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CHAPTER
ONE

GETTING STARTED

1.1 System Requirements

Operating System | Windows (7 or newer)

Architecture 64-bit (32-bit no longer supported)
Processor Intel Core 2 Duo 2.00 GHz (or equivalent)
RAM 8GB

Hard Drive Space | 300 MB (not including projects)

Graphics Card OpenGL 3.0 - compatible

Java Runtime 1.8

Note: Pix2Net is an graphics-intensive program that is meant to be run locally. If you attempt to use it with remote
display software, such as NoMachine NX, Pix2Net is not guaranteed to be responsive (or even work).

1.1.1 Windows

Run the Windows installer. If this is the first time you are installing Pix2Net, make sure the Visual Studio
2010 redistributable, Java Runtime Environment 8, and the Sentinel HASP Run-time
packages are selected for installation.

After the installation, insert the security dongle into your computer. Launch Pix2Net by double-clicking the Pix2Net
shortcut on the desktop, or by going to Start — All Programs — Pix2Net — Pix2Net.

Troubleshooting

If you experience rendering issues while using Pix2Net (i.e. you see white squares where images are supposed to be),
try updating the drivers for your graphics card. To find out what driver you are currently using, open the Start menu,
type in dxdiag and hit Enter. Click Display 1, look atthe Drivers group on the right, and note the Version
field. Then go to the appropriate website for your graphics card and make sure that you are using the latest version of
the driver:

* AMD/ATI
* Intel

* NVidia

¢ S3 Graphics



http://support.amd.com/us/gpudownload/Pages/index.aspx
http://www.intel.com/p/en_US/support/detect/graphics
http://www.nvidia.com/Download/index.aspx
http://www.s3graphics.com/en/drivers/index.aspx
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CHAPTER
TWO

GUIDED TOUR

2.1 Pix2Net Stage Installation

Before installation of the stage you’ll need to HOME the FIB/SEM stage. The HOME button can be found in the stage
tab of the FIB/SEM (HOME w/rotation).

1. After venting the FIB/SEM chamber, begin by removing the stage mount from the base of the FIB/SEM stage.
Safely store the stage mount

r

2. Attach the stage base plate to the FIB/SEM stage base using the three (3) hex bolts provided. You’ll need to
manually rotate the FIB/SEM stage so that red arrow on the base plate is pointing at FIB/SEM chamber entrance.
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3. Attach the stage to the recently installed base plate using the M2 bolts provided. There are two (2) bolts to
attach. Slide the stage left and drop in an M2 bolt to attach to base plate. Do not tighten fully as you will need to
slide stage to the right and will have to adjust the stage to drop in the 2nd M2 bolt. NOTE: as long as the stage
is powered off it is okay to manipulate it manually to get in the correct positions for the install.

Chapter 2. Guided Tour
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4. Attach the wire stress relief clip to the FIB/SEM stage. Set the stage wires to an appropriate length.

5. All stage wires should be attached to the FIB/SEM internally already but you should verify this before proceed-
ing. Motor 1 connects to Axis 1 (X): Motor 2 connects to Axis 2 (Y): Motor 3 connects to Axis 2 (Rotation)
of the green stage controller box. NOTE: we generally leave all wire connections intact and just store the stage
itself in the back of the FIB/SEM chamber when not being used.

6. Attach the extension stage mount (new extension) onto the rotation stage.

2.1. Pix2Net Stage Installation 5
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7. Attach and center your sample stage onto the new extension stage and then tighten your set screw to secure your
sample.

8. You may now connect the USB wire from the support computer and the power supply to the green controller
box. You will notice the lights on the back of the green controller box are red when first powered on. If your
connections are correct these lights will convert to green indicating that your setup is correct. If any lights
remain red, check your wire connections and retry until all lights are green.

6 Chapter 2. Guided Tour
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9. Before sealing the FIB/SEM chamber, check and make sure your sample is grounded properly using a multi-
meter (continuity).

10. Seal the FIB/SEM chamber and begin image acquisition. NOTE: make sure all wires are clear when sealing
FIB/SEM chamber.

2.1. Pix2Net Stage Installation 7
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2.2 Pix2Net Automation Operation

1. Be sure to check that there is enough space to store the project you will be working on. On the support CPU (cart)
you will want to check the C: drive. Before proceeding make sure the Pix2Net Stage Installation instructions
are read Pix2Net Stage Installation and performed correctly. All light indicators on the controller box should be
green.

2. Disconnect the long white network cable from the FEI support CPU and connect it to the bottom most port on
the MSI support CPU (cart). This will allow the SEM and support CPU (cart) to communicate through the Z:
drive. If the Z: drive is not active you will need to run a batch file to make it active. Located on the desktop of
the support CPU (cart) Z Drive.bat.

3. Open the Pix2Net software by clicking the icon on the desktop Pix2Net.bat. Create a new project or open a
recent project.

4. Click on the Capture tab and you will notice the header changes. Now click the stage icon and a drop menu
selection appears. (All settings for the SEM)

Type: Pix2Net/ w rotation

Axis Swap: Place a check mark in box

Port: Com 7

Cycle Power on Error: Place a check mark in box
Sense: Invert Y

Home on Connect: Place a check mark in box

5. After your parameters have been set connect the stage. It should begin a Homing procedure of the Pix2Net stage
that will take about a minute to complete.

6. Once the Homing procedure is complete, verify the stage moves as intended.

7. Begin the leveling and rotation of your sample. Using a sample feature such as a metal line that runs the entire
width of the sample is the best method. Start by using the XT align feature of the SEM to give you a straight
image in the SEM. It is located in the Stage tab of the SEM. Place the line or feature your using to level under
the center crosshair of the SEM. Using the Pix2Net stage move the sample in the X axis along the line you
are using to level. Generally use small movements(50um) to start and gradually move farther in the X axis as
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10.

11.

12.

13.

14.

15.

the sample becomes more level. Determine which direction the rotation needs to move in order to correct the
leveling(Clockwise or Counterclockwise). In adjusting the rotation of your sample the SEM image will need
rotation of the SEM to make the sample straight again. Repeat the XT align feature as needed.

Once a good alignment has been achieved, begin gathering the information required to get an entire imaging run
captured. All information can be stored and saved in the Capture config. window under the Capture tab. Record
the device name, device height, device width, magnification, accelerating voltage, brightness, contrast and the
scale.

To determine the scale of an imaging run, zoom to the magnification level you intend use and set the scan level
at 2us and freeze the image. Click on the file tab of the SEM and enter the image properties. Record the values
given under Pixel height and Pixel width and divide by 1000. Example: Mag/2000 — Pixel height / 72.85nm —
(1000/72.85= 13.726 pixels per micron) place this value in the scale window under the Capture Config tab of
the Pix2Net software.

The first Quad (upper left) of the imaging windows on the SEM is the image capture window. Most imaging
runs are shot under the backscatter detector (VCD) of the FIB. Set the first quad to the appropriate detector
(VCD or ETD). Begin adjusting contrast and brightness levels for the intended imaging run. Lines and Vias are
usually set as white as possible against a black back-round.

Begin connecting the SEM camera to the Pix2Net software. Minimize the SEM UI (user interface) and connect
to the Shortcut to Run Pix2Net Server.bat located on the SEM desktop. Large cmd window should open.

Once you have opened the server you may connect the SEM camera to the Pix2Net software. Begin by clicking
on the camera tab and a drop down menu appears. Select the camera you intend to use (microscope). Pix2Net
expects the SEM to be in a paused state prior to image acquisition.

Once connected the SEM camera will take a test image and then should be ready. The camera icon will let you
know when it is ready. Click on the camera ready tab to execute an image capture.

Make final adjustments needed for your imaging run. Verify your images will convert to GDS2 if required.
Make sure sample is within area you designated for the imaging run (check corners). Good idea to double check
that all values entered onto the capture config window are correct before any imaging run is started.

Click the Start tab to begin your run. Once the run has begun do not move the mouse on the SEM CPU
anymore. The Pix2Net software has taken control of the mouse and needs it pause and begin another image
capture. Disturbing the mouse will cause the camera to fail.

2.3 Setting Up Pix2Net Server

This tutorial will show you how to capture an image from a scanning electron microscope.

2.3.1 Install and Run the Pix2Net Server

Note To use Pix2Net, the user must have Java installed.

In order for Pix2Net to control the SEM, the Pix2Net Server application must be running on your SEM’s support
computer.

The Pix2Net server files are located in C: \Program Files\Pix2Net\server. Copy these files to a directory
on the SEM’s support machine, and then double-click RunPix2NetServer.bat. The PixX2Net Server application
should start up.

2.3. Setting Up Pix2Net Server 9
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_
B Pix2Net Server v1.02 L= | B 3]

Address Port Packets Received Packets Sent

14:39:02,439 INFQ Server:3l - Waiting for connections...

The Pix2Net Server is now waiting for Pix2Net to connect to it on port 20038. You should also note the IP address of
the SEM’s support computer. You can obtain the IP address by typing ipconfig in a dos prompt.

2.3.2 Connect to the Pix2Net Server

1. Start Pix2Net and go to the Capture tab. Press the Setup Server button.

i)

Setup
Server

The Setup Server dialog should appear:
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[ Setup Server ﬁ

Connection Parameters

IP Address: 192.168.1.1

Paort: 20,038 E

Profiles

@) 2 % = (5

Mame 4|

l Ok J l Cancel J

2. Make sure the TP Address field matches the IP address of the machine the Pix2Net Server is running on.
3. Click the Add Profile button to add a new profile. Enter the name of your SEM (e.g. FIB).

If Pix2Net was able to connect to the server, then the Edit Profile window will appear, with a snapshot of
the SEM support computer’s desktop:

2.3. Setting Up Pix2Net Server 11
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¥ Edit Profile - . )
J Resources | Protocols [ Resource ] Interactive Refresh
b 4 & xT microscope Control 2

Name | Type | Fle Edt Detectors Scan Beam Patterning Stage  Tools  Window  Help

W& Y o0 [okv Jozrme gl o [4] 300ns » |58 | [204mx1768 | &k | 1 | oo -

| ok || cancal |

To get back to the “‘Edit Profile‘* window, press on the pencil button in the ‘‘Setup Server** window.

2.3.3 Preparing the SEM

You need to begin by putting the SEM in a state where you can capture a test image. For example, you may want
to turn the beam on. You can do this from the Edit Profile window if you switch to interactive mode by pressing the
Interactive button.

Resource Interactive | Refresh |

In interactive mode, whenever you click somewhere on the image of the support computer, that mouse click will be
sent to the support computer, and the screen will be refreshed. It is similar to a Remote Desktop session, except the
screen will only be refreshed once after each mouse press.

Once you are ready to capture an image, you can start entering the necessary steps into Pix2Net.

2.3.4 Entering Steps

Your SEM is most likely different from ours, so you will need to come up with your own set of steps. However, for
the purposes of the following example, assume that you can capture an image with your SEM by pressing a Resume
button.

You must tell Pix2Net what the Resume button looks like, and where it is. You can accomplish this by adding a
resource.

1. Switch to the resource mode by pressing the Resource button.

Resource l Interactive J[ Refresh J

12 Chapter 2. Guided Tour
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2. Draw a box around the Resume button by clicking and dragging. The box does not have to be perfect.

i (1] o
3. Enter a name, such as Resume Button, set the type to Fixed Image, and click Add.

By specifying Fixed Image, we are telling Pix2Net that it can assume that resume button will always be at exactly
the same place on the screen. If it is not safe for Pix2Net to make that assumption, then we could have specified
Floating Image. In that case, Pix2Net would scan the screen for the first set of pixels that match the image of the
resume button.

Another resource we will add at this time is a region that represents the Preview area. This is the area of the SEM’s
GUI that shows a preview of the area that will be captured.

1. Click and drag to draw a bounding box around the area of the GUI that shows a preview of the image to be
captured.

| Resource || Interactive || Refresh | 1

W >T microscope Control
File Edit Detectors Scan Beam Patterning Stage Tools Window Help

1 300% o 4| 300ms P 04521768 | @i W | gan & [ ]
=

|00k |ozire |

2. Enter a name, such as Preview, set the type to Region, and click Add.
By specifying Region, we are telling Pix2Net that this resource is purely a bounding box and not an image.
Now, let’s start creating the protocol (a set of mapping of commands to what actually happens on screen):

1. Click on the Protocols tab and then click the Add button.

Resources | Protocols ‘L
9]

2. Choose a name for the protocol, such as Standard, and click Ok. In general, you will only need one protocol.

3. You will now see a list of commands that can be defined. Select Capture Image.

2.3. Setting Up Pix2Net Server 13
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4,
5.

10.
11.
12.
13.

Edit Protocol
Command o 1 1
Beam On
Beam Off Step
Live Mode

Snapshot Mode

Capture Image
Capture Preview
I Increment Dwell Time

Click the New Step button, choose Press Mouse Button, and click Ok.

In the settings for Press Mouse Button, set the target area to the resource you defined for the resume
button.

Mouse press: Left Button
Clickin this box to change mouse press:

Target area: ¥
x 0 % pixels

Drag mouse during click:  ————————— -
Y 0 E pixels

Cn error, call script: | &

Click the New Step button, choose Delay, and choose some amount of time for Pix2Net to wait for the image
to be captured.

Click the New Step button, choose Read Image, and enter the directory the image will be saved to. Pix2Net
will grab the latest .bmp file from this directory. The image will be deleted after reading by default, so that
Pix2Net does not accidentally read the same image again in a future image capture.

Select the Capture Preview command.

Click the New Step button, choose Grab screenshot, and set the region to the resource you created for
the preview area. Ignore the Remove horizontal line checkbox, because that is a very specialized feature.

Add steps for each script that is desired.
Click Ok to close the Edit Protocol window.
Click Ok to close the Edit Profile window

Click Ok to close the Setup Server window

2.3.5 Testing the Capture

1.

In the Capture tab, click the Control Microscope button.

14
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Microscope
2. Click the Capture Image button.

The image should be successfully captured. If you receive an error message, you may need to go back and edit the
steps in the Edit Profile window.

2.3.6 Setting up Auto-Focus

Here are the steps for setting Pix2Net up to automatically adjust the focus during a run:

1. Inthe Edit Profile screen, in Resource mode, draw a box around the button that turns on reduced area.

Give it a name such as “Turn on Reduced Area”, and add it as a Fixed Image resource.

1. Switch to Interactive mode and click on the reduced area button. Once the SEM is in reduced area mode,
switch back to Resource mode, draw a box around the button that turns reduced area mode off, give it a name
such as “Turn off Reduced Area”, and add it as a Fixed Image resource.

2. Click the Protocols tab, select the main protocol, and click the Edit Protocol button.

3. Select the Aut o-Focus command and add the following steps:

2.3. Setting Up Pix2Net Server 15
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area-

Step| Fields Description
Press| Key se- | This step will turn the crosshair off.
keys | quence:
F5+Shift
Mousg Left This step will go to the safe area (i.e. a place on the screen that can be safely clicked without
press | button, doing anything).
Tar-
get area:
SafeArea.
Mousg Left This step will put the SEM into reduced area mode.
press | button,
Target
area:
Turn on
reduced
area.
Mousg Left This step will go to the safe area.
press | button,
Tar-
get area:
SafeArea.
Wait | Fixed This step will wait up to 5 seconds for the SEM to enter reduced area mode.
for | image:
im- | Turn off
age | reduced
to area,
match Time
to wait:
5,000
ms.
Mousg Left This step will put the SEM into live mode.
press | button,
Target
area:
Unpause
button.
Mousg Left This step will go to the safe area.
press | button,
Tar-
get area:
SafeArea.
Wait | Fixed This step will wait up to 5 seconds for the SEM to enter live mode.
for | image:
im- | Pause
age | button,
to Time
match to wait:
5,000
ms.
Ad- | Color The Preview resource should be a bounding box around the place in the SEM’s GUI where
just | of rect- | the SEM image is drawn. During this step, Pix2Net will identify the reduced area bounding box
fo- angle: by its color, which should match the color specified for Color of Rectangle. Pix2Net
cus Green, will move the reduced area box to a suitable location on the screen, and then it will perform
in Full the Increment Focus and Decrement Focus commands until the reduced image is a

sharn-as possible. In-order for-this to-work it is important that the Qp]\/[’c crosshairis hidden

re
FE

arca

o

1Guced Preview.

Ottt P—ao5—pPoOdSHIOC—HH-OHaC 1ot W oGt 15 HHp ottt tHat tHE O Vi 5 CHoSoHah 5 adchs

the SEM is in reduced area mode, and the SEM is in live mode. Chapter 2. Guided Tour

Mous
press

e Left
button,

This step will pause the SEM.
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You can test this command by returning to the Capture tab, clicking Control Microscope, and then clicking
the Auto—-Focus button.

2.4 Navigating a Project

This tutorial will introduce you to the basics: How to open projects, toggle layers, toggle cells, add bookmarks, add
rulers, and configure shortcut keys to commands.

2.4.1 Unzipping the Examples

Unzip examples. zip to a directory on your computer. On Windows, use an unzipping program such as 7-Zip.

2.4.2 Opening a Project

1. Gotothe File tab and click Open Project.

Open
Project

2. Browse to examples\Digital Logic\Pix2Net.pr3j, and double-click the Pix2Net .prj icon or
click the Open button.

r Open M

LookIn: | (&5 Digital Logic ) @ () @)= 8]

[ﬁ‘ archive
[ﬁ‘ data
[ﬁ‘ images

[ﬁ‘ schematics

Pix2Met.pr

File Mame: PixZ2Met.pr

Files of Type: [F‘ixENetF‘rnjecta |']

[ Qpen ] l Cancel J

3. When the project finishes loading, the Overlay window will appear.

2.4. Navigating a Project 17
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To pan around in the Overlay window, hold down the middle mouse button and drag the screen in the desired direction.
To zoom in and out, use the mouse wheel. To zoom in finely, hold shift and scroll forwards and backwards on the
mouse wheel. If there is no mouse wheel, use CTRL and the hold the right-click on the mouse to pan, and use + and -
to zoom in and out. NOTE If the mouse that is being used is touch (instead of click), use two fingers to represent the
right-click.

By default, the Zoom to Area tool should be selected. Select the Home tab to verify. If not, select Zoom to
Area.

To use this tool, hold down the left mouse button and draw a rectangle around the area you want to magnify. Press the
Home key to restore the original magnification.

2.4.3 Viewing Layers

The layers are controlled in the Layers window.

18 Chapter 2. Guided Tour
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Try turning different layers on and off, and changing their display settings.

m1 wvias

ug
contacts
Toggle Images

Toggle Polygons Set Polygon Color
SetImage Color

2.4.4 Viewing Cells

The cells are controlled in the Project Cells window.

Set Opacity

2.4. Navigating a Project
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e -
oREEEngE
YTOP(1)[ ] @
¥ Dig Block 1 (53)

» BLOCK 0 ARRAY (478)

¥ LOGIC BLOCK 1 (473)

2MOR (85)

2MOR (531)

2MOR (532)

AMAMND (287)

BUF (206)

BUF (270)

BUF (278)

BUF (283)

BUF (293)

DFF (81)

DLAT (80}

MV (82)

MV (239)

MAMDZ (83)
 LOGIC BLOCK 2 (452)
 LOGIC BLOCK 3 (477)

Right click on AND2X2MHT to bring up the context menu:

Show LOGIC BLOCK 1

Show LOGIC BLOCK 1 and Children

Move Into LOGIC BLOCK 1 Metlist

Hide All

Add Persistent Filter >

Fename LOGIC BLOCK 1
Delete LOGIC BLOCK 1
Delete Children

Delete Ports

Edit Module. ..

Pair Inputs...

Edit Invalid States ..

View Electrical Properties

Section Actions >

1. Click show AND2X2MHT to show all instances of that cell.

2. Click Hide A1l in the context menu to hide all of the cells.

3. Click Add Persistent Filter toshow all instances of the cell persistently. (Until you click Hide All

again)

20
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4. Repeat with other cells. To turn on/off persistent cells, click the

pane. Toggle cell visibilty with the check boxes.

Cell Visibility
Show Ports |‘

Paort Text Size pm
Show Cell Names

Show Cell Instance Names
Show Module Bounds
Show Module Forts

Cell Text Size Hm
Show Transistors

Show Met Markers

E@;JEEE@;J@

(¥

b 4

(®]

icon to open the Cell Visibility

[ Quickfilter: Show LOGIC BLOCK 1 (473) and children

1. Close the Cell Visibility pane by clicking the red x in the upper right corner of the pane.

2.4.5 Adding Bookmarks

1. In the Overlay, move to a random location and zoom in.

2. Go to the View tab and click Bookmarks.

[

Bookmarks

3. Click on the green plus sign to add a bookmark (a window will pop up asking for a name) and name it

Untitled.

4. Highlight Untitled, select the pencil, and rename the bookmark to My Location.

2.4. Navigating a Project
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Add  Rename  Remove

Bookmarks
@ || &
Marrie 4| Coordinates |

Location 1 14564 -69.4
Location 2 166.2,-105.8
Location 3 163.3,-74.4

Lintitled 178.1,-127.0

Layers | BnnkmarkaJ

5. Move to a different location in the Overlay.

6. Double-click My Location in the Bookmarks window. In the Overlay, the camera will snap back to the
original location.

7. Highlight My Location and click the red ‘x’ to remove the bookmark.

8. Close the Bookmarks window by clicking the red x in the upper right corner.

2.4.6 Adding Rulers

1. Go to the Home tab and click Micron Ruler.

e

Micron

Ruler

2. Click and drag in the Overlay window to create a ruler. Hold down shift to force an orthogonal line.

L |
= E4dum

3. Click Select Ruler.

22 Chapter 2. Guided Tour
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4. Click and drag in the Overlay window to draw a box around the ruler. The ruler should now be selected.

5. Right-click in the Overlay to bring up the context menu. Click Selected Ruler — Delete. Or, hit the
delete key.
2.4.7 Configuring Shortcuts
1. Click Configure Shortcuts.

Conhgure
Shorteuts

2. In the Configure Shortcuts dialog, scroll down to the Full Zoom command.

Category 4 | Command | Shortcut |
File Save Project L'_‘
File Close Project

File Import

File Export

File Backup Project

File Undo CTRLZ

File Redo CTRLY T
Home Zoom to Area Z

Home Full Zoom HOME v,
Home Select Area

Home Clone Area

Home Micron Ruler

Home Pixel Ruler

Home Select Ruler

Home Calibrate

Home Configure Bindings

Home Preferences

Image Filter Tiles

e bl v
Full Zoom

Returns the overlay camera to the starting position, and sets the default zoom.

Clear [ Ok J [ Cancel J

3. Click on HOME, in the right-hand column. You will be asked to enter a new shortcut key. Press the J key.

2.4. Navigating a Project 23
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EM Enter Shortcut for Full Zoom

Enter the new shortcut key.
Cancel |

4. Press the Ok button to close the dialog.

5. Hover over the Full Zoom button to see the updated tool tip

File | Home I Capture TﬂlignmentT Image T Polygons
@il E:%l

|
N I

Layers

Select  Clone  Configure

Shortcuts

Cells T Metlist T Schematic T Spectrum T_

3
Freferences Project

FProperties
position.

T

Ruler Ruler

Ruler
Returns the overlay camera to the starting position, and sets the default zoom. (J)

2.5 Starting a New Project

Select | Micron Piel  Calibrate
6. Press the Jkey. The Full Zoom command should be executed, causing the camera to zoom out to the original

7. Open the Configure Shortcuts dialog again, and set the Full Zoom command back to the Home key.

1. On the “File” tab click the “New Project” icon to begin the new project.
New

Froject

2. Select the location of where the project will be saved. The template can be set at this time. Pix2Net comes pre-
can be changed. Please see Templates for more information.

loaded with a standard template for capturing a layer. If the default template does not match the user’s needs, it

Chapter 2. Guided Tour
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MWew Project X

Properties

rond |
Location  ChUsersimsmith Browse

Template | Default ."J

Name
The name of the project.

Create J [ Cancel J

3. A new Pix2Net project is a directory consisting of 3 subdirectories and a Pix2Net.prj file.

3 - ~

= | B
@\:j" ;e OS({C) » projects » examples » Memory Extraction » - |¢,|| Search o
COrganize « Include in library « Share with « Burn MNew folder =~ [0 I@l
Bl Desktop ' MName - Date modified Type Size
4 Downloads . - .
h J archive 11/10/2014 2:56 PM  File folder
= Recent Places X
J data 11/12/2014 5:53 PM  File folder
/& OneDrive @ M i _ X
| images 11/10/2014 2:56 PM  File folder
. = || Pix2Net.prj 1/20/20141:07 PM PRI File 0 KB
7 Libraries
3 Documents
] Git
Bowao

archive Stores zip files for backup purposes
data The database files

images Images stored as an enumerated directory for each image layer

2.6 Capturing a Layer

This tutorial will show you how to capture a layer.

Note: Before proceeding a new project must be created :ref: starting-a-new-project

2.6.1 Connecting the Stage

Note: Stages X-axis and Y-axis will vary from system to system - user will need to determine correct
settings for their specific system.

1. Go to the Capture tab and click the St age button.

2.6. Capturing a Layer
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I_@

Stage

2. Set Type toMSI-2 w/Rotation.

Set Port to the com port that is connected to the stage. The stage must be powered up when Pix2Net is started,
or else you will not see the stage’s com port in this list. If you are unsure about the correct com port, you can
go to Control Panel -> Device Manager and look at the entries under Ports (COM & LPT). If you connect and
disconnect the stage’s USB cable, then one of the com ports should appear and disappear.

The Y-Axis should be inverted, so that the screen will pan down as the y coordinate increases, and the screen
will pan up as the y coordinate decreases.

The Home on Connect button should be checked if this is the first time you are connecting to the stage after
the stage has been turned on.

Type: | MSI-2 wl Rotation |¥|

Port: | COM3 v
X-Axis: | Ais 1 v) (] invert
Y-Auds: | As 2 v| (] nvert
Rotation: | Axis 3 ?J L] Invert

|_| Cycle Power on Error
|_| Home on Connect
|_| Log Debug Info

Status: Disconnected

Connect

Click the Connect button to connect to the stage. It will do a homing process that takes a minute, and then the
stage will be ready.

3. Click the Manual Move button.

"

Manual
Move

4. In the Manual Move panel, enter coordinates into the Stage X and Stage Y fields. Press the green button
to move the stage to those coordinates.

26 Chapter 2. Guided Tour



Pix2Net Documentation, Release 1.10.07

Manual Mave

Stage X 0 E v
Stage Y 0 E

Rotate: 0 v
Speed: 650 pmiz

Camera is disconnected

D (] @ @ stageisidle

Delta: 50 B um | Focus: 0

@)

5
Bl
(i)
EI =B'|

B

The SEM image should move right if the x coordinate increases, and left if the x coordinate decreases. The
SEM image should move down if the y coordinate increases, and up if the y coordinate decreases.

2.6.2 Connecting the Camera

1. Start the Pix2Net Server on the SEM computer. For more information about the Pix2Net Server, see the tutorial
on Setting Up Pix2Net Server.

2. Click the Camera button.

i

Camera

3. Set the Type to Microscope and click the Connect button.

Type: [Micrnscnpe .T]

Status: Disconnected . Connect |

4. To capture a test image, click the capture button in the Manual Move panel.

@| Camera ready.
| Stage ready.

(3 1@

2.6.3 Aligning the XY Stage to the Device

Before capturing the layer, you must use the Pix2Net rotation stage to rotate the device until the device is aligned with
the Pix2Net XY stage. You can not use the SEM’s rotation stage to accomplish this, because the SEM’s rotation stage
will rotate the Pix2Net stage and the device simultaneously. You can adjust the Pix2Net’s rotation stage manually in
the Manual Move panel, but it is usually easier to use the Rotation Alignment feature.

1. Click the Rotation Alignment button.
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22
o
Rotation
Abgnment

2. Follow the instructions in the Rotation Alignment window, and then click the Next Step button to
perform coarse alignment.

Rotation Alignment B X

)

Coarse Alignment

1. Set a low maagnification (e.g. 50x, 100x, 250x).

2. Using the SEM's stage, move to the upper left part of the chip
(or any area on the chip that has large features and no
charging).

3. Make sure the capture time is relatively quick (e.g. 1 secand).

. Betthe SEM to paused mode.

4. Click next to start the coarse alignment process.

.

3. Continue to follow the instructions in the next two steps to perform fine alignment.

2.6.4 Setting up a Run

1. Click the Capture Config button.

Capture
Conhg

2. Click the Show options button to bring up the options.
Areas to Capture

(0] % t 1[5

Enabled | Mame

3. In general, these options rarely need to be changed, but it is good to be aware of these settings:
Overlap determines how much the images should overlap with their neighbors.

Stabilization Time determines how long Pix2Net should wait for the stage to stop moving before it
captures an image. If this amount of time is too short, the stage may still be moving slightly as the image is
captured.

If you turn on Backup Images, and specify Backup Location, then acopy will be made of each captured
image in the backup location.
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Options

Chwerlap: 10 5| %

Stabilization Time: ' 1,000

[ | Backup images

Backup Location: Browse

l Ok J l Cancel J

Click Cancel to close the options dialog, click Ok if changes were made to save.

4. Click the Add Area button. Enter a name for the new area. The Copy values from field allows you to

initialize an area with the values from an existing area, but since this is the first area you are creating, it must be
setto [None]. Click Create.

Capture Configuration

Mew Area >

Mame: Top metal|

Copyvalues from: | [Mone] | ¥

[ Create ] [ Cancel J

5. The Capture Configuration property list should appear.
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B Cepture Configuration
e e I
0000

Enatled | Name

6. Fill out the layer properties.

‘General
Operaor

x

¥

Widih

Lengih

Picel Width
Microscope

SEM Name
Datector
Acceleration ‘\.'Dnage
Emission Cument
St Size

Dwell Time

Magnification

[ Efightness

Cantrazt

Comments

Focus Settings

®) Do not adjust facus

() Dynamically acjust facus evry 15 um

() Create afocus adjustment schadula from the following sampled points:
o %

XY | Adustment

In addition, dynamically adjust facus at the beginning of each row

General

Cperatar

X ID ﬁ Hm
¥ 0 5 um
Width 100 e um
Length 100 o] um
Pixel Width 20 & nm
Comments .
Microscope

SEM Mame

Detectar

Acceleration Voltage 0 =R
Emission Current 0 =
Spot Size 0 ]
Dwell Time 0 =h
Magnification ID iﬁ x
Brightness ID ﬁ
Contrast IU ﬁ

Time
Tile width: 2043 [+ pireis
r =
Tile height 1768 [ pinels
Time perfile: 10 [+ saconds
Layer Infermation
Rows: 4
Columng: 3
Images: 12

Eslimated time: 2 minules

30

Chapter 2. Guided Tour



Pix2Net Documentation, Release 1.10.07

The X, Y, Width, and Length properties define the location and size of this area.
Pixel Width will be used to determine the number of images that must be shot to capture this area.
The rest of the properties are optional.
7. Fill out the focus settings.
Focus Settings
(® Do not adjust focus
| Dynamically adjust focus every Jm

|} Create afocus adjustment schedule from the following sampled points:

X | Y | Adjustment [

* Do not adjust focus - If you select this option, then Pix2Net will not adjust the focus during the
run.

* Dynamically adjust focus - If you select this option, then the focus will be automatically ad-
justed every time that Pix2Net moves the stage the specified distance along each row. For example, sup-
pose that the specified distance is 5 um and every row is 12 um long. In that case, the stage will be adjusted
3 times during each row: Once at 0 um, again at 5 um, and one last time at 10 um.

* Create a focus adjustment schedule - If you select this option, then you can create a focus
adjustment schedule by specifying the desired focus amount at different locations on the device. The nice
thing about specifying a focus adjustment schedule is that a scheduled focus adjustment is faster and more
reliable than attempting to dynamically adjust the focus. You can manually add points to the table, but an
easier way to fill out the table is to use the focus adjustment controls in the Manual Move panel. Go
ahead and click Save to save this area, and then look for the focus controls on the Manual Move panel:

@2 @)
Focus: ] E]

Move the stage to the upper left corner of the device, make sure that the focus looks good, and then click
the Add Focus point to add this point to the table.

030
Focus: 0 E]

Move to the upper right corner of the device, adjust using the focus field.
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Q|2 @
Focus: 0 B

Click the Go to specified focus value button to adjust the focus, and then add another focus

220 @re

Focus: ] B Focus:

Repeat this procedure for the lower left and lower right corners of the device. Open the Capture
Config window again. You should now have four sampled points in the sampled focus point table.

Finally, if you are worried that the ideal focus will change over time, you can select In addition,
dynamically adjust focus at the beginning of each row. In that case, when
Pix2Net moves the stage to the beginning of a row, it will apply the scheduled focus adjustment first,
and then it will dynamically adjust the focus.

Focus Settings
|_J) Do not adjust focus
| Dynamically adjust focus every Jm

@ Create a focus adjustment schedule from the following sampled points:

9]

X i | Adjustment [

@ addition, dynamically adjust focus at the beginning of each row

8. You can get an estimated capture time by setting the correct Tile width, Tile height, and Time per
tile.
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Tile width: 2,048

Tile height: 1,768 : pixels

Time per tile: 10 g seconds

Layer Information
Rows: 4
Columns: 3
Images: 12
Estimated time: 2 minutes

9. Click the Save button to save the area you just created.

2.6.5 Starting a Run

Ensure the layer you want captured is selected before starting the run.

Capture Configuration

PN

Enabled | Name

Click the Start button to start the capture.

)

Start

Pix2Net will start (or resume) the first enabled area in the list of areas to capture. Once Pix2Net finishes that area, it
will disable it, and move to the next enabled area. If there are no more enabled areas, Pix2Net will stop capturing.

2.6.6 Viewing Capture History

After you have captured some layers, you can view and export the information for those layers at any time.

1. Inthe Layers window, click the Show Capture History button.

2.6. Capturing a Layer
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2. The Capture History window will show information about each layer that has been captured with the
fields populated by the template used.

| Home ['captuee T mignment [ image | Potygons | cois [ etst " scnemase. | specium | Laveis [ e [ Hown

= 8 CoptuneHitory

B

veD
vep
Ve

3. You can use the Select columns button to edit the columns that are shown. By default, the settings will be
the column settings that you specified when you created the template.

4. You can use the Export button to export the columns to a csv file, which can be opened as a spreadsheet by
Microsoft Excel.

2.7 Importing and Stitching Images
This tutorial will show you how to import images and stitch them.

2.7.1 Open the Example Project

1. Gotothe File tab and click Open Project.

Open
Project

2. Open the project file Digital Logic

2.7.2 Importing Images

1. Click Import and select Multiple images....

&

Imipeort

2. BrowsetoDigital Logic\images\28 and click the Open button.
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cDsI Import a Pix2Met layer from multiple images.
Single image Images directory

Multiple images o
Browse

Pix2Met project

Overlapping XML H iltlizjcwh gzirslmpon m Open
FEI MAPS
Indexed Tiles Look In: [[ﬁza T] [ﬁj ﬁj @J |
Meural Metwork
[ﬁ multiscale
[ﬁwarped

Folder Name:  C/\ProjectiDigital Logicimages\28

Files of Type: | All Files v

. Open | Cancel

Import Cancel .

If the image capture was completed by Pix2Net then these values are auto-completed, otherwise the user will
need to manually input the values.

3. In the General tab, set Rows to 6, Columns to 7, and Resolution to 102.987.

2.7. Importing and Stitching Images 35



Pix2Net Documentation, Release 1.10.07

B8 import Layer >

J General I Filenames T Crientation T Crop T Split ]

Mame: 28
Rows: ] ?
Columns: 7 ?
Resolution: 102,987 ? Pixels per pm
Cwverlap: 10 ? %

| Import | | Cancel |

4. Click the Import button. For the example project, the import process should take less than 15 seconds. On
regular projects it depends on the size of the layer.

5. Go to the View tab, the Overlay option should be highlighted. If not, select Overlay.

=

Owerday

6. In the Layers window, ensure the layer to be stitched (the example layer) is enabled. If not, click checkbox to
enable.

36 Chapter 2. Guided Tour



Pix2Net Documentation, Release 1.10.07

Layers @ -

EIRJAERNEIt]

Generated N Diffusion 101 B |
Generated P Diffusion 100 O &=
M8 10 JUdCil——e
Via7 22 B |
M7 15 UL =@
Via & 27 UU[ I =G
MB 25 LU [ Il—=
Via 5 ag [ N
M5 30 LU Cl—
Via 4 98 . |
M4 96 LJUJ[Hll—@
Via 3 24 B |
M3 13 U il
Via 2 20 [ 1R
M2 14 U 0
Via 1 22 LU [ Ill—0
M1 1@ QU il—0
CA 9 O O
Polysilicon o7 LU 1T Oy
Bl LD 8 mdis s ftat - |
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We have successfully imported an image layer into the project. However, the layer doesn’t look right, because the tile
boundaries are not flush (when zoomed in). To fix that, we need to stitch the images.

2.7.3 Stitching Images

In the alignment tab, open the Stitch Manager and press the Stitch button.

Stitch Manager B X
1 M

ExEP o

Pz Stitch Score | Potential v

Logic Paths | Stitch Managerl Project Cells J
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All green lines means that it was stitched perfectly. You can now zoom in and out and see the difference.

2.7.4 See More

For more information on stitching, see the Stitching reference.

2.8 Aligning Layers

This tutorial will show you how to use the tools in the alignment panel to align two image layers.

2.8.1 Moving Layers

1. Openthe Digital Logic project.

2. In the Layers window, set the m1 and CA image layers to visible. Set a orange color for the CA image layer.

Via 1 mEps O
M1 MO O
CA CUEHD =

3. In the Layers window, right-click on m1 to bring up the context menu. Choose Reset Warp.
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via1 OO0 il=——0
W::—_

CA Rename

Polysill Mew Polygon Layer
M-Diff{ Move Ports...

P-DITA Move to Top
W1 “!E' Mave to Boltom
M1 via

TEEEY ResetWarp

4. Go to the Alignment tab and click Move.

N

Mowve

5. Click and drag to move the m1 layer around. If you want to undo a move, use Ct r1+2.

2.8.2 Using Anchors

The Move, Scale, and Warp tools work for smaller image layers, but they are difficult to use with large image layers.
On the other hand, the anchor system allows users to align two large image layers very quickly.

NOTE The user must have View Anchor and Add Anchor turned on to place and add anchors. It is recommended to
use the Alignment Review as well to help shorten the alignment process and to look at each anchor’s bend percentage.
See Alignment Review

1. Select View Anchors.

R

View
Anchors

2. Click the add button in the Anchors window.

Anchor Groups

NOEIEIEIE

| Moving | Static

| | CA
Paolysilicon CA

1| CA
Active Puolysilic
Wia1 |

3. Leave anchor mode as Interlayer Alignment and set m1l as the Moving Layer, and CA as the
Stationary Layer. Click the Create button.
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E Create Mew Anchor Group

Type: |_Interlayerﬂlignment

<

Moving Layer: [ M1

Stationary Layer: | CA

4

&)

| Create | | Cancel |

4. Selecttheml - CA group in the Anchors window. Click Add Anchor.
@
Add
Anchor

5. In the upper left corner, click and drag to move the m1 layer until it is lined up with the CA layer. An anchor
point will be added when the mouse button is released.

6. Continue to add anchors until the m1 layer is aligned to the CA layer. NOTE Always lay out the corner an-
chors before moving on to the middle anchors, if the first anchor is at the top left, place the next anchor

2.8. Aligning Layers
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in the bottom right (so, always place the second anchor in the opposite corner). For this small layer, 20
points are enough.

7. To check the bend percentage between the anchors, click on Alignment Review in the Alignment tab, and
then Calculate Bend Percentages. See Alignment Review
Alignment Review

Review Area: Defined Set Review Boundary | Anchor Performance

Progress: 1 of 16in level 4 # | BendPercentage |

20 8.1 A
Accept [ 8 65
23 65

L
L
L
i Mext | 9 6.1
L
L

Mave to Current [

12 6.0
Previous [ 24 57

25 56
Calculate Bend Percentages | 7 50
10 45
11 4.3
16 41

An 4 4

Advance on MNew Anchor

8. After the moving layer is aligned to the stationary layer, it is recommended that the user right-clicks on the
recently aligned layers and click on Lock —-> Alignment to ensure that the layers will not move.
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— e
Polysilicon aw Polygon Laye N 9
Active Move Ports. . | O

P Well Move to Top N i
Location_OV Move to Bottom :l ©
Generated Diffusion [ ]

Generated Transistors | Display Cells B

ResetWarp

'UjEE’t Cealls Fix Indexes @ x
Hl[ﬂJLJJLJ V' Alignment
TOP (1) o Columns > Polygon Editing

2.8.3 Layer Orthogonal Tool

Using this tool allows the user to straighten the image. To do this, click the + sign in the Anchor Groups and then
select the layer that is to be straightened. The easiest way to straighten the image is to try and find a line or straight
segment that runs through the whole image. Left clicking and dragging the orthogonal anchor through the straight line
will force the image to become straightened to that line. When using the orthogonal tool, most images only require
two lines, one horizontal and one vertical.
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2.8.4 Cell Alignment

The “cell” alignment type for anchor groups is used to align a collection of cells to an image layer. The primary use
case for this form of alignment is in conjunction with the “fill with memory grid” tool, which creates a grid of child
cells within a parent cell. The created cells may not be perfectly aligned with the structures they are meant to bound,
but there could be too many to adjust by hand. By using a cell alignment anchor group, these cells can be aligned in
the same way that two layers can be aligned. When creating the group, the user must select a stationary image layer
and a parent cell. The parent cell is the cell containing the child cells which are misaligned with the stationary image
layer. Once the anchor group has been created, the standard anchor tools can be used to place anchors to align the cells
to the image. There is one caveat, though. Because aligning cells can be a long-running operation, the system will not
automatically execute an alignment operation after a cell anchor has been placed. Instead, the cells will snap back to
their former position to allow the user to continue to add anchors. The apparent cell alignment will not improve unless
the user clicks the “align anchors” button to perform the alignment.

2.8.5 More Information

For more information please click this link View Anchors

2.9 Polygon Extraction

The following tools are available for Polygon extraction:
e Filtering and Edge Detection
* Neural Network

* More Details About Extracting

2.9.1 Filtering and Edge Detection

1. Before starting, make sure that the example Pix2Net project Digital Logic is opened
2. Turn on the example layer that was created in the importing and stitching section of the tutorial

3. Go into the image tab and press Extract Polygons

=

Extract
Polygons

4. A feature extraction window will open
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B Fesure Baraction

ENEILEINE k Q

Extraction Profile Ensbled | Fiter

Targetlayer Exampla gl

original - Fitrsd 1]

Seurce lafer Exampls L]

Bt Lines
Line Settings:

Min polygensize 0 = pisels
Alow holes ]
Palygon Simplification
astn

Expedad height

Ecunds flarance
Deviation allowed
AdA I blocks to
Preview Settings.

f =
Show pelygens [
B n ooler

i ot ]

Tie
Sete thetile o use for generatng e prevew

5. Make sure to check Show polygons and that under extract 1ines is selected (select vias when extracting
vias). The polygons will appear in the bottom left and right hand corners of the window.

6. If large lines or squares do not convert to polygons, it’s due to small voids in the material. If you use a dilate
filter it fixes the problem. see Filters

[ T

Fabncated

Fatecated

Lines

Threshok Settings

Troe

Threshold

Ornignal » Polygons X

Toe
Siats tha bln to uss for generating the proview

k

ReS8 WL TOP E—

7. Look around at the polygons to make sure that there is no bridging or open spaces. Do this by looking at different
tiles to check how the polygons will look when extracted

8. The extraction will not always be 100% accurate, so the user may have to put a filter
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©

Enabled | Filter [

| Threshold

9. There are many different filters that each have a unique way in helping extract the polygons to make the image
look better.

10. Once the polygons in the feature extraction look like they are ready, press the extract button.
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2.9.2 Neural Network

Before starting create a restore point for the project. Add Restore Point
Neural networking allows the Pix2Net program

1. Select image layer for extraction - for this training exercise, choose M1.

[
L] |3 Ak b
war L m ™
w [ —ic
Wa b [ B ="
. orC—a
wah o
] 2T o
Wad |
1] [ 5
wa3 o |
[Ti] [ £k
tH o m
1] =] | ok
Wail LIL) i
o CICE ——e]
= L) - i
Poipatizan =] | i

8 [ & 4
w

TEZ
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-5
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2
1
[
e
s

g
o
K
&
=

T TOF (1 e
+ Cip Bhack 1 (531

2. Under the “Image” tab, select “Clear Polygons”. NOTE: Before confirming deletion of polygons, create a
restore point.

re | Alignment y ulygnns T CeIIsT Met

2 '__—i‘_"::'. i
Neural
Metwaorks

3. After polygons are cleared, select “Extract Polygons”. Neural Network drop down under “Line Settings” should
be blank. Select “Show Polygons” should be checked.
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m Feature Extraction

EEOI | EIE] 2| (ool
Extraction Profile Enabled Filter =l 1 1 r
Target laver W | CIT
Sourca layer \H‘I Ll
Exfract Lines _"J
Line Settings
Iin polygon size 0 I—'.-I pixels
Allow holes il
Meural Mebao | L]
Polygon Simplification
——

Method Smoaoth Y|
Smoothness 05 l;l pixels
Fill Block Settings
Identify fill Blocks | T LTI -

Type Zera lower, maximize highar v]
Expeched width

Threshald | 20 ™|
Expected haight

Bounds tolerance
Deviation allowed
Add [l blocks 10
Preview Settings
owpolygons |

FOlpgonT colsr |

| o - g— :in
il calar ME: ﬂli l
o “am:h e

hig, Y ¢ Wiy
nﬁiﬁ%ﬁ aa ]

4. Select “Add Image to Training Set”. Enter “Training” to name. “Type” should be on filter (filter=lines,
vias=vias).

JENE) 19| ¥

— Al Add image to training set Emabic EN
Target layer | M1 _"J V] Th
Source layer | M1 _‘FJ

Extract | Lines _‘I’J

Line Settings

Min polygon size

Allow holes

0 E] pixels

o
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. a Add Image to Training Set

(®) Add to new training set

Mame: Training|

Type: |Filter | ¥

) Add to existing training set:

Ok ||

T =T

L.

5. Clean up image (training exercise doesn’t allow this, but these examples show what would need to be cleaned
up).

6. There is a “erase” and “add” tool to help with the cleanup.

ages

%) IE)7)|2)\@)] coorlll o

Remove rectangle
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7. Once the image is cleaned - select close.

8. Choose another image by entering a new tile number into the “Preview Settings”. Select “Add Image to Training
Set”, but this time select “Add to existing training set” and select set that was created.

Preview Settings

Tile 26 E (2} A0 new trairing 5l
Show polygons [ e

Folygon color J -

Fill color o

9. Clean up image and continue the process until there is a minimum of 3 images in the training set.
10. Select “Cancel” - do not click “Extract”.

11. Select the “Neural Network™ icon.
15 | Cells | Metlist
b

ining Meural
ages Metworks !

|

NOTE: At this point the user will need a computer with CUDA (Compute Unified Device Architec-
ture).

12. Click “+” to add neural network

@J L£| Prop:
[terati

Metwaork & —
Train
Train
Testil
Confi

13. Name the neural network. Adjust the settings for the demo to the following: Resize image to 50% and Step Size
to 500.
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L
B

i Settngs o8

#

# Type Fiter l
Margin gl | :_J pinels
Transform
Wiz damater 10 u plusls
Resize image | 100 I-:_-l &
Leamingrate |1 Ii,l
Slep size 5,000 |:_|
Gamma 0.8 |iJ

14. In the Training Sets window click “+”. Select the training set that was cleaned up in the extract window.

Training Sets | @ |

Add Training Set

Mame

@ %, Selact atrining sat
“ Training

Ok | Canoel

15. “Create”. On the next pop-window, select the neural network that was just created and click the “Train Neural
Network”™.
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o)(¢J(%)l#

Metw

Train neural netwark

_|

Neural Network should run until the results hover around 1% or lower, or until the results stop getting

better.

ave

374

o (@)% [#]

Error Rate
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16. Click “Stop”. Close window. Choose the “Extract Polygons” icon in the tool bar.

17. Under “Line Settings” select the Neural Network created for the training.

Allow holes [+]
Meural Metwork | Metwork 1 vJ

Polygon Simplification
Method | Smooth v

18. Click “Extract”.

| Entract | | Cancel |

. O
50% (=)

2.9.3 More Details About Extracting

For more information on extracting polygons, extracting only vias, filters, and more, please see Extract Polygons.

2.9. Polygon Extraction
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2.10 Synchronization

2.10.1 Synchronize Mode

Synchronze
Mode

Synchronization mode must be turned on if you are doing collaboration and you are not the master project.

When highlighted any commands that are not recognized by the synchronization system will be grayed out.

2.10.2 Synchronize
Synchronize is intended to divide up the work on the project. Start with a project that has layers stitched, aligned and
polygons extracted. Archive the project (Recovery System) then make as many copies as desired of this master project.

The designated master project may perform any operations. All of the copy projects should click on the Synchronize
Mode icon to prevent performing operations that do not synchronize. The icon will be highlighted as shown:

Are you sure you want to leave synchronization mode?

You should not do this if you intend to synchranize with the serverin the future.

(3] [0

When ready to synchronize a copy project, click the Synchronize icon. You must have the “Master” project opened.

Synchronze

This will bring up the Sychronize Projects window. Click on the Add button to Add New Job.

54 Chapter 2. Guided Tour



Pix2Net Documentation, Release 1.10.07

[

| ks Somm Frogects.
(2] % [#] LI masire miesan " | Dinciony

_D* | Dacraza Frauea _aw-m _Guw

‘i

| T

Click Add again to Add Project.
11l

g™ Add Job b

()7 %

Enabled | MName 4|Directory |

[ ] clear netlists

| Add | | Cancel |

Name is the identifier for the instance of the project. This is for user reference and is arbitrary.

Directory should be the file system or network path to the Pix2Net project file.
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H

Add Project

Mame: |

Directory. | ClUsers\msmith Browse E
Cancel

Synchronization job will be created.

Synchronize Projects

L Jobs Steps =
|| &) [ Restore Backup. 3 Name 4| Directory
DLTest  CiUsersimsmithiDeskiopiDigital Lagic - Ce tal L
e —r T T ‘ ost s ersimsmitiDe skiop\Digital Logic - CopyDigital Logic

[ 00000  Master Create backup of data' folder

M 00000 DL Test Create backup of ‘data’ folder

[ 00000 DL Test Create patch (2017_02_1313_42_57 DL Testsal)

¥ 00000 DL Test Apply paich (2017_02_13 13 42_57 DL Testsal)

%] 0:00:00 Master: Create archive

M 00000  DLTest Update Gata' and archive'folders

M 00000 DL Test Update images folder

Click Run.

o

Enabled

Sync process will vary from project to project, depending on file size.

(=

cis|

o Jobs Steps
H @ X . []RestorsBackup Mame & Directory

DLTest  Cilsers’

(«

| Date +|Backups | | |Elapsed | Description |
067 G 0:00:06 Master: Create backup of ‘data’ folder
0:00:05 DL Test Create backup of ‘data’ folder

0:00:00 DL Test: Create palch (2017_02_13 13_42_57 DL Testsql)
0.00:00 DL Test Apply patch (2017_02_13 13_42_57 DL TeslLsql)

n.
EEERECC §

0 Master: Create archive
[ DL Test: Update ‘data’ and “archive’ folders
00000 DL Test Update images’ ioiger
Il
Opening project... *®

= e ] J

| Elapsedime: G:00:01

2017-02-13 13:50:11, 082
3017-02-13 13:50:12, 617
2017-02-13 13:50:12, 617
2017-02-13 13:50:12, 618
2017-02-13 13:50:17, 163
2017-02-13 13:50:17, 519
2017-02-18
2017-02-13
2017-02-13 13:50:22,231
2017-02-13 13:50:22, 231

- tlesing project...
- Master: Creats backup of 'dara' folder:
- Scamnned Ci\Useraimamich\Deaktop\Digital Logic\Digical Logic: 1,548 files, 20 folders, 344 MBE (360,671,410 bytes)

sAUaeratmamith\DeakropiDigital Legich\Digital Logichaync-backuph:

CopyFilea5tep: 63

CopyFileaStep: 103 = Copying ~Ci\Users\mamichi\Deakeop\Digital Legic\Digical Logic\data® to ™

CopyFalesStep:ill - 20 folders created, 1549 files copied, O folders deleted, 0 filea delec

esStep:i2 - IL Test: Create backep of ‘date’ folder:

esStep:63 - Scanned Ci\Users\msmith\Desktop\Digital Legie - Copy\Digital Legie: 1,54B files, 20 falders, 344 MB (360,671,556 bytea)
CopyFilesStep:103 - Copying "CilUsers\memichDesktophDigival Legic - CopyiDigital Logichdata™ to ~Ci\Users\msmich\DeaktopiDigival LoglciDigival Logichsyn

0 CopyFileaStep:lll = Z0 folders created, 1548 filea copded, 0 foldera deleted, O files deleced

CreateFacchStep:43 - Opening project...

Pix2Net will confirm successful synchronization.
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£UL/-Ug=13 L313UI93,£370
2017-02-13 13:50:55,258
2017-02-13 13:50:55,447
2017-02-13 13:50:55,715
2017-02-13 13:50:55,716
2017-02-13 13:50:55,716
2017-02-13 13:50:56,564
2017-02-13 13:50:56,564

LNPU LODYELIESOTERILLL - U IOLAErs Created, £/ ILlleS COPled, U IOLQErs 4Qeleted, o ILles aeleted
INFO CopyFilesStep:103 - Copying "C:\Uzers\msmith\Desktop\Digital Logic\Digital Logic\archiwve™ to "C:\Users\msmith\Desktop\
INFO CopyFilesStep:111 - 1 folder created, 9 files copied, 0 folders deleted, 0 files deleted

INFO CopyFilesStep:62 - DL Test: Update 'images' folder:

INFG CopyFilesStep:63 - Scanned C:\Users\msmith\Desktop\Digital Logic\Digital Logic: 1,046 files, 42 folders, 1,054 MB (1,1
INFQ CopyFilesStep:103 - Copying "C:\Users\msmith\Desktop'\Digital Logic\Digital Logic\images" to "C:\Users‘msmith‘Desktop\D
INFO CopyFilesStep:111 - 0 folders created, 0 files copied, 0 folders deleted, 0 files deleted

INFO SynchronizePresenter:430 - Synchronization finished successfully.

Elapsed: 0:00:46 |
3

2.11 Identify Cells by Truth Table

This tutorial will show you how to automatically identify a cell. You will learn how to create a cell and how to use the

cell identifier.

2.11.1 Creating the Cell

1. In the Layers window, turn on the m1 image layer.

M1

CA
Palysilicon
M-Dff Active
P-Diff Active

2. Inthe Project Cells window, click the down arrow on dig block, block 0 array, and then buf. Then, click
the down arrow in the window that moves the user into the target netlist.

Project Cells

EWEEE 1)

B X

vTOP(1) | @

¥ Dig Block 1 (53)
¥ BLOCK 0 ARRAY (478)
MIMOS (434)
MIMOS (435)
PMOS (432)
PMOS (433)
= Cutput Mux (86) |dentify
= Serial (216) = I &
= SERIAL_B (397) EJ E
= LOGIC BLOCK 1 (473) —

= LOGIC BLOCK 2 (452)
= LOGIC BLOCK 3 (477)

Move into target netlist

2.11. Identify Cells by Truth Table

57



Pix2Net Documentation, Release 1.10.07

3. Remove the old cell. In the Project Cells window, right-click on BUF (430), and choose Delete BUF.

4. Gotothe Cells tab and click Add Cell.

Add
Cell

M Show BUF
M Show BUF and Children
Pl Move Into BUF Netlist
X Du; Hide All |
> Serid Add Persistent Filter
* SERl Rename BUF
[ Tl ¥

5. Click-and-drag to add a new cell and a window like this will appear:

Assign Electrical Model and Ports

MName | Port Requirements

AND 2 or more Inputs, 1 Output
Bond Wire Any

Buffer 1 Input, 1 Output
Capacitor 2 Inouts

Diode 1 Input, 1 Output

Filler Any

Inductor 2 Inouts

Inverter 1 Input, 1 Output

MNAND 2 or more Inputs, 1 Qutput
MMOSFET 1 Gate, 1 Drain, 1 Source
MOR 2 or more Inputs, 1 Output
MPN 1 Base, 1 or more Collectors, 1 or mo..
OR 2 or more Inputs, 1 Output
PMOSFET 1 Gate, 1 Drain, 1 Source
PMNP 1 Base, 1 or more Collectors, 1 or mo..
Resistor 2 Inouts

ROM Any

Scholtky Diode 1 Input, 1 Output
Transmission Line Any

XMNOR 2 or more Inputs, 1 Output
XOR 2 or more Inputs, 1 Output
Zener Diode 1 Input, 1 Output

*
Cell Name: | Cell 479
Cell Instance Mame: 12988
l Add J l Remove J l Generate Defaults J D Automatic Ports
Name | Type | Layer
A VDD M1
b V83 M1
C Input 1
d Output W1

Click create cell.

v x® =N

checked.

10. Now, move A, B, C, and D into the following spots:

l Create Cell J l Cancel J

Make sure that Automatic ports are turned off and then press add four times

Next, name the ports A, B, C, and D, and their types as VDD, VSS, input, and output, respectfully.

Make sure that once the cell is created, in project manager the cell visibility button has show port names
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Chapter 2. Guided Tour



Pix2Net Documentation, Release 1.10.07

2.11.2 Creating the Netlist

1. Openthe Netlist tabclick Create Netlist.

!

Create
Nethst

2. Inthe Create Netlist window click M2, M1, Polysilicon, N-Diff Active, and P-Diff
Active to include all layers in this cell.
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Create Metlist 8

| EnableAll | | Disable Al |

Enabled | Conductor1 | Via Conductor 2
O M7 via7 M3
] ME Viag M7
(] M5 Vias5 Mg
UJ M4 viad M5
U] M3 Viad M4
&4 M2 Viaz M3
W M1 vial M2
(] Polysilicon CA M1
(V] MN-Diff Active CA M1
V] P-Diff Active

[ Create ] [ Cancel J [ @ J

3. Click Create to have the software generate the netlist for this cell.

2.11.3 Identifying a Cell

1. Inthe Net1list tab, click the Find Transistors button then Find. This process will identify and place
all of the transistors.

Find
Transistors

2. Now make sure that everything looks good. Press Show Schematic and a window like this should appear:
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Schematic (Active Netlist)

1. After the transistors have been placed the software can browse the reference library to see if an instance of this
cell has already been cataloged. To do this click Identify by Truth Table.

Identdy by
Truth Table

2. If the cell found a match a window will pop out giving you the option to keep the cell name, ports and the
schematic image identical to the instance in the reference library. Click on the first BUF and then press the
green checkmark to confirm, then press copy.

Identify by Truth Table

8)|&)| v |2

Score ¥ | Name 1d Inputs | Outputs [k FriEliEl s T
i0lBUF | 78 1 1 afl o |o A |Z
100 BUF 97 1 1 ™ 0 0 0
100 BUF 98 1 1 101 11
100 CLKBUFX20 2 1 1
100 CLKBUFX24 3 1 1
100 BUFXTOMHT 10 1 1
100 BUFX2 n 1 1
100 CLKBUFX16 12 1 1
100 CLKBUFX2 13 1 1
100 BUFX1 15 1 1
100 BUFx4 48 1 1 v
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3. The user will see that the Pix2Net changed the cell to what it should be officially identified as

1. Gotothe File tab and click Recovery System. Restore the backup of the project to undo your changes.

2.12 Adding a Cell and Searching for its Instances

This tutorial will show you how to add a cell and search for its instances.
This tutorial includes the following:

* Adding the First Cell
The restis over the Digital Logic project

* Adding a Cell

* Identifying the Cell

e Performing a Cell Search

* Adding Key Points Manually

» Viewing Cell Instances

Editing Cell Instances
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2.12.1 Adding the First Cell

Recommended the user should have cell identification knowledge before placing cells.

2.12.2 Adding a Cell

1. Openthe Digital Logic project.

2. Add a restore point so that all changes made in this tutorial can be reverted. To do this click the Add Restore
Point icon in the File tab. Notes can be added to the restore point to keep documentation of the progress.

Add
Restore Point

3. In the Layers window, turn on the m1 image layer.

1 VIV
CA U d 0
Palysilicon as . i—
MN-Diff Active &

P-Diff Active

4. In the Project Cells window, click the down arrow on Dig Block, Logic Block 1, and then click and
highlight 2NOR (85). Then, click the green down arrow in the window; this moves the user into the target
netlist.

s8I EBEE
v @ '
T,DEEEMEH (53) Maove into target netli
» BLOCK 0 ARRAY (478)
¥ LOGIC BLOCK 1 (473)
2ZMOR (85)
2ZMOR (275)
AMAMD (287)
BUF (206)
BUF (270}
BUF (278)
BUF (283)
BUF (293)
DFF (81)
DLAT (80)
IMY (B2)
IMY (239)
MNAMDZ (83)
+ LOGIC BLOCK 2 (452)
e LOGIC BLOCK 3 (477)

D
e

,‘"
94

o A AR
'","‘,‘"‘,"‘,‘""?""‘"‘f‘f‘f‘f"' A,
S S5

o
s

i

—
S

i
4
]
3
:
q“'rz*l’«

B
el

5. Remove the old cell. In the Project Cells window, select 2NOR (85) then right click and select Delete
2NOR, yes.
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i i
LR e
i S
i S

2, £

DEEEEDOE

Add
Cell

Assign Electrical Model and Ports

MName | Port Requirements

AND 2 or more Inputs, 1 Output
Bond Wire Any

Buffer 1 Input, 1 Output
Capacitor 2 Inouts

Diode 1 Input, 1 Output

Filler Any

Inductor 2 Inouts

Inverter 1 Input, 1 Output

MAND 2 or more Inputs, 1 Output
MMOSFET 1 Gate, 1 Drain, 1 Source
MOR 2 or more Inputs, 1 Output
MPN 1 Base, 1 or more Collectors, 1 or mo..

OR 2 or more Inputs, 1 Output

PMOSFET 1 Gate, 1 Drain, 1 Source

PMNP 1 Base, 1 or more Collectors, 1 or mo..
Resistor 2 Inouts

ROM Any

Schottky Diode 1 Input, 1 Output

Transmission Line Any

XMNOR 2 or more Inputs, 1 Output

XOR 2 or more Inputs, 1 Output

Zener Diode 1 Input, 1 Output

¥ TOP (1) @
¥ Dig Block 1 (53)

» BLOCK 0 ARRAY (478)

¥ LOGIC BLOCK 1 (473)
2MOR (85)
2MOR (275) Show ZMOR
AMAMD (287}  Show 2NOR and Children
EHESES; Move Into 2ZNOR Netlist
BUF (278) Hide All . .
BUF (283) Add Persistent Filter
BUF (293)| | Rename 2MOR
RSN  cicte 2NOR

Cell Mame:

Cell Instance Mame:

6. Next, go to the Cells tab and select Add Cell. Draw a box over the 2NOR that was just deleted.

7. A window will pop up, generic should be automatically highlighted. Click Create Cell.

Cell 479

uz2988

Add Remove Generate Defaults @ Automatic Ports

MName

| Type

| Layer

l Create Cell J l Cancel J

8. While the new cell is selected, press on Create Netlist. Library Cell should be selected in the drop down.

Active, Polysilicon, and M1 should be enabled and set to correct conductors through the correct vias. Click on
Create if everything looks correct. If not, the user is able to click on the drop down bar and select Custom to

64
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make any changes necessary. It should look like this:

¥ Create Metlist - Cell 479 4
Library Cell .'. Enable All Disable All
() |Enabled | Conductor1 | Via [ Conductor2 |
a [k Via 1 M2
Palysilicon CA 1
] Active CA M

Detect transistors

| Create | | Cancel | | @ |

2.12.3 Identifying the Cell

1. Now, clickon Find External Ports, make sure “Cell type” - “Library Cell” bullet is checked, then select
Find Ports, and Pix2Net will add the necessary amount of ports onto the cell. (The user can make sure that
all the ports are correct by pressing on Show Schematic to see how each port is connected.)

Find
External Ports

2. Next, click on Identify Cell and press Confirm. Pix2Net will figure out what type of cell it is. In this
case, there is a NOR2NOR2, or a 2NOR.
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2.12.4 Performing a Cell Search

Now that there has been an identified cell within Logic Block 1, the user is able to find all the other cells exactly like
the cell that was just created.

1. Click Cell Search.

Cell
Search

2. Select the whole Logic Block 1 cell by having select highlighted, and then clicking once inside the cell (where
there are no other cells).

File | Home [ Capture | Alignment | image | Polygons [ Cells | Netiist | Schematic | Spectrum | Trusted Design | Labels | view | Help
D %2 & O0h =% B f0v 0- Q&
Fram

Cell Select  Move Resze CellInstance Add  AddCell  Add Technolegy Generate  Create Find Select  Active Truth  Netist  Identfy Cell | ¢
Windowr Search Cell Instance Port Diffusion Metkst  External Ports Net Nets  Schematc  Table Text Cel Search

Layers B
CEIEE®)

Via7? O m
7 ] ]
via 6 g
16 ogfe
Vias O m
5 g
Via 4 O m
14 g
Via 3 L m
M3 g
Via 2 ] M
2 oo
Via 1 [B[e |
M1 O~
cA 00 .
Polysilicon M@
Active O .
P well 0O .
Location_OV o O

Generated Diffus.. (] [l
Generated Trans.. ] [

Cell Search 7 = ||
Search in: LOGIC BLOCK 1 (473) @
L8] Cd| IR I &)

|cen afid |

3. In the Cell Search window, press on the Cell Link icon to tell Pix2Net to search in the area selected. In this case,
itis Logic Block 1
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Cell Search B X

Searchin: LOGIC BLOCK 1(473) @b
@) & &) Set cell to

| Cell & Id |

| cellsearch [ Project cells

4. Go to the 2NOR and select it and then press the green plus button to add it to the cell search and click on 2NOR

to highlight it.

5. Open Cell Search Settings.
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Cell Search

Search in: LOGIC BLOCE

&l Edit settings i
] MNOR2MORZ

6. Click + to add new layer search.

Cell Search Settings

@) %

Layer & | Minimum Scc

7. Select image layer (the layer(s) that uniquely identify the cells) for cell search. Click “Add”.
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m Cell Search Settings
|©) ® Orcs
Bl Add Layers * |
Layer | Type | Index 4 |
M8 Image 0 E
M8 Polygon 0
Via7 Palygon 1
M3 Image 10
M3 Palygon 10
Via 2 Paolygon 11
M2 Image 12
M2 Palygon 12
Via1 Image 13
Via1 Palygon 13
M Image 14
M1 Palygon 14
CA Image 15
CA Palygon 15
Palysilicon Image 16
Polysilicon Polygon 16
Active Image 17 V,
Active Polygon 17
P Well Palygon 18
Location_0OV Image 18
M7 Image 2
M7 Polygon 2
Generated Diffusion Polygon 20
Generated Transistors Palygon 21 -
Via G Image 3 ¥

Add Cancel

Settings for ImageQuality

[ Low J
[ Medium )
L High |
Custom Settings

[ Custom 1 J
[ Custom 2 J

Edit Settings &

Save Cancel

8. Click “Initial Key Points” and select polygon layer to use as reference for key points. Click “Save”

Cell Search Settings

@@D PCB

x

Layer | Type | Initial Key Points ¥ |

Settings for ImageQuality

l Low J
[ Medium ]
| High |
Custom Settings

l Custom 1 J
l Custom 2 J

Edit Settings &

Save Cancel

NOTE To see key points, make sure that the cell is highlighted in the Ce11 Search window, key points are
defined in the settings of the Ce1l1l Search, and the image layer is turned on. The user can double-click on

the cell in the cell search to have Pix2Net move the overlay to where the cell is.

9. Click the play button (start search) The results should look like this:
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Viad U .
n4 oorm—e
via3 [ |
M3 oom—e
Via2 O m
2 B[] ©
a1 W U —
1 MU 0
CA o e Original Candidate (98.1%) Difference
Polysilicon oo . ] o -
Active oafm—e - - ¢ Y e
Pwell O m ! i
Lacation_OV o O Q
Generated Difusion O m
Generated Transistors O v
Cell Search B %
9 @)= Results: 3 Valid: 3
valid | Score ¥ |KeyPoints | Gell 1d
] 99.459 100 NORZNORZ 480
el 95131 100 NORZNOR2 480
V] 98.128 100 NORZNOR2 480

10. Check the results and make sure that the identified cell(s) look as they should. If everything is correct, click on
the green octagon to confirm the results. Pix2Net will automatically place the ports and identify it as the same
type of cell.

2.12.5 Adding Key Points Manually

Before adding key points

When doing a cell search, the user can add Key Points to tell Pix2Net to look for selected specific points when
searching for cells. In order to see key points, the user needs to have the “Cell Search” window open, and have one of
the cells selected in the list. (Double-clicking on that cell will take the user to the correct place in the overlay.) Finally,
the image layer that was added the key points to must be visible. If the key points are not showing up, then the most
likely causes are that the cell is not selected in the “Cell Search” window, or the image layer the key points were added
to is not visible

If the key points that were added automatically within the cell search settings under Initial Key Points are not
to the user’s satisfaction, then the user can manually add the key points themselves.

NOTE We do not recommend manually adding key points unless the automatically added key points were not placed
correctly, did not help the cell search, or if there is no layer to reference key points to.

In this part of the tutorial, all of the steps above can be applied, but instead, start after step 6, do not do step 7.
7. Press the green down arrow on the 2NOR in the Project Cells window (if this has not already been done).

(In this example the Polysilicon image and polygon layers are on, as well as the Contact polygon layer to show the
user where we would recommend placing the key points)
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8. Go to the Cel1s tab and click on Add Key Points.

9. Add the key points within the cell to tell Pix2Net to specifically look for similar points while searching for the
same cell.

10. Make sure that 2NOR is highlighted in the cell search window, then press on the play button (start search) and
Pix2Net will find all other cells that are the same.

(This will be the exact same way of searching as above, but the user manually places the key points instead of having
Pix2Net do it.)

2.12.6 Viewing Cell Instances
1. To review the results, go to the Project Cells window and click the Cel1l Instances button.
—

2. Click on an instance in the Cell Instances window to visit it.
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Cell Instances

Showthe first (100 | ¥ of 19 instances Property | value Port &l Type YR
Name | Parent | Parent Cell o4 Sectica Type i i Fo i
U882 L2606 SERIAL B 105315 Tl o 2878 vss vss m
U8B2  U2607  SERIAL_B 105607 e U2087 z Output I
U882 L2604  SERIAL B 105880 Parent Cell BLOCK 0 ARRAY
U282 U2605  SERIAL B 106191 1a 106226
UBT7  U2987  BLOCKOARRAY 106208 Lower Left (um) 78,777
U2876  U2987  BLOGKD ARRAY 106212 Orientation (eme]

BLOCK 0 ARRAY
U2875  U2987  BLOCKOARRAY 106233
U883 U2987  BLOGKDARRAY 106240 3

2.12.7 Editing Cell Instances

1. If you find an instance that has been incorrectly added by the Cell Search algorithm, you can delete it manually.

Make sure the instance is selected. Then right-click it and select Delete Cell Instance.

Goto

Save

Alignment
Selected cell Flip leftto right
Flip top to bottom
Rotate clockwise
SEIEEEE T Fotate counter clockwise

Delete Cell Instance

Delete Cell (Exclude Children

Make port names uppercase
Make port names lowercase

2.13 Extracting Memory from Images

This tutorial will show you how to extract the bit values from an image layer of memory blocks. You will learn how
to setup the memory extraction, perform the memory extraction, manually edit uncertain bits, and export the results to
an Excel file.

2.13.1 Adding Template Cells

1. Open examples\Memory Extraction\Pix2Net.prJ.
2. Gotothe Cell tab and click Add Cell.

Add
Cell

3. In the Overlay window, click-and-drag in the upper left corner to create a cell around the block in the upper left
corner.
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4. An Assign Electrical Model and Ports window will pop up.

B8 Assign Electrical Model and Ports x
Name | Port Reguirements Cell Mame: | Memary Block

AND 2 ormore Inputs, 1 Output P

Bond Wire Any Cell Instance Name: U3046

Buffer 1 Input, 1 Qutput

g?&?tor f ::gﬂ:i Output Add Remove Generate Defaults | (] Automatic Ports
Filler Any Name | Type | Layer
Generic Any VSS VSS Polysilicon
Inductor 2Inouts VDD VDD Polysilicon
Inverter 1 Input, 1 Output

NAND 2 ormore Inputs, 1 Qutput

MNMOSFET 1 Gate, 1Drain, 1 Source, Opfional 1.,

NOR 2 ormore Inputs, 1 Output

NFN 1Base, 1 or more Collectors, 1 or mo...

OR 2 ormore Inputs, 1 Qutput

FMOSFET 1 Gate, 1 Drain, 1 Source, Optional 1...

PMP 1 Base, 1 or more Collectors, 1 or mo...

Resistor 2 Inouts

Schottky Diode 1 Input, 1 Qutput

Transmission Line Any

XMNOR 2 ormore Inputs, 1 Output

XOR 2 ormore Inputs, 1 Ouiput

Zener Diode 1 Input, 1 Qutput

Create Cell Cancel

5. Click on the Cell Name and name the cell Memory Block.
6. Click on ROM under Name and click Create Cell

7. Right-click in the Overlay window to bring up a context menu. Choose Selected Cell — Identify as Origin
Block. This tells Pix2Net that this cell will act as the upper-left corner of the region of interest.

8. Bring up the context menu again and choose Selected Cell — Identify as Contrast Block. This tells Pix2Net that
this cell is a good template for the other blocks; it is neither extremely dark nor extremely bright. For this demo,
we are able to use our origin block as our contrast block, but that will not always be the case.

9. In the Overlay window, add a new cell around the first bit.
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10.
11.

12.

13.

14.

In the Project Cells window, rename the new cell to Memory Bit.

Select the Add Cell Instance tool.

!

Add
Cell Instance

Add more Memory Bit instances by clicking on each bit. If you make a mistake, use the Move tool to move
the instance into the correct place.

LI R

Select the Select tool.

Click on a dark instance to select it. Right-click to bring up the context menu. Choose Selected Cell — Identify
as 1-bit. Repeat the same process for a light instance, except choose Selected Cell — Identify as 0-bit. Pix2Net
will use these templates to decide if abitisaOora 1.
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Goto
Save
Alignment

Selected cell Flip left to right

Flip top to boltom
Rotate clockwise
Rotate counter clockwise

Delete

>
>
| 2
>
»
| 2
| 2
| 2
-

Make port names uppercase
Make port names lowercase

|dentify as 0-bit
Identify as 1-bit

2.13.2 Extracting Memory

1. Go to the Image tab and click Extract Memory.

g

Tag

L]
Ty Ty
g.

TagTd

Extract
Memaory

2. We need to fill out the dialog:

The first table in the dialog shows the cells we’ll be searching the images for (only cells of type ROM will
be listed). The default Min Correlation of 80 is fine for this example.

Layer specifies the image layer to use. There is only one layer in the project, so this is an easy choice.

Block Labels specifies the label category to add our results to. Since this is the first time we’re doing
an extraction, we have no choice but to create a new category.

Block Search Area is the width and height, in microns, of the search area. When the cell search
starts, you will see a little red box that shows you where Pix2Net is looking for the next block. We are
setting the width and height of that box here. We will use 80 and 15 microns.

Grid Size isthe width and height of the region of interest, in terms of blocks. Our grid is 5 blocks wide
and 17 blocks tall.

Block Focus Size is for bit identification. When Pix2Net is trying to determine if a bit is dark or
light, it is using the intensity of the contrast block as a base line. However, the contrast block may have
bad pixels around its edges. We’ll stick with the defaults, which means we’re telling Pix2Net to use the
middle 80% of the contrast block when calculating the base line.

Bit Focus Size is for bit identification.
Bit Focus Weight is for bit identification.

To understand what Refine Block Locations does, you must understand the memory extraction
process. First, Pix2Net will find all of the blocks along the edges of the region of interest. Then it will
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estimate where all of the inner blocks are by using interpolation. Refine Block Locations tells
Pix2Net to improve on this interpolation by individually examining each block and adjusting its placement.

* Identify Bits tells Pix2Net to perform bit identification after the blocks have been found.

Include | Id | Mame | Min Correlation [
/] 101 MWemory Block a0
Layer: | Layer .T]
Block Labels: [{I‘u‘lake new category= .T]
Block Search Area: 80 o X 15 5| pm
Grid Size: 5 b X 17 |4 blocks
Block Focus Size: 80 o X 80 [ %
Bit Focus Size: 0 % B
Bit Focus Weight: 1 % X

Run Options: (] Refine Block Locations

[+] 1dentify Bits

[ Extract J [ Cancel J [ Help J

3. Press the Extract button to start extraction. After the process completes, you should see the detected bits:

2.13. Extracting Memory from Images
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2.13.3 Editing Bits

1. Go to the View tab and click Reports.

2.

- Reports (] show Ignorea Entries

® | Type | Description |Emors | Warnings | @' | Type | Deseription | size | Location (um)
Cell Placement Refinement  Cell Refinement 0 0 — NIA N2 (PNOS) - Maved by (-50.0. -50.0) 1425 945,287
Cell Placement Refinement__ Cell Refinement 7 [‘_/J = T ST e ) Py

— | Cell Placement Refinement  Gell Refinement 0 7 3]
Cell PI CellF 0 0 [ ‘M7 (NMOS') - Moved by (-50.0, -50.0)
Cell Placement Refinement  Cell Refinement 0 0 W8 (NMOS') - Moved by (-50.0, -50.0) 83.9,-26.7
Cell Placement Refinement  Cell Refinement 0 0 NIA U (NIMOS") - Moved by (-50.0, -50.0) 431 844,267
Cell Placement Refinement  Cell Refinement 0 0 R T ST i ESmiE <20 TE DD

[RIEY M12' (NKMOS) - Moved by (-50.0, -50.0) 431 848 -267

3. Click on a problem to go straight to the uncertain bit. If the bit is wrong, go to the Labels tab and click on
Select Label.

Select
Label

4. Click on the bit label to select it. Click Edit Label, change the value to the correct value, and then click the
Save button.
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2.13.4 Exporting Bits

Note: This feature has been temporarily disabled.

1. Go to the Image tab and click Export Bits.

D010

RIoa1]
A01000

Export
Bi=
2. Set the filename to the desired location. Row Drift determines, going from left to right, how far two consecutive

bits can differ vertically and still be in the same row. Let’s use a value of 500. Finally, leave the default values

for Flip and Rotate, because we don’t want to flip or rotate the values.

Bit Labels: ll'-.l'lemnr].f Extraction |']
ChSource\bits.cav =]

Row Cirift: R00 nm

Flip: ®None (= (]
Rotate: (@®None (U4 & U

Filename:

[ Export J [ Cancel J

3. Click the Export button. A csv file will be generated, which can be opened in Excel.

2.14 Comparing a Layer to a Golden Layer

2.14.1 Importing the Golden Layer

1. Open the examples\Golden Demo\Pix2Net .prj project. You should see the fabricated layer.
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2. Gotothe Trusted Design tab and click Import Golden.

=)
Import
Golden
3. Browseto examples\Golden Demo\golden.gds and click the Open button. The golden GDSII file will
be imported into Pix2Net.
- ] Dolden Heporis
Golden Compare
w (9)2)(1)4)(x]
.
Diflerences N |
Golden I
Fabricated e [ g

4. In the Layers window, right-click 19_0 and choose Rename. Rename the layer to Golden.

Rename Layer

Gnlden|

[ oK J | Cancel |

5. Turn on polygon layer.
[ S S S S

Golden T

Fabricated [ 1

@

80 Chapter 2. Guided Tour



Pix2Net Documentation, Release 1.10.07

2.14.2 Running a Golden Compare

1. Click Golden Compare.

Golden
Compare

2. Click “+” to add new comparison.

a Golden Compare

1©)

Golden & | Fabricated

3. Set the Golden layer to Golden and the Fab layer to Fabricated. Click “Add”.
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Add Comparison *
Golden layer: | Golden _J
Fabricated layer: [Fabricated T]

[ Add J [ Cancel J

Note: If there is an area which you do not want compared in the process, you’ll need to create an “ignore” layer. See:
Create Layer.

Once the layer is created, add polygons to the area you want “ignored”.

g
i

=S

Settings

lgnore Layer |

Taolerance 05

Warning Percentage | 50

1. Select the “Ignore Layer”.
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2. Set the “Tolerance”. This will determine how much difference between the golden and fabricated layer is needed
before an error is flagged.

3. Click the “Run” button.

4. The compare process will take several minutes. A Differences layer will be generated.

et rn e

Differences & IR

Golden O [
Fabricated M[]

2.14.3 Viewing Differences

1. Click Reports.

R

{

2. The Reports/Entries window will appear. Click on the report to see the list of differences. Click the first column,
so that it is highlighted in blue, to see the red dots (errors) first.

Reports

- [_] show Ignored Entries
@ Type | Description |Emors | Warnings | @J 4| Type | Description | Size | Location (um) |
=l Layer | Golden compare on ‘Golden' and Fabricated — | @ ExraMetal 354 -067, 25152
EJ liJ @  Extra Metal 362 2832.0,10884
@ i ©  Exrabetal 407 4188.7,-240.8

@  Extra Metal 408 12422, -179.7

@ Extra Metal 408 1668.0,-165.3

@ Extra Metal 408 1531.7,-122.0

@  Extra Metal 408 2280.9,-196.2

@  Extra Metal 408 34387 -2130

£ Cuira Mntal An8_39F3 1137

3. Click on a difference in order to go directly to it. See Types of Differences for more information about what the
differences mean.
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2.14.4 Exporting Differences
1. In the Polygon Reports window, click the Export button.

2|

2. Select folder where report is to be saved.
M TUHRRE e RS lr

1

=

Loaik jn: | [ Golden Demo = | fait | al | & -

[ elden Derno

File Hame: Repord

Files of Type: | C5Y files ¥

i g i

Save Cancel

3. Type in report and click the Save button.

4. Browse to the output folder and open report . csv with your preferred program.

84 Chapter 2. Guided Tour



Pix2Net Documentation, Release 1.10.07

A
1 Level

2 Warning
3 Warning
EIWarning
5 |[Warning
& Warning
7 Warning
& Warning
9 'Warning
10 |'Warning
11 Warning
12 |'Warning
13 Error

14 ['Warning

2.15 Legacy

Type

Extra Metal
Gap

Extra Metal
Extra Metal
Extra Metal
Extra Metal
Gap

Extra Metal
Extra Metal
Extra Metal
Extra Metal
Extra Metal
Extra Metal

Project

C
Description
Difference #0000
Difference #0001
Difference #0002
Difference #0003
Difference #0004
Difference #0005
Difference #0006
Difference #0007
Difference #0008
Difference #0009
Difference #0010
Difference #0011
Difference #0012

D

Size
641
28767
699
933
699
1166
16269
2204
582
641
642
4329
990

X
94.7
3.9
601.6
496.8
435.7
318.3
453.3
463
70.4
927.9
751
1118.5
1061.6

620.3
73.8
156.4
204
76.1
205.8
252.3
740
746.9
2384
421.4
591.7
561.7

This tutorial will only be used when upgrading Pix2Net projects from v0.19 to v0.20.

Make a spare copy of the project in case the upgrade process is unsuccessful. The upgrade process is
irreversible and will alter files in the project directory.

2.15.1 Opening the old project file

1. Gotothe File tab and click Upgrade Legacy Project.

2. Browse to project\project.h2.db

2.15. Legacy Project
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r Cpen @
LookIn: |[&d project .'] [ﬁjl@][ﬁj[lﬁl“ﬂj

|| projecth2.db |

File Mame:

Files of Type: [F’ixZNet Legacy Projects .']

[ Open ] [ Cancel J

L <
Note: Pix2Net will become unresponsive while upgrade process executes.

3. To continue opening the project refer to Opening a Project.

2.16 Identify Cells by Layout

This tutorial will show you how to use the layout matcher to identify project cells by their layout. Only use if you have
a gdsii library to compare against.

2.16.1 Import GDSII Files into the Reference Library

The first step is to import a library of GDSII files into the reference library.

1. Inthe Netlist tab, click the Golden Lib GDS button:

T

Golden
Lib GDS

2. Inthe Golden Lib GDS window, click the Import Layout Reference Cells button:
||
3. Inthe ITmport Reference Layout Cells dialog, specify a library name for the layouts to import. Set
the layer number and data type that corresponds to the m1 layout, and the layer number and data type that

corresponds to the text layer with the port names. Finally, set the directory the GDSII files are stored in, and
click the Impozrt button.
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F |
m Impaort Reference Layout Cells I_Ehl

Library Name: | My Librany

M1 layer: 15 Data Type: 0 E]

Port layer: 15 B Data Type: 20 Ej

Directory:  C:\path'to\gdsifiles | Browse |

| Import | | Cancel |

k

4. Inthe Golden Lib GDS Results window, click the Manage Layout Reference Cells button:
=)

5. The imported layout reference cells can be viewed in the manager window:

m Reference Layout Cell Manager l-.EE-]
| My Library 'J | | ¥
tJ

Mame & | Width (um) Height (pm)
and_example 18 35

| Close |

L

Click the C1ose button after verifying that the layout cells were imported correctly.

2.16.2 Settings

1. Open a project.

2. Inthe Golden Lib GDS Results window, click the Golden Lib GDS Settings button to bring up
the settings window:
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Reference Layout Library: | My Library | ¥

Minimum Coarrelation: G0

Maximum Cell Boundary Difference: 30

[ Ok J [ Cancel J

3. Set the Reference Layout Library that should be used by the Golden Lib GDS.

4. During the matching process, any match with a correlation score below the Minimum Correlation will automat-
ically be discarded.

5. During the matching process, any reference cell that has a width or height that differs by more than the Maximum
Cell Boundary Difference from the target cell’s width or height will automatically be discarded. This constraint
makes the matching process go much faster, because fewer correlations need to be performed.

6. Click the Ok button to save the settings.

2.16.3 Technology

1. Inthe Cells tab, click the Technology button.
2. Make sure that the Metal 1 layer has been specified in the project.
3. Click the Ok button.

2.16.4 Compare Cell

1. Select a target cell instance in the project.

2. Inthe Golden Lib GDS Results window, click the Identify the selected cell button:

I_::é

3. The possible matches will be displayed:
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Layout Matcher @ ~

Target (][] Match Result: V][l

Layout Matcher Results I |

Score v | Cell Crientation
86.4 and_example Marmal

2.16.5 Confirm Result

1. Click the Confirm the selected match button to confirm the selected match as valid.
v

2. The Confirm Match dialog displays the identified cell name and port mapping:
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[1'] Set cell name to and_example
[/ set port names:

Target Port 4 | Reference Fort
input a

input2 b

output z

VDD

VE5

3. Click the Confirm button to rename the cell and ports.

2.17 Polygon Placement

This tutorial is aimed to help the user make polygon placement a faster process and to show how some Pix2Net
Polygon functions work.

1. Go to Examples/Digital Logic/ Pix2Net.prj for this tutorial.

2. Before starting, make sure that the M1 layer and polygons are on, as well as the Via 1 polygons.
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YWiaT D -
M7 OO [le—
Via 6 UO[ [ Je—@
M aar_ il
Via 5 U N
Ms gl [l
Via 4 O N
4 oo a—e
via 2 U N
M3 udar_ il
via 2 U 1N
M2 BRIl
Via 1 UM 0
M1 V[ 0
CA Bl S ®
Palysilicon BRI
Active udar_ e
P Well O N
Location_ OV O [[] e—
Generated Diffusion . |
Generated Transistors O

3. Go into settings under the Polygon tab and make sure that the visible layers settings is highlighted.
Paolygon Settings et

The selection tool will select polygons on the
O active layer
(®) visible layers

Line Thickness: um

.

Sguare Size: Mm

Max Polygon Size: 100 um

[ OK J l Cancel J

2.17.1 Polygon Placement Tutorial

Selecting, moving, and cloning polygons:
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Select
Polygons

1. Go to the top left of the Digital Logic in the overlay.

2. Usethe Select Polygons tool to select the third half-column polygons on M1 and on Via 1. Once selected,
press delete on the keyboard.

Owverlay

3. Now, select the section of polygons two to the left of the column that was just deleted. (This is because the
polygons directly to the left do not match exactly to the polygons just deleted.)

4. Click on the Move Polygons tool to move over the selected polygons to the right.

92 Chapter 2. Guided Tour



Pix2Net Documentation, Release 1.10.07

The overlay should look like this:

5. The polygons that were just moved should still be selected (if not, re-select them). Press on the Clone
Polygons tool and clone the polygons back to the place that they were originally by clicking once inside
the overlay and moving the mouse to correctly place the polygons.

2.17.2 Cloning Arrays

Cloning multiple polygons in different directions:

In this tutorial, start out the same way as above, but this will continue right after step 3, and will not include vias (turn
the via polygon layer off).

4. Go to the Home Tab and select the Micron Ruler.

5. Draw a line from the beginning of the first half-column to the exact same point at the beginning of the third
half-column. (Hold shift to make the ruler straight) It should look something like this:
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6. Now, click on the Clone Array toolinthe Polygons Tab.

7. A window will pop up, use these numbers provided:

a Clone Selected Polygons
Direction: | Right v
Clone Count: =

Step Distance:

Clone | | Cancel |

(The direction is right because the polygons are being cloned from left to right, the clone count is 1 because there is
only 1 clone of the selected polygons needed, and the step distance is 14.5 um, which is what the micron ruler shows.)

8. Click on Clone.
Note

This feature is very specific on how many units the user wants to move, if the polygons that were cloned are slightly
off, either use the Select Polygons and Move Polygons tools, or try again (Ctrl + Z first) by putting a more
specific value that will help the polygons match up.

2.17.3 Right-Clicking

The Use of Right-Clicking in Polygon Placement:
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The tools in the Polygons Tab are useful to the user for placing and copying polygons to get further in laying out
the GDSII, but right-clicking could be just as helpful in some situations.

In this tutorial, there will be quick transitions to different locations in the overlay by using tiles, we recommend to use:
‘go to - coordinates’ in bigger projects.

1. Turn on the Polysilicon layer and polygons.

Layers

via7 U N

M7 OO [Tle—e
Via Ugl [ je—g
ME oo —
Vias . |

M5 Ul [le—e
Via 4 U N

M4 oo a—e
via 3 U N

M3 oo il—e
via 2 L N

M2 oo
via 1 gl 0
MA gl l—o
CA Bl =T
Polysilicon

Active ol —0
P Well O N
Location_OV D |:| D
Generated Diffusion B |
Generated Transistors 0 B

2. (Make sure to be fairly zoomed into the Overlay) Right-click in the Overlay, hover over Go-to, Tile and click.
An Input Window will pop up, type in 8 and press ok. This is what it should look like:

2.17. Polygon Placement 95



Pix2Net Documentation, Release 1.10.07

3. Now, use the Select Polygons tool to delete the polygons in the middle (either press the delete key or right

click and go to selected polygon, remove).

> LR lu Lﬁj l_r‘“\_fl ‘J } Jf
* 1 % B =

- V : ‘ ‘ : .
- R . F
= . £F p N . =
= a lall & a N e Nall & a 2 W & '
| | .. 1 ! ! B § |
" i A
] ? i i : !
l& ! B £ '..-‘ | ! o ) i ‘ ‘
1 | .
L@
a 5O |
i | s 1 . 3 | ‘
| & -
[ i ! 1 i g 4
v b b A
- . LR L ] 'BEB R .y iE &
] g o
i3 E 3 1
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4. Select the polygons that look similar, to the left, of those that were just deleted.

5. Clone those polygons over to the space where the polygons were deleted.

6. Select the polygons that were just cloned over and then right-click. Go to Selected polygon, Flip left to right.

7. It should look the same as the polygons that were deleted earlier. Use the Move Polygons tool to move the
polygons to the correct place.

8. Now, at the same location, use the Select Polygons tool to select the polygon in the middle-right section
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of the Overlay.

g i

9. Clone that polygon to the black space to the left.

10. Select the cloned polygon and right-click. Go to Selected polygon, Move to layer.

Selected polygon Flip leftto right

Flip top to bottom
Ongm offset Rotate clockwise

Raotate counter clockwise
Remaove
Mowve to layer...

11. AMove to Layer window will pop up, select Active and then ok.

12. Turn on the Active layer and polygons and select the polygon that was just moved to that layer.
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13. Move the polygon back to the place that it was originally, and then that polygon will be on both the active and
polysilicon layers.

2.17.4 Selecting and Cloning Areas

Select the Select Area tool and select an area around some polygons.
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Here is an area where polygons were not correctly extracted. Looking at the picture, the two lines should be completely
filled and the middle should not have polygons.
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Going back to the picture of the selected area, there is a perfect fit to what is needed.
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Once placed, the incorrect polygon extraction will then turn into the exact same as whatever was inside the selected
area.
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2.17.5 Settings

Settings

The polygon settings windows allows adjustment to the line thickness and square size in microns. There is also a
setting to adjust the maximum polygon size

The max polygon size determines the maximum width and height of the polygons in the project. If a tool attempts to
create a polygon larger than this size, the polygon will automatically be split until its dimensions no longer exceed the
max polygon size. If this value is too high then polygon rendering and netlisting will start to become inefficient.

Select active layer to tell Pix2Net that when selecting layers, the user only wants to select the active layer. Select
visible layers to be able to select all visible layers with polygons.
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Paolygon Settings et

The selection tool will select polygons on the
{_) active layer |
(®) visible layers

Line Thickness: 1 1 um
Square Size: 1 1 Um
Max Polygon Size: 100 | pm

[ oK J [ Cancel J

2.17.6 More Information

For more info on other functions in the polygon tab, see Polygon Tab

2.18 Templates

This tutorial will show you how to use a project template to attach extra information to your project and your captured
layers. For example, you can use a project template to associate a part number with every project.

2.18.1 Creating a Project Template
1. Go to the Home tab and click Manage Templates.

&

Manage

Templates

2. Click the Add Template button to add a new template. Enter a name for the template and press Ok.
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Mew Template >

Enter the name of the new template:

fly Cnmpanﬂ

['DH ] [ Cancel J

[ Ok J [ Cancel J

2.18.2 Adding Properties

You should now be looking at the Edit Template window:
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a Edit Template *

J Properies T Columns T Condensed Log ]

Location | O|

Capture Config Property | Type

Ok | | Cancel |

You can use the Edit Template window to add properties to a template. A property is a variable (e.g. “Part
Number”) that an operator can fill out.

There are two property lists that you can add properties to:

* New Project - The operator will enter these properties when creating a new project. The properties in this
list should be the same for every layer.

e Capture Config - The operator will enter these properties when they are setting up a new run in the capture
config window. The properties in this list should vary from layer to layer.

You can add a property by clicking the Add property button. There are two types of properties you can create:
* Text - A text property is the default type of property. The user can set this property to any value they want to.

e Multiple Choice - A multiple choice property is a special property that has a fixed set of possible values.
For example, if the property is “Location”, then you could force the user to choose one of the following values:
“Lab A”, “Lab B”, or “Lab C”. Each possible value should be entered on a new line in the Choices text box.

You can use the arrow buttons to change the order the properties are listed in. When the properties are shown to the
operator, they will be in the order that you specify here.
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2.18.3 Managing Columns
Click the Columns tab to see the list of spreadsheet columns defined by this template. When an operator exports the

information for all of the layers to a spreadsheet, this list will determine which columns will be exported, and what
order they will be in.

B Edit Template x

Properties ColumnsT Condensed Log ]
E3/09C21C2

Show | Calumn [

Layer Id

Rows

Columns

Tiles

Cperator

Comments

Pixel Width (nm)
Pixels per Micran

SEM Mame

Detector

Acceleration Voltage (kV)
Brightness

Contrast

Crweell (ns)

Emission Current (nA)
Magnification

Spot Size

Area mm?

Tiles Shot

mmAHaour

Start Time

Finizh Time

Shooting Hours

Auto Focus Hours
Stage Movement Hours r

Ny e e e ey e e e e N e N e e N e N e N[N

Laye
The name of the layer.

l Ok J l Cancel J

You can include or exclude a column from the spreadsheet by toggling its checkbox, and you can use the arrow keys
to change the order of the columns.

Any properties that you have added to this template will also be available as columns in this list.
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B8 Edit Template x

[ Properties T Columns T Condensed Log ]

|| Save capture logs to condensed log file

Condensed log file:

| Ok | | Cancel |

This allows the user to save capture logs to a condensed file.

When you are finished, click Ok to save this template.

2.18.4 Managing Templates

The template you just created should now be displayed in the Manage Templates window. This template will now
be available as an option whenever you create a new project using this user account.

If this is the only computer you use to create new Pix2Net projects from, then you don’t have to do anything else. How-
ever, if you need to create new Pix2Net projects from another computer, then you can use the Export template
and Import template buttons to copy this template to other computers.
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Click Ok to return to the main window.

2.18.5 Creating a New Project

1. Gotothe File tab and click the New Project button. Select the template you created and fill in the proper-

ties you added. Click Create to create the project.

B Mew Project >
Properties

e — | |
Laocation Dlexamples Browse

Template | My Company

|']

ltem Id 159426

Part Number | 300-80005

Hame
The name of the project.

Create [ Cancel J

Note: A copy of the template was passed into the project you just created, and that copy can no longer
be changed. You can still makes changes to the original template in the Manage Templates

window, but those changes will only apply to future projects.

2. After the project is created, go to the Home tab and click Project Properties.

Project
Fropertes

3. If you ever need to review or modify the project properties, you can do it in this window:
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m Project Properties
Properties
| My'F’rojecﬂ
My Company

ltem Id 159426

Part Mumber | 300-80005

Hame
The name of the project.

. Ok | Cancel .

4. Click Cancel to close the Project Properties window.
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3.1 User Interface
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The title bar shows the name of the program, its current version, and the file name of the currently loaded project.
The overlay shows image layers, polygon layers and netlist properties. See Overlay Windows.
The layers pane allows control of the layers and their properties. See Layers Window.

The Project Cells Pane allows for the browsing, viewing, and setting of properties of cell. See Project Cells Window.

3.1.1 Ribbon

The ribbon is the large tool bar at the top of the screen. The ribbon is divided into tabs.

File Tab

The file tab accesses all interactions with project related files, including the Pix2Net project file, image files, gds, etc.
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File | Home I Capture T PCB T AlignmentT Image I Polygons I Cells I NetlistI Schematic I Spectrum ]' Trusted Design I Labels I\u’ie\nr I Help ]

i =

New Open  Open Close
Froject  Project Recent  Project

Upgrade
Legacy Project

v B%

Import  Export

The following tools are available in the File tab:

* New Project
* Open Project
* Open Recent

* Close Project

Upgrade Legacy Project
e Import

* Export

* Add Restore Point

* Recovery System

* Rebuild Database

* Undo

* Redo

* Synchronize

New Project

New
Project

%
Add
Restore Faoint

=]
Recovery  Rebuid

System Database

)

Undo

P

-

s

-l = =
edo Synchronze  Synchronze
Made

The New Project icon creates a new Pix2Net project. For a tutorial see: Starting a New Project

Open Project

Open
Project

The Open Project icon pops up a browser to navigate to, and open an existing Pix2Net project file.

For a tutorial see: Navigating a Project
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Cpen u

Lookln: |(E5 PixaNet o) (@[ (@) (E] 8|

[ globaldb

(& html

[ lib

[ﬁ‘ native

[ﬁ‘ pasql_wingd

(&5 reflib

File Mame:

Files of Type: | Pix2Net Projects v

[ Qpen ] l Cancel J

e

The Pix2Net project files are stored as Pix2Net.prj

Open Recent

Cpen
Recent

The Open Recent icon opens a menu of the five most recent projects opened in Pix2Net.

ChprojectsiexamplesiDigital Logic\PixZ2MNet.prj
Chprojects\MyProjectiPix2Met prj
ChprojectsiexamplesiMemory Extraction\Pix2Met.prj

Close Project

i =

The Close Project icon will close the current project. All changes are automatically saved.
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Upgrade Legacy Project

Upgrade
Legacy Project

The Upgrade Legacy Project icon is for upgrading h2 database projects to the current postgres database. Pix2Net files
in the older h2 format will have the extension .h2.db. This will upgrade to the current, more efficient database.

The current database was updated in May of 2014. Any version prior to v0.20 will require an upgrade to the new
database.

When the icon is clicked the following confirmation dialogue will pop up:

Warning: This operation is not undoable. Please back up your entire project,
including the image directories, before continuing.

This process may take several hours for large projects.
Are you sure you wish to continue?

Be sure to save a complete copy of the project directory before upgrading!

Import

v

Imyport

This is used to import images, GDSII polygon layers, projects, XML files, FEI MAPS, indexed files, and neural
networks. For more information over different ways to import, please see Importing

Export

i

Export

This allows the user to export various types of files, cells, and images. For more information on exporting GDSII,
cells, images, etc., please seee Exporting
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Add Restore Point

Add
Restore Point

Adds a point in the current archive to restore to back to a certain date and time.

Motes:

[ Ok ] [ Cancel J

Recovery System

Recowvery
System

The recovery system manages archives and restoration points.

3.1. User Interface
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a Recovery System

Project

[C:*.Users*.msmith*.Deskmpﬁ.Digital LogiciDigital Logic\Pix2Met.prj

Archives
)

¥ | Base Files | Delta Files | Total
211012017 1:40:39.609 PM 94.4 mb 13.9 mb 108.3 mb
10/28/2016 6:50:52.077 PM 96.9 mb 230.6 mb 327.5 mb

Restore Points
@)«#)#)(*]

Date ¥ | PixZMet | Motes

2002017 1:41:02.169 FM 1.09.49 Archive created.

Archive created.

[ Close J [ Help J

Archives- lists the existing archive files. to make a new archive click the green plus sign.

Restore Points- lists the restore points in the selected archive.

To restore to a point, select the icon @,

To restore to a time, select the icon @J The following dialogue will appear:
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Go to Custom Time [-s-:hj

Select the time to restore to:

111442014 11:01:43 AM iﬁ

[ Go J [ Cancel J

. e LR 4

To rebuild the database, select the icon EJ

The following columns will be displayed for each archive:

Date The date the archive was created on.

Base Files | The size of the base files.

Delta Files | The size of the delta files.

Total The total file size of the archive with the delta files.

You are given the option to add a new archive or delete old archives.

The following columns are displayed for each restore point:

Date The date the restore point was created on.
Pix2Net | The version of Pix2Net that was used to create the restore point.
Notes The notes that were attached to the restore point.

You are give the option to open a restore point, restore the project from a specific time, or delete a restore point.
Rebuild Database

= =
==l —
=l

Rebuld
[ratabasze

In the event the project encounters an issue this feature allows the database to be rebuilt. This should be done only if
necessary and the project is corrupted.

Undo

bm),

Undoes the last command. To view command history click on the view tab and select Command History.
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Redo

€

Redo

Redoes the last command. To view command history click on the view tab and select Command History. View Tab

Synchronize

Synchronize is intended to divide up the work on the project. Start with a project that has layers stitched, aligned and
polygons extracted. Archive the project (Recovery System) then make as many copies as desired of this master project.

The designated master project may perform any operations. All of the copy projects should click on the Synchronize
Mode icon to prevent performing operations that do not synchronize. The icon will be highlighted as shown:

i

E 3
Synchronze

Mode

When ready to synchronize a copy project, click the Synchronize icon:

Synchronze

See Synchronization

Home Tab

The Home tab gives general zoom features, configurable shortcuts, properties and measurement tools.

Home | Capture | PCB | Alignment | Image | Polygons | Cells | Netiist | Schematic | Spectrum | Trusted Design | Labels | view | Help |

Zoom Full Select Clone Configure Preferences Project Select
to Area  Zoom Brea HArea Shortcuts Froperties Ruler

The following tools are available in the Home tab:
e Zoom to Area
e Full Zoom
* Select Area
* Clone Area
» Configure Shortcuts
* Preferences
* Project Properties
e Select Ruler

e Micron Ruler

Micron
Ruler

Pixel Calibrate
Ruler

LW

[

P

Stant
Timer

]

Task Manage
Log Templates

120

Chapter 3. Reference



Pix2Net Documentation, Release 1.10.07

* Pixel Ruler

* Calibrate

* Start/Stop Timer
e Task Log

* Manage Templates

Zoom to Area

Left click and drag a box around an area of interest. When satisfied release the mouse button and the overlay window
will be zoomed into that location.

Full Zoom

Full

Zoom

Returns the zoom level to the default setting.

Select Area

Area

Click and drag to select an area that will be used in various Pix2Net features.
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This box acts as a boundary for the following tools:

» Count Cell Instances Cell Instance Search
* Set Review Boundary: Alignment Review
 Polygon Extraction Extract Polygons

* Filter Layer Filter Layer

Identify Fill Blocks Extract Polygons (see identify fill blocks)

Export Non-Overlapping Tiles Export (see non-overlapping tiles)

Export Single Image Export (see single image export)

Clone Area

T

Clone
Area

Creates a new image layer from the selected area of an existing layer.
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X . icdidi L
I T Tt Nkl Wi e

Clone Area @

This operation will create a layer with 5 columns and 5 rows.
The first tile will be 000000009 bmp, and the lasttile will be 000000049 bmp.
Enter a name for the new layer:

[ oK J [ Cancel J

A confirmation window will pop-up giving the details of the new layer and the option to enter the name for this new
layer.

Configure Shortcuts

ﬁ

Conhgure
Shortcuts

Brings up a window that allows shortcuts to be added or customized.

3.1. User Interface 123



Pix2Net Documentation, Release 1.10.07

Category 4 | Command | Shortcut [
Align Yiew Datasets |£
Align Move [t

Align Yiew Anchors

Align Add Anchor

Align Select Anchor

Align Delete Anchors

Align Align Anchors

Align Alignment Review

Align Enter Shortcut for Polygon Alignment =

Enter the new shortcut key.

| Cancel .

SEHELITUTITETET

Capture Prober

Capture Control Microscope

Capture Setup Server

Capture Capture Config e
Cantura Stnn ¥
Polygon Alignment

Cpens the Polygon Alignment window.

[ Clear J [ Export J l Ok J l Cancel J

Shortcuts can be organized by the category they belong to, command name or shortcut key(s) given. To add or change a
shortcut, click the existing shortcut or the whitespace in the Shortcut column then press the key(s) to bind this shortcut.
To clear all shortcuts, press the Clear button. Export will create a .csv file listing all of the current bindings that are
set.

Preferences

E[

Preferences

Displays the current default color scheme for various cell boundaries, nets, rulers and text markings.
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Project Preferences >
Polygons
Rendering Buffer Size: E00 5 mb
Rulers
Micron Ruler Units: @
Colors
External ports (.
cell | J

Relatedcell ()
selected cell (I
Selected net (I
Selected poiygon (IS

Ruler | J

[ Ok J [ Cancel J

Double clicking any of these colors will bring up a color palette allowing a different color to be selected.

The user can change the ruler units. The following are available: auto, nano, micron, milli.

The Rendering Buffer Size allows the user to allocate as much or as little memory desired to the rendering (displaying)
of polygons.

Project Properties

Project
Properties

Allows the user to change the name of the project and to enable condensed logging by choosing a path to the file.
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B Project Properties >

Properties

Condensed Log
Enable logaging ||

Logfile

Name
The name of the project.

[ Ok || Cancel |

Select Ruler

™
Select
Ruler

Drag a box to highlight any unwanted rulers (micron or pixel).

4.7 um

Right clicking will bring a dialogue box with an option to delete selected rulers, or the user can simply hit the delete
key.
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|
Delete

azun IECTE——

Eo T - e A I T

Selected ruler | 2

Micron Ruler

—————r

Micron
Ruler

Adds a micron ruler by clicking a start point and dragging to the endpoint. Press shift while dragging the mouse to
lock the ruler to be horizontal or vertical.

Pixel Ruler

—————r

Piocel
Ruler

Adds a pixel ruler by clicking a start point and dragging to the endpoint. Press shift while dragging the mouse to lock
the ruler to be horizontal or vertical.

Calibrate

Calibrate

Allows a layer to be rescaled to accurately match with known dimensions of a feature.
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M Calibrate I&

Calibrate
Length: 437 iﬁ Jm

Targets

(®) Applyto all layers

I Apply to active layer only
[ | Applyto cells

Axis Options

(] Adjust X-Axis

(] Adjusty-Axis

l Calibrate J l Cancel J

b .

To use this feature draw a line across a known length or width and enter the actual value in the Calibrate pop-up

window. This calibration can affect either the active layer or all layers in the project and either adjust the X-axis,
Y-axis or both.

Start/Stop Timer

&S
Start Stop
Timer Timer

When first pressed a timer will activate pressing this again will stop the timer and bring up a Task Log Entry window.
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Add Task Log Entry ==

Start: 111314 3:29:25 PM ﬁ

Stop: 111314 4:34:27 PM ﬁ

Elapsed: 1 hour, & minutes, 2 seconds

Category: | Cell Search .‘r]
Work Type: |m.
Layer: | m1lines .TJ
User. user

Motes: |

l Ok J l Cancel J

In this window the start and stop times can be edited and the category, type of work and what layer was affected can

be chosen. The users name will appear and any notes may be added.

Task Log

Task
Leg

This opens the task log window.

Task Leg @
/ % B
Start Time 4 | Stop Time | Elapsed Time | Category | Work Type | Layer | User | Motes
1132014 2:00:00 .. 110132014 21500 .. 15 minutes Image Capturing Automatic m1 lines User1
1132014 21500 .. 11132014 2:20:00 .. 5 minutes Stitching Automatic m1lines Usert
11132014 3:00:00 ... 1101302014 415:00 ... 1 hour, 15 minutes  Inter-layer Alignment  Manual m1 lines User2
New entries can be added, any entry can be edited or deleted and the list can be exported as a .CSV list.
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Manage Templates

&

Manage

Templates

Brings up the Manage Templates window. This feature helps the user add, edit, remove, export, and import templates.
Templates

Capture Tab

The Capture tab allows you to connect a stage, a camera and set control features in Pix2Net to allow automated image
runs.

- Home | Capture T FCB T AJignmentT Image T Palygons T Cells T Metlist T Schematic T Spectrum T Trusted Design T Labels T\u’iew T Help ]
SR W § B0 00 b % SR

Stage Camerz Control Setup Capture Start Stop Manual Rotaton  Capture
Microscope  Server  Config Move  Algnment Meode

The following tools are available in the Capture tab:
» Stage
e Camera
* Spectrometer
e Control Microscope
» Setup Server
* Capture Config
 Start
» Stop
* Manual Move
* Rotation Alignment
e Capture Mode

* Create Capture

Stage

Stage
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Type: | MSI-2 wi Rotation |¥|

Port. | COM1 v
X-Auds: | Axis 2 v (] invert
Y-Ads: | Ais 1 | W Invert
Rotation: | Ais 3 | [ Invert

|| Cycle Power on Error
[+] Home on Connect
|| Log Debug Info

Status: Disconnected

Connect |

The stage menu gives the following options:
Type: Select the type of stage you are connecting to.
Port: Select the COM port connected to the stage.
Sense: Set the direction of the stage movement (X, Y, and Rotation).
* Normal
¢ Invert with a check mark.

Cycle Power on Error: Allows Pix2Net to control a Power USB brand power strip that the stage is
plugged into. In event of an error, Pix2Net can cut power to the stage and reapply it, effectively rebooting
the device’s controller.

Home on Connect: Will cause the stage to execute a home-finding procedure as soon as you connect to
the stage. The stage must do this at least once per power-on state in order to know where it is. Homing
will cause the stage to physically move to its positive and negative limits, then return to the center. It is not
necessary to do it again if the user has just disconnected without removing power from the stage. Pix2Net
has no way to know what the state of the stage is on connection, so it relies on the user to tell it to home
or not.

Log Debug Info: Causes the Application Log to show all of the communication with the stage device. It
does not need to be turned on unless there is an error that needs troubleshooting.

Camera

The camera menu lets you link a camera with Pix2Net software.
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Camera

Type: [Micrnscnpe T]

Status: Disconnected Connect

If a SEM is being connected a Pix2Net server must be created and set up properly.

If a Spot Camera is connecting no server needs to be created.

Spectrometer

Spectrometer

Prior to beginning spectrometer scan, the sample must be measured.

After connecting the spectrometer stage, then the Spectrometer menu allows you to connect to the spectrometer con-
nected to the computer operating Pix2Net.

Using the Manual Move, position the sample into field of view.

Proceed to Create Capture

Control Microscope

Control

Microscope

Control Microscope brings up a user interface similar to a remote desktop that allows control via remote access. Using
control microscope features help verify that the commands specified in Setup Server are correct.
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Control Microscope

Beam On

[ Beam Off |
( Live Mode |
| SnapshotMode |
|_ Capture Image |

| Capture Preview |

Dwell Time | 4 v >

Zoom |4 v r
Focus |4 W [ j
stigmax <7 \__J T i
stigmay «T S T» i
Brightness | 4 v 3 ;:'
Contrast | 4 '_(\_)_‘ 4 f

Current Magnification 40 Q0

Current Brightness 37 .4
Current Contrast 521

The Control Microscope window can remotely do the following actions:
e Turn on the SEM beam.
* Turn off the SEM beam.

Put the SEM in live capture mode.

 Pause the SEM capture.

 Capture one full scan on the SEM.

* Take an instantaneous screen shot of the SEM window.

Control Microscope can also adjust the dwell time, zoom, focus, X and Y stigmation, brightness and contrast using
the left and right buttons.

This window also displays the current magnification, brightness and contrast.

Setup Server

u

Setup
Server
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Opens a window to setup a Pix2Net server that will control the SEM remotely. See the tutorial: Setting Up Pix2Net
Server

Capture Config

sy
0%
e’
Capture
Config

Capture Configuration lets you specify the parameters that will be used for an image capture run.

m Capture Configuration ¥
Areas to Capture
- General Focus Settings
Q%8| 1) 1)|# Operator 0 (®) Do not adjust focus
Enabled | Name Il [ % | | (U Dynamically adjust focus every pm
Location_OV v (_) Create afocus adjustment schedule from the following sampled points
iyl pm
WA lines . — - [ 2B
M lines B Wiatn =
M2\|.nes Length 210 X | Y | Adjustment |
M1 vias I —
Poly Con Pixel Width 20,14
Top Metal - m8
Poly Lines_A Microscope
Poly/Active PN i
SEM Name FIB
M3 ;
M2 - :
e Detector CO

Time Estimation

M1 lines New Acceleration Voltage 15 ~
11 via thick Tile width: 2,048 B pixels

M1 Lines-2 Emission Current 2

| o o o

M1 via thin Tile height: 1,768 B‘ pixels
Poly Active Spot Size
MB lines i i B‘
r:1ﬁ Dwell Time 2 . Time per tile: 10 seconds
MG vias lagnification 5,000 Layer Information
11 vias - 5
ows:
Brightness
Columns: 5
Contrast T4 Images: 25
Comments Estimated time: 5 minutes
Capture Status
Layerid: 30

Start time: 2/3/2016 2:53:33 PM

Finish time: 2/3/2016 2:58:53 PM
Tiles shot: 25
Images saved: 25

Shooting Time
Auto-focus: 0 seconds (0.0%)
Stage movement: 57 seconds (17.6%)
Image capture: 4 minutes, 22 seconds (81.7%)
Total: 5 minutes, 20 seconds (100.0%)

Save Cancel

The General column records information that Pix2Net will use for the image run. This includes the width and length
of the area of interest, X and Y starting positions, and the pixel width

The Microscope column records information for future reference. This information is saved in the Capture History for
that particular layer

The Focus Settings column is used for making automatic adjustments to the focus of the sample to compensate for any
leveling issues.
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When the start button the pressed a new image run will start using the Capture Parameters specified.

Stop

®)

Stop
Stops the current capture. Capture can be continued using the Resume button.

Manual Move

"

Manual
Maowe

Opens a panel that allows you to move the stage manually, and snap single images with the camera.

Manual Mave

Stage X 0 um ® [+ ﬁ 2 Camera is disconnected
Stage Y: 05| um - ] - (] [ ] ( stageis disconnected
Rotate: 0 Um | g
R F Delta: 50 um | Focus: 0

The X, Y, rotation, and stage velocity values can be entered manually and take affect when the green button is pressed.
The home button will return the Stage X and Stage Y values to zero, but will have no affect on the Rotate values.

A movement value can be entered in the Delta box and the six directional buttons will change the location or rotation
by the delta value.

The third column allows the user to set a focus point and go directly to it.

The last two icons give the status of the camera and stage. Once a camera is connected single images can be captured
by pressing the camera icon.
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Rotation Alignment

2
i
Rotation

Alignment

Opens the Rotation Alignment window. This feature acts as a wizard to help adjust the alignment of the sample. Follow
the on screen prompts to assist the tool in automatic alignment of the sample.

Rotation Alignment B K

M 4 (b

Set a low magnification (e.qg. 50x, 100x, 250x). Move the SEM's stage to an
area on the chip that has large features and no charging. Make sure the
capture time is relatively quick (e.g. 1 second). Set the SEM to paused
made. Click next to start the coarse alignment process.

When the blue right button is pressed (the next step) this window will pop up:

Rotation Alignment ot
General
Pixel width: ko E nm
Advanced
Imitial rotation (coarse): 100 % Jm
Initial rotation (fine): 10 5 pm
Scale images down to: 256 % pixels
Maximum key point difference: 30 %

[ Align J l Cancel J

Capture Mode

y:

Capture
Mode

Allows the user to change between (turn on) image, spectrum, and measurement capture modes.
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Create Capture

i@
B,

Create
Capture

Allows user to capture a spectrum image.

Prior to beginning the create capture, the sample must be measured in microns(um).

Click on “Create Capture” icon, “Align Spectrometer” window appears.

smek 11360312 |5 um

=
I=1 4 — | I i
= SHage 27267164 |5 e : _1 —= =
2l re ¥ fo v E—
" Spead 10 pmis = Daitar 0[5 wm
WPasiion Pieats 103478

“Move Sample to Offset” - move sample to current existing offset

“Return Stage to Starting Position” - moves stage back to original position before using manual move in
“Align Spectrometer” window.

“Alignment Settings” - sets parameters for spectrum capture (see next steps).

“Create Capture” - starts the spectrum capture

Using the manual move within the “Align Spectrometer” window, move the cross-hairs to the center of the sample.

st g
==

Delta: 50 E] Jrm

Click the “Correct Offset” button.
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4

. Correct Offset
] E] pm
Set the alignment settings.

B Alignment Settings

X Offset  |}4,000
YOffset 21,500

Spectromoter Pixel Width um 300

k.
w
e
w
ki
w
ki
e

Camera Pixel Width um

“X Offset” - set when using manual move in “Align Spectrometer” window.

“Y Offset” - set when using manual move in “Align Spectrometer” window.

“Spectrometer Pixel Width um” - defaults to 300. Lower number achieves higher resolu-

tion and slower capture.

Higher number achieves lower resolution and faster capture.

“Camera Pixel Width um” - this number is determined by pixel width/size of device in um.

Click “OK”.
Click and drag a large capture area slightly past the area of the device.

Click “Create Capture”.

\ Stage X
|| Stage Y-

[i] Rotate:
EJ Speed: 0.0 i
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“Capture Configuration” window will appear pre-populated with the information for the capture in the “General”
section.

= [l Capture Configuratio
€

General

@J@J@J@@ Operator Time Estimation

Enabl_ed | Name % 5,753.882 iﬁ um Time per tile: 10 E seconds
] ATMEL 80C51 = i
] AMTEL 80C51-2 Y -58,406.4 ij um Layer Information
U 3 = Rows: 120
J g s Width 87,036.088 k& um ows
- @ 5 Columns: 291
B O Length 35,942.4 k&) um Images: 34,920
- ] 7 i i . Estimated time: 4 days, 1 hour
= Pixel Width 300 '
- ] 2 ixel Wi ij um
O 9 Comments
LJ ATMEL 80C51
] ATMEL 80C51 +5V
[} 585-051-004 +5V

AutomatedLayer

|

Click “Save”.

Click “Start”.
12 | Polygons T Cells T NethstT

T ey

25 | ) @ | ¢
Capture Start Stop ]
Conhg h
—

Once spectrum capture is complete, you can process the data from the scan on the Spectrum Tab

Alignment Tab

The Alignment tab has features that deal with stitching images, moving layers and aligning one layer to another.

File | Home | Capture | PCB | Alignment | image | Polygons | Celis | Netiist | Schematic | Spectrum | Trusted Design | Labels | view | Help |

S D % LbLbL L b B
Dy O S 3 b s S Jr s

Select Stich Regenerate Maove View Add Select Delete Align Algnment  Straightening Polygon
Stitch  Manager  Multiscale Anchors  Anchor  Anchor  Anchors  Anchors Rewview Guide Algnment

The following tools are available in the Alignment tab:
e Select Stitch
e Stitch Manager
* Regenerate Multiscale
* Move
* View Anchors
* Add Anchor
* Select Anchor
* Delete Anchors

* Align Anchors
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* Alignment Review
o Straightening Guide
* Polygon Alignment

Select Stitch

Selects the node where four tiles have been stitched together.

For more information, see: The Stitching Process

Stitch Manager

= [

i

Stitch
Manager

Opens the Stitch Manager window.

For more information on stitching and manual edits, see: Stitching

Regenerate Multiscale

o -::].-':

Regenerate
Muttizcale

The multiscale is a set of images that depict a layer when zoomed out. This makes zooming and scrolling operations
faster than if all individual tiles were displayed.

The multiscale needs to be regenerated if captured tiles are modified to update the zoomed out view.

Move

&

Move

This tool moves the selected layer by clicking and dragging it.
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View Anchors

i

Viewr

Anchors

Opens the Anchor Groups window. Here all the anchor groups that have been created throughout the project are
displayed.

Anchor Groups B X
o®E)8)\4)

Maoving | Static |
Palysilicon CA

CA

Active Paolysilicon

28 M

Via 1 M

M2 Wia 1

M3 M2

M4 M3

M5 M4

M& M5

Via B WM&

M7 WM&

Ma M7

Once highlighted the anchors for that group are displayed in the overlay window.
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When the user selects M1 lines, the anchors for that group are displayed in the overlay window. It says only “M1
lines” instead of M1 lines - M2 lines because it is an orthogonal alignment.

To add an anchor press the + button and a window will pop up like this:
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|
Moving | Static

m1 lines

B Create Mew Ancher Group

Type: | Interlayer Alignment v

Interlayer Alignment

Maving Layer:
Layer Orthogonal Tool

Stationary Layer:
Cell

[ Create J [ Cancel J

The user then has to decide whether they want an interlayer alignment, a layer orthogonal tool, or a cell alignment
(these are talked about in aligning layers).

In the ‘Anchor Group Settings’, the user can specify if ‘Align Anchors’ should be performed after each ‘Add Anchor’.
This option should usually be turned on, but you can turn it off if the ‘Align Anchors’ process is taking too long.

Anchor Groups

Anchor Group Settings
General

@ Align anchors after each "Add Anchaor
Colors

Static layer: .

Movable layer: _I

[ Ok J [ Cancel J

The last button in the Anchor Group Settings is to copy the selected to a new anchor group with a different stationary
layer.

For more information on anchors, anchor groups and layer orthogonality, see: Aligning Layers
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Add Anchor

Add
Anchor

Adds a set of anchor points for the active anchor group.

Anchors are key in aligning two layers to one another

iv"!

e
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Select Anchor

Anchor

Click and drag a box over any unwanted anchors. The anchors selected will now be highlighted in red.

Delete Anchors

Delete
Anchors

Click to delete any highlighted anchors. Only anchors that have been selected using the Select Anchor tool are affected

(The user can also use the delete key).

Align Anchors

Ahgn
Anchors

If a bad anchor or group of anchors was removed the layer undergoing alignment will still be warped incorrectly.

Clicking align anchors will snap back to fit the unaltered anchor points.

Alignment Review

Abgnment

Rewview

Alignment Review opens a window with features that assist in aligning one layer to another.
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Alignment Review

Review Area: Defined Set Review Boundary

Anchaor Perfarmance
#

Progress: 6 of 40 in level 5 " | Bend Percentage ¥ |

32 11
36 11.0

l J
l J
l J
| Next || 24 87
l J
l J
l J

Accept

23 86

5 55
54
41
28 4.0
40 35
10 3.2

Previous

I

Calculate Bend Percentages

o]

Advance on Mew Anchar

Set Review Boundary: Use the Select Area tool in the Home tab to set a boundary of review points for
making the anchor grid.

Move to current: Moves the overlay window to center on the current alignment review point.
Accept: if the alignment does not need adjustment Accept will add an anchor at the review point.
Next: Move to the next review point.

Previous: Returns to the previous review point.

Calculate Bend Percentages: Under the Anchor Performance column a value is calculated for each anchor placed. The higl
the more warping the anchor caused.

Advance on New Anchor: Clicking this box will turn this feature on. Every time an anchor is placed or accepted the overl:
location an anchor should be placed for alignment consistency.

Straightening Guide

Straightering
Guide

Displays a horizontal and vertical line that can be dragged around the screen. This tool is used to help verify the
orthogonality of each layer.

Polygon Alignment

Polygon alignment is controlled by the Polygon Alignment window in the “Alignment” tab.

- i |I
=i
Polygon
Abgnment

This tool is used for any case that a polygon and a reference layer that were already aligned, get moved, or to tell
Pix2Net that the layers are aligned. Here’s what the polygon alignment window looks like:
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Polygon Alignment

=1

Polygon Layer | Reference Layer | Aligned | Locked [Index 4|
M [a yes yes 0
Wia 7 [ yes nao 1
M¥ W7 yes yes 2
Wia G Via G yes yes 3
MG G yes yes 4
Wiah {1111 yes nao 5
[Tis] 5 yes yes i
Wia 4 4 yes nao T
4 4 yes yes a
Wia3 M3 yes nao 4
M3 3 yes yes 10
Wia 2 M2 yes nao 11
Mz Wz yes yes 12
Wia 1 Wia 1 yes yes 13
1 1 yes yes 14
CA CA yes yes 15
Puolysilicon Puolysilicon

Active Active no no 17
P Well no 18
Generated Diffusion no 20
Generated Transistors no 21

Close

The [ﬁ tool will tell Pix2Net to set a reference layer to a polygon layer of the user’s choice. If the user sets the
reference layer to anything different from the polygon layer and it is not aligned, a message like this will appear:

r' Unaligned Layers ﬂj"

What would you like to do?

@ Mark this polygon layer as ‘aligned’ to the image layer.
Choose this option if you have visually verified that the polygon layer
is in fact aligned to the image layer.

O Do not mark this polygon layer as “aligned’ to the image layer.
Choose this option if you have visually verified that the polygon layer
is not aligned to the image layer.

Please be aware that, in this case, Pr2MNet can not guarantee that
‘Align Polygons to Image Layer will work correctly on this layer.

| ok | | cancel |

The polygon layer ‘contacts’ does not seem to be aligned to the image layer "poly’.
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This should really only be an issue for existing projects. For future projects, the reference layer will be set when the
polygon layer is created, so the user should not see a dialog like this. Marking the polygons as ‘aligned’ means that
the user is saying that the reference layer is aligned correctly with the polygon layer. If the image layer is moved, the
next time the Polygon Alignment button is pressed, you will see “No” under the “Aligned” column. When you click

the EJ button, it will align the polygons back to the reference layer. The aligned portion will then say “yes” and the
two layers will be aligned how they were before.

Image Tab

The image tab houses image related operations including polygon extraction.

File | Home I Capture I PCB T AI|gnmentI Image I Polygons I Cells T Netl|stI Schematic I Spectrum I Trusted Design ]' Labels IV|ew ]' Help ]

ar R s
ar...B“l % ﬁ l-u'“l' i <_// Y

Layer Filter Tlansfotm Extract Tralnlng MNeural Extract  Expost Remove Image
Merge  Layer Layers Polygons degons Images  Metworks Memory Bits Image Settings

The following tools are available in the Image tab:
* Layer Merge
e Filter Layer
* Transform Layers
e Extract Polygons
* Clear Polygons
e Training Images
* Neural Networks
» Extract Memory
e Export Bits
* Remove Image

* Image Settings

Layer Merge

ﬁhllj
F-s
Layer
Merge

The intent of the layer merge is to make one cohesive layer out of two or more existing layers. Turn on the layers to
merge, and make sure all other layers are off. Do this by toggling the visibility checkmark in the Layers window. (See
Layer Window)

Select Layer Merge and the window will pop up.
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Layer Merge *

A new layer will be created by merging the following source layers:

Mame | Tiles | Pixels per Micron |
Wia 1 42 102.98661133587771
M1 42 102.98661133587771

The source layers will not be modified.
For each overlapping region, the layers will be blended according to the selected merge mode.
The new layer cannot be re-stitched, so any stitch errors in the source layers should be fixed before proceeding.

|

lMerge mode: | Overwrite (The highest source layer will completely overwrite the lower source layers.)

Cwerwrite (The highest source layer will completely overwrite the lower source layers.)
Additive (Pixel values will be added together)

Mew layer name:

Maximum (The maximum pixel value will be used.)

The drop-down bar for Merge mode helps the user choose which type of merge they would like to see in the new
created layer. Once the mode is selected, the user can name the merge in the blank box. The Merge Layers button will
make a new layer without modifying the existing layers.

Filter Layer

Filter
Layer

Selecting the Filter Layer icon pops up the following window:
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Filter Layer >

Layer to filter:

(us B

@ Preserve Original Images
u Cwerwrite Original Images

Profile to use:

Frofile & | Profile Type | Layer Id [

CA Layer 9 |T
M1 Layer 18 [
M2 Layer 14

M3 Layer 13

M4 Layer a6

M5 Layer 30

MG Layer 25

M7 Layer 15

M3 Layer 10

Wia 1 Layer 28

\ia 2 | aver 210 v

l Filter J [ Cancel J

Select the Layer to filter in the drop down menu.
The user can also select to preserve the original images or overwrite them after the layer has been filtered.
Use a profile listed. The profiles are created using Extract Polygons. See Extract Polygons

Click Filter to apply the profile to the layer. This will overwrite the viewing information (warped directory) so the
tiles look filtered in Pix2Net, yet the original data is maintained.

Transform Layers

¢

Transfom
Layers

The user can flip or rotate an entire image layer by using Transform Layers. This is useful if a layer is imaged in the
wrong orientation, or you would like to add a backside image to a data set that was imaged topside.

Clicking the Transform Layers button opens the Transform Layers Window:
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Transform Layers x
Layers to transform:
Layer Index A
ma3vias transformed ]
m1wvias 10
m1 lines 11
poly 13
md lines 5
mavias G
ma lines T
m2vias a
m2 lines 9

Transformations to apply:

O]

[
1
!

The new layers cannot be re-stitched, so any stitch errors should be fixed before proceeding.

Transfarm Cancel |

Click on the green + to pull up the Add Transformation Window:

Add Transformation

>

| Flip Leftto Right

M

[GK ] [ Cancel ]

The user may select between:
1. Flip Left to Right
2. Flip Top to Bottom

3. Rotate 90deg Clockwise

4. Rotate 90deg Coun

ter-Clockwise
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Transform Layers et
Layers to transform:
Layer ' Index il
md lines transformed 0 L’;
poly transformed 1 ctirtclick to select all the
m2 vias 10 desired layers to transform
mZ lines 11
m vias
m1 lines 13
paly 15
ma3 vias transformed 2
md lines T
ma3vias 8 ﬁ
milines q %

Transfarmations to apply:

+ | Flip Left to Right
L Rotate 90° Clockwise
J Rotate 90° Clockwise

@ Add, delete, or change the
order of transformations

=|[+lofle

The new layers cannot be re-stitched, so any stitch errors should be fixed before proceeding.

[ Transform J l Cancel J

Click Transform and all of the transformations will be performed in order for the selected layers, and a new layer will
be created.

Extract Polygons

§ i

i

Click the Extract Polygons Icon to open the Feature Extraction window.

152 Chapter 3. Reference



Pix2Net Documentation, Release 1.10.07

B resture Extraction *

ElER|E =8 )% t |ongnal v [Fitere .

Extraction Profile Enabled | Filter
Target layer | ma v

Source layer |ma =

Estract |Lines L

Line Settings

Min polygon size |15 E pirels

Allow holes e

Neural Nework | b |

Polygon Simplification

Methad | smooth x.
Smoathness 05 [:—J pixels

Fill Block Settings
Identify fill blacks [
Expected wigin | Original + Paiygons | @ | Patygons v
Expected height e
Bounds tolerance

Deviation allowsd | 20

Add fill blocks to

Preview Settings

Tile 9 =]
@

Polygan ealor |

Fill color o

Show polygons
Iftrue, polygons will ba eatractad for the preview.

Compression: 1% Extract Cancel

The upper left icon @ allows the user to load settings from another layer. This can help give a baseline
for the filters to apply.

To save the settings, click on the Save a copy of this profile icon LJ Enter a name for the profile and
click Save. Note, the extraction settings used are automatically saved.

For neural network via or line extraction, the user can add an image to the training set by clicking this

icon LJ Enter the name of the training set, or add the image to an existing training set. The Manage
Training Images Window will automatically pop up.

To manage the training sets, click on the Manage training sets icon LJ This will open the Manage
Training Images Window:
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B Marage Trsining Images x

Traning set 7)®) [B)7)0)[@)©)©)(=] creraas: 2 unemicnsss:” 20 [ coorll opacty——0

To view the report click on the icon | l—J . Select between training sets to view the desired report.

1=
The save icon | 3! |
edges of the image.

allows the user to save a copy of the image. The user can save the original,filtered, or

Extraction Profile

Target layer | m1 lines v
Source layer [ m1 lines ¥
Extract | Lines ¥

The Target layer is the layer that the feature extraction will be applied to. The user may want
multiple extractions from the same dataset, i.e. vias and lines extracted from the same images.

The Source layer is the image set used for the extraction.

The Extract menu allows the user to pick between extracting Lines or Vias. Via extraction
assumes bright white vias in the image.

Line Extraction

Line Settings

Min polygon size 0 E] pixels
Smoothness 05 E] pixels
Allow holes (V]

Min polygon size is used to filter out all noise with a width or length smaller than the
value entered

Smoothness sets the amount of pixel deviation that will be “smoothed” out when
extracting the polygons. The higher this number is, the fewer points drawn for each
polygon. If the number is too high, notches or jut outs will be lost in the extraction.
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Allow holes is checked when holes should be allowed in metal, and left unchecked
when the holes should be filled in due to delayering artifacts.

Polygon Simplification

Method | Smooth v

Smaoothness 05 iﬁ pixels

There are two methods of polygon simplification, Smooth and Straighten. Smooth is pretty
straightforward, the higher the smoothness the fewer points in each polygon. Keep an eye on
the preview, because there will be a threshold where there are too few points and the polygons
will not make good connection with other layers.

Straighten allows the user to extract polygons to look more orthogonal. The user inputs the
minimum polygon width, and can choose the standard option or the custom option. Hlghlight-
ing each category will provide a brief description in the bottom left of the Feature Extraction
window.

Polygon Simplification

Method | Straighten v
Min line width 12 iﬁ pixels
ot R g
Smoothness 5 =K

Moise reduction [+

Moise threshold 10 > | 40

Square corners [

Minimum spacing 50

Here the user can adjust the smoothness, noise reduction, noise threshold, square
corners, and minimum spacing.

Fill Block Settings
Identify fill blocks |

Expected width
Expected height
Bounds tolerance 10

Deviation allowed 20

Add fill blocks to [Mew Layer]
Fill block settings are for fill patterns containing repeating rectangles of the uniform
size.

Identify fill blocks is checked to identify fill and place it on its own separate layer.

Expected width is the width of an average fill block in um.

3.1. User Interface 155



Pix2Net Documentation, Release 1.10.07

Expected height is the height of an average fill block in um.

Bounds tolerance describes the percentage of deviation allowed in the length and
width of a polygon to be considered as fill.

Deviation allowed describes the percentage of deviation allowed in the calculated
area of the fill blocks. (Meant to help when fill block shape is slightly irregular due
to deprocessing)

Add fill blocks to allows selection of a new or existing layer to add the fill block
polygons to.

Via Extraction

Method- Choose between edge detection and neural network.

Via Settings

Method | Edge Detection v
Via diameter 20 iﬁ pixels
Size tolerance 20 ﬁ %
Start edge 3 o] %
Average edge & ~ | o
Circle similarity 0 =K
Brightness 0 =K
Cutput via size 10 iﬁ pixels

Drop floating vias |
Layer above

Layer below

Edge Detection

This algorithm attempts to identify vias by tracing the edge around white dots in the
image. The following parameters are used in this method:

Via diameter- This is the expected diameter of each via, in pixels.

Size tolerance- This is the percentage that the diameter is allowed to vary by.
For example, if the via diameter is 20, and the size tolerance is 10%, then
vias with diameters ranging from 18 to 22 will be identified.

Start edge- This is the minimum edge intensity pix2net will consider as it
looks for places to start tracing an edge that may turn out to be via. If this
value is too high, then Pix2Net will miss vias that are very faint. If this value
is too low, then it will take longer to extract vias, because the number of
edges that Pix2Net has to trace will increase.

Average edge- This is the minimum average edge intensity that a via must
have in order for it to be considered valid.

Circle similarity- This is how similar the shape of a via must be to a circle
in order to be considered valid. 0% means that all via shapes are allowed;
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100% means that only perfectly circular vias are allowed.

Brightness- This is how bright a via must be in order to be considered valid.
0% means that any via brightness is allowed; 100% means that only bright
white vias are allowed.

Output via size- This is the size of the via polygon that will be placed in
pixels.

Drop floating vias- When checked, select the metal layers above and below
the via layer to automatically drop any floating (not making contact with both
metal layers) vias detected.

How to extract vias using Edge Detection:

The best way to determine the correct values for these thresholds is to
use the “Show via report” feature. To do so, you must create a training
image. Here are the steps:

1. Click ‘Show polygons’. This will extract an initial set of vias with
the current settings.

2. Click the “Add image to training set” button. Enter a name for the
new training set, and then click “Ok”.

3. The “Manage Training Images” dialog will appear. Make sure that
the correct “Training Set” and “Training Image” is selected. Use
the “Add point” and “Remove points” tools to add missing vias and
remove extra vias. (Note: You can’t use “Undo” or “Redo” here).
When you’re finished, click “Close”.

4. Click the ‘Show via report” button. Make sure that you have the
correct image selected, and then click “Ok”.

The via report will list three statistics at the top: “Valid” is the number
of vias that were correctly identified, “Missing” is the number of vias
that were not extracted, and “Extra” is the number of edges that were
incorrectly identified as vias.

For each entry in the table, you will see its type (valid, missing, or
extra), its location in pixel coordinates, its size (the via diameter), the
edge intensity, the circle similarity, and the brightness. When you click
on an entry, you will see three views of the same area: The original
image, the filtered image, and the edge intensity image. You will also
see an “Edge points” list, which is the edge intensity at each point along
the via’s boundary.

If you want to figure out a good brightness threshold, for example, you
can click the “Brightness” column to sort the entries on brightness. If
you notice that all of the vias with a brightness below 70% are “Extra”,
and all of the vias with a brightness above 70% are “Valid”, then 70%
is definitely a good value to use for a “Brightness” threshold.
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Via Settings
Method | Neural Network 2
Neural Network | T]

Cutput via size 10 iﬁ pixels

Drop floating vias |

Layer above

Layer below

Neural Network NOTE For a tutorial with a step-by-step process with pictures, please
see: Neural Network

The new method for extracting vias is to use neural networks. The nice thing about
neural networks is that you do not have to manually specify thresholds; you simply
have to create training images.

To create a training image, follow these steps:

1.

7.

With the “Method” to “Edge Detection”, click ‘Show polygons’. This will ex-
tract an initial set of vias with the current settings. Make sure that you note the
diameter of the via here, because you will need that information in step 6. If your
image contains black vias, you may choose to use an “Invert” filter for this step,
because the “Edge detection” method only detects white vias.

Click the “Add image to training set” button. Enter a name for the new training
set, and then click “Ok”.

The “Manage Training Images” dialog will appear. Make sure that the correct
“Training Set” and “Training Image” is selected. Use the “Add point” and “Re-
move points” tools to add missing vias and remove extra vias. (Note: You can’t
use “Undo” or “Redo” here). When you’re finished, click “Close”.

Click “Cancel” to close the Feature Extraction window.

Click the “Neural Networks” button to open the Mange Neural Networks dialog.
Click “Add Network”.

Set the “Via diameter” to the same value that you used in step 1. Click the add
button next to “Training Sets” to add the training set that you created. On the
right side of the window, you can now cycle through every via in each image
of the training set. You should now adjust the “Downsample” and “Patch size”
parameters:

Downsample is the number of times the image on the right will be zoomed
out. You should choose the zoom level that makes each via as easily recog-
nizable as possible.

Patch size is the size of the image on the right. You should try to make the
patch size as small as possible (so that the neural network runs as quickly as
possible), without making the patch size so small that the vias are no longer
easily recognizable.

When you’re finished tweaking the settings, click “Create”.

You have created the network, but now you need to train it. Select the network
and then click the “Start training” button. The neural network will be trained in
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the background. When you start training, the vias will be randomly divided into
a “training set” and a “testing set”. The “Training accuracy” is the network’s
accuracy on the training images, and the “Testing accuracy” is the network’s
accuracy on the testing images. In general, the “Testing accuracy” is the most
useful statistic, because that measures how accurate the network is on via images
that it has never seen before. The training will stop when the number of epochs
reaches 10. (An epoch is a single pass through the entire training set).

8. When the network is finished training, click the “View samples” button to visu-
ally inspect the results. You will see the following columns for each entry:

Sample - A unique number for each entry in the table Type - “Training” if
the sample was in the training set, and “Testing” if the sample was in the
testing set.

Confidence - A percentage, from 0 to 100, the describes how confident the
network is that it labeled the sample correctly.

Correct - This is true if “Network label” matches “User label”.

Network label - The label (“via” or “non-via”) that the neural network chose
for this sample.

User label - The label (“via” or “non-via”) that the user specified for this
sample in the training image.

Click “Close” to close the dialog.

9. Click “Close” to close the Manage Neural Networks dialog. Click “Extract Poly-
gons”. Change the “Method” to “Neural Networks”, and set “Neural Network”
to the network you just added. If you used an “Invert” filter in step 1, then
you should now remove that “Invert” filter, because the neural network has been
trained on the raw, unfiltered image, so that is what it expects as its input.

10. Click “Show polygons” to extract the vias using the neural network. Don’t worry
if vias near the edge were not identified; the neural network will not try to identify
vias at the edge, because it does not have enough context. If you notice that some
vias are missing, but the “Testing accuracy” was very high, then the problem is
probably not the neural network; the problem is probably in the algorithm that
determines which image patches are possible vias that should be passed to the
neural network. This is a known issue that will be fixed in the future.

Preview Settings

Tile 49 E

Show polygons L

Palygon color J
Fill color o

Tile- tile being previewed in the four image panes to the right

Show polyogns- toggles the Polygons pane on or off.
Polygon color- click the square to select the preferred preview color
Fill color- click the square to select a color for the fill blocks when using identify fill blocks

The center section houses the applied filters for extraction. To add a filter click the green plus sign and
the Add Filter window will appear:
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Filters

The filters are sorted by four types - Pixel Transforms, Thresholding Filters, Smoothness Filters, and
Morphological Operations. Once the desired filter is added, highlight the filter to change the settings.

Pixel Transforms- filters that apply a formula to each pixel regardless of the surrounding pixels.

Brightness

Add Filter

¥ (& Pixel Transforms
B orighiness
| Gontrast
: Inwert
¥ [E' Threshalding Filters
[ Threshald
[ Otsu's Method
" Connectiity Threshald
¥ (& Smoothness Filters
“| Madian Blur
"l Gaussian Blur
| Bilateral Filter
| Sharpen
¥ (& Morphalogical Cperations
Y Dilate
_"| Erode
: Qpen

| Close

Increasas or decreasas the brightness of the Imaga. |

i e

| AddFilter | | Cancal |

Q)% t I

Enabled | Filter |

V| Brightness

Brightness Settings

Brightness adjustment IEI
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Negative values dim the image while positive values brighten the image.

Contrast

F l
Add Filter [,

v (& Pixel Transforms Increases or decreases the relative difference belween light and dark
[) Brightness colors.
Contrast
E] Invert
¥ (& Thresholding Filters
[ Threshald
[ otsus Method
[ connectivity Threshald
A [E Smaoothness Filters
EI Median Blur
E] Gaussian Blur [
[ Bilateral Fitter
E] Sharpen
A [E Morphological Operations
[ Dilate
E] Erode
[ open
E] Close

| AddFitier | | Cancel |

Q)% 1t 1

Enabled | Filter |

| Contrast

Contrast Settings

Contrast adjustment 0 iﬁ

Negative values decrease the difference between pixels, while positive values will
increase the difference.

Invert
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Add Filter

[E)

¥ (& Pixel Transforms
EI Brightness
E] Contrast

¥ (& Thresholding Filters
[ Threshald
EI Otsu's Method
[ connectivity Threshald
v (5 Smoothness Filters
E] Median Blur
E] Gaussian Blur
[ Bilateral Filter
| [ Sharpen
¥ & Morphological Operations
[ pilate
E] Erode
EI Cpen
E] Close

Inverts every pixel in the image. Dark areas become bright and bright
areas become dark.

[ Add Filter J [ Cancel J

Q)% t I
Enabled | Filter |

Invert Settings

This operation has no additional settings.

Histogram Equalization
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BN Add Filter

A E Pixel Transforms
E| Brightness
[ contrast

E| Invert

¥ (& Thresholding Filters
[ Threshold
[ otsu's Method
[ connectivity Threshold
v E Smoothness Filters
[] median Blur
[ Gaussian Blur
[¥ Bilateral Filter
[7] sharpen
A E Morphological Operations
[ Dilate
[ Erode
E| Open
E| Close

Histogram Equalization

ojx) 1 1

Enabled | Filter

This filter is for images that have imbalanced brightness.

The Histogram Equalization will balance out the histogram giving a
crisper contrast and brightness that is uniform for all tiles.

[ Add Filter J [ cancel J

V] Histogram Equalization

Histogram Equalization Settings

This operation helps balance image layers with inconsistent brightness and contrast

across their images. There are no additional settings for this operation.

Threshold

Thresholding Filters- transform each pixel according to whether it is below or above a certain value.
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.
Add Filter (S

v [E Pixel Transforms

Applies athreshold to each pixel in an image. The following threshold

[ Brightness types are supported:
[ contrast
EI Invert Zero lower values - Sets each pixel thatis less than or equal to the

¥ (& Thresholding Filters threshold to zero.

Threshold Zero higher values - Sets each pixel that is greater than the threshold to

[ otsu's Method zero.
[ connectivity Threshold
v [E Smoothness Filters Zero lower, maximize higher - Setg each plixel thatis less than or equal
7 ) ta the threshold to zero, and each pixel that is greater than the threshold
|:| Median Blur
nl te255.
E] Gaussian Blur
E| Bilateral Filter Zero higher, maximize lower - Sets each pixel that is greater than the
EI Sharpen threshold to zero, and each pixel that is less than or equal to the
¥ (& Marphalogical Operations TESE A 2
ELI Dilate Truncate higher values - Sets each pixel that is greater than the
[1 Erode threshold to the threshold value.
E| Open
E] Close

| AddFitter | | Cancel |

Q)% t I
Enabled | Filter |

| Threshold

Threshold Settings

Type [Zern lower values |v]

Threshold 127 iﬁ

Type is a drop down menu allowing the selection of the different types of thresholding.
Threshold is the value between 0 and 255. Look at the Filtered pane to see the effect.

Otsu’s Method
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,
Add Filter S|

A [E Pixel Transfaorms
EI Brightness

This algorithm attempts to automatically find a threshold value that
divides the image into foreground pixels and background pixels.

E] Contrast Foreground pixels will be setto 255, and background pixels will be setto
[ 1nvert Zero.
¥ (&5 Thresholding Filters

[ Threshotd

[ connectivity Threshold
A [E Smoothness Filters
[ Median Blur
E] Gaussian Blur [
[ Bilateral Filter
EI Sharpen
A [E Morphological Operations
[ Dilate
E] Erode
E] Open
[ close

| AddFilter | | Cancel |

o)% 1 I

Enabled | Filter |

| Otsu's Method

Otsu's Method Settings

Otsu’s method produces black and white images using automatically detected set-
tings. There are no additional user settings for this filter.

Smoothness Filters- affect the rate of change of pixels across an image

Median Blur
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r Al
Add Filter [E

¥ [ Pixel Transforms Reduces noise in an image by replacing each pixel with the median
[ Brightness value of its neighboring pixels. The window size determines how many
E] Contrast neighboring pixels are used to calculate the median.
EI Invert

¥ (& Threshalding Filters
[ Threshold
[ otsu's Method
[ connectivity Threshold
A [% Smoothness Filters
E] Gaussian Blur
[ Bilateral Filter
EI Sharpen
A [E Morphological Operations
[ pilate
E] Erode
EI Open
E] Close

| AddFilter | | Cancel |

Q)% t I
Enabled | Filter |

V| Median Blur

Median Blur Settings
Window size I 3 ﬂ

Mumber oftimes 1 ﬁ

Window size is the number of neighboring pixels considered to calculate the median
value. Number of times allows the filter to run multiple times.

Gaussian Blur
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F ™
Add Filter [

v [ Pixel Transforms Reduces noise in an image by setting each pixel to the weighted
[ Brightness average ofthat pixel's neighborhood. These weights are calculated from
E] Contrast a Gaussian distribution with a user-specified standard deviation.
[ 1nvert Increasing the standard deviation will increase the size of the features

that are blurred.

¥ (& Thresholding Filters

[ Threshald

EI Otsu's Method

[ connectivity Threshald
¥ (& Smoothness Filters

E] Median Blur

[ Bilateral Filter
E] Sharpen
¥ & Morphological Operations
[ pilate
E] Erode
EI Cpen
E] Close

[ Add Filter J [ Cancel J

Q)% 1 I

Enabled | Filter

an Blur

Gaussian Blur Settings

Standard deviation I 2

Mumber of times I1

(& &

Bilateral Filter
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- .
Add Filter S|

¥ (& Pixel Transforms Reduces noise in an image in a way that preserves strong edges. It can
[ Brightness be thought of as a selective Gaussian blur. This filter will blur the light
E] Contrast and dark areas, but the edges between the light and dark areas will
[ invert remain sharp. There are two settings:

v ) )
E Thresholding Filters The spatial standard deviation controls the size of the blur effect applied

EI Threshaold to the light and dark areas. As this value is increased, larger and larger
[ otsu's Method features will be blurred.
[ connectivity Threshold

¥ [& Smoathness Filters The intensity standard deviation controls the minimum intensity

T ’ difference that the blur effect is allowed to cross. As this value increases,
|:| Median Blur ) - A
- ) (1| stronger and stronger edges will become blurred. Ifthis value is high

[ Gaussian Blur enough, this filter will begin to act like a normal Gaussian blur.

Bilateral Filter

[ Sharpen
v [E Morphological Operations
1 [ pilate
E] Erode
EI Open
EI Close

| AddFilter | | Cancel |

Q)% 1t 1
Enabled | Filter |

V| Bilateral Filter

Bilateral Filter Settings

Intensity standard deviation 10

Space standard deviation 3

Mumber of times 1

() @)

Sharpen
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Add Filter

et

A [E Pixel Transforms
E] Brightness
E] Contrast
[ 1nvert

¥ (& Thresholding Filters
[ Threshold
[ otsu's Method

A [E Smoothness Filters
[ Median Blur
E] Gaussian Blur
[ Bilateral Filter
Sharpen

[ Dilate
E] Erode
[ open
EI Close

[ connectivity Threshold

A [E Morphological Operations

Sharpens the edges in the image by applying a Gaussian blur in the
opposite direction.

The Amount determines the distance the pixels are pushed in the
opposite direction of a Gaussian blur.

The Standard Deviation determines the size of the Gaussian blur.
Threshold controls the minimum brightness change that will be

sharpened. This lack of action is important to prevent smooth areas from
becoming speckled.

| AddFilter | | Cancel |

Q)% t I

Enabled | Filter

Sharpen Settings
Amount

Standard deviation
Threshold

Mumber of times

150

%o
.3 ﬂ
I[] ﬁ
.1 ﬂ

Morphological Operations- morphs the shapes of bright pixels. Works best on binary images.
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Dilate

i

Add Filter

A [E Pixel Transforms
E] Brightness
E] Contrast
E] Invert
¥ [& Thresholding Filters
[ Threshold
EI Otsu's Method
[ connectivity Threshald
A [E Smoothness Filters
E] Median Blur
[ Gaussian Blur
[ Bilateral Filter
EI Sharpen
A [E Morphological Operations
Dilate
E] Erode
E] Open
[ close

Grows bright areas along their boundaries.

| AddFitter | | Cancel |

Q)% 1 I

Enabled | Filter |

V| Dilate

Dilate Settings

Mumber of times I1

Erode
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Add Filter

===

A [E Pixel Transforms
[ Brightness
EI Contrast
E] Invert
¥ (&8 Thresholding Filters
[ Threshold
E] Otsu’s Method
[ connectivity Threshald
¥ [& Smoothness Filters
EI Median Blur
E] Gaussian Blur
[ Bilateral Filter
[ Sharpen
A [E Morphological Operations

[ Dilate

EI Open
E] Close

Shrinks bright areas along their boundaries.

| AddFiter | | Cancel |

Q)% t I
Enabled | Filter |

Erode Settings

Mumber of times I1

Open
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Add Filter

o

¥ [ Pixel Transforms
E| Brightness
E| Contrast
E| Invert
¥ (& Thresholding Filters
[ Threshald
[ otsu's Method
[ connectivity Threshold
v [E Smoothness Filters
E| Median Blur
E| Gaussian Blur
[ Bilateral Filter
[ sharpen
v [E Morphological Operations
[ Dilate
E| Erode

E| Cloge

Specs.

Performs an erosion followed by a dilation. Useful for removing white

| AddFilter | | Cancel |

Q)% t I

Enabled | Filter

Open Settings

Mumber of times I1

Close

172

Chapter 3. Reference



Pix2Net Documentation, Release 1.10.07

[ ==

Add Filter

v (& Pixel Transforms Performs a dilation followed by an erosion. Useful for removing black
EI Brightness Specs.
EI Contrast
E] Invert

¥ (& Thresholding Filters
[ Threshold
[ otsu's Method
[ connectivity Threshold
¥ (& Smoothness Filters
[ Median Blur
E] Gaussian Blur
[ Bilateral Filter
[ Sharpen
v [% Morphological Operations
[ Dilate
[ Erode
EI Open

Close

| AddFitter | | Cancel |

Q)% t I
Enabled | Filter |

Close Settings
Mumber of times I1 ﬁ

As many filters as desired can be added. Once a filter is created it can be turned on and off by the check
mark. Once the desired results are obtained in the Filtered pane and the Polygons pane, click Extract to

extract the polygons.

For a tutorial over extracting polygons, please see: Polygon Extraction
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Clear Polygons

Clear

Polygons

Clears the polygons of the selected layer in the Layers window. The following confirmation window will
appear:

Feature Deletion

2z

Are you sure you want to delete all features from the layer'md lines? This cannot be undone.

Training Images

@
R

Training

Images

adjustments to the training set as needed and click close.

Manage Training Images

This will open the Manage Training Images window that can also be opened from the Extract Polygons dialog. Make

Training Set

7] %] [3)7)2)@) ©]©) =] crueragus: 20 5] uneThicness:” 20 [ cotor [l opacty: O
<

x
Select training set
v

Training Image 1%

Name a
Layer 18, Tile 18
Layer 18, Tile 21

i

Training tiles in the set

| close |
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Neural Networks

For a tutorial over using the Neural Network, please see: Neural Network

i

MNeural
Metworks

This will open the Manage Neural Networks window.

Manage Neural Networks X

(0)» m %

Mame & | Downsamples Patch Size Training Time Epochs Training Accuracy Testing Accuracy Training

. Close .

The user will need to click the green + sign to add a new neural network. The Create Neural Network window will
appear:
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Create Meural Network *

Name:  Network 1 Image: | Layer2, Tile 49 | ¥
Via diameter: 20 B pixels Via: | 0 B of 63
Downsample: 2 B times

Patch size: 24 B pixels
Add training sets here

Training Sets lg| @

Name i

Create | | Cancel |

Click the “Neural Networks” button to open the Mange Neural Networks dialog. Click “Add Network”.

Set the “Via diameter” to the same value that was used in creating the image set. Click the add button next
to “Training Sets” to add the training set that was created. On the right side of the window, cycle through
every via in each image of the training set. Adjust the “Downsample” and “Patch size” parameters:

Downsample is the number of times the image on the right will be zoomed out. Choose the
zoom level that makes each via as easily recognizable as possible.

Patch size is the size of the image on the right. Make the patch size as small as possible (so
that the neural network runs as quickly as possible), without making the patch size so small
that the vias are no longer easily recognizable.

Click “Create”.

The network is created, but now it needs to be trained. Select the network and then click the “Start
training” button. The neural network will be trained in the background.
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Manage!UalNetworks w

View samples

@I

Namg'% 4 Downsamples | PatchSize | Training Time | Epochs | Training Accuracy | Testing Accuracy | Training |
24 32 seconds 100 Mo

Start training

Close

When the network is finished training, click the “View samples” button to visually inspect the results. The
following columns are present for each entry:

Sample - A unique number for each entry in the table Type - “Training” if the sample was in
the training set, and “Testing” if the sample was in the testing set.

Confidence - A percentage, from 0 to 100, the describes how confident the network is that it
labeled the sample correctly.

Correct - This is true if “Network label” matches “User label”.
Network label - The label (“via” or “non-via”) that the neural network chose for this sample.

User label - The label (“via” or “non-via”) that the user specified for this sample in the training
image.

Click “Close” to close the dialog.

Extract Memory

g T
Tag T
Ty _ T

o2

Extract
Memony

Selecting Extract Memory pulls up the extract memory window:
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Memory Extraction

Include  |1d | Mame Min Correlation |
& 2 Memaory Block 80
Layer: [La].rer |']
Block Labels: [il‘u‘lake new category= |T]
Block Search Area: 0 b X 0 Bl um
Grid Size: 0 5 X 0 5 blocks
Block Focus Size: 80 o X 80 [yl %

Bit Focus Size:

Bit Focus Weight:

DK
-+ x

0

1

Run Options: (/] Refine Block Locations
(/] 1dentify Bits

[ Extract J [ Cancel J [ Help J

For procedures on ROM extraction see Extracting Memory from Images

Export Bits

Select to export a .csv file containing the bits in the ROM.
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Bit Export x

Bit Labels: [[Nn Labels Exist] T]

Filename: :\sers\Jkelly\bits csv

Row Drift: ] E nm

Flip: ®MNone (&= () |
Rotate: (@Mone (U@ U4 L

l Export J l Cancel J

Remove Image

&
Remowve
Image

Click and drag over the images/tiles that need to be deleted. Make sure that the tile(s) that will be removed is (are)
correct, as it cannot be automatically undone.

Image Settings

~ulfl
X

Image
Settings

Change project’s image storage format @

Criginal Image Format: [F’nrtable Melwork Graphics (.png) T]

Generated Image Format: |JPEG (jpa) ‘l’]

| Ok | | Cancel |

The Original Image Format denotes the extension for the original tiles set. This will convert images from .png, .jpg,
.bmp to .png, .bmp, .jpg. The .png format is recommended to reduce the size of the dataset.

The Generated Image Format denotes the extension for images generated by Pix2Net. These are the images stored in
the warped and mulitscale directories. The recommended format is .jpg

Polygon Tab

The Polygon tab has features that deal with adding, editing and moving polygons to new layers.
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File | Home | Capture | PCB | Alignment | Image | Polygons | Cells | Netlist SchemathSpemrumTTrustedDesignTLahe\s Wiew | Help

BEE

I

e
[+]

N l:‘ N =il
S S Ly
Add Set  Set Select Fresfom  C Select  Move ne
Layer Color Pattem | Aea  Awa Polygons Polygons Polygons  Amay

The following tools are available in the Polygon tab:

e Add Layer
e Set Color
e Set Pattern

e Select Area

Freform Area

e Clone Area

Select Polygons

Move Polygons

Clone Polygons
* Clone Array

e Add Line

* Add Rectangle

* Add Square

* Add Circle

e Add Polygon

* Erase Rectangle

e Erase Circle

Erase Polygon

Settings

Polygon Operations
* Adjust Grid

Add Layer

(4]

Add
Layer

T
Clone.

/S B OO0C LB

Add
Line

Add Add Add Add

Rectangle Square Cice  Polygon

Paiygan Adjust
Operations Gnd

CCR

Ersse  Erase  Erase  Erass  Settings
Line Rectangle Cicle Polygon

Adds a new polygon layer to the project. A Create Image Layer Association window pops up. This allows the new
polygon layer to be associated with images and layer warp grid.
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B8 dd Polygon Layer >

Mame: Polygon Layer

Reference image layer: [[Nn reference layer] "J

| AddLlayer | | Cancel |

Set Color

E
EE
=

Set

Color

H HeHH

Mare colors...

Changes the color of the active polygon layer.

Set Pattern

Set
Pattern

Sets the pattern for the active polygon layer.
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Select Area

]

Select
Lrea

Allows the user to select a rectangular area of polygons that will later be cloned (in clone area). This is different from
selecting and cloning polygons because once the selected area is cloned, everything that is selected in the area will
be cloned exactly to where the user places it. This includes all polygons and even blank space that will be cloned, so
make sure that whatever area that needs to be cloned does not have any unnecessary polygons. At the same time, make
sure that there are no necessary polygons within the space that the clone will be placed.
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This is the same as Select Area, but the user is able to draw out their own boundaries to choose what area will be
cloned.

Clone Area

i

Clone

Area
This allows the user to take the selected area or freformed area and clone it anywhere by just clicking and dragging

the polygons to the correct spot. This also allows users to clone blank spaces (for when the extraction of polygons is
placed incorrectly over areas that should not have polygons) For an example, see Selecting and Cloning Areas

Select Polygons

Select
Polygons

Click and drag to select a single polygon or group of polygons

Move Polygons

P

Move
Polygons

With the selected polygons highlighted, click and drag to move that group to a new location.
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Clone Polygons

T

Clone
Polygons

With the selected polygons highlighted, click and drag to copy that group to a new location.
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Clone Array

T
Clone

Array

The Clone Array feature allows the user to create multiple copies of one or more polygons, each set placed a fixed
distance from the original/previous set in a specific direction. This ability is useful whenever a regular pattern of
polygons needs to be created by hand. For example, a grid of 100 squares could be created by creating a square,
cloning it 9 times right, then cloning that newly created row 9 times down.

To use the feature:

1. Use the select polygons tool to select all polygons which will be cloned. The Clone Array ribbon button will
become enabled.

2. Click the Clone Array ribbon button.

3. In the dialog which appears, specify the direction from the original the polygons should be placed, the number
of sets of cloned polygons to create, and the distance each set of polygons will be moved away from the previous
set. You can specify a unit for the distance value entered.

. Click “clone,” and the polygons will be created.

iggiﬁ“ﬂ/%

Add Add
Polygons | Amay Line Rectangle Sqguare
a Clone Selected Polygons et
Direction: | Up ‘l’] I
Clone Count: 1 _%J

Step Distance: 1_%] um | ¥

[ Clone J [ Cancel J

Add Line

/

Add

Line

Left click anywhere in the overlay window to add a start point to the line, a second click adds the endpoint. After
adding the start point holding shift will force orthogonality. Hold Ctrl when the width of the line is determined to
adjust the height. Use Shift to keep the line perfectly horizontal, vertical, or diagonal. The thickness of this line can
be defined in the Polygon Settings window.
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Add Rectangle

-
—

Add
Rectangle

Click and drag to outline a box when the left mouse button is released a rectangular polygon will be added to the active
layer.

Add Square

Add

Sgquare

Left click in the overlay to add a square to the active polygon layer. The square size can be specified in the Polygon
Settings window.

Holding Ctrl before clicking allows the user to adjust the size of the square.

Add Circle

Add

Circle

Left click in the overlay to add a circle to the active polygon layer. Hold Ctrl before left-clicking, and drag the mouse
to increase or decrease circle size, or adjust the size in the Polygon Settings.

Add Polygon

&

Add
Polygon

Left click in the overlay window to start adding points, once three or more points are connected, the polygon will be
added to the active layer.

Erase Line

Erase
Line
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The same as Add Line, but erases a defined line instead.

Erase Rectangle

]

=

Erase
Rectangle

Click and drag to outline a box when the left mouse button is released any polygons inside the box will be deleted.

Erase Circle

Erasze
Circle

Click in the overlay to erase a circular area of polygons. The size of the circle is dependant on the size of the last used
add circle tool.

Erase Polygon

Eraze
Polygon

Left click in the overlay window to start adding points, once three or more points are connected, the polygon will be
erased on the active layer.

Settings

e
ral

r:

Settings

The polygon settings windows allows adjustment to the line thickness, square size, and circle radius in microns. There
is also a setting to adjust the maximum polygon size

The max polygon size determines the maximum width and height of the polygons in the project. If a tool attempts to
create a polygon larger than this size, the polygon will automatically be split until its dimensions no longer exceed the
max polygon size. If this value is too high then polygon rendering and netlisting will start to become inefficient.

Select active layer to tell Pix2Net that when selecting layers, the user only wants to select the active layer. Select
visible layers to be able to select all visible layers with polygons. While using this feature, the user can only move
polygons (no cloning). Using the ‘Select Area’ feature will only select the polygons that are highlighted in the ‘Layers*
window.
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The user can also click on Use Grid to have Pix2Net place a grid on the overlay to help assist with pitch and scale
correction of devices. The grid spacing and origin can be adjusted for X and Y coordinates.

B8 Polygon Settings *

The selection tool will select polygons on the
(®) active layer
|_) visible layers

Line Thickness: 1 I] um

Square Size: 0.06 I] Km

Circle Radius: 05 I] Mm

Max Polygon Size: 20 Z] pm
Use Grid: ||

Grid Origin: x 0 5 y 0 I] pm

Grid Spacing: x 100 E] ¥ 100 I] nm

[ oK | |_ Cancel |

This is what will show on the overlay when Use Grid is selected:
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Polygon Operations

Operations

Clicking this button opens the Polygon Operations window. The left column lists the available polygon operations.
The right column gives the user options for each operation.

B Polygon Operations *

Straighten Applies afilter to straighten polygons.

Filter Out Fill Blocks Target Layer

Eliminate Owerlaps — - —
. | diffusion minus poly ‘FJ
Union :

Intersect Profile to Use
Subtract

XOR

Grow

Shrink
Conditional
Check Vias
Proximity Check
Thickness Check
Reduce Precision

Select a profile created in the Extract Polygons® window to use for the settings:

Profile 4| Profile Type | Layer Id |

Output

@ Cwerwrite the polygons in the existing layer
) Save the results to a new layer

| Perform Operation | | Cancel |

Creates a new polygon layer by performing a transformation on existing polygon layers. The operations are as follows:

* Straighten: Applies a filter to straighten polygons.

e Filter Out Fill Blocks: Applies a filter to identify.

* Eliminate Overlaps: Fixes overlapping polygons by union or elimination.

* Union: Generates a new layer by merging all polygons from two selected layers.

o Intersect: Generates a new layer by that consists of only the intersection of two selected polygon layers.
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* Subtract: Generates a new layer by subtracting one polygon layer from another.

* XOR: Creates a new layer by exclusive.

* Grow: Creates a new layer by expanding all the polygons by a specified amount.

o Shrink: Creates a new layer that shrinks all polygons by a specified amount.

* Conditional: Performs a conditional operation on the polygons in a layer.

* Check Vias: Generates a report for vias not well centered in polygons from a check layer.
* Proximity Check: Generates a report for polygons which are placed too closely.

* Thickness Check: Generates a report for polygons which are too thin.

* Reduce Precision: Reduces the precision of each polygon in a layer.

Adjust Grid

= i
1 1

=i

Adjust
Gnd

=1

Once Use Grid is turned on in the settings, the user may adjust the grid by clicking and dragging the grid along the
overlay window. There will be a small white plus sign towards the upper left-hand corner of the image to help the user
adjust the grid accordingly.

More Information

For more information on placing polygons and what the user can do with them, click this link: Polygon Placement

Cells Tab

The Cells tab has features that deal with adding cells, editing cells and ports, creating netlists, adding search plans and
scanning areas for matching cells.

File | Home | capture | PCB | Alignment | Image | Polygons | Gells | Netist | Schematic | Spectrum | Trusted Design | Labels | view | Help

S = w0 * v = QL@@ | 8 AL &K
s & [P = oW B T ¥ Q | {& b s R

Select Move FAe Find

Cell == CellInstance Technology Generate  Creat= i Select Actve  Show ruth  Netist  Identify Cel  SingleCel  Area Seleot Add Delete Options
Window Search Diffusion ExtemalPos  Net  MNets  Schemate Table Tex  Cel Search  Search  Search KeyPoinis KeyPoim Ky Fo

T

The following tools are available in the Cells tab:
* Cell Window
o Select
* Move
* Resize
* Cell Instance Search
* Add Cell
» Add Cell Instance
* Add Port

e Technology
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Generate Diffusion
Create Netlist
Find External Ports
Select Net

Active Nets

Show Schematic
Truth Table

Netlist Text
Identify Cell

Cell Search

Single Cell Search
Area Search

Select Key Points
Add Key Point
Delete Key Points

Options

Cell Window

Cel
Window

This toggles the Project Cells window.
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ProjectCells - _@ X
=) 8= E)EE) ¢ (1P
YTOP(1)| | ®

¥ Dig Block 1(53)
» BLOCK 0 ARRAY (478)
2MOR (85)
2MOR (531)
2MOR (532)
ANAND (287)
BUF (205)
BUF (270)
BUF (278)
BUF (283)
BUF (293)
DFF (81)
DLAT (20)
INV (22)
INV (239)
NAND2 (83)
» LOGIC BLOCK 2 (452)
» LOGIC BLOCK 3 (477)

This window shows library cells that have been added to the project as well as the cell hierarchy. Many netlist
properties and cell instance information windows can be opened from this panel: Project Cells Reference

Select

Using the select tool either click inside the desired cell or click and drag around a group of cells to highlight them.
With the cell highlighted, tools like move and clone can be used.

Move

P

Mowve

With a cell highlighted, select the move tool. Clicking and dragging in the overlay will move the cell.
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Resize

aal

Resize

The resize tool adds a node to each corner of the highlighted cell. Any of these nodes can be clicked and dragged to
resize the cell.

Note: When resizing a cell all instances of the selected cell are also resized.

Cell Instance Search

Cell Instance
Search

Allows user to view instances of all cells which are children of the active netlist and search for unique cell names.
The Cell Instance Search window will open in the bottom pane.

Cell Instance Search

[©][# | snowtnedirst 100 |¥] of 128 instances Property Value Port 4| Type | Layer |
cell LOGIC BLOCK 1 L13_444_N430 Input [E i

Name 4/ Cell id | | Erectrical Typs L13_559_N430 Input M3

U1793  BUF 1703 1] | name U180t 113_599_N430 Input M3

U1794  BUF 1794 Parent u2977 L14_319_N461 Output 2

U1795  BUF 1795 Parent Cell LOGIC BLOCK 1 L14_319_N4T1 Output 2

U1795  BUF 1796 1d 82765 L14_319_N478 Output 2

U1797  BUF 1797 Lower Left (um) 448,514 L14_319_N485 Output M2

Ui798  BUF 1798 Orientation Rolated 180° Clockwise L14_319_N4g4 Output 2

U1799  BUF 1799 L14_319_NS01 Output M2

U1800  BUF 1800 v L14_319_N504 Output M2 v

[ ellinstances | Cellinstance Search |

Click on the magnifying glass to search for a particular instance in the netlist. The overlay camera will zoom to the
instance.
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r

Enter Cell Instance Mame ﬁ

Enter the name to search for:

[ OK J [ Cancel J

L

- |

Click on the wand to annotate cell instances using the desired convention

Annotate Cell Instances >

Prefix Style

@ Ise spice prefixes (M’ for mosfet)
u LUse board prefixes ('QF for mosfet)
k_J Lse generic prefixes (U for everything)
[Applytn cells in the current netlist T]

[ Annotate J [ Cancel J

The drop-down option lets the user apply this to the cells in the current netlist or to all cells in the project.

Add Cell

Add
Cell

Create a new cell by adding a rectangular boundary for the cell instance. Recommended the user should have cell
identification knowledge before placing cells.

Add Cell Instance

!

Add
Cell Instance

With a cell highlighted, click and drag to add a copy of this cell instance. This new cell will not add a new entry to the
Project Cells list and all ports and electrical properties are replicated.
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Add Port

A
Add
Port

With a cell highlighted and the Add Port tool engaged, clicking anywhere in the cell will add a port at that location. A
Add Port window appears to collect information about this new port.

Add Port [5m)

Cell: NAMDZX2
Instance: LUE88_LNM
Met Mone
Location: 282.861,-72.979 um

Mame: ﬂ.|
Layer. | m4 lines T]
Type: | Input T]

[ Save J [ Cancel J [ @ J

This window displays the cell name, cell instance name, the net that the port will be added to and the coordinates of the
newly added port. Information about the port is included here including, the port name, the polygon layer associated
with the port and the type of port (input, output, VSS, VDD, ect.)

If the port is placed outside the cell boundary an error will appear. Click OK and be sure that the port is in the cell
boundary.

Unable to Add Port ==

nable to add a port outside of the selected cell instance.

Technology

==
Technology

User determines the number of metal layers.
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Allows the user to define the metal layer (on the left) to the corresponding layer (on the right).

B8 Technology et

Metal La].fers:[ h Ii] [ Auto-Assign J

Via 1 |1 ¥
Metal 1 | M1 ¥
Contacts | Contacts R
Bulk Contacts | Bulk Contacts ¥
Palysilicon | Poly .‘I’J
Diffusion | Active ¥
P-Well Layer | P-well ¥
N-Well Layer | N-Well ¥
Library Cell Top Metal 1 ]

[ DK J l Cancel J

If the layers are correctly in order and defined correctly in the layers window, the user can click on Auto-Assign and
Pix2Net will assign the correct layers to their corresponding layer.

Generate Diffusion

.

>

Generate
Diffusson

Before using this feature, make sure that the Poly and Diffusion layers are defined in Technology. This allows the
user to easily create generated diffusion and generated transistor layers. When selecting this, the user has the option of
either generating diffusion within a cell or the whole layer. NOTE Diffusion layers need to be defined before finding
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transistors within a cell (which is automatically detected when creating a netlist for a library cell). Generating diffusion
tells Pix2Net to find where the diffusion layer intersects with the poly layer. Pix2Net shows the user that the generated
diffusion layer will be the diffusion minus the poly, and the generated transistor layer will be where the poly and active
overlap. For more information see Adding a Cell

Create Netlist

i

Create
Methist

Select the cell to netlist. For selecting a cell see: Project Cells Window
Before creating a netlist, generate the diffusion for the layer.

Click on the Create Netlist icon to define a cell as a Library Cell, a Library Cell with Bulk, a Circuit Block, or a Custom
cell.

B8 Create Netlist - Cell 100 ®
Library Cell v
Enabled | Conductor 1 | Via | Conductor 2 |

[ Create J [ Cancel J [ (7] J
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B8 Create Netlist - Cell 100 X

Wial

Contact
Contact
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B8 Create Netlist - Cell 100 X

3.1. User Interface 199



Pix2Net Documentation, Release 1.10.07

B8 Create Netlist - Cell 100 X
[Custnm T] l Enable All J l Disable All J
O Enabled | Conductor 1 | Via | Conductor 2 |
(] M1 Via1 M2

|_Dn not detect transistors TJ

[ Create J [ Cancel J [ (7] J

Select the desired type. Typically diffusion and poly layers are only used in library cells and metall and above are
used in larger cells that contain routing information.

The newest feature, Library Cell with Bulk is for users that need to detect four transistors (rather than 3), and needs
both the P-Well and N-Well defined in 7Technology. This is used for analog circuits; it will allow the user to create
a netlist and view a schematic. Four transistor cells are not able to be simulated in Pix2Net, so the Netlist Text and
Identify Cell will not work for this cell.

Each instance of each cell can have it’s own netlist. Once the primary cell instance has been netlisted, the netlist
command will run without asking for the layer connections. It will simply use the same layers selected for the primary
instance.

If the cell instance already has a netlist the following message will appear:
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Netlist Already Exists )

A netlist already exists for the selected cell instance.

Lox ]

Find External Ports

Find
External Ports

Finding external ports will find all ports that enter or leave the selected cell. with the exception of the top cell.

¥M™ Find External Ports pd

Cell type:

@ Library cell
(_J Hierarchical cell

External ports should be placed:
near the cell boundary
Distance from boundary: 100 nm
next to one of the internal ports

X Offset: 0 nm Y Offset: 5 nim

l Find Ports J l Cancel J

Options for placing the ports are listed in the Find External Ports window.

Find External Ports

Select Net

¥
¥

Select
Met

When highlighted, the select net tool will highlight a net in the active netlist. Click on the polygon in the overlay
window to highlight nets in red.
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To change the default color see selected net in Preferences

Overlay
=

Active Nets

L]

Active
MNets

When highlighted, the Active Nets window is open. It will be a tab under the overlay.
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Owverlay @ = x

Active Nets v
| =] o||'_f;“ Mets: 459 External: 74 Intemnal: 385 Errors: 3 Cellld 4| Cell Instance Port Layer Type
38 CLKBUFX3 U183 A m1lines Input

Id 4| Name Ports Polygons State Type Errors | 38 CLKBUFXS U195 z m lines OEIpul
i

6222 NG161 2 10 L4 Internal

6223 NB162 2 11 4 Internal

6224 MNEB163 2 16 v Internal

6230 042 2 26 L4 External

6232 NB171 2 22 L Internal

6233 046 2 19 W External

6240 031 2 28 4 External

6263 044 2 13 v External L/

6336 NG6273 2 1 ol Internal v

Nets highlighted in the overlay will be selected in the Active Nets netlist. The left pane of the Active Nets window
contains the net id, name, number of ports, number of polygons, error state, net type, and errors. The right pane of the
Active Nets window lists all of the ports and cell information connected to the highlighted net.

]

=
The outline mode icon l;.l controls the selected net outline mode. Default is to show the net with the
layers filled in. When depressed, only the selected net outline is shown.
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The ignore errors icon == ignores any errors on the selected net. The purpose is to give the user a marker

for nets visited that have false errors being reported.

The add filter icon . filters out the nets by column and parameters set in the window:

b

B ~dd Filter

==

| Mame

TJ | starts with _"J

| AddFilter | | Cancel |

A

The left window contains the list of nets. Here are the columns:

¢ Net: The name of the net.

* Ports: The number of ports in the net.

* Polygons: The number of polygons in the net.

 State: A green checkmark indicates no errors. A red x indicates at least one error.
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* Error: A short description of the net’s error.

If you click on a row, then the camera will zoom to the net and highlight it, and the right window will show the details
of the selected net.

The right window contains the list of ports for the currently selected net. Here are the columns:
* Cell Number: The number of the port’s cell.
 Cell: The name of the port’s cell.
* Instance: The name of the port’s instance.
¢ Port: The name of the port.
» Type: The port type: Input, Output, Inout, VSS, or VDD.

If you click on the right column, then the camera will zoom to that particular port.

Show Schematic
.’.//

Show
Schematc

Brings up a window that shows the schematic for the active netlist. The window will open as a tab in the overlay.

7O %

Schematic (Active Netlist)

Overlay | Schematic (Active Netlist) J |

When viewing a schematic in manual layout mode, the user can use the “select” tool in the “schematic” ribbon tab to
select some number of schematic cells. The user may then right-click on the schematic window and choose “move
components to new block.” This will replace the selected schematic cells with a newly created hierarchical block. All
of the nets connected to the old schematic cells will route to the new block, and you can double-click on the block to
enter it and see the cells that it now contains.

Note

The user can only show the schematic if synchronize mode is off.
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Truth Table

Truth
Table

The Truth Table is the automatically created truth table of the circuit.

Truth Table (

] compact - Regenerate .

A alB |z

0 ?

1 7

State 4 | Initial A |B il

1 Yes 0 0 ?

2 Yes 1 0 ?

3 Yes ] 1 ?

4 Yes 1 1 ?

5 No 1 1 ?

Transition 4| Input Mext Input Qutput Mext Qutput Action Qutput Changes
142 00 10 ? ? Raise A Mo
1-+3 00 01 ? ? Raise B Mo
21 10 0o ? ? Lower A Mo
245 10 11 ? ? Raise B Mo
3-+1 01 0o ? ? Lower B Mo
i-+5 01 11 ? ? Raise A Mo
442 11 10 ? ? Lower B Mo

Overlay | Truth Table (Active Netiist) |

Netlist Text

Methst
Text

This shows the user the functional verilog, component verilog, H functional verilog, spice, VHDL, and comma-

separated values for the active netlist.
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Metlist Text (Active Metlist)

Format: [Funmiunal Verilog |']
1/ Uig29
2 module 2NOR 275 (AO, BO, AIN, BIN, EN);
3
4 input EN, BIN, AIN;
3 output AQ, BO;
7 nor (AQ, AIN, EN);
i nor (B0, BIN, EN);
9
10 endmodule // 2NOR_275
11
12
Identify Cell
@
|denthy
Cell

Once a cell has been placed, its netlist has been created, and its external ports have been found, the user can press
Identify Cell and Pix2Net will figure out what type of cell it is. For more information on how to add a cell to a
netlist and identifying it, please see: Adding a Cell

Cell Search

E‘E
" ¢

Cell
Search

Opens the Search Plans tool window:
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Cell Search By X
Search in: BLOCK 0 ARRAY (478) | &

DECRIE

|Cell afild |

—[ Cell Search l Anchor Groups l Project Cells J

This window allows search plans to be added, deleted, modified or executed.

Pressing on the settings button will bring up the Cell Search Settings window:
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Cell Search Settings >
BIEELS
Layer & | Type | Initial Key Paints | Settings for ImageQuality
M1 Image  CA | Low ]
M1 Polygon ~ CA ( Medium |
[ High ]
Custom Settings
[ Custom 1 J
[ Custom 2 J
Edit Settings
lm] [ Cancel J
Advanced Cell Search Settings X
General K
M1 Minimum score a0 - %
M1 Minimum score 80 — %
Maximum cell overlap 0z =~ pm
Maximum layer misalignment | 0.02 — um
Cell Boundary Size 0 = um
Zoom level | 25% |'J
Single cell tolerance 500 iﬁ nm
Use GPU J
Verify orientation O
Use Color ]
Key Points
Minimum key point score 92 iﬁ %
Invalid threshold 80 - %
Discard threshold 70 =k
Key point size 100 iﬂ nm
Maximum key point offset I50 iﬁ nm F
ol h
[ Save J l Cancel J

This allows the user to define the layer(s) that should be referenced while searching for similar cells, set settings for
key points, as well as defining which layer should be used for setting key points. On the right side, There is an edit
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settings button which will bring up the Advanced Cell Search Settings window, where the user can set various advanced
settings for cell searches. Under settings for image quality, it can be set at low, medium, or high qualities for images
(this will change the preset settings in the advanced settings). There is also a custom 1 and 2 setting so the user can
customize the advanced settings if the preset settings are not satisfactory.

For more information on search plans see: Performing a Cell Search (Scroll to step #8 for more information over key
points)

Single Cell Search

Single Cell
Search

Draw a rectangular area that acts as the boundary for the selected search plan.

Cell Search

@@@ Results: 1 Valid: 1

Valid | Score ¥ KeyPoints | Cell [ld |

100 BUF

| celsearch | Project ceils |

A pop-up will appear listing all cells in the selected search plan. Please see Performing a Cell Search for a detailed
tutorial on searching for cells.
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Area Search

Area
Search

Area Search searches for potentially multiple placements for each cell in your search plan, all within the area you
draw. This is different from Single Cell Searches because it allows the user to look for more than one cell.

Select Key Points

Key Points

Allows the user to select key points within a search cell to delete incorrectly placed key points.

Add Key Point

/ )
Add
Key Point

Before adding key points

When doing a cell search, the user can add Key Points to tell Pix2Net to look for selected specific points when
searching for cells. In order to see key points, the user needs to have the “Cell Search” window open, and have one
of the cells selected in the list. (Double-clicking on that cell in the Ce11 Search window will take the user to the
correct place in the overlay.) Finally, the image layer that the key points were added to must be visible. If the key
points are not showing up, then the most likely causes are that the cell is not selected in the “Cell Search” window, or
the image layer the key points were added to is not visible.

To see key points, make sure that the cell is highlighted in the ‘‘Cell Search*‘ window, key points are defined in the
settings of the “‘Cell Search‘, and the image layer is turned on.

a Cell Search Settings

B

Layer & | Minimum Score | Initial Key Paoints |
M 98 CA
Polysilicon 93 CA
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Cell Search Bf X
Searchin: LOGIC BLOCK 1 (473) | &

L JI#)19) %) &)

| Cell A Id |
] 2MoR 85
Bl 4ANAND 287

| ceirsearch | Project cells |

For more information, please reference: Performing a Cell Search

ELINT3

Manual Placement — The user can use the “select key points,” “add key point,” and “delete key points” tools in the
“cells” tab of the ribbon interface to manually manage key points within a selected cell which has been placed in a
search plan. These tools operate on the main overlay window, and allow you to define the important regions of a cell
image. For a tutorial on adding key points manually, please see: Adding Key Points Manually

Automatic Placement — If the user finds that placing a key point on every via yields good results, the user can instruct
Pix2Net to do this step (we recommend the automatic placement over manually placing key points). When defining
the cell search settings, define one or more image layers to use in the comparison. At this time, the user may also
specify a polygon layer with the “initial key points” setting. If the user has specified an initial key point layer, then
whenever a cell is added to the search plan, that cell will automatically be populated with key points according to the
initial key points layer. For each polygon on the initial key point layer which is within the cell bounds, a key point
will be placed at that polygon’s centroid. For example, if we create a search plan to search on M1 images, and set the
initial key point layer to Contact polygons, we will automatically get a key point at the center of each contact. To see
the key points, make sure the image layer is on. Here is an example of a cell on the M1 layer using Contacts as key
points (the small dots within the red squares are the key points).
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Delete Key Points

7=
Dielete
Key Points

Once a key point or points are selected, clicking this will delete the key point(s) (or press the delete key).
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Options

Options

Brings up the Cell Options window.

B8 cell Options =

| | Use Flat Hierarchy

| Save | | Cancel |

Allows the user to switch on and off the following options: to show ports in modules, to show cell boundaries in

modules, and to tell Pix2net to use a flat hierarchy.

Netlist Tab

The Netlist tab creates and manages netlists for all cells.

File | Home | Capture | PCB | Alignment | Image | Polygons | Cells | Netlist ScngmatmTSpemrumITruslsstslgn Labels | View | Help

BB & QX | (LY ODE 2wy B Q<

3 & Anahze Clear Select Acive  Show  Truth  Netist Logc  Shon Check Idently by Idendly
Browser lietizt  Connections  Netist  Netists Net  MNets  Schematc Table  Text Paths  Finder Netists Portz Truth Table by Netist

The following tools are available in the Netlist tab:
* Netlist Browser
* Create Netlist
* Netlist Connections
* Analyze Netlist
* Clear Netlists
 Select Net
* Active Nets
* Show Schematic
e Truth Table
* Netlist Text
» Logic Paths
 Short Finder
e Check Netlists

8 g X X
Clone  Goldi

3D

Add Load
3D Nethst  Viewer

Sectiol

XX

e jen
nt  Polygons LibGDS
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e Find External Ports

e Identify by Truth Table

* Identify by Netlist

e Add Section
e Clone Cell

* Refine Placement

* Clone Polygons
e Golden Lib GDS
* Load 3D Netlist

e 3D Viewer
Netlist Browser

Metlist

Browser

Brings up a window to show the user all the cells within the netlist. If a cell is double-clicked, the user is brought to
the cell in the overlay.

Neflist Browser £ x
Cellld &/ Cell | Primary | Location | Analyzing | Detect Transistors |
1 TOoP Yes 0.000, 0.000 No No [&]
51 NOR2 Yes 45.178,-28.746 Yes Yes
52 NOR2 Yes 42.435,-28.556 Yes Yes
53 Dig Block 1 Yes -0.941,-95.133 Yes No
54 INV Yes 47.569,-34.225 Yes Yes
55 NOR2 Yes 40.264,-28.409 Yes Yes
56 NAND3 Yes 34.074,-28.580 Yes Yes
57 ANDZ2 Yes 33.956,-31.583 Yes Yes
58 NANDZ2 Yes 39.301,-31.340 Yes Yes
&0 LOGICH Yes 33.548,-37.172 Yes No
61 DFF Yes 86.620,-65.555 Yes Yes v
Create Netlist
Create
Methst
Select the cell to netlist. For selecting a cell see: Project Cells Window
Click on the Create Netlist icon to bring up the window:
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M Create Metlist - Cell 479 >
Library Cell | ™ Enable All Disable All
() |Enabled | Conductor1 | Via | Conductor2 |
o [ fia 1 Mz
Puolysilican CA 1
] Active CA W1

Detect transistors

[ Create J [ Cancel J [ @ J

Select the desired layers. Typically diffusion and poly layers are only used in library cells and metall and above are
used in larger cells that contain routing information.

Each instance of each cell can have it’s own netlist. Once the primary cell instance has been netlisted, the netlist
command will run without asking for the layer connections. It will simply use the same layers selected for the primary
instance.

If the cell instance already has a netlist the following message will appear:

Metlist Already Exists ﬁ

A netlist already exists for the selected cell instance.

Lox ]
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Netlist Connections

--
]
=
MNethst
Connections

Defines the connections in a netlist. The connections can be updated for the active netlist from here. Choose between
custom, library cell, or circuit block netlist connections, as well as telling Pix2Net to detect transistors or not.

EM [etlict Connections - TOP

#]

©

e
1
!

et

| Custom v | EnableAll | | Disable Al |
Enabled | Conductor1 | Via | Conductor2 |

] M7 Via7 Ma

] M& Via B M7

] M5 via 5 M&

] M4 Via 4 Ms

O] ! Via 3 M4

] M2 Via 2 M2

(] M1 Via 1 M2

[+ Polysilicon CA M4

[+ Active CA M4

(V] Active CA M1

[Detemtransistnrs

M|

If updating a connection, a confirmation dialogue will appear.

leJlCancelJlﬁJ
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F' B
Confirm Update Netlist ﬂ

Are you sure you want to change the connections and regenerate the existing netlist?

¥es [ Mo J

e i

For a brief description see: Netlist Connectivity

Analyze Netlist

(]

Analyze
Methst

When highlighted, the active netlist will be updated in real time. If the netlist is very large, it is recommended that
Analyze Netlist is off while editing.

To view the netlist, click the Active Nets icon.

Clear Netlists

X

Metistz

Clears all netlists in the project.

-

M Clear All Netlists

After clearing all netlists, set analyze to: | Enabled | ¥

l Ok J l Cancel

.

. 4

Set analyze to Enabled to re create all netlists. Set to Disabled to keep all netlists empty.

Select Net

==
()

Select
Met
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When highlighted, the select net tool will highlight a net in the active netlist. Click on the polygon in the overlay
window to highlight nets in red.

To change the default color see selected net in Preferences

Overlay

Active Nets

]

Active
Mets

When highlighted, the Active Nets window is open. It will be a tab under the overlay.
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Owverlay @ = x

Active Nets v
| =] o||'_f;“ Mets: 459 External: 74 Intemnal: 385 Errors: 3 Cellld 4| Cell Instance Port Layer Type
38 CLKBUFX3 U183 A m1lines Input

Id 4| Name Ports Polygons State Type Errors | 38 CLKBUFXS U195 z m lines OEIpul
i

6222 NG161 2 10 L4 Internal

6223 NB162 2 11 4 Internal

6224 MNEB163 2 16 v Internal

6230 042 2 26 L4 External

6232 NB171 2 22 L Internal

6233 046 2 19 W External

6240 031 2 28 4 External

6263 044 2 13 v External L/

6336 NG6273 2 1 ol Internal v

Nets highlighted in the overlay will be selected in the Active Nets netlist. The left pane of the Active Nets window
contains the net id, name, number of ports, number of polygons, error state, net type, and errors. The right pane of the
Active Nets window lists all of the ports and cell information connected to the highlighted net.

]

=
The outline mode icon l;.l controls the selected net outline mode. Default is to show the net with the
layers filled in. When depressed, only the selected net outline is shown.
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The ignore errors icon == ignores any errors on the selected net. The purpose is to give the user a marker

for nets visited that have false errors being reported.

The add filter icon . filters out the nets by column and parameters set in the window:

b

B ~dd Filter

==

| Mame

TJ | starts with _"J

| AddFilter | | Cancel |

A

The left window contains the list of nets. Here are the columns:

¢ Net: The name of the net.

* Ports: The number of ports in the net.

* Polygons: The number of polygons in the net.

 State: A green checkmark indicates no errors. A red x indicates at least one error.
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* Error: A short description of the net’s error.

If you click on a row, then the camera will zoom to the net and highlight it, and the right window will show the details
of the selected net.

The right window contains the list of ports for the currently selected net. Here are the columns:
* Cell Number: The number of the port’s cell.
 Cell: The name of the port’s cell.
* Instance: The name of the port’s instance.
¢ Port: The name of the port.
» Type: The port type: Input, Output, Inout, VSS, or VDD.

If you click on the right column, then the camera will zoom to that particular port.

Show Schematic
-,.//

Show
Schematcs

Brings up a window that shows the schematic for the active netlist. The window will open as a tab in the overlay.

O«

Schematic (Active Netlist)

- —

Overlay | Schematic (Active Netlist)

When viewing a schematic in manual layout mode, the user can use the “select” tool in the “schematic” ribbon tab to
select some number of schematic cells. The user may then right-click on the schematic window and choose “move
components to new block.” This will replace the selected schematic cells with a newly created hierarchical block. All
of the nets connected to the old schematic cells will route to the new block, and you can double-click on the block to
enter it and see the cells that it now contains.

Note

The user can only show the schematic if synchronize mode is off.
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Truth Table

The Truth Table is the automatically created truth table of the circuit.

Truth Table {Active Metlist)

[/] compact | Regenerate

A alB |Z |

0 X ?

1 X ?

State 4 |Iniial |A |B |Z |

1 Yas ] 0 ?

2 Yes 1 0 ?

3 Yas ] 1 ?

4 Yes 1 1 ?

5 Mo 1 1 ?

Transition & | Input Mext Input Cutput Mext Output Action Qutput Changes
1=+2 o0 10 ? ? Raise A Mo
1-+3 o0 0 ? ? Raise B Mo
2=1 10 0a ? ? Lower A Mo
2-+5 10 11 ? ? Raise B Mo
31 01 0o ? ? Lower B Mo
i+5 i 11 ? ? Raise A Mo
42 11 10 ? ? Lower B [

Overlay | Truth Table (Active Netiist) |

Netlist Text

2 8 [
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This shows the user the functional verilog, component verilog, H functional verilog, spice, VHDL, and comma-
separated values for the active netlist.

Metlist Text (Active Metlist)

Format: [Functiunal Werilog |']
1 /S uigzg
2 module 2NOR 275 (AD, BO, AIM, BIN, EN);
3
4 input EM, BIN, AIN;
5 output AQ, BO;
7 nor (AOD, AIN, EN);
& nor (BO, BIN, EN};
g
10 endmodule // 2NOR 275
11
12
Logic Paths
Logc
Paths

Opens the Logic Paths window (tab) in the lower left:

224 Chapter 3. Reference



Pix2Net Documentation, Release 1.10.07

Logic Paths B X

©8 s xE

| LogicPatns | Project Cells |

Click the plus sign to add highlighted nets to the Logic Paths list. The net will stay highlighted in the overlay in the
desired color as long as the net is checked allowing the user to view multiple nets at a time.

—————
IT'";’

S b

Active Nets B %
@J[_QJ@ Nets: 459 External: 74 Internal: 385 Errors:3 | || Cellld & Cell | Instance | Port | Layer | Type |
4 SDFFROX2 uso7 Q m1lines Output

Id 4| Name | Ports | Polygons | State | Type | Errors | | 25 CLKINVX4 U579 A m1 lines Input

2 N2 2 19 " Internal 4 36 TLATNX1 ue3 D milines  Input

27 N26 4 25 o Internal 37 CLKMX2X2 u172 A m1 lines Input

28 N27 4 31 L4 Internal

29 N28 3 16 L Internal

30 N23 2 13 L4 Internal

32 N30 16 129 4 Internal

32 N3 4 4 L4 Internal v
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click on the l J to open the input dialogue. Setting increasing values allows the user to follow a signal through all of
the cells it is an input to.

Input [t

Enter the maximum number of levels to descend into the logic path (0 to add just the selected net):
L

l oK J | Cancel |

ey oc

The green net is the original net, and the blue nets are the level 1 descendent nets.

Note: The paths created will not be saved when you close Pix2Net.

Short Finder

YA

Short
Finder

The shortfinder window opens in the lower left corner:
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Short Finder
Met: Maone

Start Port: Mone Set

End Port: Mone Set

_[ Short Finder | Cell Search | Project Cells |

Select a port that is part of the short then click set. Select the second port and click set. Click Update
Path. The shortest path between the 2 ports is highlighted.

Check Netlists

v

Check
Methsts

The following check netlist options are avaliable:
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BB Check Metlists *

checks to run: Netlists to apply checks to: || Checkall
Check |[ID | Cell i |

78 Z2MAMD A
85 Z2MOR i
275 2MOR
73 3MNAND
72 4AMAND
287 4MAMD
57 AMDZ
478 BLOCK 0 ARRAY
430 BUF
442 BUF
206 BUF
293 BUF
283 BUF
278 BUF
270 BUF
424 BUF
61 DFF
63 DFF
81 DFF
205 DFF
62 DFFM
53 Dig Block 1
80 DLAT
306 DLAT_TWOEN e
69 1INV ¥

Check instance consistency E]

Check database consistency E]
Check polygon connectivity E]

OO0OCOO00O0OO000OCO000O000ooc

| Run | | Cancel |

Check instance consistency verifies that the netlist of each instance of a cell matches the primary instance netlist. This
will compare the instances of all checked cells in the right hand pane and will report a match to a different, checked
cell if there is an inconsistency.

Check database consistency verifies that the netlist doesn’t have any missing entries in the database that could cause
problems or inconsistencies in the netlist. Run this periodically if database inconsistencies or corruption are suspected.

Check polygon connectivity verifies that the polygons are connected and can send energy from one layer to the next.

To access the reports created, got to the View tab and click on the Reports button. This will open the reports in the
bottom of the GUI.

Find External Ports

Find

External Ports

Finding external ports will find all ports that enter or leave the selected cell. with the exception of the top cell.
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W™ Cird External Ports x

Cell type:
@ Library cell
(_J Hierarchical cell

External ports should be placed:
near the cell boundary
Distance from boundary: 100 mnm
next to one of the internal ports

X Offset: 0 nm Y Offset: 5 nim

l Find Ports J l Cancel J

Options for placing the ports are listed in the Find External Ports window.

Identify by Truth Table

Q
ldenthy
by Truth Table

This will open the Identify By Truth Table window in the bottom pane.

Identify by Truth Table
Q| #v R

Score v/ Name |Id |Inpus |Outpuis |

Target Possible Match

Identify by Truth Table | Active Nets

To set the library of comparison, click the wrench. A drop down menu will appear:

Identify by Truth Table Settings ¥
Reference Library: [DMDS | ']

[ Ok J [ Cancel J

After selecting the desired library, click the magnifying glass to run the comparison to the active netlist. A list of
possible matches will appear:
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Identify by Truth Table

@#)v))
Score ¥ Name [1a |inputs | Outputs | [Eroes Paseli sl
2l |a |z | A |z |

100 BUF 97 1 1 0 0 o 0
100 BUF 08 1 1 11 11
100 CLKBUFX20 2 1 1 h
100 CLKBUFX24 3 1 1
100 BUFK1OMHT 10 1 1
100 BUFX2 1 1 1
100 CLKBUFX16 12 1 1
100 CLKBUFX2 13 1 1 F

| denty by Truth Table [ Active Nets |

The score shows the percentage of match. A 100% is the best possible. Select one of the 100, and click on the green
check mark to check it in. The truth tables show how the signals will map. The Cell Identified window will pop up.

Cell Identified ot

This cell has been identified as BUF.
Flease selectthe properies to copy from the cell in the reference library:

@ Cell Name
[+/] Port Mames

[ Copy ] [ Cancel J

Click copy to transfer the checked properties to the current cell. If the user finds a cell that is not in the library, the cell
can be added to the library by clicking on the book icon.A confirmation dialog will pop up:

Confirm Add Cell to Reference Library >

Are you sure you want to add this cell to the reference library?

Yes [ Mo J

Identify by Netlist

Identify by Netlist

@
&)
&

Score ¥ MName |ld | Property & |Project | Reference Type & Project | Reference

Set the reference library as done in the Identify by Truth Table, click on the magnifying glass to run the compare:
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The comparison with the highest score is the closest match. If one (or more) has 100, that is a perfect match. Click on
the green check mark to check it in, or on the book if you have found a new cell you would like to add to the library.

Identify by Metlist

&J Score ¥ | Name | 1d | Property 4| Project | Reference Type 4| Project | Reference
s 8 Input 1 1 Port A A
@ 100 BUF 98 NMOS a 9 Port VDD VDD
L 100 CLKBUFX20 2 Cutput 1 1 Port V83 VW83
v 100 CLKBUFX24 2 PMOS i} 18 Port z z
E 100 BUFX10MHT 10 VoD 1 1 Cell M1 16
100 CLKBUFX16 12 1| v&s 1 1 [/ Cell M2 M27
100 CLKBUFXZ2 13 Cell M3 M19
100 BUFX4 43 Cell M4 M3
100 CLKBUFXS 49 Cell M5 M1
100 CLKBUFX38 50 Met A A
100 BUF 80 Met M1 N1
100 BUF 95 L Met Z Z
100 BUF 107 | v
Add Section
Add
Secton

Allows the user to add a section. This is used to place netlists into different sections. The sections are marked with
green and red dots (next to the cell name). The green dot shows the user what active section they are on, and the
red dot shows the user the other sections that were created. If the user right clicks on the sections in the Project
Cells window, they can set it as the active section or revert it to a normal cell.

Clone Cell

T

Clone
Cell

Allows the user to clone a cell. By selecting on a cell and then selecting Clone Cell the user can replicate the cell
exactly wherever the mouse is clicked.

Refine Placement

Refine

Placement

If cell ports are misplaced, refine placement tells Pix2Net to move the ports around to match up with correct polygons.

Clone Polygons

Allows user to clone polygons within selected cell(s).
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oy

Clone
Poiygons

When using Clone Polygons in the Netlist tab, the user can tell Pix2Net to the exact polygons in any selected
cell. For example, if the user wanted the polygons on Active and Poly to be filled in every BUF cell, simply select the
cell in the left hand column and then the layer on the right hand column.

Clone Polygons

Cells

Select the cells to use in this operation. For each selected cell, the
palygon layout of its primary instance will be copied to all of its other

instances.

| Name A |ld | Instances |
|| 2MAND 78 4
| 2NOR 85 i
| 2NOR 275 2
| 3MAND 73 4
|| 4MAND 72 4
| 4MAND 287 2
|| AND2 57 i
|| BLOCK 0 ARRAY 478 1
] BUF 442 ]
| BUF 424 i
[ | RUF PR3 4

| Select. | | SelectAl | | SelectNone |

Polygon Layers

Selectthe polygon layers to use in this operation.

| Name | Index

~
BE 0
] via7 1
O wr 2
[] via® 3
BRE 4
[] vias 5
[ ms 5
[ vias 7
] ma 8
[J via3 ]

0

|| ma 1

[ Select All J l Select None J

Clone the polygons to:

| Their source layers 'J

The user can also decide to clone the polygons to their source layers or their new layers.

Golden Lib GDS

T

Golden
Lib GDS

Attempts to find the identity of a cell through polygons.

Clone Cancel
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Golden Lib GDS B X

Target: ][] Match Result: (V][I

Golden Lib GDS Results I

Score v | Cell Crientation

EEEEHIRNICY
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Load 3D Netlist

%
Load
30 Nethst

Loads the selected netlist for 3D viewing.

3D Viewer

&1

Viewer

Once the 3D netlist is loaded, the 3D viwer will show the user the netlist in 3D. Hold the ‘W’ key to zoom in and the
‘S’ key to zoom out of the 3D image.

Here is a bird’s eye view of what one could expect a netlist to look like in the 3D viewer:

Netlist 3D Viewer

Side view:
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Netlist 3D Viewer

Schematic Tab

The Schematic tab creates and manages schematics for all cells.

[m Home T Capture T PCB T .AIignmentT Image T Polygons I Cells T Metlist T Schematic I Spectrum T Trusted Design T Labels T\Jiew I Help ]

/ ——

v pd Lk &L @
Show Met Display Select  Select Block Block Logie

Schematic Browser Settings MNet Manager Mets  Block Search

The following tools are available in the Schematic tab:
» Show Schematics
* Net Browser
e Display Settings
* Select
 Select Net
* Block Manager
* Block Nets
* Logic Block Search

Show Schematics

6/

i

Show
Schematcs

Brings up a window that shows the schematic for the active netlist. The window will open as a tab in the overlay.
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Schematic (Active Netlist) B x

Overlay | Schematic (Active Netlist) J

Net Browser

Browser

Opens a window in the bottom panel that allows for highlighting, and zooming to a particular net in the schematic
window.

Schematic Net Browser

MNT0 LOGIC BLOCK 1 (473) U28977
¥ . LOGIC BLOCK 1 (473) U2977 Port 4 | Type et
= B-MNANDZ (83) U385 L13_444 MN430 Input L13_444 MN430
= Z-BUF (270) U1800 L13_559 MN430 Input L13_559 M430

L12_599_N430  Input L13_599_N430
L14_319_N461  Output  L14_319_N461
L14_319_N471  Output  L14_319_N4T1
L14 319 _N478  Output  L14_319 N478
L14_319_N485  Output  L14_319_N485
L14_319_N494  Output  L14_319_N494
L14 319 _N501  Output  L14_319 NS0
L14_319_N504  Output  L14_319_N504

—[ Schematic Net Browser | Identify by Netlist |
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schematic Met Browser

MF0 MAMDZ (83) U385
¥ || LOGIC BLOCK, 1 (473) U2977 Pot & | Type et
®— H - MNAMDZ2 (83) A Input A
C=Z-BUF (270) U1800 B Input B
D Cirain Z
ﬂ D Cirain Z
D Cirain M
D Cirain Z
D Cirain M
D Cirain Z
D Cirain Z
D Cirain M

—[ Schematic Net Browser | Identify by Netlist |

The user can see the ports, types, and nets of each cell or hierarchal block.

Display Settings

Bh
Display
Settings
Brings up a window for setting the colors used in the schematic window. These settings are saved in the global

database. You can restore the default colors at any time by clicking “Restore Default Settings”. “Hide Text at this
Zoom Level” will hide the text at the current zoom level, however, this is unnecessary in the schematic view.

Schematic Display Settings

| Restore Default Settings | Background: . Low: .

Symbols: High: .

Selected Symbols: . Indeterminate

Mets:

Selected Mets: .
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This is the “Select Cell” button, which is in the Schematic tab for convenience. See Select.

Select Net

This is the “Select Net” button, which is in the Schematic tab for convenience. See Select Net.

Block Manager

o

EEE
Block

Manager

Allows the user to create (and view) hierarchical blocks in the overlay window. This provides more detailed control
over schematic blocks, and allows the user to see all of the current blocks
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Block Manager

10)8)\5)¥)|@)|3)|®)

Top Vi |

—[ Block Manager J Project Cells J

Block Nets

The Block Nets window is similar to the Active Nets window, but it only shows nets which are part of the current
hierarchical block. This allows the user to look at selected net ID’s to see each port and their state. Once Block

Manager is open, click on Block Nets to bring up a window.

Block Nets

Nets: 219 External: 146 Internal: 73 cellld | call

| Instance | Port | Type

Id 4| Name | Ports | State | Type | Errors | 83 NANDZ
External a 239 INV
External
External
External 0l
External

External

External

External

External

External v

100 L14_696_
101 L14_696_
103 L14_696 ..
104 L14_696_
105 L14_696_..
106 L14_696_
108 L14_696_..
109 L14_319
111 L14_319,

[SSRLS RSNV SRV YR Y (o
LLELELNSKR

u2778 z Output
u1s78 A Input
L14_696_N741 Output

This shows the user each Net and their ID. When clicked on, Pix2Net shows the user the cell ID, the cell, the instance,

the ports, and their types.
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Logic Block Search

Q

Lagic
Block Search

NOTE Before searching for logic blocks, make sure that there is a working active netlist.

Clicking on Logic Block Search opens the following window in the bottom pane:

Logic Block Search

om mgE

MetType 4 Met |Port |PortType |Cellld |Cell |Instance | Refinstance | Existsin |

Clicking on the magnifying glass allows the user to search for logic blocks.

Logic Block Search

Q)m B2 = (e

Search for Logic Blocks

The Logic Block Search Settings window pops up:
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Logic Block Search Settings

WCIES(EIN

]
'T'T]

Port | Type

Input
Input
Input
Input
Input
Input
Input
Input
Qutput
Input
Qutput
Input
Output
Input
Output
Input
Cutput
Input
Qutput
Input
Qutput
Input

T EMNEBPMNEPMNEMNIMNEMND > > P> E >R

|Ir'|t

U1573
U1577
U1578
1580
U1581
U1583
U1584
U178
U1788
1739
U1789
1790
U1790
1791
U1791
1792
u1792
1793
U1793
1794
U1794
1795

anage Cell Groups

MV
MY
1MV
MY
1MV
MY
1MV
BUF
BUF
BUF
BUF
BUF
BUF
BUF
BUF
BUF
BUF
BUF
BUF
BUF
BUF
BUF

L1 4_Eaga_w 82
L14 696 _NTOS
L14_BO6_NT37
L14_G96_NT41
L14_696_NT14
L14_G96_NT49
L14_696_NES0
L14_G96_NAO3
N32
N40
NZ20
N28
N34
N36
N21
N26
N34
N39
N22
N27
N33
N38
N23

| search | | Cancel |

It is pre-populated with the last search performed. To search this again, click Search.

The icons in the top of the window allow for different search types. Pix2Net will retrieve the block information

]

i

from the Logic Paths (in the cells tab) window

, the current selected cells u, or the Schematic Block
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Block1

The most common way to retrieve block patterns is through current selected cells, and then to save the results as
schematic blocks.

To do this, select a pattern of cells (in the schematic window, or overlay) click on Search for Logic Blocks, then Get
Pattern from Selected Cells, after that click Search.

242 Chapter 3. Reference



Pix2Net Documentation, Release 1.10.07

F"
Schematic (Active Netiist) Logic Block Search Settings x

H CLk

(W] =) o 5=

Port Type Instance & Cell Met

an Cutput U160 DFF LO6_703_MN347
A Input U296 MNOR2 LO96_703_MN347

| Search | | Cancel |

I [ ]
||| |
— .-

Now, click on Save Results as Schematic Blocks to add a hierarchal block and sub-blocks to the block manager.

Block Manager @ A
=l =2 ®|®
Top
¥ UG
U7 W I
U v . i
ua @l:l 11 1 I JRIRTLER R AL 1SN
u1o & L 1% - Ty mm

—[ Overlay | Schematic (Active Netist) |

Logic Block Search

@) 2)|8)2)|E)=

Save Results as Schematic Blocks |
Block 2 —

([g] 1)

Block 3 [+ |
E] nput
Block 4 Input
Cutput
Cutput

Output
Cutput

The search block can be cleared by clicking clear results icon. The user can save the current block search by clicking
the save icon in the Logic Block Search Window. This will pop up a dialog that will allow the user to enter a name
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for the block to be saved. Note that currently Pix2Net allows the user to save blocks with the same name without a
warning. The user can also load a saved pattern by clicking on the Load Pattern icon.

Spectrum Tab

Note This tab is only for users with a spectrometer.

The Spectrum tab lets the user take the pixelated information that is gathered from the spectrometer and view its
amplitudes and specific pixels.

Before proceeding, you will need to have collected a spectrum image from the capture tab. See: Capture Tab

File | Home T Capture I PCB T Alignment T Image T Polygons I Cells T Metlist T Schematic T Spectrum T Trusted Design T Labels I View I Help ]

?55 ) EZIIIILI @i*i

Amplitude  Show  Select  Nomalze D 3D Spectrum
Viewer Fiters Puel Area Viewer Setings Structures

The following tools are available in the Spectrum Tab:
* Amplitude Viewer
o Show Filters
* Select Pixel
* Normalize Area
* 3D Viewer
* 3D Settings

* Spectrum Structures

Amplitude Viewer

2%

Ampltude

Viewer

This shows the user the amplitude of the spectrum that was taken.

The Amplitude Viewer will be blank until a pixel is selected on the scan.
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Amplitude Viewer

Use this when there is a sample that is captured by the spectrometer and then Pix2Net will show you the amplitude of
the spectra through the time-domain (in ps) and the frequency-domain (in THz).

Amplitude Viewer
Time-Domain
0.00
]
-0.05 It
I
I
I

-0.10

015

-0.20

025

-0.50 |

|
-0.55
00 v

070 i

075 |

Amplitude (au)

1000

Frequency-Domain

it

Tﬂ .

Mﬁwf m m M.MW WW W WW’ :

|

a0 a5

Time (ps)

40

5 50

55 80

85

o 2 4 8 8

n 12 14 18 18 22 24 28 28 a0

Frequency (THz)

20

By right-clicking and dragging the mouse, the user can zoom into specific areas of each domain.

The user may also right-click once inside the viewer window and a small menu of options will pop up to choose from.

Amplitude Viewer

Time-Domain
040 - .
\'.' ,-". -.‘-_,a-_ A, i '
.0.42 W \ LY P
= 4 _/‘ Froperties. . N =
..:j,. 044 Vo VA, A Copy -:i-
= A _-'f ".._‘_,—')‘-.\ =
£ 046 = _ —~ | Saveas 3 =
= -J._.- W - =1
= - Print... E
oy Zoom In >
Zoom Qut >
55.0 55.2 55 .4 55.8 55.8 58.0 56.2 56.4 58.8 Auto Range > 57.4 57 €
Time (ps)
Manual Move | Amplitude Viewer J
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Show Filters

Fitters

Once this is pressed, the Spectrum Filters window will pop up.

Spectrum Filters B X
Filter Mode

|| Use Time Gate
[ | Use lIR Filter
|| Use Freq. Cutoff

IIR Filter Settings
Pass Mode:
Type: | chebyshey
Order: :
Ripple: -2 dB
Cutoff Freq.: 3 THz
Cutoff Settings

Freq. Cutoff: 35 THz

I_ Project Cells l Spectrum Filters

The user can use this to filter spectrum settings accordingly.

Use Time Gate: allows user to select certain time width of the capture.

Use IIR Filter: sets frequency filters
Pass Mode:

Lowpass - filters out low frequencies
Highpass - (this should be the default) filters out high frequencies

Bandpass - selects range of frequencies

Bandstop -

Type: sets parameters to filter frequency
Butterworth - should be default
Chebyshev
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Bessel
Order: number of times filter function is iterated
Ripple:
Use Freq Cutoff:
Cutoff Setting:
Freq Cutoff - Freq domain = FFT of Time Domain

Select Pixel

When using this tool, the user can click on a specific pixel inside the spectrum image and the amplitude viewer will
show the time and frequency of just that pixel.

Normalize Area

MNomalze

Area

Use this tool to select a specific portion of the pixels to view more information of that area.
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Owerlay

248 Chapter 3. Reference



Pix2Net Documentation, Release 1.10.07

Owerlay

3D Viewer

o

Viewer

Allows user to see 3D representation of spectrum scan.

Click and drag to move 3D image around.

3D Settings

D
Settings
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Time Start: selects starting point in Time Domain
Time End: selects ending point in Time Domain

Time Bin: histogram bin width in Time Domain

Intensity Start: start of the intensity range
Point Size: size of each point

Intensity End: end of the intensity range

Spectrum 3D Settings Y
Time start 0 B
Time end 65 B
Time Bin r B
Intensity start 0 ﬂ
Point size 3 B

Intensity end 100 B
Angle of Incidence I45 ﬂ

=] =] =]
# ow m w

=
=
13
n

= S

Angle of Incidence: angle of the beam through the sample (45 degrees should be default)

Spectrum Structures

NOTE The user must normalize an area of the spectrum in order to set structures.

Spectrum
Structures

3D Viewer should be activated when setting spectrum structures.

Drop down menu is based on layers in project.
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Spectrum Structures

585-051-004 +5V B

585-051-004 +5Y
ATKMEL B0CE1 +5Y
ATMEL 80CE1

=30 (]
=4[ (]

Select layer in drop-down.

Click “Add”

Add Structure

Mame: |

[ ] clear all values below

[ ] clear all values above

Cancel |

Enter a name for the structure.

Select “Clear all values below”.

Enter percentage of measured intensity to be omitted.
Click “Add”.

Select the test structure from the list.

Lnl NI Ui r P Y

BEE

MName 4| [ |

test (]

The filtered 3D image is now available in the 3D Viewer.

The user can also generate a range of structures.
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Spectrum Structures
| ATMEL 80C51 |']
Q|3 %

Mam

Add automatic range of structures

Selecting this function will generate 20 structures to choose from (<10 to >90).

| ATMEL 80C51 +5V
BEE
Name & |

=10
=20
=30
=40
=50
=60
=70
=80
=40
=

=10
=20
=30
=40
=50
=60
=70
=80

COOOOOOO0O0O0ODOOOOOOO

Trusted Design Tab

The Trusted Design tab manages comparison to golden gds files.

File | Home I Capture I PCB I Alignment ]' Image ]' Polygons ]' Cells I NetlistI Schematic ]' Spectrum T TmstedDesigl.T Labels ]"u"iew ]' Help ]

[

- = =
Golden
Compare

g [

Import
Golden

The following tools are available in the Trusted Design tab:
e Import Golden
* Golden Compare

* Reports
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Import Golden

[k
&=

Import
Gaolden

Opens a window to import the layer.

Golden Compare

Golden
Compare

Initiates the golden compare operation

F, - -
Golden Compare

(0] %

Golden & | Fabricated

Add Comparison

Golden layer: [MB

Fabricated layer: | M&

Cancel .

Run Cancel

Allows the user to add a comparison between a golden layer and fabricated layer.

Reports

R

{
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Opens the report in the bottom pane

Reports a2
Reports [ Show Ignored Entries
‘.§| Type Description Errors Warnings | B | Type Description Size Location (um)
Cell Placement Refinement Cell Refinement —
\QI Cell Placement Refinement Cell Refinement

Cell Placement Refinement Cell Refinement
Cell Placement Refinement Cell Refinement
Cell Placement Refinement Cell Refinement
Cell Placement Refinement Cell Refinement
Cell Placement Refinement Cell Refinement

coococoo
cococo--No

This lets the user delete, export, and visualize each report.
On the right, it shows the user the warnings or errors, that can be deleted or ignored.

See the golden compare tutorial: Comparing a Layer to a Golden Layer

Types of Differences

In the following examples, the golden layer is blue, the fabricated layer is red, and the difference is yellow. The

I

tolerance used was 1 micron.

Extra Metal

When fabricated metal has no golden metal near it, as defined by the tolerance, then that area will be flagged as an
Extra Metal error.
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Missing Metal

10 um

When golden metal has no fabricated metal near it, as defined by the tolerance, then that area will be flagged as a
Missing Metal error.

Bridge

A bridge is when one extracted polygon overlaps two or more golden polygons. This error is always detected, regard-
less of the tolerance setting.
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Gap

A gap is when one golden polygon overlaps two or more extracted polygons. This error is always detected, regardless
of the tolerance setting.

Errors and Warnings

Differences are either considered errors or warnings. In general, differences are flagged as warnings if the highlighted
area is smaller than the tolerance.

Labels Tab

The Labels tab creates and manages labels for non port type labeling of the design, including memory bits. See Extract
Memory

[ET Home T Capture T PCB I AIignmentI Image T Polygons T Cells I Metlist T Schematic T Spectrum T Trusted Design ]' Labels | View | Help
%9t L % %

View Add Select Edit Move Delete
Labels = Label Label Label Labelz Labels

The following tools are available in the Netlist tab:
» View Labels

Add Label

Select Label

Edit Label

* Move Labels

* Delete Labels
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View Labels

View

Label=z

The View Labels button opens a tab in the lower left corner of the GUI.

Labels

9Je)
Mew Category 2 [E'Jl

| Labets [ Project cells |

* To add a new label category press the green plus button and give the category a name.

* To delete a label category, highlight the category, then press the red minus button.

Show labels in the overlay by having the box checked. Uncheck the box to hide labels in the overlay.

 Change the color of the label by clicking on the colored box and choosing the desired color.

Add Label

Add
Label

To add a label, press the Add Label button and click in the overlay in the desired location. The following window will
pop up:
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r ™
2 /dd New Label [

Category: [New Category | ']

Text:

| Add | | Cancel |

e 4

Select the label category in the drop down menu, type in the desired label text, and press Add.

Select Label

When highlighted, the Select Label function is active. Click and drag around the label of the highlighted category in
the overlay. The selected label(s) will turn red.

Edit Label

&

Edrt
Lab=l

Select a label, the press the Edit Label button. The following window will pop up:

" B it Label Text )

Label Text:

tesﬂ

[ Cancel J [ Save J

- ]

Enter the desired change to the text and press Save.
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Move Labels

Y%

Move

Label=z

Click and drag to move selected labels.

Delete Labels

Label=s

Pressing Delete Labels will delete all of the currently selected labels. This operation cannot be undone.

View Tab

The View tab manages the visibility of panes in the Graphical User Interface.

File | Home I Capture ]' F'CELI Nignment]' Image I Polygons I Cells ]' NetlistI Schematic I Spectrum I Trusted Design I Labels T‘ufiew I Help ]

=E B 0O © El & ==

Layers | Oveday Bookmarks Application  Command Tazk Memory Reports Stack Tile Cloze
Leg History Manager Usage Windows Windows Windows

The following tools are available in the Netlist tab:
* Layers
* Overlay
* Bookmarks
* Application Log
* Command History
e Task Manager
* Memory Usage
* Reports
* Stack Windows
¢ Tile Windows

e Close Windows
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Layers B X

Wia7

M7

Wia 6

Ma

YWia b

Ma

Wia 4

M4

Wia 3

M3

Wia 2

M2

Yia 1

M1

CA
Fuolysilicon
Active

P Well
Location_OV
Generated Diffusion
Generated Transistors

See Layers Window for a description.

Overlay

3

Overday

Toggles the overlay window. The overlay window will open up in the center of the GUI.

260 Chapter 3. Reference



Pix2Net Documentation, Release 1.10.07

See Overlay Windows

Bookmarks

Bookmarks

Toggles the bookmarks window. The bookmarks window will open up as a tab in the upper left of the GUI

| Bookmarks A H
©)|7)(*
Mame & | Coordinates

Location 1 1454 -6G9.4
Location 2 166.2, -105.8
Location 3 163.3,-744

Logic Area 6627, -275.4

The bookmarks window allows you to save your current location by clicking the add button. Your current location is
considered to be the micron coordinates the camera is currently focused on. You can also edit the name of the saved
location by clicking the pencil button and delete unnecessary ones by clicking the red x button.
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Application Log
Application
Log

Toggles the Application Log. The log will open as a tab in the bottom center of the GUI. This log tracks errors in the
software.

Command History

Toggles the Command History. This window will open as a tab in the lower left of the GUI The history tracks only
synchronizable commands.

Command History

@ @J Showing last 50 commands
Created | Type | User |
2M32018 10:09:50 AM Clone Polygon Area JEelly E
2M3/12018 10:07:37 AM Add Polygon jkelly
2M312018 10:07:31 AM Add Polygon Jkelly
21312018 10:07:18 AM Add Polygon Jkelly M
2M32018 10:06:56 AM Erase Rectangle JEelly
2M32018 10:06:53 AM Erase Rectangle JEelly
2M3Z2018 10:06:47 AM Erase Rectangle JEelly
2M32018 10:06:46 AM Erase Rectangle JEelly
2M3Z2018 10:06:42 AM Erase Rectangle JEelly
2M212018 3:01:07 PM Change Cell Sectionality JEelly
2M212018 11:55:39 AM Delete Cell Instance JEelly v

The button on the left allows the user to filter a specific number of commands, or commands at a certain time. The
right button shows the statistics of commands - commands by type and by user.

Task Manager

s

Task

Manager

Toggles the Task Manager. This window will open as a tab in the bottom center if the GUI. The Task Manager tracks
the progress of Pix2Net tasks and is especially useful for long running tasks.
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| Progress | State | Elapsed | Remaining

Tracing Modified Polygons: 070

See Task Manager

Memory Usage

(i

Memony
Usage

Brings up the Memory Usage window. This tells the user how much Java memory has been used and what the
maximum java memory is. Also allows the user to force garbage collection.

Memory Usage >

Java memaory used: 148/ 217 MB (658.4%)
Maximum Java memory. 3,556 MB

Force Garbage Collection [ Close J

Reports

R

{

Toggles the Reports window. This window will open as a tab in the bottom center.

Reports B %
- Reports ] show Ignored Entries
@lwpa | Description | Errors | wamings | @ | Type | Description | size | Location um) |
@ Cel Placemert Refinement __Cell Refinerent 0 0 — N 12 CPIOS) - Naved by (500, -50.0) 1425 845,287
Cell Placement Refinement __ Cell Refinement 7 (%] ot .
— | Cell Placement Refinement  Cell Refinement 0 7 LI ALEENOS) MoV d (SO0 S00) A0 i
=) NA M7 CNMOS) - Moved by (-50.0, -50.0) 431 836,267
I NA Mg CNMOS)-Moved by (50.0, -50.0) 431 839,267
NA M@ CNMOS)-Moved by (50.0,50.0) 431 24,267
NIA W10 CNMOS) - Moved by (-50.0,50.0) 431 243,267
NIA W12 (NMOS') - Moved by (-50.0,50.0) 431 848,267

The left side of the Reports window lists all of the available reports, and the right side shows the highlighted report
(click on an entry to move to it in the overlay). The user can also click on the magnifying glass on the left side to
visualize the selected report as a polygon layer.
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Stack Windows

&

Stack
Windows

Stacks the windows in the overlay. The netlist-properties open in the overlay stacked by default.

Tile Windows

=

Tile
Windows

Tiles the windows in the overlay.

Close Windows

<

Close
Windows

Closes the overlay windows.

Help Tab

The Help tab contains links to the html and pdf versions of the manual. About shows the current version of the
software.

File | Home I Capture ]' PCB ]' Nignment]' Image I Polygons I Cells I Metlist T Schematic I Spectrum I Trusted Design I Labels T‘ufiew T Help L

Q@ A
| FDF |
HTML  PDF About

Manual Manual

3.1.2 Task Manager

The task manager shows the currently running tasks. You can cancel running tasks. You may also clear finished or
canceled tasks.
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3.1.3 Status Bar

- 1181.8, 3786.7 uym

Tile 712 (000000712.bmp)

The status bar is located at the bottom of the application window. It is divided into four areas. From left to right, it

displays:

* A progress bar that represents the overall status of the task manager, if at least one task is running. You can click

on this area in order to see the task manager.

* The micron coordinates of the area the mouse cursor is currently hovering over.

* The image tile the mouse cursor is currently hovering over.

* The cell instance the mouse cursor is currently hovering over.

3.2 PCB Tab

The PCB tab controls the printing circuit board prober stage.

NOTE At the moment, the Pix2Net system can only use the PCB prober with a Huntron dual-head probing station.
The user also must make sure that the right Capture Mode in the Capture tab is on the correct setting according to
what is will be captured (image or measurement). The Huntron is compatible with the Semiconductor Characterization
System, which applies current to one of the probes while the other reads the voltage. It is also compatible with the
Digital Serial Analyzer, where TDR applies voltage and reads it back.

File | Home | capture [ PCB| Alignment | image | Palygons | Celis | Netiist | Schematic | Spectrum | Trusted Design | Labels | view | Help |

R % O

Prober Manual Aign  Moveto Gnd Plot Capture
Maove Prober Paint of Ports Config

The following tools are available in the PCB tab:

* Prober

* Manual Move
* Algin Prober

* Move to Point
* Grid of Ports

* Plot

* Capture Config
» Start

 Stop

3.2.1 Prober

%

Frober

3.2. PCB Tab
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Allows the user to connect to a prober. When the prober is pressed, this menu will pop up:

ProberType: |Simulated ¥
DeviceType: | DMM v

DeviceAddress: | v

Status: Disconnected| Connect

Prober type: Huntron or simulated Device type: DMM, Keithley4200, or DSA8200 Device address: (Addresses of
connected devices)

NOTE To take measurements of connectivity through pins, the user must have the Keithley4200 or DSA8200 con-
nected to the Huntron and selected on Pix2Net. Capture the measurement and view in plot, or use manual measure-
ment. This is a similar example of what one might expect to see.

B8 Measurement x>

7.BE-T
7.7T5E-T7
7.TE-7
7.B5E-T
7.BE-7
7.85E-T
7.5E-7
7.45E-F
7.4E-7
7.35E-F7
7.3E-7
7.25E-F
7.2E-7
T.15E-F
T.AE-T
7.05E-F
TE-T7
G.85E-T
G.8E-7
G.B5E-T
G.8E-7
B.75E-F
G6.TE-7
G.65E-T
G.6E-7
G6.55E-T
G6.5E-7

-1 -10 02 0B Oy 06 05 04 0L2 02 01 00 01 02 02 04 05 06 OF 0B 09 10 11
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3.2.2 Manual Move

&

Manual
Move

Once the prober is on and hooked up, the user can manually move the prober in units of microns. This window will
appear at the bottom of the screen.

Praber Manual Move

X2 -402,000 B)ﬁ -146,667 B @@ @ @ @
Y2 -108,000 Bﬁ 199,271 H ; ; I ; I ; I ; I
2 0 BZ1 0 E (=] Delta: 100,000 Delta: 12,000

Speed: 300,000 pmis

Status: Idle

Res INF

In the first box of numbers and pictures, there are X, Y, and Z (1 and 2) coordinates. These will tell the probers where
to be on the board in a 3D axis. The green stop sign tells Pix2Net to send the probers to those coordinates. The wand
will allow the user to make a manual measurement. The picture with the home will move the probers back to the home
position. The wrench will allow the user to adjust the prober settings. The 2 squares next to each other will create an
image capture with the current position as the origin. The Z1 and Z2 boxes control the individual probers. The user
can move up, down, left, and right along the board in X, Y coordinates, as well as up and down on the board in Z
coordinates. The camera in the top right corners of the boxes will allow the user to capture an image.

3.2.3 Algin Prober

ol gl

L5
Ahgn
Prober

Allows the user to re-align the prober stage. When this is pressed, the Align Prober window will come up at the bottom
of the screen.
Alignment Points (pm)

Start Alignment X

[v Aligned layer: None

Transform:  None
Finish Alignment Head 1 Offset x 0 Iﬂ v 0 Iﬂ um
RamaEBoints Head 2 Offset x: 0 Iﬂ ¥: 0 Iﬁ pm

[ Set “ Probe Alignment Tool J

Click on Probe Alignment tool and press in the overlay to set alignment points. When the user left-clicks in the overlay
where the alignment point will be, a window with a closer up picture will ask the user to point out exactly where the
point will go.
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| B8 Add Alignment Point *

Cancel

Move to
Poant

To use this feature, make sure that the alignment process (see above) has been completed. This tells the prober head
to move to the position that was clicked in the overlay.
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B8 Project Properties *

se Prober Coordinates [i']

lse Prober Coaordinates 0 iﬁ

| Ok || Cancel |

3.2.5 Grid of Ports

E
il
Gnd
of Ports

Allows the user to draw a grid of ports. The user must have a Cell Instance selected in the Overlay to activate this tool.
When Activated the user can draw a box. Each of the corners of the Box will be the bounds of the port grid.
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You will be prompted with a dialog that will have two spinners for the number of Columns and Rows. Entering this
information and hitting OK will populate all Cell instances will a grid of Cells.

3.2.6 Plot

i

Plot

Shows the plot of the resistance curve or TDR curve of cells. Clicking Plot will bring up this window at the bottom of
the screen.

Sweep Plot g
i | Resistance Curve || | DigBlock 1 J

0.8

08 [ |
07 |‘
06

0s

04

03

0.2

0.1

00 - v

Q00 005 040 045 020 025 030 035 040 045 050 055 060 085 070 075 080 085 080 085 100 1.0 < T

When a cell is selected and ports are placed, Pix2Net and the prober can make a sweep plot of the cell.
Sweep Plot 2

Resistance Curve |¥| |Cell 7 |¥
TOET |

"’-A lus
74ET /._,{ B ' om
I \_\ _/
= n'\. H ] |
o5 04 ©3 02 01 00 01 0z 03 04

14 10 08 08 07 048

05 08 o7 08 08 10 11
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3.2.7 Capture Config

Capture
Conhg

Opens the Capture Config window:

Capture Configuration

o)=Y

Enabled | Name

M1

M1lines
M1lines B
M2lines

M1 vias

Poly Con
Top Metal -m&
Poly Lines_A
PaolyActive PN
1]

M2

M7

M1 lines New
1 via thick
M1 Lines-2
M1 via thin
Poly Active
M@ lines

M&

MG vias

M1 vias

{15

o O

General
X 0
Y 0

Width

Length
Pixel Width 291.41
Microscope

SEM Mame F50
Detector VCD
Acceleration Voltage 10
Emission Current 0

Spot Size 3

Il X PR
Dwell Time 2,000

Magnification 500

Brightness 79
Contrast 67
Comments

ns

Operator
The name of the operator.

Focus Settings
(®) Do not adjust focus
Q Dynamically adjust focus every 1 um

Q Create afocus adjustment schedule from the following sampled points:

o X

X |Y | Adjustment |

In addition, dynamically adjust focus atthe beginning of each row

Time Estimation

Tile width: 2,048 E pixels
Tile height: 1,768 E pixels
Time per tile: 10 E seconds

Layer Information
Rows: 7
Columns: &
Images: 42
Estimated time: 7 minutes

Capture Status
Layerid: 2
Starttime: 1/22/2016 1:49:42 PM
Finish time: 1/22/2016 1:59:52 PM
Tiles shot: 42
Images saved: 42

Shooting Time
Auto-focus: 0 seconds (0.0%)
Stage movement: 2 minutes, 33 seconds (26.0%)
Image capture: 7 minutes, 12 seconds (73.3%)
Total: 9 minutes, 49 seconds (100.0%)

Save Cancel

Allows the user to choose which areas to capture, as well as adjust the major and general settings.

3.2.8 Start

Start

Starts the prober

3.2. PCB Tab
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3.2.9 Stop

\
|
i

(=

-

Stops the prober

3.3 Projects Basics

3.3.1 Project Directories

The directory structure of an example project:
. Digital Logic
a1 —
o[} layer Images
. features ———— Polygon files
4 | |evels

. Entire layer

Multiscale images

Layers

0o =] & L B g Ra

> g 11

> | 16 — / Backup files

1. backup /_/ Project database
| project

.~ —— S5chematicimages
. schernatics

3.3.2 Technology

This dialog is used to configure the properties of the target device. These properties should be filled out before updating

the netlist or running cell identification.
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Technology et

Metal La]rers:l a |ﬁ [ Auto-Assign J

Metal 8 Lk v k
Via7 |Via7 v
Metal 7 M7 v
Via 6 |Via 6 v
Metal 6 M6 v
Via 5 |Via5 v
Metal 5 M5 v
Via 4 | via 4 v
Metal 4 | M4 v
Via 3 |Via3 W,
Metal 3 M3 v
Via 2 |via 2 v
Metal 2 | M2 v
Via 1 |Via 1 v
Meatal 1 |1 BIL

[ Ok J [ Cancel J

In the Layers section we will identify four special polygon layers: Metal 1,Polysilicon,P Diffusion and
N Diffusion. The cell identifier will use these layers to search for transistors.

Note: Legacy projects will need to regenerate a new diffusion by following these steps:

Click Generate Diffusion to have the software create a new layer. Generate Diffusion
.

Generate
Ciffusion

The new layer is called diffusion minus poly, but it can be renamed to whatever you see fit. Use the
diffusion minus poly layer under the Generated Layers section of the Technology
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3.3.3 Netlist Connectivity

| Custom v] | Enable All | | Disable All |
@J Enabpled | Conductor1 | Via | Conductor2 |

. O] M7 via7 Ma

- O M6 Via 6 M7

] O 1S Via s 16

1 O] M4 Via 4 M5

O] M2 Via 3 M4

] M2 Via 2 M3

V] M1 Via 1 Mz

(] Polysilicon CA M1

] Active CA M1

O] Active CA M1

(] Detect transistors

[DkJ[CancelJ[@J

In the Connections section, the connections between layers are specified. When Pix2Net generates a netlist, it uses
the connections to determine if polygons on different layers may touch or not. For example, if you specify m2, via
m2 vias, m3, then that means polygons in the m2 and m2 wvias layers may touch each other, and polygons in the
m2 vias and m3 layers may touch each other. Connections can be disabled for debugging purposes. See also Netlist
Connections

3.4 Importing and Exporting

3.4.1 Importing Existing Images

In order for Pix2Net to import a set of images, the following requirements must be met:
* The images must be contained in a single directory.
* The images must overlap (ideally by 10%).

* The images must have a number in their name that specifies the order they were captured in.
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* The images must all be the same size and in the same format (BMP, TIFF, JPEG, or PNG).

You will be asked for the number of columns, the number of rows, the overlap percentage, and the pixels per pm. If
you don’t know the pixels per um, you can put in a dummy number, but keep in mind that the ruler will only be as
accurate as the pixels per pm is.

1. Open the desired project or create a new project.
On the file tab click Tmport, and select Multiple images.
Browse to the directory where the images are stored and click the Open button.

Fill out the fields in the Import Layer dialog and click the Import button.

A

The images will be copied into the project directory (a progress bar is not shown), and then a set of multiscale
images will be generated (a progress bar is shown).

After the multiscale generation completes, the new image layer is visible. However, the image layer will not look good
until the tiles are stitched.

3.4.2 Importing

i Cpen ﬁ
Lookln: |(E5 Pix2Net DREFNRENRENENE

(8§ globaldb

(& ntmi

(& lib

[ﬁ‘ native

[ﬁ‘ pasql_winG4

(&5 refiib

File Mame:

Files of Type: [F‘i}{ZNet Frojects |v]

[ Qpen ] l Cancel J

The General tab:

3.4. Importing and Exporting 275



Pix2Net Documentation, Release 1.10.07

B8 \mport Layer >

_[ General I Filenames I Crientation I Crop I Split ]

Mame:  Test
Rows: 1
Columns: =
Resalution: 1 E] Pixels per ym
Overlap: 10 F o

| Import | | Cancel |

Name: name of the image set (in Pix2Net)
Rows: number of rows
Columns: number of columns
Resolution: image resolution in pixels/um
Overlap: overlap percentage

The Filenames tab:

When not using the Pix2Net capture feature, this tab helps the user sort out pictures in the order that is
needed.
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)
General | Filenames I Crientation I Crop I Split ]

0.pnag 1.png 2.png

Pattern: | Index ‘FJ

Ignore Prefix:

X Order: |Leftto Right | ¥ 2.png 4.png 5.png
Y Order: | Top to Bottom | ¥
Start Index: 0 E

G.png 7.png 8.png

| Import | | Cancel |

Pattern: Choose between Index, X Y, or Y X.
Ignore Prefix: If the

X and Y Order: When collected, choose how the images are raster Left to Right, or Right to
Left (X); Top to Bottom, Bottom to Top (Y).

Start Index: number of first tile

The Orientation tab:
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BB import Layer >

Add Transformation >

Add orientation transformations by clicking the green plus sign.
Flip Left to Right
Flip Top to Bottom
Rotate 90 degrees Clockwise
Rotate 90 degrees Counter-Clockwise

The Crop tab:
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Import Layer x

[ General T Filenames T COrientatian T CropT Split 1

| Import | | Cancel |

Crops the image as it is imported by the number of pixels specified on each edge.

The Split tab:
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Import Layer >

| General | Filenames | Crientation | Crop | Spit |

|| Split each tile into smaller tiles

Divide each tile’s width and height by a factor of:

| Import | | Cancel |

Allows the user to split each tile into smaller tiles and is able to divide the tile’s width and
height by a certain number.

Pix2Net layer form existing project. ..

Imports a layer from an existing Pix2Net project.
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i Cpen M
Lookln: |(E5 PixaNet DREFNRENRENE

[ globaldb

(& html

[ lib

[ﬁ‘ native

[ﬁ‘ pasql_wingd

(&5 reflio

File Mame:

Files of Type: | Pix2Net Projects v

[ Open ] l Cancel J

E

Select the desired layer(s) from the list.

M3
M3
M7
ME
M3
M4
M2
Mz
M
Active
Substrare

Puaoly

[ Add selected layers J l Cancel J

In order to import a multiscale image set into a Pix2Net as a layer, perform the following steps:

1. In a Pix2Net project, use the Import Multiple Images feature. Point it at the directory you saved the images in.
Do not select “stitch after import” or “allow gaps.”

2. Under the general tab, fill out the settings.
1. Name — The name to use for the new layer

2. Rows — Calculated by dividing the total number of images by the number of columns (see ‘c’ below).
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3. Columns — The number of multiscale images that make up a single row. Determine this number by looking at
the first image and counting until the image displays the end of the first row.

4. Resolution — The pixels per micron of the multiscale layer. This value determines the scaling to use for micron
rulers and the size legend on the overlay. If you’re just using Pix2Net to view the multiscale image, you can
ignore this value, but the rulers will be incorrect.

5. Overlap — For importing multiscale images, set the value to 0%.
3. Under the filenames tab, fill out the settings (see attachment for example).
1. Pattern — For multiscale import, set this to “Y X”

2. Ignore Prefix — For multiscale import, set this to the first part of the filename for the images being imported. For
example, “ILO1”. This must be correct, or the import will fail.

X Order — For multiscale import, set this to “Left to Right.”

Y Order — For multiscale import, set this to “Top to Bottom.”

woA W

Start Index — For multiscale import, set this to O.
4. Click the “Import” button.

Edited images. ..

Split image into tiles. ..

Indexed tiles. ..

GDSII file

Converts a GDSII file into a set of Pix2Net layers, and then adds those layers to the project.

Pix2Net layer from images
Creates a new image layer from a set of sequentially numbered images on the file system, which have been captures

by SEM. A dialog window will appear to allow complex configuration of the import process to match the format of
your images.

Pix2Net layer from existing project

Copies one or more Pix2Net layers from an existing project to the currently open project.

3.4.3 Exporting

Exporting GDSII
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B8 eport >
Export polygon layers to a GDSI file. GDS is the de facto industry standard for data exchange of
EDIF integrated circuit layouts.
Gerber Layers
ODB++

Export | Layer | Datatype | Name | Index 4|
Library Cell Catalog O M 0 F
BOM [l Via7 1
Cell Images L M7 2

Via 6 3
Cells U
L MG 4
Cell Instances O Via 5 5
PortInstances L M5 6
Complete Netlist L Via 4 7
Active Netlist U 14 8
) ) L Via 2 g
Library Cell Metlists | M2 10 v
Overlapping Tiles
Mon-Overlapping Tiles |_ExportAll | | ExportNone |
Single Image .
Options

Spectrum Layer )
Probe Measurements Add pmos marking layer. )

Restrict to selected cell instance:

Export cell placements: E
Export text labels to: @ Mew layer

Output Filename

) Existing layer
) Existing layer, but new datatype

CAProgram Files\Pix2Metwoutput.gds

Browse

[ Export J l Cancel J

Check the layer(s) to export. Double click under Layer or Datatype to add numerical information.

Export All selects all layers. Export None deselects all layers.

Add pmos marking layer: Checking this adds a small box of ‘pmos’ to the active to help distinguish
between n-type and p-type diffusion

Restrict to selected cell instance: The gdsii layers will be exported within the boundary of the selected
cell. When left unchecked, gdsii of the entire area is exported

Export cell placements: Exports cell boundaries as a layer

Export text labels: allows selecion between exporting labels on a new layer, an existing layer same

datatype, or an existing layer with a new datatype.

Output Filename: Specify where to store the gdsii file, and how to name it.

Exporting EDIF

3.4. Importing and Exporting
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. Export

Gerber

0ODB++

Library Cell Catalog
BOM

Cell Images

Cells

Cell Instances

Port Instances
Complete Metlist
Active Metlist

Library Cell Netlists
Overlapping Tiles
Mon-Overlapping Tiles
Single Image
Spectrum Layer
Probe Measurements

Exporting Gerber

]
C:\ProjectiDigital Logicloutput.edf
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Export it
cosl Export polygon layers to a Gerber file. Gerber is the standard input format for photoplotters in PCB
EDIF fabrication.

Gerber

Geroer [ a
ODB++
Library Cell Catalog Use Module Holes ™
BOM Drill Holes From Polygons
Cellimages Drill Layer | |"]
Cells

Drill Diameters (inches) | 0.025, 0,039, 0.040, 0.047, 0.059, 0.060, 0.138
Cell Instances

Port Instances Gerber Layers

Complete Netlist M8 [(Don‘t Export) I']
Active Metlist i

Library Cell Netiists Via7 (Don't Export) )
Overlapping Tiles M7 | (Don't Export) |v]
Mon-Overlapping Tiles Via b [(Don‘t Export) I"]
Single Image

Spectrum Layer M6 | (Don't Export) v
Probe Measurements | Via5 | (Don't Export) |v] -

Output Directory

C\ProjectiDigital Logic Browse

l Export J l Cancel J

Exporting ODB++
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Export x
cDsI Exports the project data to ODB++, a data exchange format for PCB fabrication.
EDIF
Gerber Layers

Layer | Index A|
Library Cell Catalog M 0
BOM Via7 1
CellImages M7 2
cells Via B 3

WM& 4
Cell Instances Via 5 5
Port Instances M5 G
Complete Netlist Via 4 T
Active Netlist M4 8
) : Via3 q
Library Cell Metlists M3 10
Cwerlapping Tiles Via2 1
Mon-Overlapping Tiles M2 12
Single Image Via 1 13
k! 14
Spectrum Layer CA 15
Probe Measurements Palysilicon 16
Active 17
P Well 18
Generated Diffusion 20
Generated Transistors 21
Text size: 1 E pm
QOutput Directory
C\ProjectiDigital Logic Browse

[ Export J [ Cancel J

Exporting Library Cell Catalog
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Export >
coSI Exports a catalog of the library cells.
EDIF Layer
Gerber ——————
ma |*

ODB++
Library Cell Catalog cells
BOM _
Cell Images Toggle Al
Cells Export [ld | Cell a
Cell Instances O] 78 2MAMND N
Port Instances ] 531 2NOR
Complete Netiist % 532 2NOR

. . 85 ZNOR
Active Netlist 0 7% SNAND e
Library Cell Metlists
Overlapping Tiles Maximum image height: 200 pixels
Non-Overlapping Tiles

Schematic zoom: 100 b

Single Image

Spectrum Layer ¥ cell Image
Probe Measurements [Z] Schematic Image
[ verilag

Qutput Flename

ChlUsers\ukellyoutput html

Exporting BOM

Browse

l Export J [ Cancel J

3.4. Importing and Exporting
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a Export

cosI Export a Bill of Materials to a C3V file.
EDIF Columns

Gerber [] Ref Desc

ODB++ ] cell Name

Library Cell Catalog @ Electrical Model

(¥ Package

Cell Images [/] Module Footprint

Cells [f] Parent Mame

Cell Instances Output Filename

Port Instances

Complete Netlist CProgram Files\Pix2Metoutput.csv

Active MNetlist

Library Cell Netlists
Owerlapping Tiles
Mon-Cverlapping Tiles
Single Image
Spectrum Layer
Probe Measurements

Exporting Cell Images

Browse

[ Export J l Cancel J
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Export *
felnl=ll] Export a bitmap for each selected cell, for each selected layer.
EDIF cells
Gerber -
ld | Cel 4 | Electrical Type |
ODB++
. 78 2MAND A
Library Cell Catalog a5 2MOR NOR
BOM h31 2NOR
Cell Images 532 2NOR
Cells 73 3MNAMD
72 AMNAND
Cell Instances 287 ANAND
PortInstances 57 AND2 AMND
Complete Metlist 478 BLOCK 0 ARRAY
Active Netlist IR hi
Library Cell Metlists rs
Qwerlapping Tiles
Non-Overlapping Tiles Layer | Index "‘|
Single Image 3 o E
M7 2
Spectrum Layer Via B N
Probe Measurements ME 4
M5 G
W4 8
M3 10
M2 12
Yia 13
([l 14 v

Output Directory

CAProgram Files\Pix2Metwoutput.csy Browse

[ Export J l Cancel J

Select the desired cells. Select the desired layer. An image will be exported for each cell/layer combina-
tion.

Exporting Cells
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B Export

aosl Export all ofthe cells to a CSV file.
EDIF Columns

Gerber [2] cellld

ODB++ ] cell Name

Library Cell Catalog /] NumBer of Children

BOM (/] Electrical Model

Cell Images ] Number of Instances

Cell Instances [;—’] Number of Inputs

Port Instances [ Number of Outputs

Complete Metlist Output Filename

Active MNetlist

Library Cell Netlists
Owerlapping Tiles
Mon-Overlapping Tiles
Single Image
Spectrum Layer
Probe Measurements

ClUsers\kellyioutput. csv

Exporting Cell Instances

Browse

[ Export J [ Cancel J
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B8 eport *
cosI Export all ofthe cell instances to a CSV file.

EDIF Columns

Gerber E] cellld

ODB++ [¥] cell Name

Library Cell Catalog [/] Cell Instance Name

BOM [/] Parent Cell 1d

Cell Images [/] Parent Cell Name

Cells (/| Parent Cell Instance Name

[+/] Footprint Madule Name
[+/] Footprint Madule Library Mame

Cell Instances

Port Instances

X {um
Complete Metlist % YEum:::
Active Metlist E] Width (um)
Library Cell Netlists [/] Height {um)

Owerlapping Tiles
Mon-Overlapping Tiles

Single Image CilUsers\Ukellyloutput.csv Browse
Spectrum Layer

Qutput Filename

Probe Measurements

[ Export J l Cancel J

Select the desired column headings. The result is a .csv file of all cell instances in the project.

Exporting Port Instances
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B Export

GDSI Export all of the portinstances to a CSV file.
EDIF Columns

Gerber [+/] Port Instance Id

ODB++ [+] cell Instance Name

Library Cell Catalog [¥] Port Type

BOW (/] Layer

Cell Images (] MetList

Cells (] x (um)

Cell Instances m Y {(um)

Port Instances Qutput Filename

Complete Metlist . .

Active Netlist C\Program Files\Pix2Mefioutput.csv

Library Cell Netlists
Overlapping Tiles
Mon-Overlapping Tiles
Single Image
Spectrum Layer
Probe Measurements

Exporting Complete Netlist

Browse

l Export J [ Cancel J
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GDSII Exportthe active netlist as component Verilog and append library cells as functional Verilog.

EDIF

Gerber Dutput

ODB++ File: C\Program Files\Pix2Metioutputy Browse

Library Cell Catalog
BOW |__| Open the file when the exportis finished

Cell Images

Cells

Cell Instances

Port Instances

Active Metlist

Library Cell Metlists
Overlapping Tiles
Mon-Overlapping Tiles
Single Image
Spectrum Layer
Probe Measurements

[ Export J [ Cancel J

Exporting Active Netlist
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Export hod
GODSI Export the active netlist to a text file in the specified format.

EDIF Netlist Type

Gerber _ ; . ; ) - —

(®) Export a hierarchical netlist using the | physical cells v

ODB++

Library Cell Catalog (_) Exportaflat netlist atthe transzisior leve

BOM

Cell Images Output

Cells Format. | Component Verilog "'J

Cell Instances

Port Instances File: C:\Program Files\Pix2Metioutput.v Browse
Complete Netlist [ | Open the file when the export is finished

Active Metlist

Library Cell Metlists
Overlapping Tiles
Non-Overlapping Tiles
Single Image
Spectrum Layer
Probe Measurements

l Export J [ Cancel J

Exporting Library Cell Netlists
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a Export

GDsll

EDIF

Gerber

ODB++

Library Cell Catalog
Cell Images

Cells

Cell Instances
Complete Netlist
Active Metlist

Library Cell Netlists
Overlapping Tiles
Mon-Overlapping Tiles
Single Image
Spectrum Layer
Probe Measurements

Export library cell netlists to a text file in the specified format.

Target
(®) Exportthe project library cells

) Export areference library: CLIOS

Output

Farmat: |Domponent\u'erilog 'J

File: C:\Program Files\PixZMetioutputy

|_| Open the file when the export is finished

| Export | | Cancel |

Browse

Exporting Overlapping Tiles

3.4. Importing and Exporting
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Export X
GOoSI Exporttiles for each selected layer in a format which does overlap.
EDIF Layers
Gerber ) -

Layer | Pixel Size (nm) | Index & |

oDB++
) Ma 72.85 0
Library Cell Catalog M7 7285 2
BOM Via 6 41.63 3
Cell Images [l15] 41.63 4
Cells M5 29.14 6
4 18.21 8
Cell Instances M2 18.24 10
Port Instances M2 971 12
Complete Metlist Via1 9.71 13
Active Netlist o 9.71 14
CA 9.71 15

Library Cell Metlists

Palysilicon 971 16
Overlapping Tiles Active 071 17
Mon-Overlapping Tiles Location_OV 291.41 19

Single Image
Spectrum Layer
Probe Measurements

Qutput Directory

CAProjectiDigital Logic Browse

l Export J l Cancel J

Export Non-Overlapping Tiles
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Export

GDsI

EDIF

Gerber

ODB++

Library Cell Catalog
BOM

Cell Images

Cells

Cell Instances

Port Instances
Complete Netlist
Active Metlist
Library Cell Metlists
Overlapping Tiles

Mon-Overlapping Tiles

Single Image
Spectrum Layer
Probe Measurements

Export tiles for each selected layer in a format which does not overlap.

Layers
Layer | Pixel Size (nm) | Index 4|
M8 7285 0
M7 72.85 2
Via @ 41.63 3
Ma 41.63 4
M5 2914 B
M4 18.21 8
M3 18.21 10
M2 9.71 12
Via1 971 13
M1 9.71 14
CA 971 15
Palysilicon 9.71 16
Active 971 17
Location_OV 291.41 19

(®) Use the smallest pixel size among the selected layers

" . .
) Use a custom pixel size:

Pixel size:

21

Output Directory

nm

C\ProjectiDigital Logic

Exports the layers as a data set of non-overlapping images

Export Single Image

Browse

l Export J l Cancel J

3.4. Importing and Exporting
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Export

GDSI

EDIF

Gerber

ODB++

Library Cell Catalog
BOM

CellImages

Cells

Cell Instances

Port Instances
Complete Netlist
Active Metlist
Library Cell Metlists
Overlapping Tiles

Mon-Overlapping Tiles

Single Image

Spectrum Layer

Probe Measurements

Expori the selected layer as a single image.

Layer
| ma v

Qutput Filename

Ci\Program Files\Pix2Metioutput bmp

Browse

l Export J l Cancel J

Exports the selected layer as a single .bmp file. Beware that very large layers will result in a .bmp file that

is too large to open.

Export Spectrum Layer
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Liprary Cell Catalog

BOM

Cell Images

Cells

Cell Instances |_Browse |
PortInstances

Complete MNetlist

Active Metlist

Library Cell Netlists

Owverlapping Tiles
Mon-Overlapping Tiles
Single Image

Probe Measurements

Export Probe Measurements
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B Export

GDosl

EDIF

Gerber

ODB++

Library Cell Catalog
BOM

Cell Images

Cells

Cell Instances

Port Instances
Complete Metlist
Active MNetlist
Liorary Cell Metlists
Overlapping Tiles

Mon-Overlapping Tiles

Single Image
Spectrum Layer

Probe Measurements

3.5 Stitching

The stitching system is used to stitch a set of tiled images into a single mosaic.

Exportthe selected measurement layer in the CSV format.
Layer
L=

Qutput Filename

C\Program Files\Pix2MetinewMeasurement. cavioutput.csv

3.5.1 The Stitch Manager

Browse

[ Export J l Cancel J

The Stitch Manager is used to control the stitching process. It can be opened by pressing the Stitch Manager button in
the Alignment tab.

o

Stitch

Manager
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Stitch Manager

| W1 Lines v
BEE o
Pair | Score | Potential ¥ |

The combo box at the top is used to select the active image layer from the list of visible image layers. There are four
buttons under the combo box:

« Stitch - Starts the stitching process for the active layer. During the stitching process, this button turns into a stop
button.

¢ Clear Stitch - Clears the stitching information that is associated with the active layer.

* Open Stitch Viewer - Opens the Stitch Viewer window, which can be used to visualize and edit the selected
stitch object.

* Settings - Opens the Settings dialog for the Stitch Manager.

The rest of the window is used to show the list of stitching errors. If the layer has not yet been stitched, then this list
will be empty.

Whenever the Stitch Manager window is open, a stitch grid for the active layer will be displayed in the overlay:

= T
s e s s ey

The grid will initially be white, but during the stitching process, the lines and dots will turn green or red.
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3.5.2 The Stitching Process

To start the stitching process, press the Stitch button in the Stitch Manager. The stitch grid will change colors through-
out the stitching process. During the stitching process, it is perfectly fine to change the active layer or close the Stitch
Manager window. The stitching process will continue to run in the background, even if the stitch grid is not displayed
in the overlay.

Once the stitching process is complete, the stitch grid can be inspected with the Stitch Viewer. First, a stitch object
must be selected. A stitch object can be selected by using the Select Stitch tool:

ol
Crky
Select

Stitch
After activating the Select Stitch tool, click on a line or dot in the stitch grid to select it.

The lines in the stitch grid represent tile pairs, which are two tiles that share a common edge:

The dots in the stitch grid represent tile quads, which are four tiles that share a common corner:

|

Finally, click on the Open Stitch Viewer button to start viewing the selected tile pair or quad.

3.5.3 The Stitch Viewer

The Stitch Viewer has three modes: Tile Pair mode, Tile Quad mode, and Row/Column mode.

Tile Pairs

If a tile pair is selected, then the Stitch Viewer will start in Tile Pair mode:
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| Search || Clear || LeftQuad || Row || RightQuad | | Correlation v
Type | Target | Valid | Parameters | X |Y &|Valid | Point | Score | s
Score: 99.7%, Potential: 0.0% Yes -9, 1576 997 i
Pass 2 121580  Yes Error: 3.0%, Penalty: 0.00% 0 0 Yes -9,1576 1000 D

Pass 1 0,1591 Yes 3% to 20%, 80% to 100% 0 1 Yes -9, 1576 998
0 2 Yes -9, 1576 99.9 v

The purpose of the Tile Pair viewer is to allow the user to view the results of searches that were run during the stitching
process, and to allow the user to run their own searches. What is a “search”? In the stitching system, a “search” is
when Pix2Net attempts to find valid stitch points for a pair of tiles.

Clicking the Search button will bring up the Search dialog:
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B8 search % || B Search x
& &

Settings Settings
= 3 C—
Minimum correlation 90 < % || Minimum correlation 90 =K
Distance penalty 0 +| % || Distance penalty 0 + %
Maximum warp 1 + | % || Maximum warp 1 =K
Correlation margin 2 —| % || Allowed error 3 =
Major Axis (¥): Major Axis (Y):

Minimum overlap 3 +| % || Target point (Left) 1,591 < pixels
Maximum overlap 20 +| % || Target point (Right) I‘I,EEH - pixels
Maximum slice length | 100 +1 % || Maximum slice length | 100 B %
Minor Axis (X): Minor Axis (X):

Minimum overlap 80 +| % || Target point (Left) 0 < pixels
Maximum overlap 100 : % || Target point (Right) ] ﬂ pixels
Maximum slice length 34 +| % || Maximum slice length | 34 ~ o
'fype . T!I"Pe
The type of search to run. The type of search to run.

[ Search J [ Cancel J l Search J l Cancel J

There are two types of searches: Broad and Targeted. The purpose of a broad search is to determine if there is only
one possible way to stitch a tile pair or not, and if there is, to find that stitch point. The purpose of a targeted search is
to find the best stitch point near a target point.

Let’s start with the broad search. A search always has a major axis, which points in the direction of stage movement,
and a minor axis, which is perpendicular to the major axis. Since we are dealing with a vertical pair of tiles, the major
axis is the Y axis and the minor axis is the X axis.

The most important part of the broad search is defining the search boundaries. If we assume that there is some overlap,
then there are two possibilities: Either the top tile’s lower-left corner is overlapping with the bottom tile’s upper-right,
or the top tile’s lower-right corner is overlapping with the bottom tile’s upper-left, as shown in this figure:
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Case 1 Case 2

Top Tile Top Tile

Bottom Tile Bottom Tile

In a broad search, the “minimum overlap” and “maximum overlap” determine the worst case scenarios for both cases.
A broad search will perform two tests: In the first test, it will take the bottom tile’s image in the “minimum overlap”
scenario of case 1 (the “template” image), and it will try to find it in the top tile’s image in the “maximum overlap”
scenario of case 1 (the “reference” image). In the second test, it does the same thing, but for case 2. If these two tests
produce only a single stitch point, then the broad search has successfully determined that there is only one way to
stitch these two tiles. However, if the broad search finds either no stitch points or multiple stitch points, then the broad
search’s result will be considered invalid.

The “maximum slice length” in each axis determines how the template image will be sliced up. The reason that a
template image is divided into slices during a search is because, if either tile is warped, it may not be possible to find
the entire template image in the reference image. The default parameters will divide the template image into three
slices along the minor axis.

The “minimum correlation” determines the lowest amount that a template image is allowed to match a reference
image and still be considered valid. If there are multiple places where a template image matches a reference image,
then “correlation margin” is used to determine if the lower correlations are real matches or not. For example, if the
highest stitch point has a correlation of 98%, and the “correlation margin” is 2%, then another stitch point of 97%
would also be considered valid (because it is 1% away from 98%), but a stitch point of 95% would not (because it is
3% away from 98%).

The “distance penalty” doesn’t make sense for a broad search, so it should always be zero. The “maximum warp” is
the percentage of tile width that the stitch points of the slices are allowed to vary from each other, under the assumption
that the tiles can’t possibly be warped enough for both of those slices to be correct. For example, let’s assume a tile
width of 2048, a “maximum warp” of 1% (i.e. about 20 pixels), and a slice with a stitch point at 0, 1591. In that case,
a second slice point at 0, 1593 would be considered valid (because it is only 2 pixels away), but a third slice point at 0,
1621 would be considered invalid (because it is 30 pixels away).

A targeted search, on the other hand, always returns the best set of stitch points it can find. A targeted search requires
the user to specify two target points, at opposite sides along the minor axis. In the case of a vertical tile pair, the first
target point is specified on the left side and the second target point is specified on the right side. Pix2Net then chooses
a target point for each slice by interpolating between the two extremes. Finally, the “Allowed Error” determines the
maximum distance, as a percentage of tile width, that a valid stitch point may be from the interpolated target point.

The targeted search will always return the stitch points with the highest correlation, provided that correlation is higher
than the minimum correlation and the slices are within the “maximum warp” constraint. There is just one exception: If
the “distance penalty” is greater than 0, then the correlation at each possible stitch point will be adjusted by subtracting
the distance penalty times the distance from the target point. The distance penalty is very important for tiles that have
many valid stitch points, because the distance penalty will force Pix2Net to lean towards stitch points that are closer
to the target point, instead of choosing stitch points solely based on their correlation.

At the top of the Search dialog, there is a “Load settings” button. This button can be used to populate the Search dialog
with the standard settings used in each pass during the stitching process. Here are the three passes the occur during
the stitching process:
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* Pass 1 - In this pass, a broad search is run on each tile pair in order to find a list of known stitch points for each
row and column.

¢ Pass 2 - In this pass, the list of known points found in pass 1 are used to find a line of best fit for each row and column. Th
is then used to run a targeted search, with 3% error and 0% distance penalty, on each tile pair.

* Pass 3 - In this pass, the tile pairs that still have invalid stitch points are fixed by running a targeted search with 1% error
distance penalty. The assumption is that the searches that failed in pass 2 are the searches in which
distance needs to be considered, instead of just looking at the correlation.

That covers the search button.

The table on the lower left, beneath the Search button, shows the list of results from the various searches that have
been run. It also includes a Verification result, which will be covered in just a little bit. For now, click on a “Pass 2" or
“Pass 1” result to see what a search result looks like.

The Clear button can be used to clear the selected search result. The Left Quad and Right Quad buttons are equivalent
to selecting the left or right quad in the stitch grid. The Row/Column button will put the Stitch Viewer in Row/Column
mode, so that the user can see how this pair’s stitch points compare to the other stitch points along the same row or
column.

The table on the lower right contains the list of stitch points for each slice in the selected search result. For targeted
searches, the combo box above the table will always be “Correlation”, but for broad searches, it can be changed to
“Test stage moved left” or “Test stage moved right”, to specify which of the broad search tests to view.

The table will always contain an entry that does not have an “X” or “Y” coordinate, which is selected by default. This
entry is an overview of the slices. It shows the two tiles separately, with a green rectangle around the template image,
and a yellow rectangle around the reference image. It also shows a mosaic on the right, which is generated from the
stitch points of the valid slices.

Clicking on the other entries will show the template and reference rectangles for that particular slice. It will also show
a correlation image, which has darker pixels for the low correlations and brighter pixels for the high correlations. If
the user hovers the mouse over the image, then the corresponding correlation value is displayed in the status bar. For
targeted searches, a green dot represents the target point for the slice (for broad searches, the green dot is meaningless).
For targeted searches, a red dot represents the best correlation point. For broad searches, a single red dot represents a
valid stitch point. The lack of a red dot indicates no valid correlation points were found, and two red dots indicate that
there are at least two possible ways to stitch the tiles.

A mosaic shows the template image on top of the reference image at the highest possible correlation point. Finally,
a difference image shows the distribution of the differing pixels between the template and reference images. The
smallest differences are represented by dark pixels, and the largest differences are represented by white pixels.

Finally, the Verification entry in the lower left table is a special correlation that the stitching process runs on the final,
warped tiles. If any new searches are run, the verification entry will immediately vanish, because the final warped
images may have changed, so a new verification needs to be run. A verification consists of doing a correlation in
which the template image is divided into five slices, and the reference image is 3 pixels bigger than the template. The
“score” that the verification reports is the lowest correlation among the five slices. The “potential” is calculated by
looking at the worst slice’s current correlation score, and the highest score that can be obtained by moving template
image around by just 3 pixels. A verification with a low score and a high potential means that at least one of the tile’s
stitch points is definitely wrong.

Tile Quads

If a tile quad is selected, then the Stitch Viewer will be in Tile Quad mode:
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Stiteh Viewer
Quad 5, 2
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| Column ] Row Show Full Warp Score: 1.0
Diraction Tile Pair Stiteh Paint Expacied Scora
Up 191 20 1857, -2 1856, -2 99.4
Down 2610 27 1855, -2 1856, -2 99.8
Left 1910 26 -7, 1811 -6, 1611 98.7
Right 2010 27 -8, 1611 -9, 1611 98.7

The purpose of the Tile Quad viewer is to show the user what four tiles look like, given the stitch points currently
defined. Clicking on the Row or Column button will put the viewer in Row/Column mode.

The score, which is displayed to the right of the Row and Column buttons, is calculated by checking the consistency of
the four tile pairs. A lower score is better; a score of zero indicates perfect agreement. A score of 5 or greater indicates
that the tile pairs disagree by at least 5 pixels, and the quad will be colored red in the stitch grid.

The stitch points for each tile pair are displayed in the table in the lower left. The user can visit any of these tile pairs
by double-clicking on them. The “Expected” column is the stitch point for each tile pair that would be required to give
the quad a perfect score of zero. If pass 3 finds a tile quad with 3 valid tile pairs and 1 invalid tile pair, then it will use
the expected point when it tries to fix the invalid tile pair.

Rows/Columns

The Stitch Viewer can be placed in Row/Column mode by clicking on the Row or Column buttons in the Tile Pair and
Tile Quad modes:
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Stitch Viewer

Row 2

L
O
]
e

X Values

1,582
1,581
1,580
1,578
1.578
1577
15786
15785

Pixels

20

14 18 18
Tile

Y Values

=

22

24 28 28 a0 3z 34 36

14 18 18
Tile

| = valid ® Invalid — Trend Line|

36

View: [Adive Result |'J Stitch Object

| Tile

| Score Valid

Tile | Point | Correlation |

Pair 102 to 137

Show trend line: (]

321033
Quad 32, 2 33

99.9
1.0

Yes

Pair103to 138 33to34 997 Yes
Quad 33,2 34 3.0
Pair104t0 139 34t035 995 Yes

The purpose of the Row/Column viewer is to visualize the trend of stitch points along a column or row. The top graph
represents the X values of the stitch points, and the bottom graph represents the Y values of the bottom graph. In both
graphs, the tile number is the x axis, and the stitch point’s X/Y value in pixels is the y axis. In this view, the tile number
is not the usual index of the tile in the layer, but instead, it is the index of the tile along this particular row or column.

In the lower left, the view can be changed from “Active Result” to “Manual”, “Pass 3, “Pass 2”, or “Pass 1”, in order
to look at the results of a particular pass. The trend line, which is determined by the results of “Pass 17, can be toggled

on and off.

The table in the middle contains all of the stitch objects along this row or column. The user can visit these stitch

objects by double-clicking on them.

3.5.4 Clear Stitch Grid

The Clear Stitch Grid dialog can be opened from the Stitch Manager:
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Clear Stitch Grid

Clear pass
Clear pass

Clear pass

1
I

7
=

(%]

Clear warped tiles

b

@ Clear the entire stitch grid
(_) Clear selectively:

Clear manual searches

[ Clear J [ Cancel J

This dialog can be used to clear the stitch grid. It can also be used more selectively, so that only certain passes are

cleared, or so that only the warped tiles are deleted.

3.5.5 Settings

The Settings dialog can be opened from the Stitch Manager:
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Grid to draw: | Valid Stitch ‘I’J

Hide errors with a score greater than a7y %

|| Hide errors along border pairs

Pass 1 Settings

Minimum correlation: 08 [ %
Correlation margin: 1 ., 5%
Maximum stage error: 4 ., %%

Pass 2 Settings

Minimum correlation: a5 j %
Maximum slice length: 34 j B
Maximum error: 3 j %%

Pass 3 Settings

L‘_|L
&

Minimum correlation: a0

[1|L
&

Maximum slice length: 34

Sattings for All Passes

Maximum warp allowed: 1 B b

[ Ok J [ Cancel J

The settings dialog controls the verifications that are shown in the Stitch Manager. By default, verifications are only
shown if they have a score lower than 97%, and if they are not along the border of the layer.

Another setting that can be changed is the type of stitch grid that is drawn. By default, the stitch grid is white when
stitch information is missing, green if stitch objects are valid, and red if stitch objects are invalid. However, if the stitch
grid is changed to Degree of Warp, then the colors will represent the extent to which tiles have been warped along their
edges. White indicates almost no warp, green indicates a small amount of warp, yellow indicates medium amount of
warp, and red indicates a large amount of warp.

The last feature to the Settings are the pass settings. The user can write what is wanted within each pass setting as well
as setting the maximum warp allowed for all passes.

3.5.6 Fixing Stitch Errors

During the stitching process, Pix2Net will run three passes. Each pass runs a search that returns a valid result (a
green line) or an invalid result (a red line). There are times when pass 1 and pass 2 return a red line, but that does
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not necessarily mean something bad happened; there are many times where pass 1 and pass 2 are supposed to return
invalid results, because it is expected that a later pass will find a valid result. Therefore, search results can be divided
into four categories: True positives, true negatives, false positives, and false negatives.

In general, false positives are much worse than false negatives in the stitching process. A false negative is simply
a piece of information that could be used, but is ignored by Pix2Net. A false positive, however, represents a bad
assumption that may be used by later passes, resulting in more bad assumptions and stitch errors. Therefore, the
search parameters for each pass have been chosen with two goals in mind: 1) Eliminate false positives completely and
2) avoid an excessive amount of false negatives.

Pass 1 Errors

If the stitching completes and a row or column has a large amount of red lines, that’s a pretty good sign that pass 1
failed on that row or column. In order to verify this, select a tile pair on that row/column, open the Stitch Viewer, and
switch to the Row/Column view. If you set the view to ‘Pass 1°, and you notice that the trend line is tilted due to some
outliers, then those outliers are most likely false positives.

In pass 1, a false positive is when pix2net believes there is only one valid way to stitch a tile pair, but there are in fact
either multiple ways to stitch the pair, or there is no valid way to stitch the pair. A false negative, on the other hand,
is when pix2net believes there is not a single valid way to stitch a tile pair, but there actually is only one valid way to
stitch the pair.

False positives are very bad, because it only takes one false positive to throw off a trend line. False negatives aren’t
nearly as harmful, because a false negative simply means there is one fewer data point to help guide the trend line.

Currently, there’s no easy way to simply run pass 1 with different parameters on an entire row or column, so fixing
the results of a pass 1 error may be tedious. Pix2Net tries to reduce the chances of a false positive by using a high
minimum correlation (98%) and a high correlation margin (.1%). On a side note, if pass 1 does not find any valid
stitch points along a row or column, then pass 2 will default to using an ideal trend line.

Pass 2 Errors

Pass 2 will attempt to stitch tile pairs along the trend line from pass 1. Pass 2 will use a distance penalty of zero, so
pass 2 will only work if the highest correlation point in each slice is the correct stitch point.

A false positive in pass 2 is when a search result is marked as valid, but the stitch points are actually incorrect. This
can happen if the highest correlation point in each slice is wrong, but the points are still within the allowed warping
distance, so each slice is consistent with the other slices. A pass 2 false positive is not as bad as a pass 1 false positive,
but it can still be pretty bad if a lot of nearby pass 3 stitches rely on it in order to generate their target points.

A false negative in pass 2 is when the highest correlation point in each slice does in fact represent a valid way to
stitch the pair, but pass 2 incorrectly marks the search result as invalid. This can happen if the tiles are so warped that
the resulting stitch points violate the maximum allowed warping distance. It can also happen if the slices have a low
correlation, due to charging effects or excessive tile warp. Pass 2 uses a minimum correlation of 95%, which is lower
than pass 1’s 98%. However, 95% may still not be low enough to prevent all false negatives.

In contrast to a false negative, a true negative in pass 2 is when a search result correctly identifies a situation where
the highest correlation point in each slice does not represent a valid way to stitch a tile pair. A good example of this
case is a pair of tiles that have nothing but horizontal white lines, or nothing but vertical white lines. There are many
possible, valid stitch points, so pass 2 will not be able to determine the correct way to stitch the pair. A pass 3 search,
on the other hand, will work, because pass 3 includes a distance penalty that can be used to sort the valid stitch points
by their distance from a target point.
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Pass 3 Errors

Since pass 3 has a low minimum correlation of 90%, and a distance penalty of 0.1%, it will almost certainly work if
valid target points are passed to it. However, the target points used may end up being invalid target points if they were
calculated from bad results from pass 2 or pass 1.

Also, pass 3 will only run searches on invalid pass 2 results. Pass 3 will not run on valid pass 2 results, because it does
not know which pass 2 results are true positives, and which results are false positives. This means that pass 3 will not
fix a red dot that is connected to four green lines, because pass 3 does not know which of those lines is a false positive.
However, you as a human may be able to determine this by selecting the red dot, opening the stitch viewer, and looking
at the row and column views. Look closely at the stitch points of the pairs that are adjacent to the selected quad. If one
or more of those stitch points seems to be out of place in comparison to its neighbors, then that is probably the false
positive. You may be able to fix this false positive by simply running a pass 3 search on it.

One final thing to notice is a difference between the way pass 2 and pass 3 choose their targets points. When pass 2
calculates its target points, it uses the trend line from pass 1. When pass 3 calculates its target points, however, it may
use the nearby pass 2 and pass 3 search results. Therefore, a pass 3 result may be bad because of other bad pass 3
results, but a pass 2 result will never be bad because of other bad pass 2 results.

3.6 Overlay

3.6.1 Overlay Windows

Overlay windows allow you to view and manipulate the layers in the project. The main layer window is the Overlay
window, but each layer also has an image window and/or feature window associated with it. The Overlay window
allows you to view multiple layers on top of each other. The Overlay window can be toggled on and off from the View
menu. The image windows and feature windows associated with a layer, on the other hand, are useful for viewing two
or more layers side by side. These windows can be enabled by the context menu in the Project window.

You can move around in the overlay window with the keyboard by pressing the A (left), D (right), W (up), S (down),
Q (zoom in), and E (zoom out) keys. You can also move around with the mouse. Hold down the middle mouse button
to move up, down, left, and right, and zoom in and out with the mouse wheel.

When a layer window has the focus, then you can use the arrow keys to move around. Each layer window has a ruler
in the lower-right corner that gives you a sense of scale.
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Right-click anywhere in the overlay window, then the following menu will pop up:
* Count cell instances...

— Allows the user to draw a box, and then tell Pix2Net will say how many cell instances are within that

box.
* Goto
— Coordinates: Allows you to enter specific micron coordinates to move the camera to.
— Tile: Allows you to enter an image tile number to move the camera to.
* Save

— Overlay as bitmap: Saves the overlay’s contents as an image in a folder specified by the user.
¢ Selected cell
— Flip left to right: Flips the selected cell left to right

Flip top to bottom: Flips the selected cell top to bottom

Rotate clockwise: Rotates the cell 90 degrees clockwise.

Rotate counter clockwise: Rotates the cell 90 degrees counter-clockwise.

Delete cell instance: Removes the selected cell.

Delete cell (Exclude Children): Removes the selected cell, but leaves all children cells intact.

Delete pattern: To use this feature, the user must have two cells selected. Delete pattern will ask
which cell to keep. Then, it will search the whole project for places where there exists the “pat-
tern” that the selected cells make together. If there was an ‘L’ shape of three different cells, it
would find all the places where that same ‘L’ is made of those same cells. Then, in every pattern,
it will delete all cells except the “keep” cell.

Make port names uppercase: Changes the port names of the selected cells to uppercase.

Make port names lowercase: Changes the port names of the selected cells to lowercase.

Move to active section: Moves the selected cell to the active section.

Identify as 0-bit: Defines the cell as a digital LOW or 0 bit.

Identify as 1-bit: Defines the cell as a digital HI or 1 bit.

Fill with memory grid. ..: Creates a memory grid array
* Selected port

— Edit: Edits the selected port.

— Remove: Removes the selected port.

* Selected polygon

Flip left to right

Flip top to bottom
— Flip clockwise
— Flip counter clockwise

— Remove: Removes the selected polygon(s).

Move to layer...: Moves the selected polygon(s) to a different layer.

Copy to layer. ..: Copies the selected polygon(s) to another layer.
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* Selected ruler

— Delete: Removes the selected ruler.
* Origin offset

— Clear: Clears the offset

— Set here: Sets the origin where the mouse was clicked.

3.7 Layers Window

GJEL1%)
B: 0000000200 EEE =0
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FPuolysilicon

Active

P Well

Location_OW

Generated Diffusion

Generated Transistors

The Layers window lists all of the layers that belong to the project. The selected layer is considered to be the active
layer. The active layer is the layer that will be targeted for manipulation whenever a tool is used.

Each layer has a set of controls next to it:
* A check box that can be used to show or hide the images associated with the layer.
« If applicable, a check box that can be used to show or hide the features associated with the layer.
* A color box that can be used to colorize the images associated with the layer.
* If applicable, a color box that can be used to colorize the features associated with the layer.
* A slider that can be used to change the transparency of the images associated with the layer.

The top of the layer window has the following buttons:
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Show image layer: Opens a new layer window that will only show this layer’s image, regardless of what is
shown in the overlay window. If you open multiple layer windows, you can view them side by side by going to
View -> Tile Windows.

Show polygon layer: Opens a new layer window that will only show this layer’s features, regardless of what is
shown in the overlay window.

Show layer properties: Allows you to edit properties associated with a layer. This feature is not used very much
by Pix2Net just yet, but when you import GDS layers, the layer number and data type will be saved as properties.

Move layer up: Moves a layer one space upwards in the stack.
Move layer down: Moves a layer one space downwards in the stack.

Remove layer: Removes a layer from the project, and gives you the option to delete any folders associated with
the layer.

Hide/show all image sublayers: Turns on/off all image layers.

Hide/show all polygon sublayers: Turns on/off all polygons.

If you right-click on one of the layers, the following menu will pop up:

Rename: Renames this layer. The layer’s directory will be renamed as well.

New polygon layer: Creates a new, empty feature resource for this layer. This is useful if you intend to draw
features by hand.

Move Ports. ..: Moves all ports from the highlighted layer to another target layer.
Move to Top: Moves the highlighted layer to the top of the list.
Move to Bottom: Moves the highlighted layer to the bottom of the list.

Display Cells: Displays the cells within the selected layer in the overlay and in the cell visibility window as a
quick filter.

Reset Warp: Resets any warping that has been done to this layer.
Fix Indexes: If layer indexes are not correct, Fix Indexes renumbers them.
Lock: Allows you to lock changes to a layer’s alignment and polygon layer so they cannot be moved or changed.

Columns: Allows you to show or hide column options in the Project window.
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3.8 Project Cells Window

3.8.1 Project Cells Reference

Project Cells
=8 EBEE P
YTOP(1)| | @

¥ Dig Block 1 (53)
» BLOCK 0 ARRAY (478)

¥ LOGIC BLOCK 1 (473) IR
2NOR (85) |
2NOR (275)
ANAND (287)
BUF (206) |
BUF (270)
BUF (278)
BUF (283)
BUF (293) |
DFF (81) |
DLAT (80) |
INV (82) |
INV (239)
NAND2 (83)
» LOGIC BLOCK 2 (452)
» LOGIC BLOCK 3 (477)

The project cells window also allows you to toggle the following windows:
* Cell Visibility
* Netlist Browser
* Cell Instances
* Flat Cell List
* Reference Cells
* Show Netlist Properties
* Move Into Target Netlist
* Move Out to Main Netlist

* Manage Electrical Models

The project cells window shows all of the cells in the project in a tree. You can toggle the visibility of a cell in the tree
by clicking on the green down arrow when the cell is highlighted. Right-click a cell to bring up the context menu:

» Show [cell] Only: Equivalent to selecting this cell’s check box, and deselecting the check box of every other

cell.
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* Show [cell] and Children Only: Shows this cell and is children, and hides the other cells.

* Move Into [cell] Netlist: Moves the user into the targeted netlist (same as pressing the green down arrow).
» Hide All: Hides all cells that are showing.

¢ Add Persistent Filter (show cell/show children): Shows the cell or both the cell and children.

¢ Rename [cell]: Renames the cell.

* Delete [cell]: Removes the cell, including its instances and ports.

* Delete Children: Deletes only the child cells of the selected cell.

* Delete Ports: Deletes the ports that were added to a cell.

* Edit Module: Allows the user to edit the module and electrical type of the cell. Modules can be filtered by
library, size, or number of ports.

e Pair Inputs: Brings up Assign input pairs window. The user can specify relationships between inputs by saying
that input A is the inverse or clone of input B. This is necessary if the cell expects there to be a relationship
between inputs, such as inversion. This is used for truth tables, state tables, and verilog.

¢ Edit Invalid States: Lets the user edit and add invalid states to cells. Choose to add an invalid state and if the
state should be x, 0, or 1.

¢ Electrical properties: Opens the electrical properties of a cell. Currently, these properties must be manually
entered.

» Section Actions (set as active section/revert to normal cell): Sets the highlighted section as the active one. Only
applies to Sections not Cells.

3.8.2 Cell Visibility

When this (the eye) is pressed, it brings up the Cell Visibility window:

Cell Visibility

o PYN | Quick filter: Show 2NOR (85) and children at 43.3, -50.5 um
Port Text Size 01 @ pum

Show Cell Names ]

Show Cell Instance Names EI

Cell Text Size 0.1 @ Hm )

Show Transistors ]
Show Met Markers O]
Fill Cells ]

—[ Cell Visibility J Flat Cell List | Cell Instances | Metlist Browser
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3.8.3 Netlist Browser

Metlist Browser

Cellld &/ Cell | Primary | Location | Analyzing | Detect Transistors |
1 TOP Yes 0.000, 0.000 Mo Mo
51 MOR2 Yes 45178, -28.746 Yes Yes
h2 MOR2 Yes 42 435 -28.556 Yes Yes
53 Dig Block 1 Yes -0.941,-95133 Yes Mo
a4 MY Yes 47 869, -34 225 Yes Yes
B5 MOR2 Yes 40 264, -28.409 Yes Yes
A6 MAMND3 Yes 34.074 -28.580 Yes Yes
a1 AMDZ Yes 33.956, -31.583 Yes Yes
a8 MAMNDZ Yes 39.301,-31.340 Yes Yes
G0 LOGICT Yes 33548 37172 Yes Mo
61 OFF Yes 36.620, -65.555 Yes Yes
G2 DFFM Yes 93.856 -62.825 Yes Yes
63 OFF Yes T9.067,-68.355 Yes Yes

The cell netlist browser allows you to view the netlist of a selected cell. Generally there is only one netlist per cell
instance. If more than one netlist exists for a given cell you can see if any variations exists. Only one active netlist is
allowed and all netlist commands will only affect

3.8.4 Cell Instances

Showthe first[ 100 | ¥ of 1 instance Property | value Port [ Type | Layer |
Cell LOGIC BLOCK 1 L13_444_N430 Input [E] i
Electrical Type L13_559_N430 Input M3

Name uzar? L13_599_N430 Input 13

Parent U137 1147319 N461 Output M2

Parent Cell Dig Block 1 L14_319_N471 Output 12

Id 82158 L14_319_N478 Output M2

Lower Left (um) 318,-77.2 L14_319_N485 Output M2
Orientation Normal L14_319_N494 Output M2
L14_319_N501 Output M2
L14_319_N504 Qutput M2
L14_319_N511 Output M2 v

The cell instances window allows you to see the instances and ports of the cell currently selected in the Project
Cells window. When you select an instance in the table, the camera in the layer window will center on the instance
and highlight it with a blue box.

The instances table has the following columns:
* Name: The instance’s name. This field is editable.
 Parent: The instance name of the parent cell.
« Parent Cell: The name of the parent cell instance.
¢ ID: The instance number.
* Property: Shows the properties of the cell instance.
* Value: Shows the value of the properties.
* Port: Names of the ports.
* Type: Shows type of ports (input, output, VDD, VSS, etc.).
» Layer: Shows which layer the port is on.

The ports table has the following columns:

¢ Port: The name of the port.
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* Type: The port’s type: Input, Output, or Inout.

» Layer: The layer the port was placed on.

3.8.5 Flat Cell List

Flat Cell List

Mame 4|ld | Electrical Type | Metlists | Section [
2MNAND 7a 1 Mo
2MNOR 85 MNOR 1 Mo
2MNOR 531 1 Mo
2MNOR 532 1 Mo
ANAMND 73 1 Mo
4NAND T2 1 Mo
4NAMND 287 1 Mo
AMDZ 57 AMND 1 Mo
BLOCK 0 ARRAY 478 1 Mo
BUF 206 1 Mo
BUF 270 Buffer 1 Mo

The flat cell list window shows you a flattened list of all of the cells in the project. The following columns are
displayed:

* Name: The name of the cell.

* ID: The id associated with the cell.

* Electrical Type: The electrical properties associated with the cell.

¢ Netlists: The number of nets in the transistor netlist (if the cell has a transistor netlist).

¢ Section: Indicates whether or not the cell is a section.
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3.8.6 Reference Cells

Reference Cells

&)7)\E
Library: | CMOS v
Mame A|ld |
AAIO22 318 i
AlAI21 287
AND2 a7
AND2 125
AND2 276
AND2 288
ANDZX2MHT 16
AND2XOR2 127
ANDAX2MHT 53
ANDAXAMHT 17
AD21 162
AD21 210
AD21 211
AO0211 154
A022 90
A0222 233
AO22D 291
AO22XAMHT 18
AD21 209 Ff

Project Cells | Reference Cells J

These reference cells can be imported into any project, for usage such as cell identification. It is useful in situations
where a series of parts are being reverse engineered, and they have similar, unique cells. You can export the cell you
identified to the ref library from one project, and then import it into another project. That way, you only have to do
the work once. You can build up a library of common cells for the devices you’re using. The reference cell library is
in the process of being replaced by the new cell identification feature.

3.8.7 Show Netlist Properties

When clicking the Show Netlist Properties button, 3 options become available: Netlist Text, Schematic, and
Truth Table.
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Metlist Text (Selected Cell)

Farmat: | Functional Verilog |'|

1 /4 U398

2 module 2NOR_55 (BO, AD, AIN, BIN, EN);
3

4 input BIN, AIN, EN;
3 output BO, AQ;

7 nor (B0, BIN, EN);
i nor (AQ, AIN, EN);
9

10 endmodule /7 2NOR_85
11

12

l Schematic (Selected Cell) l Truth Table (Selected Cell) lNe‘Hist Text (Selected Cell) | Overlay

Shows the user the functional verilog, component verilog, H functional verilog, Spice, VHDL, and Comma-seperated
values.
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Schematic (Selected Cell)

| senematic (setected cen)

Truth Table (Selected Cell) | Netlist Text (Selected Cell) | Overlay

Shows the schematic of the cell.

Truth Table (Selected Cell)

(/] Compact | Regenerate |

BIM & AlM EM BO AD

] ] 0 1 1

0 1 0 1 0

1 ] 0 0 1

1 1 0 0 0

X X 1 0 ]

State & | Initial Bir Al EM BO AD

1 Yes ] ] 0 1 1

2 Yes ] 0 1 0 0

3 Yes ] 1 0 1 0

4 Yes ] 1 1 0 0

5 Yes 1 ] 0 0 1

G Yes 1 0 1 0 0

7 Yes 1 1 0 0 0

a Yes 1 1 1 0 0

] Mo 1 1 1 0 0

Transition & | Input Mext Input Cutput Mext Output Action Cutput Changes

1=2 Qoo 001 11 oo Raize EM Yes

1—=3 Qoo 010 11 10 Raize AlM Yes

1-=+5 Qoo 100 11 01 Raize BIM Yes

2—=1 001 Qoo 00 11 Lower EM Yes

24 001 011 0o oo Raize AlM Mo

2—+6 001 101 00 oo Raize BIM Mo

=1 010 Qoo 10 11 Lower Al Yes
010 oo

3+4

o

011

10

-

Raise EM

Yes

[ Schematic (Selected Cell) 1 Truth Table (Selected Cell) 1 Netlist Text (Selected Cell) l Overlay J
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Shows the truth table of the cell.

3.8.8 Move Into Target Netlist

When this button (green down arrow) is pressed, it will take the user to the highlighted cell.

3.8.9 Move Out to Main Netlist

When this button (green up arrow) is pressed, it will take the user to the cell that is higher up than the cell that is
already targeted.

3.8.10 Manage Electrical Models

Electrical Model Manager

S ENERENEIR

Mame

Bond Wire
Buffer
Capacitor
Diode
Filler
Inductar
Inverter
MAMD
MMOSFET
MOR

MPM

oR
PMOSFET
PrP
Resistor
ROM
Schottky Diode

Transmission Li...

KMNOR
KOR
Zener Diode

4 | Type

Bond Wire
Buffer
Capacitor
Diode
Filler
Inductor
Inverter
MAND
MMOS
MOR

MPM

oR

PMOS
PrP
Resistor
ROM
Schottky Diode

Transmission Li...

KMNOR
KOR
Zener Diode

| Cells

| Generic Name

IMDYS

MMOSFET

PMOSFET

R

| Specific Name

| Auto Import

3.8.11 Electrical Properties

Here’s a little bit about electrical properties.

Close

[ OO00CO0000COO00OOOoOOOa
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No Type

Cell Type: [{Nn Electrical Type= |']

[ Save J [ Cancel J [ @ J

This is the default state for all new cells. Hierarchical cells that contain other components will have this state. It has
no properties.

Resistor

Edit Model - Resistor *

Properies

Name 4 | Symbol | Description |
8 | sheetResist  SheetResist

Total Resist TotalResist
Width Width

Unit: | pm =

Data Type: [Double =
Measurable By. | Long Side |*®

Formula

Edit

Exporting
File Format 4 | Export String
Spice * =L ocation=R=Instld= <MNetMames= =TotalResist= R L==Length= W=<Width=
WVHDL ;frdtresx =Location=d frdtres =PortNames= (f (p D 3) G =Instld= frdtres =Metlds="rV=Total...
Comma-separated values :frdtresx =Location=d frdtres =PortNames= (f (p D 5) G)i <Instld= frdtres =Netlds="r\"=Total...

Close

<Add image of a resistor component>
Length: <Add definition>
Width: <Add definition>
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Sheet Resist: <Add definition>

|j (All Types)

width

X total Resist
length

sheet Resist =

Total Resist: <Add definition>

I:l (All Types)

. length .
total Resist = .g X sheet Resist
width
Capacitor
Edit Model - Capacitor x
Properties
@' Mame 4 | Symbol | Description |
BN Capacitance Capacitance
&2 | | Length Length
Lnit Capacitance K
Width Width

Unit: | pF A
Data Type: | Double | ¥
Measurable By: | Mot Measurable | ¥

Formula

(K * Length * Width) * 1e-3

Edit |

Exporting

File Format & | Export Sting |

Close -
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<Add image of a capacitor component>
Length: <Add definition>
Width: <Add definition>

Unit Capacitance: <Add definition>

L (MIM)
totalC it
unitCapacitance = orar-apact 'ance x 1.0 x 107
length X width
=l (Dual MIM)
totalCapacitance

unitCapacitance = ( ) + (length x 2.0) 4 (width x 6.0)) x 1.0 x 107*°

length x width

= (DcAP)

totalCapacitance
length X width

unitCapacitance = x 1.0 x 107%°

Total Capacitance: <Add definition>

L oMM

totalCapacitance = width x length x unitCapacitance x 1.0 x 10717

= (Dual MIM)

totalCapacitance = ((width x length) + (length x 2.0) + (width x 6.0)) x unitCapacitance x 1.0 x 10~*°

= (DCAP)

total Capacitance = width x length x unitCapacitance x 1.0 x 10717
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BJT
Cell Type: BT v
Length: Jm
Width: pm
Vi, v
Area: um=| [E

[ Save J [ Cancel J [ (7] J

<Add image of BJT component>
Length: <Add definition>
Width: <Add definition>

Vth: <Add definition>

Area: <Add definition>

(Al Types)

area = length x width
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MOSFET
g™ Edit Model - PMOSFET *
Properties
| | Name 4 | Symbol | Description |
B [rain Area DrainArea E
& | | Drain Length DrainLength
Drain Perimeter DrainPerimeter
Drrain Width DrainWidth
Fingers Fingers
Length Length
Source Area SourceArea
Source Length SourcelLength
Source Perimeter SourcePerimeter
Source Width SourceWidth
Taotal Width TatalWidth ¥
Unit: “mz |'
Data Type: |Double | ¥

Measurable By. | Mot Measurable | ¥

Formula
DrainWidth * DrainLength

Edit

Exporting
File Format 4 | Export String
Spice * =L ocation=M=Instld= <Nethames= PMOS L=<Length= W==Width= AD==DrainArea= AS=<3...
WHDL . pfett =Location=d pfet <Portlames= (f (p D 3) G)i =Instld= pfet <Metlds="nf1m 11V=Lengt...

Comma-separated values ; pfetr =Location=d pfet =PortMames= (f(p D 3) G)i =Instld= pfet =MNetlds="1=Length=\" w ...

<Add image of MOSFET component>
Length: <Add definition>

Width: <Add definition>

Fingers: <Add definition>

Vth: <Add definition>

Total Width: <Add definition>

= (Al Types)

totalWidth = width x fingers

Source Length: <Add definition>

Close
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Source Width: <Add definition>

Source Area: <Add definition>

= (Al Types)

sourceArea = sourceLength x sourceWidth

Source Perimeter: <Add definition>

L (Al Types)

sourcePerimeter = (sourceLength x 2.0) + (sourceWidth x 2.0)

Drain Length: <Add definition>
Drain Width: <Add definition>

Drain Area: <Add definition>

L (Al Types)

drainArea = drainLength x drainWidth

Drain Perimeter: <Add definition>

2L (Al Types)

drainPerimeter = (drainLength x 2.0) + (drainWidth x 2.0)

3.8. Project Cells Window
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Inductor
Edit Model - Inducter %
Properties
Name 4 | Symbol | Description |
BN |nductance Inductance
ﬁ Inner Diameter Diameterin
Mumber of Turns MNumTurns
Cuter Diameter DiameterCut
Unit: | H o
Data Type: | Double | ¥

Measurable By: | Mot Measurable | ¥

Formula
defA=1.07 ]
defB=228
defC =00
defD=0.19
defmu=4*PI*10e-7 v
LS -
Edit

Exporting
File Format 4 | Export String
Spice * =L ocation=L=Instld= =NethNames= =Inductance=
YHDL indp =Location=d indp <PortMames= (f <PortMames=)i <Instld= indp <Netlds= " n <NumTur...

Comma-separated values

. indp =Location=d indp =PortMNames= (f =PortMames=)i =Instld= indp =MNetlds="n =NumTur...

<Add image of inductor component>
QOuter Diameter: <Add definition>
Inner Diameter: <Add definition>
Number of Turns: <Add definition>

Inductance: <Add definition>

|:] (Octagon)

Close
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A=1.07
B =2.29
C=00

D =0.19

p=4mr x 1.0 x107°

(outDiameter + inDiameter)
davg = 2.0

_ (outDiameter — inDiameter) 1.0
~ (outDiameter + inDiameter) '

B
inductance = p X numTurns® x dgyg x A X (log(;) +(Cp) + (Dp?))

Diode
EM Edit Model - Dicde *
Properties
MName 4 | Symbol | Description |
& | | Length Length

Mumber of Anodes MumAnodes
Total Capacitance TotalCapacitance
Unit Capacitance UnitCapacitance
Width Width

unit: |ym? |¥
Data Type: | Double | ¥
Measurable By: | Mot Measurable ¥

Formula

Width * Length

Edit

Exporting
File Format 4 | Export String
Spice * =L ocation=D<=Instld= <Nethames= D <Area=
WHDL »havars2 =Location=d havar5Z =PorthNames= (f <Porthames=)i <Instld= havar52 <Metlds=" ..
Comma-separated values ; havarg2 =Location=d havars2 =FPorniNames= (f =PortMames=)i =instld= havard2 =Metlds=" ...

Close
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<Add image of diode component>
Length: <Add definition>

Width: <Add definition>

Number of Anodes: <Add definition>

Area: <Add definition>

(Al Types)

area = length x width

Unit Capacitance: <Add definition>

= (Al Types)

total it
otalCapacitance « 1.0 x 10-15

unitCapacitance =
p length x width X numAnodes

Total Capacitance: <Add definition>

= (Al Types)

total Capacitance = width x length x numAnodes x unitCapacitance x 1.0 x 10715
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ROM

£ Edit Model - ROM x

Properies

E Mame & Symbol | Description |
b4

Data Type: | Double | ¥
Measurable By: | Mot Measurable | ¥

Farmula

Edit

Exporting

File Format 4| Export String |

Spice
WHDL
Comma-separated values

Close

This cell type is used to denote an area that contains bits for memory extraction. It has no properties.

3.9 Netlist

3.9.1 Netlist Window

Before proceeding with netlisting, the technology for the layers needs to be set. see Technology
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Active Nets

EJEJ@J Nets: 8 External: 7 Internal: 1 Errors:0 | | Cellld & Cell | Instance | Port | Layer | Type |
E G Palysilicon  Gate
Id 4| MName |Ports |Polygons |State | Type |Emors | PMOS Wz a Polysilicon  Gate
NMOS M2 G Polysilicon  Gate
10126 B 4 6 "  Edemal PMOS M1 G Polysilicon  Gate
10129 B 4 3 4 External 531 2NOR U3042 A M1 Input
10138 VOD 3 7 &  Exemal
10141 21 5 1 Y4 External
10142 N6 6 13« Intemal
10144 V88 5 12 4 External
10145 72 5 12 "4 External
The Netlist window shows all of the nets that have currently been found. Every time that polygons and cells (that are

part
The

of a netlist) are updated, Pix2Net automatically updates the Active Nets.

left window contains the list of nets. Here are the columns:

¢ ID: The ID number of the net.

* Name: The name of the port.

 Ports: The number of ports in the net.

 Polygons: The number of polygons in the net.

* State: A green checkmark indicates no errors. A red x indicates at least one error.
» Type: Shows the type of net, internal or external.

* Error: A short description of the net’s error.

If you click on a row, then the camera will zoom to the net and highlight it, and the right window will show the details
of the selected net.

The

right window contains the list of ports for the currently selected net. Here are the columns:
 Cell ID: The ID number of the port’s cell.

¢ Cell: The name of the port’s cell.

* Instance: The name of the port’s instance.

* Port: The name of the port.

e Layer: What layer the port is on.

* Type: The port type: Input, Output, Inout, VSS, VDD, or Gate.

If you click on the right column, then the camera will zoom to that particular port.
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3.9.2 Netlist Checker

g Check Metlists >
Checks to run: Netlists to apply checks to: [ | check all

Check instance consistency [ Check | ID | Cell 4|
78 ZNAND [a
85 ZNOR

531 ZNOR

532 ZNOR
T3 3NAMD
72 4MNAMD

287 4MNAMD
57 AND2

478 BLOCK 0 ARRAY

430 BUF

442 BUF J

293 BUF
283 BUF
278 BUF
270 BUF
424 BUF
61 DFF
63 DFF
81 DFF
205 DFF
G2 DFFM
53 DigBlock1
80 DLAT -
306 DLAT_TWOEN %

Check database consistency [
Check polygon connectivity [z]

OOO00000004

OOO0000000000

l Run J l Cancel J

The Netlist Checker runs a series of sanity checks on the main netlist and makes a report of any errors encountered.
The checker can be configured to run the following tests:

» Check instance consistency: Verifies that the netlist of each instance of a cell matches the primary instance
netlist. This will compare the instances of all checked cells in the right hand pane and will report a match to a
different, checked cell if there is an inconsistency.

» Check database consistency: Verifies that the netlist does not have any missing entries in the database that could
cause problems or inconsistencies in the netlist. Run this periodically if database inconsistencies or corruption
are suspected.

» Check polygon connectivity: Verifies that the polygons are connected and can send energy from one layer to the
next.
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FOUR

STEP-BY-STEP GUIDES

4.1 Schematic Tool Basics

After creating a netlist, the user may create a schematic by following the steps below:

If you have netlisted a library cell, such as a DFFR, you can view the schematic when that netlist is active (has a star
by the name in the ‘Project Cells’ window):

Project Cells
OEEEENNE
¥ BUS RECEIVER_{M} ] L:
= AMDA (130)

= ACH21(105)

» ADI21(150) |

» ADI22(32)

*= BIDIRECTIOMAL (8)

» BIDIRECTIONAL (203) | J
3

» DFFR1 (120)
» DFFR1_CLKB (87}
» DFFR1_CLKB (117)
» DFFR1_CLKB (162)
» DFFR2 (144) |

» DFFR2_CLKB (183)
» DFFR2_CLKB (189)
» DFFR3(133)

» DFFS (186)

» DFFSR (84)

» DIVX2 (156)

» DIVX2 (174) | r
» DIVX2 (180) | b |

Highlighting the cell in the ‘Project Cells’ window will take the user to the cell in the overlay:
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Show
Clicking on the ‘Show Schematics’ =€N&M2teS bytton on the ‘Schematic’ tab will bring up the schematic in the center
pane:
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Schematic (Active Netlist)

Note:The schematic is initially rendered in the ‘auto layout’ mode. The work done in auto layout mode, i.e. rearranging
the cells and output ports, is not saved when you close the window.

Right click in the Schematic and hover the mouse over ‘Schematic mode’ and click ‘Manual layout’

Goup alevel

Place compaonents using physical locations

Reset layout >
. |
Schematic mode >/ Manual layout

. _________|
Auto layout

Right click again in the Schematic to bring up the context menu:
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Goup alevel

Place components using physical locations
Reset layout >
Schematic mode >

By clicking on ‘Place components using physical locations’ (after the schematic is in manual mode), the schematic
will be reorganized to reflect the physical layout. This is especially useful for the library cell level and the analog case:

Schematic (Active Netlist)

puosrEf| PMosFE PMOSFE
1> b
i ]
M1t s o

PMOSFE BMOSFE[  FMOSFE

Click on a desired net, cell or port in the schematic window to select it. (Make sure the ‘select’ button is highlighted
yellow). You will see the same object highlighted in the overlay.

Here is the overlay and schematic with a net highlighted:
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Overlay é’ B =
- . o - — R Gl
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Here is the overlay with the ‘D’ port highlighted:

4.1.1 Larger Schematics

When you open a larger schematic, it will look more like this:
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‘Schematic (Active Netlist)

In general, the inputs are in the bottom left edge and the outputs are to the right edge. From here, it is recommended
that the user right clicks in the window and sets the schematic mode to ‘manual layout’.

Goup alevel

Place components using physical locations

Reset layout >
. |
Schematic mode >/ Manual layout

1 —
Auto layout

Zoom in to a closer view of the components, and select one (so it turns blue). Right click to pull up the context menu.
Select Edit component.
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‘Schematic (Active Netlist)

U148

Edit component

Go into cell

Goup alevel

Flip Leftto Right

Flip Top to Bottom

Rotate Clockwise

Rotate Counter Clockwise

Schematic mode

10_INV1

The Edit Cell Instance window will appear:

a Edit Cell Instance hod
Cell name: | 10_INVA J Matched Symbols | Unmatched Symbals |
Instance name: 1466 Symbol 4| Ports Required
Buffer 1 Input, 1 Cutput
Port & Type Diode 1 Input, 1 Cutput
A Inout Generic Any
'Z Ost ut Inverter 1 Input, 1 Cutput
P Schottky Diode 1 Input, 1 Cutput
Fener Diode 1 Input, 1 Cutput
| Ok | | Cancel |

Once you select a desired symbol, all of the cell instances are updated to reflect the change. Here you see the inverter
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[ta1 62—

uss

10_INV1

[Ta0 64 >——

Schematic (Active Netlist)

4.1. Schematic Tool Basics
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Now the components are in one hierarchical block in the schematic:

e

Block
Now click on the Block Creator "3 in the Schematic Tab, check only the block that was just created, and switch
your view to the overlay.

The corresponding cells are highlighted (in this case in a pink color) so the user can visualize the hierarchy.

346 Chapter 4. Step-by-Step Guides



CHAPTER
FIVE

RELEASE NOTES

5.1 Change Log
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CHAPTER
SIX

GLOSSARY

anchor A holding point between two layers to stretch and shrink them in order to stack layer images on top of each
other for connectivity. Or, in the layer orthogonal case, an anchor is made to tell Pix2Net how the vertical and
horizontal axes should be defined.

cell Pushes the electric current between metals and vias from positive to negative.
feature extraction The process of converting images into polygons.
image layer A set of images that show a device layer.

multiscale images A set of images that show a device layer at multiple zoom levels. Multiscale images are time
consuming to generate, but they are essential for rendering image layers efficiently as the user zooms in and out.

netlist Shows the connectivity in the electrical circuit through polygon layer connections (metal layer to via to metal
layer).

neural network A network that extracts polygons by looking at images that the user specifies and then looks through-
out the layer while learning what should be considered part of the polygon layer, and what should not.

polygon layer A set of polygons that models a device layer.

schematic Shows a diagram of the electrical circuit.

SEM A scanning electron microscope.

stage A nanometer-precision linear or rotation stage that can be used with a SEM.

stitch A feature that is used to connect overlapping images into one image by placing the overlapping portion top of
each other and moving them to make sure there is no warp between images.
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