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Overview

O Introduction

O Investigation of decoupling capacitors mounting
structures with plane pair next to the board surface

= Decomposition
= Minimal possible inductance investigation
= Models for mounting structures with 2, 4 and 6 via-holes

O Investigation of mounting structures with plane pair
separated from board surface by signal and plane layers

O Conclusion
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Introduction

O Power distribution networks (PDN) are usually designed as parallel
metal planes with decoupling capacitors connected to them

= Analysis of the planes is a 2-D problem that can be formulated as 2-D
Telegrapher’s or Helmholtz’s equations (*)

= There are multiple algorithms and solvers based on 2-D solutions with
simplified models for the decoupling capacitors mounting structures
= Accurate analysis of the decoupling capacitor mounting structure may
require a 3-D full-wave analysis
O This example demonstrates how to build 3D full-wave models for the

decoupling capacitor mounting structures and how to characterize
the mounting inductance

O Simbeor 2007 electromagnetic solver for multilayered circuits Is
used to generate the results

(*) See the broadband formulation in Y. Shlepnev, Transmission plane models for parallel-plane power

distribution system and signal integrity analysis, -22nd Annual Review of Progress in Applied Computational
Electromagnetics, 2006, p. 382-389.
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Mounting structures to be investigated

(@) (b) () (d) (e) (f)

6 different configurations with diameter of vias 12 mil
and 20 mil anti-pads:

a) 2 vias 60 mil apart with pads for 0402 caps

by 2 vias 40 mil apart with pads for 0402 caps

c) 2 vias in pads (40 mil apart) for 0402 caps

d)y 4 vias with 40 mil pitch with pads for 0402 caps

e) 4 vias with 32 mil pitch with pads for 0402 caps

) 6 vias with near-circular pattern recommended for 0603 X2Y
caps

.&; Simberian 10/7/2008 © 2008 Simberian Inc.
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De-composition of 2-via structure with plane
pair close to the board surface

We are going to investigate
and build model only for the
capacitor mounting structure

Measured S-parameter or

Capacitor equivalent RLC model, de-

embedded by comparison

1-port
capacitor model

with the mounting structure
with short circuited pads

¥ i
i H

Capacitor Capacitor mounting structure simulated with 3-D full- Port betwegn pads
wave solver with coaxial and lumped ports ? C%D
Port between pads 2-port
l:> S-parameters
of Mounting
Top Plane Structure
Plane Pair
Bottom Plane Top Plane <£ &_D
Coaxial Port Coaxial Port
i 1
Inductance of this segment of via is : ;
Transmission plane structure accounted in the 2-D model Other ports , Via-pdrt
Ay (@) a‘]sy(a))__ . ? ?—D ﬁ) ?—D
x oy Y, (@) V(@) +3, (@) Top Plane
L’;“’) =7 ()-3,(0) (xy)eQ Via-port Plane Pair Multi-port
oV z(w) Bottom Plane S-parameters of TPlanes
— =Z,(0)-1, (@)
oy
S-parameters of multiport obtained with 2-D full-wave
analysis of structure with cylindrical via-ports
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De-composition of 4-via and 6-via structures
with plane pair close to the board surface

Measured S-parameter or

We are going to investigate c " :
and build model only for the apactior equivalent RLC model, de- 1-port
capacitor mounting structure embedded by comparison capacitor model
with the mounting structure
with short circuited pads g g D
] ¥ i
Capacitor o Ertb " é ]
. . . . O, etween pads
Capacitor mounting structure simulated with 3-D full- . P
wave solver with coaxial and lumped ports ? W
Port between pads
) 3-port
S-parameters of Mounting
— Top Plane Structure
Plane Pair
mmm Bottom Plane Top Plane (J) g
Coaxial Port 1 Coaxial Port 2 Goaxial Rort 1 Coaxial Port 2
i s i 1
o Self and mutual inductances of these segments :_ : \:/ia- ortlé
Transmission plane structure of vias are accounted in the 2-D model Via-port yaports
Ay (@) (@) ? D ? >
T‘*’T“Yu(w)'v(w)‘*Jz(w) Top Plane CP ?
N(@) _ . - i Multi-port
o~ L(@)3.(0) xy)eQ Via-port 2 Plane Pair S-parameters of TPlanes
N (w) Bottom Plane

Y =-Z,(0)- I, (@) g

S-parameters of multiport obtained with 2-D full-wave 4. ports
analysis of structure with cylindrical via-ports
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Minimal possible inductance investigation

Describe sub-stack only above the topmost plane
Short-circuit the port connected to the capacitor with a rectangular conductive patch
Use coaxial ports in plane and calculate Zin of the mounting structure

Estimate equivalent effective inductance L(w)=Im(Zin)/(w), w is radial frequency — this
is the simplest first-order approximation valid at lower frequencies

O O o o

Structures with 1 via through GND plane:
Short-circuited port

Materials and sub-stack:

._ Solution: "DecouphountingTop"

= TopPlane

EEE hAaterials

FA "Copper", RR=1

"Idealhdetal”

HE "FR4", Dk=4.2, LT=0.02, PLM=\WD

GND

Coaxial Port

=M StackUp: LU=[rnil], ML=3, T=5.77mil]

- 1| Signal: "Signall”, T=0.77, Ins="Vacuum"
. 2| bediurm: T=5, Ins="FR4"
..o 3| Plane: "GND", Mat="Copper"

2

The rest of the stackup is
removed for the analysis of
the mounting structure

Structures with 2 vias through GND plane:
Short-circuited port

GND

Zin=0.5z11+z21) 2 Coaxial Ports

Simberian 10/7/2008 © 2008 Simberian Inc. 7
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Geometries of circuits for 6 cases

(a) (b) (o) (d) (e) (f) Blue vias end with coaxial
CHRD) ports in plane GND
- . - - @ |® Black vias connected to the
' @0 o @ ® ® CHD plane GND
(b) 2Vias40mil (c) 2ViasInPad

(a) 2Viasi|

26 bdar 2008, 17:18:08, Simberian Inc.

(f) X2

26 bar 2008, 17:17:23, Simberian Inc.

(e) 4ViasBest

26 Mar 2008, 17:14:30, Simberian Inc.

(d) 4Viasi|

£

*6 Mar 2008, 17:21:08, Simberian Inc.

£

B Mar 2008, 17:13:20, Simberian Inc.
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Example of geometry description for the
circuit (e) 4ViasBest

Geometry created in about 5 min by
drawing in 3-D geometry editor on grid with
1 mil truncation

Ei $ifiasBest

EF CircuitData:; LU=[mil], Truncation=1.0[mil]

&8 Multiport: 2 inputs, 2 ports
B LatticeBox

Two vias to
o/ ~ GND plane

Coaxial ports in the ——
GND plane connected
to two vias

= Jif Geometry <
El% Cornposite Ohject, XC=0, ¥C=0 R Mar 2008 172015 Simhberian Ine
* Rectangle: "Signall”, "Copper”, Wif=40, H=20, Xmin=-20, ¥min=-10, ¥max=20, ¥Ymax=10 €—~r__| . . .
..... & Cylindroid: "GND" to "Signall”, "Copper", XC=-16, ¥C=-16, D=12 Short-circuit plate instead
..... & Cylindroid: "GND" to "Signall”, "Copper”, XC=-16, ¥C=1§, D=12 _ of capacitor
..... @ Cylindroid: "GND" to "Signall”, "Copper”, XC=16, ¥C=-1§, D=12 4 via-holes

----- @ Cylindroid: "GND" to "Signall”, "Copper”, XC=16, ¥C=16, D=1
- Ellipse: "Signall", "Copper", ¥C=-16, ¥C=-1h, D=20
-4 Ellipse; "Signall", "Copper", ¥C=-16, ¥C=16, D=20
-3 Ellipse: "Signall®, "Copper", XC=16, ¥C=-18, D=20
-3 Ellipse: "Signall®, "Copper", XC=16, ¥C=16, D=20
* Rectangle: "Signall®, "Copper®, W=22, H=20, ¥min=-28, Ymin=-10, ¥Xmax=-6, Ymax=10

Pads for 4 via-holes in layer Signall

- Rectangle: "Signall”, "Capper”, W=22, H=20, Xmin=6, Yrmin=-10, Xmax=28, Ymax=10 Capacitor pads in layer Signall
-4 Trace: "Signall”, "Copper”, W=20, L=32, Nv=2 Traces connecting via-hole pads with
-4 Trace: "Signall”, "Copper”, W=10, L=32, Nv=2 the capacitor pads in layer Signall

- Tlines

=1 BE Inputs

B 1 "Inputl”, 4 Ports, ID=12, OD=20 Two coaxial inputs in layer GND
w8 2 "Tnputz”, 4 Ports, ID=12, 0D=20

\ Simberian 10/7/2008 © 2008 Simberian Inc. 9
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Simulation area setup (for all circuits)

53 AiasBest
|_——_|F CircuitData; LU=[mil], Truncation=10[mil]
--I Multiport: 2 inputs, 2 ports
=) LatticeBox
B AutoLatticePararmeters
K, Latticefuisx: C5=2, MoC=08, AS=136, O=-68
Ay Latticefuisy: C5=2, MoC=66, A5=132, O=-f
: [z Auis: Auta
. Geometry
i35 Sirnulationl

O For consistent comparison of all cases
m Cell size fixed to 2 mil by 2 mil for X and Y axes
= Simulation area automatically defined with Sidewall

Margin Multiplier equal to 8 to have larger area size

LatticeBox

D ] |

Auta Lattice Parameters | Latticeduis | Latticeduis | Axis Z | Sidewall Model |

Box Auto Fit:
Min Cells Per Width [Nmin]: |1 1.2.... [Nming=Mopt]
Optirmal Cells Perwfidth [Maopt]: |4 1.2.... [Mminz=Mopts= MNmax)

tax Cells Per width [Mmax) |64 1.2, [Mmasx= Mopt)

Sldenal e o
idewall M argin Multiplier: |2 01,

area
Line Segment Length Multiplier |4 1.2..

Auto Lattice Parameters are required only if zimulation area and/or cell zize
are niot defined [or Lattice Box iz not completely defined].

Automatically defined lattice does not guaranty accuracy, Use simulation
options bo refine the simulation mesh to increaze the accuracy.

All chahges made here have effect only at the geometry initialization stage.

Set Az Solution D efault ‘

Simberian

Electromagnetic Solutions

10/7/2008

=)

ine
ize

2 [ |
Latlicenis | Latticeduis'’ | dxisZ | Sidewall Model |

Same for
the Y-axis

LatticeBox

Auto Lattice Parameters

Cell Size:

v Auto Detect

Mumber of Cells: |ES

v Auto Detect

Area Size: |136. [rnil]

v Auto Detect

Area Origine |55 [rmil]

Lattice iz automatically defined during the geometry Initialization stage.
Auto Lattice Parameters are uzed to auto-detect lattice.

Adjust lattice and simulation area to keep geometrical symmety and to
have all gtrip edges az cloze to the grid lines as possible.

o]

Cancel

© 2008 Simberian Inc. 10



Simulation and results setup

O Model with collapsed plane layers and absorbing boundary
conditions above and below the circuit are used

. [ Cptians @Iﬁ
£ 4viasBest -
.48 CircuitData: LU=[mil], Truncation=1.0[mil] Prablem | Meshing | Algorthm| Debug |
&8 Multiport: 2 inputs, 2 ports
. LatticeBox i Collapse Thick Metal Layers
N Check to accelerate simulation of structures composed of baeds or
. Geometry " 3trps-with large width to thickness ratio.
=38 Sirmulationl
..... Pararneters [ lagnore Losses In Metals And Dielectrics
0 ptil:l e C |:|||E|[:|'5Ed metal Los D=1 CDY=1.. I:> Check to accelerate preliminary analpsiz of lozey structure,

= FrequencySweeps: FUU=[GHz] -

Eo . . _ _ _ Uze Current Wariables in Flane Lapers

""" - Lng_ar?thmlcal' Start=0.01, Stop=1, Count=10 Two freq uency If checked - metal in plane layers is meshed instead of meshing cut-outs

L Equ|d|5tant: Start=1, Stu:up:ll]J Count=10 Sweeps in rmetal (may slow down the simulation)].
E@ Results

.. Multipl:urtF'aramete s SZo=00), Y, £ Cowver Distance To Max Trace Width Ratio: |'I [1.2.
[
Default Cover Type: |.i'n.BI: ;I D] [
Output Z_ matI’IX |nt0 CSV_fI Ie to Defines default pogition and type of ThE SiMUIEHON DO Covers,
calculate effective inductance -
- 5 » ManWavelength To Box Size Ratio: |1 00a0a
Change What To DUtPUt Definez the minimal freguency allowed for the simulation [DC imit).
tultipart Parameters To Output | Sst As S olution Defaul |
Descriptor Type: IM "] [0k | Concd |
Comples b atris Output Format: IHeaIImaginar_l,l ﬂ
& Simberian 10/7/2008 © 2008 Simberian Inc. 11
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Graph properties to
see Z-parameters

Simulation results e
Units ~ Multiport Axes I Fit &l Limits] Eomponents] Appearance]
,M Axiz Right
. . . " Magnitude Magritude
O Simulation takes just few seconds per e C e
. " DB Magnitude " DB Magnitude
frequency point at 2 GHz dual core processor S  es
~ &+ Imaginary " Imaginary
i T
i i
Z11 impedances of the
one-port models Z11 and Z12 impedances of
— % TopPlane. 2iasB0mil Simulationl, Z[1.1] — % — the two-port models
—#— TopPlane. 2iazd0mil Simulation1. Z[1,1] — » — —#— TopPlane 4Yiasd0mil Simulationl, Z[1,1] — %= —
—&— TopPlane 2iasinPad. Simulation, Z[1.1] —5- — —#—— TopPFlane 4%iasd0mil Simulation, Z[1.2] — % —
Imaginar(Z]. [0k RealZ), [Ohm] —=— TopFlane #¥iasBest Simulation], Z[11] —= —
—=— TopPlane MiazBest Simulationl, £[1.2] —& —

10

ImaginanL], [Dhm]

——— TopPlane#27 Simulation1, Z[1,1] —*= —
1 —x— TopPlane.=2v Simulation], 2[1,2] — » —

ReallS). [Ohm]

The smaller the

et [ 1

impedance the 1703
better

#t 1.075

o

r 0.05

jane gt
W W - — e e B R R il

T 0.025

0.01 01 1 R o 01

28 Mar 2008, 15:45:15, Simberian [ne. Frequency, [GHz] 28 Mar 2003, 15:47:01, Simberian I.nc.
‘ Simberian 10/7/2008 © 2008 Simberian Inc.
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Comparison of effective inductances of the
mounting structures

These are the minimal possible inductances — they do not include the internal
inductance of the capacitor and inductance of the via section between the planes!

Inductance of 0402 mounting

4 00E-10

structures ranges from 285 pHn
to 125 pHn

3.50E-10

3.00E-10

Best 4-via
connection

—— 2Vias60mil

2.50E-10

—— 2Vias4Omil

== I\igsInPad
== A iasd0mil

2.00E-10

—0—4ViasBest

Inductance, Hn

1.50E-10

——Xxzy The first-order
approximation by
inductance is not valid

T above about 4 GHz

1.00E-10 T
+

Inductance of X2Y

5.00E-11
1.00E+07

L Simberian

Electromagnetic Solutions

1.00E+08 1.00E+09 1.00E+10 mounting structure is
Frequency, Hz about 90 pHn
10/7/2008 © 2008 Simberian Inc. 13



Model for a case with capacitor raised above

the board surface

O More complicated models of the mounting structures can be created

If necessary

: Two additional layers added above
=l RaisedCap the topmost signal layer
#-50 Materials
EI- StackUp: LU=[rmil], ML=3, T=T.54[rnil]
: - 1| Signal: "CapPlane”, T=0.77, Ins="Wacuum”

. 2| Mediurm: T=1, Ins="acuum"
- 3| signal: "signall”, T=0.77, Ins="YWacuurn"
. 4| Mediurm: T=5, Ins="FR4"

..o 5| Plane: "GMND", Mat="Copper"

Short-circuiting plate is in layer CapPlane

Inductance, Hn

Capacitor bottom is simulated as
two cuboids spanning from layer
CapPlane to Signall

' Simberian

| Electromagnetic Solutions

10/7/2008

© 2008 Simberian Inc.

With 1 mil spacing between the capacitor
bottom and board surface, the inductance
increases from 285 pHn to 310 pHNn

3.70E-10 |
3.306-10 i /
f
\ Sf
3.10€-10 o /
— A y
. — pr’

2 80E-10
2.70€-10
2 50€-10

1.00E+07 1.00E+08 1.00E+09 1.00E+10

Frequency, Hz

14



Final multiport S-parameter model of the
mounting structure with vias in pads

The model has to be connected with the model
of a 0402 capacitor at port Input2 and with a
2-D transmission plane model at port Inputl

From below

—#— TopPlane 2iazlnPadi odel Simulation, S[1,1] — % —
—#—— TopPlane. &iaginPadodel Simulation?, 5[1.2] — # —
Real(51. ] Imaginars]. ]
e
T0.25
28 K?Er\%ﬂﬂ. 16:36:39. Simberian Inc. 05
Inputl — coaxial port at the location of via- T B 70
hole going through GND plane (plane is the Input2
reference side of this port) ? W 1 a5
0%
2-port
A S-parameters L
f Mounti i
From above .4 ° Strueture. 0.3
+-0.75
Input1
ool o1 1 0
28 har 2008, 16:45:51, Simberian Inc. Frequency, [GHz]

Input2 — lumped X-directed port between the pads with
the reference side of the port (highlighted) connected to

26 Mar 2008, 16:35:29, Simberian Inc. the via connected to GND

Simberian 10/7/2008 © 2008 Simberian Inc. 15
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Final multiport S-parameter model of the

mounting structure with 4 vias 32 mil apart

The model has to be connected with the model of a 0402

capacitor at the port Input3 and with a

2-D transmission plane model at ports Inputl and Input2
——— TopPFlane. #iazBesttodel Simulation?, 5[1,1] —* —

—#—— TopPlane. #iazBestkodel Simulationd, 5[1,2] — # —
——— TopPlane. $YiazBesttodel Simulation?, 5[1.3] — = —

ReallS]. [] Imaginar(s], [
10.25
0757
. 05— — = = g —
Inputl and Input2 — coaxial ports at the AT T e =
location of via-holes going through GND plane | i3
(plane is the reference side of these ports) ' ? w
|:|..
3-port
1 S-parameters of Mounting
025 Structure o 1 _
.|:|5 EN T T T T T ..-_
0 &% 5 o .
-I:I?E --I 1 1 Ilnlpult1I II: Ilnpult2 1 | I T I 1 1 1 | I 1 1 I-- -D.?‘-
0.01 0.1 1 10
28 Mar 2008, 17:01:24, Sinmberian Inc. Frequency, [GHz

\ Simberian 10/7/2008

Electromagnetic Solutions

Input3 — lumped X-directed port between the pads with
the reference side of the port (highlighted) connected to
the vias connected to GND

© 2008 Simberian Inc. 16



Final multiport S-parameter model of the
mounting structure with 4 vias for X2Y

The model has to be connected with the model of the X2Y capacitor (2-
port model) at the port Input3 and Input4 and with the 2-D
transmission plane model at ports Inputl and Input2

——8— TopPlane*2v_Model Simulation1, 5[1,1] —B& —
—+&— TopPlane®2v_Model Simulationl, 5[1.2] —8- —
—+H—— TopPlane.®2v_Model Simulation?, 5[1,3] — = —
—+&— TopPlanex2v_Model Simulation1, 5[1.4] —&= —
Real(5). [] Imaginar(5], [

rﬂ T0.25
0757

05 {H—=f-—F=EE

Inputl and Input2 — coaxial ports at the

location of via-holes going through GND plane o5 4 bt o
(plane is the reference side of these ports) ? ? ? B
I:I..
e 4-port
025+ S-parameters of

Mounting Structure

A5 {—8—=—a T re—a 58—
OISR o [ 40

075+ Input1 Input2

o;t 011
28 Mar 2008, 171616, Simberian [nc. Frequency, [GHzZ

Input3/port 3 and port 4 — two lumped X-directed ports
between the pads with the reference sides of the ports
(highlighted) connected to the vias connected to GND

Simberian 10/7/2008 © 2008 Simberian Inc. 17
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Cases with the decoupled planes shielded
from the board surface

O Investigate 3 simple cases with just one plane and 2 additional
signal layers between the board surface and plane pair
A.  Top shielding plane is ground and the topmost pane in the PDN

plane pair is ground plane
B. Top shielding plane is power plane and the topmost pane in the PDN

plane pair is ground plane
c. Top shielding plane is ground and the topmost pane in the PDN

plane pair is power plane

e w000 IEE—— N
1
Ground 1 Power 1 Ground
— — I . —
— N . — N . — N .
I GrOUnd ] Ground 1 Power
1
POWGI" 1 Power ] Ground

Only the portion of stackup above the topmost plane in the plane pair will be investigated —
thus only portion of the stackup is shown here

© 2008 Simberian Inc. 18
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Models for mounting structures with planes
shielded from the board surface

Capacitor

Ground Plane

Ground Plane

Plane Pair
Power Plane

=

Capacitor

Power Plane

Capacitor

Ground Plane

Ground Plang

Plane Pair
= Power Plane

Power Plane

Plane Pair
= Ground Plane

Capacitor mounting structure to be simulated to investigate
the minimal possible mounting inductance

Short-circuiting patch

Ground Plane

Ground Plane

A

Coaxial Port

Short-circuiting patch

Short-circuiting patch

Ground Plane

Power Plane
Ground Plane

Coaxial Port

Only models for mounting structures with 2-vias are shown here.
Mounting structures with 4 and 6 vias are created in similar way and contain 2 coaxial ports

Final 2-port, 3-port and 4-port models for the mounting structures can be produced similar to the case
with planes next to the board surface (see examples of the models in the solution files)

3, Simberian  10/7/2008

Electromagnetic Solutions

© 2008 Simberian Inc.

Power Plane

Coaxial Port
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Geometries of circuits for 6 mounting structures
with different connectivity to the planes (A,B,C)

(a) ®) (d) (e) () Blue vias end with coaxial port(s) in
- . - - C ) the bottommost planes
@] |® Black vias are connected to the
' - . - - CHD bottommost planes
(a) 2Vias60mil (b) 2vias40mil (c) 2ViasinpPad

S
o

(d) 4Vias60mil (e) 4ViasBest

>

Simberian 10/7/2008 © 2008 Simberian Inc. 20
| Electromagnetic Solutions




Case A:. Example of geometry description
for circuit (e) 4ViasBest

2x2 mil cell size — everything aligned to the grid

Layer Signall: 4 via-hole pads, two
capacitor mounting pads and short-circuiting
plate in the middle

View from
above
% ; e Tiar 1 fic
o Solution: "D Maounting2GHDS" . . ;
- .ﬁ-wzr;n;ms FropIoHnEng 2 vias bypassing plane GND1 2 vias connected to both
< S . and ending with 2 coaxial planes GND1 and GND2
< g 50 ) .
o :
g ° =8 Istacklp: L=[mil], ML=, T=15.85mil] inputs/ports in GND2 N\ ]
8 E . ]| Signal: "Signall”, T=0077, Ins="Wacuum"
g c - 2| Medium: T=3,Ins="FR4" View from
S o .. 3| Plane: "GMD1", Mat="Copper", T=0.77, In:="FR4" = below
5 S - 4 Medium: T=3, Tns="FR4"
% - . 5| Signal: "Signal2”, T=0.77, Ins="FR4"
o9 . b Mediurm: T=3, Ins="FR4"
§’ g - 7| signal: "Signal3®, T=0.77, Ins="FR4"
§ ol . 8| Mediurm: T=3, Ins="FR4"
n 8 ~_mm 0| Plane: "GND2", Mat="Copper’, T=0.77, Ins="FR4"
\ Simberian 10/7/2008 © 2008 Simberian Inc. 21
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Case A: Simulation results )

Graph properties to
see Z-parameters

O Simulation takes few seconds per
frequency point at 2 GHz dual core
processor

Z11 impedances of the
one-port models

—#—— 2GMNDS. MViazklmil Simulationd, Z[1.1] — % —
—o— 2GMND5. Aiazd0mil Simulation], £[1,1] — & —
——— 2GMDS. 2iaslnPad. Simulationd, Z[1,1] —*= —

Irmaginar£], [Ohm] ReallZ], [Okm]
103
o The smallen the
impedance the 0.25
better
H0.2
: /\
r 015
H0.1
0.1
ga)g( +0.05
IS5l
0.01 9 — :.::.::wﬁ:ﬁﬁpz —
0.0 0.1 1 10

30 kar 2008, 07:31:59, Simberian Inc. Frequency, [GHz]

\ Simberian 10/7/2008

Electromagnetic Solutions

Units ~ Multiport Axes I Fit &l Limits] Eomponents] Appearance]

,M Az Right
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Case A (ground-ground): Comparison of the
effective inductances of the mounting structures

These are the minimal possible inductances — they do not include the internal
inductance of the capacitor and inductance of the via section between the planes!

l\ \

3.00E-10

4 50E-10
Inductance of 0402 mounting

structures ranges from 360 pHn

4 00E-10
to 170 pHn (at low frequencies)
C —
IS-SGE 10 =l ?Vias60mil
gs_ﬂnE g S v —— - —k— 2Vias40mil
- . S \ M —»— 2ViasinPad
gz.EﬂE—lﬂ &/ M“ == JViasd 0mil
3 e Y S P R vl —8—4viasBest  The first-order
CZ.EIIJE-llJ oy approximation by _
—_ r——0—0—¢—0—o—o 0o ® ;. ,...0“ inductance is not valid
1.50E-10 above about 4 GHz
T =
1.00E-10 Inductance of X2Y
mounting structure is
5.00E-11 about 125 pHn
1.00E+07 1.00E+08 1.00E+09 1.00E+10

Frequency, Hz
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Case A: Final 3-port and 4-port S-parameter
models of mounting structures

O The model has to be connected by lumped ports in the top layer with a
capacitor model and by coaxial ports with a model of transmission planes

X2Y_ Model:

/

N War 2NN S e e

: Simberian

Electromagnetic Solutions

4ViasBestModel: 3-port

-

4-port

N

10/7/2008

—#— 2GMDS. $iazB esthdodel Simulation?, 5[1.1] — % —

—#— ZGMDS. $iazBestdodel Simulation?, 5[1.2] —# —

—#—— 2GMDS. $iazBestModel Simulation?, 5[1,3] — % —
—e— 2GMDS5 X2Y_Model Simulationd, S[1.1] — & —
—=— 2GNDS X¥27_Model Simulation?, 5[1,2] —& —
—a—— 2GMDS X2 _Model Simulationd, S[1,3] — = —
—=—— 2GHDS ¥2Y_Model Simulation?, 5[1.4] — = —

Real(5]. [] Imaginary5]. []

T0.25

0257

net 1025

5] A0
25 5 75 10 125 15 175 20
30 kMar 2008, 12:36:28, Simberian Inc. Frequency, [GHz]
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Case B: Example of geometry description
for the circuit (e) 4ViasBest

2x2 mil cell size — everything aligned to the grid

Rectangular moat in plane V1 for isolation

Layer Signall: 4 via-hole pads, two
capacitor mounting pads and short-circuiting
plate in the middle

View
from
above
t 90 b s 2000 15 34-47 Cirnhenan be
©
o @ .L;__‘i'ﬁ'lf;r;mmED“']M'”“”“”E‘MGND 2 vias bypassing plane GND1 2 vias passing plane V1
£ g 55 iterials and ending with 2 coaxial and connected plane GND
—_ HpL . .
Sl IR ] 5t kUi LU= i, NL=9, T=15.85[mil] Inputs/ports in GND2 /
8 < - ]| Signal: "Signall”, T=0.77, Ins="Vacuum"
@© c . 2| Medium: T=3, Ins="FR4" View
c = gy _ p— TYL
S o < Lo 3 F'Iamf_'. V1", Mat="Copper", T=0.77, Ini= FR4"™ = from
= O . 4| Mediurn: T=3, Ins="FR4"
g e o N below
s a - 5| Signal: "Signal2”, T=0.77, Ins="FR4
Q% . 6| Medium: T=3, Ins="FR4"
29 mm 7| Signal: "Signal3”, T=0,77, Ins="FR4"
% g_ . 8] Mediurn: T=3, Ins="FR4" B
{n S < mm 9| Plane: "GMND", Mat="Coppet”, T=0.77, Ins="FR4" >
2 - gt 8.1 mberian Inc.
: Simberian 10/7/2008 © 2008 Simberian Inc. 25
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Case B (power-ground): Comparison of effective
Inductances of the mounting structures

These are the minimal possible inductances — they do not include the internal
inductance of the capacitor and inductance of the via section between the planes!

8.50E-10
- oE10 L Inductance of 0402 mounting
' structures ranges from 480 pHn
to 205 pHn (at low frequencies)
6.50E-10
L ss50E10 —— 2Vias60mil
E)j' :I \ —k— 2Viasa0mil
c 450810 —=— 2ViasInPad
% b—-‘—A —— AVias40mil
3 50E-10 i
1:3 T TOTAVEsEet e first-order
c . . —— X2y approximation by
= 2.50E-10 — s inductance is not valid
T e above about 4 GHz
1.50E-10 * * .
Inductance of X2Y
5.00E-11 mounting structure is

1.00E+07 1.00E+08 1.00E+09 1.00E+10

Frequency, Hz

about 135 pHn
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Case B: Final 3-port and 4-port S-parameter
models of mounting structures

O The model has to be connected by lumped ports in the top layer with the
capacitor model and by coaxial ports with a model of transmission planes

4VIaSBeStMOdeI - 3_p0rt —#— VIGND $azBesttodel Simulation, 5[1.1] — % —

e —#— V1GMD . $iazBestkodel Simulation, 5[1.2] — % —

—#—— 1 GMD $iazBesttdodel Simulation, 5[1.3] — % —
—=— VIGMD X2y _Model Simulation?, 5[1.1] — & —

—=— VIGMD XY _Madel Simulation?, 5[1.2] —& —
— = VIGMD 2y _Model Simulation?, 5[1.3] — & —
—— = VIGMD X2 _Model Simulation?, 5[1.4] — & —
Reall51.[] ImaginarS]. []

?‘)E: ‘ 105
% -
T A

L= [ TR ‘ t?
TR e e S ead 2o 3}0

1 0.25

30 Mar 2008, 16:11:15, Simberian Inc.

X2Y_Model: 4-port HM o5 Y78

% S 1025
0251 Tl )
T 105
05
o
25 5 75 10 125 15 175 20
30 Mar 2008, 16:14:39, Simberian Inc. Frequency, [GHz]
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\ Simberian 10/7/2008 © 2008 Simberian Inc. 27

Electromagnetic Solutions




Case C: Example of geometry description
for the circuit (e) 4ViasBest

grid

2x2 mil cell size — everything aligned to the

Layer Signall: 4 via-hole pads, two capacitor
mounting pads and short-circuiting plate in

the middle
f -
View
from
above
: nberlan lnc
CG ' H n . . .
Q .5i'L:'ITS”r;]DD“”“PM”“”t'”QGNDW 2 vias connected to plane GND 2 vias bypassing plane
= 5% 1iterials and ending with 2 coaxial GND and connected to
+|:|I'I‘ . .
R StackUp: LU=[mil], NL=9, T=15.85[mil] inputs/ports in plane V1 plane V:
- 1| Zignal: "Signall”, T=0.77, Ins="Vacuum"
[l 2 Medium: T=3, Ins="FR4" View
<.mm 3| Plane: "GND", Mat="Copper", T=0.77, Ins="FR4" >
4] Mediurm: T=3, Ins="FR4" I)ro|m
elow

|
.o 5| Zignal: "Signal2”, T=0.77, Ins="FR4"
. b| Mediurm: T=3, Ins="FR4"
mm 7| Zignal "Signal3®, T=0.77, Ins="FR4"
. 8] Mediurm: T=3, Ins="FR4"
mm 1| Plane: "W1", Mat="Copper", T=0.77, Ins="FR4"

1-cell wide moat in ' -
\ Simberian 10/7/2008  plane V1 (void trace) © 2008 Simberian Inc. 28
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Case C (ground-power). Comparison of effective
Inductances of the mounting structures

These are the minimal possible inductances — they do not include the internal
inductance of the capacitor and inductance of the via section between the planes!

Inductance of 0402 mounting

9 50E-10 | structures ranges from 480 pHnN
‘ to 200 pHn (at low frequencies)
8.50E-10 T
Above 2 GHz the effective
7 50E-10 inductance grows rapidly —
c the simple approximation fails!
I 650E-10 —— 2Viass0mil
Q —A— 2Vias40mil
O 5.50E-10
(- === 2ViasInPad
1:3 —#—4ViasBest g first-order
c 3-UEL0 —— 2y approximation by
— inductance is not valid
2.50E-10 above about 2 GHz
1.50E-10 S Inductance of X2Y
mounting structure is
>0081 about 130 pHn
1.00E+07 1.00E+08 1.00E+09 1.00E+10

Frequency, Hz
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Case C: Final 3-port and 4-port S-parameter
models of the mounting structures

O The model has to be connected by lumped ports in the top layer with a
capacitor model and by coaxial ports with a model of transmission planes

3-port

-

4ViasBestModel:

X2Y Model:

/

4-port

N

N War 2NN S e e

: Simberian

Electromagnetic Solutions

10/7/2008

Reall5]. []
05 feeg

0257

0257
0.5 1l

0757

30 Mar 2008, 12:06:27, Simberian Inc.

—4— VIGND $iazBesttodel Simulation, 5[1.1] — % —
—F— 1GMND $iazBestkodel Simulation, 5[1.2] — % —
—#—— N GEND PiazBesttodel Simulation, 5[1.3] — % —
—— VIGMD X2 _Model Simulation, 5[1.1] — & —
—=— VIGHD X2 _Model Simulation?, 5[1,2] —& —
—o—— VIGMND #2v_Model Simulationd, 51,3] — = —
——— VIGHD ¥2Y_Model Simulationd, 5[1.4] — = —
Irmaginars]. ]

105

T0.25

r-0.25

25 5 75 10 125 15 175 20

Frequency, [GHz]
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Conclusion

O

O

Examples of what-if analysis of different decoupling capacitors
mounting structures with Simbeor solver have been provided

Quantitative analysis shows how different capacitor mounting and
stackup solutions can significantly affect the overall inductance of
the decoupling structure

Final models extracted with Simbeor solver can be used with a 2-D
plane solver to increase accuracy of the decoupling analysis
= |t has to be done only for the high-frequency capacitors and number of mounting
geometries is usually very limited per board
Geometry description and problems set-up in Simbeor took
approximately 4 hours, simulation times for each case were within
minutes

Simberian 10/7/2008 © 2008 Simberian Inc. 31
ecirom elic solutions



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 © 2008 Simberian Inc. 32
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http://www.simberian.com/AppNotes/Solutions/DecapMountingStructures_2008_01.zip
mailto:info@simberian.com
mailto:sales@simberian.com
mailto:support@simberian.com
http://www.simberian.com/
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