII__--<-D ---- » X :

r =400 mils I 20mil ' 1000 mils

_ . Symmetry \ | :
I N | I
: S | I
I T - é’ :
I I

Dielectric Constant, Metal Thickness: 4.3, 1mil
Antipad, Pad, Via Drill Diameter: 35 mil, 20mil, 12 mil
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Noise Between Planes Due to

L____A_S\Lm\mgtrical GND @ 100 mils

The effect of asymmetric GND configuration on the Transfer Function

(GND via located 100 mils )

-50

——————

-60
/
/_

-70 —

e ———

~— -80 ~
=
.2
E /
|_|=_ '90 _/
2 A
s -100
o
=
-110
120 —A—— —4=16.7% Symm. —_—33.3% Symm. —+50% Symm
66.7% Symm. —83.3% Symm. 99.5% Symm.
-130 : : : :
0.0C0E+Q0 2.00E+09 4.00E+09 6.00E+09 8.00E+09 1.00E+10

Frequency {Hz)
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Noise Between Planes Due to

! Asymmetry and Various Distances

Mesd V7

The effect of asymmetric GND configuration on Transfer Function

Amplitude
-40
50 ——— _ S
o — jmr? m—— -
C— o m— | — -—_—___________
-60 /-":_- =1 _*____..--—"_ —_--________._.._--—--——'
_,-—""'_—__ P =) ——
= 70 — 2 _—— =T
= ////- -
§ 80 =
gs] 7
S -90 / e
W T e e - —— - - T e ——————
“ﬂj _100 _’_——---- R e e e 5 ------
2 .-""-— -------- - — e S e e e .
o - == de==" 7=
F 110 o= e |
s i} ="
120 H< = : : -
g =1 16.7% Symm. - 50mil —*=50% Symm. - 50mil -=<4 99 5% Symm. - 50mil
-130 — 16.7% Symm. - 100mil ——50% Symm. - 100mil === 00 5% Symm. - 100mil
140 1 — - 16.7% Symm. - 400mil 50% Symm. - 400mil == =99 5% Symm. - 400mil
0.COE+00 2.00E+09 4.00E+0%9 6.00E+09 8.00E+0S 1.00E+10

Frequency {Hz)
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Differential Via Configuration

Two ‘Ground’ Vias

Mesd V7

TOP VIEW

8% Symmetry | anp1

-
N
V4 \
7 Vol
/ v
L ‘ Cavity Port
A oomi ¢ *4 Y
50% Symmetry\.l'<'"2'6;rgi’|"“@'“‘ < >X
i 1000 mils
\ e

N |
R
s X
- &

GND 2 100%
Symmetrical

Configuration
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Noise Between Planes Due to

¢ Asymmetrical GND @ 80mils

Transfer Function: Differential Port to Cavity Port
TWO GND vias at 80mil
20 Comparison of various asymetrical configurations
-50
-60
rmy 8.3% Symm.
©
? —16.7% Symm.
-g -70 25% Symm. _
(&}
g e 33.3% Symm.
[F 9
3 -80 e A1.7% Symm. _
qé o= 50% Symm.
.g ‘‘‘‘‘‘‘‘‘‘‘‘ e 5.8 3% Symm.
-90 —66.7% Symm. |
==75% Symm.
-100 83.3% Symm. —]
91.7% Symm.
269.5 deg [99. 7% symmetry) 99.7% Symm.
-110 ' ' :
0.00E+00 2.00E+09 4.00E+09 6.00E+09 8.00E+09 1.00E+10
Frequency (Hz)
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Noise Between Planes Due to

! Asymmetry and Various Distances

Mesd V7

Transfer Function: Differential Port to Cavity Port
Worst Case Symmetry (solid graphs) - Best Case Symmetry (dotted graphs)

—8.3% Symm., r=80mil

8.3% Symm., r=100mil

P,
\\ 8.3% Symm., r=150mil
] \-.._ —8.3% Symm., r=200mil

\\\—8.3% Symm., r=300mil
- = 99.7% Symm., r=60mil

= = 99.7% Symm., r=80mil
99.7% Symm., r=100mil
99.7% Symm._, r=200mil

Transfer Function {dB)

100 ¥
4 ~~ ~ — 99.7% Symm., r=100mil
T~ _ 99.7% Symm., r=300mil
110 '

0.00E+00 2.00E+09 4,00E+09 6.00E+09 8.00E+09 1.00E+10
Frequency (Hz)
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Maximum Impact of Symmetry
= for Various Distances

The effect of the asymmetry on the transfer function
Amp = TF amp at worst case sym. - TF amp at best case sym

GND2: A A
105 deg (8% symmetry) | GND 1 | GND 1

30 ™ e o | |
| rier2 Change in TF | rier2 Difference in TF, r = 60mil
-------- .,'L' Amplitude i ""?
””””””” % >_'$ T ——Difference in TF, r = 80mil
25 —N\— 7 e T @ G —

Difference in TF, r = 100miil

\ zsg.szg;:j;symmew, —Difference in TF, r = 150mil
20 Difference in TF, r = 200 mil

\ ——Difference in TF, r = 300 mil
15 \

P
10\

e

Difference in Transfer Function {(dB)

(i

\
5 \
} L —
e —— — e
0 | |
0.00E+00 2.00E+09 4,00E+09 6.00E+09 8.00E+09 1.00E+10

Frequency (Hz)
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Maximum Impact of Symmetry

¢ vs. Distance for Various Frequencies

h

25

20

-
o

Change in TF (dB)
o

Mesd V7

Change in TF while comparing symmetrical and asymmetrical
configurations vs. distance of GND vias from the center of config.

TF (100%
TF (100%
TF (100%
TF (100%
TF (100%

-0% symmetry)

-0% symmetry)

-0% symmetry) -
-0% symmetry) -

|
- 0.501GHz TF (100% -0% symmetry) - 1GHz
-0% symmetry) -

1.58GHz ——TF (100% -0% symmetry) - 2GHz
-2.51GHz TF (100% -0% symmetry) - 3.16GHz

501GHz TF (100% -0% symmetry) - 7.1GHz —i
10GHz

60

[ ———
\__-—-_—___ —
————
————
| - e
110 160 210 260

Distance of GND vias from the center of config {mils} DES’G”GON‘”*



Transfer Function (dB)

The effect of asymmetric GND configuration - 10mil dielectric:

TF as a function of GND 2 positioning r=60mil
TF between Differential Mode Port to Cavity Port %

10GHz
5.01GHz

2GHz
1GHz
% / 0.5GHz

0 Zl—e/ 40 50 80 100
r=300mil Symmetry hetweenthe GND vias (%)
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Transfer Function (dB)

Dielectric thickness effect on the common mode noise
GND1 and GND2 are located at r1=r2=60mil - Worst case Symmetry

_40 ——
___.—-—""'-—-——-—__
__--""'—--__
____—-__-——_
5 / . T
f
-80 1/ . — GNDZ: i A —
_— / 105 deg (8% symmetry) | GND 1
/ I . Q
-0 | rl=r2 N
...0

3mil dielec. thick. Smil dielec. thick.
-80 —7mil dielec. thick. 10mil dielec. thick. —
—13mil dielec. thick. 15mil dielec. thick.
—17mil dielec. thick. -+ 20mil dielec. thick.
_90 | | |
0.00E+00 2.00E+09 4.00E+09 6.00E+09 8.00E+09 1.00E+10

Frequency {Hz)
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Change in Transfer Function {dB)

30

28

26

24

22

20

18

16

14

12

10

0.00E+00

Total effect of asymmetrical configuration of GND vias on the common mode

conversion for a particular dielectric thickness.
GND1 and GND2 are located at r1=r2=60mil

—5mil dielec. thick.

—7mil dielec. thick.

- 10mil dielec. thick.
—13mil dielec. thick.
—15mil dielec. thick.
—17mil dielec. thick.
——20mil dielec. thick.

GND2: M N
105 deg (8% symmetry) | GND 1 | GND 1
o0 o
] l
[’ B
! _ ! -
____{" ri=r2 Change in TF ____'0‘ ri=r2
\ Amplitude \
------------- "-"'“"“}—""'“"“ s ELEEEL LD &
-------- o .-@
. GND 2

269.5 deg (99.7% symmetry)

2.00E+09 4.00E+09 6.00E+09 8.00E+09

Frequency {Hz)

1.00E+10
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Transfer Function {dB)

Transfer Function: Differential Port to Cavity Port
GND1 _at 90 deg /10mil - GND2 at 60mil /varying symm. config.
Comparison of various asymetrical configurations

-40
—________.—-—-—'-'——_ /
> j/‘_;f//r”’—"/
-60 8.3% Symm. y
=—16.7% Symm. A
25% Symm. 0
-70 ~ \ ——33.3% Symm. } GND 1
——41.7% Symm. E
ymm { r1=100mil
/ —50% Symm. :
80 HHL \ ,
—58.3% Symm. Y
o0mil J
\ —66.7% Symm.
- Note: 75% symmetry ——75% Symm.
) best case for some 83.3% Symm. r2=60mil
frequencies (due to ——91.7% Symm.
100 distance imbalance 99.7% Symm. oo
0.00E+00 2.00E+09 4.00E+09 6.00E+09 8.00E+09 1.00E+10

Frequency (Hz)
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Transfer Function {dB)

Transfer Function: Differential Port to Cavity Port
GND1 _at 90 deg /10mil - GND2 at 60mil /varying symm. config.

Comparison of various asymetrical configurations

-40
e —
__—-—'—'---_--——_ /
> ::/—_;///'4
Note: Third Z
-60 8.3% Symm. y
=—16.7% Symm. A
25% Symm. ®
-70 ~ ——33.3% Symm. } GND 1
——41.7% Symm. E
L=y ! r1=100mil
—50% Symm. :
-80 [ |
——58.3% Symm. S
20mil ¢ :
——66.7% Symm.
=—T5% Symm.
S0 _/ 83.3% Symm. r2=60mi
——91.7% Symm.
99.7% Symm. GND
-100 !
0.COE+00 2.00E+09 4.00E+09 65.00E+0% &8.00E+09 1.00E+10
Frequency (Hz)
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Transfer Function {dB)

GND1 at 90deg/100mil - GND2 and GND3 at various locations
Transfer Function: Differential Port to Cavity Port

-40

-50

/__,._-__:—_:—

——GND2 at 210deg - GND3 at 330deg

\—GN D2 at 240ceg - GND3 at 300deg

= GND2 at 269.5deg - GND3 at 270 .5deg

GND2 at 120ceg - GND3 at 60deg
GND2 at 150deg - GND3 at 30dey

GND2 at 180ceg - GND3 at Odeg

0
I
|

|
! GND 1

GND 3

-100
0.00E+00

2.00E+409

4.00E+09 5.00E+09
Frequency {Hz)

&.00E+09

1.00E+10
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Differential Via Configuration

Two ‘Ground’ Vias

Differential to Common Mode Conversion S_,,,
TOP VIEW

8% Symmetry | anp1

- wnr
” A\ |
V4 \
/ o
/ v
L ‘ Cavity Port
A oomi ¢ *4 Y
50% Symmetry\.l'<'"2'6;rgi’|"“@"“ < >X
R 1000 mils
\ e

N i
N f I
S X
GND 2 100%
Symmetrical

Configuration
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Effect of Asymmetry on S.4p1 at 60 mil &

.—-.

400 mil Distance to GND Vias

Scd21: GND1 at 90deg/60mil - GND2 at
various angular location/60 mil

Scd21: GND1 at 90deg/400mil - GND2 at
various angular location/400 mil

-20 -20
-40 -40
-60 -60
-80 / -80
-100 f/ -100
g g
= -120 / = -120
ol ol
- /\ -
& -140 / @ -140
-160 - -160 / /
-180 -180 -~
0.00E+00 5.00E+09 1.00E+10 0.00Ex#00 5.00E+09 1.00E+10
Frequency (Hz) Frequency (Hz)

Symmetry at 8.3%

—SyMmmetry at 16.7%

Symmetry at 8.3% —Symmyetry at 16.7%

——Symmetry at 25% ——Symmetry at 33.3% ——Symmetry at 25% ——Symmetry at 33.3%

——Symmetry at 41.7% ——Bymmetry at 50% —Symmetry at 41.7% ——SyMmmetry at 50%

——Symmetry at 58.3% Symmetry at 66.7% ——Symmetry at 58.3% ymmetry at 66.7%
—Symmetry at 75% Symmetry at 83.3%

—Symmetry at 75%
—Symmetry at 91.7%

Symmetry at 83.3%
Symmetry at 99.7%

—Symmetry at 91.7% Symmetry at 99.7%
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Effect of Asymmetry on S_,,, at Various

i _..1_%tance to GND Vias

Scd21: GND1 at 90deg - GND2 various angular locations

-20
-40
-60
-80
= -100
=
~—i
o~
B-120
w1l
-140
-160
-180
0.00FE+@0 2 00E+09 410dE+09 6.00E+09 2.00E+09 1.00E+10
Frequency {Hz)
=4 -=r=60mil: Symmetry at 8.3% r=60mil: Symmetry at 5024 r=60mil: Symmetry at 89.7%
= =% =r=100mil: Symmetry at 8.3% e = 100mMil: Symmetry at 50% r=100mil: Symmetry at 99.7%
r=200mil: Symmetry at 8.3% = r=200mil: Symmetry at 50% r=200mil: Symmetry at 99.7%
==& = r=300mil: Symmetry at 8.3% e F=300mMi|: SYymmetry at 50% r=300mil: Symmetry at 99.7%

=== r=400mil: Symmetry at 8.3%

r=400mil: Symmetry at 50% smmmmmr=400mil: Symmetry at 99.7%
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Effect of Asymmetry on S_,,, at Various

o
= Frequencies
h-.ﬂﬁ-—
Common Mode Conversion:Scd21 Common Mode Conversion: Scd21
GND1@90deg/60mil, GND2@60mil GND1@90deg/400mil, GND2@400mil
-20 -20
-40
-40 ——
-60 —] xﬁ\k = \
A Mt ) — N
Pt —-80 — =N
g _ | S '--..__\
— -100 IS
g
$-100
-120
120 -140
140 | —0301GHz ——1GH:z —13.16GHz 160 - —H+0.501 GHz ——1 GHz +—-3.16 GHz
—>5.01GHz ——7.08GHz —-10GHz ——5.01GHz ——7.08GHz ~+—10GHz
-160 ! ! L L -180 -
0 20 40 60 80 100 0 20 40 60 80 100
Symmetry Percentage (%) Symmetry Percentage (%)
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! Maximum Impact of Asymmetry
e

* For a given distance, all frequencies have same
Impact vs symmetry

— Biggest maximum impact possible with good
symmetry

— Maximum impact is frequency independent
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symmetry

[_IVI_‘axm‘ﬁ‘Jm‘lmpac o

Change in S_,,,

- SR B,

Change in Mode Conversion Scd21
Difference in Sd21 amplitude between worst and best case 2%Symm
GND 1 @ 90deg/60mil - GND2 @ 60mil (angular location defines symmetry percentage)

100 . : :
0.10 GHz 0.11 GHz 0.13GHz
90 0.14 GHz 0.16 GHz 0.18 GHz
0.2 GHz 0.22 GHz 0.25 GHz
80 0.28 GHz 0.32 GHz 0.36 GHz
0.41 GHz 0.45 GHz 0.50GHz
70 0.56 GHz 0.63 GHz 0.71 GHz
T o0 0.8 GHz 0.89 GHz 1.00 GHz
i 1.12GHz 1.26 GHz 1.41GHz
§ 50 — 1.59 GHz 1.78 GHz 2.00 GHz
A —2.24 GHz 2.51 GHz 2.82 GHz ’
E 40 3.16 GHz 3.55 GHz 3.98 GHz
2 4.47 GHz 5.01 GHz 5.62 GHz /
g 30 6.31 GHz 7.08 GHz 7.94 GHz
8.91 GHz 10.0 GHz avg: r=60mil
20
10 /
_——-‘—"—‘
0 —— e —
-10
10 20 30 40 50 60 70 80 90 100 110

Symmetry percentage (%)
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Maximum Impact of Symmetry

R Vs Distance to GND vias and Frequenc

M s V0 .

Change in Scd21 as a function of symmetry

100

0
o

9]
o

N
o

—

Change in Scd21 (dB)
N
o

0 ——
-20
0] 10 20 30 40 50 60 70 80 90 100
Symmetry Percentage (%)
60mil ——0.501 GHz ——1 GHz -—3.16 GHz =—5.01GHz —7.08 GHz ——10GHz
100mil =——0.501 GHz ——1 GHz —3.16 GHz —5.01GHz ——7.08GHz ——10GHz
200mil =——0.501 GHz ——1 GHz 3.16 GHz —5.01GHz -——7.08 GHz 10 GHz
300mil —0.501 GHz ——1 GHz 3.16 GHz ——5.01GHz 7.08 GHz 10 GHz
400mil 0.501 GHz 1 GHz 3.16 GHz 5.01 GHz 7.08 GHz 10 GHz
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Differential Via Configuration

Two ‘Ground’ Vias
Differential to Common Mode Conversion Scd21

I——1

# l

 Mode conversion is 0
additive for each plane- s T
pair transition 3 &

I i
| !

— | ———

L
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Mode Conversion for Poor and Good
for Multiple Plane-Pairs

L_2ymmetry

K — s s
——2 Planes ——3 Planes ——4 Planes
-40 -40 —4+—5 Planes ——6 Planes ——10 Planes
Z —4—15 Planes ——20Planes ——25 Planes
-60 / -60 30Panes ——35 Planes 40 Planes
-80 H -80
— a
[aa] =]
-100 = -100 S
= g -
o v
120 -2 -120 %
—l—2 Planes —3 Planes <4—4 Planes —
]
-140 — ——5Planes ——6 Planes 4—10Planes ] -140
——15 Planes ——20Planes <4—25 Planes
-160 — -160
30 Panes ——35 Planes 40 Planes
-180 | | | | | | | | | -180
0.00E+00 5.00E+09 1.00E+10 0.00E+00 5.00E+09 1.00E+10
Frequency (Hz) Frequency (Hz)

Scd21: Common Mode Conversion
GND1 at 90deg/100mi| -GND2 at
105deg/100 mil (8.3%Symmetry)

Scd21: Common Mode Conversion
GND1 at 90deg/100mi| -GND2 at
269.5deg/100 mil (99.7%Symmetry)
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Mode Conversion for Poor and Good
& Symmetry for Multiple Plane-Pairs
for Various Frequencies

Common Mode Conversion Scd21
GND1 at 90deg/100mil - GND2 at 269.5 deg/100 mil
Symmetry at 99.7% - Best Case

Common Mode Conversion Scd21
GND1 at 90deg/100mil - GND2 at 105deg/100 mil
Symmetry at 8.3% - Worst Case

220 -20 ‘
10 40 ——0.501 GHz
~8-1GHz
-60 -60 —4—2 GHz
_ —=—5.01 GHz
3 -80 \ 5 & —=7.08GHz  _|
= ——0.501 GHz = / / 010 GHz
g100 —B-1GHz 5 -100
10 —+—2 GHz =
—+5.01 GHz -120
—=7.08 GHz
-140 ] ]
—o-10GHz 140
|
-160 160
0 10 20 30 40 0 10 20 30 40
Number of GND planes

Number of GND planes
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Summary

h M s V0 .

* Single Ended Via
— Effect of distance to GND via characterized

e Differential Via

— Effect of symmetry shown to be very important
* Noise between planes
* Mode conversion

* Multiple vias

— Important for BOTH emissions and Immunity
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