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Introduction

O Routing traces over splits in reference planes may cause
significant signal degradation in multi-gigabit data
channels

O To maximize the transition of the signal over the splits
and minimize the reflection, stack-up has to be optimized
to minimize the effect of the splits

O This example demonstrates how to use electromagnetic
simulator for quantitative analysis of the effect of slot in a
reference plane on S-parameters of a small trace
segment

o Simbeor 2007 full-wave 3D solver for multilayered
circuits is used to generate the results
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Micro-strip line segment (no slot yet)

Materials and stackup in Simbeor

O Simple 4-layer stackup Solution

. Solution: "CrossingSplit1"

0 Wideband Debye dispersion e
and loss models used for the B2 Lt
dielectrics o £ bremeg, Dtz L1002 P

0 8-mil wide micro-strip line i T
segment in the topmost layer
“Signall”

4| Medium: T=20, Ins="FR4"
5| Plane: "Planez", Mat=""Copper", T=0.77, Ins="FR4"
= dp 1eLOverSito Circuit MSLOverSIotO in
=14 CircuitData: LU=[mil] ircul \4 I

&| Medium: T=4, Ins="prepreqg"
7| Signal: "Signalz", T=1.2, Ins="vacuum"
(#-48E Mulkiport: 2 inputs, 2 ports Simbeor Solution
- [ LatticeBo
El. Gearmetry: Truncation=0. 1[mil]
by Composite Object
El.I TlLines
=R [Tl
1 omlm Shrip: Ackive +1, "Signall”, "Copper”, YC=0, W=
- =l Tline ¥: Start=0; End=0
..am Slat; Floating, "Planel”, XC=0, W=10
l§ Inputs
-3 Simulationt

Start "Inputl” ExP=-45, RP=-5; End "Input2" RP=5, ExP=45

17 Moy 2007, 13:21:36, Simberian Inc.
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S-parameters of a small micro-strip line
segment (simulation set-up calibration)

Circuit MSLOverSlotO
SlotLength=0 [mil] Ports de-embedded to have

just 10-mil line segment in
the middle (where the slot
will be located)

—#—— Projectl MSLOwerSlatl Simulation, 5[1.1] — % —
—*%—— Projectl.M5L0werSlotd. Simulation, 5[1.2] — % —
‘:(E% M agritude{5 ], [dB] Angle(S], [deq)
0 %%
17 Moy 2007, 13:21:36, Simberian Ine. Lol S - W D 4ol 1100
S-parameters are normalized %] f); S
to 50 Ohm and characteristic P T = P 778
impedance changes with W REFTEL LU
frequency, that causes .1 Coefficient |S11 150
. R _H—ﬁ—"*—’*__*‘_*_*
increase of reflection at }kw |
higher frequencies (reaches 807 P
about -40 dB at 20 GHz) .
* — 10
_52_5__*(7/(.—*-—*—1(:&_;:'—*——*—7—## _"’9_"!‘“_*—‘*'.—*-—*—*
25 5 75 10 125 15 175 20
17 Moy 2007, 13:25:42, Simberian Inc. Frequency, [GHz]
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5 circuits with different slot length and slot
width 10 mil (size along the t-line)

Circuit MSLOverSlot3

Circuit MSLOverSlotl Circuit MSLOverSlot2 - :
SlotLength=8 [mil] SlotLength=20 [mil] SlotLength=40 [mil]
-\1 .
'fﬁ \\\ in all  17Nov2007.1356:34, Sirberian Inc. 17 Nov 2007, 13:57.08, Simberian Inc.

17 Now 2007, 13:55:29, Simberian Inc. examples

Circuit MSLOverSlot4
SlotLength=80 [mil]

SlotLength is a

parameter
N
Circuit MSLOverSlot5
£, SlotLength=120 [mil]
5 = 17 Mow 2007, 13:57:44, Simberian Inc. EX
Simberian 10/7/2008 © 2007 Simberian Inc. 17 Moy 2007, 13:58:24, Simberia
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Magnitude of reflection coefficient |S11| for
circuits with different Slot Length

Acceptable reflection loss for a single

—#— Project] MSLOverSlotl Simulation, 5[1,1] . . . .
SlotLength —e— Project] MSLOverSlat! Simulation1, S[1.1] discontinuity depends on a particular
. —— P'ru:uieu:ﬂ.MSLDverSIu:ut2.5imu|atiu:un1, 5[1.1] d ian
increases —&— Project MSLOverSIot? Simulationd . S[1.1] esign.
—+— Project] MSLOverSlotd. Simulation , 5[1.1 - 1
T Fioteat MELDverSlts Simation 5011 25 dB selected for this example.
Magritude(S], [dE]
0T .
: 120 mil
Reflection above A_F__H/\
. -25 dB may [cause T | L —t
- SI problems o L !
o T ST | The longer the
201 Lo = S slot, the higher
A — == the reflection
a0+ /;/f E’fﬂa*" Mﬁ —
| — ]
47 o]
/)/ MM
an{d < w‘“’ﬁ e I R i | D0
’9,/-#""( Mw—*‘*’
| L+
st j?"ﬂ 3
p A The higher the frequency,
yd the higher the reflection
601 N S-parameters are
¥ normalized to 50 Ohm

125 25 375 & E25 75 @75 10 1125 125 1378
17 Mow 2007, 14:16: 28, Simberian [hc.
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Magnitude of reflection coefficient |[S11| as a
function of the Slot Length

Cut-outs in plane 10 mil along the
single micro-strip line and 20 mil
across the line may cause Sl problems

—#— 1 GHz, strip=1, 5[1.1]

Frequency —&— 5GHz. stip=1, 5[1.1]
—— 10GHz. stiip=1, 5

5

5

) 1.1]
INCreases —5— 15GHz, strip=1,5[1.1]
e 20GHz, stipe 5[] at 10 Gbps
M agritude(S]. [dB]
aDg!r'uu e / 20 GHz
Reflection above Ly
ol 25 dBmaycause S| +——T T [ | = _
' problems ﬁff;'___d__d_____d_—P—:«' The higher the
fﬁ/i Sy frequency,
A I the higher the
/] /‘ /’“‘" reflection
IR D B T S
| ——i—
%7 v s
.4|:|-f:/ 1 GHz
/ / The longer the
50T -
slot, the higher
ol the reflection S-parameters are
J | | | | | | | i . | | | normalized to 50 Ohm
0 125 25 3F5 B0 E25 75 875 100 1125 125 1375 180
17 Moy 2007, 14:35:33, Simberian Inc. SlatLength [mil]
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S-parameters of a small differential micro-strip line
segment (simulation set-up calibration)

Circuit DMSLOverSlotO Two microstrips 7 mil wide and 17.5

SlotLength=0 [mil] mil apart (about 100 Ohm

differential impedance).

Ports de-embedded to have just 10-

gt mil line segment in the middle
(where the slot will be located)

Flanes
*Sianalsd
—=— Project? DMSLOverS ot Simulation, 5[1.1] —= —
—=— Project2 DMSLOverSlotd Simulation, 5[1,2] — & —
Magnitude(5]. [dB] Anglel5), [deq]
':"85_& o
Ll
17 Now 2007, 14:5051, Simberian Inc. T—e-wlo o 4 o ol 7100
. . . . 1257 $‘——w—¢_—;—_9_e__€
Differential to differential S- |
parameters are normalized to  =1-Low Reflection
100 Ohm and characteristic | Coefficient |S11dd]
Impedance changes wit \ PN I e
frequency, that causes al el 5
increase of reflection at el
higher frequencies (reaches azs%ww o o—s 5
about -40 dB at 20 GHz) 25 5 75 10 125 15 175 20
17 Moy 2007, 14:54:31, Simberian hc. Frequency, [GHz]
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5 circuits with different slot length and slot
width 10 mil (size along the t-line)

Circuit DMSLOverSlot3

Circuit DMSLOverSlotl i i
Circuit DMSLOverSlot2 SlotLength=42 [mil]

SlotLength=10.5 [mil] SlotLength=24.5 [mil]

L = -..- I:ll:lrt 2

17 Now 2007, 145831, Simberian e 17 Nov 2007, 15:00:01. Simberian Inc. 17 Nov 2007, 15:02:26, Simberian Inc.

Circuit DMSLOverSlot4

) SlotLength=161 [mil]
SlotLength is a
parameter
N Circuit DMSLOverSlot5
SlotLength=80.5 [mil]
17 Now 2007, 15:03:09, Simberian |t
2. Simberian 10/7/2008 © 2007 Simberian Inc. 17 Mev 2007, 150415, Simber g
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Magnitude of reflection coefficient |S11dd]
for circuits with different Slot Length

The reflection is smaller than in
—#— Project2 DMSLOverShatd. Simulation, 5[1.1]

SlotLenath | —— Proiect2 DMSLOverSlot! Simulation S[1.1] the case of a single micro-strip
g ——— Project? DMSLOverSiot2. Simulationd, 5[1.1] - - - -
increases —5— Project? DMSLOverSlot? Simulation, S[1,1] line, but still not negligible
—+— Project? DMSLOverSiotd. Simulationd, 5[1.1]
—&— Project? DS LOwverSoth Simulationd, 5[1.1]
b agritude(S], [dB]

I:l..
Reflection above
-5 dB may cause
A0t
Sl problems 161 mil
//
20l / ____r_,n,_dea—:i:’ﬁ-::’*]
/ Eﬁﬁfwﬁ&** - The longer the
ol %%Ez*af*””& | e+ | slot, the higher
%B,,srﬁ b T the reflection
/)@’/”/E/ Hﬁﬁ E@ﬁiﬁzﬁﬂ
A1 /Er e D e ™ 0 mil
¢ }// ]
il M:ﬁﬁ
=0 Fe - X
S The h_|gher the freque_nc,y, 1S11dd] is reflection
ol & the higher the reflection of differential mode
7 in 100-Ohm channel
125 25 375 & 625 75 875 10 1125 125 1375 15 1625 175 1275
17 Mow 2007, 15:07:11, Simberian [he. Frequency, [GHz]
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Magnitude of reflection coefficient |S11dd]
as a function of the Slot Length

Cut-outs in plane 10 mil along the

—+—1aHzsup=0,51,7]  differential micro-strip line and 80
Frequency
increases
M agritude(S), [dB]

—&—— B GHz, stip=0. 5[1.1] mil across the line may cause S
problems at 10 Gbps

—— 10 GHz, strip=0, 5[1.1]
—8— 15GHz, stip=0, 5[1.1]
——+—— 20 GHz, strip=0, 5[1.1]

|:|..
Reflection above
10ll-25 dB may cause Sl
problems / 20 GHz
Slot Length : y
smaller than 2] o 1= °| The hi
. T | e higher the
distance \L ;E;“"’ fre ue?lc
between strip ;! A H =l h qh' . Y .
edges ~_ / Pons nEEE t fel '9 er the
™ ¢ reflection
-40 18 — E/
] - —+
s Je—r il The longer the \ 1 oh
~J . Z
// slot,| the higher
al the reflection |S11dd] is reflection
| of differential mode
0 125 25 375 50 625 75 G765 100 1125 125 1375 150 in 100-Ohm channel
17 Moy 2007, 15:30:45, Simberian Ihc. SlatLength [ril]
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Strip line configuration to investigate effect
of slot in the closest plane layer “Planel”

Materials and stackup in Simbeor

O Simple 6-layer stackup Solution

-850 ial
and loss models used for the P i,
Stackilp: LU=[mil], ML=11, T=31.45
. 4| Medium: T=4, Ins="prepreg"
Circuit StripUnderSlotO
. 8| Medium: T=4, Ins="prepreg"

0 Wideband Debye dispersion @ sobsion: Crossgspiz
EI- Project1
. . 3 "FR4", Dk=4.1, LT=0.02, PLM=\WD
dielectrics
'mrepreg”, Dk=4.2, LT=0.02, PLM=WD
D 6' m | I Wl de Stl’l p I | ne Seg m e nt mm ]| Signal: "Signall®, T=1.2, Ins="vacuum"
. . . - 21 medium: T=4, Ins="FR4"
In th e In ner Iayer “S I g nal 3" - 3| Plane: "Plane1", Mat="Copper", T=0.77, Ins="FR4"
- 5| Signal: "signal3”, T=0.77, Ins="prepreq"
- & wedium: T=10, Ins="FR4"
- 7| Signal: "signal4”, T=0.77, Ins="prepreq"
- 9| Plane: "Planez", Mat="Coppet", T=0,77, Ins="FR4"
[ 191 Medium: T=4, Ins="FR4"
- 11| Signal: "signalz", T=1.2, Ins="Yacuum"

17 Mow 2007, 15:45:02, Simberian [hc.
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5 circuits with different slot length and with
slot width 10 mil (size along the t-line)

Circuit StripUnderSlotl Circuit StripUnderSlot2 Circuit StripUnderSlot3
SlotLength=6 [mil] SlotLength=18 [mil] SlotLength=39 [mil]

“Ex e

17 Mo 2007, 135316, Simbefia

e

17 Naw 2007, 15:53:36, Simberian Inc.

17 Mow 2007, 15:53:28, Simberian Inc.

Circuit StripUnderSlot4 Circuit StripUnderSlot5
SlotLength=78 [mil] SlotLength=159 [mil]

17 Moy 2007, 15:53:50, Simberian 17 Mow 2007, 15:54:00, Simberian Inc.
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Magnitude of reflection coefficient |[S11| as a
function of the Slot Length

Cut-outs 10 mil along the single strip line

—+—16Hzsmip=t.501] and 25 mil across the line in the closest

Frequency | & _
T papaet Bl reference plane may cause Sl problems at

increases !
o il 10 Gbps (similar to the micro-strip case)

M agnitude(S). [dB]
0f 20 GHz

Reflection above /
0 -25 dB/may cause Sl T

problems 7" ||« | The higher the

e frequenc
[ =3 q y’

207 \L

B the higher the
reflection

W AT Fnelon o

A0 1
her

601 A
S-parameters are
normalized to 50 Ohm

i
I P

,
D

oN(e)

(
D
(ang

.?D 1
0 125 25 ErA &0 E25 Pl a7 100 125 1258 1375 150
17 Moy 2007, 16:02:14, Simberian Inc. SlatLength [mil]
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5 circuits describing differential strip-lines
with a slot in the closest plane layer

Circuit DStripUnderSlot0 Circuit DStripUnderSlotl
. ) SlotLength=0 [mil] SlotLength=7.5 [mil]
Two 5-mil wide strips

in the layer “Signal3”,
12.5 mil apart (about
100 Ohm differential

iImpedance)
17 Mev 2007, 16:10:57, Simbn Inc. 17 Nov 2007, 161112, Sinenar nc.
Circuit DStripUnderS_IotZ Circuit DStripUnderSlot3 Circuit DStripUnderSlot4
SlotLength=17.5 [mil] SlotLength=30 [mil] SlotLength=80 [mil]
ff_____,_. l“"‘-. __,,-"'"__f-. ) e g

““““‘ =

<=

17 Maw 2007, 161205, Simberian Inc. —

‘QE% '--..____“““““ =

17 Mo 2007, 16:11:51, Simberian Inc.

\“.
17 Mo 2007, 16:11: 26, Simberi nc.
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Magnitude of reflection coefficient |S11dd]
as a function of the Slot Length

Cut-outs in the closest plane of differential strip

—#— 1 GHz, stip=0, 5[1.1
Frequency l LaH w0 sl line may not be a problem for the differential

increases % 10GHz. stip-0, S[11) signal in the low Gbps range (though it is still

—+&— 15 GHz, stnp=0, 5[1.1]

—+— 20GHz. sip=0.5[1.1] @n obstacle for the common mode)
Magnitude(5], [dE]

Reflection above
-25 dB may cause
problems

U)

A0+t

/ 20 GHz

E—— =N

e || The higher the

20 \[

07

/*/ /‘_/ ||| frequency,
401 ﬁ P anm R the higher the
[ﬂ /e/ reflection
e
< //d .. _ N\ 1 GHz
el = Reflection increases quickly
/ ~ as the slot cuts|the return |S11dd] is reflection of
currents in the plane differential mode in
707
— : : : : ; ! 100-Ohm channel
n 10 20 an 40 a0 B0 70
17 Mow 2007, 16:20: 26, Simberian [ne. SlatLength [mil]

Simberian 10/7/2008 © 2007 Simberian Inc. 16
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6 circuits with strip in layer “Signal4” and
cut-outs in the remote plane layer “Planel”

Circuit StripUnderSlotl Circuit StripUnderSlotl Circuit StripUnderSlot2
SlotLength=0 [mil] SlotLenath=6 mill SlotLength=18 [mil]

17 Mow 2007, 16:38:36, Simberian Inc.

17 Mov 2007, 16:38:12, Simberian Inc.

17 Mow 2007, 16: 3758, Simberian nc.

Circuit StripUnderSlot3 Circuit StripUnderSlot4 Circuit StripunderSlot5
SlotLength=39 [mil] SlotLength=78 [mil] SlotLength=159 [mil]

S

"@ = 17 Now 2007, 16:3905, Simberinine,
17 Maow 2007, 16:38:49, Simberian |ne. 17 Now 2007, 16:39:27, Simberian Inc.
Simberian 10/7/2008 © 2007 Simberian Inc. 17

i Electromagnetic Solutions




Magnitude of reflection coefficient |[S11| as a
function of the Slot Length

Cut-outs in the remote reference plane

Frequency | ——<— s st i) may be not a problem even for signals
increases | T aHe bt Bl with 20 Gbps data rate
—+— 20GHz. stip=1. 5[1.1]
M agritude(S), [dB]
10l All|configurations have reflection
below +25 dB up to|20 GHz
W/
217 / 20 GHz
a0+ — N\
I i M I B
wl T ] | . ————| The higher the frequency,
%Z’:ff’w N ——| | the higher the reflection,
P = e e et il though it is relatively low
e—”x"f fff
= L
B0 To—e —
.,—o—'—'_'_'_'-‘_'_'_'_'_'_’
] 1 GHz
0T /J*/_/
e S-parameters are
0 125 25 375 50 625 75 875 100 1125 125 1375 150 normalized to 50 Ohm
17 Mow 2007, 16:54:37. Simberian Inc. SlotLength [mil]
\ Simberian 10/7/2008 © 2007 Simberian Inc. 18
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Differential strips in layer “Signal4” and slots
In the remote plane layer “Plane2”

Two 5-mil wide strips in the layer “Signal4”, 12.5 mil apart
(about 100 Ohm differential impedance)

SlotLength is a parameter changing from O to 80 mil
10 mil

A

Ihput2" part 2
SlotLength

Input2": port 2

/

18 Mow 2007, 08:44:36, Simberian Inc. EZ.
17 Ny 2007, 17:01:09, Simberian Inc.
Simberian 10/7/2008 © 2007 Simberian Inc. 19
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Magnitude of reflection coefficient |S11dd]
as a function of the Slot Length

Frequency
iIncreases

_ Cut-outs in the remote reference plane of a
—#—— 1 GHz, ship=0, 5[1.1] . . . .
—e— 5BGHz, strip=0 5[1.1] differential line is clearly not a problem even
—— 10 GHz, strip=0, 5[1.1] . .
—8— 15 GHz, stip=D, 5[1.1] for signals with 20 Gbps data rate
—+— 20 GHz. strip=0, 5[1.1]

b agritude[S), [dB]

|S11dd] is reflection of

107 . : differential mode in
/ery low reflection that slightly |grows 100-Ohm channel

vith the frequency |but practically
ndependent |of the|slot size

< <&

201

307

20 GHz
\ /

\Yj %

[ — s 2 7N Increase of the reflection
07— B with the frequency caused

mostly by the dispersion of
the line characteristic

B0 T

T ———= : : , , N Impedance
0 10 20 an 40 ] 0 70 an
17 Moy 2007, 17:02:53, Simberan Inc. SlotLength [ril] 1 GHz

. Simberian 10/7/2008 © 2007 Simberian Inc. 20
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How to use these results?

O Such numerical experiments can be used to plan
positions of plane layers with cut-outs in a stack-up for a
particular data rate and to generate rules for routing
multi-gigabit nets for instance

O In case If cut-outs cannot be avoided, S-parameter
models for localized cut-outs can be generated and used
In a system-level solver

O Slot de-coupling or by-passing with capacitors can be
also investigated with a full-wave solver

= Such configuration may not reduce the reflection over a wide
frequency band but may be helpful to reduce the radiation from
the oversized slots (valid also for common mode in case of
differential t-lines)

‘$ Simberian 10/7/2008 © 2007 Simberian Inc. 21
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What about more complicated split-plane
configurations?

O In case of moats or complicated plane splits the signal may be not
just reflected but transmitted by the slot line across the board and
either radiated or coupled to the other t-lines crossing the same slot

= It may cause both cross-talk (Sl) and radiation (EMI) problems
= Complete electromagnetic analysis of such structures is rarely possible
and not practical in many cases

= Only hybrid de-compositional system-level analysis of such structures
with strip, slot and parallel-plane models may predict the behavior
(multiple components of a system have to be included into such
analysis)

O Even if differential signal in differential pair is not affected by the slot,
the common mode may be affected and either reflected or coupled
to the slot-line and require either the system-level analysis or slot-
line loading or termination preventing Sl and EMI problems

O Decoupling capacitors can help to reduce the coupling to the slot
and dump propagation of energy along the slots in complicated cut-
outs, both in single line and common mode in differential line cases

S:mbenan 10/7/2008 © 2007 Simberian Inc. 22
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Solutions and contact

O Solution files are available for download from the
simberian web site

O Send questions and comments to
= General:
= Sales:
= Support:

0 Web site

ék Simberian  10/7/2008 © 2007 Simberian Inc. 23
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