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Analysis of differential line transition
from tight to loose coupling
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Introduction

0 Routing traces on densely populated boards may require
transitions between tight and loosely coupled differential
pairs

O Such transition must be optimized to minimize differential
reflection and transformation to common mode

O This example demonstrates how to use electromagnetic
simulator for quantitative analysis of the transition effect
and geometry optimization

O Simbeor 2013 full-wave 3D solver for multilayered
circuits is used to generate the results
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Transmission lines

O Tightly coupled microstrip pair: 5.54 mil traces and 5 mil separation
(voltage coupling coefficient 0.16)

F 3

2 [mil]

@ Solution: "Tight2Loose"
- Project(1)
=-§1 Materials: T=20[°C],...

~JE "Copper", RR=1
A "FR4", Dk=4.2, LT=0.02, PLM=WD, Dk(0)=5.06, Dk(inf)=3.83

StackUp: LU=[mil], NL=2, T=6.47[mil]
- = 1] Signal: "Signall”, T=1.2, Ins="Air", Cond="Copper"
- 2| Medium: T=4.5, Ins="FR4"

. =m 3| Plane: "Planel", Cond="Copper", T=0.77, Ins="FR4" oo reb o 31521 17;,Dﬁimherianlri|z : °

0 25 3 75 10 125 15
3D Wiew Mode (press <E3 to Edit)

O Loosely coupled microstrip pair: 7.66 mil trances with 20 mil

separation (Kv=0.025) = |

75T

-

. [mil]

oo

=20 175 15 12 10 -Fh -5 -2h 0 25 5 75 m 125 15 175 20 -
30 View Mode [press <Ex to Edit).

02 Feb 2013, 15:24:20, Simbenian Inc.
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Transmission line impedances

O Computed with Simbeor 3DML electromagnetic solver (accounts for
dielectric, conductor and high-frequency dispersion and losses)

AProjectl).MSL_Loose Sim(1); B:Frojectl ). MSL_Tight.Simi1);
tagnitude(Zmm). [Ohm)

% 4 4 # ® ® » > 5 @Differential mode
100y impedances of both
sl lines are almost

identical (102 Ohm)
80T
Tight coupling - circles
! Loose coupling - stars
BOT
50t
ol Common mode

o impedances of both

0 — - - - - - - lines are different
25 & 75 10 125 15 175 a1 25 5 25 1 me s 40 «s = a5 = due to differences in
P2Feb e 3‘E%ﬂ?gggﬂI]rjcﬁanemp-]; —# AMode[2], Pattern[++]; —= B:Mode[1]. Pattern[+]; —= B:Mode[2]. Patlelrzr:[eil'lj;encyr e cou pl I ng

ﬁ/ Simberian 2/3/2013 © 2013 Simberian Inc. 5

Electromagnetic Solutions




What if we just connect two line segments?

O ldeal connection — no discontinuity between lines

1 inch of tightly coupled 1 inch of loosely coupled
differential line differential line
\ "TL_Tight" 1000[mil] /
_ 101 "Project(1).MSL_Tight Sim(1)" TL_Loose oz “
"ot at"TL_‘l;gl:ttél?:lz . 107 02 . 1O 102 . ASES§T4TL_LDDSB.|02
TL_Tight "TL_Loose" 1000[mil]
"Project(1).M3L_Loose. Sim(1)"
02 Feb 2013, 15:36:28. Simberian [nc. Metwork, View Mode [press <E» to Edit).
Differential mode parameters:
AProject1). DirectConnection. Sim(17; 2, [Ohm] AProject(l) DirectConnection Sim(1)
bagnitude(s), [dB] ’
ih—__%—__“‘_——*———«-___, 110
N ) /% ‘"_——"*———“____,,____“ No dISCOnthIty on differential
107 |v3 =m|'paC| OF‘. 7 1075 TN [ £ [ 3= A ~\
. L 1o ITOTTT DOU €1IUS
transmission (S[D1,D2]) \ Y
20 105 ¢
Small differential reflegtion N s
30t +~1(S[D1,D1] N
100
WIARAAN ﬁﬁﬂﬂf\ﬁgﬁ)@g&m’f AAADALARY
eh[lr #lﬁ\vy’ﬁv 97.5
=60 '* 1 ll Uy 95
0 5 L 20 e 30 3B 40 45 &0 e 005 01 015 02 025 03 035 04 045 05 085 06 055
02 Feb 2013, 15:35:19, Simberian Inc. Frequency, [GHz] 02 Feb 2013, 15:38:27, Simbetian Inc. Time. [ns]
—* A& Smm[0D1.01]; —* ASmm[D1.02]; — AZmm[01.01] —— AZmm[D2.02];
Problem solved? — Not really, we need layout...
= = 2/3/2013 2013 Simberian Inc.
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How to transition between the cross-
sections?

Transition with strips as
s, in tightly coupled pair

‘ AProject(1).Step(1).Simulation(1)

Magnitude(3), [dE]

T oo T T
u y y u

oo T
y ¥

,___x-DifferentiaI mode

=1 T reflection parameter
3D Full-wave analysis ] (S[D1,D1]) is below
with metal thickness: =0t / -20 dB (may be
about 1.5 min CPU time ( acceptable?)

=75

e

5 10 15 20 25 30 35 40 45 50
D2 Feb 2013, 15:52:36, Simberian Inc. Frequency, [GHz]
—# A Smm[D1.01]; —— A:Smm[D1.02];
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Initial step transition between two 1-inch
segments

Decompositional analysis in FD and TD: less than 2 sec

"TL_Tight": 1000[mil]

I 1ot "Project{1}.MSL_Tight Sim1)" TL Loose oz )
101" &t TL_'I":LgrrwttSI?jED 101@@2 FI)CD)r%S?Z]TL_LDose.IOZ
TL_Tight . "TL Loose" 1000[mil]
WW
"MPT1"
"Project(1).Step(1).Simulation(1)" J
02 Feb 2013, 15:06:02. Simberian Inc. Metwork View Mode [press <E» to Edit).
A:Project1).DirectConnection.Sim(1); B:Project{11MithStep(1).Sim{1); AcProject{1) WithStep(13.Sim(1); B:Project(1).DirectConnection. Sim(1);
Magnitude(S), [dB] 2, [Ohm]
HL% 1ot
rDifferentiat reftection with step i el Z[D1,D1] for ideal connection
. slightly larger|than ideal case ' /
_ N 1051 l
. NP LY aYaVATAY: N .
| ¢ —
| A M‘{E&NMWWG 1001 .\
/ 9751 - -
-5nggw . STO1 [51 for ideal Z[D1,D1] for connection with
[D1,D1] for idea %1 step (capacitive)
e+ + | lconnection sl
0 5 10 15 20 25 30 35 40 45 50 ) 0'1 UIZ 0'3 0'4 UIE UIE
02 Feb 2013, 15:57:40, Simberian [nc. Frequency, [GHz] 02 Feb 2013, 15:5'9:1?’ Simberiar; Inc. ' ' ' 'i'ime, [ns]

—# ASmm[01.01]; ——k A:Smm[01.02], ——2 B:Smm[01.01];
—) B:Smm[D1.021;

AZmm[D1,01]; —— B:Zmm[D1.0717;

Can we further optimize it? Sure, why not...
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Optimal step transition (final result)

Transition with
narrow strips

2" port 3

o

02 Feb 2013, 16:09:28. Simberian Inc. 3D View Mode [press <E> to Edit).

AProject(1).Step(1).Simulation(1); B:Project(1).Step(3). Simulation(1);

—

~

hagnitude(S), [dB]
Ez F o H e
. — a2
Capacitance can be 251 Eem——
reduced in multiple ways /,;f--**"’"' R
. . . ,é———-——_*—-
- this is just an example pa DI ey
of what can be done and 0 P
how to estimate the effect
-75
5 10 15 20 25 30 35 40 45 50

03 Feb 2013, 09:25:31, Simberian Inc.

" Simberian %3?°13
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Frequency. [GHz]
—#k ASmm[D1.01]; ——# A:Smm[D1.02]; —<B:Smm[D1.01]; —= B:Srmm[D1.021:

O Transition is done with narrower strips to eliminate the excessive capacitance

102" port 4

102" port 3

= [mil]

40
le [press <E> to Edit).

S[D1,D1] with wider
strips

S[D1,D1] for optimal
structure with narrow
strips (below -30 dB)
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Optimal step transition between two 1-inch
segments

Decompositional analysis in FD and TD: less than 2 sec

“TL_Tight" 1000[mil]

101 "Froject{1).M5L_Tight Sim(1)" TL_Loose 102
ETL_Tight 101" 10 o] "I02" st "TL_Loose 02"
Paris 1, 2 - K Ports 3, 4
TL_Tight "TL_Loose": 1000[mil]
"Project(1).MSL_Loose. Sim(1)"
WMPTT
"Project(1).Step(3). Simulation(1)" «b&
03 Feb 2013, 09:31:42, Simberian Inc. Metwark View Mode [press <E> to Edit). 12Feb 2013, 16092 Snteen re 30 View Mode pres <€ o B

A:Project(l).DirectConnection.Sim{1): B:Project(1) WithStep(3).Sim(1};
Magnitude(S), [dB] A:Project(1)WithStep(3).Sim(1); B:Project(]).DirectConnaction.Simi(1);

H———

L) [ : _ _ B Z[D1,D1] for ideal connection (light blue)
Differential reflection with step (dark

ant—blue)-is-almost the same as ideal case

/s

al ﬁﬂﬂfﬂaf f 100

¥ﬁ¥? !i M Z[D1,D1] for connection with
0
i 2

ptimal step (blue) - almost the

_ED L
i S[D1,D1] for ideal connection 3 ame
0 5 10 15 2n 25 30 35 40 45 50
03 Feb 2013, 09:34:53, Simberian Inc. Frequency. [GHz]
. . . . . . . . pos 01 015 02 025 03 035 04 045 05 055 06 065
=k A Smm[D1.077; =——# ASmm[01,02]; ——8B:Emm[D1.01], ——& B:Smm[D1.D2T: 03 Feb 2013, 09:36:19, Simberian Inc. Time, [ns]
AZmm[D1,01], —— B:Zmm[D1.011;

Perfect, but looks unusual. What about a smooth transition? Let’s try...
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Smooth transition model building

0 Goal — have about 100 Ohm differential in each cross-section between tightly and
loosely coupled lines on a 30 mil segment

=-5» Smooth(4): Simulate It!

£1-28 CreuitData: LU=[mil], Truncation=0.1[mi]

--I MultiportTopology: 2 inputs, 4 ports

-l LatticeBox: Sidewals=PEC . .

& I Geometry Add very small line segments with 100 Ohm

:&’“"0"1“’“ differential impedance and use them to draw

TLine X: Zd~100.07 Ohm; Start "I01" ExP=-40.4813, R transition as polygon

TLine X: Zd~100.107 Ohm; Start=20; End "102" RP=20
TLine X: Zd~100.194 Ohm; Start=-0.55; End=0
TLine X: Zd~100.194 Ohm; Start=10; End=10.5
IE Inputs

&3 Simulation(1) - Simulate It!
- Geometry3DView

&-gF Graph(1)(TLineParameters.Modal vs. Frequency)
=15} Transitions(MultiportParameters vs. Frequency)

#-fra. Proiect(1).Transitionf 11.Simulation( 11
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Smooth transition — final geometry

i

03 Feb 2013, 10:12:06, Simberian ne. 3D View Maode [press <E> to Edit).

A:Project().Smooth(1).Simulation(1);

Magnitude(3), [dB]
I, =

= = = = 1]
125t
_ . 25+ =alal . .
3D Full-wave analysis ) I =Y (= Differential mode
with metal_ thlckne_ss. 3754 /E/ﬁ 5 reflection parameter
about 2 min CPU time ol (S[D1,D1]) is below
e -30 dB (good)
B25T
-75 15
475t
M ! H H H H H i H H H
5 10 15 20 25 30 35 40 45 50
03 Feb 2013, 10:15:28, Simberian Inc. Frequency, [GHz]
2/3) ——F1 A:Smm[D1.017; ——E ASmm[D1,02]; . 12
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Smooth transition between two 1-inch
segments

Decompositional analysis in FD and TD: less than 2 sec

"TL_Tight": 1000[mil]
101 "Project(1).MEL_Tight Sim(1)" TL_Loose 102
TL_Tightlo1" 101 Te¥ 101 02 "ot et " TL_ Lot
Pars 1, 2 > X X . Parts 3. 4
MPT1
"TL_Loose": 1000[mil]

TL_Tight
|01I|02< "Project(1LMSL_Lopse Sim)"

"WPTI"
"Project(1).Srmooth(1).Simulation(T)"

e

03 Feb 2013, 10:12:06. Simberian Inc.

3D View Mode (press <E> to Edit]

03 Feb 2013, 10:22:13, Simberian Inc. Metwork View Mode [press <E> to Edit).
AProject(1).DirectConnection. Simi1); B:Project(1) WithSrmoath(1). Sim(1); AProject(1).WithSmooth(1).3im(1); B:Project(l).DirectConnection.Sim(1);
Magnitudes), [dB] Z, [Ohm]
D
(-_‘-‘-'ﬂu—-_._%
— ———— "r—7[D1,D1]] for connection with optimal
101 Differential reflection with step|(dark 175, Step (blue) - slightly inductive

blue) is almost the/ same as ideal case

105 L
N S

1025 N

N _ \ \_

100
i Z[D1,D1] for/ideal gconnection

Jﬁ ! 975 (ight blue)
! . 95
0 5 1 15 20 2% 30 35 40 45 5O 925

03 Feb 2013, 10:18:46, Simberian Inc. Frequency, [GHz] ’ 01 0z 03 04 05 06
_FQEEQQFB]B;{E Asmm(D1.02) B Smm{D1.D1] 03 Feb 2013, 10:20:54, Simberian Ine. Tirme, [ns]
’ 0 AZmm[D1,01];, = B:Zmm[D1.017;

Good. What if I need to split into two single-ended? No problem...

% Simberian 2/3/2013 © 2013 Simberian Inc.
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Tightly coupled to single-ended transition

Geometry is optimized giezw
Symmgtr}l: ><Z_-

to reduce capacitance i
at the transition A

10T, [mil]

D L
_‘] D L
=40
03 Feb 2013, 10:41:17. Simberian Inc. 30 View Mode [press <E» to Edit). 03 Feb 20131

AProject(1). TightZSingle(1).Simulation(1);
Magnitude(S), [dB]

3D Full-wave analysis o7
with metal thickness: o5l
about 2 min CPU time el _ _
: —x_ mDifferential mode
375 = — ' reflection parameter
<ol (S[D1,D1]) is below
Ny -30 dB (good)
Note: The simplest and the '
best way to split is to do it 751
immediately - less space, ol
no complicated geometries, | |
same weave effect... o0
] 5 10 15 20 25 30 35 40 45 50
03 Feb 2013, 10:42:51, Simberian Inc. Frequency, [GHz]
2/3/2013 —tASmmDIDIY @ 2013 Simberian Inc. 14
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Smooth transition between tight 1-inch

Tight101"
Sons 1, 2

102" &t "PS1.101"
Parts 3, 4

03 Feb 2013, 10:41:17. Simberian Inc. 3D View Maode [press <E> to Edit].

=

"TLA" 1000[mil]

"Project{1) MSL_SE Sim(1)"

03 Feb 2013, 10:48:17, Simberian Inc. Editor Mode [press <E» for Hetwork Yiew)
£, [Uhrmn

AProject1)MWMith Tight2 Single(1).Sim{1);

AProject(1] With Tight2 Single(1).Sim(1);

Magnitudea(S), [dB]

iy —— Z[D1,D1] shows that transition is
_ /ﬂ T — | 110l slightly inductive |(too much metal
"' Differential|insertion loss - no problems remoyed by chamfers)
2ot . . b . 1051 /
Differential reflection is below|-30 dB A
_3” L

Tt AN
T vy
Sl 1

0 & 10 15 20 25 30 3 40 45 50 ! ! ! ! , , ,
03 Feb 2013, 10:51:58, Simberian Ine. Frequency, [GHz] 015 0z 0.25 03 0.35 04 045
— A Smm[D1.017); —— A:Smm[D1.02]; 03 Feb 2013, 10:54:42, Simberian Inc. Time, [ns]

AZmm[D1.017;

Good. Any other geometries?...

% Simberian 2/3/2013 © 2013 Simberian Inc.
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Decompositional analysis in FD and TD: less than 2 sec \
“TL_Tight": 1000[mil] §
"Project(1) MSL_Tight Sim(1)" .

15



Conclusion

O A few scenarios for routing with tightly and loosely
coupled lines are investigated with em analysis up to 50
GHz

= Optimal geometry can be achieved in multiple ways

= Routing rules can be generated with the optimization results

= All transitions had symmetry to avoid differential to common
transformations

O Problem setup and analysis on a laptop — less then an
hour (Simbeor is the most productive and accurate tool
for such analysis)

O Simbeor solution file with all examples is available at

» Simberian 2/3/2013 © 2013 Simberian Inc.
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http://kb.simberian.com/SimbeorExample.php?id=141

Simberian Inc.

o Mission
= Build easy-to-use, efficient and cost-effective electromagnetic
software for high-speed electronic design automation
O Incorporated in USA on February 28, 2006

= Founder and President Yuriy Shlepnev
PhD in in computational electromagnetics
25-years experience in building electromagnetic software

O Development in Las Vegas, USA, St. Petersburg and
Voronezh Russia

O Location and contacts

= Corporate office: 3030 S Torrey Pines Dr., Las Vegas, NV 89146, USA
Tel/lFax +1-702-876-2882, skype simberian

= Distributor in Asia Pacific region — Polar Instruments Asia Pacific

= Web:
= Support knowledge base
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