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omation

echnical’ hobby within a
‘mod o

® Presentation assistan g and editing speaker notes

- f

® Research assistance of software programming, electronics, schematics, etc.
O ®* Willing to help anyone... ¢



https://www.deepsoft.com/home/products/modelrailroadsystem/

®* Flasher Circuit

®* Order a PCB

qckup







* MAX Size: 400mn k
®* Thickness: 0.4mm — 2.5mm (JLCPCB)

® Can be produced in various shapes, colors and materials

® Materials: FR-4 ($, most common), Aluminum ($$), Flex ($3$), Teflon ($$)

%




’ Lqrge user community

®* Large number of parts

® Fritzing GitHub Repositories (docs, parts, etc.)
ikipedia



https://fritzing.org/download/
https://github.com/fritzing
https://en.wikipedia.org/wiki/Fritzing

£ Welcome i Breadboard W Schematic {>Code

° 'y A onr
: Flasher Circuit.ino

® Create @

* PCB View ‘ 7

®* Placement of components on PCB

> e Q) e e £ et

M ILCPCB =

* Layout traces between components
® Design Rules Check (DRC) tool

Advanced FCRPCSA v SMT-Stoncll

®* Code View
p ® Design software for the Arduino

* Compile/Upload firmware to Arduino

o Starcsd

° Producﬁon PR Mumran  Copper Cers ior PYPE Taren 5'!;:;::v;fia§~.ilnl o

® Creation of files for use for production



https://blog.fritzing.org/

values or types.

[ ] "‘

o

® Code design within Fritzing is u
* Shared as an Arduino code example for the circuit
@




Only a PCB is needed
from a working schematic

Modifying existing
schematic

Need to document circuit

Creating new design,
without sharing

¢ Simple circuit design

PCB

Schematic -> Breadboard -> PCB

Schematic -> PCB

Breadboard -> PCB

PCB

Modify existing schematic, validate with
breadboard, then create PCB

No IC, just connections to terminals and basic
components (resistors, capacitors). E.g. LED
connection PCB with current limiting resistors.







Welcome Access recent sketches Recent sketches ! = : ~] i=-8
" 8 -
- »
Breadboard Create Breadboard example  Optional, experiment / b :> Lola—oy
N 13 = (3
test design mo—=oRu*' N
- i 8
Schematic Create Circuit Diagram Optional, document It =g @
. Sl LA a
design . s BE-

. PCB Create PCB design Required for PCB
fabrication

Develop code for Arduino Use Arduino IDE instead
boards

g Main Circuit design workspace Edit design?99

Parts Select parts Parts grouped in
bins, search option

Inspector Review and change part Select part variants,
information change values




£} Fiashing Circunfzz* = Fritzing - [Breadboard View)

M

Revert Revert back to last g b r dow - o

saved version
Order a PCB... Order PCB from $$$ Germany S B

AISLER SRt o Flas
Export: Production Create Gerber files Required for PCB eree SEen

fabrication

Breadboard,
circuit designs Schematic, and PCB

List of Parts (BOM) List of parts and HTML web page
details

Export: As Image Create image files of

Y



ITZING

EDIT MENU

1\) dit menu provides basic editing functions a selected .

/ °
component part or wire
Generol | Breadboord View | Schematic view | PCB View | ) ":
Language
Function Use Comment Part [English - Enalish o]
Selection Undo Ctri+Z Please note that a new language setting vall not take effect until the

Add Note

Preferences: Set

curvy lines

Preferences:
Autosave

Provide notes for
documentation

Allows lines with
curves

Provides
recovery

Use Breadboard
and Schematic,
not PCB

Tip: use only with
breadboard

Important since
Fritzing can crash

Redo
Cut
Copy

Duplicate
Delete
Delete Minus
Select All
Deselect
Add Note

Preferences...

Ctri+Y
Ctri+X
Ctri+C

Ctri+D
Del

Ctri+A

next time you run Fritzing,

Colors

Connected highlight color

- (click to change...) k ‘
- (elick to change...) l

uUnconnected highlight color

Mouse Wheel Behavior

no keys down = zoom
ARt or Control key = scroll
shift key swaps scroll axs

Change Wheel Sehavior

Autosave

IV Autosave every: [Fﬂ minutes

Clear Setungs
Clear oll saved settings and dose this dialog immaediately.

Thas acton does not delete any files; it restores settings to thelr default
values.

There 5 no undo for this action, and no furthar warning!!!!
Clear Settings

’ |
0K Cancel



PART MENU

Part menu provides basic functions for working with

components and wires

Edit (new parts editor

Flip Horizontal / Flip Vertical

Rotate

Raise and Lower

Lock Part

Select All Locked Parts

Add to bin...

Hide part label

Modify existing parts

Flip part in place

Rotate selection in place

changes selection’s view layer

Lock a part or background from
being moved or edited

Adds selected part to MINE bin

Remove label from view

Advanced, not used often

Works with only some parts

Used frequently, same as icon in
lower left of main window

Works with only some parts

Very useful for background,
notes, PCB image

Used before unlocking all parts

Use for quick reuse of common
parts

Useful to gain access to
connection points

<o View Window Routing

Edit (new parts editor)

Elip Horizontal
Elip Vertical
Rotate

Raise and Lower

Lock Part
Select All Locked Parts
Add to bin...
Hide part label
Select outdated parts
Find part in sketch... Ctri+F
Regenerate narts databhase ...




Zoom In/Out

Fit in Window

Actual Size

Align to Grid

Show Grid

Set Grid Size

Show xxxx

Use ___[Comment

Zoom

Fits everything to window

Shows PCB size

Snap parts, connections to
grid points

Change window view

Position cursor, then zoom
in/out. Also, use mouse
scroll wheel

Very useful

Printed PCB is also actual
size

Use in most cases, unless
very small changes are
needed

Not very useful, just snap to
grid

0.1” common for most parts.
Use 0.05” or 0.025 for
traces on dense PCB

Same as clicking on tabs

r‘}_/\_ﬁndow Routing

Zoom In
Zoom Out
Fit in Window
Actual Size
100% Size
Align to Grid
Show Grid
Set Grid Size...
Set Background Color...

Show Welcome

Show Breadboard

Show Schematic

Show PCB

Show Code

Show Parts Bin Icon View
Show Parts Bin List View

Hide All Layers
Board Layer
Silkscreen Bottom Layer
Copper Bottom Layer
Copper Top Layer
Silkscreen Top Layer
Part Image Layer
Ratsnest Layer
Notes Layer

Rulerc | aver

Ctri++
Ctrl+-
Ctri+0

Ctrl+Shift+0

Ctri+1
Ctrl+2
Ctrl+3
Ctrl+4
Ctrl+5




SRITZING
ROUTING MENU

outing menu is used for working with wires

@

Avutoroute

Design Rules Check (DRC)

Autorouter /DRC settings

Fritzing Fab Quote
Ground Fill

View from Below / Top

Set ‘xxx layer’ clickable

Select All Traces

Routes (creates) wires from
Ratsnest lines

Use to valid PCB design

Set to Professional

Getting fabrication quote

Create ground copper
plane to all GND
connections

Change user view to top or
bottom of PCB

Affects which layer you can
click on

Selects all PCB traces

Useful to initially create a
wire(s) after placing parts

Required before fabrication

Not used

Not used, difficult to verify
if connections are made

Use to work with top /
bottom of PCB

Typically set to ‘both’,
change if having problems
selecting connections

Use to change all trace
widths

RUUNS' Hefp

Autoroute
Design Rules Check (DRC)
Autorouter/DRC settings...
Fritzing Fab Quote...
Ground Fill
View from below
Set both copper layers clickable
Set copper bottom layer clickable
Set copper top layer clickable
Move to other side of the board

Show unrouted

Select All Traces

Select All "Don’t Autoroute™ Traces
Select All Autoroutable Traces

Select All Vias

Ctrl+Shift+A
Ctrl+Shift+D

Ctri+Shift+3
Ctrl+Shift+1
Ctrl+Shift+2




\

I T Z I Untitled Sketch 3.fzz* - Fritzing - [Breadboard View] Untitled Sketch 3.fzz* - Fritzing - [Schematic View]
i Edit Pat View Window Routing s =

Working with parts is similar for Fritzing Breadboard,
Schematic and PCB designs

* After searching for a part in a bin in the Part Palette

window, they can be dragged from the bin onto the
design

* To provide easier connections, parts can be rotated
using the icon at bottom of the main window or right
clicking the part and selecting from the menu

* Part properties can be update in the Inspection : " 555
Palette 4 Timer rin
! : Rotate
* Part labels can moved, rotated and sized with Elip Horizontal
. . . o e Elip Vertical
selected part information by right clicking the label C feree and Lower }
and selecting from the menu :
Copy Curl+C
_ ' Duplicate Cerl+D
* Parts can be locked to prevent changes | Delete Del

Delete Minus

Edit (new parts editor)
Add to bin...

Hide part label

* Nideo

Flip Autoroute



'FRITZING

WORKING WITH WIRES

*  Working with parts is similar for Fritzing Breadboard, Schematic and PCB designs

Wires can be created by left-clicking on a pin and dragging a wire to another
object (pin, bend point)

* Connecting a wire changes the color of connections e Pin?  gec
pinég Timer pin3

Pin 2

* Moving a part causes the wire to remain connected and change length or direction

* Hovering over a wire causes the wire to change color, indicating that a left-click will
select the wire

* Right-click a selected wire and select Add Bendpoint to allow for a wire to be bent
later by dragging the bend point

555

H H H -l Untitled Sketch 3.fzz* - Fritzing - [PCB Vi¢
* Delete a selected wire by pressing the Delete key, or right-click and select Delete 9 o TR

Eiler Edit Part View Window

* Disconnect and move a wire endpoint by hovering over the endpoint until it turns
blue, then drag away from connection






* Affects location c

* i.e. foam tape, scrs, DIN rc
® Terminal connections
O ®* What type of connection; solder pad, solder hole, screw /spring terminal, CAT cable, or header
®* What size of wire will be used
®* Placement of connection points to ease access of wiring




PCB

® Ease of Implementation (des

® Designed using Fritzing

*  Use 555 Timer IC e

® Use PTH components for ease of soldering

®  Screw (or spring) terminal connections (solid wire) & solder pads (stranded wire)
® * Low Cost (parts / fabrication)

®* 1 or 2 layers (note: Fritzing only supports 1 or 2 layers)
/3 ®  Minimal in size (low cost)



https://en.wikipedia.org/wiki/555_timer_IC
https://www.digikey.com/en/resources/conversion-calculators/conversion-calculator-555-timer

7 (DISCHARGE)

555
* Schematic source: https: //www.digikey.com/en/resources /conversion-

6 (THRESHOLD)

. . 3 (OUTPUT)
calculators /conversion-calculator-555-timer 2 (TRIGGER)

ASHER CIRCUIT EXAMPLE
\O SCHEMATIC MODIFICATIONS

O

. 1 (GND)
* Astable Mode: continuous rectangular wave form

®* Modifications:

®* Added missing pin 5 -> GND

\
imergency / Police Vechcles, etc

[

ho
| -
fre
at

* Based on 500 msec on/off per sec flash rate (ref 555 Timer Calculator)
®* R1 =680 ohm

jert Flasher Circuit

rename  Flashing Circuitfzz

|
Yate 20 Jul 2023 07:14:50

®* R2 =727k ohm (680k ohm + 47k ohm) OR Trimpot (0-2M ohm)

® C1 = 1uF (creates 1 sec cycles)
® Added transistor to allow low voltage switching

®* Added connectors; header holes, pads, terminals

®* Power (Vin & GND) to layout accessory bus (5-16V)
* Trigger (Virigger): to 5-16V (Arduino or button)

* Output (Vout & GND): LED /w 2.2K resistor



https://www.digikey.com/en/resources/conversion-calculators/conversion-calculator-555-timer
https://www.digikey.com/en/resources/conversion-calculators/conversion-calculator-555-timer
https://www.digikey.com/en/resources/conversion-calculators/conversion-calculator-555-timer

Resistor — 680, 680k, 2.2k, 47k Low (<$1.00) 100 pieces, or kits of assorted types
Transistor — IRLZ44N Low (<$0.35) 10 pieces
Capacitor — TuF 50V Low (<$0.07) 50 pieces
Capacitor — 100nF Low (<$0.03) 100 pieces
® Timer IC — NE555 Low (<$0.20) 20 pieces
Terminal — Spring Low (<$0.40) Sets of 2 or 3 connectors
Potentiometer (Trimpot) Low (<$0.10)
..PCB JLCPCB ~ $1.00 Minimal lot of 5

%


https://www.aliexpress.us/item/3256804312663573.html?spm=a2g0o.productlist.main.7.36054ffc9z4mZh&algo_pvid=2b8cc049-27d4-4d37-bad7-635726b436f9&aem_p4p_detail=202307181451552781676250529300002554030&algo_exp_id=2b8cc049-27d4-4d37-bad7-635726b436f9-3&pdp_npi=3%40dis%21USD%210.49%210.37%21%21%210.49%21%21%40212244c416897171154758346d076b%2112000029376563770%21sea%21US%21903669890&curPageLogUid=sEErzcwoHkDb&search_p4p_id=202307181451552781676250529300002554030_4
https://www.aliexpress.us/item/3256804875163948.html?spm=a2g0o.productlist.main.1.742e4929fSpoaL&algo_pvid=86308cc5-5fa6-427d-84d0-1731ae559cb7&aem_p4p_detail=202307181406342024769233659910024053026&algo_exp_id=86308cc5-5fa6-427d-84d0-1731ae559cb7-0&pdp_npi=3%40dis%21USD%211.38%211.31%21%21%211.38%21%21%4021021d7b16897143949471333d078d%2112000031489978973%21sea%21US%21903669890&curPageLogUid=bKY4Rp9M9DJj&search_p4p_id=202307181406342024769233659910024053026_1
https://www.aliexpress.us/item/2255801041324291.html?spm=a2g0o.productlist.main.5.5cc534c7RY1ySW&algo_pvid=1ff3cfb6-ce18-449e-a397-8b0eb1831569&aem_p4p_detail=202307181409147089273767960420025184006&algo_exp_id=1ff3cfb6-ce18-449e-a397-8b0eb1831569-2&pdp_npi=3%40dis%21USD%212.81%211.6%21%21%212.81%21%21%402102169316897145549293316d0785%2110000015368849080%21sea%21US%21903669890&curPageLogUid=fn1PzydgFPtk&search_p4p_id=202307181409147089273767960420025184006_3
https://www.aliexpress.us/item/3256802104127109.html?spm=a2g0o.productlist.main.7.5fae2781rdEcTc&algo_pvid=a0f42f0d-bb5c-476d-a39d-d21c2e265ecb&aem_p4p_detail=202307181415532225450660567780024678649&algo_exp_id=a0f42f0d-bb5c-476d-a39d-d21c2e265ecb-3&pdp_npi=3%40dis%21USD%210.95%210.89%21%21%210.95%21%21%402102186a16897149534582390d0751%2112000020462004307%21sea%21US%21903669890&curPageLogUid=SQX5zduewsH8&search_p4p_id=202307181415532225450660567780024678649_4
https://www.aliexpress.us/item/3256805629696311.html?spm=a2g0o.productlist.main.1.1352418bkJcweV&algo_pvid=d708f66f-5f97-4843-9c36-d50bcc408f7e&aem_p4p_detail=202307181422144593726407615120002101601&algo_exp_id=d708f66f-5f97-4843-9c36-d50bcc408f7e-0&pdp_npi=3%40dis%21USD%214.52%212.49%21%21%2132.26%21%21%40211bea0816897153342818021d0774%2112000034449897503%21sea%21US%21903669890&curPageLogUid=wchgugxedJw3&search_p4p_id=202307181422144593726407615120002101601_1
https://www.aliexpress.us/item/2255800716601646.html?spm=a2g0o.order_list.0.0.1c641802XUVD7f&gatewayAdapt=glo2usa4itemAdapt
https://www.amazon.com/BOJACK-Variable-Resistor-Potentiometer-Assortment/dp/B07WHJMVR4/ref=sr_1_2_sspa?crid=2DOCBEJMNNOUK&keywords=trimpot&qid=1689938461&sprefix=trimpot%2Caps%2C114&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://jlcpcb.com/

Schematic Frame

Net Label

Timer IC

Capacitors (C1-C2)

Resistors (R1-R3) / Trimpot (U2)

Terminal Connectors
Pin Header (J1, J2)
Transistor (Q1)

Connections between parts

Project information, outline

Virtual connections between
wires

NE555 part from catalog
Parts from catalog
Parts from catalog
Parts from catalog
Parts from catalog
Part from catalog

Generates Ratsnest lines

Flasher Circuit for Layout Lights, Warning
flashers, Emergency / Police Vechicles, etc

project  Flasher Circuit

Filename Flashing Circuit 2.fzz Rev 1.0

Date 20 Jul 2023 07:14:50 Sheet 1/1




ST

Hole Drill holes for screws ’ 1"
Components (Resistors, Capacitors, Transistor, From parts catalog 4 A C ﬁ%é
Trimpot, NE555 Timer IC SGonr = 2-2k0
. =5 ' o
! Wires Converted Ratsnest Lines, prh
Rerouted
O Via Hole with copper to connect top . .
wire with bottom wire - o
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ASHER CIRCUIT EXAMPLE
{BREADBOARD VIEW

e

Breadboard Place to put

Flasher Circuit

- 0.5 sec flashing rate (R2 ~ 680k ohm
- Connections:
1) Vin/GND - layout accessory bus . _
2) TRIG - Arduino/Switch (start/stop flasher) Tr_lgger (Vtrig):
3) Vout/GND - LED(s) High (V+) = Start
Low (GND) = Stop

parts, different
sizes

Logo (Image setting)  Custom Images

Notes Documentation

Electronic parts

Q1 ‘
RLZ4aN [ ?00,“: Cc1_

¢ o 0o 0 ®

Connections

'E'.... ee e e eoeee

® o 0 0 0 ® o 0 0 0 ® e 0 0 o nFlaShRate:

/ \\\ 22 R2 - Change R2 value(s) or Trimpot:
.o « - See 555 Timer Calculator: https://

Ceeeiie Y . www.digikey.com/en/resources/

+ conversion-calculators/conversion-

calculator-555-timer

kQ R2.1
- 47KO

Ll
.
L)
® 0 0 ¢ 0 0 0 0 0 0 e
® @ % 9 0 0 0 0 e e 0

L B L B ‘

LR R B 2 o e 0 0. LR B .




Hasher_Circuit.ino

nst int buttonPin -
nst int ledPin =

()1

(buttonPin, INPUT PULLUP):
(ledPin, QUTPUT);

() {

(b\ntcnpsn). w= | OW
(ledPin, HIGH);

(ledPin, LOW);

Checks for button being pressed

Set output pin High while pressed






® Print PCB (from Fritzing menu: File -> Print)

DERING A PCB /
VERIFICATION .
\l\] ® Before ordering f O

O

® Prints to actual size
® Check component placement (clearances)

® Include screws in holes, terminals, etc.

® Select a fabricator

* Multiple options for PCB fabrication: JLCPCB,
PCBWay, eftc..

* JLCPCB provides high quality and low cost
fabrication of PCBs

® Cost vs time: 2-3 week delivery




. L (
&

4. Then, select Exte

5. Select a Folder for ‘\ , click Select Fol

® Tip: match Folder name to Fritzing sketch file name
®* From Windows File Explorer
®* Open the folder with the Gerber Files
* Select all of the files (alt-a) fritzing

® Right click and choose Compress to ZIP file G 20 8 8 O seyewen o oR

| A e e =~ 088808 R s 10
Tip: Rename to ZIP file to match Fritzing sketch name




5 $2 $1.44 (1-14 $0.70

days) )
5 $2 $16.76 (2-4 $3.80

days)
10 $5 $1.44 (1-14 $0.70

days)

* Consider t order faster delivery times

o a S

* Stencils — reduce shipping costs by redt size of the stencil (vs default size)

%



® From bc

®* From bottom left, click A 0 a quote)

® Click the Add Gerber File button

* Upload Gerber (zip) file previously created from Fritzing production file

%



https://jlcpcb.com/

\ORDERING A PCB

FILLING OUT A QUOTE

Help text available for each order option (click icon left of

selection)
* Use default values for most options
® Most common selection changes include:
* PCB Qty (multiples of 5)
®* PCB Color: non-green increases production time by 1-2 days
®* Remove Order Number — cost ~$1 per order

® Stencil: select “Yes” when using SMD parts to increase

accuracy and save time applying solder paste

* Tips to reduce shipping costs when ordering faster service,
larger boards, or larger quantities
® Reduce PCB Thickness to 0.8mm

® Stencil: use Custom Size to minimize stencil to reduce shipping package size

| Hack W0 Liphoad ¢

Eage Matena

Layers
Dimensions
PCH Cty
Product Type

PCB Specifications
Difteren Design
bon-.'er, Format
kca Thekness

PCB Color

IKscroen
flace Fivsh

~—
. .
Aluminum Coppet Core Rogers

ABIOSDAE

Panel by JLCPCB

1;'|"J 20

Yellow ® flue

a

PTFE Tehon

White | e J




® Oirientatio

.
¢ Hint: seat the capacito and trim leads.

® Solder (4) Resistors

® Orientation — none, bidirectional.

® Hint: seat the capacitor first inserting both leads, bent on back to hold in seated position. Solder and trim leads.
® Solder Terminals

¢ Orientation — wire holes point outward

® Hint: seat the terminal by soldering one leg, seat terminal flat to PCB and solder remaining legs.




SUMNMIARY
rchandis O $21
Shipping <16
IRLZ44n Q1 TO220 C38774
680Q R1 THT-400 mil
680kQ R2 THT-400 mil C70785

47kQ h THT-400 mil

2.2kQ THT-400 mil C120063

1uF Plugin DI

Plugin,P=5.08mm C2761731

JLCPCB Inst

-0.254mm 24.384mm

Obtain location info from PC ____-

* Set location field unit of measure to ‘mm’ (nc 6.215mm 23.851Imm

® Use positive orientation, not negative (i.e. 270 not -90, 180 not -180) ____-

7.480mm 29.845mm

Uploaded to JLCPCB in .csv, .xls, or xlsx format _—_——

1.524mm 15.113mm
Flash Circuit — CPL File

_____
® Cost + Shipping

* $38(5) PCB = $8 each



https://jlcpcb.com/parts/all-electronic-components
https://github.com/JLCPCB/JLCPCB-SMT-Assembly-Components-orientation-fix/blob/main/README.md
https://jlcpcb.com/help/article/45-Bill-of-Materials(BOM)-File-for-PCB-Assembly
../NMRA/Flasher-Ciecuit_BOM.xlsx
https://jlcpcb.com/help/article/46-Pick-%26-Place-File-for-PCB-Assembly
../NMRA/Flasher-CPL_JLCSMT.xlsx

B ASSEMBLY (BY JLCJCB) — BILL OF MATERIALS

* JLCPCB Assembly Summary

®* Quantities reflect requirements for purchase, not what is actually used

\
Top Side Total & parts detected 8 Parts confirmed X Upload BOM/CPL

Uploaded BOM Data Review Matched Parts
Top Designator Comment Footprint Matched Part Detail Qty Source Total Cost

R3 22k THT-400mil 6 JLCPCB $0.0324

CF1/4W-22K0s5% T C120063

e o Ceamccapoc  OCSTOMZZBYSVFGRISEQ  caessor2 wceca so 1725

R1 6800 THT-400mil CRISISIPOI ST ST JLCPCB $0.0154

a1 T0220 it TN o L JLCPCB $37715

R2 1 THT-400mil ke e AT . BB JLCPCB $0.0504

NESSSOR CB95838

n DiP8 JLCPCB $0.2745

ElecroytcCap.. T OOMZGEMIRR  C697501 scees s0.4278

THT-400mil

E
C ‘r.aowu»oseﬁAso C70785 JLCPCB $0.0252




l

¢

o 7 ]
IRLZSGN alakn LEokn

® Right click to ra

* Not all components have a ‘footprint’

@3
R R2
IRLZYNN 3% 2xQ CEOKQ

(icon) ‘ —ia—

%







< Swﬂches,D oJell

® Delay

( ® LEDs: Fade in/out, up/down



https://www.talkingelectronics.com/projects/50%20-%20555%20Circuits/50-555Circuits.pdf

\’@LICE LIGHTS THEMED FLASHING LED CIRCUIT USING 555 IC /‘

® Uses 2x NE555 Timer IC

/\l * Alternating red/blue LED’s flashing
O

* Article / Source: https://elonics.org /police-lights-themed-flashing-led-circuit-using-555-ic/

® Video: https://youtu.be /XAi5a)-89WY

® Parts:

® 2x 555 Timer ICs

[ ) L TREVCC+ F TRE VCC+

LED’s: 3 x Red, 3 x Blue e oo

® Resistors: 2 x 1M, 2 x 68R (Resistors for LED’s) 7 ois out DIs ouT
s CON .\ CON |

* Capacitors: 1uF, 100nF 4l TRI GND ¢ 2 TRI GND

®* Breadboard
® Few Breadboard Connectors

® (5-12)V Power Supply



https://elonics.org/police-lights-themed-flashing-led-circuit-using-555-ic/
https://youtu.be/XAi5aJ-89WY

* 2 different tones/frequencies, similar to the sound emitted from police cars

\ LICE SIREN CIRCUIT USING 555 IC
\l\] ® Uses 2x NE555 Timer IC
O

® Article / Source: https://elonics.org /police-siren-circuit-using-555-ic/

® Video: https://youtu.be /cadKMI4gui4

® Parts:

® 2 x 555 Timer IC
8Q) Speaker =R f R s
Resistors: 100K, 33K, 2 x 1K, 2 x 10K R
Capacitors: 1000uF, 100uF, 10uF, 100nF ¥

(5-9)V Power Supply

i CON : CON
= TRI GND = Al GND

NES55

1000uF


https://elonics.org/police-siren-circuit-using-555-ic/
https://youtu.be/ca4KMI4gui4




e 3 labelec

Assembly:
Solder 3mm LEDs
Grind LED tops flat (diffuse, Lens appearance)

Grind PCB back smooth (flatten solder connections)

Spray with flat black (cover lens)
Add heat shrink tube (insertion into layout board)




Assembly: |
1. Solder 3mm LEDs

2. Grind LED tops flat (diffuse, Lens appearance)

3. Grind PCB back smooth (flatten solder connections)
4. Glue to mask (straw, 2.5mm copper tube, 22)

5. Spray with flat black (cover lens)




: Magnet old PCI
* Hold thru center of magne

Assembly:
1. Solder Pogo pins (drop in plug (top) PCB holes, very little solder on back)
2.  Mount mast (slot at bottom to allow wires out of tube into (6) holes, solder

. Use 30 awg Mag wire
/3. Solder (2) JST XH 2.54mm SMD sockets on socket (bottom) PCB



890

900000

Soldering Iro

1.  Use low temp solder w h Oblic rsesh
2.  Apply solder by stoking tip straight out from solder pad

1. Solder flows from tip to solder pad, connecting to bottom of IC
< Solder one corner pin and verify alignment of IC pads to PCB pads
1.  Requires magnification and looking at side of mounted IC

Solder opposite corner and verify alignment
Solder remaining pins




Requirements:
*  Simplify under layout wiring and connections for signal masts
* Provide labeled connections for plugging in 2-3 wire plugs (JST XH 2.54mm)
*  Convert from (2) CAT cables(16 wires) to 5-6 JST sockets (5-6 signal heads)
O *  Connections for layout accessory power
*  Multiple mounting options

\ AMPLES: PCB FOR CONNECTION CONVERSION c/

BOVKD

e  Solution:

* (2) RJ45 sockets for CAT cable E g

* (6) 3-wire JST sockets for (6) 2-lamp mast heads 5>

* (5) 4-wire JST sockets for (5) 3-lamp mast heads « @

* (1) Molex connector for layout accessory connection f P

*  Jumpers for setting LED common wire (anode /cathode) 2 LZJ

*  50mm height for PCB housing mount =

*  Drill holes for screw mounting or DIN mounting brackets %

g22 N
*  Assembly: ;Ef
1.  Set socket into holes g%é

Hold socket in place with tack putty

e 3oY

2
3. Solder one pin from back

4. Reheat soldered pin and push socket flat to PCB
5 Solder remaining socket pins

UOI3IDa1ag pJe)
WAd WITA u3iey




* 2.54mm

* Dirill holes for moun

\
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DFPlayer'lo

Speaker Pairs L

PFPlayer 2

(1) set of

3-DIP switch forse’r’rln~ S R—
(1) RJ45 socket for CAT cable to wire (3) speakers



®* Solut
* PCB with RJZ

Female Headers

Use 4” Dupont jumper wires for interco

®* male-male colored wires
® Jumper wires can be connected between PCB boards
8-DIP Switch for direct wire pass thru

¢ ex. Connect input pinl to output pin8

/3‘ Label CAT cables to document wires (spreadsheet)

a L 3
R , &

® | &
geg=aec h F . F.T
N

| e e
IT".;'_EI T o6 T‘B]
@ 1 ®

d

Q)tn @ « 1»







e Talkln uit yads

® Fritzing projects qnd examples: Fi

ng -> Files -> Open Examples...



https://www.deepsoft.com/home/products/modelrailroadsystem/
http://www.circuitous.ca/CircuitIndex.html#About
https://www.talkingelectronics.com/projects/75%20Model%20Railway%20Projects/75%20Model%20Railway%20Projects.html
https://fritzing.org/projects

Silicone Repair Mat
. P

Digital Caliper

Tweezer

Alcohol Dispenser
Scraper / Scraper
Magnets

Counter Top Oven
Solder Paste
Component Organizer
Solder Wire

Solder Station

Soldering Iron

Soldering Iron Cleaner

Soldering Iron Tip
Soldering Flux
Desoldering
Digital Multimeter
Tack Putty

Flush Wire Cutter

Mat to protect/organize

Measurement of PCB /
Components

Place Components

Cleaning PCB

SMD: Spread solder paste
SMD: Hold PCB and Stencil
SMD: “Reflow” solder

SMD: Soldering Components
Store small SMD Components
PTH: Soldering Components
Soldering

Soldering

Soldering Iron Clean/Holder
PTH: Soldering

Improves soldering

Removes solder

Measure AC/DC, Ohms, Amp
Hold components for soldering

Cut PTH wires on PCB bottom

Invaluable during PCB work, heat resistant, easy to clean

Pin and component spacing, thickness

Fine point, Non-Magnetic

Convenient pump

Stiff but flexible

Rare Earth — 15mm x 3mm round

Digital (accuracy) , convection (airflow)

Low melting point (278F)

Small, multiple containers, clear, cap, reorganize
Low temp, thin wire, convenient to hold

‘Rework’ & solder both PTH and SMD, control temp

Cleans better than sponge

Oblique Horseshoe — holds solder better
Pen — more convenient

Suction works well

Probes that attach to leads, test clips, etc.

Place over PTH component while soldering opposite side

Flush cutting, optional wire stripper

quon -

Amazon - $22

Amazon - $10

Amazon - $12 (2)

Use old credit card / $0
Amazon - $10
Amazon - $90
Amazon - $10

Hobby Lobby - $4

Amazon - $10 (10)

Amazon - $76

Amazon - $16

Amazon —$10 (10)

Amazon - $16

Amazon - $8 (3)

Amazon - $13
Amazon - $10

Amazon - $8



https://www.amazon.com/gp/product/B07DGTJ463/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B0713QLXRC/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07SQ48TW2/ref=ppx_yo_dt_b_search_asin_image?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07N1G5WD5/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B0BWD66WGZ/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.amazon.com/BLACK-DECKER-Countertop-Convection-CTO6335S/dp/B0043E6PLC/ref=sr_1_2?crid=3NRNSAQAC70NE&keywords=countertop+oven+digital&qid=1689282221&refinements=p_36%3A1253525011&rnid=386465011&s=home-garden&sprefix=countertop+oven+digital%2Caps%2C142&sr=1-2&ufe=app_do%3Aamzn1.fos.18630bbb-fcbb-42f8-9767-857e17e03685
https://www.amazon.com/gp/product/B017RSGPI8/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.hobbylobby.com/Beads-Jewelry/Storage-Organization/Organizers/Bead-Storage-System---Small/p/80674224
https://www.amazon.com/gp/product/B08JP7WT1G/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07SCPZJYS/ref=ppx_yo_dt_b_search_asin_image?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B00LQG47V0/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B08JTJZ3F9/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B004X4KOWS/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.amazon.com/Teenitor-Solder-Sucker-Desoldering-Removal/dp/B0739LXQ6N/ref=sr_1_2_sspa?crid=3KD6CUQWU7L8D&keywords=desoldering+pump&qid=1689715860&sprefix=desolder%2Caps%2C134&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/Multimeter-Resistance-Continuity-thermocouple-Plusivo/dp/B07XLNFMCS/ref=sr_1_17?crid=3QI6IGGCWJ7D&keywords=multimeter&qid=1689715701&sprefix=multimete%2Caps%2C127&sr=8-17
https://www.amazon.com/Adhesive-Multipurpose-Mounting-hitsuki-Removable/dp/B09NNRD7GJ/ref=sr_1_2_sspa?crid=1X6FXOCON8LLQ&keywords=tack+putty&qid=1689937759&sprefix=tack+putty%2Caps%2C126&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.amazon.com/KAIWEETS-Wire-Cutter-Precision-Diagonal/dp/B097SZRNJV/ref=sxin_16_sbv_search_btf?content-id=amzn1.sym.6cfa532e-9c8f-48d2-87a3-a61547a0d356%3Aamzn1.sym.6cfa532e-9c8f-48d2-87a3-a61547a0d356&crid=312WN9DYU8NYS&cv_ct_cx=xuron+flush+cutter&keywords=xuron+flush+cutter&pd_rd_i=B097SZRNJV&pd_rd_r=0acc2e47-032d-46a2-8920-d3c934907afa&pd_rd_w=T28UP&pd_rd_wg=tGZ2f&pf_rd_p=6cfa532e-9c8f-48d2-87a3-a61547a0d356&pf_rd_r=CM4K9Q16N2X3GTBQPPE5&qid=1689937974&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sprefix=xuron+flush+cutter%2Caps%2C128&sr=1-1-5190daf0-67e3-427c-bea6-c72c1df98776



https://www.aliexpress.com/

Screws PCB Mounting Use M3x8 /w 3.2 mm
drill hole

Standoff PCB mounting spacers Card stacking

DIN Rail

. DIN Bracket PCB to DIN mounting 1-2 per PCB board

DIN Rail Clamp Mount DIN rail to Quick removal of DIN
surface

Holds 50mm height PCB

rail
PCB Housing Optional end caps

- [N


https://www.aliexpress.us/item/3256803227964788.html?spm=a2g0o.productlist.main.1.4bd6584b1Igys3&algo_pvid=0d8bc4c7-5d13-4c26-b930-44a682200c78&algo_exp_id=0d8bc4c7-5d13-4c26-b930-44a682200c78-0&pdp_npi=3%40dis%21USD%213.59%213.59%21%21%2125.80%21%21%4021021d7b16891130472402650d0763%2112000025680978455%21sea%21US%21903669890&curPageLogUid=pT4iZL4CyrRT
https://www.aliexpress.us/item/2255800702007727.html?spm=a2g0o.order_list.order_list_main.5.76241802nxi3iP&gatewayAdapt=glo2usa4itemAdapt
https://www.aliexpress.us/item/3256804341260304.html?spm=a2g0o.detail.0.0.72c86TdT6TdTUS&gps-id=pcDetailTopMoreOtherSeller&scm=1007.40050.281175.0&scm_id=1007.40050.281175.0&scm-url=1007.40050.281175.0&pvid=cf5229d9-5f9d-4a23-bcb6-5a9694703969&_t=gps-id:pcDetailTopMoreOtherSeller,scm-url:1007.40050.281175.0,pvid:cf5229d9-5f9d-4a23-bcb6-5a9694703969,tpp_buckets:668%232846%238111%231996&pdp_npi=3%40dis%21USD%210.55%210.38%21%21%21%21%21%402103201916891141899736343ee264%2112000029482462225%21rec%21US%21903669890
https://www.aliexpress.us/item/2251832613610446.html?spm=a2g0o.productlist.0.0.271f74191ihgOs&algo_pvid=62cf659a-5a52-4e9f-9e35-919cee5429b8&algo_expid=62cf659a-5a52-4e9f-9e35-919cee5429b8-0&btsid=0bb0623b16188436934221319e51d5&ws_ab_test=searchweb0_0%2Csearchweb201602_%2Csearchweb201603_&gatewayAdapt=glo2usa4itemAdapt
https://www.aliexpress.us/item/2251832793534610.html?spm=a2g0o.detail.0.0.1d384dd1w1NnRX&gps-id=pcDetailBottomMoreThisSeller&scm=1007.13339.291025.0&scm_id=1007.13339.291025.0&scm-url=1007.13339.291025.0&pvid=44f9018a-af56-43a5-afaf-fefd37860d53&_t=gps-id%3ApcDetailBottomMoreThisSeller%2Cscm-url%3A1007.13339.291025.0%2Cpvid%3A44f9018a-af56-43a5-afaf-fefd37860d53%2Ctpp_buckets%3A668%232846%238111%231996&pdp_npi=3%40dis%21USD%211.0%211.0%21%21%21%21%21%402101c6e316897161614418018e574a%2167076587546%21rec%21US%21903669890&gatewayAdapt=glo2usa



https://jlcpcb.com/
https://www.pcbway.com/
https://oshpark.com/

Fastest anc

PCB Stencil is flat sheet me for SMD components

Order Stencil with PCB
® Costs: $7 + $8 shipping (JLCPCB)

® Note: customize size to minimize shipping costs

Stencil insures correct amount of solder applied accurately on solder pad

Lay stencil on PCB, spread solder paste, remove stencil




) ;
* Compo

* Solder paste — low

-
L o8 -

® Fine point non-magnetic tweezer

O * Component Organizer (Hobby Lobby - $4)

® Old credit card to spread paste


https://www.amazon.com/gp/product/B0BWD66WGZ/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.amazon.com/Clean-Temperature-Solder-Paste-Grams/dp/B08KFKC7JZ
https://www.hobbylobby.com/Beads-Jewelry/Storage-Organization/Organizers/Bead-Storage-System---Small/p/80674224

LT

03030088

Place cor

* Use fine point, non-

Place into counter top over to reflow

* Use convection setting, 4 minutes @ 300
® Note: temp is based on solder being used

®* PCB board may darken from heat

Let PCB(s) cool in oven with door open




‘want to give attribution!

e

3.

Parts that you create

Published circuits and diagrams g'ner d b , edit’ to Fritzing.

® Example: “this image was created with Fritzing.”

No Additional Restrictions: You cannot apply legal terms or technological measures that legally restrict others from doing anything the license
permits.

Endorsement: You must not imply that the original creator of the work endorses you or your use of the work.

No Warranty: The licensor offers no warranties regarding the licensed material and disclaims all liability for damages resulting from its use.



https://github.com/adafruit/Fritzing-Library/blob/master/README.md
https://github.com/adafruit/Fritzing-Library/blob/master/LICENSE.txt
https://creativecommons.org/licenses/by-sa/4.0/

®* New po

¢ Drag and dro"on o PCI ‘
* To change the # or shape of connectors
®* From Parts Editor, select PCB view and import new SVG file
O ® Use SVG editor, such as Inkscape to edit existing SVG file(s) for the part
° rts that you create and use, are included in the sketch’s *.fzz file




|CPACKAGE TYPES

IC Package - Surface Mount IC Package - Through Hole

- -

PDIP

17-TO220

DDPAK SOP -1 TO2205 TO220

}-.‘ :

[y =N !
AN T
Y :
PR

TQFP

1097



Super Fine

Extra Thin
Fine
Standard
Thick

Extra Thick



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

EGNTROLLING LED CURRENT VS BRIGHTNESS

LED Resistor Calculator

® 20mA is recommended MAX current for an LED

* Red/Yellow/Green LEDs have similar characteristics
® based forward voltage being similar (2V / 2.1V / 2.1)\

®*  White LED much different

* 3.6V forward voltage

® Brightness (MCD) is linear below 20mA
®* For example, 10mA = 50% brightness

® Connecting LEDs in 'series' will result in a voltage drop
® For example, (2) Red LEDs in series:

® 1V of forward voltage

_.10301._ SOLDERING [

TERMINAL

® For 100% brightness (20ma), reduces resistor from 150 ohm to 50 ohm

Anode (Positive Side) Cathode (Negative Side)

® Connecting LEDs in 'parallel’ will result in no voltage change, but increase in current
(CI d d iﬁve) Has the smaller plate Has the larger plate

®*  For example, (2) Red LEDs in parallel:
Has a3 round edge Has the flat edge

® 150 ohm resistor would be 50% brightness, using 40mA.
Has the Long leg s the Short leg

Volts LED Color Resistor (ohm) Brightness (%) Current (mA)
Red/Yellow/Green 1500 ->150 10 -> 100
White 700 -> 70 10->100

Red/Yellow/Green 10,000 -> 1,000 10 -> 100
White 4200 -> 420 10->100

e

Schematic Symbol



https://circuitdigest.com/calculators/led-resistor-calculator

Standard Size
2920
2725
2512
2010
1825
1812
1806
1210
1206
1008
0805
0603
0402
0201

01005

Metric Inches
7.4x5.1 0.29 x0.20
6.9x6.3 0.27 x 0.25
6.3 X 3.2 0.25 x0.125
5.0x2.5 0.20 x 0.10
4.5x6.4 0.18 x 0.25
4.6x3.0 0.18 x 0.125
4.5x 1.6 0.18 x 0.06
3.2x2.5 0.125 x 0.10
0% 1.0 0.12 x 0.06
2.5x2.0 0.10 x 0.08
2.0x1.3 0.08 x 0.05
1.5x0.8 0.06 x 0.03
1.0x 0.5 0.04 x 0.02
0.6x0.3 0.02 x 0.01
0.4x0.2 0.016 x 0.008
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