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Notice

This publication and its contents are proprietaryhiversal Laser Systems, Inc. (ULS), and
are intended solely for the contractual use of Ub8, customers.

While reasonable efforts have been made to askaradcuracy of this manual, ULS shall
not be liable for errors contained herein or focidental or consequential damage in
connection with the furnishing, performance, or asthis material.

ULS reserves the right to revise this manual an#en@hanges from time to time without
obligation by ULS to notify any person of such swen or changes.

ULS does not assume any liability arising out of #pplication or use of any products,
circuits, or software described herein. Neithersdibeonvey a license under its patent rights
nor the patent rights of others.

This publication and its contents may not be repeed, copied, transmitted, or distributed in
any form, or by any means, radio, electronic, meida, photocopying, scanning, facsimile,
or otherwise, or for any other purpose, withoutgher written permission of ULS.

Intended use of this product must be followed witthie guidelines of this manual. In no
event will ULS be liable for any damages causedyhiole or in part, by customer, or for any
economic loss, physical injury, lost revenue, lpsdfits, lost savings or other indirect,

incidental, special, or consequential damages radupby any person, even if ULS has been
advised of the possibility of such damages or ctaim

WARNING: Universal Laser Systems products are not dsigned, tested, intended or
authorized for use in any medical applications, sugical applications, medical device
manufacturing, or any similar procedure or processrequiring approval, testing, or
certification by the United States Food and Drug Adinistration or other similar
governmental entities.

The product described herein is covered under onmare of U.S. Patents: 5,661,746;
5,754,575; 5,867,517, 5,881,087; 5,894,493, 5,9%%,%,982,803; 6,181,719.

© 2004 Universal Laser Systems Inc.
All Rights Reserved
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1.0 Introduction

Thank you for choosing a Universal Laser Systems [@€er for your application. ULS is
committed to providing the marketplace with low t@©, lasers, which take advantage of
our patented technology to provide compact sizee @d integration and high performance.
This integration manual will guide you through thecess of installing a ULS laser into
your equipment and provide you with the informati@mu need to operate the laser. Please
read this entire manual and familiarize yourselfhwits contents. If you need help, please
feel free to call Universal Laser Systems and wé & happy to provide you with
assistance.



2.0 Specifications

Specifications for the UL-10 OEM lasers are sumgetibelow.

Parameter’ Model
ULR-10 (basic) |ULR-10 (air-cooled) |ULR-10 (water-cooled)
Rated Power” 10W
Wavelength 10.6 4
Power Stability + 10% after 15 minutes of CW operation
M2 14+0.2
Beam Size (Near Field****) 4 +1 mm
Beam Divergence (Full Angle) 5+1mR

Polarization

Linear (Perpendicular to the laser base plate)

Pointing Stability

200 pR

Optical Pulse Rise or Fall Time 120 £ 40 pS
Optical Delay Time 38+ 10 uS
Optical Modulation 100% up to 5 KHz
Modulation Signal Type TTL Compatible

Cooling

Air (integrator must
provide fans and shroud) [and shroud)

Air Cooling (built-in fan

Water Cooling

Weight 7.25Lb. [3.3 kg] 8.6 Lb. [3.9 kg] 8.6 Lb. [3.9 kg]
Environmental

Ambient Temperature™ 50-95°F [10-35°C]

Relative Humidity < 90% (non-condensing)
Power Requirements

DC Input Voltage 48.0 VDC

RMS Current (CW, including fan) |4 A

Inrush Current 10 A, 300 S

*  The above specifications are subject to chandkawi notice.

**  Qutput power is guaranteed to exceed this légeh period of 24 months from the date
of purchase, regardless of use..

*** At temperatures below 50 [10°C] operation may be intermittent and there is a
potential for damage to the power supply and optics

***+* Near Field is approximately 150mm from outpatupler.
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Figure 1 — Dimensional Specifications for Basic OElNfiguration
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3.0 Safety Issues

3.1 Laser Safety

ULS OEM lasers are sold as components and theraferaot required to conform to U.S. or
European safety regulations. It is the responsjbdi the buyer to design and certify any
equipment incorporating a ULS OEM laser to meeloalal safety regulations prior to sale to
the public. The texts of these regulations arelabls from the respective governing bodies
of the countries the equipment is to be sold into.

Any personnel working with or around open lasersinine aware of the following:

» Exposure to the laser beam may cause physical buréd can cause severe eye
damage.Proper eye protection should be used at all tirthA#sye protection should
be appropriate for the radiation wavelength geeedray the laser in use.

 Exposure to the laser beam may cause ignition of ladile or combustible
materials. Do not use lasers in the presence of these typemtafrials.

* Never look directly into the laser output port.

» Interlock all rooms in which open beams may be presat and post appropriate
warnings on or near the doors.Access to these rooms should be limited to prgperl
trained technicians when lasers are in use.

» Use appropriate protective coverings over all bearpaths whenever possible.

» Lasers and optical elements should be positioned t&eep the beam and
reflections below eye level.

Notice: For more information on EMI standards, refer taaldEMI safety regulations.

3.2 Electrical Safety

ULS lasers operate at 48 VDC, which is below thikage limit that is considered dangerous
by most safety standards. However, the lasers theye amounts of current and the power
supplies needed to provide the 48 VDC usually meq@D-240 VAC to operate. For these
reasons, proper safety precautions should be tak#n every portion of the electrical
system.

Notice: For more information on EMI standards, refer taaldEMI safety regulations.
3.3 Electromagnetic Interference

ULS OEM lasers are sold as components and therei@eot required to conform to all
U.S. or European safety regulations regarding BMs the responsibility of the customer to
design and certify any equipment incorporating &SUREM laser to meet all local safety



regulations prior to sale to the public. Howevesting by ULS has demonstrated that with a
properly selected power supply and line filteriaj, ULS OEM lasers will pass the relevant
U.S. and European EMI standards for Class A equipm8ee Section 5.3 for more
information.

Notice: For more information on EMI standards, refer taaldEMI safety regulations.
3.4 Contacts for Safety Information

Below is a list of useful contacts for information safety regulations in the U.S. Canada,
and Europe:

United States

Food and Drug Administration - Center for Devicewl a
Radiological Health (CDRH), 1-800-638-2041.

Federal Communications Commission (FCC), (301)362-
3000.

Underwriters Laboratories Inc. (UL), lllinois (70@8)2-
8800, New York (516)271-6200, California
(408)985-2400.

Laser Safety Institute of America, (407)380-1553.

Occupational Safety and Health Administration (OSHA
(202)693-2300.

Canada
Canadian Standards Association (CSA), (416) 741400

Europe

European Committee for Electrotechnical Standatdina
(Cenelec), rue de Stassart 35, B-1050 Brussels

International Organization for Standardization ()SOrue
de Varembé, Case postale 56, CH-1211 Geneve 20
Switzerland



4.0 A Brief Description of the Laser

This ULS OEM CQ gas laser uses a sealed-off, RF-excited, slab mesid a multi-pass,

free space resonatoEach laser consists of a plasma tube, with niiradbreach end forming

an optical resonator, and an RF power supply adseimtogether in a chassis with
convenient mounting provisions. Various coolingaagements using water or air are
available.

The plasma tube consists of two opposing electrades slab configuration, meaning the
cross-section of the gap between the electrodesciangular instead of square. This allows
for a multi-pass resonator in which the laser beaakes several passes within the plasma
using the full width of the rectangular electrodg@gThe advantage of this is a powerful laser
beam from a relatively short tube.

The length of the gap between the electrodes igioes to allow free space operation of the
laser. This means that the gap is wide enoughloéavahe laser beam to form without any
substantial waveguide effects caused by reflecodnlight from the surfaces of the
electrodes. This provides for a very good qualégrn in the near field as well as far field.

The optical resonator is formed by a system ofehmérrors, one in the back and two in the
front, with one front mirror being partially refleee to allow the beam to exit the tube. These
mirrors are tuned to specific angles to generathiplel passes of the laser beam within the
plasma formed between the electrodes.

One of the electrodes is attached to the RF powgplg through a matching network that
allows the impedance of the tube to be tuned talmiite impedance of the supply. The RF
power supply operates at approximately 40 MHz. Row@ntrol of the laser beam is

provided through pulse width modulation of the RFam external TTL signal provided by

the user.

1 As described in U.S. Patent 5,661,746
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5.0 UL OEM Laser Installation and Operation

5.1 Mounting Method

Each version of the ULR-10 OEM laser contains 4dded holes in its base plate for
mounting the laser. The dimensions for these hatieems is given below. It is recommended
that the screws not extend more than 0.50” [12.7] nmo the laser. The laser can be
mounted in any orientation including vertical. Dimseons for the mounting-hole pattern are
given below. The laser should be mounted usingeetpoint arrangement to avoid warping
or bowing the assembly. If the laser is mountedadtat surface it should be flat to within

0.025 inches [0.65 mm].

& &
¢ "% @ @ 2200 2PL.
L ® 832 UNC - 2B X .500 DEEP MAX e
o X
8.000 2PL.
— -] {~— 825 2PL.
BASIC LASER
i @ © © e
= ®
¢ rE 2200 2PL.
lz 8-32 UNC - 2B X .500 DEEP MAX
= \ @
U o o [©) O
&)
12930 2PL.
—— ~——1200 2PL.
AR AND WATER COOLED LASERS ]

Figure 3 - Detail of Mounting Hole Dimensions
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5.2 Electrical Connections

All electrical and communication connections foe thser are made through one fifteen-pin
connector located on the back of the laser. Figubelow shows the pin positions of the
mating connector on the wire harness. Figure 5Slddtee circuits inside the laser attached to
the pins.

RECOMMENDED WIRE HARNESS MATING HARDWARE

81854321 POSITRONICS MD15F20000

Q 000 Q OR STANDARD DB-15 FEMALE RATED 5 AMPS MIN PER PIN
53423 121110 § SHELL: ANY 15 PIN D-SUB SHELL

VIEW OF CONNECTOR ON HARNESS

Figure 4 — Laser Connector Pin Diagram

Pin
Number | Input Name Laser Input/Output Wire Size | Description
1 +48V Power input 20 AWG +48 yolt power; do not swap
polarity.’
20-24 +5 V signal on pin 2 will turn
2 Laser Diode Optically isolated input AWG on the red laser pointer (when

available).

Temperature 22 AWG | HI= Normal Low= Fault
3 Warning® TTL Output [0.33mm?] | Return on pin 14
20-24 Laser modulation signal is
4 Modulation + Optically isolated input connected between pins 4
AWG
and 12.
Laser Diode . . . 20-24 Optically isolated return signal
S Return Optically isolated input AWG for “Laser Diode” (pin 2).3

Connect  safety  switches
between pins 6 and 13 to

12 volt source (only use 20-24 enable laser. Do not use this

6 Interlock +

for interlock) AWG :
pin as a power source for
other purposes.
20-24 .
7 Laser Status TTL Output AWG TTL Output. Return on Pin 14
8 Power Ground | Power input 20 AWG | Power ground.?
9o | +gv Power input 20 AWG | 48 voit power; do not swap

polarity.!
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+D RS485 + 20-24 Half-duplex ~ communication

AWG port.
20-24 Half-duplex ~ communication
11 -D RS485 - AWG port.
. Optically isolated return 20-24 Optically isolated return signal
12 Modulation signal AWG for “modulation +” (pin 4).3
20-24 - ,
13 Interlock - Interlock return See description for Pin 6.
AWG
Return for “Laser Status +
. 20-24 (Pin 7), Temp warning Pin 3
14 Signal Return Ground reference AWG RS485 ground reference and
externally sourced interlock.
15 Power Ground | Power input 20 AWG | Power ground.?
Notes:

1. Pins 1 &9 are internally connected, and it is reoceended that both pins be
connected to the external power supply.

Pins 8 & 15 are internally connected, and it ioremended that both pins be
connected to the external power supply return.

Pins 5 & 12 are internally connected. This growdapacitively coupled to chassis
ground and is provided as an isolated ground feictistomer.

Pins 7 & 14 are TTL and can source up to 20mA.

Temperature warning operates in the following manne

2.

3.

4,
5.

Temperature exceeds 60C: Pin 3 goes low as a vgarfiire laser will continue
operating.
Temperature exceeds 70C: Pin 7 goes low as a Tandtlaser will stop operating.
After over-temp:
a. Temperature falls below 60*C: Pin 3 goes high. ka$d does not
operate.
b. Temperature falls below 48*C: Pin 7 goes high. Lad#e to operate if
modulation is applied.
On initial power-up:
a. Temperature is below 0*C: Pin 7 goes low as a faaser will not
operate.
b. When temperature is above 0*C: Pin 7 goes highelLable to operate if
modulation is applied.
0*C is not monitored if laser is already runninglas gas is energized and low
temperature shouldn't cause problems.



> TMA@SY i B GPTOISOLATOR INPUT LASER IO
I;ez oF 7 LASER
PIN 12 '[ MODULATION
it
% AGILENT TECH HCPL-0204
e TmA@SV PIN 2 m«l OPTOISOLATOR INPUT
L~ il /V(
glz/ — = VISIBLE LASER
PIN & 1—229 eF DICDE
47 I FAIRCHILD MOCD223M
4700
e,
FUSE 50 mA INTERLOCK CIRCUIT
FIN & RESETABLE
O i 13 VOLT SUPPLY
REDUNDANT INTERLOCK SWITCHES
CLOSED = LASER OPERATIONAL =
OPEN=LASER INHIBITED . ,
T HEY
o 2 OPTOISOLATOR INPUT ——
g ™ CUTOFF
220 pF —
- SIGNAL
CUTOFF
o FAIRCHILD MOGCD208M
FUSE 500 mA POWER INPUT
RESETABLE
e 48 VOLTS TO FAN(S)
FIM 1
O—
{48 VOLT INPUT +) 1] EMI FILTERING | —wm= 48 VOLTS TO LASER
PINg
PIN S
O
(48 VOLT GND -) ‘
e
PIN 15
+5Y LASER STATUS
0mA@ 5V PINT| 3300 <ltR
A i DPTOISCLATOR OUTPUT
"'\-\.\_\l L)
Pl
Pl 14
[ ~
b L FAIRCHILD MOCD223M
+5Y TEMPERATURE WARNING
20mA@ 5V PIN3|  3aon Do
1 s OPTOISOLATOR OUTPUT
<7} A /;'

FAIRCHILD MOCD223M

MNOTE - ALL CIRCUITS OUTSIDE THE DASHED LINES ARE EXAMPLES TO ILLUSTRATE
THE PROPER METHODS FOR INTERFACING WITH THE LASER.

Figure 5 — Laser Interconnect Schematic
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5.3 Power Requirements

A good quality 48 volt DC power supply should bediso power the laser. Nominal output
should not exceed 48 volts and regulation shouldviiein 0.5% under 100% load. The
power supply should have good transient responaeacteristics to handle the fluctuating
current requirements caused by modulation of tlserlaThe power and signal connector
provides 48 volts and ground connections to thegs@upply. One 20 AWG [.82 nfinwire
should be used on each of the power and ground (pins 1,8,9,15). Careful attention
should be paid to power entry filtering when designto meet Class A conducted EMI
regulations. In order to meet Class A emitted E&fulations, it is important that the 48 volt
power wires be no more than 3 feet (1 meter) igtlerand that the 48 volt power supply and
laser chassis be attached to a common earth gtbumagh very low induction connections.
Finally, it is advisable to use shielded wiring &k 1/0O connections to the laser.

5.4 Interlock Circuit

An interlock circuit is incorporated into the lasevhich can be combined with external
switches to satisfy safety requirements when désig€lass 1 laser equipment. At least two
redundant switches must be used for each paneidimmgvaccess to a Class 1 enclosure.
Please refer to the appropriate safety regulationsmore information on Class 1 laser
equipment design.

The interlock circuit is self-sourced using a 12 watput supplied by the laser on pin 6. The
interlock is shunted by connecting pin 6 to pinalldwing the laser to operate. Any break in
this connection will cause the laser to stop opegatSwitches can be placed in series with
these pins to create a safety interlock circuit.

5.5 Laser Modulation

A TTL compatible signal must be provided to pinoddrive the laser. Output power can be
controlled from 0 to 100% (CW Mode) by pulse widtiodulation of the input signal. The
electrical requirements for the modulation sigmel as follows:

Nominal Voltage 5 Volt (7 volts max)
Current 7 mA Min

Logic high 2.70 Volts Min
Logic Low 1.725 volts Max

As with all CQ lasers, delays are inherent in the response ofagex beam output to the
input signal. A typical laser will have responsearettteristics similar to those detailed in the
oscilloscope traces in figures 6 and 7 below. Thigeres show a TTL signal and
corresponding laser power output.
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Figure 6 — Oscilloscope trace of typical rise tifoea laser
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Figure 7 — Oscilloscope trace of typical fall tifioe a laser

5.6 Laser Tickle

It is a common practice with GQasers to provide some means of stimulating theture
when the laser is off in order to improve its rasp®m ULS lasers have a built-in, low duty
cycle, secondary modulation signal called a tickignal to accomplish this effect. This
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signal is pre-tuned at the factory for optimal perfance of the laser and normally does not
require adjustment.

5.7 CLASS-IV Operation

Lasers configured for CLASS-IV operation are egegvith a key-switch and interlocked
shutter. The shutter is manually actuated witkvail located on top of the laser near the
beam-exit end. When closed, a solid metal shikeldds the beam exit of the laser, and a
mechanical interlock switch is opened which wikkyent the laser from emitting. The
shutter is marked with OPEN and CLOSED so the caersee its present status without
being exposed to laser radiation. An emission LEddator is located on the opposite end of
the laser from the beam output. When illuminatedission is possible if a signal is applied
to the modulation pin. A key-switch with removakkey is located on the opposite end of the
laser from the beam output. In the off positidns switch will open the laser interlock
circuit, preventing the laser from emitting. Whée key-switch is closed, there is a 4
second delay before the laser is capable of emittin Class-1V configuration, any time the
interlock circuit is opened, the key switch musttiseed to the “off” position and back to the
“on” position before the laser is capable of emgt{provided the interlock is closed). The
4-second emission delay applies in this case ds wel

6.0 Air Cooling

Careful attention should be paid to proper airfltwough the laser (see figures 8 and 9)
when integrating it into equipment. The ULR-10 OHAder is available in two air-cooled
versions: The basic version in which the fans andl@v shroud are not supplied and the
air-cooled version in which the fan and shroud s@&uded. With either version, any
restriction of airflow will result in reduced poweutput and can cause permanent power loss
or failure over extended periods of time. Ambiemtshould be directed to the laser’s air
flow intake, and exhaust air from the laser shdéddirected out of equipment with as little
restriction as possible. If the laser is place@mnenclosure, it may be necessary to provide
additional fans to draw exhaust air out of the esate to reduce a rise in temperature inside
the enclosure, which can affect laser output powke exhaust air should be no more than
about 10C above ambient.
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25-25 CFM 3.15" (89 mm)
X1.0" (25.4 mtn) FANS

4000
OPENING

i 12375 |
’7 )
2000 L v
1
8950
SUGGESTED COOLING ENCLOSURE AND FAN PLACEMENT
FORBASIC LASER

Figure 8 — Detail of Air Flow Through the Basic kas
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AR INLET
(SEE FRONT VIEW)

AIR INLETS

[ 500
%

AIR OUTLET

@ 3.000
a

3.400

2.700

)

L«— 2780

I
1.780

——

BACK VIEW

COOLING DETAILS FOR INTEGRATED AIR COOLED VERSION

Figure 9 — Detail of Air Flow Through the Air Codléaser

Finally, ambient air should be filtered before eimg the laser to prevent a buildup of dust
and debris on the cooling fins which can reducdicgceefficiency, however, care should be
taken when selecting a filter media to ensure thatfilter does not restrict air flow. For

relatively clean environments, a low restrictioltefi media (45 pores per inch, for example)
might be adequate, but for dirtier environmentsawvrer filter media might be required and
also a booster fan can be employed on the exhadgbehelp pull air through the laser.

6.1 Ambient Temperature

Air-cooled lasers by nature are sensitive to antbimmperatures. Hotter ambient
temperatures will reduce power output and coolepiam temperatures will increase power
output. An ambient temperature range of 50F9R.0-35C] should be observed to guarantee
proper laser operation. At temperatures beloWqQ0°C] operation may be intermittent and
there is a potential for damage to the power supply optics. At temperatures aboveR5
[35°C] ULS lasers are not guaranteed to provide theddrpbwer output. Lasers can safely be
operated at ambient temperatures abovéPEB5°C], however, power output will diminish
as ambient temperature rises and longevity camgodisantly reduced.



19

7.0 Water Cooling

7.1 Water Connections

ULS 10-Watt water cooled lasers are equipped with ‘instant Tube Fittings” for 1/4” OD
tubing. Attempting to connect metric tubing ditgdb these fittings will result in leakage.
To connect tubing to this fitting, make sure thieitig is squarely cut and push the tubing into
the fitting until it stops (.77 - .8” insertion)hén pull the tubing to ensure it is locked.
Connect the OUT on the coolant source to the Itheriaser and the OUT on the laser to the
IN on the coolant source (Please refer to Figude 10

To remove the tubing from the fitting, push thenga plastic ring towards the fitting. Hold
the ring in while pulling the tubing out. To enswux good connection, we recommend that
after removing tubing from a fitting, the tubing bmmed 1” from the end so that un-
inserted length of tubing is re-inserted into titn(y.

Take care to not kink the tubing as this will reestcoolant flow and can weaken the tubing.
Note: ULSwater cooled lasers may be shipped with plugs in the water fittings. Remove these
prior to installation of tubing.

CONNECT CHILLED
WATER HERE

INLET

2.040
o Jp -tOUTLET

¢
Figure 10 — Detail of Water Cooled Laser
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7.2 Coolant

ULS lasers are designed to be used with distillatew Do not use de-ionized water.
Glycol-based coolants or additives are not necgdsause in ULS water cooled lasers as
the lasers should not be operated beloWJQ0°C]. If the laser is connected to a closed-
loop system, ULS recommends adding an algaecide@ambsive such as Optishield Plus to
the coolant. Do not exceed a coolant pressué®osi.

7.3 Environmental

The environment that ULS Water Cooled lasers oparnatan affect their longevity and
operation. Condensation forming on the laser earse& damage to optics and electronics,
degrading performance or causing laser failureerdfore it is important to set the coolant
temperature properly.

The temperature at which airborne water vapor eatidense on a surface is the dew-point.
The dew-point is determined by air temperatureratative humidity. If the laser is cooled

at or below the dew-point, condensation will formtbe laser. The table below shows dew-
point values for various temperature and relativetdity values.

AIR
TEMP

Relative

Humidity
10% 20% 30% 40% 50% 60% 70% 80% 90%
10°C -20.2 -11.9 -6.8 -3.0 0.1 2.6 4.8 6.7 8.4
15°C -16.4 -7.8 -2.4 1.5 4.7 7.3 9.6 11.6 13.4
20°C -12.5 -3.6 1.9 6.0 9.3 12.0 14.4 16.4 18.3
25°C -8.7 0.5 6.2 10.4 13.8 16.7 19.1 21.3 23.2
30°C -4.9 4.6 10.5 14.9 18.4 21.4 23.9 26.2 28.2
35°C -1.2 8.7 14.8 19.4 23.0 26.0 28.7 31.0 33.1

The orange values are the dew point temperaturé€}i For example, at an ambient
temperature of 2% with 40% Relative Humidity, the dew-point tempera is 10.4C. The
coolant temperature should be kept above this dant-pemperature to avoid condensation
on the laser.

7.4 Chiller Capacity

For the ULS Water Cooled 10W laser, we recommemingnum chiller cooling capacity of
300 Watts. We recommend a minimum of 1 gallonrpiwute flow rate.

7.5 Draining the Laser

When shipping a Water Cooled ULS tube, you mustienthat the laser is free of coolant.
During shipping, temperatures can reach below fngezIf coolant freezes inside the laser
tube, catastrophic damage can occur. To draitutte first insert short pieces of tubing into
each water fitting, placing the ends of the tulmea suitable reservoir or drain. Place the
laser on a clean, water-resistant surface, sdhikawvater fittings are nearest to the surface it
is resting on. Allow the tube to drain completeBfter draining, insert the plugs that the
laser was shipped with into the water fittings.
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8.0 Laser Beam Output

The beam exits the laser as detailed in FigureWlien integrating a laser with external
optics or a beam delivery system, care should kentdo seal the beam path in order to
prevent contamination of the laser’s optics. Lasgtics are exposed to the environment
through the beam exit aperture on the laser. Fatioimprotect laser optics from dust, fumes
and debris will cause premature failure of theras®l can void the warranty.
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Figure 11 — Detail of Beam Output



