PCB Simulation in
Wavenology EM

Wave Computation Technologies, Inc.
Aug. 2018



Outline

* Requirements

— Version of Wavenology EM
— PCB models

— Schematic Circuit of the PCB or the layout of
lumped elements in the PCB

— Miscellaneous
* Basic steps to set up a PCB simulation model

* Demo
— Simulation on the DC2266A Evaluation Board



Requirements

We assume that the users have already known how to use Wavenology EM
to simulate the regular EM applications, including the usage of lumped
elements (R, L, C, diode & Spice circuit). If the users do not have the above
experience, please refer to the manual of Wavenology EM.

* Version of Wavenology EM
— It must be a version >= 2.0.6, which is released in August 2018

e PCB models

— The Gerber file for each layer of the PCB board

* It should be the version RS-274X. The old versions, for example, RS-274D, is not
fully tested (some deprecated keywords are not supported)

— The Excellon-like drill file, if user need to connect layers by via

* Wavenology EM does not fully support a Excellon drill file with all Excellon
features, it only supports the drilling information. This is the drill file exported
from most popular EDA software. It has passed the test for the drill file exported
from Cadence Allegro

* User need to know which two layers that a drill file will connect
— The thickness and the electric properties of each substrate layer



Cont.

e Schematic Circuit of the PCB or the layout of lumped elements in
the PCB

— In general, there are lumped elements in the PCB, but the Gerber file
may not include that information. In order to build a fully functional
PCB, user need to have the circuit scheme for the board, or the layout
image of the board, to include the information of all lumped elements.

 Miscellaneous
— |IBIS data file for the chips in the board

— The physical size of the chip & the layout of pins for the chip in the
board

e |If there are chips in the board, sometimes, the Gerber model can’t provide
enough information for the pad for pins. Wavenology EM GUI allow user to
load the IBIS information for the chip and define an image for the layout of
pins, which can make the connection of traces more clear.



Basic Steps to Set up a PCB Simulation
Model

Prepare the PCB model for each layer — Gerber files, RS-274X format
Prepare the drilling model for via — Excellon-like drill files
Obtain the layer position & the material parameters for substrates

Prepare the Schematic Circuit of the PCB or the layout of lumped elements
in the PCB — which is used to know the parameters of the lumped elements
and the layout in the board

Insert the PCB model in (1) into the Wavenology EM project

Insert the Drilling model in (2) into the Wavenology EM project



Cont.

7. Shift PCB layers & Drilling layers to the correct Z positions

8. “Thicken” the drilling model to convert the drilling hole to PEC via
9. Build substrate layers

10. Place lumped elements in the PCB model

11. Define excitation(s)

12. Define monitoring parameters



Demo
Simulating the DC2266A Evaluation Board

»In this demo, we will show the steps to set up a
3D EM simulation from the PCB models
»6 layers PCB
»a full functional ADC application for chip
LTC2107

» We will show how to simulate the signal

propagation from the input connector of the
board

Simulation Modgl



1. Obtain the PCB model & the chip model from analog.com

» The documentation for PCB are available from
» http://www.analog.com/en/design-center/evaluation-hardware-and-
software/evaluation-boards-kits/dc2266a.html#teb-overview
[ the Design Files include a PCB project from EDA software, and Gerber
files for each layer, Drill files and other information
o however, it seems that the Drill files in the package has a different
coordinates system with the Gerber files, and the Drill file does not
include enough drill-bit-switching information. So, we recommend to
use the PCB project to re-export the Gerber file and the Drill file with
newest Cadence Allegro to make the models better.
O Schematic circuit
0 Manual: it provides the parameters of all lumped elements in the board

»The documentation for LTC2107 are available from
» http://www.analog.com/en/products/Itc2107.html#product-overview
[ user can download the IBIS data file and the data sheet. The data sheet
has the physical size and the pin layout of the chip
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2. Before building a 3D model for the PCB in Wavenology EM, we need to make
sure that, at least, following data are available
a) Gerber files for each PCB layer: totally 6 files, as following

7| BOTTOM.art

| 7| INMER_LAYER_2.art .
the file name shows
7] INNER_LAYER_3.art

| INNER_LAYER 4.art the layer information

7| INNER_LAYER_5.art
7| TOP.art

b) Drill files to connect layers

the file name has the
information for layer
connection

|7 DC2266A-1-1-2.drl
|| DC2266A-1-1-6.drl

c) The thickness and the dielectric constant of substrate

Layer #  Color Layer Icon | Layer Name Thickness(... = Material Conductivity(S... Fillin Dielectric Er Loss Tangent
1 B BH B SodsTop 0.03429 5.8e+007 [0]
== ] MedumsDielectricl 0.254 0 0
2 B H E] sodsimer la.. 0.03429 5.8e+007 [0]
T E] MedumgDielectric3 0.254 0 0
3 O Signalslnner_La... 0.03429 5.8e+007 [0]
T ] MedumsDielectrics 0,254 0 0
4 B EE] Sonalsimer la.. 0.0342 5.8e+007 0]
T — g 5
5 B E ] Sonasimer la... 0.03429 5.8e+007 [0}
S ,: T 6ok 8 3
6 O EE] Sondotton  0.03429 5.8e+007 [0]

d) The parameters of each lumped element and the layout in board

» The IBIS data and chip information are optional, not essential, data



3. Setup a default EM project in GUI, save as “dc2266.wnt”.

Project unit use default settings

-

Project Design

Unit |Ead<grour1d | Boundary I Frequency and Pulse | Mesh | Time |
Length millimeter -
Time nanosecond -
Frequency gigahertz -

@ If0 with Frequency  (GHz)

() 1jO with Wavelength in vacuum  {mm)

Action option when length/freq. unit change
@ Scale whole system

(") Keep the system value unchange

Apply

Boundary conditions use default settings:

“Open with gap”

P'

Project Design

N

==

| Unit | Backaground | Boundary | Frequency and Pulse | Mesh I Time |

¥ Boundary (mm)
i Open with gap *  Position  |-500
Kmax Open with gap * Position | 500
¥ Boundary (mm)
Yrmin Open with gap *  Position |-500
Ymax Open with gap | Position | 500
Z Boundary (mm)
Zmin Open with gap *  Position |-500
Zmax Open with gap * | Position | 500

Background material is “Air”
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4. Create a new material “Fr4” for substrate, €.=4.3

r B
Edit Material e
General | Electromagnetic | Elastodynamic

Mame

Fr4

Type

Maormal -

Relative permittivity
4.3

(@) Electric conductivity
0

() Electric loss tangent
0

Mote: the loss tangent will
be converted to a bulk
conductivity at the center
freq.

Colar

| Editdispersion |

Relative permeability
1

Magnetic conductivity
0

Maagnetic loss tangent

]

=

| [Loms | [ |
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port 20 model fru:umﬁle!

5. Import PCB layers

‘g menu

i
W, Load 2D data file |

N
OU | L= pcb v gerber_model » tt » v|ﬂ-|| Search tt PJ |
Organize + Mew folder =~ [0l @
< Favorites Mame Date modified Typs
Bl Desktop a1 8/22/2018 5:05 PM  Filef
& Downloads L W2 8/22/2018 5:05 PM  Filed
% Dropbox 1 . de2266_res 8/22/2018 T:A3 PM  Filed
& Google Drive . dc2266_tm B/22/2018 A3 PM Filed]
i P
"l Recent Places m ) de2266_usr 8/22/2018 7:43 PM Filem
4 Libraries
@ Documents
Ji Music
&S] Pictures the Gerber files
=il Subwversion [ ) | ke .
. for this case have
File name:
. “« ”
Gerber files (*.gbr) a suffix as “art
Gerber files (*.pho)

— Uinill files (*.drl)
Gerber files (%)

Dirill files (*.*) 12




load the top layer

-
M Load 2D data file

25|

@Uv| |« pcb » gerber_model » t » 1 - | +y | | Search 1 PJ
A
Organize - Mew folder 4=« i I@
“ Name Date modified Typs
= Libraries ) )
|7 BOTTOM.art 8/9/2018 3:.08 AM ART
@ Docurmnents ) )
J" . |7 INMER_LAYER_4.art £8/9/2018 3:.08 AM ART
usic s
. |7 INMER_LAYER_5.art 8/9/2018 3:08 AM ART
[ Pictures ) )

_ | INMER_LAYER_2.art 8/9/2018 3:.08 AM ART
=l Subversion |
& vid | ] INMER_LAYER_3.art 8/9/2018 3:.08 AM ART(

ideos
|| TOP.art 8/9/2018 3:08 AM ART
1M Computer | o
&L, Local Disk (C)
o EBxtl (D)
i edll (E) v 4 I | b
File name: TOP.art - ’Gerber files (*.art) v]
| Open | ’ Cancel ]




A preview dialog
will be popped
up, user can
check the model
in canvas.

-
Gerber File Loading

Preview

R QE e A

PRIMARY SIDE

Log

input file
D:\sim_case\pch\gerber _model\tt\15TOP.art

read successfully......
..... file unit: Inch......

The white
empty reg

The blue ¢
it will be ¢
In the fina

to empty.
Log

The red col
copper reg

(

-

(

olor means the
on.

or means the
on.

lor means that
t from model.
model, it equals
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User can check the figure in canvas

&laEe &

Zoom In _

m
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If everything is fine, press the “OK” button to insert the model into the project

Note:
1. This procedure may take a few seconds. The time will depend on the complexity
of the model. 3 Progress bars will be shown sequentially to report the progress.

Convert drawing in the file ... ] Processing faces ... Generating the final faces ......

2. The Gerber flle does not include Z position of the model. So, after loading, the
imported model will be defined as 2D planar faces with Z=0. For convenience,
Wavenology set the imported 2D face with the material “PEC”,

After “top” layer loaded

SaEm

=42 top
----- 0l Import_to A Z
----- [ Import_to
All faces are under | E Import_to
----- Import_to P
the face component . @ Import_to "

utop” ..... D Imp.:.rt_t.:.
----- u Import_to
----- [ Import_to
----- Ul Import_to
----- [ Import_to ”
----- u Import_to

----- u Import_to 5 / Y
..... D ImF'DI"t_tD L] \

16



We can repeat this procedure to load other layers:

INNER_LAYER_2
INNER_LAYER_3

INNER_LAYER_4

INNER_LAYER_5

Bottom

i
e

(]
['F]
]
=]

s L
s MG

lllll

o o
O c c

c c
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User can select each face component to

check the model layer by layer

FFFFFFFF
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o

If user want to see the model more clear,

Top view

D‘I@@@I

3 =3
b a

2D 90° rotation

[a]e]a ] = : -
H cm|l.l|l| K | “ ‘t}:@l|@@|@ & ‘ ee CCW rotation along screen center H@@|@ L |
AR N BTG AR cIEE S 3
1 v

3 Cash £l
s

&4
T

Bheaep

£ e 2

&

Y
LI L]

)

SEEE

T

LIl
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dosooby

_C_Q_D_D_D_g,c,_
OO0

Zoom by scrolling the mouse

EOOGO;
s =]

cooooﬁg
—

ofeie! oy

QOOICO0
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Optional 5.x, remove unnecessary shapes from model

OQ}

Bk
005e0 9k

LXERT
(-2 - -X-]

1.3

25

These components are for displaying purpose only, not real
models, user can remove them from the project
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6. Import drill holes

ki

. 6 | mMel | rh ore |k
Import 20 medel fru:umﬁle!

CADZ e
|1 || [ B I|I | i

‘g menu

-
W Load 20 data file

&

%-ﬂ L. « pcb » gerber_model » t » 2 - |$’~|| Search 2 P|
Organize * MNew folder = -+ 0 @
0 Marme Date modified Typ
- Libraries

@ Documents
JI' Music |
[ Pictures

Subrversion

E Videos

m

1M Computer
£, Local Disk (C)
a Bxtl (D:)

Mo items match your search,

 extll (E)

] | 3

File name:

« | Gerber files br -
Gerher filec (* abrl

Gerber files (*.art)

Ues (77

Gerber files E*.Eh o) ;

Drill files (%)

the drill files in this

case have a suffix as
I(drlll

23



-
Hfz Load 2D data file

L)

@Ov| .« pch v gerber_model » t o 2 - |~51-|| Search 2 }J|
Organize = Mew folder 1= « i I@
0 Mame Date modified Typd
- Libraries -
|7 DC2266A-1-1-2.drl 8/9/2018 3:14 AM DRL
@ Documents
] |7 DC22664-1-1-6.drl 8/9/2018 3:14 AM DRL
JI' Music A
[=]| Pictures
Subwersion
B videos =
/M Computer | M
&, Local Disk (C)
= Extl (D}
o extll (E) - i | ¢
File name: DC2266A-1-1-2.dr - | Drillfiles (*.drl) v
I Open I ’ Cancel ]
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After two drill files are loaded

Check the hole models

|_=_|l] Faces
-4 top Q {
-8 inner_layer 2 ) + : sesleeas L
; i o Dl - Q =L - . JNEEL
[ inner_layer_3 Lo | . . 1 PR I
: L=} +
H . - |_ -4 - L ] . L ] + t
4% inner_layer_4 O = 6o e me | D] OIE G
H . = + e O + WO + = |+ +| o+
-4 inner_layer_5 S HHE '?0 = —ollb
H 1rrerpr - - O Y T +E + oo+
4% bottom N @ 5 « 2y i
: + N -
I o2 dc2266a-1-1-2 = ] R A T T
o - ]| 1 T
Q dﬂma'l'l'b + + & [ :::N:'_& _++ o . -
LER LN ] - I I LI |
P N ™ L 3.7 g
1 o4ett .;A-i-l--i-i-l
% sl =
_ RO |
_-‘.‘l = =, et e e +'.:I+ %“I
L3 1 e
E CTE R T
+ @ = T E o+ o s +*
- | ; 3 +“_ ' |:| b
LEREE S O * O N R . +
& Eae
1 1 1 1 | 1 B L [ N i
[ | T R I E E 1 = + [
- L ]
R IS B O
i} Sl ol 1O Condl B8LE
) oo [ i (e .
O o O

Note: the drilling hole will be defined as 2D planar faces in loading. User
can convert them to PEC via by “Thicken” function after loading.
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7. Shift each layer to the correct Z positions

Layer #  Color Layer Icon = Layer Name Thickness(... = Material Conductivity(S... Fillin Dielectric Er Loss Tangent
1 B BH B sSodsTop 0.03429 5.8e+007 (1 [0]
— , - | . 5 T P o
2 B H E] sodsimer la.. 0.03429 5.8e+007 [4.3] [0]
T —] SDislectrics 0,254 3 RS . < 5
3 1] SignalSlnner_La... 0.03429 5.8e+007 [4.3] [0]
T (— » e oo . T — o
4 B EH E] Sondsimer_la.. 0.03429 5.8¢+007 [4.3] [0]
T ‘ - 5 P——— 5
) E E Signaisinner_La... 0.03429 5.8e+007 [4.3] [0]
———y ; j ? S OBER - e P 3
6 O HIE] signaistottom 0.03429 5.8e+007 (1] 0]}

Based on the table, if we define the bottom layer has Z=0,
other layers will be at:

Top:  0.254*5=1.27
2" layer: 0.254*4 = 1.016
3'd layer: 0.254*3 = 0.762
4t layer: 0.254*2 = 0.508
5t layer: 0.254*1 = 0.254
Bottom: O



For example, shift the top layer to Z=1.27 mm

-

Translate

3 2
pmpp gy

by, (0,0, 127

|_:_|D aces ‘ ‘
]
__ in Show
-4 in Hide
4% in
ﬁ) in Create 2D Face
'Q be Replace the face(s) by circle in XOY plane
-4 dd
-4 dd Change Name
""" g Solids Change Material
-5 Voxel
Change Transparen
- Snaps - - =
_____ " FarFi Modify Mesh
i1l Temp Delete
f |I Impo
Aay —opy
.og Translate
Mirror
Rotate
Scale
Sheet Thicken
Create Component
E Move te Component

Advance

[ keep Criginal

Mame Postfix (01

[ oK ][ Cancel ]

Then “OK”
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The top layer has been shifted to Z=1.27 mm




Repeat this procedure for other layers to shift them to the correct Z positions

The following figure shows the shifted models
E% Dﬁign_ /

- O unit
----- [0 Background
----- a Boundary
----- a Freq & Pulse
[0 Mesh
o n Tirme
{ )

R
----- <& Sources

..... &L Observers

..... a Lumnped Ports
..... &7 Wave Ports
-5#F Circuits

..... i IBIS Objects
..... s Particles

-1l Excitation Pulses
w-BE Materials

----- Chip Images
ead " Cunves

[—]. Faces

R o top

ﬁ) inner_layer_2
é) inner_layer_3
é) inner_layer_4

4
N
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Layév: Color Layer Icon = Layer Name Thickness(... = Material Conductivity(S... = Fillin Dielectric Er Loss Tangent

1 B B ] soadsTop 0.03429 5.8e+007 1 [0]
TTTEE]  MedumgDielectricl 0.254 0 s 0
2 B EE] sovasimerla.. 0.03429 5.82+007 43 [
T[] MedumgDielectric3 0,254 0 e 0
3 O ELE] Sonasimer_La.. 0.03429 5.8e+007 43 [0
T ]  MedumsDielectrics 0.254 0 T s 0
4 B EE] Sonalsimer la.. 0.03429 5.82+007 (43 [0
T[] Medum$Dielectric7 0.254 0 s 0
5 B E ] Sonasimer la.. 0.03429 5.8e+007 (431 [0
T ] MedumsDielectricd 0.254 0 I 4.3 0
6 O ELE] Sonaissottom 0.03429 5.8e+007 (£} [0}

Note:

In reality, each PCB layer should have a thickness of 0.03439 mm based on the table.
However, this thin thickness will cause very fine mesh in the FDTD engine, makes the
simulation At become very small and the number of simulation steps become huge.

According to our experience, using a 0-thickness PEC face to represent the thin PEC
object will not affect the simulation result significantly, but the mesh will be much
coarser and the simulation At will become much larger compared to the fine mesh
setting, it will significantly reduce the simulation time.

So, in a PCB simulation, we suggest to use 2D planar faces to represent PCB models. If

user want to get a very accurate simulation result, he can also change these 2D planar
faces to thin 3D models by “Thicken” function in Wavenology EM GUI.
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8. Convert the drill hole to PEC via

Based on the drill file name, we know the component “1-2” means that this hole
model will be the via connecting layer top & 2" layer; the component “1-6” means
that this model will be the via go through the top layer and the bottom layer.

a) So, we shift all drill components to Z=1.27 mm to make them aligned to the top
layer in the 1t step.

b) Then, convert all elements in the drill component “1-6” to 3D via with a height of
1.27mm by “Thicken” function.

|_:_|D Faces

-4 top

éﬁ) inner_layer_2
éﬁ) inner_layer_3
- inner_layer 4
{}j) inner_layer_5
éﬁ) bottorn
-2 dc2266a-1-1-2

W, dc2266a-1-1-6

Thicken the face to build 3D via

Wbz CaDz
...... -

Thicken Face i

=

Sheet Thicken

S

Face Property

Mormal |0,0,1

Sheet Parameters

Direction |Megative Sid =

Both Side
Positive Side
Delete peration Mame |sh01

Thickness 1.27

Cre ) |

oKk |

[ Cancel

Then “OK”
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After conversion, the via model goes through top & bottom
layer is as following

|_:_|i Faces

ﬁ) top

ﬁ) inner_layer_2
ﬁ) inner_layer_3
ﬁ) inner_layer_4
ﬁ) inner_layer_5
ﬁ) bottom
&€ dc2266a-1-1-2
=g Solids

R d dc22662-1-1-6
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Then, convert all elements in the drill component “1-2” to via with a height
of 0.254 mm.

Thicken the face to build 3D via [ Sheet Thicken

. Face Property
-l Faces
: Mormal |0,0,1
-4 top — e e
[0 inner_layer_2 ,
ﬁ’ . = bz CaDz -m Sheet Parameters
€% inner_layer_3 | == | ~ = | kig

-4 inner_layer_4 I Direction  |Megative Sidi + Thickness 0,254

] inner_layer_5 ;

g boﬁﬂ‘my - » Thicken Face
ﬁ) dc22663-1-1-2 [#] Delete original face Operation Mame |sh02
=g Solids

@€ 422662116 e o e

“ I

Then “OK”
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w-5F Circuits
%% Particles

@-BE Materials

- & ChipImages
—ad” Curves
-1 Faces
6) top

| Far Fields
-4l Temp

¢ inner_layer_
g% inner_layer_

-1l Excitation Pulses

After all via are built, the models are shown as the following figure
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9. Build substrate layers

From the table in step 7, if we define the bottom layer is at Z=0, the Z
coordinates range of each substrate layer will be,

Top: 0.254*5=1.27 } Substrate 1: z=1.016-1.27

2" |ayer: 0.254*4 = 1.016 } Substrate 2: z=0.762-1.016
3 layer: 0.254*3 = 0.762 1 Substrate 3: z=0.508-0.762
4™ layer: 0.254*2 = 0.508 } Substrate 4: z=0.254-0.508

th :0.254*1 =0.2
5™ layer: 0.254 0.254 } Substrate 5: z=0-0.254

Bottom: O

Based on the bounding box of whole models, we know that, the x & y

range: (-84, -86) — (33, 22) can totally enclose all models with some gaps.

Background £ Air , Unit: {mm)
bounding bow: {-53.995766,-85.622892,-0.53051456) , (32.555686,22.209252,1.6005746)
size: (116.95146 = 107.83214 = 2.3310291) , center: (-25.72004,-31.70652,0.635)
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Create Substrate 1: z=1.016-1.27, x=-80-30, y=-75-20

-

Box Creation
EL ¢ L &S e
| » Mame sub_1 Material

i ICFEEtEBD}CH E

Transparency

0 7

Box Parameters

Lower Corner -80, -75, 1015

Upper Corner 30, 20, 1,27

Frd

LCS Origin 0, 0,0

U Axis

V Axis

100

1,

o,

0,0

1,0

4

Import_dc2266a-1-1-6_1 intersects with New Solid (The new object) l""‘“’"']

The intersected volume wil take the material of
(™) Mew Solid (The new object)

() Import_dc2266a-1-1-6_1 (The existing object)

— s fe=leteingalaseases
(@) Use the Existing Object for following dash cases

i) Mone

(7 Mone for following dash cases

This substrate layer will
clash with via in “1-2” and
“1-6”, we will keep the via
and make holes in this
substrate, which equals to:
(substrate — existing via)
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After this layer is built

g Solids
€ dc2266a-1-1-6
€ dc2266a-1-1-2

& ETE

C(-80,-75,1.01
3= 0.254), center: (-257
L fursmi=(1.0)
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With the same procedure, we create Substrate 2, 3, 4 & 5, with the same X, Y
range as sub_1 and a correct Z range as listed in the beginning of step 9.

-

i
----- <& Sources

-

----- . Wave Ports
-4 Circuits

----- % Particles

+-1lil Excitation Pulses
-8B Materials

----- Chip Images
ad™ Curves

:—]i Faces

B-4% top

EJ--Q inner_layer_2
EJ--Q inner_layer_3
EJ--Q) inner_layer_4
E]--'ﬁ) inner_layer_5
4% bottom

S-@ Solids

4% dc2266a-1-1-6
&-4¢% dc2266a-1-1-2

ESC to unselect

sub_5 S Frd , Unit: {mm)
hounding hox: (-80,-75,00 , {30,
size: (1105 95 % 0.254), ce
(er,se)=(4.3,00 , (ur,.sm)=

sub_4 /Frd | Unit:

hounding hox

fer,se)=4.3,0) , (ur,sm)=(1,

sub_2Z / Frd , Unit: {mm)
bounding box: (-80,-75,0.762) , (30,20,1.016)
size: (110 % 95 = 0.254), center: (-£5, -27.5, 0.6589)
se)=(4.3,0) , (ur,smy=(1,0)

5,1.016) , (30,20,1.27)
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Optional 9.x, adjust the computational domain size to have a better ratio in
“length vs. height”

’
Project Design u

.
| Lnit | Background | Boundary | Frequency and Pulse | Mesh | Time |
¥ Boundary {mm)
¥min Open at input position * Position -100
¥rmax Open at input position * Posiion 50
¥ Boundary {mm)
Ymin Cpen at input position * Position  -S0
| ¥rnax Open at input position * Posiion 40
| Z Boundary {mm)
Zmin Cpen at input position - Position -4
Zrmax Open at input position * Position &




Optional 10, define an image for chip LTC2107 in the board to make the
pads of chip more readable

Note: this step is not an essential step for the simulation, it will not affect
the simulation result, just make the model more understandable.

--| il Excitation Pulses
_E_@ L R

u‘" Cure Create/Edit Image for Chip Module

+|- Face .
o Mew Image from a Chip Module
- Soli -
L) Voxels “ . . ”
S Snapshots Enter the “Chip Package Image Editor
g ™
Chip Package Image Editor ﬂ
Basic Images in Project Selected Image
General Real Pins
Name - n
chip Index FinMName Usage *
1 1 fes
Physical Size (mm) 2 2 Yes ] 2 . q 5
Width 10 Hieght 10 3 3 Yes
Discretization by blocks (M x M) 4 4 Tes
5 5 ‘es
M 100 N 100 [ [} Yes
Edge Margin (Unit: block) 7 7 Yes b 7 8 9 10
8 8 Yes |=
Width 10 Height 10 g g Yeg
Pin size {Unit: block) 10 10 ‘Yes
11 11 es
10 i 10
victn gt 2 2 Yes ® 1 12 13 14 15
Pin Layout 13 13 Yes
sve  [maray -] non e
S
nx 5 Sy S = 16 16 Yes |
Marker Position 17 17 Yes 16 17 18 19 20
13 13 es
Left v 13 1 Yes
Misc. 20 20 Yes
21 21 ‘fes i
Pin Layout L T — 21 22 23 24 25
Fin #1 position Left Top T {double dlick a pin to modify status)
Index grows along




Based on the LTC2107 documentation, the size of chip is 7x7 mm?, the
layout of pin is as following, totally 49 pins. 48 pins are on the 4 edges.
- 48-Lead (7mm x 7mm) QFN Package

PIN CONFIGURATION

FULL-RATE CMOS OUTPUT MODE DOUBLE DATA RATE LVDS QUTPUT MODE
[+ TOP VIEW [+ TOP VIEW # lo
(== = 22 o (== = =l oo
ZZ%!D&E@S&ZEE ZZ%!D%E@?LL_EE
Coalbmnooocooa Coalbenodocooa
LrLeRIYdze385E LreRIYd2385
O N O A O I O
SENSE1[ ] 136 D13 SENSE1[] 36 D12_13*
GND2[ ] 35012 GND2[ ] 35012 13"
GND 3| ] }34 011 GND 3| ] 34 p10_11*
Vop 4] 133D10 Voo 4] 33011~
Vpp 51 §32 cLkouTt* Vpp 51 §32 cLKouT*
Vpp 6] 49 §31 cLKOUT™ Vpp 61 49 §31 cLKOUT™
GNDTL] GND 3009 GNDTL] GND 3008 _9*
Antel] 2908 AnteL] 2008 9
Ll 2807 el §28D6_7*
GND 10 276 GND 10 27067
Vem 112 2605 Vem 112 26 D4 _5*
GND 121 [J25D4 GND 121 [J2504 5
e e e e e A e e e e ]
PrTee-R2IR AR PP erR22IRRNAS
O+l o=Zzoo g@ —om ot l,azoo al_+ %
5§§5%%§§DDDD 5%%5%%§§8|8|2|Sl
UK PACKAGE UK PACKAGE
48-LEAD (7mm x 7mm) PLASTIC QFN 48-LEAD (7mm x 7mm) PLASTIC QFN
Tamax = 150°C, 6, = 29°C/W Tymax = 150°C, 85 = 29°C/W
EXPOSED PAD (PIN 49) IS GND, MUST BE SOLDERED TO PCB EXPOSED PAD (PIN 49) IS GND, MUST BE SOLDERED TO PCB

LTC2107 pin configuration figure
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In the “Chip Package Image Editor”, input the parameters as following,

-

Chip Package Image Editor

marker

Basic Images in Project

[4 Sides v]

Selected Image
General
Mame

ltc2107

Physical Size {mm)

Width 9 Hieght 9
Discretization by blodks (M x M)
™M 30 M 30

Edge Margin (Unit: blodk)
Width 10
Pin size (Unit: block)

Height 10

2D Arra

.X Edges
Y Edges

| Counter Clockwi v |

Horizontal
Vertical
Clockwise

Width 3 Height 3

Pin Layout

s, [ssaes )

nx 12 = oy 12 =

Marker Position

Left -
Misc,

Pin Layout

Pin #1 position Left Top -

_Lndax.g:ms.@ng Counter Clockwi v

(o)
Com

Madify

(e

Real Fins

Index PinName Usage [+

3 Yes [

4 4 fes

3 5 Yes

[ [ Yes

7 7 Yes =
8 8 fes

9 9 Yes

10 10 Yes

11 11 Yes [
12 12 fes

13 13 Yes

14 14 ‘fes

15 15 Yes

16 16 fes

17 17 Yes

13 18 ‘fes

19 19 Yes

20 20 fes

21 21 fes

22 22 Yes

23 23 Yes |
4 M |

{double didk a pin to modify status)

Auto Pin Mame

&l = B [ =] [+ [=] [« (= [«] M ]

(48] [47] [46] (45| [aa] [a3] @A2] [a1] [40] [39] [38] [37]

Real chip area

(3] [1a] [15] [v6] [17] [18] f9] [20] [21] [22] [23] [24]

EEEEEERERER

Gap in drawing, it is not the

o ]

physical area of the chip

Preview the
drawing in the
right figure
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Make sure that all input and the figure are correct, press “New” button
to add this image in the project
Note: this is the base image for the chip LTC2107. In a project, it can

have multiple instances of LTC2107 at different locatiox’s. We will show
how to use this image in following steps.

Chip Package Image Editor /
Bael Images mrroeet]  Selected Image /
2107 General Real Pins

MName -
ltc2107 Index  PinMName Usage =
1 1 fes
Physial Sze (mm) 2 2 Yes 48] [47] [46] [45] [44] [43] [42] [01] [40] [39] [38] [37]
Width 9 Hieght 9 3 3 Yes
Discretization by blocks (M x M) # 4 Yes |z
5 3 Yes
B 50 N 90 6 & Yes /
Edge Margin (Unit: block) 7 7 Yes /
8 ]

Width 10 Height 10
Pin size {(Unit: block)

&l E & = = B = = 1] =

& = 5] [R [ 8] =] = [ =] (5 [

Width 3 Height 3 .
Pin Layout
s
nx 12 = oy 12 =
[13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24]
(double dick a pin to modify status)
[Preview] [ MNew ] [Modiﬁd]

Then “OK” to exit the “Chip Package Image Editor”



Optional 11, Load IBIS data file to make the functionality & the parameters
for the pins of LTC2107 readable

Note: this step is not an essential step for the simulation, it will not affect
the simulation result, but will make the model more understandable.

(2 dcllBb Create Mew IBIS Package ®
EEI"% Design

"

<,
----- <& Sources

Package Mame

.
"

£ .
----- 2 Observers

----- i Lumped Ports
..... ﬁ:’ Wave Ports IBIS Diata File |

f-4¥ Circuits

..... g L] |
“: pert Load IBIS Data File -

""" Ly Fart [”] Chip Image

-1l Excitation Pulses
=B Materials
----- Chip Images

™ Curves Size (mm) Pin Ma.
EEI"'D Faces
- Solids Start Point (x,y,2) |0, 0,0

£ Vonels
Eaﬁ Snap;hgts Meormal Direction z

... Far Fields

CCW Rotation Angle 0 -

Help ] [ Ok ] [ Cancel

s



Assign a name to the instance of the chip

/

-~

Create Mew [BIS/éackagE

%]

Package Nanf

[tc2107-1

IBIS Data File

[ chip Image

Size (mm)

Start Point (x,v,2)

CCW Rotation Angle

Mormal Direction z

]

0,0,0

ol

Pin Mo,

Help ] [

Ok

] [ Cancel

-

Load IBIS
data file

.
» My Please choose a IBIS file

=)

@uv| . @ gerber_model » DC2266_chip_data » - |¢f| | Search DC2266 chip_data §ol |
—
Organize - Mew folder =« [ @
l o MName : Date modified Typ
. Libraries ) _
. DC226641-GBR B/8/2018 11:39 AM  File
@ Documents . i i
J" Musi . DC2266A1-PDF B/8/2018 11:39 AM  File
usic
. \Z | chip-Itc2107.ibs 8/8/2018 11:37 AM  IBS
|| Pictures
=il Subversion
B videos =

1M Camputer

a Extl (D)
- extll (E)

&, Local Disk (C:)

- 4|

I

File name: chip-Itc2107.ibs

- |IBISFile (*.ibs)

o |

Cancel
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F'

Create Mew IBIS Package

Package Mame

[tc2107-1

IBIS Data File

Chip Image

gerber_model\DC2266_chip_data'chiptc2107.ibs E]

\Itc2107

d

Size (mm) |Sx9

Start Point (x,v,2)

Mormal Direction

Pin Mo, |4

CCW Rotation Angle

24,75, -29.8, 1.4

z

a

-

-

Help ]

[

Ok

)

[ Cancel

Enable the image of this chip
setup the image for this chip

Image position, etc

46



After “OK”, the IBIS information of this chip will be
added to the project, user can check the information

9’5{ Circuits

=Rl IE1S Objects
=00 121071
-/ LTC2107_LVD5_350
-4 Models —
It
| g 501
.54 18IS Objects -y SDO
5.0 re2107-1 i) PARSER
=/ LTC2107_LVDS_350 - LVDS_350 — Model types
: MO _. ................... .\. -
{8 Modes - LVDS 175
ns =
w4 i LVDS_350T
=-F8 LTC2107_LVDS 175 i ENC -
-] Models -5k Pins )
"ﬁ 2 T R " 5:} 1
o-F LTC207_LVDS350T 1 T 2
% Models b b ] ':él":ED 3
i FIN .
E-1E PRE & i i ’ ﬁ 4 H H
_____ = List of pins, the
Pt M 1
..... 6 _icon of the pin
..... iE 7 .
. g shows the pin
..... E
HC
..... g
_____ & 10 type
..... T 11
..... TE 12
..... T 13 —
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For example, all information of model “LVDS_350T” will be shown
by double-click the project tree node “LVDS_350T”

r b
IBIS model information ﬁ
General lPuIIdown Tahle | Pullup Table | Rise Waveform | Fall Waveform | Ramp
E Name |LVD5_350T Type |Output L4o P Fopict |
- 2% IBIS Objects fr/—: r
: . ol — Wy
EI--P_—l [tc107-1 Polarity | active-low Enable 135
E-F9 LTC2107_LVDS 350 Refirence
=i Maodels 130
I R (Ohm) |50 L {H) <
= Z 1,25
iy SDO CE Se-012 voltage (V) | 1.25 g £
& PARSER s
% LVDS_350 Input Voltage (V)
e 1.15
el LVDS 175 Vinh vinl Vmeas | 1.25
~Fy LVDS_350T L0
il EMC Voltage Range (V) '
- ) " -0.0e4+000 5.0e-0039 L
1.8 1.7 1.5 —
Typical Min Max Time (s) s
a4 | 1 |
Temprature Range (degree)
Typical |25 Min | &5 Max Table List |1 -
Component Capacitance (F) R_fixture 50 V_fixture o
Typical | 2e-012 Min |2e-012 Max |2e-012 WV _fixture_min |0 V_fixture_max |0
-

—
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Zoom in the 3D canvas, we can see the
The chip image is mapping the pad on PCB correctly.
image in 3D And some pins share the same pad.

Lo =

= ) KK
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12, Add lumped elements in board to make the circuit functional as the

design.

Based on the figure in the manual of DC2266A, we can find half of the
lumped elements are in the top layer. But more details & the lumped
elements in the bottom side need to check the PCB project in the
DC2266A design package.

3.3VT05V
UNREGULATED S0

ANALOG INPUT — ABSORPTIVE
FILTER IS REQUIRED FOR
DATA SHEET PERFORMANCE

SINGLE-ENDED
INPUT SIGNAL

MATCHED
SOURCE
IMPEDANCE

JUMPERS SHOWN IN THEIR
DEFAULT POSITIONS

THE DC2266A CONNECTS TO
THE DC1371 VIA AN FMC
CONNECTOR
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The parameter of lumped elements are listed in the manual of DC2266A.

Part of the Element Table

DEMO MANUAL DC2266A

PARTS LIST
ITEM OTY |REFERENCE PART DESCRIPTION MANUFACTURER/PART NUMBER
1 2 C1,C24 CAP.,1.5pF, COG, 50V +0.25pF, 0201 MURATA, GRM0335C1H1R5CA01D
2 1 c2 CAP., 10pF, X7R, 16V, 10%, 0805 SAMSUNG, CL21B106KOQNNNE
3 2 c3,C12 CAP., 1pF, X5R, 25V, 10%, 0603 TDK, C1608X5R1E105K080AC
4 4 C4, C9, G16, C20 CAP., 10pF, X5R, 16V, 20%, 1206 TDK, C3216X5R1C106M
5 2 C5, C6 CAP., 100pF, X5R, 16V, 20%, 1210 TAIYO YUDEN, EMK325ABJ107MM-T
6 2 C7,C8 CAP., 2200pF, COG, 25V, 5%, 0402 KEMET, C0402C222J3GACTU
7 3 C10, G26, C27 CAP., 0.1pF, X7R, 50V, 10%, 0402 TDK, C1005X7R1H104K
8 4 C11, C14, C15,C23 CAP., 0.1pF, X5R, 16V, 10%, 0402 AVX, 0402YD104KAT2A
9 1 C13 CAP., 2.2yF, X5R, 16V, 20%, 0603 AVX, 0603YD225MAT2A
10 1 c17 CAP., 2.2)F, X5R, 16V, 20%, 0402 TDK, C1005X5R1C225M050BC
1 0 c18 CAP., OPTION, 0402 OPTION
12 1 c19 CAP., 47yF, X5R, 16V, 20%, 1206 TDK, C3216X5R1C476M160AB
13 4 C21, G22, C25, C28 CAP., 4.7pF, NPO, 50V, +0.25pF, 0402 TDK, C1005C0G1H4R7C
14 1 E1 TEST POINT, TURRET, 0.064" MTG. HOLE MILL-MAX, 2308-2-00-80-00-00-07-0
15 3 E2, E3, E4 TEST POINT, TURRET, 0.094" MTG.HOLE MILL-MAX, 2501-2-00-80-00-00-07-0
16 3 JP1, JP2, JP6 CONN., HEADER, 2 x 3, 2mm, THRU-HOLE, SAMTEC, TMM-103-02-L-D
VERTICAL
17 2 JP3, JP4 FEHthEADER 1 x 3, 2mm, THRU-HOLE, SAMTEC, TMM-103-02-L-S
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User can define these lumped R, L, Cin the top & bottom PCB layers.

Note:

When defining the lumped elements, we skip all Jumpers. This is
because the jumper can be set as open or short, it depends on the
configuration. Here, we assume all jumpers are set as open.

In defining the Lumped element, for example, the elements in the top PCB layer, we
suggest to “HIDE” all un-related PCB layers, substrates and via. It is because we use
O-thickness faces to represent the PCB layers, which will have the same Z position of
some faces of substrate & via, it will mess up the selected objects in hitting the
screen if all 3 types of objects has the same Z positions.

Lo Solids HHide selected Solids

Hide selected Faces

Create Box

Create Sphere

- Solids Create 20 Face
5 Voxels 50 Voxels

n v . L o Y L
A B Sranchnd

Create Torus

Create Cone
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Here, only the objects in the “Top” PCB layer are shown.

v
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One special lumped resistor need to be mentioned is R9, there is a trace
between the two terminals of this resistor.

|
l
T
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So, this lumped resistor need to enable “path detour” function, which will rise
the path of this lumped resistor to avoid touching the trace in the middle.

Modify Lumped Resistor -

General
= unit
Parameter

DC Component [ Plus AC Companent

Plot Total
a0 Edit AC Value Value
Element Positioning

Positive Terminal Megative Terminal I

-29, 70040941, -0.9365207466, -28. 1549869, -0.915056544, 1.

Enable Path Detour Detour Direction Detour Grid Mumber

(o ) [ |

Path detour in
+Z direction
as user input

In 3D view, the path
of R9 will be as the
right figure.

+
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After all lumped elements are set, the simulation set up of the
project is almost finished, the project in 3D view is as following,

56



The top layer PCB is as

57



The 2" layer PCB is as

LR
/A

X
" \ /

%

LN

f
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13. Add input signal

From the manual of DC2266A, the input signal will be as the left figure.
Because we don’t build the model for the connector, we define a lumped port

to connect the signal trace & ground

ANALODG INPUT — ABSORFTIVE
FILTER IS REQUIRED FOR
DATA SHEET PERFORMANCE

SINGLE-ENDED
INPUT SIGNAL

Q

input the signal as the right figure.

Source type
Lumped port
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14. Define face snapshots to record the current in each PCB layer

For example, user want to define a face snapshots to record the current
in PCB layer 2.

The PCB layer 2 is at the bottom Z face of sub_1, it also is at the top Z
face of sub_2.

So, for simplicity, user “Hide” sub_1, then enter “Select Face” mode,

amulation  Postgrocess 1

s Pt |@ B

'E N [ ]
i ;9_ Select Face
(T e W =,
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Hit the top Z face of sub_2 to select it.

Then right click the mouse
button to popup the menu,
and define a face snapshot

Transparency
v Show Background Media

LCS Setting
Zoom In

Zoom Out

Create Wave Port

to record the current on the
selected face

=
Create Face Snapshot Here
Create Snapshot for Electric Current Here )
4] Create Snapshot for Magnetic Current Here B
-~ Create a Face copy on selected face b
i L
" MNew 20 Canvas F 61



E current snapshot for PCB layer 2

[ Edit Face Snapshot A u

Neme 2] Mesh
Field components to be displayed
Ex Ey Ez
|
Hx Hy Hz
’ Help l ’ (04 l ’Can::el l

In this case, we define 6 face snapshots to record the current in 6 PCB layers.

g Solids
-5 Voxels
=i Snapshots

B $ace snapshot

curl
curd

cur
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Optional 15. Define 4 receivers at the computational domain corners to monitor
the field.

This is because we don’t know how the signal propagates in the board. So, we
can’t estimate how long time the simulation will run to get the final convergence
status. With these receivers, we can check the field magnitude dynamically in the
simulation and determine whether we can stop the simulation before it reach the
final convergence status.

This is an optional step, user still can use automatic simulation time window
without defining receivers to simulate this project.
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16. Check excitation signal before the simulation

Here, the excitation pulse will be a BHW wideband signal with f,__ =1 GHz.

Project Design e EE_I ﬂ

Project - Pulse

| Unit | Background | Boundary | Frequency and Pulse |Mesh | Time |

| 1o
(@) Frequency Range [GHz] 0.8
Flot Pulse '
Min. Freq. (fmin) 0.01 0.5
Max. f_enegy [GHz] I
Max. Freq. {fmax) 1
: 0.4
() Project Pulse 0.2
L]
Pulse Tvpe BHW Modulation é -0.0
Crder 1 Freq. {fm) |0.505 02
0.4
Char, Freq. (fc,[GHz]) |0.2984183826 Center Phase [dea] |0
0.6
{ Maote: Fo = Fmaxf3.351 ) { Mate: Fr=(Frain+frnax)/2 )
0.8
-1.0
-0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Time (n=s}

I« | 1 | »
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17. Check the mesh quality

The default setting is PPW=10

il il
Project Design g
| LInit IBadcground | Boundary |Frva»::|uer1»::5.I and Pulse | Mesh | Time
i@ Automatic Advance
Points Per Wavelength (PPW) Synchronize PPWs [ Additional
PPW-X 10  PPW-Y (10 | PPW-Z |10 contrel points
Load |*|
min/max ratio ¥ 0.001 v |0.001 |z |0.001 |[¥]Syn. tox Edit
max adjacentrato » 1.3 y |13 z |L3 [¥]5yn. to x Clear
(71 Manual
Mumber of cells Synchronize numbers Additional crl
Mx | 478 My |465 Mz |27
(71 User defined
Load Edit Clear
Minimum angle of solid surface angle (Deq) 3
Lo ) [ wor | (oo
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It can be seen that many traces

are not captured by grid correctly.

\hf/lll e — e - 1“
1 F-
( _ S A
/rIL [
- =
] iy I
aur\ll,WU “_H.If\
— 5 .,,HUIJ/(
—_ T~ | T T
2 ===l
===l
A aAaal (A (R T
11 ] STt
a M — . BER
i A NI AL N
A LN [
AL — N _
5 g LS i
7 y,
) L
5\ ” — /__
) 1 M {
N | |
) iy {
~ [ — T ]
1 Bl [ I
M |~ (O
rALR S
YA
s a4 J
i =]
i B
. o o ]
ry ~ [T {
- ) AT A
R I w4 (I | C
5 ma—
= §:
U= )
] F
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We switch to the “New” mesher

[Simulation] Postprocess  Tools  Help

Start Simulation
Prepare MPI Simulaticn File
Solve Green's Function

Select Solver
Simulation Options
Reference pulse
Multiple Threads
Define Farfield

<

Observer spectrum

v Automatic max timestep

How to define Multi-Domain
Multi-Domain by Grid
Multi-Domain by Body

Edit Parametric Analysis
Select Parametric Results

Show Parameters

v Skip clash test before simulation

Quit after simulation
Voxel/Solid Sequence

Set Cartesian FOTD PML layer number

Set up the mesh control as

following
8 0 0 8 F 1
- Project Design X
L.
d L ¥ % | LInit IEladcgrnund | Boundary |Frequenq-' and Pulse | Mesh | Time
i@ Automatic Advance
Points Per Wavelength (PPW) Synchronize PPWs [ Additional
PPW-X 10  PPW-Y (10 | pPW-Z |10 contrel points
Load |*|
min/max ratio ¥ 002 y|0.02 |z |0.02 |[F]Syn. tox Edit
max adjacentratig » 1.3 vy |13 z |13 [¥]5yn. to x Clear

(71 Manual

Mumber of cells Synchronize numbers

Nx | 645 Ny |523 Nz |30
(7 User defined
Load Edit Clear

Minimum angle of solid surface angle (Deq) 3

Additional ctrl

Cartesian FDTD Mesher Yersion

Enable Advanced Earfield Analysis

3 Old




It can be seen that traces can be
captured by grid correctly.
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18. Check the time setting

Project Design L ,

| Linit | Background | Boundary I Freguency and Pulse I Mesh | Time

Time VWindow [ns]

i) User defined

End Time | 5.32589

Delta Time [ns]

Receiver Recordings

Recordings times per
period of max f_energy

{Unit: # time steps)

¥ User defined |0.000123336

Recording Interval 389

i@ Automatic
Energy decay [dE] -40 -

Energy variation [dB] -30 -

@ Automnatic

Snapshot Recordings

Recordings times per
period of max f_energ

Recording Interval 457
{Unit: # time steps)

Cancel

—

S _J

Set snapshot
recording interval
as 16 recorders per
period
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19. Start Simulation & check result

E Current in the snapshot for the top layer

Hide Field Vector - |Log v|8 = Time (s)| 4.99995e-010 BH>» %5
Jroject
..... & Sources -

+ 2 Observers

7.4 Lumped Ports

..... &z Wave Ports

7% Circuits

5.5 1BIS Objects

w00 21071

..... “% Particles

+-400l Excitation Pulses |_

5B Materials

+|] Faces

46 Solids

-5 Voxels

+-[8 Snapshots

..... Far Fields

+-ghl Temp

—glil Imported Result

=)-glal Results
+| il Excitation
+| il Observers
+| il Lumped Port:

-

Healal Circuits



E Current in the snapshot for 2" layer




4th |ayer 5t layer




Bottom layer

As can be seen, the input signal is totally being isolated from layer 4.

User also can check the S parameter of the lumped port, or add
farfield monitor to check the radiation of the board. These depend
on user requirements, and are not discussed in this demo.
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