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ABSTRACT
The LADARVision® 4000 excimer laser was designed and manufactured by Alcon for LASIK
surgery procedures. Our lab has repurposed such a laser system for use in an academic, laboratory
setting. The ultraviolet (UV) laser beam produced by the system can be used as an ionizer for atom
beam detection in atom optics experiments such as atom interferometry. The goal of this project is
to build a detector for atoms with higher ionization potentials than those we have detected in past
atom interferometry experiments at the University of Arizona. The availability of used
LADARVision® 4000 systems has prompted the creation of this manual, which outlines the
procedures we used for refurbishing the laser system and the procedures for operating the
refurbished system. These details are separated into three main sections: Electrical Systems, Gas
Systems, and Software.
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Alcon LADARVision® 4000: A Manual on Refurbishing the Laser for Use in a Laboratory Environment
HISTORY
In September 2011, a LASIK surgery system, the Alcon LADARVision® 4000, was donated by
a doctor at a local hospital to the Department of Physics at the University of Arizona. The laser used
in the surgery system, an ultraviolet (UV) Argon-Fluoride (ArF) excimer laser, is now intended to
be used as a new ionizer for proposed atom beam interferometry experiments. In May 2012 I bagan
the process of refurbishing this laser system and converting it from a medical tool to a scientific
research tool.
When I asked to join Alex Cronin’s lab in the summer of 2012, I told him I was looking for a
job in which I would learn how to use the apparatuses and hardware used in experimental physics.
These skills are rarely taught in lab classes, and in my previous research I used nothing more than a
computer. Among the host of projects I was shown on my initial visit to the lab, rebuilding a laser
seemed to be the obvious choice: what better way is there to learn about hardware than to tear it
apart and make it anew; and what young physicist doesn’t enjoy working with powerful lasers?
I write this manual for the present and future members of Alex Cronin’s lab, who I hope will
accomplish new science with this laser in the years ahead. Further, I write it for any other student,
researcher, or engineer who has stumbled upon a LADARVision® 4000 and would like to see it
modified for their goals.
Anyone interested in buying this machine should have no trouble in finding one advertised
online. At the time of writing this, there is one for sale on eBay for $9,500 or the best offer and
another on www.dotmed.com for the best offer. The reason these machines were decommissioned
has nothing to do with any engineering failures or hazards of the LADARVision® 4000, so potential
buyers need not worry about this. The reason is simply that Alcon no longer supports this model,
instead supporting the newer LADARVision® 6000. In my countless hours looking for clues on
getting the laser running, I have seen nothing but praise for the 4000.

INTRODUCTION
Past atom interferometry experiments by the Cronin lab have resulted in precision
measurements of both static and dynamic electric-dipole polarizabilities of sodium, potassium,
rubidium, and cesium alkali atoms[1]. We are now looking into ways to upgrade our atom
interferometer to allow precision measurements with lithium, alkaline earth atoms such as
strontium, and other atoms with moderate ionization potentials such as ytterbium.
We use a nano-grating-based interferometer which can diffract any type of atom or
molecule beam, forming an interference pattern[2]. By introducing a gradient electric field into the
path of the atom beam, we cause a phase shift proportional to the atomic polarizability of the
constituent atoms. To detect and measure the phase shift, a Langmuir-Taylor surface-ionization
detector has been used in past experiments. A Langmuir-Taylor detector built with a platinum or
rhenium wire has a high work function and thus a high efficiency for ionizing atoms with low
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ionization potential, but its usefulness is limited by a low maximum ionizing energy and significant
background noise[3][4].
An alternative to the Langmuir-Taylor detector is a photoionization detector, which uses a
high-energy laser beam focused on the atom beam to create ions, which can then be mass-selected
by a quadrupole mass analyzer and detected by a channel electron multiplier. This type of detector
is commonly used in experiments with low velocity atom or molecular beams in which excellent
efficiency can be achieved. The efficiency falls off quickly for high velocity atom beams [4], however,
such as those used in our atom interferometer. The ArF excimer laser we propose to use as a
photoionizer produces photons with energy hυ = 6.4eV. This energy is capable of ionizing atoms
that are not easily detected by the Langmuir-Taylor detector, including lithium, strontium, and
ytterbium. However, we suspect that a photoionization detector may yield too low of an efficiency
to give precision measurements for high-velocity atom beam experiments.
Our lab is interested in other interferometry experiments in which a photoionization
detector is likely to be useful. These experiments include measurements of the polarizability of
atom clusters. Knickelbein used an ArF excimer laser similar to our own to measure the
polarizability of copper clusters[5]. Atoms or molecules with even higher ionization potentials can
be ionized by a two-photon ionization method[3]. In this method, the first photon excites the
molecule to a higher electronic state with a lower ionization potential, and the second ionizes the
excited molecule. This method was demonstrated in the 1980s[6][7] and has recently been used in
interferometry experiments with ionized[8] and doubly excited[9] helium atoms.

HOW TO USE THIS MANUAL
This manual is intended for use refurbishing an Alcon LADARVision® 4000 excimer laser
system, and for operating such a laser system which has been refurbished using this manual. It is
not intended as a manual for any other laser system. I have not had the opportunity to work with an
Alcon LADARVision® 6000 or any other laser system. For other laser systems, this manual should
only serve as a comparison at most.
This refurbished design of the Alcon LADARVision® 4000 should only be used in cases in
which no human or animal is at risk of exposure to the laser beam, whether through direct or
diffuse reflection. An Alcon LADARVision® 4000 system that has been modified by anyone not
affiliated with Alcon should never be used for medical procedures.
The LADARVision® 4000 can be a hazardous device if not handled properly. The operating
laser system involves highly poisonous gas, extremely high voltages, and intense UV light which is
harmful to eyes and skin. While this manual details many precautions that must be taken to ensure
the safety of those working with and around the laser system, experts in chemical, electrical, and
radiation safety should be consulted before working with the laser system. Read the Safety section
(p. 6) before working with the laser system.
The LADARVision® 4000 has many functions in addition to the laser, and as such is
equipped with a patient bed, industrial computer, and other devices. The instructions in this
manual will not use any compnents from the LADARVision® 4000 except the materials contained
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within and directly connected to the laser box (identified as the large brass box with the optical
head over it).
The laser system can be separated into three components, covered in separate sections:
Electrical Systems, Gas Systems, and Software. The manual has been written to allow the
refurbishing/design of these components to be handled independently by separate teams or all
together. It is assumed that no parts of the laser system are missing or broken. However, the final
design of the laser system has been simplified from the original Alcon design so that most parts of
the system will not be used or can be easily found with a voltmeter or leak test if malfunctioning.
The optics, which can be considered the fourth component of the laser system, will vary with the
purpose of the laser system and will therefore not be detailed.
Much of the information regarding the electrical systems and the laser specifications comes
from separate manuals. The necessary information will be listed here, but these external manuals
are included as references [9] (LADARVision® 4000 Manual), [10] (High Voltage Power Supply
Manual), and [11] (Thyratron Manual).

CONTACT
Questions or comments about this manual or the LADARVision® 4000 laser system
refurbished according to this manual can be addressed to Adam DeBolt at:
University Email: debolt@email.arizona.edu
Permanent Email: adam.m.debolt@gmail.com

LASER SPECS
The excimer laser uses an argon/fluorine (Ar/F2) gas mixture, with neon (Ne) as a buffer
gas (see the Appendix on p. 24 for the size and concentrations). Using a series of high voltage spark
gaps inside the laser cavity, an electrical discharge excites the Ar/F2 gas to an unstable higher
energy state, forming ArF, an excited dimer, or excimer. ArF is technically an exciplex (excited
complex), but this term is rarely used in regard to lasers. The ArF excimers decay into their
dissociative ground states, releasing photons of wavelength 193.1nm, and then back into Ar/F2 gas.
A coherent, intense beam of these photons creates the UV laser beam. The laser beam has the
following specifications:
Wavelength: 193.1nm
Pulse Length: 10ns[9]*
Repetition Rate: 60pulses/s[9]*
Pulse Energy: 2.4-3.0mJ[9]*
Beam Diameter: <0.90mm[9]*
(defined as the mean of the semi-major/semi-minor axes of the elliptical cross-section)
Average Fluence: 180-240mJ/cm2[9]*
*Values determined by Alcon using factory design. Some values will vary with different optics.

The laser is classified as a Class 4 laser. See the safety section for more information.
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SAFETY
Specific gas and electrical safety requirements are listed at the beginnings of the relevant
sections (p. 7 and 11). The following are general safety requirements that must be followed by
everyone working with the laser system.












Every person operating the laser system or present during any gas exchange
procedure must be certified in General Chemical Safety and be familiar with the
Fluorine MSDS.
Whenever gas is exchanged or the laser system is active, proper ventilation that
leads to a secure, outdoor area should be turned active. Consult a chemical safety
expert to ensure the proper ventilation is in place. Do not use ventilation that will
lead into a building’s air supply.
Every person working with the laser system while the brass laser box is open (for
modification, repairs, or testing) should be trained in working with high voltages of
at least 14kV and be aware that a high voltage power supply can cause death if
handled while active or even while inactive if it fails to discharge upon shutting
down.
Every person operating the laser system or present whenever the laser system is
active must be trained in Laser Safety, and adhere to their organization’s and state’s
laser safety guidelines.
As a Class 4 laser, the LADARVision® 4000 must be registered with an official
radiation safety department before it can be operated. Proper signage should be
posted outside all entrances. Additionally, it may be illegal to sell the functioning
laser system in some states.
As a Class 4 laser, the laser beam should be directed into a closed system where no
UV radiation can reach anyone outside the system. Consult a radiation safety expert.
 If this is not possible, appropriate protective eye wear should be worn by
every person operating the laser system or present whenever the laser
system is active.
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ELECTRICAL SYSTEMS
Safety
The LADARVision® 4000 is kept in a grounded case, with redundant grounding wires on
most metal surfaces. Most of the potential differences used are below 20V, with low current, and
thus are relatively harmless. The major electrical safety concern is the high voltage power supply
(HVPS), which outputs at least 14kV at a maximum of 500W, or 35mA, which is more than enough
to cause death. The following safety requirements must be followed:





Every person working with the laser system while the brass laser box is open (for
modification, repairs, or testing) should be trained in working with high voltages
and be aware that the HVPS could cause death if handled while active or even while
inactive if it fails to discharge upon shutting down.
The connections of all wires should be checked with the system turned off after any
modification has been made to the electrical system.
All exposed metal surfaces should remain grounded whenever a voltage is applied
to the system.

Modifying the Electrical Systems
The LADARVision® 4000 as a medical tool is designed to utilize numerous interlocks that
immediately deactivate the system and shield the patient from the laser if any risk is present. As a
scientific tool, it does not need most of these interlocks, so most of the circuitry can be removed or
ignored.
Electrical Connections
The main laser circuit board, located in the brass laser box next to the laser, should be
removed, except for the round 37-pin connector, the 3-pin connector, and the coaxial cable adjacent
to the 37-pin connector (see figure ####). These two connectors control all of the electrical devices
needed to operate the gas system and to turn on the laser. A list of the operations of the 37-pin
connector is given in table I. 14 pins are removed from the connector, so table I has only 23 of 37
pins listed. Pins 11-18 on the 37-pin connector lead to the D-subminiature 15-pin connector (DA15) on the HVPS, and have been labeled with the corresponding DA-15 pin numbers.
Table I A list of the function of the 23 pins in the circular 37-pin connector. Pins which connect to the DA-15
plug which controls the HVPS have the relevant DA-15 pin #’s listed. Voltages are DC unless stated otherwise.
Pin # on 37Pin # on DA-15[2]
Description
Pin Connector
(as applies)

1
2
3
4
5
6
7

Motorized Exhaust Valve (Item #12 in table II) (+6V to open)
Motorized Intake Valve (Item #10 in table II) (+6V to open)
Motorized Intake Valve (Item #10 in table II) (ground)
Motorized Exhaust Valve (Item #12 in table II) (ground)
Low Pressure Switch (Item #5 in table II) (+5V)
Low Pressure Switch (Item #5 in table II) (In)
High Pressure Switch (Item #4 in table II) (+5V)

DeBolt 8
8
11
12

1
9

13
14

14
5

15

10

16

13

17

3

18

8

19
20
23
25
26
34
37

High Pressure Switch (Item #4 in table II) (In)
Activates HVPS (+10 to 15V) (also needs pin #14/5)
Outputs up to +15V when pin #11/1 is powered (will not be
used)
Always Grounded (will not be used)
Scales HV output proportionally (0-14kV with 0-10V input) (will
be kept at 10V)
Inhibits HVPS (+10 to 15V) overrides pin #11/1 (will not be
used)
Outputs voltage to signal HV output is being reached (will not be
used)
Outputs voltage to signal HV over output, low input voltage, or
temperature fault (will not be used)
Outputs current HV output scaled between (0-10V) (will not be
used)
This pin does not connect to anything
This pin does not connect to anything
HVPS Ground
Cooling Fan (ground)
Cooling Fan (+6V)
HVPS (Line; Takes AC input from wall plug)
HVPS (Neutral; Takes AC input from wall plug)

The 3-pin connector provides DC voltages the thyratron, which allows the electrodes in the
laser cavity to discharge on demand at a constant frequency. The yellow wire leads to the cathode
heater stud (requires 6.3VDC). The red wire leads to the reservoir heater stud (4.8-6.5VDC). The
green wire will be grounded, and thus give the thyratron a reference ground.
The coaxial cable controls the laser blower, and requires an input of 24VDC.
The electrical circuit that will operate the laser system will output the appropriate DC
voltages to pins 1, 2, 5, 7, 11, 14, and 26 on the 37-pin connector, the 2 non-ground pins (red and
yellow) on the 3-pin connector, and the non-ground wire on the coaxial cable (11 total). Since the
entire system has a common ground, all ground connections can be grouped together. These will be
pins 3, 4, and 25 on the 37-pin connector, the ground pin on the 3-pin connector (green), and the
ground wire on the coaxial cable (6 total). Additionally, pins 6 and 8 on the 37-pin will provide
input voltages that need to be read (2 total).
Pins 23, 34, and 37 should be connected to a 60Hz 120VAC power supply (standard US wall
socket).
Last, most of the fans and ventilation in the brass laser box are power by a 60Hz 120VAC
power supply. This will be the easiest step, as it simply needs a power cable to be plugged into the
lower socket (C15/C16 type) on the front of the brass laser box.
Voltage Control Circuit
To provide the right voltages to the 10 relevant connections, and read the voltages from the
2 relevant connections, we have used a LabJack UE9. The UE9 is only capable of producing +5VDC,
so op amps powered by an external power supply are used to step up the output voltages. The
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LabJack UE9 and the external power supply will both need to be purchased separately. A LabJack
U3, or most other models, can also be used. See the Appendix on p. 23 for ordering information.
Pins 5, 7, and 26 will all always be active when any part of the system is to be used, so we
can connect these together in our circuit. Pins 11 and 14 will be active at the same time, so we can
connect these similarly. Grouping these wires reduces the number of output voltages the LabJack
needs to handle to 8. Using a 24VDC power supply to power the laser blower, which can always be
running, and to step up output voltages with the op amps, we can decrease this number to 7. Our
LabJack outputs and op amp circuits will be handled as shown in figure 1. The op amp and laser
blower are shown powered by a 24VDC power supply, but this circuit can be modified to suit the
user.

Figure 1 Shows the connections between the LabJack UE9, the external power supply, and the electrical pins
of the laser system, as described in Table I and below. Not shown are the ground connections on the 37-pin
connector or the laser blower. The op amp configuration is shown to the right and is identical for all op amps
in this diagram.

Laser Shield
A laser shield intersects the path of the laser beam path near where it exits the laser cavity.
This was included as a means of protecting the LASIK surgery patient in the event of a system
failure. This piece can either be removed or controlled with 5VDC across pins 16(+) and 35(-) on
the DC-37 connector labeled J101 on the front of the brass laser box.
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Low Voltage Systems
Motorized Intake and Exhaust Valves (Items 10 and 12 in Table II)
When a voltage bias of 6VDC is applied, the valves open, allowing the gas to enter or exit the
laser cavity. These should only be activated to exchange gas, as described in the Gas Systems
section.
High and Low Pressure Switches (Items 4 and 5 in Table II)
When the pressure in the laser cavity reaches a point too far above or below 35PSI, the
+5VDC input voltage passes the switch, which is then read by the LabJack, warning the user via the
software. These should have input voltages before activating the laser while the laser is firing.
Cooling Fan
A fan is connected directly to the laser, to keep the capacitor bank and thyratron from
overheating. This must be active when the laser is firing, but can be active at all times without
damaging the system. It runs on 6VDC.
Laser Blower
A high power fan inside the laser cavity circulates the lasing gas to continually change out
the gas ionized between the electrodes while the laser is firing. This must be active for the laser to
fire, but can be active at all times without damaging the system. It runs on 24VDC.
Wall Outlet/High Voltage Systems
Ventilation
The brass laser box is equipped with internal ventilation and cooling. This system should be
turned on before activating the laser, or whenever a gas exchange is made. It runs on wall socket
VAC.
High Voltage Power Supply[2]
The HVPS should only be powered (pin #’s 23, 34, 37) and activated (pin #’s 11, 14) to
activate the laser, and only when the thyratron is heated (see below). The HVPS provides power to
a capacitor bank.
Thyratron[11]
A thyratron is a type of high voltage spark gap. The cathode will be held at ground while the
anode is charged to high voltage, causing an arc when the anode reaches the break-down voltage.
To function properly, parts of thyratron needs to be held at certain voltages and need to warm up.
The cathode heater (yellow wire) requires +6.3VDC. The reservoir heater (red wire) requires +4.8
to +6.5VDC. It takes a minimum of 4 minutes to heat the thyratron, during which time the HVPS and
the laser cannot be activated. The thyratron must also have a ground reference (green wire) to
discharge through arcing.
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Laser Operation with respect to the Electrical System
When the Ar/F2 gas is present in the laser cavity, the thyratron heaters are held at the
proper voltages, and the thyratron has warmed up, the laser is ready to fire. By turning on the
HVPS, the high voltage charges a capacitor bank (stored underneath the laser cavity), the anode on
the thyratron, and a series of electrodes in the laser cavity. Half of the electrodes are connected
directly to the thyratron anode and will charge and discharge in phase with it. The other half of the
electrodes are connected to the anode through solenoids, which inhibit the rate of charge and
discharge.
When the thyratron anode is charged to its break-down voltage, it arcs to the cathode (held
at ground), causing part of the circuit in the laser cavity to be discharged. The electrodes connected
through the solenoids will now have a large voltage bias with the opposite electrodes, and will
discharge by arcing across the laser cavity. The capacitors are also discharged in the arc, releasing
their stored energy into the lasing gas. This high energy discharge excites the Ar/F2 gas into the ArF
excimers. The excimers quickly decay, releasing photons and creating the laser beam.
This method of exciting the lasing gas is identical to that of simpler lasers like the TEA
nitrogen laser[12].

GAS SYSTEMS
This section of the manual will describe the procedures for safely modifying and operating
the gas system, independent of the software or a complete electrical system for the purpose of
testing and understanding the system. Because many of these procedures require having the brass
laser box open so the pressure gauge is visible, it is vital that there is adequate ventilation in case of
a leak.
Procedures for operating the gas system with the software can be found in the Software
section (p. 19).
Safety
Every person operating the laser system or present during any gas exchange procedure
must be certified in General Chemical Safety and be familiar with the Fluorine MSDS. The lab in
which the laser is operated and in which the gas is exchanged must be equipped with the following:







Proper signage on the entrances to the lab
Hand washing station
Eye washing station
Land-line telephone
Fire extinguisher
Proper ventilation that leads to a safe, outdoor area. This should be active whenever
fluorine gas is released from the canister or from the laser cavity, or immediately
once a fluorine leak is suspected (before evacuation).
 At least 10 air changes per hour for enclosed spaces
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We are using a 2,931 CFM ventilation fan with tubing leading outdoors. See
p. 23 for product information.

In the event of a suspected major leak of fluorine, the area should be evacuated and the
emergency procedures detailed in the MSDS should be followed. Contact emergency personnel
immediately.
Fluorine is characterized by an extremely stinging smell at very low concentrations (0.1
ppm). It becomes dangerous at concentrations of 10 ppm or greater. The concentration of gas in the
canister is at or below 2200 ppm. Fluorine leaks can be detected using ammonia vapor or a
potassium iodide solution.
Handling the gas canister is hazardous due to the high pressure of the gas and the corrosive,
toxic, and oxidizing nature of the gas. Extreme care should be taken while handling the gas canister
and only trained personnel should do so. The following precautions should be taken:





The gas cylinder valve should remain closed whenever the laser system is not being
operated.
Always work within sight and sound of another person when exchanging or
otherwise handling the gas canister in case of an emergency.
Protective and emergency equipment should always be present when handling the
gas canister.
The gas canister should be stored (both when out of use and when attached to the
laser system) in a sealed compartment away from combustible or flammable
materials.
 Do not store excessive amounts of the gas. Purchase only one canister at a
time.

The halogen filter must be in working order. See p. 18 Replacing the Halogen Filter.
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Diagram of Gas Line

Figure 2 The excimer laser gas lines, showing operable valves and caps in red. The gas begins in the
Gas Canister, is used for lasing in the Laser Cavity, and exits the system through the Filter.
Table II Accompanying Figure 2. Details of items 1 through 16.
Item Name
Purpose
1
Pressure Gauge (Regulator)
Measures the pressure of gas that passes Valve 9 and
enters the Laser Cavity when Valve 10 is open.
2
Pressure Gauge (Regulator)
Measures the pressure of gas from the Gas Canister that
passes Valve 7 and enters the regulator.
3
Pressure Gauge (Laser Cavity) Measures the pressure of gas in the laser cavity at all
times.
4
Pressure Switch (High)
Sends an electric current when the pressure in the laser
cavity exceeds operating pressure. A warning will be
sent to the software.
5
Pressure Switch (Low)
Sends an electric current when the pressure in the laser
cavity falls below operating pressure. A warning will be
sent to the software.
6
Hand Valve (Canister)
Attached to gas canister, not gas lines. Prevents gas
from escaping the gas canister when closed. Should
remain closed at all times unless canister is securely
attached to gas lines and laser is being operated.
7

Hand Valve (Regulator Intake)

When open, allows gas to enter the regulator. Should
remain closed whenever no gas canister is attached or
when replacing gas canister.
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8

Hand Valve (Regulator Bypass)

9

Hand Valve (Regulator
Through)

10

Motorized Valve (Cavity
Intake)

11*

Hand Valve (Inert Gas Intake)

12

Motorized Valve (Cavity
Exhaust)

13
14

Check Valve (Regulator
Exhaust)
Check Valve (System Exhaust)

15

Inert Gas Cap

16

Halogen Filter

Allows gas to flow directly from the pre-regulator
region to the exhaust. Should remain closed at all times
except when purging the system.
Allows gas to pass through the regulator with a
pressure measured by Gauge 1. Opening the valve
further will increase the pressure, allowing additional
gas through the regulator. Closing the valve further will
decrease the pressure, forcing some of the gas through
Check Valve 13.
When a voltage is applied across the valve, gas is
allowed to enter the Laser Cavity. This valve should be
closed (no voltage) at all times except when replacing
the gas in the Laser Cavity during operation of the laser,
or when purging the system.
Allows inert gas into the system when open. Prevents
halogen gas from entering the gas line between it and
the inert gas cap 15 when closed. Should remain closed
at all times except when purging the system.
When a voltage is applied across the valve, gas is
allowed to exit the Laser Cavity. This valve should be
closed (no voltage) at all times except when replacing
the gas in the Laser Cavity during operation of the laser,
or when purging the system.
Allows gas to pass in one direction when the regulator
pressure is decreased by closing Valve 9.
Prevents gas from passing from the filter back into the
rest of the gas lines. Also prevents gas from entering the
system when the filter is removed.
Seals the system. To be removed and replaced with an
inert gas cylinder when the system is purged.
Filters the Fluorine Gas from the exhaust.

*Item 11, the Inert Gas Intake Hand Valve, will need to be purchased and installed onto the system. See the
next section.

Modifying the Gas Lines
Before modifying the gas lines, make sure there is no fluorine left in the system. Any
fluorine gas should have been purged before the LADARVision® was decommissioned, but if you are
not sure, consult a chemical safety expert on how to proceed.
To ensure the gas lines can be operated safely, a hand valve must be installed (item 11
above). See the Appendix on p. 23 for ordering information. The cap (item 15) comes with the
system, installed where item 11 will be. This cap can be installed on the opposite side of item 11 as
the laser cavity, as shown in figure 2.
The entire system must be tested for leaks as described on p. 17 before installing the
Ar/F2/Ne gas canister. Any leaking parts must be tightened or replaced to fix the leak.
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Opening and Closing System Valves
This section gives instructions for opening and closing the valves necessary for purging the
system, replacing the gas canister, and checking the system for leaks.
Opening System Valves to Purge System
 Make sure the canister hand valve 6 is twisted closed.
 Twist open hand valves 7 and 8.
 Twist open regulator hand valve 9.
 Apply a voltage of 6V across motorized valves 10 and 12 to open them.
Closing System Valves after Purging System
 Remove the voltage from the motorized valves 10 and 12.
 Twist closed hand valves 7, 8, and 9.
Purging the System
To prevent fluorine from being released into the system or being kept in the system during
extended storage periods, the system must be purged to remove all fluorine. This process involves
repeatedly flooding the system with an inert gas and allowing the gas to be removed through the
halogen filter.
You will need a canister of pressurized inert gas (such as Helium or Neon) with a remaining
pressure of at least 100 PSI with a pressure regulator and 316 stainless steel, 1/4 in. Swagelok tube
fitting connector.
Follow these instructions before replacing or removing the gas cylinder containing fluorine,
before performing a leak check, or before storing the laser system in an inoperative state for several
days.










Ensure that hand valve 6 is completely closed by twisting it clockwise.
Ensure that hand valve 11 is completely closed by twisting it clockwise. If there is
reason to suspect that hand valve 11 has been opened since the last time the gas lines
were purged, there may be fluorine released during this process. Perform the next
step with a breathing apparatus or consult a chemical safety expert.
Remove the inert gas cap 15 and securely attach the inert gas canister in its place.
Open the hand valve on the inert gas canister. Open the regulator on the inert gas
line to 80 PSI. Close the hand valve on the inert gas canister.
Open the system valves as described on p. 15 in Opening System Valves to Purge
System.
Open the hand valve to the inert gas cylinder to flood the gas lines with inert gas.
Wait until pressure gauge 3 reads approximately 80 PSI. Then close the hand valve
to the inert gas cylinder.
Allow the gas to exit the system through the halogen filter 16 until pressure gauge 3
reads approximately atmospheric pressure (15 PSI).
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Perform steps 6 and 7 a total of 4 times to continue removing fluorine from the
system. After the fourth purge the remaining fluorine in the system will be at a safe
level.
Close the regulator on the inert gas lines and close the system valves as described on
p. 15 in Closing System Valves after Purging System.
Close hand valve 11 and remove the inert gas canister.
Replace inert gas cap 15.

Removing and Replacing Gas Canister
The specifics of the required gas canister can be found in the Appendix on pp. 24-25.
Removing Gas Canister
When removing the gas canister it is important to make sure no fluorine is released from
the gas lines. Notice that when the gas canister is removed, the line between hand valves 6 and 7 is
open to air. It is important to ensure that this section has been purged of fluorine gas.
Follow these instructions to remove the gas canister before replacing the gas canister with a
new one, performing maintenance on the excimer laser, moving the laser to a new work area, or
storing the laser system in an inoperative state for an extended period (approximately over two
weeks).







To ensure removal of the gas canister is safe, purge the system as described on p. 15
in Purging the System.
To ensure the laser cavity and the rest of the system will not be contaminated with
air, make sure hand valves 7, 8, and 9 are completely closed by twisting them
clockwise.
Make sure hand valve 6 is completely closed by twisting it clockwise.
Unfasten the gas canister from the gas line. Seal the gas line with the cap chained in
the laser system box.
If there is gas remaining in the canister, store it in a sealed compartment away from
combustible or flammable materials. Otherwise, dispose of the empty canister in the
way recommended by your facility.

Attaching a Gas Canister to the System





Make sure hand valves 7, 8, and 9 are closed by twisting them clockwise.
Remove the cap fixed to the where the gas canister will be attached.
Attach the gas canister to the system.
Before opening any hand valve to operate the system, the air must be removed from
the system. Follow the instruction below in Removing Air from the System.

Any size gas canister can be used for the laser system, but it is unsafe to store more Ar/F 2/Ne gas
than required. The canister intended for use with the laser system is detailed on pp. 24-25.
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Removing Air from the System
After removing and attaching a gas canister, there will be air in the gas line between hand
valve 6 and hand valve 7. To prevent the air from contaminating the laser cavity, it must be
removed from the system. Follow these instructions to ensure no air reaches the laser cavity.




Open hand valve 6 to flood the region between hand valve 6 and hand valve 7 with
Ar/F2/Ne gas.
Close hand valve 6.
Open hand valve 8 to flush the gas through the halogen filter 16.

Checking the Gas Lines for Leaks
These instructions should be followed whenever a leak is suspected, whenever repairs or
modifications are made to the gas line (including installing a new gas canister), or whenever the
laser system has been stored in an inoperative state for an extended period (over one month). It is
also recommended to leak check the system periodically (approximately once every month) if it is
used frequently.
Checking a Small Region for a Leak
If there are one or more small regions of the system that are suspected of leaking, the
following method should be used to determine if a leak is present. You will need a spray bottle of
SNOOP® Liquid Leak Detector or a similar product.






Purge the gas lines as described on p. 15 in Purging the System, but do not remove the
inert gas cylinder.
Use the SNOOP Liquid Leak Detector on the suspected region as directed by the
product’s instructions and then flood the gas lines with inert gas (step 6 in Purging the
System). If a leak is present, small bubbles will appear within seconds.
If a leak is detected, remove the Ar/F2/Ne gas canister (p. 16) before performing
maintenance on the system.
If no leak is detected, continue with the instructions for purging the gas lines in Purging
the System.

Checking the Whole System for a Leak
If a leak is suspected but the leaky region cannot be identified, the entire system should be
checked for leaks. The following method should be used. It is a good idea to perform this check
periodically to ensure the system is not leaking, even if no leak is suspected.
 Purge the gas lines as described on p. 15 in Purging the System, but do not remove the
inert gas cylinder.
 Remove the halogen filter 16 and replace it with a cap to completely seal the system.
Since the inert gas line is still connected, the Inert Gas Cap (Item #15 in Table II) can be
used here, provided it will not cause a leak-the connection is the same.
 Open the inert gas cylinder until pressure gauge 3 reads approximately 80 PSI.
 Let the system sit for about 2 weeks. If the pressure remains at 80 PSI, there is no leak.
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If a leak is detected, remove the Ar/F2/Ne gas canister (p. 16) before performing
maintenance on the system.
If no leak is detected, continue with the instructions for purging the gas lines in Purging
the System.

Replacing the Halogen Filter
The halogen filter (Koby® Filtration Products Part# JK-K209C, see the Appendix on p. 23
for ordering information) is attached at the exhaust of the system. The filter is open to air, allowing
argon and neon to exit the system, and check valve 14 prevents air from entering the system from
the filter. Fluorine is caught in the filter, which must be replaced when filled. It is recommended
that you replace the filter every four gas cylinder exchanges, or after storing the laser system in an
inoperative state for an extended period (over one month).
The following instructions should be followed to replace the halogen filter.
 Purge the gas lines as described on p. 15 in Purging the System.
 Remove the old filter. It is the blue cylinder on the bottom of the laser system box.
 The filter contains hazardous fluorine. It should be placed In a tightly sealed plastic bad
and disposed of as recommended by your facility.
 Install the new filter.
Laser Operation with respect to the Gas System
This section is meant to provide an overview of how the gas will be used in preparing the
laser system for operation and in operating the laser system. This section is not intended to serve as
complete instructions for operating the laser system.
Opening System Valves to Operate Laser System
After purging the system or replacing the gas canister, the system valves must be reset to
the operating state. The following instructions list the operating state of all hand valves.





Hand valve 11 must be closed after purging the system and must not be opened again
until the system is purged again.
Hand valve 8 must be closed to prevent excessive gas from escaping the gas canister.
Hand valves 6 and 7 must be open to allow gas to enter the system.
Hand valve 9 must be open to the point that pressure gauge 1 reads 35 PSI.

Replacing the Gas in the Laser Cavity
In order to operate the laser system, Ar/F2/Ne gas must be present in the laser cavity at a
pressure of 35 PSI. As the laser discharges, debris from the cavity walls will contaminate the gas,
and the contaminated gas must be replaced with new gas. It is recommended that the gas be
replaced at least every 3 weeks, but depending on the frequency of use, it may need to be replaced
as often as every 1 week. The gas should be replaced whenever the laser pulse power falls below
the necessary operating power for its intended use. It is recommended that users create their own
service schedule based on their use of the laser.
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Evacuating the Contaminated Gas
Follow these instructions when contaminated Ar/F2/Ne gas must be removed from the
system.




Apply a voltage of 6V to motorized valve 12 to allow the pressure in the laser cavity
(pressure gauge 3) to drop to atmospheric pressure (15 PSI). Most of the contaminated
gas will leave the system through the halogen filter 16,
Remove the voltage from motorized valve 12 to seal the laser cavity.

Filling the Laser Cavity with New Gas
Follow these instructions when new Ar/F2/Ne gas must be put into the laser cavity.
 Apply a voltage of 6V to motorized valve 10 to allow the pressure in the laser cavity
(pressure gauge 3) to rise to 35 PSI.
 Remove the voltage from motorized valve 10 to seal the laser cavity.
If the pressure in the laser cavity is not near 35 PSI when attempting to operate the laser,
pressure switches 4 and 5 will prevent the software from activating the laser.
If the system has been purged since the last gas fill or has been out of operation for an
extended period, it is recommended that the laser cavity is filled with new gas twice (see
Passivation next).
Passivation
When halogen gas (fluorine) enters the laser cavity, the metal surfaces become coated in a
layer of halogen metal complex in a process called passivation. This prevents the halogen gas from
chemically interacting further with the metal, protecting the laser system. The laser cavity is
repassivated when filled with halogen gas after the system has been purged using inert gas. For this
reason, two gas refills are recommended when before operating the laser system after the system
has been purged.

LABVIEW SOFTWARE
We wrote a program for controlling the output voltages from the LabJack UE9 with
LabVIEW 2012. A copy of this program can be obtained by contacting the author (see contact
information on p. 5). However, since some readers may prefer different hardware or programming
languages, a description of each of the functions the program runs is included here.
The program has 7 different functions: LaserSystemOn(), LaserSystemOff(), LaserOn(),
LaserOff(), PurgeGas(), ReplaceGas(), and LeakCheck().
These programs follow the instructions provided in the Electronics Systems and Gas
Systems sections, but lead the user through each process via text boxes and by controlling the input
voltages automatically.
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The program also automatically preps the LabJack and starts some systems (Open()), and
constantly monitors the high and low pressure switches, warning the user if either goes off
(PressureBad()).

Figure 3 The interface for the LabVIEW software, showing the buttons for activating the functions
LaserSystemOn(), LaserOn(), PurgeGas(), ReplaceGas(), and LeakCheck(). To the right are the indicator and
warning lights.
Table III A list of the LabJack UE9 Digital Outputs/Inputs to the electrical pins listed in Table I and the
thyratron studs.
LabJack Connects To
LabJack Connects To
Output
Input
FIO1
Pin 1 (Exhaust Valve)
EIO1
Pin 6 (Low Pressure Switch Outputs)
FIO2
Pin 2 (Intake Valve)
EIO2
Pin 8 (High Pressure Switch Outputs)
FIO3
Pins 5, 7 (Pressure Switch Inputs)
Pin 29 (Cooling Fan)
FIO4
Pins 11, 14 (HVPS controls)
FIO5
Thyratron Reservoir Heater
FIO6
Thyratron Cathode Heater
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Open()
Runs automatically at startup.
Opens communication with first LabJack UE9 connected via USB.
Activates digital output voltage (+5VDC) at FIO3 (pin #’s 5, 7, 26). Fan turns on.
PressureBad()
Runs automatically at startup.
Runs continuously, checking for input voltage at digital inputs EIO1 (pin #6) and EIO2 (pin
#8).
If EIO1 has a positive voltage, user is warned via text box and red indicator light that
the pressure in the laser cavity is too low to proceed with lasing.
If EIO2 has a positive voltage, user is warned via text box and red indicator light that
the pressure in the laser cavity is too high to proceed with lasing.
LaserSystemOn()
Prompts user to make sure hand valves are in proper position and safety requirements are
met.
If yes, activates digital output voltages (+5VDC) at FIO5 and FIO6 (Thyratron Resevoir
Heater and Thyratron Cathode Heater). Informs user via yellow “Thyratron Warming” indicator
light.
Waits 5 minutes.
Deactivates “Thyratron Warming” indicator light.
Informs user that system is ready via green “Laser System Ready” indicator light.
LaserSystemOff()
Ensures laser is not firing.
Deactivates digital output voltages at FIO5 and FIO6.
Prompts user to turn off or unplug external power supplies.
LaserOn()
Ensures laser system is on and thyratron has been given time to warm up.
Prompts user to make sure safety requirements are still being met.
Activates digital output voltage (+5VDC) at FIO4 (HVPS activation).
Laser begins firing.
LaserOff()
Deactivates digital output voltage (+5VDC) at FIO4 (pin #’s 11 and 14). HVPS turns on.
Laser begins firing.
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PurgeGas()
Prompts user to make sure safety requirements are met, inert gas is connected, and correct
valves are open.
If yes, repeats 4 times:
Activates digital output voltage (+5VDC) at FIO1 (pin #1). Opens exhaust valve.
Laser cavity emptied.
Prompts user to continue when the laser cavity pressure gauge reads ~15PSI.
Deactivates digital output voltage at FIO1.
Activates digital output voltage (+5VDC) at FIO2 (pin #2). Opens intake valve.
Prompts user to open inert gas valve, flooding laser cavity with inert gas, and to
continue when the pressure gauge reads ~80PSI.
Deactivates digital output voltage at FIO2.
After repeating 4 times, informs user that the system has finished purging the fluorine gas.
ReplaceGas()
Prompts user to make sure safety requirements are met and correct valves are open.
If yes, activates digital output voltage (+5VDC) at FIO1 (pin #1). Opens exhaust valve.
Laser cavity emptied.
Prompts user to continue when the laser cavity pressure gauge reads ~15PSI.
Deactivates digital output voltage at FIO1.
Activates digital output voltage (+5VDC) at FIO2 (pin #2). Opens intake valve.
Prompts user to continue when the pressure gauge reads ~35PSI.
Informs user that if this is the first Ar/F2/Ne gas charge since purging the gas lines, they will
want to replace the gas a second time to reduce impurities and allow the laser cavity to passivate.
LeakCheck()
Prompts user to make sure safety requirements are met, inert gas is connected and open,
and correct valves are open.
If yes, Activates digital output voltages (+5VDC) at FIO1 and FIO2 (pin #’s 1 and 2). Opens
exhaust and inert gas valves.
Prompts user to continue and close inert gas valve when leak check has finished.
Deactivates digital output voltages at FIO1 and FIO2 . Closes exhaust and inert gas valves.
Note that the LeakCheck() function only has two constant voltages, possibly over a long time
period. Due to the simplicity of this function and the complete safety of the leak check, it may be
easier to always perform leak checks manually.
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APPENDIX: NECESSARY PURCHASES
This is a list of items necessary to refurbishing the LADARVision® 4000, along with vendors
and their prices at the time they were purchased for our lab. More common items such as insulated
wires and op amps are not listed here.
LabJack UE9 (most other models will work, but the software will need modification)
Vendor: LabJack
Website: http://labjack.com/products
Price: $439 ($108 for U3 model)
Valve, 1/4 in. Swagelok Tube Fitting (PT# SS-4P4T) - Inert Gas Valve
Vendor: Swagelok
Website: http://www.swagelok.com/search/find_products_home.aspx?part=SS-4P4T
Price: $ 57.30
Halogen Charcoal Filter (PT# JK-209C)
Vendor: Koby Filters
Website: http://www.kobyfilters.com
Orders should be requested by email at: saleskobyfilters@aol.com
Price: $62.40 (cheaper if bought in multiples, but they should last for at least 1.5 years)
Note: Koby Filters is a very slow, often unreliable company
Gas Canister (see next page for specifics)
Vendor: Previously Linde Industrial Gases, presently unknown
Price: presently unknown
Note: Linde was the original supplier for Alcon, but stopped making this canister some time ago. A
custom gas supply company will need to be reached.
Ventillator (the exact requirements of the ventilation system depend on the laboratory, consult a
hazardous chemical safety expert; the one we order is provided here as an example)
Vendor: Global Industries
Website: http://www.globalindustrial.com/p/hvac/fans/blower/portable-ventilation-fan-12-inch-with2-feet-flexible-ducting
Price: $189.95
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NOTES:
1. INTERPRET DRAWING PER ASME Y14.5M-1994
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2. THE VENDOR SHALL SUPPLY THE FOLLOWING CERTIFICATIONS:
A. CERTIFICATION OF BOTTLE INTEGRITY
B. CERTIFICATION OF FLOW RESTRICTOR INSTALLATION.
C. A COPY OF CERTIFICATION OF ANALYSIS INDICATING THE PERCENT
CONCENTRATION OF THE GASES: (F2, AR, AND NE).

PPM - MAX
25
5
25
5
25
1

3. EXCIMER GAS:
CYLINDER PRESSURE: 2000 +600/-200 PSIG
FLUORINE F2 0.2% .02%
ARGON
AR 4.7% .5%
NEON
NE THE BALANCE
IMPURITIES:
HF / H2O
O2
N2
CO2
TOTAL FLUORIDES
CH4

7

4. VALVE SPECIFICATIONS
HIGH PRESSURE CYLINDER VALVE, PACKED NEEDLE
STEM DESIGN, FOR CORROSIVE HIGH PURITY GASSES.
A. WORKING PRESURE: 200 bar / 3000PSI
B. INTERNAL LEAK RATE: < 1x10 -6 mbar l/s
C. EXTERNAL LEAK RATE: < 1x10 -5 mbar l/s
D. OPERATION TORQUE: 3-4 Nm / 2.21-3 Ft-lbs.
E. FLOW COEFFICIENT: 0.3 Cv
F. SEAT ORIFICE SIZE: 3.3mm / 0.13"
G. TEMPERATURE RANGE: -20C - +70C / -13F - +158F
H. INLET CONNECTION: 3/4" - 14 NGT
I. OUTLET CONNECTION: CGA 679
J. FLOW RESTRICTOR THREAD: 5/16"-24 UNF
5. A LABEL IN ALPHA/NUMERIC FORMAT WILL BE
ADHERED TO THE BOTTLE COLLAR INDICATING
EXPIRATION DATE.
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6

5

5

A

A

4

4

22.75 MAX

3

LEAD WASHER

3

.03

.XXX

.005

TOLERANCES
DECIMALS

2

MANUF CHK

ENGR CHK

B

SCALE
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DESCRIPTION

1

DATE

APPROVED

2501 DISCOVERY DRIVE, SUITE 500, ORLANDO, FL 32826

DWN BY

DWG NO

1

BOB ANDERSON

SHEET

1 OF 2

1605-0002

CYLINDER, GAS,
EXCIMER, 1000 LITERS

CAGE CODE

NONE

D 79378

SIZE

FLOW RESTRICTOR

OR ORIGIONAL RELEASE, DCN 1262 04/29/97
A REDRAW TO CLARIFY GAS
07/16/02
BOTTLE SPEC.
ADDED NOTE 5, DCN #6888
02/26/04

ZONE REV

SECTION A-A
SCALE 2 : 1

--

ANGLES

UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN INCHES
AND INCLUDE APPLIED FINISH

.XX

MATERIAL:

SEE NOTE

2
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CYLINDER NOTES:

7

1. MANUFACTURE, TEST, INSPECT & STAMP IN ACCORDANCE
WITH CTC & DOT REGULATIONS.
2. PAINT IN ACCORDANCE WITH CUSTOMER REQUIREMENTS.

6

3. STAMPING MIN. 1/4" HIGH. ADDITIONAL STAMPING PER CUST. REQ'MT.
4. CTC OR CTC/DOT MAY BE STAMPED IN PLACE OF DOT.

6

SECTION B-B

18.25±.19

5. PLUS AND STAR MAY BE STAMPED IF USED IN ACCORDANCE
WITH CTC AND DOT REGULATIONS.

7

6. VALVE AND NECKRING SUPPLIED WITH BOTTLE.

8

5
SPECIFICATION:
CTC / DOT 3AA
WORKING PRESSURE: 2015 PSI
TEST PRESSURE: 3360 PSI
MATERIAL: AISI 4130
PROCESS: DRAWN FROM PLATE

5

4

4

6.75±.13

3

3

2

2

B

REVISIONS

DESCRIPTION

DWG NO

1

1

BOB ANDERSON

DATE

SHEET

APPROVED

2 OF 2

1605-0002

ADDED NOTE 5 SHT 1, DCN #6888 02/26/04

B

B

CAGE CODE

ZONE REV

SIZE

DWN BY

D 79378

SCALE

NONE
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E

D
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B

1605-0002

DWG NO

A

DO NOT SCALE
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ADDITIONAL FIGURES

Figure 4 The inside of the brass laser box showing the laser and other points of interest seen from a top-down
perspective. On the underside are the motorized valves, pressure switches, and thyratron.

Figure 5 The side of the laser control board showing necessary connections used in controlling the laser
system. See pp. 7-8 for specifics.
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Figure 6 The necessary pins to apply +5VDC to open the laser shield.

Figure 7 The location of the laser shield.
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Figure 8 The back of the HVPS showing the DA-15 connector for controlling HVPS and a 3-pin connector
which takes 60Hz 120VAC to power the HVPS. The 3-pin connector is connected through the 37-pin
connector in figure 5 as described in Table I. HV is output from the HVPS to the laser system on the opposite
side.
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