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AUTOMATED PCE DESIGN
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Introduction

298 0 9000
O....0.0

e
e T o080 Q) |
fr——— e
e e uiu;. =
L R = R
& ali? D 2 51 5 © -
® & -~ s o
N:t ‘IHNHIHI\%t_IHIH\IH’l"\D e
*e ER
| b e T |cr+°° Al e
&
e
~ ﬁ D_§3E ‘m |
td

000100
3 [

1 3y
\IH—I—(#HIH\IHI\!
NPT oy
°
i

UNCLASSIFIED | Distribution Statement A: Approved for public release; distribution is unlimited.




Introduction - Overview

T
Lt (efs)
+°

i /7 s Q
s AN .a 3
8888858888880888888888888 3

D_ﬁﬁ D_§3 E

% S By o (1
a E
“ = =

T R
7e0d||| 7as2d

The Easily Applicable Graphical Layout
Editor (EAGLE) is an electrical computer-
aided design (eCAD) and manufacturing
(CAM) software. EAGLE supports the
designer in transitioning prototype hardware
to a more controlled precision design.
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Printed circuit boards (PCBs) are electrical e ot 27 P E; :
circuits etched on assorted laminates via TR s =
conducting material, such as copper, that lé."@“;“gtl‘ R ARAAG o D 7 + s
branch through various layers of insulating e — |
dielectric to form interconnected networks. 53
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Introduction - Design Phases

Typical Phases of Transitioning From a Prototype to a Professional Design

ooooo
ttttttttt
-

Bread Board Perf Board PCB

If the bread or perf board works, why make a PCB?
Quality. Assembly. Deterministic Behavior. Professional Look. Packaged. Requirements...
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Introduction - eCAD

What do | need to create a PCB?

« All you will need is a pencil, paper, an idea, and a
really clever manufacturer. However, that method
will be costly, difficult to track, and time
consuming.

* Not all manufacturers can guess what you need
exactly, especially to conform to your
requirements (they don’t know what you don’t
write down, or they can guess and hope you like
what they did).

« Essentially, you'll need an eCAD package that
can captivate your idea and then generate the
necessary manufacturing files. That's where
the EAGLE eCAD software package comes into

play.
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Agenda

TTOMATED PCE DESIGN
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it's that simple

« Setup

UNCLASSIFIED | Distribution Statement A: Approved for public release; distribution is unlimited.




Setup - Circuit Programming and Testing

.. Cost Per
Description Manufacturer

Q Item [S]

1 No Clean Solder Wire 0.031” Tin/Cpr Core 66. LF Kester (1) 24-9574-7618 1 55.391 55.39
2 Soldering Station, 35W Aoyue (2) 936 1 42.752 42.75
3 No Clean Flux Paste Rosin MG Chemicals (3) 8341-10ML 1 16.281 16.28
4 DC Linear Power Supply, Regulated, 0-30V, 0-5A Korad (4) KD3005D 1 85.003 85.00
5 Banana to Clip Cable (Red and Black Wires) B&K Precision (5) TL 5A 1 10.101 10.10
6 Multimeter, True RMS Fluke (6) 117 1 219.991 219.99
7 Desolder Braid No Clean, Rosin, Non Activated, LF Chemtronics (7) 60-5-5 1 6.551 6.55
8 Assorted Hook-Up Wire Sparkfun (8) PRT-11375 1 16.951 16.95
9 Cable Stripper and Cutter, 20 ~ 30 AWG Hakko (9) CSP-30-1 1 14.061 14.06
10 Tweezer Set Wiha (10) 44593 1 207.96 207.96
11  Isopropyl, Cleaning Agent MG Chemicals (11) 824-1L 1 16.751 16.75
12  Brush MG Chemicals (12) 855-5 1 4.451 4.45
13  PICKit3 Microchip (13) PG164130 1 25.00% 25.00
14  PICKit3 Programming Cable Digilent (14) 240-035 1 3.991 3.99
15  ESD Caliper Wiha (15) 41105 1 74.561 74.56

1 - Data from Digikey on October 8, 2020

2 - Data from Aoyue3d on October 8, 2020

3 - Data from SRA Soldering Equipment on October 8, 2020

4 - Data from Amazon on October 8, 2020

o ~

UNCLASSIFIED | Distribution Statement A: Approved for public release; distribution is unlimited.




O 00 N O Ul B WIN B

N = S S
w NN P O

14

Description
Microcontroller, DIP8
IC DIP Socket 8POS
Battery, CR2450, 3V
Battery Holder, Coin PC Pin

Regulator Linear 3V, TO92 -3

Green Smd LED

Tactile Switch, NO

Res, 0805, 1207, 5%, 1/8W
Cap, 0805, 0.1uF, 25V, X7R
0.100" Header, 5 Pin, Prog
0.100", Conn Housing, 5POS
0.100" Header, 2 Pin, Batt
0.100", Conn Housing, 2POS
Conn 22-30AWG Crimp Tin

Setup - PCB Components

Manufacturer

Microchip (16) PIC12LF1501

Adam Tech (17) ICS-308-T
Energizer (18) CR2450VP
MPD (19) BS-2450
Microchip (20) MCP1700-3002E/TO
Dialight (21) 5988170107F
C&K (22) PTS 647 SK38 SMTR2 LFS
Vishay Dale (23) CRCWO0805120RJNEA
KEMET (24) C0805C104M3RACTU
Molex (25) 22-23-2051
Molex (26) 0022012057
Molex (27) 22-23-2021
Molex (28) 0022012027
Molex (29) 0008650804

D T R e N N R R N N O

Cost Per Item [S] !

0.77000
0.15000
1.19000
1.09000
0.37000
0.39000
0.13000
0.10000
0.10000
0.34000
0.23000
0.17000
0.11000
0.10000

Total [S]
0.77
0.15
1.19
1.09
0.37
1.56
0.13
0.40
0.10
0.34
0.23
0.17
0.11
0.70

1 - Price from Digikey as of September 18, 2020

-
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Setup - Computer

5 EAGLE 5.3.0 Setup
Welcome
« Using a laptop with Ubuntu 16.04 e e
OS, run an isolated Windows 7 X
64 virtual OS on VirtualBox v5.1.38
* |nstall software T s e
Organize v Include in library Share with New fold = 0 @
- EAGLE V5'3'O Click Next™ to continue with | I Nla‘m;GLEm o ET;;ZZ?ZPM :::; .
—~ MPLAB X IDE v5.4.0 and XC8 =2 o
Compiler v2.30 s,
e In virtual OS, form a file structure to e
house design records A—
, Libraries SEAGLEDIRYbr;C: Wsers\kowashnak'Desktop \Kwashnak'Eagle Libraries
e Add pathways to EAGLE’s o B
directories e

I 0K ][ Cancel H Browse...,
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Setup - Project
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4 Control Panel - C:\Program Files (x86)\EAGLE-5.3.0\projects\examples\singlesided - EAG... [ o || & |3 re a e a rO e C
File View Options Window Help
Mame ’ Description A t. t H t
> Librores _ ° Clivatle projec
[» Design Rules Design Rules 4 PrOJects
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[» Scripts Script Files '—l eagle ° .
I CAM Jobs CAM Processor Jobs > (3 examples Examp]es Folder I e
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[ eagle / < ‘j prOJeCtS
] examples Examples Folder % - -
, ‘ @Eonple  © Emply Projec — Schematic
MNew Folder |
Lo £ Control Panel - C:\Users\kkwashnak\Desktop\Kwashnak\Projects\Example - EAGLE5.3.0 ...| = | & |[wEam] B oar d
Edit Description View Options Window Help
Use all Mew 3 ‘ Project Empty Project .
Use none [Z Open 3 Use the context menu to create new N L b
. E Schematic schematic or board files within this I ra r
Open recent projects 4 project,
Bl Board
Save all . ‘! H b
Librar I
Ch\Users\kkwashnakDesktop\Kwashnak\Projects & Y C M J O
Close project o
Ee  CAM Job
Exit Alt+X
4 3 Projects ULP — l l L P
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Text

— Script
— Text
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Setup - Software

®

Graphical Conventions Toolbox

<-I—>’|-|-
e 1

Schematic Editor

# Name # Color B Comment Ei3 _i'_"*.
1 | Nets 91 Dark Green "y
2 | Buses 92 Dark Purple Consists of multiple Nets
3 | Pins 93 Dark Green -G‘f ht
4 | Symbols 94 Dark Red B shematc - ; b o] o ) - :|k
File Edit Draw Afiew Tools Library Options Window Help .
5 | Names 95 Dark Grey G cjwmxaaqay o~ 0H 7
3 -+
6 | Values 96 Dark Grey o e o s - I:[: ? 'ﬁ
7 | Info 97 Dark Grey :; y Q;&
EA
8 | Guide 98 Dark Yellow . G Rz Bz
£ 5 -— -
X @ 10k [[TH
e s
Board Editor T =
# Layer Group Name # Color Name Color Comment Gerber ? g F I I
1 Top Silkscreen tPlace 21 Light Grey Ltslk T :D‘.,:D'
2 Green Top tStop 29 Black with Line Keep Out Region tstp o
3 Top Copper Top, Pads, Vias 1,17,18 Red, Dark Green, Dark Green .tepr : g """ f T
4 Bottom Copper Bottom, Pads, Vias 16,17,18 Blue, Dark Green, Dark Green .bepr e
5 Green Bottom bStop 30 Black with Line bstp i )
6 Bottom Silkscreen bPlace 22 Dark Grey .bslk «0 % i D ‘—J
7 Board Outline Dimension 20 Light Green .dout
8 Drills, Holes Drills, Holes 44, 45 Dark Grey, Dark Grey .ddrl
9 Top Restriction Zone tRestrict 41 Red with Dots
10 | Bottom Restriction Zone bRestrict 42 Blue with Dots _3 ‘w%
11 | Origins, Top tOrigins 23 Light Purple Part Manipulation .
12 | Origins, Bottom bOrigins 24 Dark Purple Part Manipulation ' EE\-E_
13 Name, Top Component tNames 25 Light Grey Appears on silkscreen
14 | Name, Bottom Component bNames 26 Dark Grey Appears on silkscreen ﬁ
15 Document Notes, Top tDocu 51 Light Yellow PCB Physical View
16 Document Notes, Bottom bDocu 52 Dark Yellow PCB Physical View =
& (b

AC
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Setup - Design Manufacturing Requirements

& DRC (default)

File | Layers | Clearan ce Distance | Sizes I Restring Shapes I Supply I Masks I Misc. |

EAGLE Design Rules

necessary adjustments and save your customized design rules under a new name.

The default Design Rules have been set to cover a wide range of applications. Your particular design may have different requirements, so please make the

Check H Select H Cancel ” Apply ]

UNCLASSIFIED | Distribution Statement A: Approved for public release; distribution is unlimited.

* Toolbar button
<Drc>

« Set requirements
for board layout

Layers
Clearance
Distance
Sizes
Restring
Shapes
Supply
Masks
Misc.



Setup - DRC, Layers

&l DRC (default)

FI|E Layers | Clearance Distance | Sizes | Restring Shapes I Supply I Masks | Misc |

Mr Copper Izolation
1 0.035mm
1.5mm
156 0.035mm

Setup | {1%18)|

Layers are combined through either core or prepregmaterial. a*b combines layers 2 and b with a core, while a+b does the same with preoreg.

Buried and through vias are defined by writing .. .3,

Blind vias are defined by writing [£:...: :b], whlch defines a blind via from top to layer fand from bottom to layer &,

Example: [Z:1+((2%3)+(4*15)) ] is a multilayer setup with two cores, combining layers 243 and 4,16, respectively, with buried vias going through both
cores, The cores are combined through a prepreg and buried vias are produced through the resulting stack. Finally layer 1is added, with blind vias going from
layer 1to 2.

| ched || select || cancel || apply

UNCLASSIFIED | Distribution Statement A: Approved for public release; distribution is unlimited.

Layer stack-up.

The setup field defines
the custom text field to
define board stack-up.
(1*16) => two-layer board.
((172)+(15%16)) =
multilayered board.

(2:1 + ((2*3)+(14*15))+15:16)
=> multilayered board
with blind vias.




Setup - DRC, Clearance

&l DRC (default)

File | Layers Clearance Distance I Sizes | Restring Shapes I Supply | Masks | Misc |

Different Signals . . .
 Minimum distance

- o between objects in
wo o = = signal layers
Same Signals « Specify according to

Smd Pad Via

snd sn = on Wire, Pad, Via, or
Minimum Clearance between objects in signal layers. S m d

The Same Signals check between Smo'and Vs does not apply to Moo las,

Setting the values for the Same Signals checks to 0 disables the respective check,

[ Check H Select ][ Cancel ][ Apply
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Setup - DRC, Distance

& DRC (default)

File I Layers I Clearance Distance | Sizes I Restring Shapes I Supply I Masks I Misc |

 Minimum distance
between objects in
signal layers, in
addition to board
dimensions and drill

Minimum Distance between objects in signal layers (pads, smds and any copper connected to them) and the board dimensions, and between drill holes. h ) | es

« Specify according to
copper or drill hole

Copper,/Dimension | 40mil

DrillHole Sril

Setting the value for the Copper/Dimension check to 0 disables that check.

Check || select || cancd || appy
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Setup - DRC, Sizes

&l DRC (default)

File I Layers | Clearance Distance | Sizes | Restring Shapes I Supply I Masks I Misc |

e Minimum width of any
e objects in the signal

Minirmum Drill 24mil

layers and drill holes

Min. Blind Via Ratio 0.5

Minimum Sizes of objects in signal layers and of drill haoles.
Minimum Width and Minimum Drill may be overwritten by larger values in the Mef olssas for spedific signals.

Min. Micro Via applies to Afno'vias that are exactly one layer deep, Typical values are in the range 50.. 100 micron. A value larger than Minimom Drill (.0,
the default value of 9.99mm) means there are no micro vias.

Min. Blind Via Ratio defines the minimum drill diameter &'a blind via must have if it goes through a layer of thickness £ Board manufacturers usually give this
“aspect ratio” in the form 1 -0 _5, where 0 _5 would be the value that has to be entered here.

| chek || select || cancel || apply

UNCLASSIFIED | Distribution Statement A: Approved for public release; distribution is unlimited.




SETUP - DRC, Restring

& DRC (default)

Fle | Layers | Cearance | Distance | Sues | Restring | Shapes | Supply | Masks | Misc |
R [ - an « Width of the copper
i - - - ring that must remain
v ouer 3 2 - after the Pad or
il . 2o s Via has been drilled
e = - Specify per Pads,
Vias, and Micro Vias

Restrings for pads and vias are defined in percent of the drill diameter (imited by Min and Max). If the diameter of an actual pad or via would result in a
larger restring, that value will be used in the outer layers.

If the Diameter option is checked the actual pad or via diameter will be taken into account in the inner layers, too,

Micro Vias are Afndvias that are exactly one layer deep and have a drill diameter that is smaller than the Minimum Drill value defined under Sizes (which
may be overwritten by a larger Drill value in the Nef classes),

check | [ sekect || cancel |[ apoly
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SETUP - DRC, Shapes

&l DRC (default)
File I Layers I Clearance | Distance I Sizes I Restring | Shapes | Supply I Masks I Misc |
Sms * « Geometry of Pads and
/ Roundness | Omil 0 Ol
Smds
Pads Shape
Top [As in library - ]
Bottom [As in library - ]
First Nat special -
Elongation % 100 100
Shapes of pads and smds.
Chedk | [ Select I [ Cancel I [ Apply
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Setup - DRC, Masks

&l DRC (default)

File I Layers | Clearance Distance I Sizes I Restring Shapes | Supply | Masks I Misc |

- . o « Geometry of the

o . | ) Thermal and Annulus
e symbols used in the
o ) supply layers

—s

[7] Generate thermals for vias

Supply symbols are generated for pads and vias in supply layers.

If a Restring is deactivated for Annulus, the resulting supply symbaol will be a fully filed drde instead of a ring.
The Gap is defined in percent of the drill diameter Jimited by Min and Max).

The Thermal Isolate parameter wil also be used for signal polygons.

MOTE: The actual shape of supply symbals may be different when generating output for photoplotters that use spedfic thermalfannulus apertures!

| chek || select || cancel || apply
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Setup - DRC, Masks (cont.)

&l DRC (default)

File I Layers I Clearance Distance I Sizes I Restring Shapes I Supply | Masks | Misc |

« Dimensions of the
Stop | 4mill = 100 - il - SOlder StOp and
‘ Cream Masks

Lirnit il

Mask values are defined in percent of the smaller dimension of smds, pads and vias Jimited by Min and Maox).
Stop masks are generated for smds, pads and those vias that have a drill diameter that exceeds Limit.

Cream masks are generated for smds only.

Check || Select || cancel || apply
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Setup - DRC, Miscellaneous

&l DRC (default)

File | Layers I Clearance Diztance | Sizes | Restring Shapes | Supply I Masks | Misc |

[7] ched: grid
[T] check angle
Check font
Chedk restrict

The Grid check verifies that all pads, smds, vias and wires in signal layers are on the current grid.

The Angle check reports signal wires that are not placed in multiples of 45°,

Check || selct || cancel ||

Apply

UNCLASSIFIED | Distribution Statement A: Approved for public release; distribution is unlimited.

« Grid settings and
Angle checks



» Creating a Component (Device)
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Creating a Component (Device) - Overview

A component comprises three main elements in EAGLE:
1. Symbol (used in the Schematic Editor)
2. Package (used in Board Editor)

3. Device (stored in library file that the Schematic and Board Editor reference)

The device is stored in a library, which houses various devices, symbols, and packages.

F:
& edit
=
Package

4 Control Panel - C:\Users\kkwashnak\Desktop\Kwashnak\Projects\Example - EAGLE5.3.0 ... | = || & |[23]
File View Options Window Help
MName = Description EAGLE Library

Libra

(] lbr Libraries
1> Design Rul Design Rules
I» User Language Program User Language Programs
I+ Scripts Script Files
> CAM Jobs CAM Processor Jobs

Projects

> (] eagle

(] exampl Examples Folder

4 (5 Project

4 @ Example @ Empty Project Mew:
B untitled.brd ’
Dev I [ Pac I [ Sym I
[ 0K ] [ Cancel l

C:\Users\kkwashnak'Desktop'Kwashnak\Eagle Libraries\ExampleManu.lbr
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Creating a Component (Device) - Symbol

« The symbol should be designed first and referenced from the datasheet.

« Two main conventions for symbols:
1. Ordered - looks exactly like the pinout of the device.
2. Functional - pins are associated to their respective type of signal.

 Draw the component outline, add pins, and define all pin properties.

&1 Library - C:\Users\kkwashnak!\Desktop\ Kwashnak\Eagle Libraries\ExampleManu.lbr (ML... [ = || = |55 71 Library - CA\Users\klawashnak!\Desktop\Kwashnak'Eagle Libraries\ExampleManu.lbr (ML...[ = || & |[s£3] &1 Library - C:\Users\kkwashnak\Desktop\Kwashnak'Eagle Libraries\ExampleManu.lbr (MI.. [ = |[ = |[ 52 |
File Edit Draw View Library Options Window Help File Edit Draw View Library Options Window Help File Edit Dra Vie Library  Options  Windo Help
ZHS BHL BE QGRAGEH o~ B F 7 ZHS HL BEEARAQEG > §F 7 ZHES BN EE GRAQEH - §F 7
HE ./ o S 5 Miter: O - V Width: » B = T E.|.i E] - 4= G- ¢ R - = 3 g;— Direcﬁon:swaplevel: » EE E H B E
T 0.1inch (0.10.5) | - g <§|u‘1und-|(u.7u.3) Il - E]Qlu.lmch[-UJU‘S) [ £ Properties L
i ™ i ™ i P
B £1 & 22 & g2 | Mame VDD
E3 fal F 53 e I bgh = 53 el To Posion 0.7 0.3 =
R L L Ll ange [0 ~
AN # UUG =T P47 600 £ ™ ”089_ [ Mirrar
): E ?: I ° o i: To Direction [IfO - ]
# 7 ® F o P2 e e #® F Py
v 7 7 Swap Level 0 -
o EB_ P [ty _60 0 va G_ Length [Midd\e - ]
T /T “’“ s T
gq o ke o ke Function [None v]
B 4 @ & B d | vebe  [Both -
- : - - :
[ 1 3 4 [ . » | QK | [ Cancel ] [ Apply ]
+ Left-click to draw wire (double-click ends wire) + Left-click to place pin + Left-click to select object to get info fi
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Creating a Component (Device) - Package

* The package will have multiple defined layers:
— Silkscreen - component outline and labels (29 tPlace, 22 bPlace, 25 tNames, 26 bNames)

— Pin holes/drills (44 drills, 45 holes)

— Restriction zones
— Clearance areas

« Draw the component body outline, add pins, configure pin properties, add text, and outline info.

!j i Llhrary C \U;ers\kkwa;hnak\Deslctnp\Kwa;hnak\EagIe Libraries\ExampleManu.lbr (DL... EI-@

@u@ 550 0 ¢ ;Q@m@u o @B 7

|n.nsind1(n‘ns 0.0) | -
(e

»

L1 i AT Properties @

& B3 Rect

£3 40 From  -0,125 -0.1825

< To 0.125 0.1825

:‘z > Angle 0O E

|:| Mirror
Layer ! 51 tDocu

~

~] o

[ OK ][ Cancel H Apply I

] 1 | »

¢OBON WH
[l RO N

Description

Use the DESCRIPTION command to enter a description of this package.

'ChUsers\klowashnak\Desktop\Kwashnak\Eagle Libraries\ExampleManu lbr' saved. 4 Left-click to select objec

gj il Llhrary C \U;Eri\kkwa;hnak\De;lctnp\Kwashnak\Eag\e Libraries\ExampleManu.lbr (DI... EI-@

@E@ 3%“& B Q@Q@k. w oo B 7

HL @' ©® © o Dizmeter: auto w Dril: 0.031495 ~ Angle: 0 =

[0.05inch (0.150.08) [ v
ile

n 1 i Properties
Pad

P 23
EEE .|‘.\ Name Ps2
yA Position 0,155 0.05
of >, Angle a
w [] Mirror
T%QE F Diameter auto
V Drill 0.031486
/ T Shape Round
g g Thermals

2 Stop
Qo= Description
'éf} |:| First

Use the DESCRIPTION command to enter a description

/|

Apply

+ Left-click to select object to get info for
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Q 1 lerary C \Users\klcwashnak\De;lctnp\Kwashnak\Eagle Libraries\ExampleManu.lbr (DI... E-@
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Text

Position 0.2 0.35
i i,f Ange O

g L Sha

£ n Size 0.05 - L
® Rato 8% - i
= 7 Font [Proportional -]

v tayer [ 25 thiames ~]

6 ;g Value  >NAME

B | [ ox || concel |[ appv |
9=

&

Use the DESCRIPTION command to enter a description of this package.

+ Left-click to select object to get info for




« Compiles symbol and package data into one object

Creating a Component (Device) - Device

» Allows creation of part variations
» Adds descriptions (in HTML format)
» Adds/places symbol, creates a new package, and associates connections (pins to pads)

&1 Library - \Eagle Libraries)|

o (. [

p
File Edit Draw View Library Options Window Help

»
Desaription Technologies  Atirbutes
Use the DESCRIPTION command to DIIERSDTEFP -

enter a description of this device.

Add a part

Ll

Package

&1 Library - C:\Users\ \Eagle Libraries\|

p
File Edit Draw View Library Options Window Help

ZHE BHL DL ARG v~ T E
o et 0210 [
" i )
& wo
i
® &% ta— von wes —E
= “t3— ces FPOPDAT |—CF*
o H
. “to—] cra CPUPCLK —Ef
(o)
©t>—| mroRvPPICPI CP2 %

=MAME
=ALUE

« . | r

Technologies  Attebutes| *

Description

Use the DESCRIPTION command to
enter a description of this device.

o (1. [ =] )

onne
i B
pr_8 - Valie @ OFf O on

Package

& Connect " (0P_8)

Pin Pad Connection

Name Name Pin

GSLIMCLR!/VPP/CP3 IMCLR!/VPPR/CP3

GS1.CPO/PDAT CPO/PDAT

GSL.CPL/PCLK CPL/PCLK

GS1.CP2 CcP2

GS1.CP4 CP4

GS1.CP5 CP5

GS1.VDD VDD

GSLVSS V85

] 1 »

[ Connect ] [ Disconnect ]
Copy from: -
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Creating a Component (Device) - Activate Library

-

# Control Panel - C:\Users\ kkwashnak' Desktop'\Kwashnak'Projects\Example - EAGLES.20 .| = || = |[Q]
File View Options Window Help

-

Mame Description
PR Libraries
B lbr Libraries

4 {5 Eagle Libraries
a4 [ ExampleManu.lbr
22 MICROTEST-DIP_8

44 DIP 8

I- Design Rules Design Rules
I= User Language Programs User Language Programs
I» Scripts Script Files
> CAM Jobs CAM Processor Jobs
4 Projects

] eagle

o] examples Examples Folder

4 5] Projects

4 &3 Bample @ Empty Project

B untitled.brd
=] untitled.sch

DSKC
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« Two-Layer PCB Design
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Agenda

Bl 2Board - C: jects\pch_layerpcb 2layer.brd - EAGLE 53.0 Profe... [ = | G|
File Edit Draw Niew Tools Library Options MWindow Help

ZHEF 2 W BE A8 o~ $F 7
| B e e « [Fl7 vt 0016 ~ St =

0.025 inch (1.600 0.600}
i nch C y [

L ¥-4
P 2%
L
s
£ S
X &
1T ¢d

©O0BON ANBwE
SBOH AN N

ji:

:

Top Silkscreen
1Stop

Top Copper
pStop

Bot Copper
Board Outline
Drills

I

DRC: # Left-click to start wire




Two-Layer PCB Design

Goal is to design a microcontroller board that
will control three LEDs.

Requirements:

Dimensions: about 1.5 inches x 1.5 inches
x 0.0625 inches (length x width x height)

Lead Free: yes
Material: FR4

Board Color: green
Copper Weight: 1 oz
Silkscreen Color: white

Silkscreen Placement: top layer only
(although design may have text on bottom
layer)

Plated Through Holes: yes
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Two-Layer PCB Design - Step 1: OS File Structure

= | [ ||
m'| L ChlUserstkkwashnakh\Desktoph Kwashnak A | +y | Search Kw.. D |
Organize - Include in library - Share withr - Mew folder = ~ [ @ Create folders that
: - Marme Date modified Type . .
- Favorites WI ” h r .
. EAGLE520CD 8/18/2020 3:59 PM  File folder Ouse p OJeCt
Bl Decktop ./ Eagle Libraries 8/20/2020 8:17 PM File folder _ I
e Libraries . Projects 8/19/2020 153 PM  File folder Libra ry
A kkwashnak . .
i Computer PrOJeCt
i Network - Schematic
56 Control Panel
1€ RecycleBin  Board
| Kwashnak
§ vauLT « References
« Design Rules
i i b
' 3 items  Fab
'  Notes
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Two-Layer PCB Design - Step 2: Configure Directories

& Control Panel - C:\Users\kiowashnak\Desktop\Kwashnak\Projects\Example - EAGLES30Pr... | = || & st

File ViewEDpiiom Window Help

Mame Directories... Description
4 Libraries Backup...
P 3 1o User interface... Libraries
b ] E ] -
[» Design RU Window positions... Design Rules
[> User Language Programs User Language Programs
[» Scripts Script Files
> CAM Jobs CAM Processor Jobs
4 Projects
I [_] eagle
[ [ examples Exarnples Folder
> [_] Projects
-
& Directories
Libraries SEAGLEDIRYbr; C: Wsers'kkwashnak\DesktopKwashnak\Eagle Libraries
Design Rules SEAGLEDIR \dru

|User Language Programs  SEAGLEDIR \ulp

Seripts EEAGLEDIR \scr
CAM Jobs SEAGLEDIR \cam
Projects EHOME\eaale; SEAGLEDIR \projectsexamples; C: Userskkwashnak \DesktopKwashnak\Projects

[ OK ][ Cancel H Browse...
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Adding directories
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Two-Layer PCB Design - Step 3: Generate a New Project

£ Control Panel - C:\Users\kiowashnak\Desktop\Kwashnak\Projects\Example - EAGLES30Pr... | = || & |[s3)

File \r‘iewEDpiiom' Window Help

MNarne Directories... Description
4 Libraries Backup...
i % :Eb User interface... Libraries C f
I+ Design Ru Window positions... Design Rules reate Olders that
[+ User Language Programs User Language Programs . .
I Scripts Script Files I | h p J t
[ CAM Jobs CAM Processor Jobs WI O u S e ro e C
4 Projects
I [_] eagle .
[ examples Examples Folder - LI b ra ry
> |_] Projects
£ Directories @ - P rOJ e Ct
Libraries SEAGLEDIRYbr; C:\Userskkwashnak\DesktopKwashnak'\Eagle Libraries P S C h e m atl C
Design Rules SEAGLEDIR\dru
User Language Programs  SEAGLEDIR \ulp ® Boa rd
Scripts SEAGLEDIR \scr
* References
CAM Jobs SEAGLEDIR \cam
Projects EHOME\eagle; SEAGLEDIR \projects\examples; C: Wserskowashnak \DesktopKwashnak \Projects L DeS | g n Ru IeS
[ oK ] [ Cancel ] [ Browse... ® Fa b
* Notes
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Two-Layer PCB Design - Step 4: Create a New Schematic

Research

¢ e s ject\peb.Zlayer - EAGLES30 .. o> | B0 [l i jects\peb.Zlayer - EAGLES30 . [ = || 3 ] Bl i e e EE=
CO m O n e n tS File View Options Window Help File _View Options Window _Help 2E&F 3 - EKaRARe L o8 2
MName - Description Empty Project Name Description ;@ & 6 @
i+ Libraries Use the context menu to areate new < loasis i ©[=iam
© Design Rules Design Rules schematic or board files within this project. Libraries n i .
» User Language Programs User Language Programs Libraries for Electric... Sea| [ Descripion -
[ J C re a te a n eW b Seripts Script Files b 18-Inch Slot Euroca. i e Fn s o
I CAM Jobs CAM Processor Jobs b & 40oclbr @ CMOS Logic Device.. ot
4 Projects b & doclbr @ 41 Series Devices FRAME
b [ eagle b & 45wl @ CMOS Logic Device.., e
. b ] esmples Examples Folder b & T4ac-logiclbr @ TIL Logic Devices, .. FRAME
4 i3 Projects i & Térel-din.lor @ TTL Devices with DI b4 e L
Example s b Thoceulbr @ TTL Devices, xS i FRAME =
pcb_2layer Empty Project Close Project b @ Thoclittle-de.lbr @ Single and Dual Gat... s FRave
b & Thoclittle-us.lbr @ Single and Dual Gat, 7 T | eS8 2 NG, Londscape
New > Schematic b & Tncuslbr @ TTL Devices, 74 S... FRAME B Sze, 11117 INCH Landscape
Board v @ Txclor @ Toou Series Devices 6 ,T) Pt ngy e
PY D i & agilent-technologiesor @ Agilent Technologies = FRAME E Size, 34 x4 INCH, Landscape
Copy Library & allegrobr @ Allegro MicroSyste.. 55 Frae
Delete P b @ altera-cyclone-TLibr @ ALTERA Cyclone I F.. e RAHVENSQ _ FRAME L
. R b @ altera-cyclone-Illbr @ ALTERA Cyclone I w5 || e Doee Do @
up b & alteralbr @ Altere Programmab.. a0l = .
svstems diaaram P P :
cl jects\pcb_2layer Use none e o)

Activate/create
libraries

Diagram circui

Create Bill of
Materials (BO

= i j 2layeripeb_
File Edt Dmw View Tools Library Options Window Help
zH&E wENQAQAYG o> Y 2
AT EE @E
sees & x| [0inhEen [ 1 -
[ 1D

[ J
85

i

+JBEON N&
AuBOH 83

H
@

— LEDs =

 Left-click to place 'MICROTEST-DIP_8"
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Two-Layer PCB Design - Step 5: Design the Schematic

* Populate schematic with components R e

File Edit Draw View Tools Library Options Window Help

EHdE&EF & WO GRQAaH v §F 7

* Roughly place and organize hardware T .

&,
R

» Use existing libraries Sl R
* Import libraries > | |

835 XN

.

+ Modify existing devices (variants

f =
23
[t H A
. T ! !
 Create new librar DD
B2d H i
e
. P Fi TOLE pob Tager
. B Demmam: Hukwr [
 Device o o S
-« v
o : ;yl I I bOI + Left-click to place '"MICROTEST-DIP_8'
&3 Library - C: ibrari X 2450 dev) - EAGLE ... [ = |
. File Edit Draw View Library Options Window Help
- Package/footprint e e = I e :
Fle Edt Draw View Tools Options  Window  Help
-3 KRB~ ~ON0 2 - 0.1inch (0.70.3) (]
i®
i
. - LTS Add=Next &1ty - Librares\holes_mount lor (MOUNT-HOLEsym) - EAGLES.30 Pr... [ [ @[ 5% |
o Control Panel - C: jects\pch_2layer - EAGLE530 .. [ o | , Swap= S SRS i =
— = == e B Updateall & File Edit Draw View L ptions  Window  Help
le View Options Window Hel
- i ibreri =0 wr 0 RUS BHL BLARAAG 0o B8 7
Name Description - | Libraries .
tl w & 3
4 Libraries E]| The component libraries supplied with SW1 = e [oirhcoton | S
4 &5 b Libraries EAGLE have been compled with grest care P
— e e ||| tpaboen ot PTS647SK38SMTR2LFS L_pwo |
+ B L8inchlbr o 10:Inch Slot Euroca. | customer. However, the large number of &
P o CMOS Lacie b available components and suppliers of
v & boclor ogic Device these components means that the & P
o & Atecler o HocSeriesDevices | orcasonal dsmepancy s inavorditie SNAME ) T
b & 15albr o CMOS Logic Device.. | Please note, therefore, that CadSoft takes . 1 2 £
» & Taac-logic.lbr 5 TTL Logic Devices, .. | neresponsbilty for the complete acauracy 3 f( 4 il >VVALUE % circle
> & Tatti-dinlbr o TTLDeviceswith DL, | °finformation induded in lbrary files. :‘ = Position 0 o [
b Tho-eu.lbr @ TTL Devices, T4 S... Additional new ibraries, that have not yet 4 . i width  0.002 - M
b & Taelittie-delbr o Single and Dual Gat... | been offcially released, can be found on . = e . = =
cscription Frechnologies At oo [Wstsmeds ]
b & Tholittle-us.lbr o Single and Dual Gat.. CadSvﬂ‘sFmtemets‘tE at the download S it 02-)
} . section o Use the DESCRIPT to enter B Radus 0,08
b & Taocuslbr TTLDevices, ThwS.. | 00000 efusacom. Use the DESCRIFTION comn 25
b & T5leclbr 5 750 Series Devices oo cadsoft =
» & agilent-technologieslor  © Agilent Technologies | Use the ADD command in the Schematic a® A =
» & allegrobr o Allegro MicroSyste Editor or Layout Editor window to search Flg — > =
& altera-cyclone-ILlbr o ALTERA Cyelone IF. for a certain device or package! # Leftclick to select object to move.
» @ siters-cyclone-IlLbr o ALTERACyclone .. | fnformation about defiring your onn
b & alteralbr 5 Altera Programmab, liraries can be found in the fie library.tet i
b & am29-memory.lbr 5 Advanced Micro De... .| in the docdirectory, 4 = +
CiAProgram Files (BSI\EAGLE-5.3 0\lbr # Let-clickto select object to get nfo for
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Two-Layer PCB Design - Step 6: Map Nets and Connections

Sch Editor

e ©

iR

# 7%t

HIH
7 SMMOUNT-HOLE |

A
(%)

f2 &5 5 XL
&

f

=]
e
=]
=

+ o BON ™ &
w B O =

}Il
m
s

3

« Organize components * Add labels to describe system
 Name nets * Add nonlinked devices

B
@
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Two-Layer PCB Design - Step 7: Run Electronic Review Check

Bl 1 Schematic - CAL jects\pcb, 2layer\pcb 2layer.sch - EAGLE 5.3.0 Professional =& =]
file Edit Draw

Tools  Library  Options Help

—— heck schematic

2 ERC Errors

& x|[0.05inch @.508.70) | _ -

Type Sheet B u
— > > T 5 I 5 Board and schemati s conistent O r e rro rS
Errors (0) [

onnectst Frogramming Deviee 2 Warnings (41)

ing junction in net N$20

Missing junction in net N520

-

228 Yellow Stranded Wire
2205 Fied Strandzd Wire

32405 Black Stranded ilire -
N § 522 Do i || Missing junction in net N520 P I t
Missing junction in net N520 — -
peand Pauer: 3 - £/ Only Ensure cny ane pouer sourse is sernected Missing junction in net N520

Missing junction in net N§20

4252 AWVG Red Strandsd Unire

L
& I T pesder msrsernect Housng | Missing junction in net NS20
2z # el e i EEETS Missing junction in net N$3 aSS I I I I I Ie I I S
Il i 0008850804 Programming Connaction Missing junction in net NS5

patery Gonnection (GRE4GDVP, +3v OR Test Leads)

g7
23 22.33 No pins on net NS16
3
[ | 2z ﬂ i No pins on net N§17
ST B =2 Header Housing 0023012077 )t e——r1 B N pins on net NS18 . .
) Header i f i H“;fz Ne pins on net NS19
o Ne pins on net NS20 —
= 4 " S5 170107 _ps0st
e o | yon I S No pins on net N521
R - o L i 55 | Chr conponr |CEOBDAT L No pins on net NS22
T . No pins on net N523 .
= ut b+ SEL L ope opipnie [REPCLE
o WL 1702 5002870 — . o FW 7 e Tt W foles No pins on net NS24
i " memwerees ez 2 gk Hit N
848 170107F 30 - [, No pins on net NS25
o o s g N pins on net N§26
5 g I @ e o s
1 2 o No pins on net N$28
i Picrasarerler: PICIZF 1501 SYMMOUNT-HOLE N i
Foust ndater et 10 Socket (53080 P e o pins on n ]
Po Y siroionr smos | et @ oo ot No pins on net 1S3
i No pins on net N$30 —
o BTSOATSKISMIRILFS H No pins on net NS5

B No pins on net NS&

POWER pin D1 ANNODE connected to NSLL
POWER pin DI CATHODE connected to GND
o o POWER pin D2 ANNODE connected to N§10
POWER pin D2 CATHODE connected to GND
POWER pin D3 ANNODE connected to N§7
POWER pin D3 CATHODE connected to GND
POWER pin D4 ANNODE connected to N§12
| | POWER pin D4 CATHODE connected to GND
POWER pin US1 VDD connected to 3V

Ken Kuashnak POWER pin US1 VS5 connected to GND
POWER pin X3 + connected to VBAT

grounding of
nets

SURVICE Engineering Company

e e N e e e e e e e N el R e R e e e N e N e e e R e i

- a POWER pin G - connected to GND u
TITLE:  peb_2layer Part FRAMEL has n value O n n e C I O n
—
Darimern Homber: REU: Approved (0)
1908731 Dema Mcrocontroller Board 1

Date: 5/15/2820 958:30 Al [Cheet /1 [0 centered

J, ——————] - diagramming

ERC: finished (41 errors/warning)
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Two-Layer PCB Design - Step 8: Create a New Board Layout

2 HSchemti " st DesktepKosinalreselpc 2oyeipes 2y EAGLES 30 Pofesion! SR S £ Control Panel - C:\Users\kkowashnak\Desktop\Kwashnak!\Projects\pch_2layer - EAGLES30 ... | o | = |[mi]
ile it raw iew ools ibrary ptions indow elp
=g = = @ e 6 QEE v DR File View Options Window Help
i 2o ) r MName : Description Empty Project
. Sheets 5 X IO.].mdﬂ (1.76.0) - . .
i @n 1 el o — — —_——————————— - - o = Libraries Use the context menu to create new
Wy i |88 | | | patteryConnecton SR2ASDVP. 000 . I: [» Design Rules Design Rules schematic or board files within this project.
4 x|l = | 222 S A [» User Language Programs Uzer Language Programs
e 41 'g:;: ) [» Scripts Script Files
i S [ CAM Jobs CAM Processor lobs
£ > e 4 Projects
ﬁ;g . | GemsiTnioTE_pepst A b (0 eagle
% . CwouT 2 VDD | ypp . . I [ examples Examples Folder
2z T VlN fGND‘ [ ] - _NM - Rn:nﬁ;n‘aﬂ ] CPA CF‘S :C|= 4 a PI’OJECtS
E:] FE I . . ST Rl%"‘BD i _CPd4 CF"4 -%C[F ’ _ z
v . MCP1TD-5002ETO S M b o S & pch_Zlayer Empty Project Close Project
SpT oA WCRAVPRICPE | prreone
’ CBEBRITIMOTE_meDs [ R Mew b Schematic
S5 SHEN e B R s o
P S 111'1%1 I I Copy Library
r T I 2 e
L T T T o S Delete CAM Job
am | T o o S ) o
Edit Description
e PTSB47SKIBSMTRILFS - =

| 4 [0 3 Uze all Script

Switch to board ChUsershkkwashnaktDesktop\Kwashnakh\Projects\pch_2layer Use none Tt
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Two-Layer PCB Design - Step 9: Define PCB Settings

Il DRC (default *)

‘ File Layers Clearance Distance Sizes Restring Shapes Supply Masks Misc
EAGLE Design Rules |

| U

Design Rule Check (DRC)
Design Rule Check Conﬁgure board SettlngS
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Two-Layer PCB Design - Step 10: Organize Components

« Lay out components.
» Be aware of assembly process!
[Ell 2 Board - C: jects\pch_2layer\pch_2layer.brd - EAGLE 5.3.0 Professional =3 =R ° Be aWa re ?f Sllkscreen
S A e BT placement!
5| ot (H)E
0.05inch (2.00 1.00) . . .
‘ﬁ’  Review air wires.
()=
© . . .
s « Configure board dimension.
w4
1L ed . . .
o « Schematic dictates devices on
iy board.
o
s T o
o
B4 H 2Board - CA\U 12k Deskiop Projects\pcb_2layer\pch_2layer.brd - EAGLE 5.3.0 Professional e =@]=]
LN File Edit Draw View T ary Options Window Help
= - ZHS8Z & W 88888~ @Y 7 ;
gg 2 Qs rr 5 Mo ~ [FlF wdh 005 ~ (@)@ @ Dameter: s - oril: 3
® i ofmemaT : [ 1 Schematic -
] w i
+ Left-click to place object ,%. g‘f FllE Edrt D'ﬁ
B3
B+ o
i EHS
ey | Opgopgg—— ™ -—_ %W o Ree—| | e
] s
2
v A
T
7T
[o)p]
md
o
o H
o
o 8
® I ; —
Ratsnest: + Left-click&udrag to define group (ar left-click to start defining a group polygan)
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Use <Info> tool often to check

Brd Editor

i ©
Wy i
& %3
2
object properties. i

Make sure objects are on the correct £
layer. x &%

i o

A
[ X]
A
[ &}

f
f

=
=
=)
=

2
B2l Display F A
Layers:
Mame .-'\. K‘
Met:
Buszes / T
Pins
Symbols
MNames
. Values
[ Info
98 . Guide
[ Mew H Change ]’ Del ]
[ Al ] [ Mane ]
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Two-Layer PCB Design - Step 11: Create Copper Regions

B 2Board - jects\pch_2layerpcb_2layer.brd - EAGLE 5.3.0 Professional [E=x =R

File Edit Draw View Tools Library Options Window Help

EHSE X W EN 88008 v~ $F 7

2 (Wi [O)s - s S MEn - [Pl w00 ~ (el @ (E (BB oo [
0.05inch {-0.150.75) I— A

i® "

 Createanarea
on the board
where copper
will be poured. .2 1 I
» Configure Lo e e
settings. o=
* Regions will =
be on top and |
bottom of the .
board. R
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Two-Layer PCB Design - Step 12: Route Traces

| ol [ EE

o L o

25 ‘ 2%

1 [¢ o

£ | 55

=d - 2a)

b =8 Sab

5% =] i

thiname .|+ Useair wires as a reference

I " 4@ | * When routing, change

; layers with layer dropdown
to go from top to bottom of
the board (creates a Via)

* When routing, right-click

cycles through wire type

e Auto-router
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Two-Layer PCB Design - Step 12: Route Traces (cont.)

| FPESS SIS NE SRS EE DI EE N EEEREEEEE
e, TN

&l Autorouter Setup

General | Busses | Route | Optimizel | Optmize2 | Optimize3 | Optimize4

Preferred Directions Routing Grid 50 il

1 Top 9 Routed Via Shape [F'.cund -

2 Route2 [MfA « | 10 RoutelD [NfA -

3 Route3 [N/A v | 11 Route1l [N/A Symbol Preferred Direction

4 Routed [MfA « | 12 Routel2 [N/A - - Left to nght
5 Route5 |MfA& - [ 13 Routel3 |N/A -

Up and Down
45 deg, Bottom Left to Top Right
45 deg, Top Left to Bottom Right
No Preference

6 Routed [NfA = | 14 Routeld |NA -

7 Route7 [MfA « | 15 Routel5 [NfA -

—
L]

3 Routed |MfA w [ 16 Bottom

(s (Comvesn ]

Auto | EAGLE will access and optimize

ok ) [ seet | [ cona |

Ry gl =il
L IR TR RN R R EYR LY ERE RN L RN L X ETNR J |

DSKC
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Two-Layer PCB Design - Step 13: Edit Silkscreen

o 21 tPlace,
« 22 bPlace
o 25 tNames
« 26 bNames
e <Text> tool

— Either layer
'21 tPlace' or
'22 bPlace'

Helpful to turn
on/off layers

& 2 Board - C:\Users\kkwashnak\Desktop'Kwashnak\Projects\pcb_2layer\pch_2layer.brd - EAGLE 5.2.0 Professional

Eile Edit Draw View TJools Library Options Window

Help

ZHESF = W EX QAQag o~ Di 7

mp| Jop Silkscreen

SAN1ZHLNSBENSLPPS1d |

Ij —

S — |

. 702—5002E:‘TO

10 [

L]
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Two-Layer PCB Design - Step 14: Run Design Review Check

Bl DRC (default %)

File | Layers I Clearance Distance I Sizes | Restring Shapes I Supply | Masks ‘ Misc ‘

[ check arid
[ check angle
Check font
Check restrict

The Angle check reports signal wires that are not placed in multiples of 457,

The Grid check verifies that all pads, smds, vias and wires in signal layers are on the current grid.

Check I

Select

Cancel Apply

« DRC might find numerous warnings or errors

« Silkscreen symbols might interfere with pin
holes.
« Change board requirements
« Change symbol (create a variant)

&3 Library - G

eAGLE.. [= Lo s

Ble Edt Dow View Library
GHE 38

0.1inch (0.70.3) (]
L Add=Next
b Swap=!
&

e
&
izt

>NAME
>VALUE

Use the DESCRIPT

Options

SE AR 0> D 7

Window  Help

(R0

CR2450
CR2450-2

@’?L—m
52450 H Frem ] X

ription of this device.

®of ©on

>HAWE
LIE
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Bl 2Bozrd - Gl p jects\pch 2ayer\pch 2layerbrd - EAGLE 530 Professional [E&E]rs=s]
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FESE E W ENQAQAH 0 DR 7
5age: 0 - [wiet HB
He 0.025nch (3,225 1.025) | -
i [ DRC Errors. 5 B
+ 82
B Type ° Layer
= 4 Errors (20)
af t % Stop Mask 29
< (& Stop Mask 2
%% Jop Silkscreen & wenbine »
o e 8 Stop Mask 29
Stop Mask 29
@ Egﬁ@p @ Sto: Mask 23
= T € Stop Mask 2
ar Top Copper & Seption 5
VA ) Stop Mask 29
TR bg%@p © Stop Mask %
s T &) Stop Mask 30
& Stop Mask 30 £
0; Bot Copper Q ot 2
] Stop Mask 30
o d 0 l (] @ sm: Mask 30
¢ Boar utline € stop Mk 0
L € Stop Mask 30
g Drills @ Stop Mask 0
&) Stop Mask 30
&< Approved (0)
@
[7] Centered I Clear al ]
[ Processed ] Approve ]

« b

DRC: 20 errors. # Left-click to select object to get info for




Two-Layer PCB Design - Step 15: Create Fabrication Files

& 2 Board - C\Users\klwashnak\Desktop\Kwashnak\Projects\pch_2layer\pcb_2layer.brd - EAGLE 5.3.0 Professional =n =l
Edit Draw View Tools Library Options Window Help
New N RRAQARE o~ DE 7
* ULPs ol :
— drillcfg.ulp p( }
« Configures drill holes
&5 Print... crl+p SCFEEN
« CAM Processor | e
T+ Switch to schematic her
— excellon.cam
 Generates drill data ="
Close iltt"f 1tline
— gerb274x.cam prooes
» Layers information

Run a User Language Program

DSKC
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Two-Layer PCB Design - Step 15: Create Fabrication Files (cont.)

&l Eagle: Drill Configuration
Select unit for output file
_DK
() mm
« ULPs

— drillcfg.ulp © ich

» Configures drill holes

& Eagle: Edit Drill Configuration

Edit only if you are sure what you do!

fro1 0.018in OUtpLIt - drl

T020.031n
T03 0.03%in
TO40.125in
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Two-Layer PCB Design - Step 15: Create Fabrication Files (cont.)

"= 3 CAM Processor - C:\Program Files (86)\EAGLE-5.3.0\cam\excellon.cam - EAGLES.30 ... | = || & s3]
File Layer Window Help
Generate drill data
Job Style Nr Layer a
Section Generate drill data [T Mirror 33 tFinish
Prompt ] Upside d 35 tGlue
peice domn 36 bGlue
Output pos, Coord 37 tTest
Device [ExceLLON - E Quickplot ;g EJE“ .
° ‘ AM P Optimize eEpou
rocessor Fill pads 40 bKeepout
. 41 tRestrict
[Projects/pch_2layer Fab/%N.drd 42 bRestrict
— excellon.cam 3 Resri
’ Offset 44 Drills i
R 45 Holes
¥ Dinch i
» Generates drill data " 4 Millng )
Y Dinch easures E
48 Document
49 Reference
51 tDocu
52 bDocu -
Process Job l [Prooess Section] [ Description l [ Add ] [ Del
ChUsersiklkowashnakl Desktop Kwashnak\Projects\pcb_2layer\pch_2layer.brd

UNCLASSIFIED | Distribution Statement A: Approved for public release; distribution is unlimited.

output = drd and .dri




Two-Layer PCB Design - Step 15: Create Fabrication Files (cont.)

== 3 CAM Processor - C:\Program Files (86)\EAGLE-5.3.0\cam\gerb274x.cam - EAGLE 5.3.0 Professional =N R ==
File Layer Window Help

Top Sikscreen | Top Stop I Top Copper | Bottom Copper | Bottom Stop Bottom Silkscreen Board Cutline I Crills and Holes

* stle Nr Layer -
Section Top Sikscreen [ Mirrar 13 Routel2

[[] Rotate 14 Routeld
ot D Upside d 15 Routeld

peicE donn 16 Bottom

Output pos. Coord 17 Pads |
Device | GERBER_RS274X -] Quickplot 18 Vias

Optimize 19 Unrouted

20 Dimension

Pl
%l tslk 22 bPlace

23 tOrigins
Offeet 24 bOrigins
¥ Oinch 26 bMames
i 27 tValues
¥ |Ginch 28 bValues
— gerb274x.cam m sop
" 30 bStop
31 tCream -

» Layers information

Process Job ] lPrnoessSecﬁon] [ Description ] [ Add ] [ Del

Cih\Usershklwashnakh\Desktop'\Kwashnak\Projects\pcb_2layer\pcb_2layer.brd

output = .tslk
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Two-Layer PCB Design - Step 15: Create Fabrication Files (cont.)

== 3 CAM Processor - C:\Program Files (86)\EAGLE-5.3.0\cam\gerb274x.cam - EAGLE 5.3.0 Professional = Ech
File Layer Window Help
Top Silkscreen Top Stop | Top Copper | Bottom Copper | Bottom Stop Bottom Silkscreen Board Outline | Drills and Holes
Job Style Mr : Layer =
Section  Top Stop [ Mirror 1% Unrouted
[[] Rotate 20 Dimension
Prompt [F] Upside d 21 tPlace
peIcE down 22 bPlace
Output pos. Coord 23 tOrigins
Device [GERBER._RSZ?‘DC v] Quickplot 24 bOrigins A
Optirmize 25 tMames
Fill pads 26 bNames
P 27 tValues
%M. tstp 28 bValues E
Offset 30 bStop
31 tCream
¥ Oinch 32 bCream
- 33 tFinish
¥ Dinch
" 34 bFinish
— gerb274x.cam 5 (Gl
" 36 bGlue
. . a7 tTest -
» Layers information
Process Job l [Process Sectinn] [ Description l [ Add l [ Del
Ch\Users\kkwashnak!\Desktop\Kwashnak\Projects\pcb_2layer\pcb_2layer.brd

output = .tstp
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Two-Layer PCB Design - Step 15: Create Fabrication Files (cont.)

== 3 CAM Processor - C:\Program Files (86)\EAGLE-5.3.0\cam\gerb274x.cam - EAGLE 5.3.0 Professional = Ech
File Layer Window Help
Top Silkscreen Top Stop | Top Copper | Bottom Copper | Bottom Stop Bottom Silkscreen Board Outline | Drills and Holes
Job Style Mr : Layer i
Section Top Copper [ Mirror 1 Top
2 Route2
Rotate
Prompt - o 3 Route3 |
[ Upside down 1 Routed E
Output pos, Coord 5 Route5
Device |GERBER_RS274X | Quickplot 6 Routeb
Optimize 7 Route?
Fill pads § Routed
. 9 Routed
File M. tcpr 10 Routeld
11 Routell
Offzet 12 Routel?
13 Routell
% Qinch 14 Routeld
) 15 Routel5
¥ Dinch
" 16 Bottom
— gerb274x.cam e
" 18 Vias
. . 19 Unrouted -
» Layers information
Process Job l [Process Sectinn] [ Description l [ Add l [ Del
Ch\Users\kkwashnak!\Desktop\Kwashnak\Projects\pcb_2layer\pcb_2layer.brd

output = .tcpr
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Two-Layer PCB Design - Step 15: Create Fabrication Files (cont.)

== 3 CAM Processor - C:\Program Files (86)\EAGLE-5.3.0\cam\gerb274x.cam - EAGLE 5.3.0 Professional = Ech
File Layer Window Help
Top Silkscreen Top Stop I Top Copper | Bottom Copper | Bottom Stop Bottom Silkscreen Board Outline | Drills and Holes
Job Style Mr : Layer -
Section Bottom Copper [ Mirror 9 Routed
D Rotate 10 RoutelD
Prompt B Upeide d 11 Routell i
peIcE down 12 Routel2
Output pos, Coord 13 Routell
Device [GERBER._RSZ?'%JC v] Quickplot 14 Routeld =
Optimize 15 Routels
Fill pads I Batinm
. 17 Pads
%, bepr 18 Vias
1% Unrouted
Offset 20 Dimension
21 tPlace
% Dinch 22 bPlace
' 23 tOrigins
¥ Dinch
" 24 bOrigins
— gerb274x.cam 2 s
" 26 bMames
. . 27 tValues -
» Layers information
[Process]ob l [ProcessSecﬁnn] [ Description l [ Add l [ Del
Ch\Users\kkwashnak!\Desktop\Kwashnak\Projects\pcb_2layer\pcb_2layer.brd

output = .bcpr
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Two-Layer PCB Design - Step 15: Create Fabrication Files (cont.)

== 3 CAM Processor - C:\Program Files (86)\EAGLE-5.3.0\cam\gerb274x.cam - EAGLE 5.3.0 Professional = Ech
File Layer Window Help

Top Silkscreen Top Stop I Top Copper | Bottom Copper | Bottom Stop Bottom Silkscreen Board Outline | Drills and Holes

Jab Style Mr : Layer -
Section Bottom Stop [ Mirror 22 bPlace
[] Rotate 23 tOrigi_ns
Prompt 7] Upside down 24 bOrigins
25 tMames
Output pos, Coord 26 bMames
Device [GERBER. RS2741 v] Quickplot 27 tValues
= Optimize 28 bValues
29 tStop N

Flpacs
%M. bstp 31 tCream

32 bCream
Offset 33 tFinish
34 bFinish
% Dinch 35 tGlue
36 biGlue
a7 tTest

— gerb274x.cam 3 wespout

40 bKeepout -

m

Y Oinch

» Layers information

Process Job l [Process Sectinn] [ Description l [ Add l [ Del

Ch\Users\kkwashnak!\Desktop\Kwashnak\Projects\pcb_2layer\pcb_2layer.brd

output = .bstp
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Two-Layer PCB Design - Step 15: Create Fabrication Files (cont.)

== 3 CAM Processor - C:\Program Files (86)\EAGLE-5.3.0\cam\gerb274x.cam - EAGLE 5.3.0 Professional = Ech
File Layer Window Help
Top Silkscreen Top Stop I Top Copper | Bottom Copper | Bottom Stop Bottom Silkscreen Board Outline | Drills and Holes
Job Style Mr : Layer =
Section Bottom Silkscreen [ Mirror 13 Routel3
D Rotate 14 Routeld
Prompt B Upeide d 15 Routel5
RSIEE dawn 16 Bottom
Output pos, Coord 17 Pads N
Device |GERBER_RS274X | Quickplot 18 Vias
Optirmize 19 Unrouted
Fill pads 20 Dimension =
P 21 tPlace
%l bslk 22 bPlace
23 tOrigins
Offset 24 bOrigins
25 tMames
¥ Oinch 26 bMames
) 27 tValues
¥ Dinch
" 28 bValues
— gerb274x.cam 2
" 30 bStop
. . 31 tCream -
» Layers information
Process Job l [Process Sectinn] [ Description l [ Add l [ Del
Ch\Users\kkwashnak!\Desktop\Kwashnak\Projects\pcb_2layer\pcb_2layer.brd

output = .bslk
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Two-Layer PCB Design - Step 15: Create Fabrication Files (cont.)

== 3 CAM Processor - C:\Program Files (86)\EAGLE-5.3.0\cam\gerb274x.cam - EAGLE 5.3.0 Professional = Ech
File Layer Window Help
Top Silkscreen Top Stop I Top Copper | Bottom Copper | Bottom Stop Bottom Silkscreen Board Outline Drills and Holes
Job Style Mr : Layer =
Section Board Outline [ Mirror 13 Routel3
D Rotate 14 Routeld
Prompt B Upeide d 15 Routel5
RSIEE dawn 16 Bottom
Output pos, Coord 17 Pads i
Device |GERBER_RS274X | Quickplot 18 Vias
Optirmize 19 Unrouted
Fill pads 71 tPlace
23 tOrigins
Offset 24 bOrigins
25 tMames
¥ Oinch 26 bMames
) 27 tValues
¥ Dinch
" 28 bValues
— gerb274x.cam 1 top
" 30 bStop
. . 31 tCream -
» Layers information
Process Job l [Process Sectinn] [ Description l [ Add l [ Del
Ch\Users\kkwashnak!\Desktop\Kwashnak\Projects\pcb_2layer\pcb_2layer.brd

output = .dout
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Two-Layer PCB Design - Step 15: Create Fabrication Files (cont.)

== 3 CAM Processor - C:\Users\kkwashnak\Desktop\Kwashnak\Projects\pcb_2layer\Jobs\gerb274x.cam - EAGLES.... | = || & |[3]
File Layer Window Help

Top Sikscreen | Top Stop | Top Copper | Bottom Copper | Bottom Stop | Bottom Silkscreen | Board Qutline | Drills and Holes
Job Style Mr : Layer o
Section Drills and Holes [ Mirror 33 tFinish
Prompt , 35 tGlue
[ Upside down 36 bGlue
Output pos, Coord 37 tTest
Device |GERBER_RS274X - Quickplot 38 blest
Optimize 39 tKeepout
) 40 bKeepout
Fill pads 41 tRestrict
%, dd 42 bRestrict
43 vRestrict
Offset 44 Drills Tl
45 Holes
% Dinch 46 Milling
) 47 Measures E
¥ Qinch 3
" 48 Document
— gerb274x.cam 9 Reference
" 51 tDocu
. . 52 bDocu -
 Layers information
[Prnoess]ob l [PrnoessSecﬁon] [ Description ] [ Add ] [ Del

Ch\Users\klkwashnak\Desktop'\Kwashnak\Projects\pcb_2layer\pch_2layer.brd

output = .ddrl
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Two-Layer PCB Design - Step 15: Create Fabrication Files (cont.)

:; 3 CAM Processor - C:\Program Files (x86)\EAGLE-5.3.0\cam',gerb274x.cam - EAGLE 5.3.0 Professional

=N HoR

Top Stop I Top Copper | Bottom Copper | Bottom Stop I Bottom Silkscreen

Board Outline | Crills and Holes

File Layer Window Help
Top Silkscreen
Job

Section Top Silkscreen

Prompt

Output

Style

D Mirror

[ Rotate

[ upside down
pos, Coord

Device [cERBER_RS279%

] Quickplot
-

e

Offset
¥ Oinch

¥ Cinch

Optimize
Fill pads

MNr

=

1
1
1
16
17
18

n =

CRBREREER

3

Layer
Routel3
Routeld
Routel5
Bottom
Pads
Vias
Unrouted
Dimension
tPlace
bPlace
tOrigins
bQrigins
tMarmes
bMNames
tValues
bValues
tStop
bStop
tCream

-~

— gerb274x.cam

Process Job | |Process S%’on

C\Users\kkwashnak\Desktop\Kwashnak\Projects\pch_2layer\pcb_2layer.brd

» Layers information
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‘:; Description of CAM Job 'gerb274x.cam’

Headline: Generates Extended Gerber Format

Generates Extended Gerber Format
nThiz CAM job consists of eight sections that generates data for a two layer board.

nYou will get eight gerber files that contain data for:
iTop Sikscreen *. tslk

\niTop Stop *.tstp

nTop Copper *.tcpr

‘nBottom Copper *.bcpr

nBottom Stop *.bstp

nBottom Silkscreen *.bslk

nBoard Outline *.dout

\nDrill and Hole *.ddrl

|b>Generates Extended Gerber Format</bz

<p=\nThis CAM job consists of eight sections that generates data for a two layer board.
<p=

<p>\nou will get eight gerber files that contain data for:
<br =\nTop Silkscreen *. tslk

<br=\nTop Stop *.tstp

<br=\nTop Copper *.tcpr

<br>\nBottom Copper *.bcpr

<br >\nBottom Stop *.bstp

<br =\nBottom Silkscreen *.bslk

<br=\nBoard Outline *.dout

<br =\nDrill and Hole *.ddrl

<brz

Undo Redo




Two-Layer PCB Design - Step 16: Formulate Instructions

Author Ken Kwashnak
Author Email Hokok @Rk Hokok
L] Author\ Phone (***)***_****

Contact Information
Board Name Demo Board (pcb_2layer)

Softwa re Used Board Version 1.0 (baseline)
Board Dimension 1.5" x 1.5" x 0.063"

- . Board Material FR4

Tracing History e

Lead Free Yes
. Soldermask Both Sides

Req u I rements Soldermask Color Green
Silkscreen Both Sides
Silkscreen Color White

Boa rd InfOrmatK)n The attached fabrication files were processed from EAGLE v5.3.0:
- pcb_2layer.drl (Drill List)

. . " - pcb_2layer.drd (excellon.cam, Drill Location Information)

Fabrlcatlon Flle - pcb_2layer.dri (excellon.cam, Drill Location Information)

- pcb_2layer.tslk (Gerber274x.cam, Top Silkscreen)
H - - pcb_2layer.tstp (Gerber274x.cam, Top Stop)
ASSOCIatlonS - pcb_2layer.tcpr (Gerber274x.cam, Top Copper)
- pcb_2layer.bcpr (Gerber274x.cam, Bottom Copper)
. . . - pcb_2layer.bstp (Gerber274x.cam, Bottom Stop)

Descrlptlon Of GraphICS - pcb_2layer.bslk (Gerber274x.cam, Bottom Silkscreen)

- pcb_2layer.dout (Gerber274x.cam, Board Outline)
. - pcb_2layer.ddrl (Gerber274x.cam, Drills and Holes)
FIIeS - pcb_2layer.gpi (Gerber274x.cam, Photoplotter)

Additional Notes:
- Plated Through Holes, Sized for No 4 Holes, Quantity 4

DSKC
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Two-Layer PCB Design - Step 17: Package Files

» Compress to a single folder | i wum: v » st
® Rename With tracing/ Organize - = Open In‘cludeinlibraryv fSharewithv Mew folder =+ [ @

. ¥ Favorites | = Mame Date modified Type Size =
version control - e |
B Deskiop U Jobs|  Open PM  File folder 1
meth OdOIOQy w4 Libraries 4] eagle Open in new window AM  EPF File 20 KB 3
A klwashnak Upcbs 74P P lam B#1File 14 KB
° P ac k 3 | N mav var :'iCOmPutE_r =| | peb CRC SHA » lam B#2File 14 KB
g g y ya i Local Disk (C:) L] peb_2 Share with v [PM  B23File 14 KB
1 <4 CD Drive (D) Ll peb_3 Restore previous versions PM B4 File 14 KB
depending on the @ Vraoies oot | C1pch]  pocaers e p essrie s
“; Metwark L] peb_3 DhA P Eil 14 KE
m a n u fa Ctu re r @ Control Panel b || peb_3 Send to 3 ._%.‘ Cormpressed (zipped) folder
& Recycle Bin L] peb_ Cut Bl Desktop (create shortcut)
. Kwashnak L] peb_4 Copy @ Documents
o ul_MCP17025002ETO L] pch_3 g5 Faxrecipient
)\ ul PTSGATSK3BSMTR2LFS ~ | |pch g  Credteshortcut ) Mail recipient -
Fab Date modified: 9/21/2020 Delete @ VirtualBoxFiles (\\vboxsr) (E:)
| File folder Rename
Dl

DSKC
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Two-Layer PCB Design - Step 18: Send to Manufacturer

« Read manufacturer
license agreements
before sending files

* Quote Auto-Gens
may be fast but
might not interpret
your files correctly

« Call and talk to a
rep in person to iron
out details if you
have questions or
need clarifications

ADVANCED
s
CIRCUITS |

4PCB & My hccount | Register ) 1800979722 | Q

- Assembly  Copables  Specls | Engineecng/Technal | About Us
. D i, A .
SR -, p Y
With Oug Excmswe Prhng; :
. »

R RF Matenal \BSardMAresy /

OSHPARK OUTUS  SERVICES UPPORT  SHARING ® LOGIN

— Let's get started!

Drag and drop your KiCAD, EagleCAD, or zipped Gerber files

L. BROWSE FOR FILES

As of September 23, 2020, we are still operating normally.

Featured services
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Agenda

 Discussion
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Discussion

Symbol Schematic
"S— P o B 4 fj
PF— Pg2 P37 et
P P4z R | S e
PI— P34 pes —et L e sl L
: o ' ) ‘ 2 g ; e ’ AMC T-H
: b @ o
Package i % @
o ¥s 701 05 S G”: JOUNTH
] ETIRRR,

JTop Silkscreen

tStop
. Jop Copper
Device bStop
= Bot Copper
:2: ?;7 Board Outline
“t— cpa  bPuPCLE |—oF* Drills
| mUTRARRCRE CP2 —OF

=PMAME
=WsLLUE

DSKC
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Discussion

* Oshpark fabricated board

« Drag and dropped my project into quoting system (did not create CAM
or Gerber files)

« About a week turnaround time

« Fairly inexpensive

* Limited onboard styles

* No live reconfiguration tools

OD o) £
Demo v:L.

[ :]“'I B

28@91 54 fo ]

o —o
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Discussion

« Utilized readily available components to populate - Board functions as designed, with
board substitute parts!

« Tested power - checked voltages and connections

 Used MPLAB X, XC8 compiler to program
microcontroller

» Tested LED functionality

AT\ MicrocHiP
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/* Author:
Contact (e):
Contact (p) (***)***_****
Date: October 8, 2020
Platform:
Function:

*/

/I define crystal frequency

#define XTAL_FREQ 16000000

10. #include <xc.h>

Ken Kwashnak

***@*** *k%k

©CoNoOarwN =~

Appendix A - Microcontroller Code

Program intended for PIC12(L)F1501 for testing Demo v1.0 PCB functionality.
Upon power on, individual LEDs illuminate. If switch is pressed, LEDs turn off.

11. // Device Configuration, pg 38-39 of Microchip DS40001615C
12. /I In order for the device to function properly, all registers must be configured.

13. // Clock settings

14. #pragma config CLKOUTEN = 1

15. // Brown-Out Reset

16. #pragma config BOREN = 00

17. I/ Code Protection

18. #pragma config CP =1

19. // MCLR Pin Function

/I since LVP is enabled, 1, this bit is ignored
21. #pragma config MCLRE = 0

22. /I Power-Up Timer
23. #pragma config PWRTE = 1
24. /| Watchdog timer
25. #pragma config WDTE = 00

UNCLASSIFIED | Distribution Statement A: Approved for public release; distribution is unlimited.

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

/I Oscillator settings
/I using internal oscillator INTOSC
#pragma config FOSC = 00
/I Low Voltage Programming
/I based off of the voltage supplied to uC
#pragma config LVP = 1
/I Low-Power Brown-out Reset
#pragma config LPBOR = 1
/I Brown-out Reset Voltage
#pragma config BORV = 1
/I Stack Over/Underflow Reset
#pragma config STVREN =0
/I Flash Memory Self-Write
#pragma config WRT = 11
void init(){
/'110O, PORTA Settings
/I No alternate pin functions
Il RA2, RA4, RA5 = Output = LEDs
/I RA3 = Input = Push Button
/I Direction Control, 1 input, 0 output
TRISA = 0x0B; // Binary: 0000 1011
/I No Latch Register Definitions
/I Analog Select Register
// Digital only
ANSELA = 0;




Appendix A - Microcontroller Code (cont.)

51. /I Weak Pull-Up 75.  while(1){

52. [/ grounds input push button with switch closure, prevents floating 76. if(PORTADbits.RA3){

53. //input will read a high state, until button pressed 77. LATA = 0b000100; // RA2
54. /I no debouncing method or circuity, not necessary 78. __delay_ms(100);

55. /I Clearing register for individual pull-up use 79. LATA = 0b010000; // RA4
56. OPTION_REGbits.nWPUEN = 0; 80. __delay_ms(100);

57. /I R3 Pull-up 81. LATA = 0b100000; // RA5
58.  WPUA = 0x08; // Binary: 0000 1000 82. __delay_ms(100);

59. } 83. else{

60. void main(void){ 84. LATA = 0b110100;

61. // Frequency Configuration 85. }

62. OSCCONDbits.IRCF = OxF; // 1111 = 16MHz 86. }

63. // Internal Clock Configuration 87. }

64. OSCCONDIts.SCS = 3;

65. // Initializes device, as per function above

66. init();

67. /I Infinite Loop, Stay in State

68. // PORTADbits = reads state

69. // LATA = write state

70. /I __delay_ms( time in milliseconds ); note, not best if you have interrupt service routines, ISRs
71. [l the delay assists with the microcontroller performing the selected instruction

72. [/l ensures there's enough time to execute the next statement

73. [/l the loop essentially reads state of switch, if value is high, then write ON values to LEDs
74. /] once the switch is pressed, input state goes low, and LEDs turn off
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Appendix B - Sample Library Device HTML Description

& Description of MICROTEST-DIP_8

Headline: MICROTEST-DIP_8

Author: Ken Kwashnak
Contact: @™
Date: August 20, 2020

This is 3 sample description e for 2 Library Device component.

1 Testing Parameters

Sample Text
 A: Thig is an indented line item. This is BOLD text.
# Bt This is an indented line item. This is JTALICIZED text.
* C: This is an indented line item, This is UNDERLINED text.

©This is a double indented line item. Here is a combination of BOLD and ITALICIZED text.
©S5amples Text'

<!DOCTYPE html>

<html>

<body>

<title> MICROTEST-DIP_8 </title>
<center><b>Author</b>: Ken Kwashnak
<br>

<b>Contact</b>: *¥¥@kk* xkx

<br>

<b>Date</b>: August 20, 2020 </center>

<p> <center> <i> This is a sample description file for a Library Device component. </i> </center> </p>

<p>
<h1> 1 Testing Parameters </hl>

Sample Text

<ul> <1li>A: This is an indented line item. This is <b>BOLD</b> text.

<ul> <1i>B: This is an indented line item. This is <i>ITALICIZED</i> text.</ul>
_ <ul> <1i>C: This is an indented line item. This is <u>UNDERLINED</u> text.</ul>
2 List of Components <ul><ul> <1i>This is a double indented line item. Here is a combination of <b><i>BOLD and

Table Header

Item Description
1 Sample Description 1
2 Sample Description 2

<IDOCTYPE html>
<html=
<body >

<title> MICROTEST-DIP_8 </title>
<center»<b>Author</b =: Ken Kwashnak
<br=

<b>Contact<jb= ™ @™."

<br=

|<b>DatE </b>: August 20, 2020 <fcenter>

<p> <center> <i> This is a sample description file for a Library Device component, </i> <fcenter> </p>

=p>
<h1> 1Testing Parameters </hi>
Sample Text
<ul> <li=A: This is an indented line item, This is <b>BOLD</b> text, <ful>
<ul> <li>B: This is an indented line item. Thisis <i>ITALICIZED<fi> text. </ul>
<ul> <li>C: This is an indented line item. This is <u >UNDERLINED </u>> text. </ul>
<ul><ul> <li=This is a double indented line item. Here is 8 combination of <b><i=BOLD and ITALICIZED</b></i> text.
<ul> <ul> <lizSample<sub>3</sub> Text<sup>1</sup> <ful><ful>
<fp=

<hr»<h1>2 List of Components </h1> </hr>

<table border =1 cellpadding="4" cellspacing="0" bgcolor ="#ffffff" width="200" align ="center">
<thread>
<tr>
<th colspan="2" style ="color:white™ bgcolor =black > Table Header </th >
<>

»

m

UNCLASSIFIED | Distribution Statement A: Approved for public release; distribution is unlimited.

ITALICIZED</b></i> text. </ul></ul>

<ul><ul> <li>Sample<sub>3</sub> Text<sup>1</sup> </ul></ul>
</p>

<hr><h1>2 List of Components </h1> </hr>
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<td> <center>Item</center></td>
<td><center>Description</center></td>

</tr>
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<td> <center>1</center></td>
<td><center>Sample Description 1</center></td>
</tr>
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<td> <center>2</center></td>
<td><center>Sample Description 2</center></td>
</tr>

</tbody>

</table>
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