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1.0 M arking Diamondswith L asers

The LMS is a laser based marking sysem. The system holds diamonds below a focused
beam of ultraviolet light. The light has been focused <o tightly that it burns a smal
microscopic pit onto the surface of the gem. The depth of this pit is extremdy shdlow
(~1 or 2 microns). The color of the pit can vary from nearly trangparent to totaly black.
The LMS creates characters by moving the diamond in X and Y axis while the laser is
fiing. This is much like holding a pencl 4ill, while moving the paper below it to form
characters.  Marking on the girdle of a gem is the most popular use for the LMS. The
diamond can be marked over the entire diameter of the gem through a series of rotations.
The laser is kept in focus, like a camera, by moving the fixed lens, or objective, up and
down. This motion is caled Zaxis motion. In addition to moving the diamond, and the
objective, the user has many other controls at his disposa. Laser energy can be varied,
much like an atig varies the firmness by which he holds his brush. Laser spot sze can
be adjusted to achieve the effect of sdecting different brush widths. In addition, the laser
can be spaced to produce separate dots, or one continuous line. In a very rea sense, the
LMS is much Ike an atists pdlet. The end result depends as much upon the skill of the
user, aswell asthe sophidtication of the technology.

11  Laser Interaction With Diamonds

Diamonds are trangparent to wavelengths well beyond those visble by the human eye.
The chat bedow deails the typicd waveength of light that can be obtaned from
commercidly avalable lasers.  Diamonds are transparent to laser light from .200nm in
the UV to well past 10mm in the Infra Red. This trangparency makes it difficult for light
to be absorbed onto the surface to form a legible mark. The LMS solves this problem by
emitting light in the desp UV (193nm or .193mm). At this wavelength one can mark a
diamond, with little transmission of light into the body of the gem.

Laser Spectrum

Amm 2mm 3mm 4nm  5mm 6mm .7mm

UltraViolet Visible Infra Red
(-1mm - .4mm) (-4mm - .7nmm) (-7mm - 100mm)

This lack of trangmisson is criticd snce it means that the laser can mark without the
need for any other process or preparation. Other laser marking systems need to ‘ink’ or
prepare the diamond before they begin marking. This is done to dlow the light to be
absorbed by the ink, and a mark formed by the heat generated by the process. The LMS
doesn't need to generate this type of therma stress to mark, and therefore presents less
risk to the gem during the marking process.
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1.2  Cracking, Thermal Ablation, and Other Destructive I ssues
The 193nm Excimer laser ablates a mark on the diamond in a ‘cold process. This
process does not gppreciably affect the area around the mark. In the picture below one
can see that the surrounding material shows little Sgn of therma Stress after exposure to
laser energy.
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With most other lasers the area of themd dress is nearly as large as the mark itsdf.
Having sad this, the 193nm Excimer is not completely free from therma effects  One
must be careful in overlapping marks at the same point, near or on a fractured area. It is
possble to initiate a crack, or enlarge a crack with excessve energy, and extended laser
duration with some stones. In generd, however, it takes quite a large amount of energy
and along dwell time for the 193nm Excimer to risk opening a crack in a diamond.

20 Thel aser Beam and L aser Interaction with the Diamond

The laser beam is not a draight shaft of light as some science fiction movies would have
us believe. The beam emandaing from the objective of the LMS is actudly a complex
array of converging and diverging rays.

Objective

/ Anterior (In front)

Smallest Spot

<« In Focus Area

—— posterior (Behind)
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The LMS is usualy configured to mark in the area just past the smdlest spot, or greatest
laser intendty. This is done to produce the best overdl spot qudity. The area that is
condgdered to be in focus is very amdl, about as smdl as the diameter of human hair. To
ensure that the laser is dways in focus the objective is moved up and down on what we
cal the Zgage. The marks are made by moving the diamond with the laser firing, while
under the diamond.

30 Diamond Marking System Design

The typicd diamond marking system comprises a laser, optics, a visudizaion system, a
motion system, a pat holding jig, and a dructure.  The numbers of possble design
combinations are varied and myriad. All laser-marking systems, however, have these
basic eements.

VIDEO

LASER Optics COMPUTER

Work Surface
|

MOTION

The lasers used to mark diamonds are often pulsed lasars. Pulsed lasers generate short
bursts of energy, high enough to establish a mark and form carbon deposits. These pulses
are emitted at regular intervals. The rate of light generation is caled pulse repetition rate
(PRR), or pulse repstition frequency (PRF). The higher the PRF, the higher the average
energy transferred to the work suface. The drength of each individud pulse can dso be
adjused. With Excimer lasers the pulse energy can be increased to provide greater
marking drength.  Thus, there are generdly two ways to increese marking strength,
greater pulse energy, or greater pulse rate.
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Laser Pulses and Energy Over Time

40 Diamond M otion

As dated earlier, the laser beam only moves up and down. A mark is made by moving
the Diamond back and forth, as well as Kt and right while the laser beam is moving up

and down. In addition to l€ft, right, back, front, and up and down, the Diamond can be
rotated to expose various sections of the girdle during marking.
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Objective
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The left and right motion is called X-axis motion. The back and forth motion is cdled Y-
axismotion. Up and down is caled Z-axis motion. Rotation is caled U-axis mation.

Rotation

The X and Y-axis dages are the largest and mogt criticd to the motion sysem. The

typicd characters made are less than the width of a single human hair. The motion
system must be able to move in steps over one hundred times smdler than the width of a

sngle human hair in order to make smooth and legible marks.
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5.0 Mark Quality and Control

As dated earlier, marking diamonds is gill more art than science. Like an artigts pdldt,
once can control many different parameters of the LM S to achieve the desired result.

Methods of Controlling Mark Quality & Result

Type of Control  Result on Mark Quality

Laser Energy Dots get darker with increased energy

Shot Spacing Lines get darker with decreased spacing

Beam Sze Smdler and lighter marks with smaler sze settings.
Repegting Mark ~ Mark gets darker, and alittle wider

Sow Motion Cleaner characters, better definition

Scding Make marks bigger and smdler

Font Different fonts have different styles & darkness

Laser energy is the primary way to increase mark darkness. With low energy the mark is
nearly transparent. At higher energies the bottom of the mark begins to form carbon
deposits. These deposits absorb light and make the mark look dark. Under certain
circumgtances the carbon can be removed. This can be accomplished by using very
gsrong chemicd treatments. Carbon can dso often be removed from marks made with
low energy setting.

Low Medium High
Energy Energy Energy
No Carbonization Some High
Carbonization Carbonization

Shot spacing will dso change the look of a mark. Small spots with gaps between each
gpot will produce an effect smilar to that of alight, fine pencil.
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One can overlap dots to produce a dark, continuous line.

Marks

shot overlap

with

Beam Size will dso increase spot darkness, much like power increases, however with a

more dramatic increase in spot size.

Increasing Laser Power

Increasing Beam Size
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Below is another example of changes in beam size affecting character qudity.

Example of how beam size changes mark quality

Power =4
Beam S7e =185

Power =4
Beam S7e=175

Because the LMS utilizes a wavelength in the deep UV one can mark over the same place
repeatedly without great concern. The software for the LMS dlows the user to repesat the
same maks, over the same location, with grest precison. By marking the diamond
twice, the user can increase the darkness, and size of the mark in a fashion smilar to the
beam dze example shown &bove. Repeating a mark more than twice does not
appreciably increase mark darkness, or width.

Machine rate (marking speed) can be manipulated to change marking quality.
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Machine rate divided by shot spacing yidds maximum pulse repetition rate (PRR). In
generd, by increesing machine rate one reduces the precison that the motion system can
produce clean, sharp characters. Lower machine rates increase production throughput
times. It is therefore the operator's judgment as to the best tradeoff between speed and

qudity.

One unique feature of the LMS is its ability to precisdy size and pogtion text over the
live video. Once text is entered, the user can proportiondly increase the size of the text
gring, or relocate its pogtion reative to the gem. This is paticulaly hepful when thin
or irregularly sheped girdles are encountered. Users typically don't creste characters
gndler than 30 microns, or larger than 150 microns. The system theoreticaly can
operate over a much wider range. The text height refers to the maximum vertica features
of thefont. Mogt fonts have lower case dements which are much smdler.
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Much like a typewriter, the LM S dlows the user to select from anumber of fonts.

Font Style Name Description |
Cyrillic Cyrillic-aphabeticd

Gothice Gothic English

Gothicg Gothic German

Gothici Gathic Itdian

Greekc Greek font double stroked with serifs
Greeks Greek font single stroked with sans serifs
Italicc Itdic font double stroked with serifs
Italict Itdic triple stroked with serifs

Monotxt Monospaced text font

Romanc Double stroked Roman font with seifs

ello ev. 1.
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Romand Double stroked Roman font with serifs for high resolution
Romans Single stroked Roman san serif font
Romant Triple stroked Roman font with serifs
Scriptc Double stroked script font

Scripts Single stroked script font

Simplex Single sroked font

Syastro Agtronomicad symbols

Symap Mapping symbols

Symath Math symbols

Symeteo Meteorologica symbols

Symusic Music symbols

Txt Default text

Fonts are sdected through the text information block on the man screen. One can
choose to select the text height (in microns) on this same screen.

- Text Information

r Text Properties—————— 1
b romans bl Test Height: K un |

Load Tezt File ; Cancel Graphic 1

6.0 Summation

As dated before, marking diamonds is more art than science.  Before marking on high
qudity stones, it is recommended that the user practice on the glass dide fixture, or with
Cubic Zirconium test gems. Glass dides cabonize much like diamonds. Glass,
however, tends to crack with high energy. Cubic Zirconium gems (CZ's) ae good
practice stones for speed, font, shape and postion, however CZ tends not b carbonize
like diamonds.

The typicd beginning user takes five or ten minutes to mark a 20-character inscription.
Experienced users should be able to mark the same 20 characters, on a typica diamond,
within one or two minutes. As one becomes comfortable with the various controls and

features of the LM'S speed, quaity and consstency will undoubtedly improve.

el2o ev. 1.
Page 12 of 12 Rev. 1.0



