Converting from Cadence Allegro
to Agilent’s ADS

Abstract

This paper describes how to transfer the layout of a multi-layer test board from Cadence Allegro
into Agilent’s ADS for the purpose of simulating critical nets and deriving S-parameters.

The Allegro layout is exported as Gerber and drill data; a program called NETEX-G reads the
Gerber/Drill, retraces the connectivity of each net and outputs the data in EGS archive format - a
database native to Agilent’s Advanced Design System.

NETEX-G also allows the user to specify a window or a selected set of nets for extraction. This

ability is quite important as it is not possible to simulate the entire board in a reasonable amount of
time.
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Introduction

Many PCB layouts are done using Cadence’s Allegro program. At the same time Agilent's Advanced Design System
(ADS) is used extensively for RF and microwave design, circuit layout and simulation. ADS includes a field simulator
program known as Momentum. In order to use Momentum one first must create a circuit geometry in ADS’s layout
module.

Currently there is no direct path between Allegro’s database and the ADS database so the conversion must pass
through some intermediate file format. Attempts to use a format that can be both exported by Allegro and imported by
ADS (such as DXF) have not worked - primarily because there is a mismatch between the way Allegro describes cer-
tain geometries and the way ADS supports the same geometries.

Artwork offers a program called NETEX-G which was designed to read Gerber/Drill data and export a new geometry
file that is organized by net. Further, NETEX-G can manipulate geometries - for example it can take a polygon with
cutouts and convert it to a group of polygons with no cutouts that cover the same region. Such boolean operations
are essential when converting from one database to a different one in cases where both data formats do not repre-
sent polygon cutouts in the same fashion.
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Figure 1: A layout in Allegro can be moved to ADS by exporting Gerber/NC Drill from Allegro. The Gerber/Drill data is
brought into NETEX-G which processes the geometry and outputs an EGS Archive file. ADS imports the EGS archive file.

In order to support ADS Artwork has recently added the EGS Archive format to the existing DXF, GDSII and Ansoft
formats already supported by NETEX-G. The rest of this paper describes in detail both the steps required for a suc-
cesfful transfer and points out special issues that arise in doing the conversion.

Why Gerber?
Why use Gerber/NC Drill instead of writing a direct interface from Allegro to ADS?

NETEX-G was written as a general purpose tool; since all PCB/package layout tools write Gerber/NC Drill NETEX-G
can be used with any PCB tool for any layout without restriction. Writing a direct converter requires very detailed
understanding of both databases and regular updates to the converter when either database is modified. The devel-
oper also must then write many direct converters. By using a standard format such as Gerber the number of formats

tthat need to be supported is greatly reduced.
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Example - High Frequency IC Test Board

In order to illustrate the process, we’'ll use a high speed test board - a round board on which an IC is mounted. The
PCB has multiple coaxial connectors which feed test signals to the IC. In order to characterize the IC’s frequency
response one must “subtract” the effects of the test line. To do this one creates a S-parameter model of the test
board. The board shown below was designed using Cadence Allegro PCB Expert.
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C BOTTOM
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Figure 2 - the test board is a 6 layer design with
4 inner layers to handle power and ground. The
DUT is mounted on the bottom. The illustration
is not to scale: the thickness of the total board is
typically a few mm.

Figure 3: bottom view of test
board. The DUT is mounted
in the center of this side of
the board.

Figure 4: top view of board. The
SMA coaxial connectors mount to
this side of the board.
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Exporting Gerber/NC Drill from Allegro

Exporting Gerber and NC Drill from Allegro is straightforward; after all the PCB cannot be built unless both are cor-
rectly produced and sent to the fabrication shop. To get Gerber files out, you must use the Manufacturing | Artwork
dialogs. There are two tabbed dialogs. One is used to set up general parameters and the other defines the photoplot
layers and how to build them.

General Parameters

F= Artwork Control Form [_ [ <]
Film Contral -~ General Parameters |
—Device type———— [ Film zize imits———— [~ Coordinate type
" Gerber Bx00 .
o E D b a2 |24_ggg don't care - as long
Select Gerber e Masy: [16000 as the area is larg-
RS274X — Mat applicabls er than the board
" Baico DPF or package.
= MDA
—Ermor action————————— - Foimat————————————— ~ Output optionz
* Abort film Integer places: |3_
" Abort al Decimal places: |3_\ Mot applicable
Use 3.3 places for
mm and 2.4 places
Suppress.,. ————————————— Dutput units———————————— for inches.
Select leading [¥ Leading zeroes = Inches
ZeII’O sugpressmn [ Trailing zeroes &+ Millimeters If the design data-
only and suppress .
e gal coord?npates ¥ Equal coordinates base is in mm or um
q ) use millimeters.
[~ Continue with undefined apertures Scale factor for autput: I‘I_DDDD should be 1.0000
ok I Cancel Apertures... Wiewlog. .. Help |

Figure 5: Allegro’s Artwork Control Form Dialog
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Film Control

The film control dialog allows the user to define a list of “films” and to define which classes/subclasses will be used
for each film. While at first this may seem very complicated, there are only a few things to remember when creating
Gerber files for NETEX-G.

1. NETEX-G only uses Gerber files for the conductor layers - all other films (solder mask, solder
paste etc... are not needed)

2. For each conductor film one needs only three types of classes: pins, vias and conductor.
3. Do not offset, mirror or rotate any of the films.

4. Film polarity should be positive, even for power planes. Although negative polarity will work with
NETEX-G one must take care to indicate this when running NETEX-G. Since we are using RS274X
output, there is no advantage to selecting negative polarity.

F= Artwork Control Form [_ [ <] I
Filr Cantral | General F'arametersl
— Awvailable films — Film optionz
select only layers ——————— |- W] bottom.art Film name:

via
that represent con- MIET gnd.at R otation: |g vI no rotation

127 =old_bottom, art

ductors -0 sold_top .
: - Offsat ID.DDDD no coordinate offset
E- W] top.art

& COMDUCTOR/TOP_CONC LE IU.UUUU

& V1A CLASS/TOP_COND

each conductor
layer only needs

three types of @ PINCLASS/TOF_COND Undefined line width: ID.DDDD
classes: conductor, Shape bounding bow; |2_54nn
via class and pin Plat made: * Pasitive all films output with pos-
class. " Negative itive polarity
I™ Film mirrored do not check mirroring
4| | »] ™ Full contact thermal-reliefs for any film.
Select Al | Load... | [~ Suppress unconnected pads

I~ Dravwmizsing pad apertures
¥ Check database befare artwork :
I~ Use aperture ratation
[~ Suppress shape fil

¥ “ector bazed pad behavior

ok I Cancel Apertures... | Wiewlog. .. | Help |
l_ |F'Il:|t generated,

Figure 6: Allegro’s Film Control Dialog

When all parameters are correctly set and
the films you need checked, then press

Create Artwork. Allegro will write a series
of .art files to the current working directory.
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Exporting NC Drill from Allegro

The Gerber files defines the horizontal geometry -- NC Drill files define how the individual layers are connected verti-
cally. Each drill hole results in a plated through hole that connects two (or more) layers together. To output NC Drill
data one must first set up the drill parameters and then create a drill “tape.” To set up the drill parameters use the
Manufacturing | NC | Drill Parameters selection to open the Drill Parameters dialog box.

Drill Parameters Dialog

use absolute
coordinatess-

match output units to —l_

the design database -
in this case the design
is in mm so select
metric.

Once all settings are — k. I

correct, click on OK.
The settings are writ-
ten to the file
ncparam.txt Now you
are ready to create
the drill tape(s).

Jan. 30, 2004

= NC Drill/ Tape

—Paper Tape
File M arne:
Header: Innne
Leader: Iﬁ
Length: W m
Code: + ASCI " Ela

¥ Separate plated/non-plated

= Dl

File M arne: Inc_param.h:t

Farmat: |3_ . |3_
Offzat x: ID.DDDD A
|1_

ID.DDDD

Route Feedrate:

—— Coordinates: & Ahzolute = Incremental
—  Dutput Units: " English i+ Metric
Tool Sequence: % Increasing " Decreasing

[+ Repeat Codes
[+ Leading Zero Suppressian

[~ Trailing Zero Suppression
[~ Equal Coord Suppression

[~ Auto Tool Select
[~ Pattern for Dips

Cancel Resat

Help |
[

Figure 7: Allegro’s Drill Parameter setup dialog

To write the file to disk use
Manufacturing | NC | Drill Tape to
open the NC Tape dialog. Make sure
the scale factor = 1 and press Run.
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if multiple drill files are needed (for blind or
buried vias) then Allegro will name them
ncdrilll.tap, ncdrill2.tap and so on.

always check this box - otherwise if there
are some non-plated through holes they
will appear in the same drill file as the
plated through holes.

for this example (where the design is in
mm) | set the drill format to 3.3 and the
drill units to metric.

do not offset the drill data from the design
database.

use leading zero suppression.

it is OK to use Equal coordinate suppre-
sion if you like but not required.

F= NC TAPE | [O)x]
Scale Factar;
[1.0000
Run | Help |
[

Figure 8: Allegro’s Drill Tape
generation dialog
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Converting Drill to Gerber for NETEX-G

NETEX-G does not accept NC Drill files directly (this decision was made because NC Drill files vary greatly and it
would be quite difficult to guarantee correct reading of these files.) The user must first convert the NC Drill files into
an equivalent Gerber file in order to use it in NETEX-G.

This is done using the utility drill2gbr.

The drill files to convert are loaded here using
the ... button. Order of loading is not important
as each drill file will create a single Gerber

file. input.
1: Drillzcbe
r Diill Files r— Diill Format r— Gerber Format
I nedrill tap | Deletel ﬂ Format Format
I | Deletel |2""1 jv |2""1 jv
I | Deletel Units Units
N N
I | Deletel
MM MM
I | Deletel
Zero Incluzsion Zeno Suppression
I | Deletel _ _
" Leading {* Leading
I _l %l &' Trailing " Trailing
I | DeletE| d £ Decimal £ Decimal
Starting D-Code Offget Dielete al | Coordinates Coordinates
|2UU IU :4 IU ks % Ahzolute % Ahzolute
A I  Incremental  Incremental
pertures
¢ Found Mo, of Sides e =
Al EIBlENCE Flle |
" Polugonal IS 'I
|
| tdap Orill Tools to .-’-‘«perturesl File Extensions Help Execute | Exit
|
l
— Apertures - drills are mapped — Offset - generally the drill hole
either to round apertures or a coordinates and Gerber coordi-
polygon with the users choice of nates line up -- but occasionally
sides. Polygon is often chosen they do not. In this case you can
when the target is going to be apply the correct offset between
an electrical simulation program. the drill and Gerber data.
Starting D-Code. In order not to —— Map Drill Tools to Apertures: If
redefine D-codes that might be the drill file lacks information on
part of the Gerber files, the the diameter of the drill tool you
starting D-code is shifted to can open a dialog here allowing
begin a D200. You can select a the user to enter such information
. . manually.
different value if you need to. Y
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This section is used to define the characteristics of
the drill file. Some characteristics can be automati-
cally deduced by the program -- others require user

Figure 9: Drill2gbr's main dialog

This section is used to
define the characteristics
of Gerber files associat-
ed with the drill files.

— You need load only one
of a group of Gerber
files. All required infor-
mation on the Gerber
files can be obtained by
the program when it
scans the header of the
RS274X file.

File Extensions: This button
allowsthe user to set the
default file extensions for drill
and Gerber files making it
easier to select the files you
need.
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Running NETEX-G

At this point we have exported Gerber and Drill from Allegro and run the drill data through the drill2gbr converter. All
information needed to create the EGS Archive file is now prepared. NETEX-G is started and the data is loaded into
NETEX-G’s main dialog box.

+3 Neter-G v1.22 (11,18/2003) - [testpcp.njb]

File Preferences Help
Stackup Gerber File Layer Name Layer Type Reverzal Delete
— 1 | [top.gbr Viewl ToP [Metal =] Details...l r il ﬂ Execute |
2 || vien | [o12 [Dielectic x| Detais. | T % |
3 | Iinner1.gbr view| [INNERT | Metal | Detaus_,| r il wl
4 | iew | [0 [Dielectic x| Dews.| T % |
Drrills... |
5 | Iinner2.gbr Viewl IINNEH2 IMelaI ﬂ Details...l I il
6 | iew | [os7 [Dielectic x| Dews.| T % | Lot |
7 | Iinner3.gbr Viewl IINNEH3 IMelaI ﬂ Details...l I il
2 | I \-"iewl ID?S IDiB|BCtIiC j DBta“S...l I_ il E:-:l[aclions_,_l
| | Iinner4.gbr Viewl IINNEH4 IMelaI ﬂ Details...l I il
10 || iew | oam [Dielectic x| Dews.| T % | Bat |
11 | Ibottom.gbl Viewl IBEITTEIM IMelaI ﬂ Details...l I il -
Layer Order... | Yiew Al | Gerber Units: inch
Output Format
[ = ASCI " GDSI " DHF " ANF " EGS
Dlutput File Crhoutputstestpch_a |Brnwse...| Wiew Log
]
Figure 10: NETEX-G main dialog
— Gerber Inputs - each con- The Output File - the Output Format - for ADS
ductor layer is entered into output file name/loca- use the EGS output for-
the “stackup” in its physical tion is specifed here. mat.
order starting at the top.
Drill - use the Dirill dialog

A dielectric must be placed
between each conductor
layer.

to enter a drill file and
specify which conductor
layers it passes through.
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NETEX-G Preferences

Preferences

Wiorking Directon

Working Directory - where
temporary and intermediate

. |E:\w-:-rking Brnwse...| — files are written to.
Max Points - max number
of points per polygon. For Output Directory Output Directory - where the
EGS output a value of IC:\Dutput Erowse...l -——— output file(s) are written.
2000 is a reasonable set-
ting. Max. Points I2IJDD Dutput Units :
' Same az Input [inches)
Arc Fesolution |15 degrees  Other: I 'I
Chord Eror II:I inches [~ Batch Mode
—— Smocthing ID.DD'I ifichis Palygorn Output gtring Mt‘_atching Polygon Output - if EGS is
Arc Res - controls smogth- — " Leonov ;nven o the target format you should
ness of glrlcs.klf set tloo fine, Sliver I : inches & 0 fines (_ Dot select Cut Lines.
output will take too long too . Req. Exp.
. . P 05 . Mo cut lines

simulate in Momentum. If Mas. Via Size I inches
set too coarse the output Soale Factor |1 Window... |
may not resembly the true

MHode Tenxt Current Preferences
layout.

Text Height 0.os inches Save az Defaults |
Smoothing - removes Layer Offset |D Fieset to Defaults |
closely spaced vertices in
the output polygons. Again,
this is used to reduce the ak I Advanced... | Help Cahicel |

number of vertices that the

Momentum field simulation
must process.

NETEX-G Drill

Drills

Gerber File Top Layer Bottom Laver Delete

CEEe | o | i 3

S | |
L e |7
I S 7 —7
[ I S
I S 7 —7 S

Mate: Drill2GEr can corveert drill files to Gerber files.
Ok, I

Figure 12: NETEX-G's drill dialog.

DiilzGbr | Help | Cancel |
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Figure 11: Netex-G Preferences Dialog

The drill dialog is used to define the vertical intercon-
nections between layers. First, select the drill file (it
must have already been converted to Gerber format).
Then specify which layers it passes through.

In this example the drill is a through hole - it passes
from the very top (stackup position 1) to the very bot-
tom (stackup position 11).

NETEX-G will use this to create the required vias

between layers. If you have blind or buried vias you
can enter these files also.
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Loading the EGS Archive into ADS

From Agilent’s ADS, use the File | Import | EGS Archive dialog and select the file test_pcb_a. After importing (and
turning off all layers except for the bottom one you will see something like the screen shot shown below.

[ pcb_prj ] top (Layout):1
File Edit Select Vew Insert Options Tools Schematic Momentum Window DesignGuide ﬂep‘

S EEERREEL R

TLines -Microstrip jl [

Mcorn | Moross

| )

Mourve | Mourve

- | 5

Miap | MIGAP1

I | =

MICAPZ| MIGAPS . : o000

"'I@I_' :H_Lr: : p | ‘,::‘I’DdEO

ﬁoao

HRSTUE| SO | | ;|

Select: Enter the starting point 0 items 5.00000,0.00000 in A/RF SmSchem

Figure 13: Screen shot of the test board translated from Allegro by NETEX-G and loaded into ADS.
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Selecting Only a Small Window for Analysis

It is not useful to move the entire layout to ADS for analysis in
Momentum for two reasons: only a limited number of circuit
tracks are of interest; attempting to run a 3D field simulation
on the entire board would take too much time.

There are only 5 or 6 critical high speed circuit tracks on this
board that need to be simulated and there is no need to
simultaneously simulate these nets because there is no inter-
action between them.

The illustration at right shows the bottom layer of the test
board and highlights one of the high speed nets (in red). An
outline (yellow) shows the area we would like to “clip” out in
order to focus our analysis solely on this net.

How to Clip Out an Irregular Area

By default, NETEX-G converts the entire database. However
the user has the option to select either a rectangular or polyg-
onal window that defines the extents of the data. Anything that
falls outside of the window is clipped and discarded.

Because of the radial geometry a rectangular window will
select too much irrelevant data - a polygonal selection can
select the desired net and enough surrounding groundplane to
do an accurate simulation.

Figure 14: the circuit trace highlighted in red is one
we wish to simulate in Momentum. The yellow bound-
ary indicates the area we wish to clip out.

Window

—Window Coordinates

From the main NETEX-G dialog, click on the
Window button to open the Window dialog.
Select the radio button option labeled ¢ Restanguar  Lower Lot | |
Polygonal. The click on the Get Polygonal bigperiight | |

Data button. This will open your Gerber et Dt Wirdaw. |
files in GBRVU and make it possible to
select a polygon shaped window.

" Data Extents # finchl % finch]

* Polpgonal [0 defined) Get Palpgonal Data.. |

0k I Cancel Help |

Figure 15 - NETEX-G’s window dialog.
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How to Clip Out an Irregular Area cont ...

GBRVU will open and automatically load the Gerber files that are present in the NETEX-G stackup. You can turn off
any layers that are not needed to visualize the area you wish to select. Zoom in to the area of interest. Now click on
Define Windows(s) and select the Polygonal Mode option.

vex GBRYU
File Edit Wiew Tools Info Plob Help
| Fill | Layer | Aperturel Plat Sereen | PIotWindowl Apt. Highlightl ‘

Polygon Window Selections IRl E3

[v Define Windowls)
" wfindow Mode
' Polugon Mode

[~ Delete window [Select Yertes)

Using the right mouse button
begin building your polygon.
The left mouse button can still
be used for panning as needed
between vertex picks. To close
your polygon return to the first
point and click on it (again,
with the right mouse button.)
You will see the dialog pop
back up. Click on OK.

Mumber of Polygonal ‘Windows Defined
1]

[ testpch2_prj ] top * (Layout):2 | : |J

File Edit Select View Insert Opfions Tools Schematic Momenium Window DesignGuide Help

ol OelEa & sl 9.0 Helanns SIOA

hect
i'.__ fLines-Microstrip j| I jl QI il EJ N v;s default ¥
vt g——
’ /—/A-‘.;J'JFA__J )

==l
Maclin Mm

| [Click mouse button at a zoom WIND DWW comer i 52 |
MEend | MEstub
g | -

FAr
Figure 16: GBRVU used to define polygonal window.

2l )

Figure 17 - Running NETEX-G ”—I"—I
th th i =/
with this new polygonal win- aap | o] | |
. I

dow results in a much smaller ﬁl .ﬁél
file as one can see in the ADS &l ;?,JE|
layout screen shot at right. EEJ IIHHE|

o s
MLEF | HMLIN

This file will be much easier to EIEI -

prepare and run through TH
Momentum. EIE ]n r[

| Select: Enter the starting point 0 items =2.15511, 137854
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