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Introduction





Firstly, special thanks goes to Geoff Graham, View Site...  for allowing me to use his LCD Backpack board as the centre piece for this exercise.

I intend to show the `basics’ of how to go about entering all of the required data to lay out a PCB, from start to finish, including creating the GERBER files to send to a PCB fabrication house for production. This document will no doubt be full of grammatical and spelling errors and may show methods that are not necessarily the easiest, or best, way to do things. It is the way that I go about using DEX, you may do things differently and that is fine. We are all individuals and we all do things in our own ways. I also make no guarantee about the accuracy of this board and in fact it may have serious errors that will make it useless. What is important is the methodology that I use and if you chose to make any PCBs using this design you do so at your own risk. Of course you can always edit the project to fix said errors, if they rear their ugly heads. One last thing is this will NOT be an exact TRACK for TRACK reproduction, it will lay out as ELECTRA choses to route the board, you can route manually and exactly replicate the original but that would take a lot more effort and is a moot point as generally you will be designing from scratch.

Preparation:        

 

There are a few parts that DEX does not have by default that are required for this project, you can create them yourself or use the ones that I have created for you. Some of these parts are possibly included in DEX’s extensive library but do not have nice 3D which I wanted to use to show a complete board in wonderful 3D.

Parts you will need to get/design (I will post these on The Back Shed forum where I post this document) include the following:

 PIC32MX170

 TrimPot

 Switch Tactile (4pin)

 4pin MALE header

18pin MALE header

 6pin R/A MALE header

 14pin FEMALE header

 MCP1700 Voltage Regulator

 

You will need to put your parts in your DEX parts Library. Create a directory for yourself – I will use bigmik 

The library usually stores itself as shown below (I will create a directory called bigmik (in green) in the Library folder and copy the above parts in there. (You can also put subdirectories in your new directory and DEX will find the parts automatically.)

C:\Users\your user name\AppData\Roaming\AutoTRAX Software\DEX\Library\bigmik
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Part 1 - Schematic





OK! Let’s get down to business. Load up DEX, you will notice that if you have already had a play your last saved design will automatically load for you. We will want to start afresh so up near the top left hand side of the screen you will see an icon that looks like a blank page with a wand on it, this is the create new project icon. Click here and a new project will open for you.
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The screen should be now displaying a blank graph sheet with two tabs showing Schematic and PCB, you can select whether the active screen is schematic (as we want now) or PCB area, try it… But go back to Schematic to start the next step.
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LOAD PARTS on Schematic

 

Now we need to open our library, along the very top row you will see a whole bunch of small icons, the library is the one that looks like a few components. This should open the library panel on the left hand side of the design sheet. 

[image: CREATI~1_img4]

NOTE!! Clicking the icon again will close the library panel (all of those icons work as on/off toggles) Also you will see a little drawing pin/Thumb tack on the top right of the panel. This will pin the panel or allow it to collapse to a tab on the left hand side. For simplicity we will keep the panels pinned, and opened or closed, as we need them, it can be a bit confusing initially with all these tabbed panels.

 

Drag your parts onto the schematic

 

In the `docked’ library panel on the left you should be able to see a list of directories containing parts. You should be able to navigate to your library and find the parts we copied into there. Click and drag the following parts onto the schematic work sheet. You are free to arrange the schematic as your prefer it is all free and flowing there is no set order for placing parts on the schematic, in fact the layout I show may not be optimal.

 

PIC32MX170,                         

TrimPot,                         

Switch Tactile (4pin), 

4pin MALE header,                 

18pin MALE header,                 

6pin R/A MALE header, 

14pin FEMALE header                 

MCP1700 Voltage Regulator.

I have initially placed my parts as shown below, these can be moved and rotated to suit your preferences, the text in RED is added for clarity but will NOT appear in your schematic.
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You will note that every one of the headers happen to have defaulted to an alignment that is not ideal.

To position the headers to a more ideal alignment do the following in order.

 

First a bit of a tip!  If your arrow pointer is WHITE then you are in `PICK’ mode this will select the entire part for movement/rotation, if you right click you can see in the mini-menu `SUB Pick’ this turns the arrow YELLOW, in this mode you can select a small component of the part, such as the pin, to move it into a more ideal position on the schematic symbol. Try it and have a play but put it back the way it was when you are finished. These changes will make no impact on the physical footprint of the part on the PCB. Right click to select `PICK’ again when done.

Click on the MALE 18pin header, then press space once, that part will rotate and be in a better position to connect to the PIC chip. The FEMALE 14 pin can be selected and hit the space 3 times to rotate it to point towards the PIC chip.

 

With the MALE 4pin and MALE 6pin R/A I think it might be better if we `FLIP’ the part rather than rotate as the pins would line up better to the PIC chip. To do this select the part and RIGHT-CLICK and select `Mirror-Horizontal’ this will change the pins from the left hand side to the right hand side of the part but keep their order. You should then end up with something like this.
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Wiring the parts together.

 

We are now ready to wire up our design, I refer you to Geoff’s original schematic attached in APPENDIX A for reference. You will notice that Geoff has not put pin numbers on his header pins (except header CON4), that is fine but we will assume that pin 1 is at the TOP (in Geoff’s schematic) for each header. To this end we should `FLIP’ the MALE 18pin header to simplify wiring. (The picture above shows it BEFORE we flipped).

I refer you to the following video clip (there are many good clips on  kov.com/Videos  to peruse)

View Videos

Here we need to connect our wires up (and add a few `glue’ parts such as resistors and capacitors).

 

Go through and connect the wires as per the schematic in APPENDIX A by clicking a pin on one part and then moving to the relevant pin where it needs to connect to, and the wire will automatically join up. Don’t route any power or Gnd signals just yet, we will do them differently after the other tracks are run.

 

TIP!   If you lift your finger off the mouse your wire will lock in place and you can route it in another direction and keep the previous part of the run fixed in place. Of course you can move them later if needed.

 

Hopefully you found that fairly easy to route and you have ended up with something that looks like the following.

 

[image: CREATI~1_img7]

 

NOTE! I have turned off the grid, for clarity, for the screen capture, this is done by the [image: CREATI~1_img8]icon on the top tool bar. Like all of those top icons, clicking this icon turns it on and off alternatively. You will see all of the power connections still need to be made.

 

Adding Parametric Parts

DEX has many built in parts that make building your PCB much more convenient, these include capacitors, resistors, power symbols, transistors etc.

We will now add the power symbols to our schematic. You can close the library tab by pressing the X in the top right corner of the LIBRARY Panel or alternately clicking the  [image: CREATI~1_img9] symbol in the top tool bar.

In Geoff’s original schematic all of the Power signals are physically connected, in my PCB I am going to use Power Ports, found in the Parts TAB. I also like to use the ANALOG GND port as I prefer that symbol instead of the digital one but that is all user preference.

[image: CREATI~1_img10]

We can now open the PARTS TAB, located on the tool bar, 2nd row. That brings up the parametric/generic parts list.

By using power ports is simplifies the look of the schematic so that it is not cluttered by all the power and GND wires crisscrossing the page. All pins connected to a power port will be deemed to connect to every other pin that is connected to the same type of power port.

I will be using the following power ports for my schematic.

[image: CREATI~1_img11] For 5V pads (Note it will place as BLACK, the RED colour is so you can distinguish it from the -5V port.

[image: CREATI~1_img12]For Vcc (3v3) pads

[image: CREATI~1_img13]   For GND Pads

Now select the 5V port from the parts tab and place them near where they are needed to be connected to pins on the various parts and wire them to the appropriate pins. 

In this design 5V goes to the following places:

Pin 1 of the 4pin male header

•Pin 17 of the 18pin male header
•Pin 14 of the 14pin Female header (I really think this should be Vcc but we will stick to the original design)
•Pin 2 of the MCP1700
•One side of the TrimPot
•Now locate the places where Vcc and GND need to have power ports and position them in suitable locations, you may need to move parts around to squeeze them in, and wire them up.
 

You should now have something that looks like this.
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 Our Schematic is now almost complete, we only need to add a few capacitors and a resistor to our design.

[image: CREATI~1_img15]

First we will add a resistor, select the designator you prefer for your resistor from the parts tab and a menu box will open that looks like this one. Here you can set all of the properties for your resistor, such as:

•Axial or SMD chip in the top Left of the panel.              
•The Value in Ohms in the top centre of the panel.          
•The Horizontal pitch, pad shape, size and hole diameter and a few other fairly obvious settings.
We will choose, AXIAL, 0.4” pitch, round pads 0.06dia with a 0.03” hole.

When the settings are complete select ADD and place in on your schematic in a suitable location near PIC pin 1 and the reset switch/

[image: CREATI~1_img16]

Now we need to add the Capacitors. As per the resistors above, select the designator (non-polarised) you prefer for your capacitor from the parts tab and a menu box will open that looks like this one. Here you can set all of the properties for your capacitor, such as:

•Through hole (or SMD) in the top Left of the panel.
•The Value in the top centre of the panel.
•The Horizontal pitch, pad shape, size and hole diameter and a few other fairly obvious settings.
We will chose, through hole, block capacitor, 0.1” pitch, 0.1” height, round pads 0.06dia with a 0.03” hole. You can also change the colour of the part from the colour palette in the bottom right hand corner.

As we are going to add 2 capacitors of 100nf value check the box for `add multiples’ and then drop both of them on your schematic, I suggest placing them somewhere on the right hand side of the MCP1700 voltage regulator.

Press ESC after you have placed the second capacitor on the schematic. 

[image: CREATI~1_img18]

We can now add the 2 x 10uf capacitors and 1 x 47uf. So select the designator you prefer for your capacitor from the parts tab and a menu box, this time a polarised symbol. As there is no TANTALUM image I chose an electro image, change the settings again for the value, size, pad shape, pad size, hole dia. (I chose 0.1” pitch, 0.2” length, 0.3” high and .06” round pads with .03” dia. holes). Check the box for `add multiples’ and then drop them on your schematic And place 1 capacitor on the left of the MCP1700 and another on the right of the MCP1700 then a 3rd to the right of the PIC’170 (this will be for the 47uF capacitor). Lastly we just need to change the value for the last capacitor we placed to be 47uf, do this by selecting the capacitor, then clicking the `properties’ icon [image: CREATI~1_img17],  from the top tool bar, which opens the properties panel, and changing the value to 47uf (from 10uf). We could have gone through the entire process of selecting another capacitor and changing its value and all the other settings but I feel this was much easier. 

Now all that is needed is to connect up the wires to the resistor and the 5 capacitors we placed (beware of polarity of the 3 polarised ones) and you should have a schematic that looks something like this.

[image: CREATI~1_img19]

Yours may look a bit different than mine, it all depends on how you ran your wires and your personal preferences in layout styles. As I said at the start of this document, this is how `I’ do my boards. I am 100% certain that I am not using DEX to its fullest extent and even this morning I saw someone post on the DEX forum a PIC32MX170 part where he imported an image into the schematic part and it looked magnificent. I never thought to do that. That is something I can add to a `Tips & Shortcuts’ document.

Now you may ask, Why did I choose electrolytics instead of the Tantalums? Well, it really doesn’t matter what I chose for the 3D representation as it can be changed later on at the PCB creation stage of this Document. At this point in time there doesn’t appear to be a tantalum capacitor in the parts list so I will ask the author if he can add one. And in the interests of visual perfection I intend to show later how we can import a 3D model for a part that we do not have in our 3D repertoire. What is important is the physical pad sizes and spacing and hole diameters and even these can be changed later in the project.

That concludes Part 1, “Schematic”





Part 2 - PCB





Click on the PCB key tab and you should see a PCB layout with all of your parts spread around the outside.

You probably won’t see all of the parts in the display area, if you don’t you can zoom in and out with the mouse wheel and navigate around with the arrow keys (you need to click in the screen area first before the arrows work).

TIP!     There is an icon in the top tool bar that will show all objects in the screen view port. Also if you hover over Any icon you will see A short description.
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The yellow lines show all of the NETs that have been 

Auto generated from your schematic, the white box signifies your PCB. Along the top tool bar there are a few icons that select various settings/modes of operation.
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I have selected 2 snaps per grid (0.05”, this is always an imperial measurement), and elected to use cm. Have a play with these settings, there are several more that serve other useful purposes that I won’t go into in this document.
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Now if we select the PROPERTIES panel and pin it in place (remember the drawing pin/thumb tack), we can select the PCB outline and size it to suit our application.

 

Using this diagram we can see that the PCB should be 7.718cm x 4.272cm. Note there was 1 missing dimension, marked in RED, I have assumed this to be 3mm, and for this this exercise will be close enough.

 

Now you should be able to see in the properties panel various properties pertaining to the PCB itself.

We will set the origin[image: CREATI~1_img25] to the bottom left corner (not needed generally but for positioning the mounting holes it makes it much easier). You will see a check box for add mounting holes but we will add them manually.

As you may notice, here you can set the shape and colour of the PCB and the colour of the solder mask.

 

Firstly we will define the width and height of the PCB by entering the values into the relevant sections of the property panel, (w=7.718, h=4.272). Then if we click the button up near the top of the property panel we can set the origin to the lower left corner.    If you can’t see that button then you probably have the `Selected object’ pulldown minimized. Click the chevron on the right to expand this section.
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TIP!     You can enter values 3 different ways:

         1.        By highlighting the complete value and entering from the keyboard.

         2.        By clicking the `pull down’ arrow and using the mini `pop-up’ keypad.

         3.         By clicking to the right of any of the numbers and scrolling up & down using the scroll wheel.

 

You should now see a PCB outline that looks the same shape as the PCB we are going to design and that the lower left corner is sitting at the 0,0 (origin) position on the rulers. 

 

TIP!     You can toggle many view options on & off by clicking in the View/Snap key tab. 

For this exercise, I will set the following view options: 

                 Rulers                  ON

                 Courtyards        OFF

                 Placement        OFF

                 Nets                OFF

You can elect to set any on or off as pleases you, I have selected the above to minimise cluttering the work area.

 

We will now manually add 4 mounting holes and then position them as per the template on page 10.

 

In the ADD tool bar select `Drill Hole’ in the CUTOUT section, this is where you can define areas of your PCB to have drill/mounting holes and cutouts etc.

 [image: CREATI~1_img27]

Now add the 4 drill holes of 0.32cm Dia. to the PCB (should have turned a solid BLUE), placing them roughly where the holes should be, no need to be exact we will reposition them in the next step.

 

As we previously set the bottom left corner to be at 0,0 we can calculate the correct location for each hole as (starting at the hole on the bottom left as 1 and going to each in a clockwise direction).

 

Hole 1   is located at 0.300, 0.300        

Hole 2   is located at 0.300, 3.972

Hole 3   is located at 7.026, 3.972        

Hole 4   is located at 7.026, 0.300

 

Select each hole in turn and using the PROPERTIES panel, enter the X and Y coordinates for each hole as per the list above.

Your PCB and hole locations should now look like the image of the PCB on page 10. If not then you have missed a step or entered some incorrect coordinates.

 

 

[image: CREATI~1_img28]

This has set the physical boundaries of our PCB and mounting holes. We now want to LOCK these in place to prevent accidental movement whilst we are manipulating the other components.

 

To accomplish this in DEX, select each item (each hole and the PCB border) in turn and then right click to bring up this menu and select LOCK. 

Now these items cannot be accidentally moved and we can carry on with moving our parts on the PCB.

 

Loading the Parts

 

This stage of the PCB design just cannot be easier (unless you select `Auto Layout’ in the LAYOUT key tab), have a play, you can’t hurt anything. When you are finished have all the parts off the board ready to start loading them onto the PCB.

 

TIP!     DEX automatically backs up EVERY thing you do into a backup directory, located in the directory your project is saved to. In our case the directory will be called `DEMO.BACKUP’. If you really get yourself in a mess you can always load one of your backups from a time where you were happy with your design. Also in the top tool bar there are the ubiquitous `Un-Do’ and `Re-Do’ arrows, as well as Ctrl-Z for Un-Do.

 

 

There is only one part that needs care when it is placed onto the PCB and that is the 14pin header. This is because our board is designed to connect to a commercial display module that is fixed in its position to the PCB boundary and the mounting holes. We will need to position and correctly orientate this header, and LOCK it in place, before we start loading the other components onto the PCB. As the diagram on page 10 shows the top pad to be 0.485cm from the top of the PCB and 0.200cm from the right hand side, by simple calculations we know the centre will need to be located at 7.518, 2.136. DEX defaults to have the placement point at the centre, this can be changed to suit user preference.

 

Let’s grab the 14pin header and drag it onto the PCB and rotated so that Pin 1 is facing UP (remember, earlier, from in the schematic, we can rotate parts by selecting them then pressing the space bar until they are rotated in the direction we want). Once the Female 14pin header is placed on the PCB in the correct orientation (pin 1 UP) we

[image: CREATI~1_img29]

can then enter the location in the PROPERTIES panel.  Then LOCK it in place!

 

WARNING!!

 

Enter the coordinates in the POSITION section NOT the PLACEMENT POINT, as shown. (If you change the placement point settings you will move the placement point NOT the part).

 

 

=======> Mea Culpa !! <=======

It transpires that the assumption I made on page 4 regarding pin 1 facing UP is actually incorrect, however we will live with that mistake as we are committed with the schematic as it is and electrically it will be OK. This is a learning exercise after all.
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Now Place all of the other parts in a location close to the original board design that Geoff designed as shown below, I have marked the Pin 1 for the 4pin and 18pin male headers.  Exact position is not necessary, as there is no need to mate with the LCD display. 

NOTE! This image is for the 2.8” TFT backpack, our design recreation is for the 2.4” unit.

You should now have everything laid out and looking something like the picture below:
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Having a close look reveals one obvious inconsistency with the parts, the MCP1700 TO-92 part has some very small pads. This is a perfect time to show how you can edit these with SUB-PICK. Right click anywhere in the work area and select Sub Pick, the cursor should turn yellow, then with the properties panel open click on each of the 3 pads and change them to 0.09cm width and height and 0.05cm dia. hole.

Let’s have a sneak peek at the 3D at this stage (I know you have been champing at the bit for this). If you don’t already have a 3D work sheet available right click in the PCB work sheet and select `View in 3D’ (zoom in and out with the mouse wheel and navigate with the arrow keys) and you would then see something like this image.
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Things we observe here are the 4pin and 18pin Male headers are facing up, they should be on the other side on the PCB and as I have decided to use a horizontal TrimPot it will not be possible to adjust with the LCD module in place so we will flip this to the other side as well, also we will deviate from Geoff’s design a bit here now and flip the mini tactile switch to the other side as well.

[image: CREATI~1_img33]

 

To do that, have the PROPERTIES panel selected and whilst in the PCB work sheet, click on each of those parts and toggle them to the BOTTOM layer. A quick check of the 3D view will show these are now swapped onto the bottom side of the PCB. We are now almost ready to route the board.

[image: CREATI~1_img34]

Just before we route the board, let’s change the 2 x BLOCK capacitors for Ceramic Disk and the 3 x Electrolytic capacitors for something that looks closer to a tantalum.

[image: CREATI~1_img35]

 

In the PCB work sheet, close the PROPERTIES panel and open the PART BUILDER panel. Now click on one of the 100nf capacitors and click on the shape that looks like a blue ceramic capacitor.

You should see the outline of that capacitor change to an oval shape and the pads change to square, scroll down in the PART BUILDER panel and change the pads to round. Now let’s change the colour, scroll down a bit more and you will see a minimized chevron with the name `Package Surface Material’ open this and change the colour using one of the colour selection options, (I chose `Dark Khaki’). Repeat this for the other 100nf capacitor.

With the 2 x 10uf a 47uf electrolytic I am going to do the same and change them to a disc ceramic BUT I will `fatten them up’. How? Let’s do it! Click a 10uf and change to a disc ceramic and set pad shape and colour (I chose Gold) as before but immediately under the PARAMETERS chevron pull down you will see a slider that says `? Body’, slide this until you are happy with the fatness (I chose a point about 1/3 the way across).  Repeat this for the other 10uf and the 47uf capacitor (I chose Orange for that one).

Have a look at the 3D view now, look better? Alright I know the tantalum doesn’t look perfect and  I have asked Iliya to provide one in the parametric parts. In any case in the 3D section later in this document I will go into how you can import a 3D object to your design.
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 Your PCB view and 3D view should look pretty close to these examples here. Note the fatter `tantalum’ capacitors.

[image: CREATI~1_img37]

 

That concludes Part 2,“PCB”.

 

 





Part 3 – Routing the PCB





[image: CREATI~1_img38]

Select the PCB work sheet. Earlier, we turned the NET LIST off, we now need to turn it back on. Under the View/Snap key tab there is the NETS toggle, click this to show all the nets (Rat’s Nest).

Close the PART BUILDER panel and open the PROPERTIES panel.

We now want to set track widths for the various NETs and via sizes etc.

I always use imperial sizes for my tracks and vias so select inches from the top tool bar then click on the work area, away from any objects and you should see, in the PROPERTIES panel, the following settings under the PCB heading.

Change the Via size to annular ring = 0.0075” and hole Dia. 0.01

Click Set all Track Vias.

Change the track width to 0.010

Click Set all Track Widths.

 

That will probably suffice for this board but I always like to set my power (Vcc, 5V and Gnd) nets to a fatter thickness, (let’s use 0.02”).
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A convenient place to get all three of these nets is pins 16, 17 & 18 (the right hand 3 pins) of the 18pin header.

 

[image: CREATI~1_img40]

Select each net in turn and change the Net Width setting to 0.02”, as shown below.

 

That is it, we are ready to route the board now, AutoTRAX DEX uses the Electra router, which is a pretty decent auto router that has many purchase options, but they do have a free (limit of 250 pads) version available for download from  The Electra Web Site...  This free license will have to be renewed every 100 days but they allow you download the latest version, and use it for another 100 days. Iliya plans to have a new DEX autorouter sometime in future but at this stage Electra does a great job. 

 

Let's have a go shall we?

After you have installed Electra you will need to tell DEX where the install directory is located.

 

In the ROUTE key tab, you will see a box called `ALL’ in the ROUTE section. 
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Click the expand arrow on the bottom right of the Route section to change the router settings.

 

In the router settings dialogue box that opens you will see three key tabs at the very top, select `Electra Router’ and fill in the directory of where you installed Electra and change the via size to be 0.03” Dia. 

Also make sure that Electra is set to be the default Auto-Router.

DEX has its own Internal router but at this stage it is really just a `horizontal one layer and vertical the other’ type router and very basic in comparison to Electra. 

 

Iliya (the author) does intend, at some stage, to work on the internal router, but currently, Electra is the best all round option.

 

When you are happy with your selections just click the `X’ at the bottom Left hand corner to close the router settings dialogue.

[image: CREATI~1_img43]

Now it is time to route the board, Click on the ALL button in the ROUTE panel 

 

And a licensing information box should open like the picture on the next page.

 

As you can see I still have 36 days of my 100 days license left, when that expires I need to select the `Download Latest’ button and answer the download questions and I will receive another 100 days use.
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As you can see I still have 36 days of my 100 days license left, when that expires I need to select the `Download Latest’ button and answer the download questions and I will receive another 100 days use.

A minor inconvenience for a massive benefit.

(I have blacked out my Site Code and MID just in case this is vital information.)
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All you need to do to initiate Electra is click on the `CONTINUE' button. You should see this logo overlay on the screen and within a few seconds your board will be routed.

 

Your PCB should now look like this: (note the Power tracks are all twice as fat as the signal tracks)

 

 [image: CREATI~1_img46]

 

That concludes Part 3 – 'Routing the PCB'





Part 4 - Error checking





By now I hope that you are feeling fairly comfortable with using DEX and things are starting to feel intuitive for you.

The next stage is error checking, close the properties panel, whilst having the PCB work sheet active, open the `Design Rules Check’ panel, (DRC). This can be found in the `PANELS’ key tab and is a yellow triangle icon in the middle of the tool bar.

[image: CREATI~1_img47]
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That brings up the DRC dialogue as seen here. There are 3 key tabs at the top of the DRC, the first is where you can define all of the rules that the DRC will check for. You can enter the values (e.g. clearances) or enable or disable the rule by using the check box next to each rule.

Just above the key tabs (cut from this image) there are two buttons `Check’ and `Clear’. Check will perform all of the checks and Clear will clear all errors.

Press the `Check’ button. Now you can see the errors found by clicking on the `Schematics’ and `PCB’ key tabs. 

Note! Your errors may be different to mine, due to slightly different part positioning and the way Electra will handle your routing, I will go through my errors and show how I go about fixing them. 
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Click on the `Schematics’ key tab. This reveals I have two unconnected pins. Double clicking one of the errors opens the schematic work sheet and zooms in to show (circled in RED) the pin that has no connection. In this case that pin is unused so we can either ignore the error, or place a `not used’ marker there. 

[image: CREATI~1_img51]

To mark that pin as not used, under the `ADD’ key tab, select `No Connect’ and place the `X’ on the pin to show it to be a deliberate `No Connect’. 

The other schematic error happened to be the same but on one leg of the TrimPot. Pressing the          `Check’ button now reveals `No Errors’ in the schematic.

Clicking on the PCB tab in the DRC reveals, in my case, 5 errors.

[image: CREATI~1_img52]

Clicking on the PCB tab in the DRC reveals, in my case, 5 errors.

Aha! The first (and 2nd) are due to a minor error in my Trimpot part. To fix this I will rename the Trimpot designator to VR1. 

Auto hide the DRC panel by clicking its drawing pin/thumb tack then open the `Properties’ panel. Click on the designator `R1’ in the overlay of the Trimpot (in the PCB work sheet) and in the properties panel change this to VR1.

Double clicking the next error shows that the designator `U3’ (for the MCP1700), on the silk screen overlay, was located too close to a pad on the PIC’170, I simply moved this away.

The last 2 errors proved to be two tracks that Electra decided to run too close to the drill holes as shown here.
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Now we need to edit the track runs for these two tracks. In the top tool bar you will see an icon that looks like,   [image: CREATI~1_img55]   clicking this brings up the `Layers’ panel on the right of screen.

[image: CREATI~1_img56]

As can be seen, here you can toggle/change settings relating to viewing the layers in the PCB work sheet.

The purpose of all these are pretty self-explanatory but I will point out a small check box up near the top of the screen called `Current on Top’. This is extremely useful in the editing process when working on a board that consists of 2 or more layers (Note that Silkscreen overlays, Paste, Packages and Documentation (errors, courtyards etc) both top and bottom, are all considered LAYERS.

[image: CREATI~1_img57]

As we need, in this case, to work on tracks that are both on the bottom later I will select Current on Top, and have the Bottom layer as the current layer and all other layers not-visible. I have also, purely for clarity for this document, changed the colour for the bottom layer to cyan (click the colour bar, to the right of the layer name, to choose colour preference).

Now we can see the bottom layer ONLY. I have done a bit of photoshop and added some RED dots near the places that I am not 100% happy with. Whilst Electra does a really good job it does sometimes do some things that could have been done a bit better. Many of the red dots I have placed are because the tracks were simple a 90 degree bend instead of (my preference) 45 degree bends, a few others were where tracks are a bit close to pads and even though they passed the design rules I would prefer to move slightly.

I won’t go to great details about the way you can edit the tracks that are laid down as no amount of words can replace the lessons learned by actually doing them so instead I will offer some tips that you may chose the help with the edit process.

1.You can simply select a section of a track and move it around to a more pleasing position, all connecting track segments will move to accommodate your movements.
2.You can select a segment of a track (puts a line inside the segment) and you can right click and select ‘unroute selected segments’ then you can manual route by double clicking the net wire that will appear where the track is now broken, simple lay down a new track to suit your preference.
3.Similar to point 2, select a section of the track and right click and select `unroute track’ or `unroute net’, the difference being that `unroute track’ will remove the track that is on the side you are working on between two pads but leave any tracks on the other side untouched, whereas `unroute net’ will remove the entire net and all tracks associated with that net will be removed.. Try it, you can always `un-do’ any of your changes.
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After about 5 minutes of editing the bottom layer of my board now looks like the picture on the right. 

Notice that all of the right angle track bends are now replaced by 45 degree bends, some clearances are now better, the two tracks running between pins 8 and 9 of the PIC chip and the two errors (as reported by the DRC) are now fixed..

[image: CREATI~1_img59]

Changing the settings in the layer panel to only view the TOP layer reveals this image that I have, using photoshop, added Lime Green dots to show areas I am not happy with. In this case only 3 occurances. Two are simple 90 degree bends I want to change to 45 and the 3rd is a bit more complex, it has 2 tracks running between pins 17 and 18 of the PIC chip. Whilst there is sufficient clearance I would prefer to fix this so let’s have a try.

As you can see it is not possible to just move the track along to run between the next two pads so we will have to work with both layers to solve this one. In the layers panel tick both the TOP and BOTTOM layers as visible with TOP as the current.

Inspecting closely, I can see an easy path as shown in this image (created with photoshop).
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Inspecting closely, I can see an easy path as shown in this image (created with photoshop).

If I simply run the track up between pads 18 and 19 then swap layers (with a via) then I can run a track on the bottom layer to the track in question. I will also have to bend the right hand track a bit to make sufficient clearance for the 2nd via.

Ok, let’s try that, this time I will go through step by step.

[image: CREATI~1_img61]

I will start by deleting the 2 segments and then reroute them. Start by clicking one of the segments, then by doing a right click to bring up a mini panel, select `Unroute Selected Segments’ then repeat with the other segment, now both of these segments will be removed and replaced by two net wires.

Starting at the bottom `broken’ segment, on the left hand track, double click the net wire to run the track up between pads 18 and 19 of the PIC and when in the clear area press the SPACE key which will place a via and you can continue your route on the bottom layer to the right, until  you are in the clear again and once again press space to get back to the top layer and continue routing to the top `broken’ segment and double clicking to finish the route. Working on the right hand broken track is a lot easier as you do not have to change layers and can just route the track up (dodging the via you placed) and reconnecting with the `broken’ track segment at the top.

[image: CREATI~1_img62]

After a couple of minutes I ended up with the route looking like this image, which makes me happier as it only has one wire passing through the adjacent pads.

A re-check with the `Design Rules Checker’ now shows that there are NO errors in both the Schematic and PCB works sheets.

Some useful videos showing track editing can be found here:

Routing 1

Routing 2

Routing 3

In fact, it is a good idea, especially when learning, to spend a few hours reviewing the huge range of demonstration video clips that are available on the AutoTRAX DEX web site.

Visit the AutoTRAX Website

That concludes Part 4 – “Error checking”
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Part 5 – Silk Screens





The top and bottom silk screen layers can now be edited to make all of the part references more legible and to add some copyright text and other message texts to these layers.

Note, when we come to do the bottom silk screen everything will look reversed as we are viewing from the top of the PCB. Let’s have a go shall we?

Close the design rules panel and open the properties panel and make sure it is pinned to the work sheet. Remember this is how `I’ do things you can always elect to work the way that feels right to you.

Open the Layers panel and check the two boxes at the bottom (I have cut out a section of the image, at the horizontal red line, to reduce it in height) labelled `Pads in Yellow’ and `PCB Filled’ then turned off all layers except the top silkscreen, and made it current, and the top layer. Then for a bit of clarity as I don’t need to see all of the tracks of the top layer (I only wanted to see the pads marked in yellow) I changed the top layer to a colour close to the PCB colour.

[image: CREATI~1_img64]

You should now have an overlay similar to this.

It doesn’t look too bad but it needs a little work.

[image: CREATI~1_img65]

Let’s change the size of the resistor silkscreen, right click and select SUB-PICK from the mini popup menu. The arrow should now be yellow. Click the rectangle around the resistor and in the properties you can uncheck the box `lock to courtyard’, which now allows you to change the size of this rectangle. Change the width to be 0.3” and the height to 0.1”. (If you are in cm still, select inches in the top tool bar).

Now move the part references to where you prefer them  to be, I chose just under and to the left for the capacitors  and U3, I moved the R1 down to be just to the right of the rectangle, I rotated U1,   remember press the space bar 3 times, to be horizontal and moved it down and to  the left (allow space for an IC socket). 

Looking at Geoff’s silkscreen he has labelled the 18pin and 4pin headers with their function. So let’s add them as well. In the ADD key tab in the tool bar, near the top of  screen 2nd row, click the expand arrow at the bottom right to bring up the shapes settings  and if not already selected, click the Text key tab. Here you can select your font and the   font height. Set the height to 0.065” and close the settings with the `X’ at bottom left.

Now click on the A in the ADD menu which will open a text entry box and enter the text as  shown in Geoff’s overlay on page 13 for the 4 pin header and then again for the 18pin one. Once entered, click on the text, to select it and in the properties panel select the Left- Justify icon, press space to rotate the text and position it under the relevant header.

 Now we will add some courtesy text to give Geoff the credit he deserves.

Click the A in the ADD key tab again and type in some appropriate text. Also we need to add text for the ICSP header so add that now. And rotate it to be just to the right of the header. 

[image: CREATI~1_img66]
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Now there is only the addition of 3 `+’ signs to add as we used a ceramic (which we fattened up for the job) capacitor in place of the tantalums. First we need to determine which side on the capacitors the `+’ should be. To do this, in the layers panel, uncheck the box `PCB Filled’, then make only the top, bottom and top silkscreen layers visible. Zoom in a bit so you have a comfortable view of the 3 capacitors and hover your mouse over one of the tracks going to any of the capacitors until you see a pop up box saying that the track is connected to the GND (or AGND as in my case) net and then single click that track. Notice how the entire GND track has now been highlighted and all other tracks are dimmed?
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We can clearly see now that all of the GNDs are on the right hand side of each capacitor so we can make the top silkscreen `current’ (click the current check box in the layer panel) and add three lots of `+’ signs of 0.10” height and place them near the left hand pads of each capacitor (make sure that TOP SILKSCREEN is set to CURRENT).

That completes the top silkscreen.

[image: CREATI~1_img69]

Now the Bottom silk screen overlay. 

[image: CREATI~1_img70]

To see the silkscreen on the bottom, this is where the `Current on Top’ check box in the LAYERS panel is very useful, place a tick in there now, make the top silkscreen not visible and make the bottom layer current.      

You should be able to see a view similar to this. 

Make sure Current on top is checked!

As you can see there is not much here to edit but looking at my example J1 and J4 part references are rotated 180 degrees, the J4 part reference is partly over a hole, VR1 is upside down and S1 is small and rotated 90 degrees.

I will add text next to the 18pin and 4pin headers the same as we did on the top layer. You now know how to fix the position and rotation of the part references, see if you can change the font size for switch S1. 

So, stop waiting for me to show you, go and DO IT!! 
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Did you find the slight difference with the text for the 18pin and 4pin headers? Of course you did, it was the justification had to be RIGHT justified not left justified. Don’t worry I did that too. 

Now I haven’t spoken about how to change the font size, for S1, if you haven’t worked it out simply select the part reference (S1) and in the properties panel you will find that it was set for 0.05”, which is really quite small and probably about as small as you should ever use on PCB silk screen overlays.

[image: CREATI~1_img72]

Now, there is a lot of bare real estate there that we can put another credit and a bit more blurb. Hmm! Want to add an IMAGE to your design? It isn’t hard, lets add this image of a smiley with a thumbs up shall we? 

[image: CREATI~1_img73]

To add a graphic image to the PCB silkscreen it needs to be in .BMP or .PNG format, most picture editors can convert into one or both of these formats, simple select the image  icon from the ADD key tab and then select your image and, using the mouse, set the boundaries and size on the PCB. The image will drop onto the current layer.

After all those changes and edits this is what the bottom layer of my board looks like, yes everything is mirror imaged but don’t forget we are viewing from the top so it will look normal when viewed from the bottom.
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Here is the completed TOP silk screen including the added `+’ signs for the 3 tantalum capacitors.

That concludes Part 5, “Silk screens”





Part 6 – 3D





You might be surprised to know that most of the 3D has already been done for you but let’s have a look at what else we can do to make the board look more realistic. If you don’t have a 3D work sheet available, right click anywhere in the PCB work sheet and select `view in 3D’. Have the properties panel open and pinned into place and make sure you have the 3D key tab selected which enables these tool bar items (I have split them so they can be seen more clearly).
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Have a bit of a play with the various view options, Home, Camera, Top, Bottom etc. then click on the VIEW (with the hand in the middle) and you can now rotate your board in real time in all angles and directions so you can have a good look at your layout. Experiment with perspective on/off and shadows on/off then we will look at the properties panel and we can see the following options. I have marked the expand/contract chevrons that open/close more options. Experiment with these options but I suggest selecting:

         Show Holes

         Show Parts

         3D Tracks, Pads etc.

         Add Solder

         

Already the board is starting to look pretty good, now you can contract the viewing options by clicking the chevrons and expand the Board colour (Hmm, US spelling used on a British product). I won’t add a picture for this as it is pretty self-explanatory and by now you are nearly an expert. But select a colour for your PCB by any of the means offered, I prefer to use the swatch, I selected dark green. Under the colour selection you will see a check box for `textured PCB’ this puts the fiberglass weave onto the board, the slider below that is the strength of that weave, I selected the textured PCB and used about 50% strength. Looking better now? Thought you would think so.

 

Now, contract the Board colour and expand the solder resist options. Once again chose the solder resist colour (I chose dark green again and using the transparency bar below the colour selection box I chose 0.500 (50%), Wow! Now look at your board. There is one more effect to look at and that is lighting, contract the Solder resist settings and expand the lighting settings. You can change the direction of the lighting and the intensity I left the defaults except I changed intensity to about 2/3. Your board is looking pretty cool now I bet.
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Now, as good as the board is now looking, no one would really solder their PICMX170 directly to the board would they? Let’s add an IC socket shall we?

 

Close the properties panel and open the part builder panel.

Right click in the 3D screen and select PICK.

Click on the PICMX170 (see it highlight?), being careful not to move it from its position (remember Un-Do or Ctrl-Z if you do move it accidentally), then in the parts builder panel scroll down to just above the colour selection area place a tick in the Add Socket check box. And what do you know? A socket appears! 

 

Congratulations!  Your board design is now finished! 
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That concludes Part 6, “3D”

That completes “How to design and build a PCB using AutoTRAX DEX”

 

What Now? Hmm.. Let’s have a bit of fun! 

 

Make sure your board is safely stored away and backed up so we don’t permanently destroy any of our hard work.

 

Go into the 3D view and position the 3D image to view from the BACK and (with View clicked, `the hand icon’ ) drag the board down a little to see the disc ceramic capacitor.

Right click in the 3D work sheet and select PICK, click on that capacitor and open the part builder panel.
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Scroll down in the part builder till just above the colour selection you find the `Load texture’ button. Click this and navigate to a suitable image file that you want to place on that part.

 

I chose a cute smiley face I found on the internet! You should now see this image on the capacitor. Not bad..
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Want a wooden IC?

I found an image of some wood and applied

That to the IC and got an interesting result.
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What about Marilyn on a Voltage Regulator? Or a map of the world? Or a rocket or a big thumbs up? What do you want to add? Of course textures can be used to great effect to enhance a 3D model (make it look more plastic or rough and grainy) which is of course the main reason for this feature. You need to play with it and see what YOU can do with it.

I think this is enough for this document. I hope you have enjoyed the trip into how I design boards using AutoTRAX DEX. The main thing is to play and experiment with it and see what the various options and features do. Don’t forget the huge range of video clips available to show how to do various steps and of course there is the manual to download that currently has 760 pages to read before bedtime. I am always available to help if you have any questions and finally there is the forum linked to on the next page.





Part 7 – Gerber files





Well done to get this far, now your design is complete you still need to generate Gerber files so that your board manufacturer can make them for you. 

Thankfully, this task is really very easy in AutoTRAX DEX.  

[image: CREATI~1_img81]

Select the PCB work sheet again, and select to TOOLS key tab from the tool bar, about 2/3 the way across you will see the CAM tools.

Here you can generate all of the files a PCB manufacture requires to make your PCB for you.

Generally all they require are the Gerber files (one for every layer) and a Drill plot file (so they know where to drill the holes and what diameter drills to use).

Click on `Generate Gerber Files’. This brings up the following window.

[image: CREATI~1_img82]
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What does it mean? Well when you work it out can you let me know? I always just click `Change Display’, it doesn’t seem to impact my design and it just works. This brings up another dialog box. Select the output directory that you would like your Gerber files saved into and tick the check boxes as shown, Tented Vias means that they are covered by the solder mask and no copper is exposed, this helps silk screen text become more legible when printed over a via. I always use Tented Vias.

Once you select your directory and are happy with the check box settings click save, after a few seconds a window will open with the directory opened with the saved files. We now need to create a drill file, click on the `Drill File’ icon you will be asked for a save directory, navigate to the directory you saved your gerbers into. An information dialog box will open, just click OK for this.

And you are DONE! If you have a look at the directory with windows explorer you will see a list of files like this.
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Just zip these files up and send them to your PCB manufacturer and they will produce the circuit boards for you. 

That concludes Part 7 – “Gerber files”





A bit about myself





I have been employed as a System Support Officer for the last 30+ years with a major on-course totalisator company (horse racing) but even before starting there I was making my own PCBs with double size `letraset’ type transfer stickers and routing `wires’ by hand with this tape. I then started using a shareware program (I think called Smartwork) then PADs and then onto Protel-Autotrax (no relation to this AutoTRAX DEX), and again, when I started with the company I am now employed by, used Protel 98 (later upgraded to 99se).  I have, to date, designed 15 boards using AutoTRAX DEX and most, except for a few contract jobs I did, can be found, and are available for purchase, in my site listing here.   

Visit My Site...

Site space generously donated by my good friend Don from 

Dontronics

AutoTRAX DEX can be purchased from `AutoTRAX Software’   

 AutoTRAX Web Site

Useful forums about AutoTRAX DEX include, 

 AutoTRAX User Forum 

and

Visit the BackShed Forum...
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I can be contacted via private messaging at either of the above forums (my username for both forums is bigmik) or by use of my email address: bigmick58@bigpond.com

Document finished!

Now time for a beer. 

(or 6)

 

 





APPENDIX - A
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