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PCB Editor

3 2 Board - C\Users\ESSA\Desktop\1.brd - EAGLE 7.6.0 Professional

File Edit Draw View Tools

i

Library Options  Window  Hel
GRa® i NI ER_QRAAQE

74

o)LioJl
€ 2 Schematic - C:\Users\ESSA\Documents\EAGLE\projects\my_first_project\my_schematic.sch
File Edit Draw View Tools Library Options Window Help

Q @ Q QA @ .

i i 2 e A
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To switch from the schematic editor

6.450.15) |

0> [0.05 inch
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to the related board, simply click
the Generate/Switch ro

Board command --
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PCB composition:

PCB build up
A standard buildup of a 4-|ayerlthickness of 1.55 mm: I

Silkscreen (Bottom)
Solder Mask (Bottom)
Copper (Bottom) 18 [um]
Prepreg18o [um]
Frepreg 180 [um]
Copper (Inner Layer 2) 35 [um]
Base FR4 710 [um] \

Copper (Top) 18 [um]
Solder Mask (Top)
Silkscreen (Top)

PCB Dimensions min. 5X 5mm PCB does not have to be
max. 425 x 425 rectangular!
mm
Board thickness 1.55mm Industry standard
1.00 mm Also a standard for ceramic
PCBs
2.00 mm Heavy components

\ Copper (Inner Layer 1) 35 [um] -
Prepreg 180 [um]
Prepreg18o [um]  dielectric material for isolation

Electrical layout characteristics
» Guidelines for outer layers (top/bottom), but also suitable for
inner layers
| « Copper base thickness: 18um |
e Suitable for PCB thickness of: < 2.4mm
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PCB com POSitiOnI f‘v In a 2-layer design, the Copper Inner and Prepreg layers are
left out but the base FR4 is thicker.
deoln

o)liaJ

"
LR LT T

Silkscreen

The thickest, middle part of the board is a insulating substrate (usually FR4). Soldermask
Fiberglass Sheets
FR4 is a standard defined by the NEMA (National Electrical Manufacturers Copper
Association) duib sl aayl, Il 4L SN 332¥1  aial for a glass-reinforced epoxy
resin laminate z >3 $gde uSga) musly milde. FR stands for "flame retardant”
o bt

On either side of that is a thin layer of copper, where our electric signals pass

Substrate (FR4)

-
-~

.
through. _ O \;C\: L/

< M 9
To insul nd pr h r layers, we cover them with a thin layer of R D

o insulate and protect the copper layers, we cover the y 3 *Tface
lacquer-like soldermask, which is what gives the PCB color (green, red, blue, & occ‘ o a§paclng
O~

(v B, -
etc.). = Ty //
-is a thin lacquer-like layer of polymer that is usually applied to the Y Tr:f(?ef

- | OC

copper traces of a printed circuit board (PCB) for protection against oxidation A e Width °¢
\\ 50

and to prevent solder bridges from forming between closely spaced solder pads. . B Y B e
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PCB composition: deola
&)liaJl

® Finally, to top it all off, we add a layer of ink-like silkscreen, which can add text and logos to
the PCB.

° - is a layer of ink traces used to identify components, test points, parts of the

PCB, warning symbols, logos, texts and marks etc.

- LM m

Ikscreen wneew

l} s |] ) .]

mm '.’."'3?;

"mOo29 te

fve ’ Y
J1 9 W
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PCB pads %

&jliall

L LCECERT Loh

PCB pads are the exposed metals on the substrate where the

component lead is soldered.
Pads can be through-hole ones or surface mount pads.

A hole is considered PTH (Plating-Through-Hole) if its pad has

copper along with the solder stop mask.

solder stop mask (where solder mask should not be applied )
should be larger than the hole/slot with a minimum of 6 mils in

width.

Holes in which the pad’s copper size is smaller than the hole or if
there is no copper at all are NPTH Non-Plating-Through-Hole.

https://manara.edu.sy/
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Distinguish between Plating-Through-Hole and Non-Plating-Through-
Hole PCBs

The easiest way to do that is by visually checking for traces of plating on the borehole wall in the PCB.
Non-Plating-Through-Hole PCBs will not have any traces of copper in the borehole wall.
Plated-Through-Holes PCBs are more expensive than non-plated-through-hole PCB.

Also, PTH printed circuit boards are often smaller than NPTH printed circuit boards.

https://manara.edu.sy/
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The Use of Non-Plated-Through-Holes in gfi‘ﬂ—j-l
PCBs ot Ao

® NPTHs are simpler PCBs. Therefore the manufacturing process for these is faster. They are frequently used as Tooling/Mounting
holes, to fix the PCB to its operational location.

* They are also used to mount components in some single-sided PCBs.

The Use of Plated-Through-Holes in PCBs

These PTH holes have two purposes: R plated through hole
P blind hole

* Component holes for welding DIP components: In such cases, the hole diameter must be throuigh hole buried hole
larger than the pin of the component so that the component can be inserted in the PTH. * * ‘

®* Vias can be between outer and inner layers, or inner layers only, or from surface-to-surface.
They connect and conduct wiring between different layers in PCB.

* The size of these PTH—Plating-Through-Holes will be smaller than component holes.

* PCBvias should ideally provide conductive paths, passing electrical signals from one layer to
another to integrate each PCB layer they pass.
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https://manara.edu.sy/

[

&jliall

LICEUERE AN ot

Recommended values: see “PCB
trace widths”

PCB composition:

Trace Width 0.15 mm

Edge-Trace 045mm 1.0mm Finished Hole Dia
Trace Width

| TraceTrace 0.15mm 0.35mm |
Trace-Pad 0.15mm 0.35mm TRACE-PAD

Pad-Pad 015mm 0.5mm

Pad-Hole 020mm 0.5mm ‘ Also for Trace-Hole
Finished hole 0.25mm Initial drill hole @ will be +0.1 mm to @
o for PTH

accommodate through hole plating
Finished hole  0.35 mm
OAR -
@ for NPTH L F—TRACE-TRACE
FAD-Hole—#

OARPTH 0.125 0.35mm . DGE - TRACE

mm — <+—PAD-PAD
OARNPTH 0.30mm 0.5mm  For non-plated hole but with pad on A = Plated Through Hole (PTH)

tﬂpfbﬂttﬂm B = Non-Plated Through Hole (NPTH)

OAR = Outer Annular Ring
Via g 045mm 0.6 mm PTH to connect traces from/to

different layers

https://manara.edu.sy/
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PCB composition: PAY/

dsols
6)ligall
PCB trace widths S
e Copper base thickness: 18um
o Temperature rise of trace: << 15°C
o Ambient temperature: ~ 25°C
e For outer layer traces only (top/bottom) b
S Recommended
type A
Low current 0.3 mm 1.0mm Low voltage DC power supply .
lines
High T.0mm =2.59mm Mains, high power DC
current
Digital 0.2 mm 0.5 mm /0, logic, microcontroller, CPLD
Analog 0.5 mm 0.8 mm ADC, low power op-amps
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IPC Recommended Track Width For 1 0z cooper

PCB and 10 °C Temperature Rise

Current/A  [Track Width{mil) | Track Width{mm)
1 10 0.25
2 30 0.76
3 50 1.27
4 80 2.03
5 110 2.79
] 150 3.61
7 180 4.57
8 220 5.59
9 260 B.60
10 300 /.62

Resistance = Resistivity*Length/Area*(1 + (Temp_Co*(Temp - 25))

R=(p*L/A)*(1+a*("temp - 25 °C)).

Where,

Copper Resistivity p=1.72 x 10°® {lm

L=length

Area A’ =Thickness*Width
A copper Thickness of 10z/ftA2 ~ 0.0035 cm

e pud A>bue e dasgl 1039

Copper Temp_Co @ =+0.393 percent per degree C. This

means if the temperature increases 1°C, the resistance

will increase 0.393%.

Voltage Drop is Current * Resistance

Trace Current Capacity on 10z (35um) PCB

A‘V .
deola ——
&jliall 20
215
PCB : -
o glo : |
ComPOSItIOn: N T 1T &
=
/é%’:’:ﬂ-"*
==

Thickness

’ff,,f,w m

Back-Side
Copper Plane

0.050

0.100 0.150 0.200 0.250

Trace Width / Inches

https://www.mclpcb.com/blog/pcb-trace-width-vs-current-

table/

https://www.4pcb.com/trace-width-calculator.html

https://circuitcalculator.com/wordpress/2006/01/31/pcb-

trace-width-calculator/

https://www.omnicalculator.com/other/pcb-trace-width

Power Loss is Current®2 * Resistance

https://manara.edu.sy/
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PCB Copper Thickness -
6)jliaJl
The copperin a PCB is rated in ounces, It's the resulting thickness when 1 oz of copper is pressed flat and spread evenly over a one square foot area. This equals

1.37 mils (1.37 thousandths of an inch).

For example a PCB that uses 1 oz. copper has a thickness of 1.4mils.

1/2 oz. 0.7 mils
10z 1.37 mils = 0.03556 mm =35um
2 oz. 2.8 mils
PCB Copper Thickness (daycounter.com)
Copper thickness: 0.035 mm= 35 um 2 54 mm=0.1inch=100 mil
Copper or track width: 0.25 mm for 1A
Mass B Length s
— 1 = 0.0254
1 = 28.3495
Thousandth of an inch - Millimetre -
Ounce - Gram -

divide the length value by 39.37

https://manara.edu.sy/
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PCB layers:

EAGLE's Layers

The EAGLE board designer has layers just like an actual PCB, and they overlap too. We use g palette of colors to
represent the different layers. Here are the layers you'll be working with in the board designer:

2\
doola
0)lioall

Layer Layer
Color Name Number Layer Purpose
Top 1 Top layer of copper
Bottom 16 Bottom layer of copper
Bads 17 Through-hole pads. Any part of the green circle is exposed copper on both top and
bottom sides of the board.
Vias 18 Vias. Smaller copper-filled drill holes used to route a signal from top to bottom side.
These are usually covered over by soldermask. Also indicates copper on both layers.
Unrouted 19 Airwires. Rubber-band-like lines that show which pads need to be connected.
Dimension 20 Outline of the board. ~
tPlace 21 Silkscreen printed on the top side of the board.
bPlace 22 Silkscreen printzd on the bottom side of the board.
tOrigins 23 Top origins, which you click to move and manipulate an individual part.
bOrigins 24 Origins for parts on the bottom side of the board.
Haiti:h tStop Z9 Topstopmask—Thesedefine-whes esoldermask st ould not be applied.
H;tlh bStop 30 Absent soldermask on the bottom side of the board.
Holes 45 Non-conducting (not a via or pad) holes. These are usually drill holes for stand-offs or for
special part requirements.
Doy 51 Top documentation layer. Just for reference. This might show the outline of a part, or
etherusefdl-lnformation.

https://manara.edu.sy/
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PCB layers:

To turn any layer off or on, click the
"Layer Settings..." button -- -- and
then click a layer's number to select

or de-select it.

Before you start routing, make sure
the layers above (aside from tStop

and bStop) are visible.

:' !V @ 1 Boar
Fie Edit D

SNl >OH L

4

2 B &
s

-
2l
=

4

&

N
2090

-

ACCC ALY

ol A L

@ Visible Layers

Fitter: | All Layers A

@ = Hame ®
@& 1 . Top
@ 16 Bottom
@& 17l pads
@ 18l Vvas
@& 19 unrouted
& 20 @  Dimension
@& 21 1 tPlce
@& 22 B  bPlace
& 23 torigins
@& 24 Jll  borigins
® 25 thames
@& 26 ll  bNames
@& 27 1 tvalues
@ 28 bvalues
@& 20 @ tstop
@& 30 B  bstop
31 ¥ tCream
32 8@  bCream
EEN
34 B  bFinish
35 W8 tGle
30 W bGle
37 tTest
38  bTest
@ 39 tKeepout
D] A0 B  hKeenout

Layer Sets v

New Layer |

[ Show Layers | [ Hide Layers |

[ Mew Set | [ Remowve Set |

[ DK

” Cancel |
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@ 2 Board - E)\softwares\Engineering Apps\electronic software\SCH schematic lay A‘V
Fle Edit Draw View Tools Library Options Window Help deol

BHS B oo @ BE&QaqaQqe 5%

ﬁv ﬁvv Layer: .EDDimEHEinn v| Angle: |0 v | ABE ne E= =E

Design Manager  Inspector  Selection Filter 1.27 mm (-31.75 62.2
Lt
1) @
= Browser Fitter \ o €
:...:* — B
<-I+ /_]L View Devices r LEJ'
0 |_M 3 of 3 shown (1 selected)

Q, Search » IR
DB ~

Device Se

=Bottom Side Devices:

"l.""g <Top Side Devices>
& 5\
© [
O A

Hide/show from view

sl
c?r“:- **  Devices 21 of 21 shown (0 selected)
|+>- p O" Search L lrmlT

A iy [~ [
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PCB grid ool
8ylioJl
@ 1 Board -[=* — — I
'“J W Grid X
Fie Edit D
Display Style
D"" E (®) on () Off () Dots (®) Lines
A 0.05" grid, and 0.005" alternate grid is a good size for 2, T nch ~ |[ Fnest |
this kind of board. g | |
(i) @ vl Multiple: | 1
EAGLE forces your parts, traces, and other objects to " Al | 0001 nch_v|[ Fnest |
snap" to the grid defined in the Size box. i lﬂ_\ =T x| [ o |

2.54 mm=0.1 inch=100 mil
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~ s
Movmg Parts: #
L

Our first job in this PCB layout will be arranging the parts, and then minimizing the area of our PCB dimension outline. PCB costs are usually related t |

@ 2 Board - E\sof

File Edit Draw WViev

board size, so a smaller board is a cheaper board. ™I
W
you can start to move parts within the dimension box. While you're moving parts, you SN
can rotate them by either right-clicking or changing the angle in the drop-down box near the top.  Ans&: A
*Don't overlap parts: All of your components need some space to breathe. The green via holes need a good g T
amount of clearance between them too. Remember those green rings are exposed copper on both sides of the 5 o
board, if copper overlaps, streams will cross and short circuits will happen v 7
= b
‘Minimize intersecting airwires: While you move parts, notice how the airwires move with them. Limiting criss- g 2
crossing airwires as much as you can will make routing much easier in the long run. While you're relocating parts, =
hit the RATSNEST button to get the airwires to recalculate. OS]
Part placement requirements: Some parts may require special consideration during placement. For example, you'll probably want the insertion ? R
point of the barrel jack connector to be facing the edge of the board. And make sure that decoupling capacitor is nice and close to the IC. i ‘
Tighter placement means a smaller and cheaper board, but it also makes routing harder. ; .
ORN
~

s H =

Layers

<pl>
<Preset_|
<Presef_!
<Preset_’

https://manara.edu.sy/
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deal ~
: 6)LiaJl
Moving Parts: . T=

Group all parts and move them inside theyellow borders near the origin corner

https://manara.edu.sy/
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Adjusting the Dimension Layer VA4
6)jliaJl
Then use the line tool  to draw manually a new outline. Before you draw anything though, go up to the options bar and set the layer to 20 Dimension. Also

up there, you may want to turn down the width a bit (we usually set it to 0.008").

\\\\\\\“\\“

Layer: 20 Dimension = _‘,-’F v | Width: | 6 v | Style: |continuous ~+| Radius: |0 v e F

Then, starting at the origin, draw a box around your parts. Don't intersect the dimension Iayer with any holes_or thev'll be cut off! Make sure you end where you

started.

E’E Properties

® You canalso right click L=
From
on the each yellow
Tao
border and set values
Length
from to Angle 270
* Adjust the unit from width 0
(Srid Style continuous

Cap

Pl ]

Layer 20 Dimension

Curve

Locked

https://manara.edu.sy/
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Adjusting the Dimension Layer %
o)uall

You can draw it
based on your

requirements

https://manara.edu.sy/
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Adjust the parts location %

o)LioJl

* Adjust the parts location by move and rotate

® Use ratsnest to redraw “unrouted” airwires

https://manara.edu.sy/
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R()uting Routing is the most fun part of this entire ,-1,

process.

It's like solving a puzzle! ﬂ-ﬁ-ﬂu
ojlgJl

I 2 Board - E\softwares\Engineering Apps\electronic software\SCH schematic layout\eagletMYexamples\0.my_aerduino_uno\arduino_uno.brd —

File Edit Draw View Tools Library Options Window Help

scr| e @ Q & @ v X = (—] (@) | SWE = e

v| Angle: |0 v Abc  ype : : 2 X, //

1.27 mm (-13.97 50.80) | |

+ | View Devices v

0 | Device Sets 3 of 3 shown (1 selected)
— = \".v v “ee
™ B 5
— Device Set

=
W/

<Bottom Side

= -~ A5
‘ 7\ =5 <Top Side Devices>
b, -
+4 -sl.

o (@

O A
9P e
Devices 21 of 21 shown (0 selected)
a -
~ L/« - .
=
\ Name Footprint
oo o |Gl E25 10uf
& & |2 e 10uf
c3 CO25-024X044 22pf
it 0k C4 CO25-024X044 22pf
T |Cs C025-024X044 0.1uf
D S& |t 790
TN POWER_JACK_PTH_LOCK POWER_JACKP1
& By |1 1X05
Jp2 1X06
R
Ttems 0 of 0 shown (0 selected)
| ’
Q. v ses

https://manara.edu.sy/
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Ad Cl . C P Adjust the Isolate setting which defines how much clearance
n g 0 P Per ours Av the ground pour gives other signals, 0.012" for this is usually
deol ~

good.

POLYGON ,
0)UoJi

LR A TR

Fle Edit Draw View Tools sbrary Options Window Help
cuw =y o mo R aDp x

- e ORI - Q}
Z H Y e B «| width: O o&& v . . _— . . . .
=7 ayer: 16 Bottom _/ Width: | 0.2 3 ! Q) (& ) Isolate: |0 Spacing: | 1.27 Rank: |1 Radius: | 0
v Ty . 0 - [w)w [HE
B Design Manager Inspector  Selection Fiter 1.27 mm (-39.37 5.08) ‘ inch (0.150.60) |
(i) —
- Browser  Fitter 5 & I SR |
“ _ — Cd
_ View | Devices MO} ( 3
$+ A d
IS | Device Sets 3 of 3 shown (1 selected) I[ ;ﬂl
C w|  wes N
A “ g ()
h G ~ (=)
Device Set 4
. . ) <All Devices> )[ )]
After dI‘aWIng |t <Bottom Side Devices> { 4
.-k' .;k_ <Top Side Devices: L 4!
I

Select name GND 0y bl -
' [0 \Em.

AND then ratsnest

|\
- ¢ =2 N
. N
3 ) " | § | —,
oo Devices 21 of 21 shown (0 selected) { = { ' I
Oa=] | [ y
C - . = -
(B PZ et . A

v

o~
\ Wﬂ.r Name Footprint

c1 E2-5 10uf
ﬁ -F}' c2 E2-5 10uf

c3 C025-024X044 22pf
B2 w4 C025-024X044 22pf

T |5 C025-024X044 0.1uf
T9XX5

T n POWER_JACK_PTH_LOCK POWER_JACKPT
& \§ Pl 1X05

+ +
o

EI)
(5]
—

P2 1X06
T
a Ttems 0 of 0 shown (0 selected)
& ¢
Q | ees
e 4
Ex -
A
Type Name Signal
/o~
O
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Using EAGLE: Board Layout P

Routing the Board -
deoln
8)Li_aJl

® turning each of those gold airwires into top or bottom copper traces.

* Atthe same time, you also have ty make sure nag to ovedap two different signals.

https://manara.edu.sy/
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Using the Route Tool: "\ &)Uiall

168ottom_~ |||/ / /[ — S £ I Radus|o V| F W7 width:{0.016 | B @ © Diameter]auto - |Drill{ 0.02362205 |
\\ *Width: This defines how wide Via OptiOnS' You can also
& Grid e o . ; our copper will be. Usuall . .
B G g el O 22 K et S isngoo e ve. | SEt @ few via characteristics
. choose whether you want to ' ' :
P Style Cart routi t>|; top (1) shouldn't go any smaller than here. The Shapev dlameter;
Oon @ off O Dots @ Lines ‘;ar r°“1':_)g|°" ctopilyor 0.007" (oryou'll probably end up || @Nd drill can be set, but
_ _ : ottom (16) layer. paying extra). Usua”y the defaults (round,
Size: | | inch - Finest
*Wider traces can allow for more aUtO, and 0.02"
Multiple: |1 | :
current to safely pass through. respect|ve|y) are perfect_
Al [0.025 linch ~|  Finest *If you need to supply 1A
through a trace, it'd need to be
Default OK Cancel much wider.

*to find out how much, exactly,

use a trace width calculator.

https://manara.edu.sy/


https://manara.edu.sy/

® youstartaroute by left-clicking on a pin
where a airwire terminates.

* Theairwire, and connected pins will
"glow", and a red or blue line will start on
the pin.

* Youfinish the trace by left-clicking again
on top of the other pin the airwire
connects to.

* Between the pins, you can left-click as

much as you need to "glue” a trace down.

While routing it's important to avoid two
cases of overlap: copper over vias, and copper
over copper. Remember that all of these
copper traces are basically bare wire. If two
signals overlap, they'll short out, and neither
will do what it's supposed to.

If traces do cross each other, make sure they
do so on opposite sides of the board. It's
perfectly acceptable for a trace on the top side
to intersect with one on the bottom. That's

why there are two layers!

Z |

6jliall
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Placing Vias ij

6jliall

® Viasare really tiny drill holes that are filled with copper.

®*  We use them mid-route to move a trace from one side of the board to the
other.

* To place a via mid-route, firstleft=click'in the black etherbetween pins to
“glue” your trace down.

® Then you can either change the layer manually'in the options bar up top,
or click your middle mouse button to swap sides.

* And continue routing to your destination. EAGLE will automatically add avia

foryou.
<Hott
‘;K. =Top
%
use the RIPUP tool -- -- to remove traces. This tool turns routed traces back into airwires.

You can also use UNDO and REDO to back/forward-track.

https://manara.edu.sy/
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Checking for Errors Av
o
dool &

**  Devices 21 of 21 shown (0 selected)
{.:.]JI - ]'I |+>' p O" Search - e l'
. \ 'LﬂJ’ Né?ne Footprint
C1l E2-3 10uf
ﬁ +:D-1Ir C2 E2-3 10uf
na C3 C025-024X044 22pf
o . 1 | Wk 10k 4 C025-024X044 22pf
Ratsnest -- Nothing To Dol oIS Drsaseon =
Vi Sm |Ior 79xxs
Y| POWER_JACK_PTH_LOCK POWER_JACKPT
- JP1 - 1X05
P2 1X06

=\

8 ¢ EU [tems 0 of 0 shown (0 selected)
Q, Search r T
e M
sy
Type MNarme Signal

AN
)

= —

Ratsnest: Mothing to do! Left-click to select signal object to route

https://manara.edu.sy/
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Modify a rout A‘\)
dool &

6)liall

LICEUERE AN ot

Right click om it then properties

O Convert To Palygon
™ copy

ﬁ Delete

|'_" Dimension

;"«. Fanout Signal
["?] Lock

P Miter

0-}- Move

B2 Name

< Optimize

}); Ratsnest
.\ Ripup

@ Show

{ 4 Naw Group
Mirror: Group
Properties

.

B0 properties X
Wire

From | 21.59 || 24.13 |
To | 41.91 || 24.13 |
Length | 20.32 |
Angle K |
Width 0.4064 v
Style continuous v
Cap round v
Layer B :s0ttom v
Curve K |
Locked [

Signal

Name | D8 |
Net Class 0 default o]

Airwires hidden

oK | Cancel H Apphy

https://manara.edu.sy/
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S Checking for Errors %\7

LANAR A LU Y

Check the errors

SRR I T

\ Design Rule

LY
- Check
5
F' N

EE= L

+ +
7
o

d.)

Q https://manara.edu.sy/
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Design Rule Check i
djliol

"
LR LT T

B DRC (default)
Distance Sizes Annular Ring Shapes Supphy Masks Misc
Layers, Clearance, Distance, etc.) help define a huge set of

File Layers Clearance

EAGLE Design Rules
The default Design Rules have been set to cover a wide range of applications. Your particular design may hawve di‘F’FE-:Fhe tabs in thls VieW (
]
design rules which your layout needs to pass. These rules define things like

requirements, so please make the necessary adjustrments and save your customized design rules under a new name.

minimum clearance distances, or trace widths, or drill hole sizes

|- Edit Description... |
e ) i DRC (SparkFun)
1 rmerge into current settiffas | Load... | | WE @S... |
File Layers Clearance Distance Sizes Restring Shapes Supply Masks Misc

|| appy | EAGLE Design Rules
The default Design Rules have been set to cover a wide range of applications. Your particular design may hawve differ

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

[ Check ] | Select | | Cancel

@rkFun.dru > https://cdn.sparkfun.com/assets/1/e/3/2/0/52054e25757b7f44119e09da.zip
D:\EAGLE 9.6.2\examples\design rules\examples\default.dru

Default setting can be found in the setup folder
I C:\Users\ESSA\Documents\eagle\design rules

default.dru

https://manara.edu.sy/
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ZY
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LR LT T

Errors fix

F)
2
X

@ DRC Erro
Type - ayer
¥ Errors (0)
¥ Warnings (1)
¥ Wire Stub (1)
& Wire Stub 16
Approved (0)

[ centered Clear al ‘

Approve

|
DRC: Mo errars. Left-click to select signal object to route

https://manara.edu.sy/
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Checking for Errors dsola
8)li_aJl

the most common errors:

Clearance: A trace is too close to either another trace or a via. You'll probably have to nudge

the trace around using the MOVE tool.

Overlap: Two different signal traces are overlapping each other. This will create a short if it's
not fixed. You might have to RIPUP one trace, and try routing it on the other side of the
board. Or find a new way for it to reach its destination.

Dimension: A trace, pad, or via is intersecting with (or too close to) a dimension line. If this
isn't fixed that part of the board will just be cut off.

21

22

Stop mask errors: the silkscreen overlapping. Ignore them ‘ {Place
bPlace

https://manara.edu.sy/
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@ Properties >

Part

Add new part N |
ame F2 |
Paosition 1.4 6.3

to sch | ] |
Gate | FL(PPTC) |
Angle ‘ 0 . | = LI'_';,:'I ,‘_E FYES

(] Mirror
Device | PPTC_PTH (PPTC) |
Footprint | PTH |
Library ‘ SparkFun-Fuses |
Value 72V/0.25A |
Description Resettable Fuse PPTC
Attributes
Name Value

PRQD_ID RES-08490 |

o
POWER_JACKPTH_F&(K IN
I

AN ] 720/8.25A
41 +
+1C1

T~
10uf

Can move it to top bottom by mirror tool

https://manara.edu.sy/
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Add a Hole (NPTH)

?l‘!"i.
o (@

Layer:

B 15 Bottom

L

Drrill:

0.21
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ULP user |anguage Programs

@ 2 Board - E\softwares\Engineering Apf

Fle Edit Draw View Tools Library Options

DHE M o @ Bl aaQaagoX « - @

\electronic software\SCH schematic layout\eagle\MYexamples\0.my

74

deola
6)liaJl

Design Manager Inspector  Selection Filter

wi Device

Dimension
Frame
¥ Group
[ Hole
Line
& Polygon Edge
B Rectangle
Spline
Text
\Via

Wire

Layers

<All=
<Preset_Bottom:>
<Preset_Standard>
<Preset_Top>

1 Top
16 Bottom
17 Pads

18 Vias
19 Unrouted
20 Dimension

LR LT T

1 mm (-29 73) | Click or press Ctrl+L key to activate command line mode

&3 yLp

Select ULP Directory:

D:/EAGLE 9.6.2/examples/ulps/examples

~ . .
Description

neemalze-text  Normalize sikscreen text sizes

Browse... ]

Normalize silkscreen text sizes

This ULP program smashes all texts on the sikscreen layers. It

Author: Tennessee CarmelVeileux (velleux@ameth.org)

7 Quick access
ESSA
I Desktop
¥ Downloads
Documents
=] Pictures

0 electronic basi

dentist

reports

Telegram Desktc

@ Run
T « Tools-.. * Tools-master w O
Organize ~ MNew folder
- MName

@ normalize-text.ulp
o normalize-text2.0.ulp
» @ origins.ulp
» 1 panelize-textalign.ulp
» @ parts2_csv_tex.ulp
» @ pathalign.ulp
@ renumber-sch-group_v2.ulp
@ renumber-sheet_4_5.ulp
@ snap.ulp
@ snap_bom.ulp
@ snap-pin-in-smbol.ulp

2 Search Tools-master

=+ O @

Date modified ™

10/28/2020 10:0
10/28/2020 10:0
10/28/2020 10:0
10/28/2020 10:0
10/28/2020 10:0
10/28/2020 10:0
10/28/2020 10:0
10/28/2020 10:0
10/28/2020 10:0
10/28/2020 10:0
10/28/2020 10:0

No preview
available.

LI

i Eppzce @ OneDrive 3 spin-allulp 10/28/2020 10:0 o
ce
o= tiiames M testulp 10/28/2020 10:0 )
o ) & This PC
oc hiaroc | M TextToolv1.0ulp 10/28/2020 100 ,
. . ¥ 3D Objects =
GitHub - moderndevice/Tools: Tools < >
File name: ‘normalize—textz.[).ulp ~ ‘ User Language Programs (*.ulp]
https://manara.edu.sy/

Cancel



https://github.com/moderndevice/Tools
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ULP user |anguage Programs

B0 Eagle: Normalize layer text si.. ? pd A‘V
deola
Normalize text sizes 2.0 6)lioJl
By Tennessee Carmel-Veilleux, Paul Badger : o
This ULP normalizes all the text on the listed lyers to the
specified size and thickness. The ratio is automatically
calculated from the size and thickness.
Output units [_| Mormalize Text Size
@ Eagle: Edit and execute script ?
Text size: 1
. . GRID MM 0.1;
) Text Thickness: 0.1 DISPLAY 21:
L) mil Layers to Change: DISPLAY 22;
) 26 27 28121 122 DISPLAY 25;
s=p. by spaces DISPLAY 26;
| emi DISPLAY 27;
[ | Spin All Text DISBLAY 26.
Handle Position DISPLAY 121;
(®) mm DISPLAY 122;
. SMASH (3.810 6.350);
|| Fix Text Handle (®) Bottom Left CHANGE SIZE 1.000 (4.826 3.810);
iah CHANGE RATIO 11 (4.826 3.810);
() Top Right CHANGE SIZE 1.000 (1.651 3.810);
Layer Reference: [ Execute ] | Cancel
1Top '
16 Eottom
21 thlace
22 bPlace After text normalize
25 thames
26 b . ..
Sy You have to adjust the text position of
28 bValues
23 tStop each part
30 bStop
48 Document . 3
e poumen So during soldering these names and
121 _tsilk .
122 "bsik values will be very helpful.
| Help | | Cancel | Morrmalize

https://manara.edu.sy/
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Manufactu ring Visualize

Preview  Board  Drills

ONIHNLIVANNYIN LF

of 0 OEAGD
Zl

3

09€ NOISNd

o
(] [4]
o a
0 [4]
o a
o o
o a
o, ‘o
. O a
o o
o o
0 o
- o
0 o
o o

Top Side r

[+ Live Update

W¥3aL NOISNd
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Add Silkscreen TEXT AV
dsola

Fontsize Font size/thickness Font

Top Silkscreen layer
| Line Distance:

Eﬂi T Layer: 21tPIace v | Angle: - Abc  ypc Size: 8% |F0nt ||3r0|30rt|0nal |Al|gn |b0tt0m|eﬂ:

0.1 mm (31.2 50.9)

Y Ratio:

Inspector  Selection Fitter

Design Manager

Arduino Uno v1.0|

ok Shift+Enter to add a new line

+ S p

+ Ol I OK ] | Cancel
e h

£ D v o |

https://manara.edu.sy/
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Add

e e ]]1;._

ﬁlHlH[HlHuH m4

oun ouInpIy™

Silkscreen
TEXT

11 digital pin

10 digital pin

_DQ digital pin

AI0THL4HIY Y3
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] w3

e

«

Adding Dimension

v | Ratio:

8% v | Unit

ZY

6)liadl

mm v| Predsion: (2 v | Show: |on | Width: | 0.13

v | Ext. Width:

auto

v | BExt. Length:

auto

v | Ext. Offset:

auto

JpeE

T
@

s El!!E

=

=

]

=y

=

o

. &

OWER

7

DNIENLIYINNYIN IF

09E NOISNY [

wyaL no1snd [
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CAM processor-Generating Gerbers

* Gerber files are open ASCII vector format files that contain information on each physical
board layer of your PCB design. Circuit board objects, like copper traces, vias, pads, solder
mask and silkscreen images, are all represented by a flash or draw code, and defined by a

series of vector coordinates.

https://manara.edu.sy/
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CAM processor-Generating Gerbers

ZY

6)liall

LICEUERE AN ot

] B8 CAM Processor — L
1 | templkte_2_layer.cam [ ] Exportas ZIP || Export to Project Directory IUnits:
Insps Output Files \ .
Name | Bil of Ma1ﬁf\
¥ Gerber ~
Top Copper BOM Fiename | %ASSEMBLYPREFIX T~ _
Bottom Copper ~—
Profile Filename Resolution CalMOutpL|t5_.-':'+55emIJI*,a'_.-'arl:IL|inm'sa'\
Soldermask Top
Solderrmask Bottom List Types \
Solderpaste Top ) \ -
Solderpaste Bottom () Parts E CAM Processor @ Select CAM file
Sikscreen Top (®) Values "
Silkscreen Bottom = . X
* Dl it — _ template_2_fayer.cam D.. E « v 4 <« Third Party OSH Park
. [+ List attribute ki ki
Auto Dril
¥ pAssembly ] ;
Bil of Materil Ouput Type Dutput Files Organize MNew folder
Pick and Place v Gerber A ~
Drawings () HTML Top Copper Tools-master Mame
Legacy 'i::' sy Bottom Copper
2 e gmlg"e - @ OneDrive ] OSHPark_2_layer.cam
olderrmask Top
Soldermask Bottom ) L"J_l OSHPark_4_layer.cam
Solderpaste Top @ This PC
Soldarnaste Bottom

https://manara.edu.sy/
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@ CAM Processor O > CAM PI’OCESSOI‘-GeneI‘atIng
| OSHPark_2 layer.cam ‘ B,'I E_I ~] Export a%j Export to Project Directory &5’ G e rbe rs
. Gerber File \ d=oln .
Output Files 8yliall gerbv — a Gerber (RS-274X) viewer download |
T _Gerber Marme: ‘ Board Outline \‘ Function: | Profusweeses {5k

SourceForge.net

Top Solder Paste
Top Sikscreen

Plating: | Mon-Plated - [ Megative Nage

[ Layers & gerbv-win-static_20160713.exe
Bottom Copper Layer # Layer
Bottom Solder Mask | ] s | arduino_uno_2022-10-21 - O
Bottom Sikscreen N Board Shape
Bottom Solder Paste - Cutouts Home Share View
¥ Dl ok . . o N
Plated Drills & , . < id
Monplated Drils * =| I:.I - #Moveto = X Delete -
Assembby i

Pin to Quick Copy Paste ; | Copy to _]; Rename ~ Mew Properties

E;:J;r;gs access EI folder - L 5]
Clipboard Organize Mew Open
— v 1 « {my_.. * arduino_uno_2.. v | O L Search ard
A sl
) 7, Name

[v] Board Shape [+] cutouts 3 Quick access

oshpark-2layer
* * Qutput ES5A * p_ ! .
N . D arduino_uno.boardoutline.ger
Gerber filename: | o:M.boardoutline.ger | [ E:-cMFile | I Desktop » D ;
CAM job for OSHPark's 2 layer PCB services. - d arduino_uno.bottomlayer.ger
Resolved file path: | arduino_uno.boardoutline.ger ¥ Downloadslnside the ZiP * ] arduino_uno.bottompaste.ger
N E Documen ol 0 arduino_uno.bottomsilkscreen.ger
Advanced -
& Pictures * D arduino_uno.bottomsoldermask.ger
[ Edit Description... | 0 electronic basics D arduino_uno.nonplated.drills.xn
Select Board... | ‘ [ Process Job ] [ Cancel | dentist ] arduino_uno.plated.drillsxin
' ' examples || arduino_uno.toplayer.ger

E:/softwares/Engineering Apps/electronic software/SCH schematic yout/eaale/MYexamples/0.my aerduino uno/arduino uno.brd . .
Toole coactor B arduino_uno.topsilkscreen.ger

D arduino_uno.topsoldermask.ger

https://manara.edu.sy/ @ OneDrive
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CAM processor-Generating Gerbers

ZY

6)liall

LICEUERE AN ot

Select all and drag them to be opened by gerbv

B

Select

| = | gerbv-win-static_20... Manage — 0O % | = | arduino_uno_2022-10-21 - O
Home Share View Application Tools ~ o Home Share View
Iy - [ - L L & %v L., Y
u & & Moveto ™ X Delete ~ & 55| U «Moveto~ X Delete ~
= O- Pin to Quick € th_:I N ﬂvp rties
. R - = - = -
Pmatcocetsltsuck Copy Paste Iﬂ Copy to~ @ Rename fz.llz\:r Prop:_-mes b SeI'ect Inacocestsuc opy aste Iﬂ Copy to @ Rename fmzu:r rop'e ies b
Clipboard Organize MNew Open Clipboard Organize Mew Open
« v 4 « Q.inst.. > gerbv-win-stati... v | O 2 Search gerbv-win-... € v 1 « 0my_.. > arduino_uno_2.. v O A~ Search arduino_un...
EaY ~ i
Tools-master "~ Name D & This PC Name
@ OneDrive @. gerbv-win-static_20160713.exe 77 B 3D Objects oshpark-2layer
» T i I Desktop D arduino_uno.boardoutline.ger
= This PC Documents [ ] arduino_uno.bottomlayer.ger
_J 3D Objects ;
& Downloads D arduino_uno.bottompaste.ger
I Desktop » Musi [ arduino_uno.bottomsilkscreen.ger
usic
Documents = D arduino_uno.bottomsoldermask.ger
Pict
¥ Downloads I ures D arduino_unc.nonplated.drillsxdn
J’ Music i Videos D arduino_uno.plated.drills.xin
[&=] Pictures - Local Disk (C) [ 1 arduino_uno.toplayer.ger
T v ~ New Volume (Dz) [ ] arduino_uno.topsilkscreen.ger
ideos
- New Volume (E:) D arduino_uno.topsoldermask.ger
i Local Disk (C)
L
. New Volume (D3) ¥ Network
~ New Volume (E;) hd > “
litem = 1item selected 11.1MB == 11items 10 items selected 721 KB

H==l (=]

https://manara.edu.sy/
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Check online lggl

&jliall

LANAR A LU Y

PCB Prototype & PCB Fabrication Manufacturer - JLCPCB

Layers Dimensions Quantity

t Instant Quot
- OR nstant Quote
Add gerber file 1 2 ] 4 6 100 100  mm 5

Upload zip File

https://manara.edu.sy/
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Save as pdf

From Print

ZY

BT print
@ Print » - =
0 |
) - - JLI_I:L] Printer: | Microsoft Print to PDF A |
Printer: | Microsoft Print to PDF A | EARARA LT T
Setup: colored, 1 co
Setup: colored, 1 copy P Py
A6 (H} E
Output file: | | [ -] Output file | | -
T E— ] _ -
Paper: |P.4 (210x297 mm, 8.3x11.7 inch) v| b Paper: |F\4 (210x297 mm, 8.3x11.7 inch) |
Orientation: | Portrait v | Qrientation: | Portrait v |
Alignment: | Center v | . Alignment: | Center v |
Area: | Ful v | Area: | Full A |
Preview Preview
Options Scale | Options Scale "
b o
; =} . o
(] Rotate Ratsnest [C] Rotate
O Upsde down | Page it E | . O] upsde down P30 Imi o]
) Black [T Black
L) Soid El (7 Solid
) £
Caption Py & z Caption
e < i’ N E
Calibrate Border g 21 Calibrate Border 5
- ) - s = — B
x [1 ] e Roht x Lot Riht

v sottom [ onch I ' ) Y Top Bottom

Actual scaling 3.50

Actual scaling 3.50

0K ] [ Cancel

[ 0K ] [ Cancel

https://manara.edu.sy/
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PIC Development Board Learning
Programmer Experiment based on A‘\\/
Microchip PIC16F877A 8Li_aJl

(29 LICEUERE AN ot

s ..~ |
'R 00 - \JN: -

R25 il o)

e

Amazon.in: Buy Embeddinator's PIC Microcontroller Development

Amazon.com: Balance World Inc New PIC Development Board Learning Board Online at Low Prices in India | Embeddinator Reviews &
Programmer Experiment + Microchip PIC16F877A : Electronics Ratings

https://manara.edu.sy/


https://www.amazon.com/Balance-World-Inc-Development-Programmer/dp/B07T4YTLH4
https://www.amazon.in/Embeddinators-PIC-Microcontroller-Development-Board/dp/B06Y1881ZH
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Build a digital UV/LED exposure box for PCB fabrication E
o a9 oelmidly s 13y9 @i Calad cliadl By A

48599 £ gually 35 Boley (Jaie Transparent Slide tﬁ (note that only the circuit, paths, ... should be in there and not the component
o 5all) 5 Ayl AL elle ns (AU ) | i o
Lot Lls) 4y dmyllay ale 5,101 When you use a laserprinter, make sure that you have slides that are designed for
it, otherwise they will meltinside your printer.
10gr NaOH (Sodium
Balll alass) 55 pled hydroxide) in 1L water.
G Al J\ ”;i ) one liter is enough for man

oelill gads — S PCB's
sl '

Byladl oy A9 &S sl

Clean with cold water Osly oy Ligd pad U3

digital UV/LED exposure box for PCB fabrication

(about 200 to 250gr of
Sodiumpersulfate & lalw

~s1394all Na25208 in 1L

water) into a bucket of warm

When your print is fully etched, quickly rinse it with cold water.
A ST 3859 e Ao gdall bglasdl g Glill 3L Lol .o gl s pad a1 Gl e Loles bl A1)
J2T e it JS Jg> asladl 3ol 2015) dy Ay atlly pgiis Byl e JLas¥! bolaiy clyludl Jiedy 2 LS
soldering alee

water.

| (2143) Make a UV PCB Exposure Box Using an Old Scanner — YouTube
(2143) DIY Digital PCB Exposure Box - YouTube

https://manara.edu.sy/



https://www.youtube.com/watch?v=ZAlxNNI-BVM
https://www.youtube.com/watch?v=QNTBKBjc-XE
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online tour in the JLCPCB factory

one of the largest prototype PCB manufacturers in Shenzhen, China.

® (2021) Inside a Huge PCB Factory - in China - YouTube

https://manara.edu.sy/


https://www.youtube.com/watch?v=ljOoGyCso8s
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