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Notice 

 
This publication and its contents are proprietary to Universal Laser Systems, Inc. (ULS), and 
are intended solely for the contractual use of ULS, Inc. customers. 
 
While reasonable efforts have been made to assure the accuracy of this manual, ULS shall 
not be liable for errors contained herein or for incidental or consequential damage in 
connection with the furnishing, performance, or use of this material.  
 
ULS reserves the right to revise this manual and make changes from time to time without 
obligation by ULS to notify any person of such revision or changes. 
 
ULS does not assume any liability arising out of the application or use of any products, 
circuits, or software described herein. Neither does it convey a license under its patent rights 
nor the patent rights of others. 
 
This publication and its contents may not be reproduced, copied, transmitted, or distributed in 
any form, or by any means, radio, electronic, mechanical, photocopying, scanning, facsimile, 
or otherwise, or for any other purpose, without the prior written permission of ULS. 
 
Intended use of this product must be followed within the guidelines of this manual.  In no 
event will ULS be liable for any damages caused, in whole or in part, by customer, or for any 
economic loss, physical injury, lost revenue, lost profits, lost savings or other indirect, 
incidental, special, or consequential damages incurred by any person, even if ULS has been 
advised of the possibility of such damages or claims. 
 
The product described herein is covered under one or more of U.S. Patents: 5,661,746; 
5,754,575; 5,867,517; 5,881,087; 5,894,493; 5,901,167; 5,982,803; 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 CO2 laser for your application. ULS is 
committed to providing the marketplace with low cost CO2 lasers, which take advantage of 
our patented technology to provide compact size, ease of integration and high performance. 
This integration manual will guide you through the process of installing a ULS laser into 
your equipment and provide you with the information you need to operate the laser. Please 
read this entire manual and familiarize yourself with its contents. If you need help, please 
feel free to call Universal Laser Systems and we will be happy to provide you with 
assistance. 
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2.0 Specifications 

Specifications for the UL-10 OEM lasers are summarized below. 
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* The above specifications are subject to change without notice. 
** Output power is guaranteed to exceed this level for a period of 15 months from the date 

of purchase, regardless of use. 
*** At temperatures below 50°F [10°C] operation may be intermittent and there is a 

potential for damage to the power supply and optics. 
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Figure 1 – Dimensional Specifications for Basic OEM Configuration 
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Figure 2 – Dimensional Specifications for Water and Air-Cooled OEM Configurations 
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3.0 Safety Issues 

3.1 Laser Safety 

ULS OEM lasers are sold as components and therefore are not required to conform to U.S. or 
European safety regulations. It is the responsibility of the buyer to design and certify any 
equipment incorporating a ULS OEM laser to meet all local safety regulations prior to sale to 
the public. The texts of these regulations are available from the respective governing bodies 
of the countries the equipment is to be sold into. 
 
Any personnel working with or around open lasers must be aware of the following: 
 

• Exposure to the laser beam may cause physical burns and can cause severe eye 
damage. Proper eye protection should be used at all times. All eye protection should 
be appropriate for the radiation wavelength generated by the laser in use. 

 
• Exposure to the laser beam may cause ignition of volatile or combustible 

materials. Do not use lasers in the presence of these types of materials. 
 

• Never look directly into the laser output port. 
 

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

 
• Use appropriate protective coverings over all beam paths whenever possible. 

 
• Lasers and optical elements should be positioned to keep the beam and 

reflections below eye level. 
 
Notice: For more information on EMI standards, refer to local EMI safety regulations. 

3.2 Electrical Safety 

ULS lasers operate at 48 VDC, which is below the voltage limit that is considered dangerous 
by most safety standards. However, the lasers draw large amounts of current and the power 
supplies needed to provide the 48 VDC usually require 90-240 VAC to operate. For these 
reasons, proper safety precautions should be taken with every portion of the electrical 
system. 
 
Notice: For more information on EMI standards, refer to local EMI safety regulations. 

3.3 Electromagnetic Interference 

ULS OEM lasers are sold as components and therefore are not required to conform to all 
U.S. or European safety regulations regarding EMI. It is the responsibility of the customer to 
design and certify any equipment incorporating a ULS OEM laser to meet all local safety 
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regulations prior to sale to the public. However, testing by ULS has demonstrated that with a 
properly selected power supply and line filtering, all ULS OEM lasers will pass the relevant 
U.S. and European EMI standards for Class A equipment. See Section 5.3 for more 
information. 
 
Notice: For more information on EMI standards, refer to local EMI safety regulations. 

3.4 Contacts for Safety Information 

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

United States 
 

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

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

3000. 
 
Underwriters Laboratories Inc. (UL), Illinois (708)272-

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) 747-4000. 
 
Europe 
 

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

 
International Organization for Standardization (ISO), 1 rue 

de Varembé, Case postale 56, CH-1211 Genève 20 
Switzerland 
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4.0 A Brief Description of the Laser 

 
This ULS OEM CO2 gas laser uses a sealed-off, RF-excited, slab design and a multi-pass, 
free space resonator1. Each laser consists of a plasma tube, with mirrors at each end forming 
an optical resonator, and an RF power supply assembled together in a chassis with 
convenient mounting provisions. Various cooling arrangements using water or air are 
available. 
 
The plasma tube consists of two opposing electrodes in a slab configuration, meaning the 
cross-section of the gap between the electrodes is rectangular instead of square. This allows 
for a multi-pass resonator in which the laser beam makes several passes within the plasma 
using the full width of the rectangular electrode gap. The advantage of this is a powerful laser 
beam from a relatively short tube. 
 
The length of the gap between the electrodes is designed to allow free space operation of the 
laser. This means that the gap is wide enough to allow the laser beam to form without any 
substantial waveguide effects caused by reflection of light from the surfaces of the 
electrodes. This provides for a very good quality beam in the near field as well as far field. 
 
The optical resonator is formed by a system of three mirrors, one in the back and two in the 
front, with one front mirror being partially reflective to allow the beam to exit the tube. These 
mirrors are tuned to specific angles to generate multiple passes of the laser beam within the 
plasma formed between the electrodes. 
 
One of the electrodes is attached to the RF power supply through a matching network that 
allows the impedance of the tube to be tuned to match the impedance of the supply. The RF 
power supply operates at approximately 40 MHz. Power control of the laser beam is 
provided through pulse width modulation of the RF by an 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 UL-10 OEM laser contains 4 threaded holes in its base plate for 
mounting the laser. The dimensions for these hole patterns is given below. It is recommended 
that the screws not extend more than 0.50” [12.7 mm] into the laser. The laser can be 
mounted in any orientation including vertical. Dimensions for the mounting-hole pattern are 
given below. The laser should be mounted using a three-point arrangement to avoid warping 
or bowing the assembly. If the laser is mounted on a flat surface it should be flat to within 
0.025 inches [0.65 mm]. 
 

 
Figure 3 - Detail of Mounting Hole Dimensions 
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5.2 Electrical Connections 

 
All electrical connections for the laser are made through one twelve-pin connector located on 
the back of the laser. The mating connector will accommodate a combination of 18 AWG 
[1.1 mm2] wire for power and 22 AWG [0.30 mm2] wire for signals. Figure 4 below details 
the electrical characteristics of each of the pins in the connector. Figure 5 details the circuits 
inside the laser attached to the pins. 
 

A1 A2
21

3 4 5

WIRE HARNESS MATING HARDWARE
MATING CONNECTOR: POSITRONICS "CBD7W2F20000"
POWER PINS: "FS4016D"
SHELL: ANY 9 PIN D-SUB SHELL

VIEW OF CONNECTOR ON LASER

 
Figure 4 – Laser Connector Pin Diagram 
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REDUNDANT INTERLOCK SWITCHES
CLOSED = LASER OPERATIONAL

OPEN = LASER INHIBITED

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

7 mA @ 5 V

7 mA @ 5 V

PIN 4
22 pF

PIN 3

FUSE 50 mA
RESETABLE

FAIRCHILD MOCD208M

FUSE 500 mA
RESETABLE

OPTOISOLATOR INPUT

OPTOISOLATOR INPUT

HEWLETT PACKARD HCPL-0201

2.7 KΩ

2.7 KΩ

LASER 
MODULATION 

VISIBLE LASER 
DIODE

PIN 5

OPTOISOLATOR INPUT2.7 KΩPIN 1
POWER 
CUTOFF

PIN 2

SIGNAL 
CUTOFF

13 VOLT SUPPLY

220 pF

PIN A2 (48 VOLT GND -)

EMI FILTERINGPIN A1 (48 VOLT INPUT +)

48 VOLTS TO FAN(S)

48 VOLTS TO LASER

INTERLOCK CIRCUIT

POWER INPUT

LASER I/O

220 pF

FAIRCHILD MOCD208M

 
Figure 5 – Laser Interconnect Schematic 
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5.3 Power Requirements 

A good quality 48 volt DC power supply should be used to power the laser. Nominal output 
should not exceed 48 volts and regulation should be within 0.5% under 100% load. The 
power supply should have good transient response characteristics to handle the fluctuating 
current requirements caused by modulation of the laser. The power and signal connector 
provides 48 volts and ground connections to the power supply. A single 18 AWG [1.1 mm2] 
wire each is sufficient for 48 volts and ground. Careful attention should be paid to power 
entry filtering when designing to meet Class A conducted EMI regulations. In order to meet 
Class A emitted EMI regulations, it is important that the 48 volt power wires be no more than 
3 feet (1 meter) in length and that the 48 volt power supply and laser chassis be attached to a 
common earth ground through very low induction connections. Finally, it is advisable to use 
shielded wiring for all I/O connections to the laser. 

5.4 Interlock Circuit 

An interlock circuit is incorporated into the laser, which can be combined with external 
switches to satisfy safety requirements when designing Class 1 laser equipment. At least two 
redundant switches must be used for each panel providing access to a Class 1 enclosure. 
Please refer to the appropriate safety regulations for more information on Class 1 laser 
equipment design. 
 
The interlock circuit is self-sourced using a 12 volt output supplied by the laser on pin 2. The 
interlock is shunted by connecting pin 1 to pin 2 allowing the laser to operate. Any break in 
this connection will cause the laser to stop operating. Switches 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 pin 3 of the power and signal connector to 
drive the laser. Output power can be controlled from 0 to 100% (CW Mode) by pulse width 
modulation of the input signal. The electrical requirements for the modulation signal are 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 CO2 lasers, delays are inherent in the response of the laser beam output to the 
input signal. A typical laser will have response characteristics similar to those detailed in the 
oscilloscope traces in figures 6 and 7 below. These figures show a TTL signal and 
corresponding laser power output. 
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Figure 6 – Oscilloscope trace of typical rise time for a laser 

 
Figure 7 – Oscilloscope trace of typical fall time for a laser 

 

5.6 Laser Tickle 

It is a common practice with CO2 lasers to provide some means of stimulating the mixture 
when the laser is off in order to improve its response. ULS lasers have a built-in, low duty 
cycle, secondary modulation signal called a tickle signal to accomplish this effect. This 
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signal is pre-tuned at the factory for optimal performance of the laser and normally does not 
require adjustment. 

5.7 Air Cooling 

Careful attention should be paid to proper airflow through the laser (see figures 8 and 9) 
when integrating it into equipment. The UL-10 OEM laser is available in two air-cooled 
versions: The basic version in which the fans and air flow shroud are not supplied and the 
air-cooled version in which the fan and shroud are included. With either version, any 
restriction of airflow will result in reduced power output and can cause permanent power loss 
or failure over extended periods of time. Ambient air should be directed to the laser’s air 
flow intake, and exhaust air from the laser should be directed out of equipment with as little 
restriction as possible. If the laser is placed in an enclosure, it may be necessary to provide 
additional fans to draw exhaust air out of the enclosure to reduce a rise in temperature inside 
the enclosure, which can affect laser output power. The exhaust air should be no more than 
about 10°C above ambient. 
 

 
Figure 8 – Detail of Air Flow Through the Basic Laser 
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Figure 9 – Detail of Air Flow Through the Air Cooled Laser 

 
Finally, ambient air should be filtered before entering the laser to prevent a buildup of dust 
and debris on the cooling fins which can reduce cooling efficiency, however, care should be 
taken when selecting a filter media to ensure that the filter does not restrict air flow. For 
relatively clean environments, a low restriction filter media (45 pores per inch, for example) 
might be adequate, but for dirtier environments a heavier filter media might be required and 
also a booster fan can be employed on the exhaust end to help pull air through the laser. 

5.8 Ambient Temperature 

Air-cooled lasers by nature are sensitive to ambient temperatures. Hotter ambient 
temperatures will reduce power output and cooler ambient temperatures will increase power 
output. An ambient temperature range of 50-95°F [10-35°C] should be observed to guarantee 
proper laser operation. At temperatures below 50°F [10°C] operation may be intermittent and 
there is a potential for damage to the power supply and optics. At temperatures above 95°F 
[35°C] ULS lasers are not guaranteed to provide the rated power output. Lasers can safely be 
operated at ambient temperatures above 95 °F [35°C], however, power output will diminish 
as ambient temperature rises and longevity can be significantly reduced. 

5.9 Water Cooling 

The UL-10 OEM laser is available in a water-cooled version. This version has ¼” quick fit 
fittings for ¼” OD tubing detailed in Figure 10. Press the tubing in to secure it and press the 
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release ring on the quick fitting while gently pulling the tubing to remove it. The laser should 
be supplied with chilled water set just below room temperature 65-68ºF (18 or 20ºC) to avoid 
condensation. The chiller should be able to remove about 200 watts of heat from the water 
and have a flow rate of about 1 to 2 GPM (3.8 to 7.6 LPM) at 0 PSI and pressure capability 
to 60 PSI (415 KPa). 
 

 
 

Figure 10 – Detail of Water Cooled Laser 

5.10 Laser Beam Output 

 
The beam exits the laser as detailed in Figure 11. When integrating a laser with external 
optics or a beam delivery system, care should be taken to seal the beam path in order to 
prevent contamination of the laser’s optics. Laser optics are exposed to the environment 
through the beam exit aperture on the laser. Failure to protect laser optics from dust, fumes 
and debris will cause premature failure of the laser and can void the warranty. 
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Figure 11 – Detail of Beam Output 
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