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RBR/V 0.4 1
 OrCad Layout Plus PCB Tutorial
 R. B. Reese (9/2005), ECE, MSU.
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RBR/V 0.4 2
 OrCad Layout Plus PCB Tutorial• This is a simple tutorial of OrCAD PCB using a two-layer PCB with through-
 hole components.• The design is a RS232 interface board that contains a DSUB-9 pin connector,
 7805 regulator, and a MAX-232 interface chip (16-pin dual-in-line package).• The zip archive contains both Capture and Layout Plus files
 – RS232.DSN is the Capture (schematic file)– RS232.MNL is the netlist file for input to OrCAD Layout Plus– RS232.MAX is the board layout. To create your own version of the board, just
 copy the RS232.MNL to a new directory, and then import it into Layout Plus• This tutorial does not cover schematic capture, and assumes that you will also
 access the online help in Layout Plus to fill in some of the details that are glossed over in this tutorial.
 • Read through the entire tutorial first before starting so that you get a feel for the overall steps required to produce a PCB.
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RBR/V 0.4 3
 Create a PCB from a Netlist (MNL) FileRun Cadence PSD 15.0 → Layout Plus.
 In the AutoECO window, fill in the Technology field (use a TCH file for new board, or MAX file if you have an existing board and have changed the netlist), MNL Netlist field (.mnlfile), and then click ‘apply ECO’. Can do this even after a board has been created if you have changed the schematic, and created a new netlist – this will update the existing board with the changes.
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RBR/V 0.4 4
 Create a PCB from a Netlist FileFor TCH field, use “2bet_thr.tch” for two-layer through hole, or “2bet_smt.tch” for two-layer surface mount or through hole.
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RBR/V 0.4 5
 FootprintsDuring the creation of the initial board file (.MAX file), you may be asked to associate a “footprint” with a component. A footprint is the PCB image of the package that is used for the component.
 Even common packages like a DIP (dual-in-line package) may have several different varieties of footprints – you need to look in the datasheet to see which one will match the component you planto use.
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RBR/V 0.4 6
 Unplaced View
 View in Layout Plus after import of netlist file.
 Components are unplaced.
 This shows you the footprints of the components.
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RBR/V 0.4 7
 Changing a Footprint
 Use “Tool → Component →Select Tool” and then select a component.
 Left-click on component to select it, then use “Properties” from right-click pop-up menu. Select ‘footprint” in Edit Component window to change footprint.
 Footprint pops up footprint window, select footprint from list of libraries.
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RBR/V 0.4 8
 Footprint Libraries• Many libraries available. Most common ones are:
 – DIP100T – dual-in-line packages– DSUBT – D-sub connectors (RS232)– TO – TO packages for voltage regulators, power transistors– TM_RAD – radial component packages where package is oriented
 vertically (capacitor/resistors standing up)– TM_AXIAL – radial component packages where package is lying
 on board between through holes.– SIP – for single-in-line headers or packages.– SM – surface mount discrete components (caps, resistors)– TELE – PCB mount telephone jacks/plugs
 • Many more, just explore around. The window shows you the footprint as a library/part is selected.
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RBR/V 0.4 9
 Routing/Placement GridUse Options System Settings to view the Route/Place grid. 1 mil = 0.001 inch
 The default is a fairly coarse grid and will easily meet the minimums set by PCB fab houses (usually 7 or 8 mil minimum trace width/spacing).
 May have to change this if you have fine-pitch surface mount devices, but is fine for through-hole PCBs.
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RBR/V 0.4 10
 Online Help
 • Before proceeding with placement/routing, use the “Help → Layout Help” command to open a browser to the online help.
 • This is useful to keep you on track in terms of what to do next if it is not clear from this tutorial.
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RBR/V 0.4 11
 Creating the Board Outline
 • In the online help, follow the instructions labeled “Creating a board Outline” under the section “Setting up the board”. – Do not worry too much about the size of the board yet,
 just create a rectangle that the components will easily fit in.
 • Follow the instructions labeled “Moving the Datum” to place the datum in the lower left corner.
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RBR/V 0.4 12
 After creating board outline, datum.
 board outline
 datum
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RBR/V 0.4 13
 Manual Placement vs. AutoPlacment• Probably just want to do manual placement for most
 board designs.– Use Tool Component Select to select components– Use “R” to rotate components when moving them around.
 • If you want to try auto placement, load in a placement strategy file– use “Load” to load a placement strategy file, use
 ‘pldstd.sf’, found inCadence/PSD15.0/tools/layout_plus/data
 – Use “Auto → Place → Board” to do auto placement if desired, will give you a feel for how small your board can be.
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RBR/V 0.4 14
 After Manual PlacementPlacement does not allow component outlines to overlap edge of board. Board is now too big, adjust board outlines and move datum to make board outline smaller.
 Use “Tool →Obstacle → Select Tool” and to select old board outline, delete it, create a new one. Then move datum to left corner.
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RBR/V 0.4 15
 Placement Tips• If you have polarized components (like capacitors), orient
 them all of the same way if possible.• Ensure that the silk screen footprint (SST layer) has some
 method of indicating pin #1 so that you know how to place the component when you are populating the board.
 • Orient pin #1 of all DIP components the same way• Assume that you will socket the DIP components, so don’t
 crowd the components too closely to the DIP footprints; this can make populating of the board tougher.
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RBR/V 0.4 16
 After New Board Outline
 Note that outline of D-SUB connector is now outside of board outline. This is ok, as we want the connector on this board to extend past the edge. After route, when you a design rule check “Auto → Design Rule Check” you will get a DRC error where this outline overlaps the edge of the board.
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RBR/V 0.4 17
 Routing Strategy Files
 Before auto routing, use “Load” to load a routing strategy file.Use “2__thr_h.sf” or “2__th_v.sf” for two-layer through hole boards; “2__smd_h.sf” or “2__smd_v.sf” for two-layer mixed through-hole/surface mount.
 This causes some of the layers to not display – do not worry, they are still there.
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RBR/V 0.4 18
 Layers Settings before RoutingUse “View →Database Spreadsheets →Layers” to get this window to popup.
 For two layer boards, select and use “Properties” from right-click popup menu to set the GND, POWER, and other inner layers as “unused”. Should only be two routing layers.
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RBR/V 0.4 19
 AutoRoutingUse “Auto → Autoroute → Board” to autoroute the board.
 Use “Auto → Unroute → Board” to remove the routing.
 After routing.
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RBR/V 0.4 20
 Layers for PCB Fab• *.TOP top copper• *.BOT bottom copper• *.SMT solder mask top • *.SMB solder mask bottom• *.SST silk screen top• *.ASY assembly top, contains the board outline.• *.DST drill sizes.
 These are the minimum number of layers for a two-layer PCB. The solder mask top/bottom are very important as these prevent bridges during soldering. Do not try to save money by excluding the solder mask layers (some fab houses give you this option).
 Most fab houses only include one silk-screen (the top one) in their ‘standard service’ – this is a documentation layer that includes all of the lettering you see on PCBs. For through-hole PCBs, the top silk screen is all that is needed.
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RBR/V 0.4 21
 Gerber Output OptionsUse “Options →Gerber Settings” to get this window to popup.
 2.3 format specifies 1 mil resolution.
 Most compatible with PCB services, use 3.4 if your grid is finer.
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RBR/V 0.4 22
 Gerber layer OptionsUse “Options →Post Process Settings” to get this window to popup.
 Select layer, use “Properties” from right-click popup menu to open this window, ensure that Extended Gerber is selected (this is RS274X format).
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RBR/V 0.4 23
 Batch-Enabled Layers
 Select layer, use “Properties” from right-click popup menu to open this window, and enable or disable the layer for post processing.
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RBR/V 0.4 24
 Batch Enabled Gerber Layers/Files • ‘Batch Enabled’ gerber layers are produced by post
 processor for submission to PCB fab house• The only gerber layers needed for two-layer board
 submission are:– *.TOP (top copper), *.BOT (bottom copper), *.SMT
 (solder mask top), *.SMB (solder mask bottom), *.SST (silk screen top), *.AST (assembly top), *.DST (drill sizes, this is not a gerber file)
 • The *.DRD layer is not needed by fab houses if Extended Gerber is used.
 • Some fab houses prefer that you draw a board outline on the silk screen layer, and then you would not have to submit the *.AST top file
 • The *.DST file is NOT a batch-enabled layer, it is always created by default. and should be included as well.
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RBR/V 0.4 25
 Post Processor Files“Auto → Run Post Processor” creates output files for PCB submissions. Files created that are needed
 for PCB submission are:
 *.TOP, *.BOT, *.SMT, *.SMB, *.SST, *.AST, *.DST
 and
 thruhole.tap, *.GTD
 The thruhole.tap file is generated if you have any through-hole components; this is the excellon drill file. The *.GTD is gerber documentation file that gives tool options etc. Include this information as part of documentation for the fab house.
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RBR/V 0.4 26
 PCB Fab House Submission• Most fab houses want a ZIP archive of your fab files that
 include:– the gerber files (*.TOP, *.BOT, etc).– the excellon drill file (thruhole.tap)– A README.TXT that explains what each file in the ZIP archive
 contains and tool documentation (what PCB layout program produced these files, what options were used,etc). Copy the information in the *.GTD file and add some notes that lists each file name and what the file contains.
 • Before submitting, do a careful manual check of your routes.– This is critical if you could not simulate your design (like a
 microcontroller-based design) and have entered a schematic.
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RBR/V 0.4 27
 Sample README.TXT
 in your fab submission
 File List:PIC18BRD-5.AST - contains board outlinePIC18BRD-5.DTS - drill tool sizesPIC18BRD-5.TOP - top copperPIC18BRD-5.BOT - bottom copperPIC18BRD-5.SMT - solder mask topPIC18BRD-5.SMB - solder mask bottomPIC18BRD-5.SST - silk screen topthruhole.tap - drill file
 Gerber files created by Orcad Layout Plus 10.0.0{Format Gerber
 {Dialect RS274X}{m.n 2.3}{Mode Absolute}{ZeroSuppression Leading}{Terminator 0x2a, 0xD, 0xA}{Metric No}{Modal No}{UserData Yes}{Nets No}{Gcmds Yes}{CharSet ASCII}{Arcs360 No}{ArcsModal Yes}{HonorCrLf No}{Comments Yes}{Flags 0}
 }
 File list
 Tool information
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RBR/V 0.4 28
 Silk Screen Layer• Use the SST (silkscreen top) to add documentation to your
 board. – After routing, the default color of ‘blue’ is hard to see; use
 ‘Options → Colors’ to change the color of a layer (white is good for the silk screen).
 Use “Tool → Text →New “ to add Text to the silkscreen after selecting the “SST”layer from the layer menu at the top.
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RBR/V 0.4 29
 Print/PlotFor through-hole components, print the top layer on a piece of paper then ‘poke them’ through the holes to see if everything fits. Can also position surface mount components in this way as well.
 1. Use “Options → Post Process Settings” to bring up the layer spreadsheet. Then use “Window → Tile” to position the layer spreadsheet, design windows side by side.
 2. Left click on the top layer to select it, then use “Preview” in the right-click popup menu to only display the top layer.
 3. Left-Click on the design window to select it.
 4. Use File Print/Plot to print the current layer on a printer (ensure that the ‘Print Manager’ is select in the print popup menu). I was able to get correctly scaled plots if I printed directly to a laser printer; if I printed to a PDF file first then the plot scale was incorrect.
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RBR/V 0.4 30
 Misc Tips• To see all layers “Auto → Refresh → All”• To measure board size, do “Tool → Measurement →
 Select Tool” and click left on one point, then move cursor to end of measurement and click left to end (hit ESC to clear measurement– Default units is mil (1/1000 of an inch), so 2000 is 2 inches– Check units by “Options → System Settings”
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RBR/V 0.4 31
 Changing VDD/GND Net ThicknessOn a two-layer board, you may want to change the Vdd/GND trace thickness depending on your current requirements of your board. The default is 10 mils, trying changing it to 20 mils.
 Use “View → Database Spreadsheets → Nets” to view nets.
 To change the width of a net, left click on a net to select it, then right click to bring up the pop-up menu. Modify the Min Width, Max Width, Conn Width values.
 Net listing; width.
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RBR/V 0.4 32
 Routing after changing Vdd/GND trace thickness
 Vdd/GND traces are now noticeably thicker than signal traces.

Page 33
                        

RBR/V 0.4 33
 Using Copper PourCopper Pour is a way to have a ground plane cover most of the top and bottom layers, with ‘routes’ etched out through the plane. Will provide a better ground in this manner.
 Use “Options User Preferences” to enable copper pour .
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RBR/V 0.4 34
 Creating a Copper PourCreate a rectangular obstacle on the TOP layer of type COPPER POUR that covers the entire board and attach it to net GND. The width should not be smaller than the minimum trace size.
 Layer
 Type
 Net attachment
 trace width = 10 mils
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RBR/V 0.4 35
 After creation of TOP copper pour
 green area is copper pour.
 Create another copper pour obstacle on the BOT layer and attach to ground also.
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RBR/V 0.4 36
 After RoutingNote that routes tunnel through the copper pour.
 Routing, display will take longer with copper pour.
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RBR/V 0.4 37
 Adding Mounting Holes• Tool Component Select• Tool Component New
 – Pops up new Component window– Select footprint either MTHOLE1/2/3 from LAYOUT
 library; place anywhere you wish on board.Mounting Holes
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RBR/V 0.4 38
 Adding New Footprints
 a. Run Layout Plus
 b. Use “Tools → Library Manager” to run the Library Manager.
 c. Select a footprint that looks similar (or even not so similar) to what you need. Base on your selection on the hole size for the pins (VIA size) in the footprint; if it does not have the same number of pins you can always add/delete pins later.
 d. Use ‘Save As...’ to save this footprint to a new library; use the “Create New Library” button to create a new library. Change the name of the footprint to whatever you need.
 Invariably, you will find that a footprint you need is missing from the Cadence libraries. Do not panic, it is not hard to add a new footprint.
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RBR/V 0.4 39
 Creating a New Libraryfootprint to start modifying.
 Use this to create a new footprint.
 Even if you are not going to modify a footprint, it might be a good idea to save the footprint to a new library associated with the board design. In that way, you can collect all of the footprints used by a particular board in one library; this makes it easier if you want to give the design to somebody else.
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RBR/V 0.4 40
 New Library Created, Save Design
 Name of new part
 New library name
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RBR/V 0.4 41
 New Footprint for a Wheel Potentiometer
 Dimensions will either be in mils or mm (the above dimensions are in mm).
 Place the footprint origin (datum) either in the center of the pins to make the footprint symmetrical about the origin, or locate it in the center of a pin.
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RBR/V 0.4 42
 Determine the Origin, and then Centers of the Pins
 Place origin here so that pin locations are symmetric
 -2.5,0-2.5,0
 4.65,6round to nearest 0.1 mm, use:
 4.7,6
 -4.65,6
 round to nearest 0.1 mm, use:4.7,6
 Dimensions in mm
 1 mm = 1000 microns
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RBR/V 0.4 43
 1. Getting startedUse “Tool → Text → Select” and “Tool → Pin → Select” to move text/pin objects to side for now to reduce clutter.

Page 44
                        

RBR/V 0.4 44
 2. Delete Old Obstacles (Place and Detail)An obstacle is just a shape (line/box/circle) placed on layer. Obstacles have a ‘type’ and are placed on a particular layer. Obstacles of type ‘Detail’ placed on layer ‘SSTOP’ (top silk screen) are used for shape outlines of the device.
 An obstacle of type ‘Place Outline’ on layer ‘Global’ is used by the Autoplacer tool to place the object.
 Use ‘View → Database Spreadsheets →Obstacles’ to list the obstacles, delete the obstacles of type ‘Detail’ and ‘Place Outline’.
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RBR/V 0.4 45
 3. Obstacles Deleted
 Obstacles have been deleted.
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RBR/V 0.4 46
 4. Change the GridUse “Options → System Settings” to set the grid to something that matches your units.
 Units changed to mm
 Visible 1 mm grid
 Detail and place grid are 0.1 mm
 Do not be concerned about the other settings.
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RBR/V 0.4 47
 5. Place the pins to match footprintUse Tool → Pin → Select, and click and drag around a pin to select it (should turn white if selected). Do not click on the pin, or you will move it around.
 Edit Pin X, Y to place Pin.
 Also edit the Pad Name to be the desired name
 Once pin is selected, right click, and use “Properties” to edit Pad location and name.
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RBR/V 0.4 48
 Pads are Placed, Via SizesIf you need to copy a pin to create more pins, then select the pin using “Tool → Pin → Select”, then use “Edit → Copy” to create a copy that can be placed.
 The footprint says these should 1 mm wide; in this footprint they are actually about 1.9 mm. You should give yourself some slack; too big is MUCH better than too small as solder will fill the gaps.
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RBR/V 0.4 49
 6. Reset Grid
 After pins are placed, reset grid to normal settings for drawing the Place Outline and silkscreen detail
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RBR/V 0.4 50
 7. Draw the Place OutlineUse Tool → Obstacle →New to create a new obstacle; use Properties from right-click menu to set type to “place outline”, on the global layer, width 1.
 Place outline is not critical, just create it as a rectangle that encloses the pins.
 This is used as boundary by autoplacer tool to place the part.
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RBR/V 0.4 51
 8. Draw the Silk Screen DetailCreate obstacles of type ‘Detail’ on the top silk-screen layer to outline your component. Use width 10 mils. Can draw anything you want to document the component.
 White lines are obstacles on SSTOP layer.
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RBR/V 0.4 52
 Silk Screen Detail (cont).Use “Tool → Text → New” to create text on silkscreen to document pin numbers and anything else you want. Do not use line width less than 8 mils.
 “Free” Text
 “&Comp” is of type ‘reference designator’, will be replaced with schematic component designator (i.e “u1”)
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RBR/V 0.4 53
 Using the Footprint• You can bind a schematic symbol to your new
 footprint when you create a new board design (during the netlist import).
 • You will also have to create a new symbol for your part in the ‘Capture’ Symbol editor.– The procedure is similar – locate a part in the Capture
 schematic editor that is close to what you need, create a new “Capture” library, then copy that part over to your new Capture library and edit it.
 – See the online help for “Capture” on how to do this.– This is not as difficult as creating the footprint.
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