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Introduction

O Serial multi-gigabit data channels usually have capacitors connected
In series either in single-ended micro-strip or differential micro-strip
lines to pass through the high-frequency signals content and to allow
different DC supply for a driver and receiver at the same time

= Such capacitors are often called AC coupling capacitors

= Mounting structures of such capacitor and capacitors themselves are
discontinuities and have to be accounted for in a system-level analysis

= Accurate models for the AC coupling capacitor mounting structures can
be built with a 3-D full-wave electromagnetic solver
O This example demonstrates how to build 3D full-wave models for the
AC coupling capacitor mounting structures and how to build a
system-level model of a simple channel with AC coupling capacitors

O Simbeor 2007 electromagnetic solver from Simberian Inc. and
HyperLynx+Eldo system-level solver from Mentor Graphics are used
to generate the results
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De-compositional analysis of a serial multi-
gigabit channel with AC coupling capacitors

3-D full-wave electromagnetic Reflection from AC capacitors Attenuation and dispersion
.. ] and mounting structures in transmission lines
analysis is required to generate
models both for the mounting Tx \ /
structure and transmission lines! O —um O—\FRx
i . . 2 O I B O—
We will use Simbeor to do it. ~
_ Decomposition
Multiport S-parameter
model for the capacitors
mounting structures
The same approach
| | | | | | | | differential channels
Canpacitors mountina :
Tx ©1 Driver 1 T-Line P T-Line [—|Receiver © Rx
structure with 2 internal ports || Package Lo port
port o| Package || Segment 26 B e Segnc\ent 9

I
Capacitor model \

W-element models for t-line
segments defined with
RLGC(f) p.u.l. tables

Capacitor model from a
manufacturer (circuits
or S-parameters)
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Internal port concept

O Internal or lumped ports can be constructed and used to connect models of
the capacitors or other components with external models

O Before investigating the capacitors mounting structures, we construct and
investigate behavior of the internal ports
= Solution LumpedPorts.esx created to do this investigation (link to the file with all zipped
solutions is on the last page)

®  Micro-strip line with 8-mil wide strip on 4.5 mil substrate with DK=4.2 and LT=0.02 are used
for all experiments with the internal ports

= We construct a set of structures with different internal ports and perform numerical
experiments with predictable results such as shown below:

Parameters of such structure should be
similar to simple line segment j

Series internal Short-circuited
port internal port

T-line — Tline == Lo T — T-line
port 1 —| | port 2 port1 — L port 2

Simberian 10/7/2008 © 2008 Simberian Inc.
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Series internal ports (SeriesPortSmall)

O Connected into a strip-line in series

O Ports can be as small as possible (down to 1 cell along the port) or
correspond to a footprint of a lumped component to be connected

O The results of analysis are S-parameters of 3-port multiport

2 SeriesPortSmall i

EF CircuitData: LU=[rnil], Truncation=1.0{mil] 37 54 . Jmil i
-3 Multiport 3 inputs, 3 ports ' &

. LatticeBox

El. Geornetry a1
=& Compasite Object, XC=30, ¥C=0

% Rectangle: "Signall®, "Copper”, W=28, H=8, ¥min=0, Ymin=-4, Xmax=28, Ymax=4 1257

= TLines gl

El. TLire ¥ Start "Tnputl” ExP=-32, RP=0; End=0

ol Strip: Active +1, "Signall”, "Copper", ¥C=0, W=8, 5E=-4, EE=4

: _ 1257
- TLime X: Stark=60; End "Input?" RP=A0, ExP=192

28T

= EE Inputs

l] 1 "Inputl”, 1 port, RP=0, ExP5=32
Bl 2 "Tnput2”, 1 part, RP=60, ExPS=12 BRI
E|. 3 "Input3d”, 1 port

Lt

preserve the symmetry

25 25 0 125 25 375 B0 625 75 87A
07 Apr 2008, 16:01:37. Simberian Inc.
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Parallel internal ports (ParallelPorts)

O Connected at the ends of strip-line in parallel

O One of the sizes of the port can correspond to actual lumped device
size another is as small as possible on the grid

O Ports span between the strip line and the reference plane or strip
O The results of analysis are S-parameters of 4-port multiport

= [Pl Internal Z-Ports in a
HF CircuitData: LU=[rmil], Truncation=1.0[rmil] . ":H“'--E,
---I Multiport: 3 inputs, 4 ports Zo_mll gap /% -
. LatticeBox
E|. Gearnetry p
- Composite Object, XC=30, ¥C=0

E|.I TLines
- @B Tline X Start "Input1” ExP=-32, RP=0; End=0
- - TLine 3 Start=60; End "Input2” RP=60, ExP=92
EE Inputs
l] 1 "Inputl”, 1 port, RP=0, ExP5=32
I] 2 "Input2”, 1 port, RP=60, ExP3=32
E|- 3 "Inputd”, 2 ports
% ZPart 3: Tsig="Signall", Zref="Planel", ¥C=108.75, ¥C=0, X3=0.5, ¥3=4

o

distance between
the phase reference

07 Apr 2008, 16:20:47, Simberian Inc. planes of t-line inputs
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60-mil micro-strip line segment for
comparison (ShortCircuit)

O Micro-strip line with 8-mil wide strip on 4.5 mil substrate with DK=4.2
and LT=0.02 are used for all experiments with the internal ports

O The results of analysis are 2-port S-parameters with automatically
de-embedded transmission line inputs with phase reference planes
shifted to have 60 mil segment in the middle

Fy
v, [mi 92, 36
28T
T Input2™ p
254
2frrf)
} } } } } -
25 1] 25 a0 7a 100
J7 Aor 2008, 15:36:09. Simberian [ne.
L Simberian 10/7/2008
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—#—— LumpedPorts. ShortCircuit Simulationd, 5[1,1] — % —
—#— LumpedPorts ShortCircuit Simulationd, 5[1,2] — % —

tagnitude(S], [dB

Angle(S), [deq]

P A AR A P A
L CaE O

W S 2 e
? %"‘*MW
I h*‘**-h 150
2
254 o 2 m;; g et
Wty T b, k1 O
- T
e e
¥y bty 160
501 . e
. oty
Reflection because of|"**xv, | {100
|t Zo of line is| not REssY
i exactly 50 Ohm T g, [ 180
g 10 15 20 25 a0 35 40 45 50

08 Apr 2008, 16:17:50, Simberian Ihc.
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1S D —0 L

Through calibration of the ports with 10-ps

step response

Simbeor models used in HyperLynx 7.7 with
Eldo for the analysis

OSCILLOSCOPE
Design file: LUMPEDPORTSTEST FFS

Designer: Yury Shleprey

HypErLy e v 7.7

g T[A,0]

oo N\ e ol P S
>/ Z T2

wd— L

Respanses af all

/

structures are in

good agreement

as lexpected

—-z0oo0.0

-400.0

10.000 Z0.000 30.000

Time (ps)

40.000

Date: Monday Apr. 7, 2008 Time: 16:35:52
Showy Latest Wavefonn = YES,  Show Presious Wasveform = YES

' Simberian

| Electromagnetic Solutions

10/7/2008

60-mil micro-strip
line segment

us.1

068 g 20083, 0636 15, Simbaosin I

# Prohe Z2:U8.1 (at pin)
O Probe 3:U7.1 {at pin) LurmpedPorts_S. .
4 Prohe 4:U8. 1 (at pin) stefr-driver sirmple_receiver
O Proke 5:U5.1 {(at pin) - -
¥ Probe 6:U4.1 {(at pin) - ’
B Proke 7:U3.1 (at pin) Us.1 J3 Us 1
¥

Portl Port2
¥ ot

¥
driver R1 LurmpedPorts_S... simple_receher

Structure with series
port short-circuited by
0.1 mOhm resistor

0.0 ohms

OF Age 2000, 165200, Simbenan Inc.

ur 1 ug.1
J4
v Port1 Port2
5 ’F'Dr‘tS Portd <
step_driver LumpedPorts_Pa.|  simple_receier

Structure with two
parallel ports
connected to 20-mil

50.2 ohms

283 ps
0.020n A )
Stackup line segment to fill
the gap
© 2008 Simberian Inc. 9



Validation of the internal port models

O For validation of the internal port models we can use structure with thick film chip
resistor connected in series into micro strip line and investigated numerically and
experimentally in

= Y.C. Lau, M. S. Leong, and P. S. Kooi, “Modeling of chip resistors for high-frequency

microwave applications with the use of the FDTD method,” Microwave Opt. Technol. Lett.,
vol. 14, no. 5, pp. 259-261, Apr. 1997.

= R. Gillard, S. Dauguet, and J. Citerne, “Correction Procedures for the Numerical Parasitic
Elements Associated with Lumped Elements in Global Electromagnetic Simulators”, IEEE
Trans. on MTT, v. 46, N9, 1998, p. 1298-1306.

microstrip line resistance C=24 fF
metallic [ — sheet
housing .
i chip resistor dielectric
__ substrate (er=Y9.6)
7
]
/ L=0.55 nH R

Lumped resistor model

'47;.' metallic electrodes
WR

i

£

[ i" (b) The thick-film chip resistor (WR = 1.214

C

mm, HR = 0.508 mm, LR = 4.047 mm).

Studied structure. (a) The loaded microstrip line (a =
6.578 mm, b = 3.048 mm, ¢ = 55.653 mm, DK= 2.2, h =
0.508 mm, w = 1.518 mm).

Simberian 10/7/2008 © 2008 Simberian Inc. 10
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Electromagnetic model with series port

O Simbeor solution PortsBenchmark.esx, circuit SeriesPort

A : : :
T, [ Series port instead of resistor

0 nput"" pr
[28, -3.289)
54
4, [rrn]
' ' ' ' ' ' ' ' ' ' ' — -
-25 -20 -15 -10 - 1] il 10 15 20 25 an
11 Apr 2008, 07:16:03, Simbenan Inc. —#—— PuortsBenchmark. SeresPort Simulation, 5[1.1] —% —
—*—— PuortsBenchmark. SeriesPort. Simulationd, 5[1.2] — = —
—#—— PuortzBenchmark. SenesPort. Simulation, 5[1,3] — & —
Real(51.[] Imaginar[5]. ]
3-port model is created 054 i N
with transmission line
ports 1 and 2 and internal 025y r Fl10.28
port 3 i
) ofs I,
0251 T-025
SIAE T-05
128 2B 374 B E25 7R OBYR 10 M2 125 1275 15 1625 176 1875 20
: - 11 Apr 2008, 07:18: 24, Simberian [nc. Frequency, [GHz]
& Simberian 10/7/2008 © 2008 Simberian Inc. 11
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Electromagnetic model with parallel ports

O Simbeor solution PortsBenchmark.esx, circuit ParallelPorts

A
ST, [mm] Two parallel ports instead of resistor

Bl ] ] 10 15 20 2h a0
—#—— PuortzBenchmark. ParallelPortz. Simulation, S[1.1] —&— —
—#—— PortzBenchmark. ParallelPortz. Simulation, 5[1.2] — & —
——#—— PartzBenchmark. ParallelPorts. Simulation, 5[1,3] — & —
—#—— PortzBenchmark. ParallelPortz. Simulation, 5[1.4] — =& —
Realls]. [] Imaainary(s]. []

2]

CE-D ':". A e

25 20 15
11 Apr 2008, 07:24:04, Simberian [nc.

EI.E-- T0h
. Simbenaminc.
044 Ll
4-port model is created
with transmission line - 05 708
ports 1 and 2 and internal e
ports 3 and 4 %%ﬁ
2.:5 5 ?.:5 1:IZI 1 25 1:5 1 ?5 2:IZI
11 Apr 2008, 07:23:35, Simberian Inc. Frequency, [GHz]
X Simberian 10/7/2008 © 2008 Simberian Inc. 12
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10-Ohm resistor in micro-strip line

O Good correspondence of data computed by 3 different methods and experiment from
[7] up to 10 GHz (the structure is electrically oversized above 10 GHz and lumped
model becomes inaccurate in this case)

0 = ﬂ
i -3dB —— -
. EXAct resistor model
connected to parallel ports et
-5dB [ M
-6dB ,,,R =10
7dB Mm%ﬁe
% 2B -ﬁﬂﬁ*
= -908 ;‘ﬁ \
-10dB
\
-11dB " -
e f Resistar model with
s inductance reduced to
v fﬁ, 150 pH connected to
sdE the series port (R=10)
25— ———————— T ——————1 3‘1
¢ 4 6 & 10 12 14 16 18 20 168 7
Frequeency (GHz) 17dB
Fig. 7. Return loss versus frequency for different modelings. —: this analy- -18d8 ‘?/
sis. we exact description [7]. +: measurements [7]. ® [7]. 1948 ;f
Graph from R. Gillard, S. Dauguet, and J. Citerne, 0dE
IEEE on M'I—I' Ng p_ 1302 2GHz 4GHz BGHz 8GHz  10GHz 12GHz 14GHz 16BGHz 18GHz 20GHz
[7] is paper of Y. C. Lau, M. S. Leong, and P. S. Kooi
2. Simberian 10/7/2008 © 2008 Simberian Inc. 13
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Materials and stack-up for analysis of the
capacitors mounting structures

O Solution CapsMounting.esx created for this investigation (link to the file with
all zipped solutions is on the last page)

O Simple 4-layer stackup with two signal layers and two plane layers

O Stackup is extended to simulate connection of the capacitor slightly above
the board surface

=8 ' [ Capshounting
é---EU hdaterials )
"B “Copper, RRo1 Wideband Debye model for
- TdealMetal® FR-4 type dielectric
FR4" Dk=4.2, LT=0.02, PLM=\WD / yp
: Wacuum
=088 StackUp: LU=[mill, NL=3, T=24.21[mil] Thin layer of air and additional layer
.o 1] SZighal "CapPlane”, T:D.T?,Ins:"Vacuum"} o ’s .
B 2 Medium: T=05, Ins="Vacuum" CapPlane” of signal-type are added to
~mm 3| Signal: "Signall”, T=12, Ins="Vacuum" simulate non-flat connection of the capacitors
. 4| Mediurm: T=4.5, Ins="FR4"
. 5| Plane: "Planel”, Mat="Copper", T=0.77, Ins:="FR4"
. b bMediurn: T=10, Ins="FR4" . .
. J| Plane: "Plane2”, Mat="Copper", T=0.77, Ins="FR4" Use Help = TthrlaIS > Tutorial 1 to
I 8 Medium: T=4.5, Ins="FR4" learn how to build models for
..mm 9| Signal: "Signal2”, T=1.2, Ins="Vacuurn" materials and stackup
Y Simberian 10/7/2008 © 2008 Simberian Inc. 14
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Single-ended channel — transmission line
(circuit SingleMSL)

O 8 mil wide strip on 4.5 mil substrate with Dk=4.2,
LT=0.02 at 1 GHz and wideband Debye dielectric model

—#— CapsMounting. SingletSL. TLSimulation, Mode[1] — % —
M agnitudeZa), [Okm] EpsEffective, []

. 115
-*_* 3
51,75 \ *w

‘ 5151 Qﬁﬁ :
51.25 1 \ ***;E\& L.

oy T31

1 R BEE
50.75 *i*ﬁ.? ek

0.0 01 10
09 Apr 2008, 14:01:02, Simberian [ne. Frequency, [GHz]

Use Help > Tutorials > Tutorial 2 to learn
how to build broadband RLGC(f) models
for transmission line

L Simberian 10/7/2008 © 2008 Simberian Inc. 15

Electromagnetic Solutions




Short-circuit experiment with 0402 capacitor
footprint (ShortCircuitedSingle)

O Capacitor in micro-strip line with 8 mil wide trace
O Allows us to estimate of the minimal possible reflection

O May be used to do the through calibration of the internal ports

a2, 42) Simulation from 10 MHz to 50 GHz

Phase reference e Capshiounting ShorCireitedSingle Simulstion. S(11] — %
; apzi ounting. shortircutedSmgle. Simulabiond . =1, - -

planes shifted to —#— Capsh ounting ShortCircuitedSingle. Simulation1, 5[1.2] — = —

the pads Magritudel5], [dB] Angle(S), [deal

|
1251 :
—> X | R
¢ Reflection loss is |
|

251
N above 120 dB at 4.5

| GHz I 1o
sty 376 i

@5 7 s w |
501 - i
s B
Fokep.

FETy |

] |mput2t

375 28 128 a 125 25 375 50
08 Apr 2008, 16:29:09, Simberian Inc.

I
£25 % %% | %*1'
10 20 N0 a0 50
08 Apr 2008, 16:34:19. Simbernian [he. Frequency, [GHz]

40x20 mil short-circuiting
plate is slightly elevated

. /
] c.

above the board surface
(layer “CapPlane”)

L Simberian 10/7/2008 © 2008 Simberian Inc. 16
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Short-circuit experiment with 0603 capacitor
footprint (SCSingle0603)

O The larger the footprint the larger the minimal possible reflection loss

O Impedance of the actual capacitor will make reflection worse at most of the
frequency band

32,82

Simulation from 10 MHz to 50 GHz

a0
Phase reference
planes shifted to —&— CapsMounting SCSingle0603. Simulation, 5[1,1] — & —
the pads —=— CapsMounting. 5CSingle0603. Simulation, 5[1.2] — = —
P Anglel5], [dea)

R & o = Ny

25

""""

Inputz

26T

=

T 100

>flection!
ove -2() dB at
|

20

3751 A1 GHz ! 10
0 | L ‘
_ | !
-~ . . . . g —_ 'ED 1 3% l-l
5 0 25 0 M ||' I T-100
08 Apr 2008, 16:43:31, Simb :
pr imbe sl %@P o ]I% e

M W%g o “\é )
10 20 30 40 50
03 Apr 2008, 17:26:59, Simberian [ne. Frequency, [GHz]

P 3060 mil short-circuiting
plate is slightly elevated
W il above the board surface
18 Apr 2008, 16:44:29, Simberian Inc. “ '
4 Simberian 10/7/200layer “CapPlane™) © 2008 Simberian Inc.
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TDR and TDT of the short-circuited
footprints of the capacitors

O Short-circuit is an “ideal” capacitor — the reflection is the minimal possible

O Even in that case the discontinuity in the transmission line is clearly visible
in time-domain and may be serious problem in a complicated channel

OSCILLOSCORE OSCILLOSCORE
Design fle: AC_COUPUNG_LUMPEDPORTSSINGLEOBDZFFS Designer: Y urly Shiepney Design file: AC_COUPLNG_LUMPEDPORTSSINGLEOGDFFS Designer. urly Shiepney
Hy ey e 7.7 Hyperlyre 7.7

1400, 0 | %Probe 4:U4.1 {at pin]  1400.0 _ _ X Probe 2:U10.1 (at pin}
’ T G Probe 5:U3.1 [at pin) -I" 1 1 Probe 3:U9.1 {at pin)
1200.0 1 L) 1-I 1z00.0 r3
. | 1 //
1000. 0 \l/ 1000. 0 5 == B I EEUVEDNN SN SS—
s00. ol 1 800, 0
' T[22
H H / L, L
! eo0.0 ! eo0.0 4 1 1
i / é
g a00.0 e
m m
Y / v

400. 0 {
200. 0

0.o0 /

il
/

0.00
-200.0 -200.0
15 Apr 2008, 16:44:29, Simberjan Ine,

-400.0 -400.0 ! i | i i i

0.00 40.00 50.00 120.00 160.00 0.00 40.00 G0.00 1z0.00 180.00

Time {ps) Time (ps
Diate: Wednesday Apr. 9, 2008 Time: & 29:04 Diate: Wiednesday Apr. 9, 2008 Time: 3:28:45
S hawe Latest Waveform = YES,  Show Previous Waveform = YES Show Latest Waveform = YES, Show Prevous Waveform = YES
Simbeor models used in HyperLynx 7.7 with Eldo for the analysis

\ Simberian 10/7/2008 © 2008 Simberian Inc. 18
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Series internal port to connect 0402
capacitor (SeriesPortSingle)

O May be used if capacitor model extracted by comparison with the short-
circuited pads (usually leads to lower estimated ESL of the capacitor)

32.42) 3-port broad-band S-parameter model of

‘ the mounting structure exported from
Simbeor in Touchstone format

—#—— CapsMounting. SenezPortSingle. Simulation, 5[1,1] — % —
nput? —#— CapsMounting SeriezPortSingle. Simulation, 5[1.2] — % —
——#—— Capskounting. SeriesPortSingle. Simulation?, 5[1,3] — #% —
Reall5). ] Imaginam(s]. []
R
o
0&t *r**
*_*** T DE
: ****
= : : | : 2 0.251 il
25 ?,1{ 5 50 75 100 : o+ lass
09 Apr 2008, 08:47:28. Sinfberian Inc. )
Component input with X-directed ol **“***
port (X-Port port 3) in the 1y
middle of the plate connecting_.zs...
two pads ” 0251 o
- " X e 1025
05T
o A ****
. I h g : . . . . IT 05
5 10 15 20 25 30 3 40 45 EO
- 09 Apr 2008, 08:53:44, Simberian [he. Frequency, [GHz]

2 09 Aor 2008, 08:51:10. Siberian Ine.
_ Simberian 10/7/2008 © 2008 Simberian Inc. 19
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Parallel internal ports to connect 0402
capacitor (ParallelPortsSingle)

O May be used if capacitor model extracted by comparison with the open-
circuited pads (usually leads to complex model with higher ESL and
substantial delay in the capacitor model)

4-port broad-band S-parameter model of the mounting
structure is exported from Simbeor in Touchstone format

—#— Capstounting.ParallelPortsSingle. Simulationd, 5[1.1] — % —
i : . —#— CapsMounting. ParallzlPortzSingle. Simulation, 5[1.2] — % —
Transmls_smn line mDUtS (ports 1 —#—— Capskounting. ParallelPortzSingle. Simulationd, 5[1,3] — % —
and 2) with reference planes —#—— CapsMounting. ParallelPortsSingle. Simulationd, 5[1.4] — + —
shifted toward the pads == RealS). [ Imaginay(S). |
0.75 1+ T-0.126
. *****#
05 1025
e 00378
02571
T-05
012
o
N \ 10625
Component input with 2 Z- 1-0.75
9 Aor 2008, 09:32:04. Simberian Ine. ~ directed ports (Z-Ports: port 3 ' ' ' ' ' ' ' ; ; !
and 4) at the edges of the pads 3 10 15 20 2B 30 3/ 40 45 I
09 Apr 2008, 09:10:25, Simberian Inc. Frequency, [GHz]
\ Simberian 10/7/2008 © 2008 Simberian Inc. 20
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Through calibration of the 0402 capacitor
ports with 10-ps step response

Simbeor models are used in HyperLynx—+Eldo
for the analysis

OSCILLOSCOPE
Design file: AC_COUPLING_LUMPEDPORTSSINGLE FFS

Designer. ¥ uny Shlep i

Hyperlyrm V7.7

1400.0

l1zo00.0

1]

1000.0 \\ ﬁﬁa —

- |
ﬁ;/ TI[2,1]

600.0

v
¢
t
“ , Responses of all
v / / structuires are in

good agreement

as expected
-200.0
-400.0
0.00 10.000 z0.000 30.000 40.000
Time (ps)
Date: Wednesday Apr. 8, 2008 Time: 5:44:54
Show Latest Waseform = YES, Show Presous Waveform = YES
2 Simberian 10/7/2008
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Short-circuited pads

U3 ua.1
J2
W hox 2008, 160011, S re
4 Fort1  Port2 Y
# Prohe 2:UB.1 {(at pin) CapsMounting_s...
2 Proke 3:U7.1 {(at pin) -
s Probe 4:U6.1 (at pin) Step_driver simple_receiv
O Frobe 5:U5.1 (at p:i_n) U5-4- _ Us.1
W Proke 6:U4.1 (at pin) J3
#Probe 7:U3.1 {at pin)
Port1  Part2 LA
g Porta
step_driver 9 simple_receiv

2 poit 2

Capshounting_5...
R p g_

Structure with the series
10 uROrt short-circuited by
1 0.1 mOhm resistor

03 Aor 2008. 08:51:10 Seﬂan Inc. — v -
u7.1 Us.1
J4
Y S ot
s portd e
step_driver CapsMounting_P..|  simple_receer

2272 ps
0020 in
Stackup

e

N9 Are HVR (31U Simbwrian Ine.

© 2008 Simberian Inc.

agaoms Structure with two

parallel ports
connected to 20-mil
line segment to fill the

a
gap o1



AC coupling capacitor in a simple single-
ended channel

o 10.65 cm long channel is simulated with and without the mounting structure

O Simbeor is used to generate models for both t-lines and mounting structure and
HyperLynx+Eldo is used for analysis of the complete channel

O 100 nF capacitor has 100 pH added ESL and 1 mOhm ESR

u1z.1

OSCILLOSCOPE S
Design file: AC_COUPLINGCAPACITORSINGLE FFS Designer: Yuriy Shlepney step_driver
Hyperlynx W77 . 0 milliohims
_ Model without the v
w Probe 2:U12.1 {at pin) . .
- cProbe 3:U11.1 (at pin) mounting structure with L4
» Probe B:UG.1 (at pin) .
OProbe 7:U5.1 (at pin) the capacitor model
t4on. i -[-[2 1] connected directly in the 00 pH
1 by C3
1200, T 1"]-] channel 1
U111
/ 0001
1000 J“Iv 14 } = > B e J3 us.1
v . p J6 ) i
g / - "4 Capsigdozntlng...
{ i~ \ / | iMoo .Pom Part2 ~ » W_SinglesL smple_receiver
a L CapsMourtingg] Port3 R -
g ﬂz step_driver W_Singieh=L Capshourting_S x(}:\?%s;gﬂcig;ﬂrtag
m G600, )| < 18508.00 - - =g simple_receiver
\_.. S
& 1000.08 .0 milliohims 0
o : \ H / L1 s
2 9500 l o
200. H]; Model with the @
900. 00 .
0.0 “ I mounting om0
850.08 Y
‘ structure L o s s s
-200. T
woorr J9 and J13 are 5 mm t-line segments
0.00 400.0 800.0 1200.0 1600.0 . . .
Time (ps) J12 is 10.15 cm and J6 is 10 cm t-line
Date: Wednesday Apr. 98,2008 Time: 11:30:09 v Segment' A” are W_elements deflned
Show Latest Wavefarm = YES, Show Previous Wavefarm = YES Wlth RLGC(f) eXtraCted Wlth Simbeor
Simberian 10/7/2008 © 2008 Simberian Inc. 22
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AC coupling capacitor in a simple single-
ended channel

o 10.65 cm long channel with AC capacitor close either to driver or to receiver is simulated

O  Simbeor is used to generate models for both t-lines and mounting structure and HyperLynx+Eldo is
used for analysis of the complete channel

O 100 nF capacitor has 100 pH added ESL and 1 mOhm ESR

OSCILLOSCOPE Capacitor near the
Design file: AC_COUPLINGCAPACITORSINGLE FFS Designer: Yuriy Shlepney .
Hy parlynx %7 .7 dr'ver
us.1
xProbe 5:U9.1 {at pin) i i v g6 ue.1
Probe 7:U5.1 {at pin) inl . Portl  Port2 -
1150.00 S o Capshlourtin
. W_SingletSL Capshourting...
step_driver Capshourthig_S .. W_SingleMSL simple_receiver
1100.00 . h
Capacitor near the
L1
1050.00 H
recelver
) ~ —|9‘ ug.1 - a7 o u10.1
v 1000, 00p—F+< e PR vy I peramy 00,0 pH
o Capshounting. . Pot3 v  CapsMourting.. Cc1
i 950. 00 \ ( R‘ step_driver _SingieMSL CapsMDunti;g, ..W_SIHQIBMSL simple_receiver A
3 j—
o _— Reflection in ¢ase 20 nilichns 1ona e
v . A L2
i | of capacitor near @
G50, 00 the recejver
A00.0 pH
_— Reflection in case of 1“
capgcitor near the - :
T80, 00 drl\ er 03 Aor 2008. 08:51:10. Simbeian Inc.
700, 00 .
0 no 000 a0 0 1o0h 1 - J6 and J8 are 10.15 cm t-line segments
Time (ps) J9 and J10 are 5 mm t-line segment. All are W-elements
Date: Wednesday Apr. 9, 2008 Time: 12:11:57 defined with RLGC(f) extracted with Simbeor
Show Latest Waveform = YES, Show Previous Waveform = YES
2, Simberian 10/7/2008 © 2008 Simberian Inc. 23
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Eye-diagram for the simple channel with AC
coupling capacitor and 20 Gb/s signal

10.65 cm long channel with AC capacitor close to driver, 100 nF capacitor has 100 pH

added ESL and 1 mOhm ESR
OSCILLOSCOPE
Design file AC COUPLNGCAPACITORSIMNGI FOR03 20GEBPS FES Designer Yurly Shlepney
Hy perlynx V7.7

900.0 X Probe 4:U10.1 (at pin)

= Probe 6:UA.1 (at pin)
800. 0 Structure with 0603
e capacitor (circuit
£00.0 = _—
\é 500.0 8
é 400.0 / \ / /
300.0 £ 19 Apr 2008, 13:13:13, Simberian Inc, ™
200.0 & -
/ / ~ Structure with

o.00 1o0.00 20.00 30.00 40.00 50.00 60.00 7O.00 80.00 90.00
Time (ps)

Date: Wednesday Apr. 9, 2008 Time: 13:09:44 09 Ar 2008.08:51:10&benanlncl
' Simberian 10/7/2008 © 2008 Simberian Inc. 24
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Differential channel — transmission line
(circuit CoupledMSL)

O Two 7 mil wide strips with 17 mil distance between
centers on 4.5 mil substrate with Dk=4.2 and LT=0.02

—#— Capstounting Coupledt SL. TLSimulation, Mode[1], Pattem[++] — % —
—#%—— CapsMounting. CoupledM SL.TLSimulation, Mode[2], Patten[+] — % —
b agnitude[Zmm), [Ohm] 10ic EpsEffective, []

'IDD--m::% I I £

a1t %’1_2!"—7

T325

50 1 e 13

T 275

-

09 Apr 2008, 135037, Simberian Inc.

nm 0.1 10
M9 Anr 2008 140344 Sirmbenian Ine Freaurnmu [[RH=]

Use Help > Tutorials > Tutorial 2 to learn
how to build broadband RLGC(f) models
for differential transmission lines

Simberian 10/7/2008 © 2008 Simberian Inc. 25
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Short-circuit experiment at 0603 capacitor
footprint (SCSingle0603)

O Investigation of the minimal possible reflection of the differential mode

O Mixed-mode S-parameters plotted to investigate the reflection (see more on S-
parameters conversion and plotting in Help > Manual > Mixed-mode scattering

parameters)
Phase reference planes Simulation from 10 MHz to 50 GHz
20x60 mil pads in of t'“r&e 'hnpUtSdSh'ﬁed —#— Capshounting.ShortCircuited. Simulationl, Smm{D1.01] — #- —
layer “Signall” toward the pads ——— CapsMounting ShartCircuited Simulation? . Smm(D1.02] — % —
4 b agnitude(S), [dB] Angle(S], [deq]
FEEEEH )
[ U I b s v
12571 i S
BiLot? " pont 4 -ED : A | 100
I . -25 1 . ! ‘\" . ! ] 4
\\ [Reflection lpss Is above |l
7 5 e -20I/dB at 4/ GHz " 4o
: % | [
' bk, I “
ol | |
50 1% 1 Wwﬁ* T .
5251 *“'nv*m IJ M**
A T s e S N O I
E 10 15 20 25 30 3/ 40 45 AQ
; i it 03 Apr 2008, 14:12:38, Simberian Inc. Frequency, [GHz]
09 Apr 2008, 14:05:20, Simberian Inc. 30x60 mil SI’:IOI’T. circuiting - - -
plates are slightly elevated Multiport parameters profile has to be adjusted to see the
above the board surface mixed-mode S-parameters on the graph (Simulation > Results
(layer “CapPlane”) > Multiport Parameters > Set New Profile > Input Space >
. ’ Mixed Mode)
: Simberian 10/7/2008 © 2008 Simberian Inc. 26
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Series internal ports to connect two 0402
capacitors (circuit SeriesPorts)

O May be used if capacitor model extracted by comparison with the short-
circuited pads (usually leads to lower estimated ESL of the capacitor)

Coupled transmission line inputs 6-port broad-band S-parameter model of
(ports 1, 2 on one side and 3,4 the mounting structure exported from
on the other) with reference Simbeor in Touchstone format

planes shifted toward the pads

—#—— LCapsMounting. SenesPortz. Simulation?, 5[1,1] — % —
—#— LCapstounting. SeresPorts. Simulationd, 5[1.2] — % —
|:> —#—— LCapstounting. SeresPortz. Simulationd, 5[1,3] —#+ —
——4#—— LCapsMounting SenesPorts Simulation?, 5[1.4] — % —

Capstounting. SeresPorts. Simulation, 5[1.5]
—#—— LCapstounting. SeresPortz. Simulationd, 5[1,6] — % —
Real5]. ] Imaginam(S], []

o e T 1025

@ 25T

09 Apr 2008, 15:20:00, Simbernian [nc.

T-0.25

057

Two component inputs with X-directed

port (X-Port, ports 5 and 6) in the : . . 708
middle of the plate connecting two pads 10 20 30 40 50
03 Apr 2008, 152338, Simbenan Inc. Frequency, [GHz]
Simberian 10/7/2008 © 2008 Simberian Inc. 27
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Parallel internal ports to connect two 0402
capacitors (circuit ParallelPorts)

O May be used if capacitor model extracted by comparison with the open-
circuited pads (usually leads to complex model with higher ESL and

substantial delay in the capacitor model)
8-port broad-band S-parameter model of the

Coupled transmission line inputs mounting structure exported from Simbeor in
(ports 1,2 and 3,4) with reference Touchstone format o

_ —#—— CapsMounting.ParallelPortz. Simulation?, 5[1,1] — % —
p|aneS shifted toward the padS —#—— CapsMounting ParallzPorts. Simulation, 5[1,2] — % —

—#—— CapsMounting.ParallelPortz. Simulation, 5[1,3] —#% —
——#—— CapsMounting.ParallelPortz. Simulation1, 5[1.4] — + —
CapsMounting. ParallelParts. Siulation , S[1.5]

—#—— CapsMounting. ParallelPorts. Simulation?, S[1.6] — # —
—#—— CapsMounting ParallelPortz. Simulation?, 5[1.7] — % —
—#—— Capstounting. ParallelParts. Simulation?, S[1.8] — = —

Reall5]1. (] Imaginary[5). []
" 3 L
o R
E
0754 i
05 [ . 1025
025 4
\\ 105
\ RRC ke T TP S s e SRR =z s
\ e ™
09 Apr 2008, 15:30:24. Simberian Inc. 075 1 Fahop 075
Component inputs with 2 Z-directed ports %Wﬁw . -
each (Input 3 - ports 5 and 6, Input 4 — E 10 5 21 2% @ % 40 45 =
ports 7 and 8) at the edges of the pads 09 Apr 2008, 15:34:12, Simberian Inc. Frequency, [GHz]
Simberian 10/7/2008 © 2008 Simberian Inc. 28
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Through calibration of the 0402 capacitor
ports with 10-ps step response

Simbeor models are used in HyperLynx—+Eldo
for the analysis

OSCILLOSCOPE

Short-circuited pads

J2 Ve, U0

Design file: AC COUPLNG | LIMPEDOPORTS FES
Hyperlynx W77

1400.

Designer Yuny Shlepr

9 ey 2008 14,0820 Sbeman e

T[1,1]

1z00.0

# Probe 2:U14.2 (at pin)
© Prohe 5:ULl3.2 (at pin)

& Probe 8:U12.2 (at pin)
F u11

Probe 11:U11.2 ({at pin)
¥ Prohe 14:U10.2 (at pin)
# Probe 17:U9.2 {at pin)

differential_: t@]

T[2,1]

\tl;f 600.0

; / Responses of all

e 400.0 |
i / // structures are in
gaod [agreernnert
P - asrexpecte

-200.0
-400.0

0.00 20.00 40.00 £0.00 20.00

Time (ps)
Date: Wednesday Apr. 8, 2008 Time: 15:36:41
Show Latest Waseform = YES,  Show Presvdous Wavefonrn = YES
. Simberian 10/7/2008
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3

00 e 2006015 924, Sambenan Ine:

Structure with 4 parallel

ports connected to two
15-mil line segments to
fill the gap

© 2008 Simberian Inc.

N4
T |_wdqpPortt Port3 1
_ug ™ Port2  Portd &
e 2

differential_step

R1

0.0 ohms

differential_step

@Wp

Capshaunting_s...

diff _receier
i . Y12
4ot Ports 2
Port2

LPOrtS
Porte

%psMuunting_S...

"4

Portd

diff_receiver

Structure with 2 series
00.,R0rts short-circuited by
0.1 mOhm resistors

J4 r u14

Port1  Port3
lk;F'Dr‘tQ Fortd fe—
PortS  Port6 e
Port?  Ports

p—— diff_receive
pshdounting_P...
T2

454 ohms
1.704 ps
TL1 go15in

454 ohms
70 s
0015 n

Stackup 29



AC coupling capacitor in a simple differential
channel

o 10.65 cm long channel is simulated with and without the mounting structure

O Simbeor is used to generate models both for t-lines and mounting structure and
HyperLynx+Eldo is used for analysis of the complete channel

O 100 nF capacitor has 100 pH added ESL and 1 mOhm ESR

OSCILLOSCOPE .
Design fils: AC_COUPLINGCAPACITORS FFS  Designer: Yuriy Shlepney J6 and J14 are 5 mm CO_Upled t-line Segmen_ts-
Hyperlynx V7.7 J15is 10.15 cm and J7 is 10 cm coupled t-line
«Probe 2:U17.2 (at pin) segments. All are W-elements defined with
1400. 0 oProbe 5:UI6. 2 (at pin)

RLGC(f) extracted with Simbeor.

T[1,1] T[2,1] Shrobe 190115 (G L
1200.0 / ’\ L
2o

1000. 1 L= — a \ >

J3
S 57 v 12

bPort!  Port3 — ¢
u.Port2 inl a.. 1
rors in2 o
—

\ ditferential_step W_pCo ool Porté Portd p——— =
N}/W iﬁ%ﬂsmouming_&u V\fafgou?alfledlhndgst_ diff_receiver
3800.0
1100, B8 AN
y N /
{ go0, o4 1e=e-ee N 1 \ -0 miliokrgst 0 milliohims > (IR e I
’ ] i’_ K
E 100000 o R\ - { == L1 L2 2.4_._ 2 o ¥ ]
e e S -
g 1000 e N - @ @ oot sep SNt [ RS Ro
) 200. 00 { \_ : o000 pH |00 pH 2
200. 0— ’ : \\” c1 c2 1.0 miIIioh‘ =1 .0 millichms
s50. 00 }T\ 1 1 L5 L6
o.0d : : N £ 10000F | 100.0 nf @ @
09 Al 2006, 15 2000 Suntomian F
Model with the 00 [t
-200.4 S . v \v c5 c6
mountlng
e 000 nF | 10000F
400.0 structure 4
L
0.00 200.0 400.0 600.0 800.0 15 7
Ti . -
ime (ps) Model without the it i ‘ >
Date: Wednesday Apr. 8, 2008 Time: 15:49:14 i in2 oo
Show Latest Waveform = YES,  Show Previous Waveform = YES mountlng Capshiounting, =
1 y . . Wi_Coupledh=L _ diff_receiver
Simberian 10/7/2008 © 2008 Simberian Inc. 0
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More numerical experiments...

O HyperLynx file AC_CouplingCapacitors.ffs set up to
Investigate TDR and TDT of differential channel with
capacitor connected closer to driver and receiver

O HyperLynx file AC_CouplingCapacitors20Gbps.ffs set up
to investigate propagation of 20 Gb/s signal in a
differential channel with the AC coupling capacitors

OSCILLOSCOPE
Design dle: AC COUPLINGCAPACTORSZOGEPS.FFS Designer: ‘furiy Shlepnew
J10
49 U4 abe £:ULY
LPort!  Port3 { ¥l Jo00. i
:;PDr‘tZ inl a.. 7 cbe 14:U12
Froms in2 o 300,
PPPPPPPP
Capshounting. .. )
Capshounting_S... W CoupledhSL o,
RA{J - diff_receiver
11D
W
4.0 milliohrpzd .0 milliohms 7 sa0.g
t
L3 L4 a
ERETT S
m
W
@ @ 200,
o0 pH | eo0opH o
C3 c4
100.0 nF

AEP Simberian  10/7/2008 © 2008 Simberian Inc. 31
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Conclusion

O Simple examples of Simbeor application for extraction of
electromagnetic models of capacitor mounting structure are
provided

O The effect of the mounting structures for 0402 capacitors is minor,
though larger footprints like 0603 cause visible degradation of multi-
gigabit signal even in a simple channel without other discontinuities

= The problem may be more visible in case if there are some via-holes in the
channel and interactions between multiple discontinuities produce resonances at
some critical frequencies

O Electromagnetic models of the mounting structures can be used
= For accurate modeling of multi-gigabit serial data channels
= For identification of the models for the capacitors by comparison of
simulation and measurement results
O Setting up all simulations and model building with Simbeor took
approximately 2 hours

‘$ Simberian  10/7/2008 © 2008 Simberian Inc. 32
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Solutions and contact

O Simbeor solution files and HyperLynx schematic
filles are available for download from the
simberian web site

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

0 Web site

.&; Simberian  10/7/2008 © 2008 Simberian Inc. 33
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