RETICLE RED TUTORIAL

Laser Lab

Calculators, MOPA colour recipes, test cards
and a galvo delay tuner. Free in your browser.
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Calculators and MOPA colour

A starting recipe, a bracket grid and four exports
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+ RETICLE s

L Create - B Prep - B Make - ® Learn ~ G % Pricing | T EN - b @ ]
-~~~ RED —

Calculators

_ Pulse overlap, fluence, rotary
UNIVERSAL SCALER PHYSICS i
steps, DPI to interval,

s [l w depth of field and more. Every
result has a Copy button.

CLOSE-UP
- PULSE OVERLAP “E’ FLUENCE [ENERGY DENSITY) ﬂ. THERMAL DOIFFUSION LENGTH |
—
="' BALCULATES THE PERCENTAGE OF OVERLAP k THE ENERGY EACH PULSE DELIVERS PER UMIT HOW DEEP THE HEAT PENETRATES DURING A
BETWEEN LASER PULSES- HIGHER OVERLAP AREA, IN J/CH*. CRITICAL FOR DETERMINING SINGLE PULSE. SHORT PULSES [<1ONS) HEAT = PULEBE OVERLAP
[>80%) CREATES SMOOTH ANMEALING IF YOU ARE ANNEALING (MEATING) OR ONLY THE SURFACE [THIN FILHM5/COLORL CALCULATES THE PERCENTAGE OF OVERLAP
[OXIDATION), WHILE LOWER OVERLAP ABLATIMG (VAPORIZING). LOME PULSES (>100N5) HEAT DEEP BETWEEN LASER PULSES. MISHER OVERLAP
CREATES ENGRAVING (ABLATION) {ANNEALING/BLACK) el AT BT NRRALIRY
[GNIBATIOM), WHILE LOWER GVEHLAP
CREATES ENGRAVING (ABLATION]
AVERAGE POWER (W} 68
SPEED (MM/5) 1808 PULSE WIDTH [NS) 4
SPFEED |HH/E) 1888
FREQUENCY (KHZ) 208
FREQUENCY [KHZ) 388 MATERIAL STEEL FREQUEHCY (KHI) 388
SPOT SIZE (HM
E(Hm) 8.83 SPOT SIZE (MM} 8.85
SPOT SIZE (MM) 8.85
|
BASE FUHCTION BASE FUNCTION
EI\I’E'F].E-FI (%) = 1 {Speed [/ [Freguency # Fluence (Jfcm®)] » F-’JlSEEI'I'E-'q';.' [J) / SpotAres BASE FUNCTION
SpotSize)) cmi ) L (@) =2 * sgre(Diffusivity * Pulsewidth)
RESULT O copy RESULT O coPY RESULT O copy

93.33% 15.28 J/cm? 259.23 nm
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A

P

B Frap -

L Create -~
RED
o HAROWRRE ENGINE
ISBI.IHEE POWER (WATTS) &
o R
20W 10w BOW laow Z00W
§F-THETA LEMS [FOCAL LEMGTH) O
210mm FL (Balanced / 150x150) i
SUBSTRATE MATERIAL
Stainless Steel 304 w

[ Basstine for color markisg. Grade 304 produces conzistent, vikrant

coite layers
. OPERATOR: ADD YOUR OWM HETALE (BRASS, COFPER.
ANDDIZED...}

JSURFACE FINISH O

#4 Brushed ¥

¥l ADVANCED QOFTICS #

rf:h INDUSTRIAL WARNING
IMOPA HARKING ON HIRRDR-FINESH CALRSES EXTREME BACK-

reticle-red.com/laser-lab

B Make ~ ® Learn -

TARGET OXIDE COLOR

Thin-fifen fnterference mods - nearpsr-achisvable oxide malch.

GOLD RED BLUE TEAL YIOLET BLACK

. #CEACSD

HEX VALUE
CUSTOH

. ACHIEVABLE

Heares! owide ~L0nm = the Burs reads close to
REAL o jert swmich

ACHIEVABLE OXIDE PALETTE

THIN — THICK OXIDE - CLICK T0 TARGET & REAL COLO®

NO RECIPE YET

Q & Pricing  ToEN - -:Ie;i} @ )

STARTIMG POINT, MOT A GUARANTEE - MACHINE. ALLOY, FIHISH &
FOCUS ALL SHIFT THE RESULT. ALWAYS BURN THE BRACKET GRID &
VERIFY.

Pick a target oxide color above and hit Generate Starting Recipe to

STEP 2 OF 5

MOPA Predictor:
your hardware

Source power, F-theta lens and
the metal:

Stainless Steel 304, 316 or
Titanium Gr.5.

FL«DSE-UF

SOURCE FOWER (WATTE) |
200
W T W laaw 0w
F-THETA LENS [FOCAL LENWOTH) O

210mm FL [ Balanced ! 150x150) s

SUBSTRATE MATERIAL O

Stainless Stesl 304 v

Beseine for codl Saching Taae 304 produle CoRSIIEAL v e
owkda biyos
OFERATOR: ADD YOUN OWN METALE [BEAATE, COPPLR
ARDDITED Y

BURFACE FIRISH |

W4 Brushed ol

o ADYAWCED BPTICE L]
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. RETICLE
- RED

I HAROWRRE ENGINE

SOURCE POWER [(WATTS) &
60
20w Iow oW 100w 200W
F-THETA LEMS [FOCAL LEMGTH) &

210mm FL (Balanced / 150x150) i k

SUBSTRATE MATERIAL

Stainless Steel 304 vH

Bagesling for color marking. Grade 304 produces conzistent, vibrank

cxite layers

. OPERATOR: ADD YOUR OWM HETALS [BRASS, COPPER.
ANDDIZED...}

SURFACE FINIZH 0

#4 Brushed ¥

i/ ADVANCED OPTICS ¥

& IHOUSTRIAL WARMNING
MOPA HARKING ON HIRRDR-FINISH CALRSES EXTREME BACK-

L Ereate ~ B Frap -

reticle-red.com/laser-lab

B Make ~ H Learn ~

TARGET OXIDE COLOR

Thin-film fnterference mods - nearpst-achievable oalde malch.

G & Pricing | W EN - B @ i)

GOLD RED BLUE TEAL WYIODLET BLACK

. #CEACSD

HEX VALUE
CUSTOH

. ACHIEVABLE

Heares! ewide -53nm = the burs reads close to
REAL o jort mamich

ACHIEVABLE OXIDE PALETTE

THIN — THICK OXIDE - CLICK T0 TARGET A REAL COLOMA

STARTING POINT. MOT A GUARANTEE = MACHINE. ALLOY, FIHISH &
FOCUS ALL SHIFT THE RESULT. ALWAYS BURN THE BRACKET GRID &
VERIFY.

NO RECIPE YET

Pick a target oxide color above and hit Generate Starting Recipe to

STEP 3 OF 5

Generate Starting
Recipe
Pick a target oxide colour.

A starting point, not a
guarantee: burn the bracket

grid.

CLOSE-UP

GOLD RED BLUE TEAL VIOLET BLACK




RETICLE RED - LASER LAB TUTORIAL
Calculators and MOPA colour — A starting recipe, a bracket grid and four exports

reticle-red.com/laser-lab STEP 4 OF 5

' Bracket This

L Create ~ & Prep - B Make ~ B Learn ~ Q% Pricing | BEN - - & o
-~~~ RED —

" ANDDIZED...) | PrEdiction

SURFACE FINIEH

A5 x 5 frequency x speed

#4 Brushed > ETARTING RECIPE - best window BLUE THERMAL OIAGNOBTICS d th <
sweep aroun e recipe.
(RANGES ARE THE SWEEP WINDOW FOR YOUR BRACKET GRID = | B P
1 . -
1 ADVAHCED OFTICS i HOT A SINGLE GUARANTEED VALUE EST. OXIDE THICKNESS 163 nm
CLOSE-UP
POWER % FREQUENCY KHZ S e by 98% RANGES ARE THE SWEEP WINDOW FOR YOUR BRACKET GRED =
HOT & SINGLE GUARANTEED VALUE.
(2]
18.5-29% 638-918
N INDUSTRIAL WARNING T g PEAK SPOT SIZE 8 46.2 pm
a L] = Fi
o ' FS ENTREMEF POWER % FREQUENCY KHZ
REFLECTION. ENSURE IS0LATOR IS RATED FOR HIGH SCAN ENMERGY DEMSITY 589.19 Jfcm® 135_29% m_ma
CONTINUDUS WIT TAGE.
0-PULSE NS SCAM SPEED MM/S g kR L TN
=78 ns ~HEE oS 0-PULSE HE SCAM SPEED HM/2
B64-92 709-903
=78 ng =BG maje
LINE SPACING MM —
* +1 LINE SPACING MM et
hatch J interval
f111 lines out of focus 0.003 +1
DLGREFACATENF hakch [ interval
fill lines out of Tocus
closeredarker
i BRACKET THIS PREDICTION -
S BRACKET THIS PREDICTION -
+ ADD TO TEST CARD & VERIFY RESULT @
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. RETICLE
-~~~ RED

SELECT TEST WORKFLOW

B} MATERIAL TEST GRID
i@ BASELINE CALIBRATION
4 LINE SPACING CAL

E KERF f FITHENT TEST

¥ GRIO CONFIGURATIOM

ROWS (Y} coLs (x)

X-AXIE STRATEGY

Frequency (ktz)

Y-AXI5 STRATEGY

Enmad lmmial

L Ereate ~

CUSTOH LIST (0]

reticle-red.com/laser-lab

B Make -~ H Learn

MODOULE CALIBRATION

& ACE PARAMS & -XCS PROJECT
SPEED POWER

- DYNAMIC -~ 24

PASSES LINE SPACING
L 0.003

VIRTUAL GRID ARRAY

Q % Pricing T e -

&, EICAD DXF+CSY

FREDQ

DEFOCUS [HM)

'R

STEP 5 OF 5

Export the colour
card

GENERATE .LBRN for LightBurn,
EZCAD DXF+CSV,

XCS PARAMS or an XCS
PROJECT for xTool.

CLOSE-UP
{
P p— “
FREQ PULSEWIDT
- OYNAMIE = 78




Test cards and delay tuning

Material grid, line spacing, kerf and the directional card
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ol RECICAE L Ereate ~ ® Frep B Make ~ || @ Learn ~ Q | % Pricing | WEW- | R @a LU M
—- RED PR Material & Kerf
Tests

ﬁ A LINE SPACING % IH':‘:I:‘:&TI # DoaneLes || O ] om ]
Material Grid, Line Spacing and
Kerf (Fitment) test cards.
4 ACTIVE HARDOWARE LINK ™ LIVE EXPORT FREVIEW ® CUT PATH = LABEL (TEXT)
Substrate: a metal, or Other /
y CANVAS: MM STAMDARD // 8,8 ORIGIN : :
N machie engaged. Using generic defaults. genenc matenai.
ADD A MACHINE BAY UNIT
CLOSE-UP
KERF
- A umeseacing & KERE
“ PARAMETERE
A e k & RETIVE HAROWRARE LINK
Etainless Steed 304 ) Mo machine engaged. Uising genevic delaulis
:zn:e:::\:.::h mgterisd thia bext card ig for = inbels andy, not ADD & HACHIME BAY UMIT
GRID ROWS [¥) GRID COLS (X}
5 [
- ~ PARAMETERS
| | r! . & SHESTRATE
¥ X-AXIS STRATEGY O - ; Stalioss Bissl 304 &
‘“ w | I =1‘I . @ Resards wikeh malerinl this tegt card 18 for = iabels ey, nat

- = .
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d'h. L Create ~ ® Prep -
KERF
&g ACTIVE HARODOWARE LIMK
Nimachine engaged. Using generic defaulrs.
ADD A MACHINE BAY UNIT
% PARAMETERS
& SUBSTRATE
1
[ Dither / generic material \'1

Records which materisl ghis i srd Is Tor = Inbels andy, not
lnser physics

RID ROWS [¥) GRID COLS (%)
5 6

¥ X-ANIS STRATEGY O

Powrer (%) w

18 88

reticle-red.com/laser-lab

B Make - # Learn ~

™ LIVE EXPORT PREVIEW

CANVAS: MM STAMDARD // &.8 ORIGIN

Q% Pricing  WEN -

.
8
|

&

 EXAMPLES

® CUT PATH = LABEL (TEXT)

@

STEP 2 OF 8

Rows, columns and
axes

Choose what each axis sweeps:
power, speed, frequency,

pulse width, line spacing or
defocus.

CLOSE-UP
BRID ROWS (¥} GRID COLS (X)
] &
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reticle-red.com/laser-lab ( STEP3OF8 )
B ¥ Learn o) %, EN ool (0] T Start free 12 cr .
—- RED Export .Ibrn2 Project
One LightBurn layer per cell,

ERCTIET M settings filled in.

e Labels on the T1 tool layer: on

8 B8

? * screen, never burned.

CLOSE-UP

45 788
....- . ==

E i
l‘
& 4

CALIBRATION GLOSERARY
CELL LAYERS @ SCANGAP & HKERF OFFSET
BRO TIP Enci = = e I : P he width of im ad
F lay ] vith ap bPI I 5 I laser L 1 bEtw
I L | k soli o
thi P I andoff and sorap-1est package, or turn an existing LightBurn file into & printat @
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reticle-red.com/laser-lab ILSTEP 4 0F8 \J

+ RETICLE a
ST RED I Create | Prep B Make E Learn -« G % Fricing | T eN o & 4[] Line Spacing and
HMATERIAL QSR KERF ! e
& GRID At [FITHENT) i EXARPLES. | | ! S .
. Line Spacing: fine to coarse fill
interval.
# ACTIVE HAROWRRE LINK % LIVE EXPORT PREVIEW * CUT PATH = LABEL (TEXT)
Kerf (Fitment): slotted blocks
T CAMVAS: MM STAMDARD // 8.8 ORIGIN
No machine engaged. Using genesic defaults. measure what the beam
ADD A MACHINE BAY UNIT rEmDVES.'
CLOSE-UP
STEP 1
== LIKE SPACING RANSE (HH] (interval - OPI)
s ) START [FIHE) EHO{COAREE]
. PARAMETERE
STEP 3 8.8 B
& SUBSTRATE k
STEP 4
Other / generic material v
STER §
Records which materisd thia teet card i Tor = lnbets ondy, nat
Inzar phyascs ESTEPF &
STEP 7
LINE SPACING RANGE (MH] (interval - DP1)
STARTIFINE) ENDICOARSE] STEFP 8
a.m 8.1 STEP
STEP 18
STEPS POWER %
18 28
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. RETICLE
- RED

e Ba S8 S e w8 St E W

reticle-red.com/laser-lab

B Frap - B Make -

BE R R REE W s ammes B B R 8 AE %

¥ Learn ~

The timing purposes are shared, but labels, jump models, setting locations, and export workflows differ by software version.

-~

LightBurn Galvo

Softwase-spacific terminolody and export sleps

Ol

[Z Preserve the machine profile first

CORE ENOPONT ANDO CORMNER TIMING

LASERON TC

Current value ue

X

EZCADZ

ENTER CURRENT SETTINGS & PRESERVE A BASELINE

LASER OFF TC

Current vilue s

Synchronizes besm firing with the beginning of each

Enarking move

JUMP TIMING
JUMP SPEED
Current value [

Mon-marking trave] speed. Excess spesd can create

wibration aftef o jump

Controls when the beam switches off &t the end of a

matkEng move

MIN JUHP DELAY
Current value s

Himimum settling time uzed for shart jumps.

Software-specific terminalcay &nd expodt sleps

Q & Pricing

EZCAD3

END TC

Current value

Pauses atter the final vector before the next jump
beging

HAX JUHP DELAY

Current value

Hmdimum setilng time Lsed for long jumps

Soltwane-specilic lerminciogy ond export Eleps

Copy these values from your working manufacturer configuration. Do not use this tuner to reconstruct missing controfler, source, port, lens-comection, tickle, or first-pulse-killer settings.

POLYGOH TC

Current value e

Setties the gahvos at connected-vector corners

JUMP ISTANCE LIMIT

Current value mm

Dintance st which the mecimum jump delny s sppiied

( STEP50F8 )

Delay Tuner:
baseline first

LightBurn Galvo, EZCAD2 or
EZCAD3.

Enter your current timings and
save them as a baseline.

CLOSE-UP

LightBum Galve

Salteare-Specsic 19 Imanckogy #sd e vl

= ENTER CURRENT SETTINGS E PRESER

2} Preserve the machine profile first
Coipy these valees from your working manufactuner configuraliol

CORE ENDPONT AND CORMER TIMING

LASER OH TG LASER OFF TC
Current value o Current val
Sar T ed [ faiag wiin Tree Geliretrea a® poen L 19 (i ross st (o oa




Test cards and delay tuning — Material grid, line spacing, kerf and the directional card

reticle-red.com/laser-lab

e B mak 7 Learn i % EN & ) ( Start free 12 cr
—=- RED :

The directional test
card

£, 5et both layers to outline/line marking. Use conservative settings on ciean scrap and set the biue legend to lower power.

3. Dpen Preview and confirm Al travels left-to-right. AZ right-to-left, A3 top-to-bottom, and A4 bottom-to-top. Disable Choose best
starting point and Choose best direction for this test.

Both confirmations unlock the
SVG and LightBurn files.

4, Inspect Al-Ad for START/END defects, BWB2 for corners, and only the second TARGET dash in JS/J200J40 for jump setting.

st B2 is a closed loop, soits start and end oocupy the same point, Use AT-A% lor endpoint timing and B2 only for connected cormersiloop
closure.

The LightBurn file sets both
layers to 0% power.

I saved or sereenshotted the manufacturer baseline before changing timing values.

CLOSE-UP
I will verify the A1-A& path directions in LightBurn Preview before marking.

R

OIRGNOSE ONME OEFECT AT AH TIME

Test incremant 18 HE

Burn-in at start Missing start of line
INSPECT Al-A& START INSPECT Al-A& START
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. RETICLE
-~~~ RED

< OIRAGNOSE OME OEFECT AT A TIME

Create - B Frep -

reticle-red.com/laser-lab

B Make - # Learn

Clicking a defect anly proposes the next value. Mothing changes until you select Apply, and every applied test can be undone.

4 START OF LINE

Burn-in at start L]
INSPECT Al-A4 START

A diot or heawy spot appears at the bumed START label ond of an

open line.

Next test affects: Laser On TC

 END OF LINE

Missing end of line

INSPECT Al-A& END
Tha line stops bedars the position identified by the burned END

labal,

Mext teat affects: Laser OFf TC

& CORMERS & LOORPS

Rounded or cut-off corners
INSPECT B1/ B2

Tha shar p direction changes in B1 or B2 appear rounded of
incomplofe.

Missing start of line
INSPECT Al-Ah ETART

Thr line begins after the pozition ldentified by the burned START

latal.

Hext test sffects: Lasear On TC

Burn-in at end
INSPECT Al-A4 END

A dot of hitavy spot appears at the burned END label end of an open

line,

Hext test affects: Laser Dff TC

Bum-in at corners
INSPECT B1/ B2

Heavy dots appear at the intermediate corners of BY or B2,

O 8 Pricing PECEN =

# © @

Test increment 18 ps

End bends or tails
INSPECT Al-A4 END

The ending segmant bends toward the next non-marking mawe

Next test affecti: End TC

( STEP70OF8 )

Diagnose one defect
at a time

Clicking a defect only proposes
the next value.

Nothing changes until you
Apply; every test can be
undone.

CLOSE-UP
—— -

Burn-in ot start ¥
IREPFECT Al-A4 START

A dot o hedvy Bpot appams ot the bomed START label and of an
e fir

Moxl test of fecin: Lasar On TC
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+ RETICLE .

X Create - B Prep - B8 Make - # Learn - Q O Fricing  ToEN - £ & g

Burn Confidence

Links a test burn to your

LASER machine: needs a free account.
LAB

CLOSE-UP
Engraving Calculators

& Calibration ©
Free A unified suite of thermodynamic parameter engines, delay calibrators, and dynamic test file
calculators, generators for dialing in optimal laser-material interaction. BUEMCONPIENERHOE L
@ MOPA

color ()

prediction

gnd [ CALCULATORS @ HOPA PREDICTOR A DELAY TUNER Bl MATERIAL & KERF TESTS

calibration
grids for
tuning
your
machine

©

BURN CONFIDENCE LRB

Sign in to connect a test burn to your machine and build & reusable Calibration Passport,

[ sovmracelinere ®




Dial in your laser

edlll — LdSerl LdD

Free in your browser, no account needed.

More tutorials: reticle-red.com/tutorials

Marration: Al voice (Elevenlabs). Screens: the real reticle-red.com.



